
2004 IEEE International Conference on Systems, Man and Cybernetics 

Just-In-Time Production and Delivery in Supply 
Chains: a Hybrid Evolutionary Approach* 

D. Naso, M. Sunco and B. Turchiano 
Diuartimento di Elettrotecnica ed Elettronica 

U. Kaymak 
Erasmus School of Economics 

I 

Politecnico di Ban, Italy 
{naso,turchiano} @poliba.it 

Abstract - The timely production and distribution of 
rapid/)) perishable goods is one of the most challenging lo- 
gistic problems in the context of supply chain operation. 
The problem involves several tightly interrelated planning, 
scheduling and rouring problems, each with large combiria- 
torial complexi~. From a more practical perspective, the 
problem calls for  a trade-off between risks and rerimis. To 
effectively deal with these corisiderable diflculties, we pro- 
pose a novel meta-heurisric approach based on a hybrid evo- 
l n t i o n a ~  algorirhrn combined with constructive heuristics 
for addressing just-in-rime pmduction and delivery with time 
coristrairits on both the earliness and the lateness of siippl)! 
Distribution of ready-made concrete is used as a practical 
e.raniple. A case study based on industrial data illustrates 
the potential of the proposed approach. 

Keywords: Supply chain management, genetic algorithms, 
meta-heuristics, concrete delivery. 

1 Introduction 
Recently, production industry is experiencing a strategic 

evolution toward the decentralization of many production ac- 
tivities, increasing the importance of supply chains. Supply 
chains can he viewed as dynamic networks of partially inde- 
pendent production centers that agree to collaborate for pur- 
suing both individual and collective aims. For instance, inde- 
pendent companies that are able to provide complementary 
services for the production of a given good may take a sig- 
nificant advantage by synchronizing their activities to reduce 
product lead times or costs. The control and optimization 
of material, information and financial flows in supply chains 
currently constitutes an important research field [6] .  

From the logistic viewpoint, the management of supply 
chains involves a set of complex and interdependent combi- 
natorial problems such as the acquisition of raw materials, 
scheduling of production facilities and routing of transport 
vehicles. Even when considered as independent from the 
other ones, each of the mentioned logistic problems suffers 
from a nearly prohibitive combinatorial complexity. How- 
ever, there is also a strong need for approaches that are capa- 
ble of finding satisfactory solutions to these complex proh- 
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lems in short computation times. A class of modem meta- 
heuristic approaches that seems to be particularly suited for 
dealing effectively and efficiently with the complexity in 
supply chains is the Genetic Algorithms (GAS). GAS are 
heuristic search techniques inspired from the principles of 
survival-of-the-fittest in natural evolution and genetics. They 
have been used extensively to solve combinatorial problems 
that cannot be handled by exhaustive or exact methods due 
to their prohibitive complexity. When properly configured, 
GAS are efficient and robust optimization tools, because they 
do not explicitly require additional information (such as con- 
vexity, or availability of derivative information) about the oh- 
jective function to he optimized. However, GAS are gener- 
ally slow, they require large numbers of iterations, and suf- 
fer from specific problems that may cause premature conver- 
gence in suboptimal solutions. Therefore, the average time 
that a well-configured GA would need to search for a sat- 
isfactory solution of the entire supply-chain problem (with 
its many decision variables) is too high for practical use in 
a real industrial context, where decision-algorithm must pro- 
vide a solution in relatively short times. For this reason, we 
propose a novel meta-heuristic approach based on a hybrid 
evolutionary algorithm combined with constructive heuris- 
tics for addressing planning, scheduling and routing for just- 
in-time production and delivery. In this approach, we use a 
GA to perform part of the optimization, while the remain- 
ing part of the scheduling problem is handled by consuuc- 
tive heuristic algorithms. This approach leads to a hybrid 
evolutionary algorithm in which the GA constitutes the core 
of the search strategy, while multiple heuristic rules called 
in specific circumstances contribute to reconstruct a feasi- 
ble solution that satisfies all the constraints and objectives 
of the problem. In this respect, the proposed approach is 
significantly different from other recent applications of GAS 
and other meta-heuristic approaches to complex combinato- 
rial problems. 

In this paper, distribution of ready-made concrete is used 
as a practical example to illustrate the potential of the pro- 
posed approach. This is a problem with time constraints on 
both the earliness and the lateness of the supply. Note, how- 
ever, that even though this paper is mainly devoted to the 
problem of ready-mixed concrete supply, both the proposed 
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model and the resolving strategy are fairly general, and can 
be easily extended to address a variety of analogous just-in- 
time distributed production and delivery problems with or 
without time constraints on both the earliness and the late- 
ness of supply. 

The outline of the paper is as follows. Section 2 describes 
the concrete delivery problem that is used as a case in this 
paper, while Section 3 describes the mathematical model for 
the scheduling problem in the supply chain. The proposed 
approach to address this problem is described in Section 4. 
Experimental results from a case study based on real-world 
data can be found in Section S. Finally, conclusions are given 
i n  Section 6. 

2 Concrete delivery 
Producing and distributing ready-made concrete is a com- 

plex logistic problem that involves several interdependent as- 
signment and scheduling problems. Moreover, the specific 
characteristics of the produced material and its utilization 
in construction entail a large number of additional technical 
constraints that must be taken into account. Typically, con- 
crete is prepared at aproduction center, mixed with water and 
then transported directly to the customer for immediate use. 
Concrete is a perishable material, and once water is added to 
the dry mix of materials, it retains its properties only for a 
couple of hours. An overview of the main characteristics of 
cement production and delivery can be found in [SI. 

We consider a network of D suppliers or Production Cen- 
ters (PCs) located in a given geographical area. Each PC 
is equipped with a single loading dock, where concrete is 
loaded on the trucks for delivery. We assume that the pro- 
ducer knows the customers’ orders in advance on the delivery 
day. Each demand consists minimally of a delivery moment 
(date and time), type of concrete, required amount and de- 
livery location. Based on this data the producer has to (1) 
assign the demands to the PCs and (2) deliver the concrete 
hatches by using the truck fleet. 

There are a number of constraints regarding the trucks that 
must he taken in account when building both the production 
and the delivery schedule. 

A truck cannot transport more concrete than its capac- 
ity. Thus orders that exceed the maximal truck capac- 
ity C,,, must be divided into multiple sub-deliveries 
Gobs). 

A truck can service only one order at a time. It is not 
possible to service multiple small orders by the same 
truck during the same delivery. Hence, a small order 
often implies that a truck will he loaded only partially 
during the delivery. 

Each truck starts the day from a base location and must 
retum to the same base location at the end of the day. 

There are also a number of constraints regarding the loading 
and unloading of the vehicles. 

1. The loading of a delivery takes place in a single loading 
dock. 

2. A loading dock can service only one truck at a time. 

3. At the delivery location, only one truck can he un- 
loaded. If two trucks arrive at the location, one must 
wait until the other one is unloaded. 

4. The vehicle can leave the delivery location only after it 
has been unloaded completely. Partial unloading is not 
possible. 

5. The rate of unloading cannot he faster than the capacity 
specified by the client. 

6. If an order is so large that it requires multiple deliveries, 
the first delivery must arrive at the agreed time. 

7. Subsequent deliveries of a multi-delivery order must 
start immediately after the previous delivery is un- 
loaded. 

For each delivery, the truck must first he loaded, driven to 
the delivery location, possibly wait a few minutes for other 
activities to complete, unload and drive away. If the order re- 
quires multiple deliveries, a loaded truck must be available at 
the site when the precedingtruck has ended its unloading, in 
order to guarantee the continuity of the unloading. The op- 
timization of the delivery requires a schedule characterized 
by (1) minimal costs for transportation, and (2) little wait- 
ing time for the customers. On-time delivery is essential. If 
a truck arrives early, the concrete placement crew may not 
yet he ready or the preceding operations may have not been 
completed, thus keeping the vehicle idle. If a truck arrives 
late, the continuity of unloading i s  violated, and if the delay 
exceeds the concrete setting time the entire load has to be 
disposed. 

In practice, there are also a number of other restrictions 
that should he taken into account when generating the final 
schedule. 

The full capacity of a truck cannot he used with certain 
types of concrete. In this case, the truck can only be 
loaded up to a certain fraction. 

The client may require a truck to arrive extra early for 
logistic reasons at the construction site. 

The total loading time for a truck consists of a fixed p a ~ I  
(independent of the loading rate) and a flexible part that 
depends on the required volume and the loading rate of 
the loading dock. 

A vehicle can he used for a certain number of hours a 
day. If there are delays or a vehicle is needed longer, 
then an overtime must be paid. 4. Each truck has a specified maximal unloading rate. 
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5. The customer can specify the maximum amount per de- 
livery. In that case, each delivery of the order should 
not exceed this amount. 

6. An order is sometimes assigned to a specific production 
center. In that case, only that center prepares the con- 
crete for that order. It is also possible that certain pro- 
duction centers are excluded from servicing a specific 
order. 

Note that all these constraints can be taken into account when 
generating the final schedule in our approach. However, for 
the sake of brevity, we describe, in the next section, only a 
simplified mathematical model of the problem. 

3 Simplified mathematical model 
Assume there are R different demands to be scheduled. 

Each demand r is characterized by the location of the cus- 
tomer, the maximal unloading rate UR,, the maximal deliv- 
ery size Mds,, the quantity of concrete Q?, the setting time 
Tset, of the concrete, the percentage Per, of the truck that 
must be left empty, the fixed waiting time Fiz? at the cus- 
tomer, and the earliest and latest delivery times (EDT,  and 
LDT,) for accomplishing the delivery. We assume a ho- 
mogeneous fleet of vehicles (same maximum capacity c,,, 
and average speed V) .  If a demand exceeds the capacity of 
a single truck, i t  is equally.divided in Z, jobs, each of which 
will be delivered by a single vehicle. 

Each job is identified by a sequential number and its related 
index is i. The first job of a demand r is fr and the last one 
is 1,. The total number of jobs is N. 

If the D PCs are not able to supply all the demanded 
concrete, a part of the requests (and their delivery) will be 
outsourced to external companies, with a consequent loss 
of income. If the fleet of K trucks is not able to deal 
with all the deliveries, one can hire new vehicles at an 
additional cost. We define K = K, + KO, where K, 
is the number of trucks owned by the company (the in- 
ternal fleet) and KO is the number of additionally hired 
trucks (usually K << N). When a job is assigned to 
a truck it is referred to as a task with related index m. 
Then, our model considers the following decision variables. 
Y.d E {0,1} if job i is produced at the depot d,  X d  = 1 and 

i t r d  C { 1,. . . , R}; otherwise Kd = 0. 
Yo; E (0 , l )  if the production ofjob i is outsourced, Yo" = 1; 

otherwise Yo; = 0. 
X,rm t { O ,  1} if job i is assigned to tmck k as m-th task, 

X,rm = 1; otherwise X;rm = 0. 

-duration for task m of truck k L 

Figure 1: Sequence of operations for a single truck. 

Each task can be divided as shown in Fig. 1.  Further, let 
LRd he the concrete mixingiloading rate of the depot d ,  and 
let FLTd be the fixed component of the loading time at the 
same depot. The total loading time LTi for job i is then 

while its unloading time is 

(3) 

Since each depot can service only one truck at a time, we 
must ensure that the loading windows do not overlap. These 
windows will last from SLT; (starting of the loading time) to 
ELTi (end of the loading time). For each job we must also 
guarantee that the SLTi is not too early, because hydration 
must not start before the full concrete delivery. Hence, 

SLTi 2 LDT,(q - ( l , ( , )  - i ) U T ;  - Tset,(q. (4) 

Similarly, ELTi can not be so late that the succeeding jobs of 
the same demand can not be unloaded within the customer's 
specified time window. Thus, 

ELTi 5 LDT,(q - SDTi -Fix?(;) - ( l , ( ; )  - i + 1) UTi. 
(5) 

TO accomplish demands requiring multiple deliveries pre- 
serving the continuity of the unloading phase, we must guar- 
antee that, for two successive jobs i and i + 1 

K AT K M  

XikmTL!" = X(i+i)k,Tk. (6) 

We model the integrated supply chain scheduling as a cost 
minimization problem. The cost function is composed of 
three terms, 

k= l  m=l k = l  m=1 

C7"ota.l = Ctrampo~t  + Cidle + Ceztm. (7) 

The first term takes into account the transportation costs. 
From a global viewpoint, the production of the entire sup- 
ply chain should be organized so as to minimize the deliv- 
ery costs. The second term takes into account the loading 
and unloading waiting times. Waiting times should be min- 
imized because they typically represent a loss (the more the 
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Customer's Request- 
to-Denot Assignment 

Figure 2: A generic chromosome 

Priority of request 
in schedule construction 

waiting times, the lower the resource utilization). The third 
term accounts for the outsourced jobs and the hired trucks 
(other than the truck drivers overtime). Solutions requiring 
a different number of outsourced jobs or hired trucks can be 
found for any given set of demands. The more the schedule 
is optimized, the lower the amount of requested outsourcing. 

4 Hybrid evolutionary approach 
The task of finding a feasible schedule for the overall sup- 

ply chain is a problem of prohibitive complexity. To deal 
with this complexity, we propose in this section a hybrid evo- 
lutionary approach combined with constructive heuristics. A 
GA is used to optimize the assignment of demands to de- 
pot.~ (&) and the order of priority by which the demands 
are scheduled for production. Then, a constructive heuris- 
tic algorithm is used ( I )  to build schedules satisfying all the 
described constraints and (2) to assign the jobs (that are not 
outsourced) to the trucks. 

4.1 Genetic Algorithm 
Every GA requires the encoding of the candidate solution 

in a string of symbols. The chromosomes encode part of 
the decision variables and some variables that provide input 
to the Constructive heuristic algorithm, which determines the 
actual schedule and it is run each time the fitness of a chro- 
mosome is computed. In this way, the search space for the 
genetic algorithm is kept small, while all constraints for the 
scheduling problem are satisfied. 

Each chromosome is made up of two separate parts, both 
containing R elements, as described in Fig. 2 for R = 6. 
The first part defines the assignment of demands to the de- 
pots. The l-th gene of this part indicates the PC to which 
request 7'l is assigned. The second part of the chromosome 
establishes the order in which the R requests are considered 
in the construction of the complete schedule of the produc- 
tion chain. In other words, the first part of the chromosome 
defines initial values for the decision variable &, while the 
values of all decision variables including Yo{ and XLkm are 
fixed by the constructive heuristic procedure. Here follows 
the specific characteristics of our CA. 

1. The initial population Pop is made up of 100 individu- 
als and it is created randomly. 

2.  The fitness of each new individual in Pop is evalu- 
ated by our constructive heuristic that builds the relative 
schedule and returns the value of the function cost. 

3. Tournament selection [3] is used. It selects randomly 
pairs of individuals and the individual with the higher 
fitness is  passed on to the next generation. 

4. A new crossover operator is designed taking into ac- 
count the specific structure of the chromosomes. It se- 
lects randomly a crossover point. If this point falls in 
the first half of the chromosome, it performs a standard 
single-point crossover on the first part of the chromo- 
some (request to depot assignment), otherwise it per- 
forms an order-based crossover on the remaining part 
141. 

5. Similarly to the crossover, we selectively apply two dif- 
ferent mutation operators. A gene in the chromosome 
is selected randomly. If it belongs to the first part, the 
gene is replaced by a randomly extracted integer be- 
tween l and D. Otherwise, the inversion mutation (two 
randomly selected genes are swapped in the sequence) 
is applied to the order-based p a t  [I]. 

6. In all cases, we stopped our algorithms after 200 gener- 
ations. 

4.2 Constructive heuristics 
A schedule construction algorithm (SCA) is used to sched- 

ule the production and the delivery of all the jobs. The first 
part of the algorithm (depot SCA or DSCA) processes the de- 
mands following the order of priority specified by the chro- 
mosome. For each demand, the DSCA checks the distance 
between the PC assigned in the chromosome and the cus- 
tomers, redirecting the demand to the nearest depot if such 
distance does not allow full unloading before Tset. The al- 
gorithm computes the SLT of the first job of the demand 
so that its unloading starts exactly at the customer-specified 
EDT. If an overlap with a previously assigned job occurs, 
the DSCA tries to shift forward the SLT until the conflict 
is solved. Of course the relative unloading phase is shifted 
forward as well. If the specified LDT is violated as a result 
of shifting, the DSCA makes another try, this time shifting 
backward the loading window. However the truck now ar- 
rives at the. delivery location before the optimal time and, 
consequently, it introduces an idle waiting time. Among 
other things, we must guarantee that the latter is not so great 
that the time between the SLT and the end of the unloading 
becomes greater than T,,,. If this occurs the DSCA reassigns 
the demand to another PC, because we assume that the pre- 
viously scheduled jobs (the higher priority ones) cannot be 
modified to accommodate successive demands (lower prior- 
ity ones). Note however that the priority order is not fixed 
and it is optimized by the GA. If no adjustment guarantees a 
successful schedule of the job, the DSCA attempts to assign 
the second job of the demand to the PC, verifying at the same 
time that the preceding jobs can be scheduled within the de- 
scribed constraints. If also the second job cannot be assigned 
to the depot, the algorithm tries with the subsequent ones, un- 
til either one of the jobs is assigned to the depot, or none of 
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the jobs composing a demand can he scheduled on the PC. 
In the latter case (100% jobs to he reassigned elsewhere), the 
gene of the chromosome is modified and the procedure starts 
investigating the succeeding PCs in the order of shortest dis- 
tance from the customer’s site. After successfully assigning 
at least one of the jobs of the demand, the DSCA tries to 
assign all the remaining jobs to the same PC, with the ad- 
ditional constraint that the unloading of each job  must start 
when the preceding one ends. 

In a second phase, the DSCA tries to place the jobs un- 
scheduled for production so far on other PCs, considering 
them in the order of increasing distance from the customer’s 
site. If at the end of this phase there are still jobs not as- 
signed to any PC, the DSCA tries to “force” their insertion 
at a PC (starting from the nearest) at the time that guarantees 
zero unloading waiting time for the trucks. Only during this 
last phase the DSCA is allowed to shift-backward the jobs 
previously scheduled. If the insertion does not cause a vi- 
olation of the T,,, by any of the shifted jobs and it is less 
expensive than outsourcing the job the schedule is modified 
accordingly. Otherwise the DSCA tries with the next PC. If 
a job cannot he successfully reassigned to one of the avail- 
able depots of the company at the end of this phase, then 
i t  is set for outsourcing. Then, the second part of the SCA 
(truck SCA or TSCA) schedules the deliveries so that, for 
each job, a truck is available at the supplying PC no later 
than the scheduled SLT. In a first phase, the TSCA tries to 
assign the jobs produced at a given PC to the fleet of vehicles 
whose base location is the same PC. 

To illustrate the allocation procedure, let us firstly define 
the set of hypothetically available trucks at a depot at the 
generic time t. This set is composed of the trucks that either 
have not left their base PC from the beginning of the work- 
ing day or have already completed some transport operations 
and can return to the PC before time t. When both types of 
trucks are available, the TSCA always tries to assign the jobs 
to the previously used vehicles first, in order to actually use 
the minimal amount of trucks for servicing all the requests. 
At the beginning of the working day all the trucks of the PC 
are idle. The TSCA allocates the first jobs produced in the 
working day to the idle trucks until some truck returns af- 
ter completing one task. From that time on, the TSCA gives 
higher priority to trucks with the latest return time. This as- 
signment strategy is referred to as Slzortesr (truck) Idle Time 
(SIT), because the truck with the smallest idle time at the 
PC is the one assigned first. The reason of using this strat- 
egy is twofold. Firstly this strategy helps to use a minimal 
number of trucks. Secondly, instead of evenly distributing 
the idle times among trucks, the SIT strategy causes some 
trucks to have longer idle times between assigned services. 
This is useful in the succeeding phase, because otherjobs can 
fit during these long idle times. When a job is assigned to a 
truck, the variable Xtkm is updated accordingly. If the TSCA 
is unable to find a truck for a given job, the job is temporar- 
ily marked as undeliverable, and its assignment is postponed. 
The first part of the TSCA proceeds with the job-to-truck as- 

Table 1 : Cost parameters. 
CP 10 cost/Km of travel of wcks 
CA 15 penalty for idle time 
F’T 2000 loss of income for m of outsourced concrete 
HC 10000 cost of an hued uuck 

cost (extra pay) for each minute of working 
out of the standard working time 

signment until it has inspected all the jobs. If at the end of 
this phase the set of unassigned jobs is not empty (usually 
for the unavailability of trucks at some PCs) the TSCA will 
assign them during a second phase. All the unassigned jobs 
are considered in the order of increasing SLT. The TSCA 
considers the set of remaining trucks sorted by completion 
time of the last operation and tries to assign the current job 
to the first truck in this list inspecting various insertion pos- 
sibilities (either placing it after the last job, or inserting it 
between two previously assigned jobs). If no insertion meets 
all the constraints, the procedure considers the next truck in 
the list. If the job cannot be assigned to any truck in the list, 
a new one is hired, so that, at the end of this phase, all the 
jobs that have not been outsourced are assigned for delivery. 

5 Casestudy 
As a case study, we consider a supply chain composed 

of five PCs located in the Netherlands. The fleet of trucks 
consists of 49 vehicles housed in two PCs. The customers are 
spread over the area surrounding the PCs of the supply chain. 
As discussed in the literature [2], there is a high density of 
demand between 7:OO and 9:00 hours, and between 1300 
and 15:OO hours. The objective of scheduling is to minimize 
the costs associated with the delivery. Table 1 summaizes 
the values of the main cost parameters in normalized cost 
units (CU). 

The trucks have a maximal capacity C,, of I O  m3 and an 
average speed V of 60 Km/h. In general, customer requests 
have very narrow time windows, which impose to schedule 
the delivery of the first job very close to the EDT. The con- 
crete setting time T,,, used in our model is 150 minutes. The 
working day for a truck is between 5:OO AM to 4:OO PM, and 
if some truck is scheduled to work outside this window, an 
additional cost must be paid. 

To test the effectiveness of the proposed hybrid GA ap- 
proach, we have compared it with four different scheduling 
policies obtained by applying assignment criteria suggested 
by experts. All of the considered alternative policies give 
higher priority to larger orders, since this criterion is the one 
used by most companies. Demand assignments take into ac- 
count the distances from the PCs to the customers’ sites or 
the actual workload of the PC, while the trucks are assigned 
based on their idle times. The four policies used here for 
comparison are the following. 

1. SD/SIT (Shortest Distance/Shortest Idle Time). This 
heuristic criterion tries to allocate each job to one of the 
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Table 2: Summaw of scheduling results obtained on a refer- - 
ence case (all times in minutes) 

PCs, considering them in the order of increasing dis- 
tance from delivery location. The satisfaction of all the 
constraints is delegated to a schedule builder. If no PC 
can supply the job, it is outsourced. Once all the jobs 
are scheduled, they are assigned to trucks, giving higher 
priority to the ones that have been idle for the shortest 
time. 

2. SDLlT (Shorrest Distance/Longest Idle 7ime). This is a 
variant of the previously described policy in which only 
the truck assignment is changed by trying to load each 
job on the truck that has been idle for the longest time. 

3.  SW/SIT (Smallest Workload/ Shortesr Idle Eme). This 
heuristic algorithm tries to assign.each job to PCs con- 
sidering them in the order of increasing workload al- 
ready assigned. The truck assignment strategy is the 
same as in the case 1. 

4. SW/LIT (Smallest Workload/ Longest Idle Erne). This 
is a variant of policy 3 in which only truck assignment 
strategy is changed to LIT. 

In order to provide a clear idea of the results obtained by 
the hybrid GA approach, let us fwus on the scheduling of 
the production of a demand pattern observed during a typical 
working day of the supply chain. Table 2 summarizes the 
results obtained by the five policies considered. This case 
considers 71 demands for a total amount of 2116.3 m3 of 
ready-made concrete, divided in 258 jobs. It is worth noting 
that the GA-based policy is able to find a schedule that does 
not entail outsourced jobs, while also minimizing the num- 
ber of hired trucks necessary to deliver the concrete to the 
customers. The total cost of the solution obtained by the GA 
is about 20% lower than the one provided by SDISIT, which 
is the most effective heuristic that we have compared with 
the GA. In particular, k i n g  focused on the optimization of 
truck routes, the SD/SIT is able to provide the smallest cost 
associated to transportation, at the expense of longer over- 
all amount of waiting times. It should he remarked that the 
large amount of waiting times is not evenly distributed be- 
tween the operations, so the solution found by SD/SIT is not 
significantly more delay-tolerant than the one obtained with 
the GA. On the contrary, the job distribution obtained with 
the GA provides a considerably increased overall length of 
truck routes, which is fully compensated by the ability to as- 
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sign all the production requests to the 5 PCs of the supply 
chain. 

6 Conclusions 
We have considered a novel meta-heuristic approach based 

on a hybrid evolutionary algorithm combined with construc- 
tive heuristics for addressing just-in-time production and de- 
livery with time constraints on both the earliness and the Iate- 
ness of supply. Distribution of ready-made concrete is used 
as a case study. It is shown that such a hybrid approach is 
able to provide an effective scheduling algorithm based on 
a realistic model of the supply chain. The scheduling algo- 
rithm combines a GA and a set of constructive heuristics, 
which guarantee the determination of a feasible schedule 
for any given set of orders. A comparison of the proposed 
method with four different heuristic scheduling algorithms 
have shown its superior performance. The superior perfor- 
mance manifests itself on two counts. Firstly, the amount 
of requests that are redirected to external companies, or that 
need additional hired trucks for their delivery, is in general 
very small compared to the other scheduling strategies. Sec- 
ondly, the proposed model allows the definition of safety 
margins for minimizing the effects of transportation delays. 
In the future, we will investigate the robustness of the solu- 
tion determined by the proposed approach to disturbances in 
the parameters, such as the average truck speed. 
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