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A HIERARCHICAL PLANNING SYSTEM

VERSUS A SCHEDULE ORIENTED PLANNING SYSTEM

112F.A.W. WESTER, J. WIJNGAARD AND W.H.M. ZIJM
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provides

(Schedule

are taken

In this paper we consider a situation with two types of production

decisions: order accepta.nce decisions and scheduling decisions. These

structured in a Hierarchical Planning System (HPS, where each level

general guidelines for a lower level) or in an integrated manner

Oriented Planning System SOPS, where decisions at all levels

simultaneously).

To investigate the behavior of both types of systems in a particular stylistic

production situation, an example of a HPS will be defined as well as an

example of a SOPS. Next, we compare these two examples by eva.lua.ting their

performances. Results indicate that a carefully tuned BPS achieves a

performance that is comparable with that of the more detailed SOPS.

1. Introduction and Problem Statement.

We consider a production situation in which different types of production

decisions must be taken. The subject of this paper is the structure of the

production planning system. One possibility is a hierarchical approach where

high levels use aggregated information and prescribe general rules for lower

levels. Another possibility is to integrate decisions at all levels in order

to prevent local optimization.

Hax and Golovin (1978) state that several attempts to formulate the overall

problem as a mixed-integer mathematical programming model (Dzielinsky et. al.

1973, Manne 1958) have a small practical value. They propose a hierarchical

production planning system as an alternative. Other authors (Axsater and

Jonsson 1984, Bitran and Hax 1977, Hax and Bitran 1979, Hax and Meal 1975 and

Meal 1984), share this point of view.

In this paper we will investigate the behavior of both types of systems in a

particular production situation where orders can be accepted or refused. Two
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categories of production planning systems are considered:

i) Systems in which order acceptance and scheduling are handled at

different levels;

i) Systems in which order acceptance is integrated with the scheduling.

Systems that belong to the first category will be called hierarchical systems

and systems belonging to the second category schedule oriented systems.

Hierarchical systems make it possible, for instance, that orders are accepted

at one department but produced at another department. Schedule oriented

systems require that acceptance and scheduling are executed at the same

department.

The advantage of hierarchical systems is, among others, that they divide the

problem in relatively simple sub-problems. But by splitting the problem the

immediate interaction between the sub-problems will be neglected (for a more

detailed description of hierarchical systems see, for example, Hax/Golovin[8]

or MeaH12]). In schedule oriented systems this simplification does not occur

and orders will be accepted depending on the schedule for the formerly

accepted orders. But, for instance in a situation with complex scheduling,

schedule oriented systems will therefore be more difficult to develop. So the

basic question is:

What is the characteristic behavior of a hierarchical planning system, and

what is the characteristic behavior of a schedule oriented planning system ?

To investigate this problem we define a stylistic production situation. A

hierarchical planning system HPS, and a schedule oriented planning system SOPS

will be defined (see Figure 1).

(insert here Figure 1)

Three levels will be distinguished in the HPS. At the first level the values

of control parameters will be determined. At the second level orders will be

accepted by making an evaluation of the available capacity and the capacity

needed to produce the work on hand. At the third level orders will be
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scheduled and produced.

In the SOPS, there will be a detailed production schedule for all accepted

orders. When a new order arrives it will be accepted only, if the performance

of the schedule with the new order included will meet certain requirements.

In section 1.1 the production situation will be described. In section 2 the

hierarchical system HPS is presented, while in section 3 the schedule oriented

system SOPS is described. In section 4 we present results of a number of

numerical examples. Finally, in section 5, we draw conclusions and give

suggestions for further research.

1.1. The characteristics of the production situation.

The situation to be considered is a situation \\'here production is to order and

with one machine. Products belong to one of several product families. Between

the production of orders of different families there is a fixed family set-up

time; within a family there are no set-up times. Customers order a certain

quantity of a product and a customer order requires a due-date, which is

prescribed by the customer. Orders can be refused.

To illustrate the complexity of the problems of order acceptance and refusal,

we schedule a set of orders with due-dates in a multi-family situation with

family set-up times. For efficient production the production runs (Le. groups

of orders of one family, which are produced consecutively) have to be long.

But long runs increase the risk of late deliveries. Making a production

schedule will therefore mean that efficiency should constantly be weighed

against due-date performance.

Suppose for instance that there are 3 orders with processing times 5 and

due-dates 7, 20 and 25. The orders 1 and 3 belong to family 1 with family

set-up time 2. Order 2 belongs to family 2 with set-up time 10. If the

production sequence is 1-2-3, the latest order is 4 time units overdue (see

Figure 2), the total set-up time is 14 and the make span is 29. If the

sequence is 1-3-2 the total set-up time will decrease to 12 and the make span

to 27, but the maximum time overdue will increase to 7.
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(insert here Figure 2)

The behavior of both systems will be judged in terms of utilization rates for

production and set-ups, the number of refused orders and the lateness. The

lateness of an order j is the difference between the due-date dj and the real

delivery time ej, so

Lj = the lateness of order j = ej - dj

If Lj ~ 0, j is delivered on time or too early, if Lj > 0 it is too late.

2. The Hierarchical Planning System lIPS.

The HPS is a stylistic hierarchical planning system with three levels (see

Fig. 3). At the second level orders are accepted or refused and at the third

level the accepted orders are scheduled and produced. At the first level the

values of parameters to be used at the second and third levels will be

determined.

The decision rules will be kept simple at all levels. We expect that in most

cases, even with these simple rules, the performance of the HPS will not be

less than the performance of the SOPS.

(insert here Figure 3)

2.1. Determination of the parameter values.

At the first level, values for the parameters that are used at the second and

third level are determined. It is difficult to determine these values

analytically, since the acceptation and production processes are complex.

Therefore we use an iterative procedure, where all parameters will be tuned

with trial-and-error. This will be discussed further in section 4.2.
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2.2. The order acceptance.

The decisions to accept or refuse an order, will be made according to

aggregated information. We therefore compare the available capacity with the

capacity needed to produce the work on hand.

Let d j denote the due-date of an order i and t j the processing time of i. Let

further RC(t) be the cumulatively required capacity through time t for the

present orders and let AC(t) denote the cumulatively available effective

capacity through time t.

Suppose order j arrives at time O. If at dj the remammg capacity,

AC(dj ) - RC(dj ), is larger than tj there is enough capacity left to produce j

on time, so j is accepted. Otherwise it is refused (see Figure 4).

Let 0 ~ Paee ~ 1 be the (estimated) fraction of production capacity used to

produce orders and 1 - Pace the fraction used for set-ups and unused slack.

AC(dj ) is then given by Pacc' dj .

To calculate RC(dj ), we define for each order i the latest time ri at which

its production should start, hence

The new order j should only be accepted, if j and all formerly accepted orders

can be produced on time. Since we do not allow preemption of orders, RC( dj ) is

given by the sum of the processing times of the orders of which the production

should start before d j , so

RC(dj ) = L t i·
ri < dj

(insert here Figure 4)

This procedure can be extended by reserving a minimum amount of slack time

slmin. An order j will then be accepted if the remaining capacity minus slmin

is larger than t j .
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2.3. The order scheduling.

The production schedule for the orders of the order set, that determines for

each order the time it will be produced, will be limited to one production

run. At the end of the production of these orders, a new set of orders must be

selected. Suppose orders of family k are selected for the next production run.

The following questions will be answered:

i) how long should the production run last and which orders of k should

be added to the run ?

ii) in which sequence should the orders be scheduled within a production

run?

The first question is answered by adding only those orders that have to be

produced within the next T time units. So at time t order j will be added to

the run if dj ~ t + T. Further, we schedule the orders in non-decreasing order

of due-dates (Le., Earliest Due-Date sequencing).

By selecting orders of family k to be produced next, the production of orders

of other families will be postponed. So we define:

L~ax

Limp
k max,

the maximum lateness among the orders of the set of family k

the maximum lateness that will be imposed on orders of the other

families if a set of family k is selected.

If Lr;:ax is large the production of the set is urgent, but if L~7~ax is large

selecting a set of family k will cause a large maximum lateness among the

other families. Therefore the set of the family k with maximum (L~ax - Lkm~x),
will be selected.

3. The Schedule Oriented Planning System SOPS.

The SOPS is a stylistic schedule oriented planning system. All decisions are

based on the performance of a detailed production schedule, that specifies the

sequence for all orders of the order set.
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3.1. The order acceptance.

Before an order will be accepted it will be added initially to the order set

and a new production schedule will be calculated. If the maximum lateness in

this new schedule is less than a prespecified upper bound, the order will be

accepted definitively, otherwise it will be refused. After accepting an order,

the new schedule will start as soon as the current order is completed.

Such an acceptance procedure depends heavily upon the quality of the

scheduling system. A bad scheduling procedure may lead to unnecessary order

refusals.

3.2. The order scheduling.

The order scheduling problem is a static problem in which a given set of

orders is sequenced such, that the maximum lateness is kept below a

prespecified maximum and such, that a minimum of time is used for set-ups.

There are no well analyzed heuristics known to us which quickly produce a

schedule under these two conditions. Therefore we developed new heuristics,

which are described in appendix A. The schedules are determined with these

heuristics in two steps. In the first step the maximum lateness Lmax will be

minimized. If Lrnax is positive there is still at least one order that will be

delivered too late. But if Lrnax is non-positive all orders will be delivered

on time. In this case, we try to minimize the total set-up time, provided that

all orders are still delivered on time.

4. Numerical Experiments.

In this section we will evaluate the behavior of the HPS and the SOPS. These

systems are simulated in situations of which the characteristics are described

in section 1.1. The simulation experiments are executed for various numbers of

families, family set-up times and due-dates.

In all situations the systems were tested for three kinds of due-date slack:

'small', 'normal' and 'large' (the due-date slack of an order is the time

between arrival and due-date, minus the processing time). First, the arrival

process of orders as well as the order characteristics will be described. In
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section 4.1 the various production situations are introduced. In section 4.2

the behavior of the HPS will be discussed and in 4.3 the behavior of the SOPS.

Their performances will be compared in section 4.4.

Order Arrival and Order Characteristics.

Orders arrive according to a Poisson process with parameter >.. An order j is

determined by its family, its processing time tj and due-date dj • When an

order arrives it will belong to family k with probability Pk' The processing

time will be drawn at random from an interval (Tk, T:). If order j arrives at

aj, the due-date dj is given by aj + tj + Xj, where the due-date slack Xj is

drawn at random from an interval (6-, 6+) with average 6.

4.1. The various Production Situations.

The complexity of the scheduling is caused by the trade-off to be made between

efficiency and due-date performance. Therefore six production situations were

chosen in which the set-up times (which directly influence the efficiency) and

the due-date slacks (which directly influence the due-date performance) get

special attention.

The situations displayed in Table 1 are characterized by the number of

families K, the probabilities Pk: the family set-up times STk and the average

processing times t k' In each of the situations displayed in Table 1 the

performances were tested for three values of the average due-date slack 6. In

each situation the parameter>. is determined such, that with the SOPS 5% tolO%

of the orders are refused in the situation with 'normal' due-date slacks.

To get an idea of the performance in a certain situation the weighed sum of

set-up times r,K p~Tk is divided by r,K Pkt k, Le. the weighed sum of
k=l k=l

average processing times. If this rate is larger than one, the set-up times

are considered to be large and difficulties in efficiency and due-date

. performance can be expected. So in the first two cases the set-up time is

considered to be large. In the last two cases the number of families is

relatively important.

(insert here Table 1)
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4.2 The Simulation of the Performance of the SOPS.

The performance of the SOPS will be judged in terms of the number of refused

orders, the utilization rates for production Pprod and for set-ups Pau, the

average lateness I, the maximum lateness Lmax and the number of late orders

N1ate• It appears to be a stable system and easy to work with in all six

situations.

The simulation results of the performance of the SOPS in case 1 of Table 1 are

given in Table 2. The average due-date slacks {; are 75 ('small'), 200

('normal') and 300 ('large'). The arrival rate of orders is 0.17 and the

simulation lasts 5000 time units (ca. 850 orders) ~ which appears to be long

enough to draw conclusions on the behavior of the system in a particular

situation. If an arriving order causes a maximum lateness larger than 5 it is

refused.

When the due-date slacks are large, orders can be accepted easier and can be

produced in longer production runs than when the due-date slacks are

relatively small. So, in Table 2. Pprod is relatively large and the 'fraction

refused' is relatively small for large due-dates slacks. Naturally, the

maximum lateness never exceeds the prescribed limit 5.

(insert here Table 2)

The simulation results of the SOPS for case 5 are given in Table 3. The

average due-date slacks {; are 50, 200 and 300 and the arrival rate of orders >.

is set to 0.105.

(insert here Table 3)

Comparing Table 2 with Table 3, it is clear that it is more difficult in case

1 to get a high utilization rate Pprod than it is in case 5.

9



4.3 The Simulation of the Performance of the HPS.

The performance is judged similar to the performance of the SOPS (Le., the

number of refused orders, utilization rates etc.). The HPS is further judged

in terms of the possibility to tune the parameters relatively easy.

Tuning the parameters.

For the order acceptance procedure the maximum utilization rate for acceptance

Paee and the minimum amount of slack time slmin must be tuned. For the order

scheduling, the parameter T (that determines the length of a production run)

has to be tuned. These parameters are tuned such, that Pprod is as large as

possible, while Lmax is not much larger than 5.

As mentioned in section 2.1 it is difficult to tune Paw Slmin and T

analytically. All parameters will therefore be tuned iteratively.

It is sometimes difficult to tune the parameters in such a way that there is

no excessive behavior of any kind. If Pace is small only a few orders are

accepted. If Pace is too large, orders are sometimes delivered much too late.

The parameter Slmin provides that orders with (too) short due-dates are

refused.

If T is small the production runs are short and the production inefficient.

But sometimes a large T results in late deliveries since the production runs

are too long. In other cases, long production runs are essential to prevent

due-dates to be exceeded.

Despite all this, in general it was possible to find satisfactory values for

Paw slmin and T. In the latter four cases of Table 1 it is easier to tune

the parameters than in the first two cases.

Remark:

The production run length is determined by the parameter T. Another

possibility to determine the production run length is to define a norm for

the run length, so that orders are added to a production run until the norm

would be exceeded.

The general performance in this case is similar to the performance with a

parameter T, so we do not investigate this further.
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The Performance of the HPS.

Once the parameters of the HPS are tuned, the HPS performs well in most

situations. Only when the due-dates are short or the set-up times large (i.e.

the first two cases of Table 1), it is sometimes impossible to prevent that

several orders are much too late (i.e. Lmo.x is large).

The simulation results of the HPS for case 1 are displayed in Table 4. The

performance is again simulated for small, normal and large due-date slacks.

The first three rows of Table 4 show the results of the simulation with small

due-date slacks for three different values of T. The parameter Pace is set to

0.40 and Slmin is set to ten. Obviously, for this situation with small

due-date slacks and large set-up times, it is not possible to get a

satisfactory due-date reliability (i.e. Lmax ~ 5), while still accepting most

of the orders. If Pace is set larger, the due-date reliability (Le., L max and

N ,ate ) grows worse. If Pace is set smaller, the number of refused orders

increases and Pprod decreases further. For larger due-date slacks there are

less problems with the performance of the HPS. For all types of due-date

slacks, the parameter T must be large (i.e., the production runs have to be

long) to prevent due-dates to be exceeded.

(insert here Table 4)

In Table 5 the simulation results of the HPS are given for case 5. In this

case the due-date performance sometimes improves when the parameter T is not

too large. For all values of 6 it is possible to prevent that orders are

delivered much too late.

(insert here Table 5)

4.4. Both systems compared.

When Table 2 is compared with Table 4, it can be seen that in this case the
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SOPS performs significantly better (Le., larger Pprod' smaller PSUl less

refused orders and Lmax ~ 5) than the HPS. If the due-date slacks are small in

case 5, the SOPS performs better too (see Tables 3 and 5).

In general it appears that when the set - up times are large (cases 1 and 2) or

the due - dates slacks small, the SOPS performs significantly better. In the

other situations there are no significant differences in performance between

the SOPS and HPS.

We will now try to improve the performances of the HPS for the situations with

small due-date slacks or large set-up times. The numerical results are

displayed in appendix B.

Cases with large Set - up times.

We change the HPS by determining the production schedule with the heuristics

which were developed for the SOPS, whereas the original acceptance procedure

is maintained. It appears that the HPS with a sophisticated scheduling

procedure only performs better in the cases with large set-up times (Le.,

case 1 and 2). But if the due-dates slacks are small, the HPS still performs

less in all cases than the SOPS.

The Situations with small Due - date Slacks.

The disappointing performance of the HPS in situations with small due-dates

slacks can be traced back to the acceptance procedure. A closer investigation

learns that the SOPS accepts orders of the current family easier than orders

of another family, since an order of another family might require a new

(large) set-upi the SOPS takes the best orders. But in the HPS, the needed

capacity considers QD1y the processing time and due-date of an order (see

section 2.2).

If the HPS is adapted to accept preferably orders of the current family too

(see Appendix B), the significant differences in performance between the HPS

and the SOPS in situations with small due-date slacks disappeared.

5. Conclusions.

The SOPS and the HPS are examples of a schedule oriented and of a hierarchical

planning system respectively. We have tried to gain understanding about the
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the behavior of these systems. We learned that, even in a situation with

deterministic set-up and processing times, the development and implementation

of a schedule oriented planning system is difficult. Further, once it is

developed, it can only be used in the situation it is designed for.

A hierarchical planning system is much easier to develop and to implement. In

most investigated cases it appears to be possible to get good performances,

while using simple rules at all levels. Only in cases with small due-date

slacks, a direct interaction between different levels is needed to get a good

performance. Sometimes it is difficult to tune the parameters. For this last

aspect, it may be possible to develop some heuristics.

In general, we learned that a schedule oriented planning system does D..Q1

necessarily perform better than a hierarchical planning system. Usually, a

hierarchical planning system appears to perform just as well.

5.1 Suggestions for further research.

In the investigated situations it is assumed that all processing times and

due-dates are deterministic. If, for instance, rush orders occur, processing

times are stochastic or machines breakdown, the performance of the schedule

oriented systems might perform not as well as they appear to be in a

deterministic situation. Further, changes in the production schedule can

disturb the supply of raw materials.

It is important for the HPS that the parameters are tuned well. It therefore

deserves effort to investigate the possibility to develop rules of thumb to

tune the parameters.

Finally it will be interesting to investigate multi-machine situations and

situations in which idle-time is used to produce to stock.
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Appendix A.

Heuristics for scheduling a set of orders with due-dates

and family set-up times.

In the SOPS a new schedule must be determined for all orders on hand, every

time a new order arrives. The scheduling in the situation with families,

family set-up times and due-dates is very complex, so heuristics will be

needed. With these heuristics the orders will first be scheduled to be

delivered on time (Le. the maximum lateness Lmax ~ 0). Provided that all

orders will be delivered on time, the total set-up time will be minimized.

There are no heuristics known to us that can be used. Therefore we developed

the following heuristical procedure. Three steps are required to compute a

schedule. (see Figure 5). In the first step, t.wo heuristics, LWF and Cluster,

will be used to calculate an initial schedule.

(insert here Figure 5)

These two heuristics attempt to minimize the maximum lateness LmaX" In the

second step these two schedules are improved with Improve. If Lmax is positive

in the initial schedule, Lmax will be minimized further. If Lmax is

non-positive, the total set-up time (provided that Lmax remains non-positive)

will be minimized. If after step two Lmax is still positive in both schedules,

the schedule with the smallest Lmax will be chosen as the final schedule. If

Lmax is non-positive the schedule with the smallest total set-up time will be

chosen.

We will now describe the heuristics. Then the maximum latenesses of the

schedules will be compared to a lower bound in order to judge the performances

of the heuristics.

The IJVF heuristic.

The Largest Work load First heuristic is a constructive scheduling method.

Suppose N is the number of orders and n have been planned already. Among the

remaining (N - n) orders we select the largest. This order can be planned at
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(n + 1) places. Plan the order temporarily at each of these places and

calculate the maximum latenesses Lmar Add the order to the partial schedule

at the place with the smallest Lmax• Continue to add orders this way until all

orders will be planned.

The Cluster Heuristic.

With the Ouster-heuristic all N orders are initially planned at EDD (see

section 2.2). Take an order j and search for the next order lj of the same

family.

(insert here Figure 6)

Placing j directly before lj is called clustering. Oustering j with lj is for

all orders except j itself either neutral or profiTable. For instance the

orders after lj will be produced earlier if clustering j with lj reduces the

set-up time. We will continue to cluster orders as long as Lmax decreases.

The Improve Heuristic.

With this heuristic an initial schedule will be improved by linking up !Jl.!:lli.

If Lmax is positive in the initial schedule the runs will be linked up in

order to decrease Lmaxo If Lmax is non-positive the runs will be linked up in

order to decrease the total set-up time.

Conclusions about the Heuristics.

It is essential for the performance of the SOPS that these heuristics produce

a good schedule. Therefore we have investigated the deviation of the maximum

lateness in the schedules from a lower bound based on a critical path analysis

(see Carlier[2] and Wester[5]). After generating sets of orders in several

situations (see 4.1), schedules for those sets were calculated with LWF and

Ouster. In both schedules the maximwn lateness was minimized further with

Improve. Of these improved schedules the best was chosen as the final

schedule. The results are displayed in Table 6.

(insert here Table 6)
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Initially Cluster was better than LWF, which was caused by a lack of

efficiency with the latter. The reason is that in L\VF only the maximum

lateness is considered. After improving the schedules with Improve the

differences between the performance of LWF and Cluster disappeared.

At average the deviation from the lower bound was 2.5% and at most 7.8%. In

18% of the cases it could be proved that the schedule was optimal in terms of

the minimum maximum lateness. This is good enough to make a fair comparison

between the HPS and SOPS.

N.B. These deviations form an upper bound for the real deviation, since the

optimal maximum lateness will be larger than the lower bound.
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Appendix B

Table 7 contains the results of the simulation of the performance of the HPS

of case 1, when the orders are scheduled with the heuristics, which were

initially developed for the SOPS. The results of case 5 are given in Table 8.

The values of Pace and slmin are usually the same as in the Tables 4 and 5.

(insert here Tables 7 and 8)

lIPS with selective order acceptance.

The SOPS selects the best orders. As a result, the SOPS performs better than

the HPS in the situations with small due-date slacks,

The order acceptance procedure of the HPS can be adapted to accept orders

selectively too. Suppose for instance that an order j of the current family

arrives and add j to the current production run. Calculate then Lk7?:mx (see

section 2.3) for all other families k. If Lk7?:mx is less than an upper bound,

the order j will be accepted and produced in the current production run.

Otherwise, it will be refused.

Suppose j does not belong to the current family. If there are no other orders

of the same family as j and if the required capacity RC(dj ) is larger than an

upper bound, j will be refused. Otherwise, it will be accepted.

The results of the simulation of case 1 with this acceptance procedure are

given in Table 9. The results of the simulation of case 5 are given in Table

10. The parameter T was set according to the best performance of the

corresponding Tables 4 and 5.

(insert here Tables 9 and 10)
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case fam. 1 2 3 4 5 6 7 8 9

~Tk 5 40
1 t k 5 5

Pk 0.5 0.5

ST k 40 40
2 t k 5 5

Pk 0.5 0.5

ST k 2 20
3 t k 5 40

Pk 0.7 0.3

ST k 2 3 8
4 t k 5 8 15

Pk 0.4 0.3 0.3

~Tk 2 3 8 20 20
5 t k 5 8 15 40 60

Pk 0.5 0.35 0.12 0.02 0.01

ST k 2 2 2 3 3 3 8 8 8
6 t k 5 5 5 8 8 8 15 15 15

Pk 0.2 0.2 0.1 0.1 0.15 0.1 0.05 0.05 0.05

Table 1: The six cases for which both systems were compared.
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,..----

due- Pprod Ps u fract ion r Lmax N I ate
date refused

sma 11 0.58 0.41 29.6% -20 5 111
r---

normal 0.77 0.21 7.9% -93 4 19
r---

large 0.81 0.15 2.2% -184 5 4

Table 2. The results of the simulation of the SOPS for case 1_
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,.--,

due- Pprod Psu fraction -L Lmax N I ate
date refused

small 0.74 0.19 15.8% -23 5 50
~.

normal 0.82 0.14 7.0% -82 5 32
~. -

long 0.83 0.13 5.7% -135 5 18
L.....-.

Table 3: The results of the the simulation of the SOPS for case 5.
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,.-----
due-date & T Pprod Psu fraction I Lmax N I ate
par arne ter s refused

sma 1 1 , 40 0.32 0.66 60.1% -18 41 62
Pace = 0.40 75 0.33 0.66 58.8% -30 21 10
si min = 10 150 0.34 0.66 57.9% -29 22 11

'-------

~norma 1 , 125 0.57 0.42 32.1% -44 28
Pace = 0.65 175 0.62 0.35 23.8% -67 5
s 1min = 35 280 0.67 0.30 18.2% -82 -2 0

1------

large, 200 0.68 0.29 15.8% -70 27 10
Pace = 0.75 250 0.73 0.24 10.3% -98 12 4
Simi n= 40 380 0.76 0.20 6.2% -125 7 6
----

Table 4: The results of the simulation of the HPS for case 1.
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,....------
due-date & T Pprod Psu fraction I L max N I ate
parame ter s refused

sma 1 1 , 50 0.68 0.22 23.3% -32 3 1
Pace = 0.75 75 0.68 0.22 22.9% -32 3 2
slmin= 0 125 0.68 0.22 22.9% -32 3 2

f-----

norma 1, 150 0.76 0.20 17.4% -98 -2 0
Pace = 0.85 200 0.79 0.16 13.8% -116 12 8
s 1 min = 30 250 0.80 0.15 12.8% -120 42 4

1---'

large, 200 0.77 0.19 13.6% -146 -52 0
Pace = 0.80 300 0.83 0.13 10.4% -182 13 2
slmin= 50 400 0.83 0.13 9.6% -183 -17 0

'---------

Table 5: The results of the simulation of the HPS for case 5.
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,..-- --
Schedule average standard largest opt imal

deviation deviat ion deviation

LWF 5.6% 5.6% 13.0% 13%
,..--' --

C 1us ter 3.0% 2.9% 9.5% 1396
,..-- --

f anal 2.596 2.696 7.896 1896
_. --

Table 6: The deviations of the maximum lateness from the lower bound.
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...--'
due- Pprod Psu fract ion I Lmax N I ate
date refused

sma 11 0.42 0.55 48.5% -45 1 2
'-'

normal 0.79 0.18 4.8% -124 4 1
'-'

large 0.82 0.14 1.3% -195 -2 0
_.

Table 7: The results of the simulation of the HPS for case I, if the orders

are scheduled with the heuristics designed for the SOPS.
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'--'

due- Pprod Psu fract ion I Lmax N I ate
date refus ed

sma 11 0.69 0.19 22.3% -34 1 1
1--.

=B
normal 0.81 0.14 11.3% -128 2

1--.

large 0.84 0.12 7.4% -186 3
~.

Table 8: The results of the simulation of the HPS for case 5, if the orders

are scheduled with the heuristics designed for the SOPS.
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,.-------

N~due-date & lim. fraction - L LmaxPprod Pau
pa r ameter s val ue refused

sma I I , 50 0.62 0.34 26.1% -45 5 15
T = 150 75 0.67 0.32 20.5% -28 8 69

100 0.64 0.36 24.7% -21 20 121
r---..---

normal, 100 0.77 0.20 7.2% -129 5 3
T = 280 150 0.81 0.17 3.2% -113 5 11

200 0.80 0.17 3.4% -112 5 10
r---..---

large, 100 0.78 0.18 6.1% -226 -46 0
T = 380 150 0.82 0.14 1.7% -206 -45 0

200 0.82 0.14 0.5% -198 5 2
'-----

Table 9: The results of the simulation for case 1 with the HPS, when orders

are accepted selectively.
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....------
due-date & T Pprod Psu fraction I Lmax NI ate
pa r ameter s refused

sma 1 1 , 25 0.63 0.16 21. 7% -40 5 4
T = 50 35 0.67 0.17 14.8% -37 11 3

50 0.70 0.17 12.9% -31 53 20
~--

normal, 100 0.79 0.15 6.1% -150 -10 0
T = 200 125 0.80 0.14 7.0% -144 46 7

150 0.81 0.14 5.8% -132 48 6
~---

1]large, 150 0.83 0.11 3.6% -224 -45
T = 400 200 0.85 0.11 2.7% -196 5

250 0.85 0.10 3.5% -185 59
'-----

Table 10: The results of the simulation of the HPS for case 5, when the orders

are accepted selectively.
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Figure 1: The project lay-out.

Figure 2: An example of the trade-off between efficiency and due-date

reliability.

Figure 3: The three levels of the HPS.

Figure 4: The acceptance figure of the HPS.

Figure 5: The lay-out of th three steps to calculate a schedule.

Figure 6: Clustering j with Ij can be profitable.
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