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Abstract 

In make to order environments, due date setting (DDS) is a challenging problem 
(capacity constraints, large product range). We propose a DDS model for a job 
shop which considers the variation of processing times, the capacities already 
assigned to customer orders, and a targeted service level. Within the model an 
earliest possible due date is calculated based on stochastic processing times and 
available capacities. The proposed method can be intuitively visualized. It uses 
only information which is available in common IT-systems, is fast and does not 
require time-consuming optimization runs. 

The simple model for DDS which is applicable for practitioners is presented 
as advancement of available scientific work. A numerical example for the 
model is presented where the service level to reach is predefined and the differ-
ences between stochastic and deterministic processing times are discussed. 

1 Introduction 

Customer satisfaction is the most important target of manufacturing companies 
to stay competitive. To reach a high level of customer satisfaction on the one 
hand the product quality has to fulfil the customer requirements. On the other 
hand the soft facts like the logistical figures of service level and supply avail-
ability become more and more important. The ability to know if a due date can 
be met (with a high probability) or how much additional capacity is needed to 
ensure a requested due date (with a high probability) does ensure a high supply 
availability. If additional capacity is not available the ability to know what the 
earliest possible due date which can be met is (with a high probability) does 
ensure a high service level if postponing due dates by negotiation is possible. 
This task is often described in literature as a complex and difficult one.1 

Many algorithms based on different assumptions can be found to solve the 
problem of due date setting (DDS) or at least to deliver a decision support for 
DDS. Most of these algorithms are quite complex and need some additional 
assumptions to work or they are developed for very specific environments. The 
method presented in this article tries to abstract the problem to a quite manage-
able level and solve it in an intuitive manner which can be understood by the 
personnel responsible for such due date decisions. It is clear that in such an 

                                                           
1 See Özdamar and Yazgac (1996) or Moses et al. (2004) 
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abstracted view of the problem some detailed knowledge about the structure of 
the production system is not included. For this reason the proposed model is a 
decision support system where some of the too detailed information still has to 
be considered by the planning personnel. The proposed method does not take 
into consideration the supply of material but only the available capacity for the 
requested orders. Furthermore the proposed method can also be used to evaluate 
the consequences of unplanned downtime of machines on the ability to meet the 
promised due dates. No detailed scheduling is included into the approach; this 
function has to be fulfilled by the lower level production planning. 

In the literature review which is the next section of the paper different meth-
ods for solving the problem of handling requested orders concerning due dates 
and number of pieces requested are presented. Section 3 introduces the basic 
deterministic one machine model as well as its further development for stochas-
tic processing times. At the end of chapter three the numerical example is intro-
duced and differences between the stochastic and the deterministic settings are 
discussed. The enlargement of the model to a multi machine production system 
is introduced in section 4. The resulting model for stochastic processing times is 
outlined at the end of this section. Some ideas how also the key components 
availability could be included into the model are presented in section 5 and 
section 6 shows how this model can be implemented for DDS within a supply 
chain. The conclusion is presented in section 7. 

2 Literature Review 

The methods for promising due dates and delivery quantities are either called 
DDS or available to promise (ATP) functions in the literature. Most literature 
on ATP is related to the MRP II (manufacturing resource planning) method2. 
The term DDS is used in literature in a broader sense and especially also in 
other planning environments than MRP II.3 

In the following literature review a brief overview of what methods are 
available is presented and some links between the available methods and the 
one proposed here are shown. 

The literature can be divided into methods based on deterministic processing 
times or on stochastic processing times. A further attitude for clustering the 
available methods is the objective they have and what the result is. 

                                                           
2 Vollman et al (1997); Jodlbauer (2007); Hopp/Spearman (1996) 
3 See Özdamar and Yazgac (1996) and Xiong et al. (2006) for other environments than MRPII or 

Hegedus and Hopp (2001) for an MRPII environment 
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2.1 Material based methods 

In Vollmann et al.4 the conventional ATP function is described as delivering the 
amount of a certain product which can be promised to the customer until a cer-
tain date. This function, which can be based on the master production schedule 
(MPS) in an MRPII system, assumes that production orders are based on fore-
casts. These forecasts are “consumed” by real customer orders. Depending on 
the production being based on the forecasts or only on the fixed customer orders 
this system can be make to order (MTO) or make to stock (MTS).5 The conven-
tional ATP method does not consider processing times and the material plan-
ning is done on a deterministic basis. 

Xiong et al.6 describe a realtime ATP system which processes the bill of ma-
terial (BOM) beginning from the finished goods to the raw material from sup-
pliers. At each BOM level the routine checks whether enough material is avail-
able. The missing material has then to be produced and input material from the 
next BOM level is needed. This method is based on deterministic material 
availability data and no processing times are considered. 

2.2 Multi stage methods 

In Chen et al.7 a two stage ATP function is presented. At the first stage a rough 
delivery time range for a new requested customer order is calculated based on 
“conventional” ATP. The second stage contains a capacity check as well as a 
raw material availability check and delivers a fixed planned due date and a fixed 
planned number of delivered products to the customer. The assumption in this 
model is a changeable customer demand within a certain range and a change-
able customer due date within a certain range. The exact due dates are found by 
an optimization for maximizing profit. Processing times and quantities are as-
sumed to be deterministic. 

Corti et al.8 discuss a production system where the customer orders are di-
vided into fixed orders and orders which will be released by the customer with 
certain probabilities. According to this order pool the first step is to check if the 
due dates for the current orders are still feasible and then to evaluate if a new 
order can be promised with a certain due date. The concept of the model is a 
decision support system for DDS. The processing times are assumed to be de-
terministic but the forecast order release of customers is modelled with a sto-
chastic behaviour. 

                                                           
4 Vollman et al (1997) 
5 Very similar methods are presented in Hopp and Spearman (1996) as well as in Jodlbauer (2007) 
6 Xiong et al. (2003a); Xiong et al. (2003b) 
7 Chen et al. (2001) and Chen et al. (2002) 
8 Corti et al. (2006) 
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2.3 Profit maximizing methods 

Xiong et al.9 present a decision support system for small and medium sized 
companies to decide which orders should be confirmed based on available ma-
terial and available capacities. The model is based on an optimization for maxi-
mizing profit. The focus of this model is very much on material availability 
which is not discussed in this paper. In the model of Xiong et al. deterministic 
processing times are assumed. 

Özdamar and Yazgac10 present a model for efficient optimization of the 
problem to reduce the overcapacity needed to realize a set of orders with their 
respective due dates. In this paper also the profit is maximized. For the optimi-
zation deterministic processing times are assumed. 

As stated above, the model of Chen et al.11 also maximizes the profit. 

2.4 Lead time forecasting methods 

Hegedus and Hopp12 present a DDS method based on the number of jobs in the 
system. The planned lead time is calculated according to the number of jobs in 
the system. A distribution of the possible production finishing dates is calcu-
lated based on past data about leadtime and number of jobs in the system. Then 
the minimum of costs for inventory, longer delivery leadtime and not keeping 
the agreed due date is searched. With this method the stochastic behaviour of 
processing times is treated in a sense that this stochastic also influences the 
distribution of due dates based on the number of jobs in the system. 

In Hopp and Roof-Sturgis13 a DDS method based on a lead time function 
depending on the number of jobs in the system is presented. The due date is 
assumed to be flexible from a customer’s point of view, but the shorter the de-
livery leadtime the lower the costs. The due date is calculated as average lead-
time (depending on the number of jobs in the system) plus standard deviation 
(depending on number of jobs in the system) assuming normal distribution and 
a specified service level. For the application of this method the determination of 
the lead time function is crucial. The method presented in the current paper is 
based on similar behaviour but processing times are used instead of leadtimes 
since this seems to be easier to handle for practical application. In this method 
the distribution of processing times is included into the distribution of the lead 
times based on the number of jobs in the system. 

                                                           
9 Xiong et al. (2006) 
10 Özdamar and Yazgac (1996) 
11 Chen et al. (2001) and Chen et al. (2002) 
12 Hegedus and Hopp (2001) 
13 Hopp and Roof-Sturgis (1999) 
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2.5 Production scheduling methods 

Moses et al.14 present a model for real time promising of due dates based on the 
available capacity in the future. In this model according to a forward planning 
approach the due date is the first possible finishing date of the requested order. 
The model is based on a holistic scheduling approach which means a detailed 
production plan is created which leads to the due date. The processing times are 
assumed to be deterministic. 

In their finite capacity promising method, Taylor and Plenert15 use a combi-
nation of forward and backward scheduling on each machine to determine the 
due date of a requested customer order. There is also a production schedule 
delivered as a result. This method assumes deterministic processing times. 

2.6 Further research needs 

As shown in the literature review a quite wide range of methods already exists 
whereby most of these methods do not address the problem of having stochastic 
processing times. Furthermore most of the methods presented above do need to 
solve some kind of optimization problem to reduce overtime or increase profit 
or some other logistical metric. Most of the methods solving complex optimiza-
tion problems are quite hard to understand for the planning personnel. For this 
reason some need to research DDS methods including stochastic behaviour of 
processing times which are intuitively understood by the planning personnel 
still exists. 

3 Single machine model description 

The presented DDS function is developed as a decision support system for 
evaluation of the feasibility of due dates according to the capacity available on 
the shop floor. For the single machine implementation the future capacity of the 
machine is predefined and the processing times of orders are assumed to be 
normally distributed. The function does not solve a complex optimization prob-
lem and for this reason provides a good performance in terms of reaction time. 
Optimizing profit by due date setting seems not to be a very feasible method in 
practise since the products offered should be a strategic decision and the target 
of a company should be to confirm each order or if it is not possible to confirm 
it by the requested due date, to propose a new feasible due date. 

In contrast to the literature above, which also deals with stochastic behav-
iour of the production system, in this method it is not the leadtime that is fore-

                                                           
14 Moses et al. (2004) 
15 Taylor and Plenert (1999) 
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cast16 but only the capacity needed to fulfil the orders. Different jobs always 
have different leadtimes through a system but in this model it is assumed that 
the different leadtimes fit to the different due dates, this means there is an effec-
tive dispatching rule implemented which guarantees that products are on time if 
the capacity is balanced. 

The remainder of the single machine model description is divided into two 
parts. In part one the model is developed for a deterministic environment. In this 
situation it is possible to guarantee 100% service level by using the proposed 
method under the assumption that due dates can also be postponed if there is not 
enough capacity available. 

In the second part of the single machine model description the stochastic be-
haviour of processing times is incorporated into the model. 

3.1 Deterministic one machine model 

The description of the deterministic situation is based on Altendorfer and Jodl-
bauer17. To ensure that due dates can be met in a one machine system the only 
constraint which has to be fulfilled is that the cumulative available capacity of 
the machine is always higher than the cumulated ordered capacity. The prereq-
uisite for this statement is that in the single machine case the dispatching rule is 
earliest due date (EDD).18 

3.1.1 Cumulated capacities 

The method is formulated on a discrete time basis whereby the delivery to the 
customer always has to be at the end of such a discrete time period. The follow-
ing function for cumulated capacity needed is defined: 

 ( ) ( ) 0
0

AatA
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+=∑
=τ

τ      (1) 

 ( ) ∑
=

=
td

i
i

ata       (2) 

Whereby: 
− A(t) … cumulated capacity needed until end of period t 
− A0 … backorder capacity at time 0 
− di … due date of production order i at the machine 19 

                                                           
16 see Hopp and Roof-Sturgis (1999) or Hegedus and Hopp (2006) 
17 Altendorfer and Jodlbauer (2007) 
18 For further information about dispatching rules see Iskander and Panwalkar (1977). 
19 The order has to be delivered at the end of period di. 



Simple cumulative model for Due Date Setting 7 

− ai … expected capacity needed at the machine to finish order i,20 in the 
deterministic case this is the capacity needed 

− a(t) … capacity needed with due date t until end of period t 

The sum A(t) describes how much capacity has to be available at the machine 
until the end of each period. These periods could be weeks, days or shifts and 
depend on how the service level is measured by the customer. The due date of 
the production order di is calculated as due date promised to the customer minus 
transportation time, so it is an ex factory due date. 

The available capacity until the end of each period can be calculated as fol-
lows: 

( ) ( )∑
=

=
t

xtX
0τ

τ       (3) 

Whereby: 
− x(t) … capacity available in period t21 
− X(t) … capacity available until the end of period t 

If A0 > 0 there are jobs which have their due date in the past, this means that A0 
shows the minimum capacity which will be late. 

3.1.2 Due date setting 

The model for due date setting presented in this paper will not discuss some 
problems like the difference between work days and weekend or some other 
holidays. It will always be assumed that the actual date equals zero and just 
planning periods are discussed. 

The function A(t) includes all customer orders which are known before a 
new customer order is requested. This new order has a due date dr and a capac-
ity needed of ar. Based on the cumulated capacities an earliest possible due date 
can be found which has to fulfill the property that the cumulated available ca-
pacity is always greater than the cumulated needed capacity starting from earli-
est possible due date er to infinite. Infinite can be replaced by a defined planning 
horizon. The requested due date of the customer is feasible if it is greater than 
or equal to er. The following minimization problem therefore exists for er: 

( ) ( ) rr etatAtX ≥+≥     allfor     (4) 

min→re  

                                                           
20 A one to one link between customer order and production order is assumed for simplicity reasons. 

A relaxation of that assumption does not change anything in the model despite lotsizing has to 
be performed first. 

21 This capacity can be calculated from available personnel and machines. 
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The due date is feasible and can be promised if: 

rr ed ≥        (5) 

An interesting fact is that the new requested due date can be feasible even if 
some earlier due dates of already confirmed orders in the system will not be 
reached but all the later due dates can also be met. 

A further possible piece of information which can be calculated from equa-
tion (4) is how much additional capacity xa would be needed until the end of 
period dr or a later period ta to be able to promise the requested due date. This 
can be done by solving the following minimization problem: 

( ) ( )( ) min tXatAx rdta
r

−+=
≥

    (6) 

Whereby ta is the value for t where the minimum is reached. For graphical in-
terpretation see figure 1b. 

So the due date setting for a one machine model with deterministic process-
ing times is a forward algorithm showing if there is enough capacity available 
on a cumulative level.22 

3.2 Stochastic one machine model 

For the integration of stochastic processing times into the model described in 
section 3.1 the variance of the processing time of each order is assumed to be 
known. The average of the processing time is ai as already introduced. The 
variance can for example be calculated from the coefficient of variation of past 
processing times by using information from a production data acquisition sys-
tem. This coefficient of variation can be calculated for single product groups at 
the machine or as overall value for the machine. Based on this variance of the 
processing times the following capacity needed can be calculated: 
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Whereby: 

                                                           
22 The same result is yielded by Taylor and Plenert (1999) if their method is used for a single ma-

chine production system. 
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− G(t) … capacity needed until end of period t to fulfill the capacity de-
mand until the end of period t with a probability of s 

− s … probability for fulfilling the capacity demand 
− ( )( )sF 1

; 2
−
σμ

 … inverse density function of a distribution from μ and σ2 

with probability s23 
− ( ) r

td
a aat += ∑

≤τ

τμ  … average capacity needed between beginning of 

period 0 and the end of period t 
− ( ) 222

ra
td

aa t σσσ
τ

τ
+= ∑

≤

 … variance of capacity needed between be-

ginning of period 0 and the end of period t 
− 2

iaσ variance of capacity needed for order i 

By replacing A(t)+ar with G(t) in equations (4) to (6) the earliest possible due 
date, the feasibility of a due date and the additional capacity needed can again 
be calculated. An assumption needed to use the equation (7) is that the random 
variables mapping the processing times of the different jobs are independent. 
There are many situations where such a behavior can be assumed such as almost 
any kind of mechanical processing (e.g. drilling, milling or turning). 

3.3 Numerical example 

For better understanding of the concept a numerical example is introduced. A 
single machine system with a capacity of 3 CU per period is assumed to have 
the following list of orders and a new order with ar=4 and dr=12 is requested: 
Table 1: Numerical example – list of orders 

order di ai order di ai order di ai 
A 1 2 F 7 2 K 14 3 
B 3 3 G 8 5 L 16 2 
C 3 2 H 9 3 M 20 3 
D 5 4 I 10 4 N 24 4 
E 6 2 J 12 2 O 30 2 

The following figure 1a shows that considering only the deterministic case the 
due date can be promised as requested by the customer. In figure 1b for the 
stochastic case it is shown24 that even the already promised orders will not be 
                                                           
23 For processing times a normal distribution is assumed in the numerical example presented in this 

paper. 
24 Coefficient of variation of processing times is assumed to be constant at 0,5 and s is set to 0,95. 



10 Klaus Altendorfer and Herbert Jodlbauer 

fulfilled on time with a high probability and the new order can only be promised 
for date er=16. To be able to deliver all orders on time (including the new re-
quested one) with probability s a couple of additional capacity steps {xa, ta} 
would be needed which add in figure 1b up to 5,7 capacity units until date 12. 

 
a) DDS function one machine - deterministic case
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Figure 1: Numerical example DDS for one machine25 

Figure 1 shows the model in an intuitively understandable diagram visualizing 
the current situation and the possible options. This diagram can be used to sup-
port planning personnel in their due date decisions. 

3.4 Comparison stochastic deterministic results 

Using the same numerical example as in section 3.3 the following figure 2a 
shows how much additional capacity to the deterministic case has to be pro-
vided to ensure that the capacity demand can be fulfilled with a probability of s. 

For the additional capacity as a percentage of the overall capacity needed it 
is shown in figure 2a that this value is very high if only few orders are summed 
but seems to converge to a steady state if the number of summed orders in-
creases. 

                                                           
25 The requested capacity for the new order ar is added to the A(t) and G(t) graphs at the requested 

due date dr. This is not consistent with inequality (4) and equation (7) but is intuitively better 
understandable. This change has no influence on the functionality of the DDS method. 
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a) Overcapacity needed in stochastic case
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b) Work ahead time range for stochastic processing times
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Figure 2: Comparison deterministic and stochastic capacity needed. 

For a situation where the demand tends to be known until a certain time period 
into the future and after this period the company has no information about the 
customer orders an interesting phenomenon often occurring in practice can be 
shown. Assuming that the function G(t) of the known orders behaves similar all 
the time it is shown in figure 2b26 how far ahead the production has to be on 
average with its finishing dates to ensure that due dates are fulfilled with prob-
ability s. This horizon of on average earlier finishing of orders can very often be 
found in companies where planner and worker intuitively prefer a situation in 
which they are ahead of the plan by a few periods. 

Additionally, from equation (7) based on the behaviour of the sum of inde-
pendent random variables another result can be derived. If the coefficient of 
variation is assumed to be a constant then the additional capacity needed re-
duces for the same average capacity needed consisting of a higher number of 
smaller orders. 

4 Multi machine model description 

In this section first the deterministic model for DDS is introduced as in the sin-
gle machine case and afterwards the stochastic behaviour is also included. 

4.1 Deterministic multi machine model 

Based on the deterministic single machine model an extension for multi ma-
chines can be formulated. In the multi machine case there exists a set of ma-
chines M. The important difference between multi machine and single machine 
setting lies in the definition of machine dependent earliest due dates ei,j (order i 
machine j) which are additionally needed. Based on these machine dependent 
earliest due dates ei,j the feasibility of the customer order due date dr can be 
checked. The additional capacity needed xa,j until time ta,j (at machine j) can be 
                                                           
26 In figure 2b all due dates have been postponed by 2 periods. 
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calculated in the same way as their counterparts in the single machine model as 
shown in equations (4) to (6). The machine dependent earliest due date is de-
fined as: 
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Whereby: 
− er,j … earliest possible due date at machine j for requested order r ac-

cording to equation (4) but has additionally to fulfill ∑
∈

≥
jrVm

mrjr le
,

,,  

− Vr,j … set of machines for processing steps of order r before machine j 
(including machine j) 

− lr,k … shortest possible leadtime of order r at machine k: 
k

kr
kr c

a
l ,

, =  

− ar,k … expected capacity needed by requested customer order r at ma-
chine k 

− ck … average capacity of machine k per period 
− Mr … set of all machines the requested order is processed on 
− Nr,j … set of machines for remaining processing steps of order r after 

machine j (excluding j) 

The requested due date is again feasible if inequality (5) is fulfilled. The sum 

∑
∈ jrNk

krl
,

,  is needed because the order can after each machine have some further 

processing steps at other machines. The leadtime of these processing steps at 
other machines has to be added to the earliest possible due dates of the single 
machines for the order. The error created with calculating this lowest possible 
remaining leadtime according to the average capacity is accepted because this 
leads to major computation advantages. 

4.2 Stochastic multi machine model 

For stochastic processing times the calculation of the values er,j is based on 
equation (4), but again instead of A(t) the already introduced equation (7) for 
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G(t) has to be used. Furthermore instead of the leadtime lr,j at machine j being 
deterministic this value has also to be stochastic. This stochastic is included by 
evaluating lr,j for each processing step based on the distribution of the process-
ing time for this step and then adding these times up as in equation (8). Since 
the statistical correct earliest due date depends not only on the sum of the ran-
dom variables for shortest possible leadtimes but also on the capacity demand 
provided by Gj(t) and the minimization problem no better closed for solution 
has been found yet. This treatment of the lr,j values leads to a higher probability 
of meeting due dates than the value s states. Although for practical implementa-
tion the presented method seems to fit the requirements. 

The following model for the earliest possible due date er for a new requested 
order r can be stated: 
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Whereby: 
− lr,j(s) … shortest possible production leadtime of order r after machine j 

with probability s  
− 

jrl ,
μ  … average of the shortest possible production leadtime of order r 

at machine j 
− 2

, jrl
σ  … variance of shortest possible remaining leadtime of order r af-

ter machine j27 
− 2

, jiaσ  … variance of capacity needed at machine j for order i 

The earliest possible due date er,j for machine j is defined by: 
( ) ( ) jrrjj etatGtX ,    allfor ≥+≥     (11) 

min, →jre   

The capacity needed until end of period t to fulfill the capacity demand at ma-
chine j until end of period t Gj(t) with a probability of s is defined as: 
                                                           
27 The variance of the shortest possible remaining leadtime only depends on the variance in the 

processing time. 
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Whereby: 
− Gj(t) … capacity needed at machine j until end of period t to fulfill the 

capacity demand until end of period t with a probability of s 
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The available capacity at machine j is defined as: 
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Whereby: 
− xj(t) … capacity available at machine j in period t 
− Xj(t) … capacity available at machine j until the end of period t 

Based on the equations (9) to (13) the DDS can be performed for a multi ma-
chine system with stochastic processing times. For visualization the same 
graphs as shown in section 3.3 can be used. The link between the single proc-
essing steps on the machines has to be integrated from the work schedule and is 
transformed to Nr,j for each order i and machine j. 

5 Extension to include materials availability 

In this section a short preview on how materials could be included into the pro-
posed model is given. Key components for the customer orders can be included 
by creating the same model as stated in equations (9) to (13) for these materials. 
Assuming that the already planned material inflow is the available capacity and 
the already planned material consumption is the capacity needed the functions 
for X(t) and G(t) are defined. Furthermore the supply leadtime and the maxi-
mum possible supply amount in this supply leadtime can be added to X(t) for 
the available capacity and then the due date can be promised as shown in the 
model. To also include stochastic delivery lead times instead of the supply 
amount (which corresponds to the capacity) the supply leadtime is calculated 
according to the equation for G(t) with the probabilities. 
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6 Implementation in a supply network 

Although this DDS model is presented for use within a single company to 
promise due dates to the customer, it can also be used for supply chains. Think-
ing of a supply chain this model can also be implemented by defining each 
single member of the supply chain as consisting of one or more capacity groups 
which would correspond to the machines in this model. The most important step 
to use this model for a supply network is to define what the important capacity 
groups within a company are and how much capacity each single capacity group 
of the supply network members provide to the network. This is crucial since 
every member of one supply chain is usually also member of other chains and 
the provided capacity is the measure for promising due dates or not. Examples 
for different capacity groups within one company of a supply chain could be the 
assembly capacity and the machining capacity. Furthermore there could also be 
capacity groups not just including one company in the supply chain. For exam-
ple the milling capacity within a plant construction supply chain could be pro-
vided by 3 different partners but the overall capacity would be known and used 
for the model. 

7 Conclusion 

The DDS model presented in this article has been shown to be applicable either 
with deterministic or with stochastic processing times. The visualization of the 
model is quite intuitive and especially the possibility to define some kind of 
average early finishing horizon by using the empirical data of a production 
system seems to be of practical importance. The insight that a reduction of lot-
sizes if possible also reduces the overcapacity needed in the short run or the 
early finishing horizon is consistent with other works explaining that reduction 
of lotsizes reduces the variation in the system.28 

A speciality of this model is that there is no safety period included into the 
determination of the machine dependent earliest due dates as it would be when 
using planned leadtimes and an MRP algorithm for backward scheduling. 

This advantage of not providing too high a safety stock though has the dis-
advantage that the model assumes a dispatching rule to be in place ensuring that 
jobs are routed through the system efficiently so that they finish on time if 
enough capacity is available. Defining the impact of different dispatching rules 
or very complex production systems on the model is one of the further research 
topics provided by the model. 

A further open research question is the statistical relationship between proc-
essing times of machines and the resulting distributions of lowest possible pro-
duction leadtimes for one requested order with the distribution of all possible 
                                                           
28 Vollman et al (1997); Jodlbauer (2007); Hopp/Spearman (1996) 
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orders of a machine for exactly determining the earliest possible due date based 
on this machine with a predefined probability. The method presented in this 
paper leads to more safety but could for this reason also lead to due date post-
ponement when not necessary. 
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List of Variables 

Table 2: List of variables 

Symbol Description Unit 

A(t) cumulated capacity needed until end of period t CU 

A0 backorder capacity at time 0 CU 

di 
due date of production order i at the machine (order has 
to be delivered at the end of period di) 

date 

ai expected capacity needed at the machine to finish order i CU 

a(t) capacity needed with due date t until end of period t CU 

x(t) capacity available in period t at the machine CU 

X(t) capacity available until the end of period t at the machine CU 

er earliest possible due date for requested order date 

xa additional capacity needed to promise due date dr CU 

ta 
date by which the additional capacity xa has to be pro-
vided date 

G(t) capacity needed until end of period t to fulfill the capac-
ity demand until end of period t with a probability of s CU 

s probability of meeting the capacity demand 1 

( )( )sF 1
; 2

−
σμ  

inverse density function of a distribution from μ and σ2 
with probability s [μ]=CU 

( )taμ  average capacity needed between the beginning of period 
0 and the end of period t CU 

( )ta
2σ  variance of capacity needed between the beginning of 

period 0 and the end of period t CU2 

2
iaσ  variance of capacity needed for order i CU2 

di,j 
machine dependent due date of machine j for customer 
order i date 

er,j 
earliest possible due date at machine j for requested order 
r date 

Vi,j 
set of machines for processing steps of order i before 
machine j (including machine j) {1,…} 
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Symbol Description Unit 

Ni,j 
set of machines for remaining processing steps of order i 
after machine j (excluding j) {1,…} 

ai,j capacity needed by customer order i at machine j CU 

lr,j shortest possible leadtime of order r at machine j period 

jc  average capacity available of machine j per period CU/period 

Gj(t) 
capacity needed at machine j until the end of period t to 
fulfill the capacity demand until the end of period t with 
a probability of s 

CU 

( )t
jmμ  average capacity needed at machine j until the end of 

period t CU 

( )t
jm

2σ  variance of capacity needed at machine j until the end of 
period t CU2 

2
, jiaσ  

variance of capacity needed at machine j for order i CU2 

xj(t) capacity available at machine j in period t CU 

Xj(t) capacity available at machine j until the end of period t CU 

jrl ,
μ  average of the shortest possible production leadtime of 

order r at machine j period 

2
, jrl

σ  variance of shortest possible production leadtime of order 
r at machine j period2 

Mr set of all machines the requested order is processed on {1,…} 

M set of machines in the production {1,…} 
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