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Abstract

Manufacturing companies are facing increasing customer requirements regarding delivery times and
delivery reliability. In this context, customers have different desired delivery times. The fulfillment of
heterogeneous customer delivery times represents a major challenge in the competition for customers. If
companies succeed in reliably meeting their customers' desired delivery times, this results in an enormous
competitive advantage. Instruments for achieving specific delivery times include especially the use of fast-
track orders and shifting the customer order decoupling point. When these instruments are used, numerous
interdependencies must be considered. Shifting the customer order decoupling point downstream toward a
Make-to-Stock production results in higher stock levels. The use of fast-track orders induces longer
throughput times for other orders and higher control effort. In this paper, taking these trade-offs into account,
an approach is developed that allows delivery time requirements to be met through a systematic
determination of the customer order decoupling point and a share of fast-track orders. For this purpose,
interdependencies between both instruments and logistic objectives are identified and investigated using
logistical models to meet the delivery time requirements at lower logistical costs.
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1. Introduction

In the context of globalisation, companies are facing increasing competition. Products must be manufactured
at low cost and high quality. The importance of delivery time and delivery reliability as decisive purchasing
criteria continuously increased over time [1,2]. Nowadays, they are considered critical competitive factors
[3]. Customers are willing to pay high price premiums to obtain delivery times below standard [4].

As customer requirements vary widely, companies must face heterogeneous desired delivery times. These
can only be mapped entirely by a standard delivery time if the standard delivery time is less than or equal to
the minimum requested delivery time. If delivery times below the standard delivery time are requested, these
can only be realised by accelerating the orders in the order throughput [5]. Therefore, production planning
and control must be designed to handle accelerated orders to avoid undesired effects such as an excessive
extension of the throughput times of normal orders. Another central instrument to influence delivery times
is positioning the customer order decoupling point (CODP) [4]. However, this can lead to high stocks of
finished or semi-finished goods.
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Thus, a holistic view must be taken when designing the production system to map heterogeneous desired
delivery times on the production side. As an initial step, section 2 identifies instruments for achieving
specific delivery times and describes their suitability. Section 3 provides a literature review on approaches
for positioning the CODP and the use of accelerated production orders. In section 4, these essential
instruments are examined concerning their interdependencies with logistic objectives. For this purpose, the
applicability of existing logistical models is described and possible modeling gaps are identified. Section 5
describes the interactions and trade-offs that need to be considered when using the instruments and setting
their parameters. Section 6 summarizes the paper and outlines future research possibilities.

2. Instruments for achieving specific delivery times

There are many instruments to influence the delivery time. They differ in their effects on logistic objectives
and their activation time. Mostly they have to be applied long before their effects can be recognized. With
most instruments, a short-term reaction to a high number of orders with short delivery times entering the
system is impossible. Others can still be used in the short term, although the interactions with the logistic
objectives must also be considered. Figure 1 shows the main time components of the delivery time and,
depending on the order processing strategy, which time components are effective on the delivery time to the
customer.
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Figure 1: Time components of order processing processes (extension of [6])

According to the order processing strategy, the CODP is positioned differently and time components are
either customer order-specific or customer order-anonymous. Thus, the position of the CODP can already
be identified as the first elementary instrument on delivery time. There are many different strategies for order
processing, but they can be summarised into five main strategies, which are explained below.

In Make-to-Stock (MTS), products are manufactured anonymously in stock, and customer orders are served
from these stocks. Assemble-to-Order (ATO) is used when pre-fabricated components or assemblies are
assembled to order. Make-to-Order (MTO) describes that production and assembly do not begin until the
customer order is received. It is assumed that the raw materials are in stock in all these cases. [7] In Purchase-
to-Order, raw materials are also procured on a customer order-specific basis [8]. Lastly, there is Engineer-
to-Order, where development and design are customer order-specific [9].

The administration time is required primarily for creating orders [10] and is independent of the location of
the CODP. It does not have a significant share in the order throughput but can be reduced, for example,
through lean administration approaches [11]. For instance, by using concurrent engineering, development
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and construction time can be reduced [12]. Procurement time can be influenced through targeted supplier
selection or long-term coordination with the supplier. For example, suppliers closer to the production site
can be selected or framework contracts can be used to hold safety stocks at the supplier's premises for a short
and reliable replenishment time. Additionally, the introduction of consignment stocks from suppliers close
to production can reduce the procurement time. [10] In the short term, the procurement time can be shortened
through express deliveries or different transport means like air freight [4].

The dispatch time can be influenced in both the short and long term. In the short term, dispatch time can be
reduced analogous to the procurement time with express shipping through prioritised treatment in delivery
or different transport means like air freight [4]. In the case of MTS production, the dispatch time can be
reduced in the long term by setting up a distribution structure. For example, in addition to using the factory
warehouse solely, stocks can also be stored close to the customer in central or regional warehouses to
guarantee shorter delivery times [13]. However, this requires an accurate forecast of the customer demand.

Within the production stages, the load shift, the inter-operation time, the operating time and the safety time
can be influenced. In all order processing strategies with an order-specific production run, an extension of
the delivery time can be caused by a load shift. A load shift occurs when capacities are already utilised for a
more extended period and new orders can only be scheduled later on when capacities are free [4]. Within
this framework, the provision of capacity flexibility is a possibility to accept new orders and realise short
delivery times by using additional capacity at short notice [14]. To this end, measures must be taken to create
capacity flexibility. However, capacity flexibility is limited and cost-intensive [14]. Capacity can also be
reserved within the framework of production planning to be able to schedule orders at short notice [15]. But
if short-term orders fail to materialise, capacity utilization losses are a risk. To avoid this, the capacity
reservation can be combined with a work-in-process (WIP) regulating order release so that orders are brought
forward. [4] On the one hand, this leads to a negative schedule deviation and thus to finished goods stocks
due to premature order completion. On the other hand, short-term orders can be realised without using
capacity flexibility and without overloading the production system, which would result in a backlog.

The safety time can be scheduled as part of throughput scheduling to compensate for possible delays from
production and still deliver on time. In this way, a safety time increases the delivery reliability, but
simultaneously increases finished goods stock due to premature order completion. [16] To reduce the
delivery time at short notice, less safety time or no safety time can be assigned during throughput scheduling.
This might decrease the delivery reliability. The operation time can be reduced at short notice by splitting
lots, assuming the availability of work systems that can be used in parallel. Work processes can also be
carried out overlapping. [17] In the medium term, transport processes between work systems can be
optimised. This aims at reducing the minimum transition time, which is the transport time as part of the inter-
operation time [2]. A central possibility for shortening the inter-operation time is the use of accelerated
orders [17]. Rush orders can be used to achieve maximum speed-up for time-urgent orders by prioritising
these orders to the front of a queue [5]. Fast-track orders differ from rush orders as they are scheduled with
individual inter-operation times just to meet the delivery date and are sequenced by the due date. Fast-track
orders can thus also be accelerated as much as rush orders. However, this is only done when necessary. As
a result, normal orders will probably not be delayed as much and higher shares of fast-track orders can be
accepted than is the case with rush orders. [18]

It can be concluded that the positioning of the CODP and the use of accelerated orders are easy means to
influence the delivery time in a targeted manner in comparison with the other means introduced before.
Therefore, in section 3, existing approaches of achieving specific delivery times through fast-track orders
and shifting the CODP are discussed to highlight the need for further research.
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3. Literature review and need for research

TRZYNA modeled the throughput time of rush orders and, taking into account a rush order share, the
throughput time of normal orders for single work systems [19]. This enables the calculation of the minimal
achievable throughput times for given production systems. LODDING AND ENGEHAUSEN have developed an
approach to maximise incoming orders in the context of heterogeneous desired delivery times using rush
orders. This approach is based on pure MTO production. Therefore, only the rush order share is used as a
control variable to realise different delivery times. In addition, simplifying a single-stage production is
assumed. [20] Due to these assumptions, mainly the focus on MTO, the approach is limited for the
application under consideration. Many other approaches focus on achieving different delivery times by using
rush orders in an MTO production by providing production planning procedures. CHUNG ET AL. describe an
order release that releases rush orders in a stock-controlled manner or at the same time interval so that the
production system is not overloaded [21]. Some approaches focus on rescheduling when rush orders occur
[22-24]. L1U AND LIU consider production and distribution together and minimise the delivery time using
linear optimisation for scheduling, batching and delivering [25]. These works are essential for improving the
usage of accelerated orders. However, they may not support the choice of whether to prefer accelerated
orders or a shift of the CODP. Regarding this choice, the research done so far only provides for an upper
limit of approx. 30% of the work content for rush orders. Otherwise, the rush orders would interfere with
each other resulting in an increase in their mean throughput times and the throughput time variation [26,15].

A systematic description of influencing the delivery time through shifting the CODP was performed by
HOEKSTRA AND ROMME [8]. TEIMOURY ET AL. determine the appropriate position of the CODP using a
linear optimisation model taking into account the product costs [27]. Most authors provide a procedure in
which the CODP is positioned to achieve the lowest required delivery time. GRIGUTSCH developed a model-
based positioning of the CODP. Contrary to other authors, this author clearly addresses delivery time and
schedule compliance. [28] In the research project on which this paper is based, an approach was developed
by MAIER ET AL. linking logistical models. This approach makes it possible to calculate which order
processing strategy has the lowest logistical costs for each product, achieving a certain schedule compliance
or a certain service level in the finished-goods store. In doing so, fixed delivery time requirements per
product are assumed to narrow down the solution space. [29]

In summary, there is no approach yet that enables companies to design their production through the choice
of order processing strategy and the use of fast-track orders so that heterogeneous desired delivery times can
be served, but low logistical costs are achieved. Approaches to the use of fast-track orders are usually only
geared to their processing within the framework of MTO production. Approaches to the choice of order
processing strategy usually consider a fixed delivery time to be achieved and neglect the possibility of
producing orders with a lower than the standard planned throughput time. For example, this can result in
MTS being planned for a product to guarantee the fixed delivery time, resulting in high costs due to finished
goods stock. However, the proportion of orders for this product that require a short throughput time could
also be handled in the context of MTO production through fast-track orders. That would mean that no stocks
of finished goods would have to be kept. However, interactions of the fast-track orders with other orders
have to be taken into account.

Therefore, this paper aims to systematise these interdependencies to select the order processing strategy that
would result in the lowest logistical costs under the assumption of the same logistical performance in service
level (MTS) or schedule compliance (MTO, ATO) when using fast-track orders.

4. Effects of using fast-track orders and shifting the CODP on logistic objectives

Different order processing strategies with different needs for accelerating production orders are possible to
serve heterogeneous desired delivery times. Therefore, this section describes the interdependencies that need
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to be considered when deciding between these options. The effects of shifting the CODP and using fast-track
orders on logistic objectives and interactions were summarised in Figure 2 and are explained in the following.
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Figure 2: Effects of fast-track orders and position of the CODP on logistic objectives

A downstream shifted CODP (see the upper part of Figure 2) allows larger, more economical lot sizes LS.
in the pre-production stage. Lot size calculation rules can be taken from [30]. Larger lot sizes reduce the
manufacturing costs Cr, due to lower set-up costs. However, larger lot sizes also affect a higher level of WIP
in the pre-production stage. Furthermore, the shift affects a higher CODP stock of semi-finished products
SLcopp. [31] The calculation of the safety stock level SSLcopp and the stock level SLcope depending on the
target service level SERLurcopp can be taken from [32]. Since a smaller part of the order throughput is
customer order-specific (see Figure 1), the throughput time TTPm oraer fOr the product in question decreases.
In addition, the variation of the lateness in the final stage Lv nis reduced for this product as fewer work
systems are passed through [28]. Thus, shorter safety times ST can be used to achieve the target schedule
compliance SCqr. As a result, the delivery time TD and the finished products stock level SLg, due to orders
completed too early are reduced [16].

Shorter delivery times can also be realised by integrating fast-track orders into production [20]. However,
the integration of a share of fast-track orders on the work content T has the consequence that the throughput
times of normal orders TTPy are extended [18,19]. Similarly, the variation of the lateness of normal orders
in the final production stage Lv s, may increase [18]. This interaction still has to be modeled to enable a
holistic model-based evaluation of occurring logistical costs. Higher variation of lateness Lv sin and the longer
throughput time of normal orders TTPy result in higher safety stocks SSLg for MTS products. The
calculation of SSLy, and SLg, in accordance with SERLi. ¢ can also be taken from [32]. In case of MTO or
ATO products, with a higher variation of lateness Lv sn higher safety times ST have to be allocated to reach
the target schedule compliance SCi,r. How to dimension the safety time ST in accordance with the variation
of the lateness Lv sin and the target schedule compliance SCy, and which delivery time TD and which finished
product stock level SL, result from this safety time, can be determined following [16].
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5. Analysis of the delivery time related suitable order processing strategy

Based on the previously identified interdependencies between the positioning of the CODP and the use of
fast-track orders with logistic objectives, this section examines interactions and trade-offs between the
instruments and their parameterisation.

It is assumed that delivery times below the mean throughput time are served with fast-track orders if it is
possible for the considered CODP position. Therefore, the position of the CODP determines how many
orders can be served at all and how many fast-track orders must be used with which inter-operation time
reduction. A product view and a resource view are described below for analysis purposes.

The product view is shown in Figure 3 with a fictional example for producing a single product. The diagrams
show the absolute frequency of delivery times requested by customers in the number of orders in a reference
period. The delivery times considered here have been adjusted for time components such as dispatch time
so that it is essentially a maximum permissible throughput time. For simplicity, the term delivery time will
continue to be used in the following. Three possible scenarios are MTS, ATO and MTO. Since there is no
order-related production throughput time for MTS, the logistical costs for MTS with a specific target service
level can be calculated following the interdependencies from section 4. Therefore, only MTO and ATO are
considered concerning the fulfillment of the heterogeneous desired delivery times.
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Figure 3: Fulfilling heterogenous desired delivery times with different order types

It is assumed that a rush order's progressing starts at each work system as soon as the last order in progress
finishes (see [18]). All desired delivery times below this cannot be served by accelerated orders either, which
leads to a rejection rate . In this example, the logistical positioning of planned WIP at MTO results in a
mean throughput time TTP,, of 9 shop calendar days. Fast-track orders achieve delivery times shorter than
the mean throughput time. The equilibrium condition, according to TRZYNA and HEUER ET AL., provides an
approach to determine the planned throughput time for normal orders TTPy as the boundary between normal
and fast-track orders using the distribution of the desired delivery times, the minimum realisable throughput
time TTPyi, and the mean throughput time TTP,, (see Figure 4) [18,19]. All orders with a delivery time
higher than the minimum delivery time and less than the planned throughput time for normal orders are
therefore fast-track orders, which in their entirety give rise to a fast-track order share of 7 in all orders.
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In the example for MTO, ¢ is 6%. These potentially lucrative orders cannot be accepted. With ATO, on the
other hand, only 2% cannot be accepted. While for MTO both production stages are burdened with 170 fast-
track orders, for ATO only the final production stage is burdened with 35 fast-track orders.

Due to the interactions with the logistic objectives of other products described in section 4, the product view
described must be expanded to include a resource view to identify possible problems at the production stages
under consideration and thus also other products (see Figure 5).
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Figure 5: Product view and resource view

When deciding on a shift of the CODP or the use of fast-track orders, the same decision must always be
made for other products. If the CODP for a product is set so that fast-track orders become necessary at a
production stage, this must be taken into account in the resource view. The desired delivery times must be
broken down to the maximum permissible throughput times in the order-specific production run on the
individual production stages to be run through. Special effects such as a limitation of the inter-operation time
reduction at work systems with set-up time-optimising sequencing may have to be considered. The resource
view of a work system must be aggregated for all products whose maximum permissible throughput times
are to be processed across all products. In this way, the resource view can derive planned throughput times
for standard orders.

For example, a production with two MTS products (product A and B) and one MTO product (product C) is
assumed. Product B is switched from MTS to ATO to save costs (see Figure 5). To achieve the desired
delivery time of the customer without shifting the COPD downstream, orders of product B in the final
production stage have to be partially scheduled as fast-track orders. To check the profitability of this change,
the interdependencies shown in Figure 2 must be taken into account. By scheduling fast-track orders in the
final production stage, the throughput times of all other orders in this production stage are extended. This
means that the throughput time of products A and C are extended. Thus, with a higher replenishment time,
the safety stock of product A in the finished goods stock must be increased to achieve the same service level
for product A. While an increase in safety stock can compensate for longer replenishment times for product
A, it must be checked for product C whether the desired delivery times can still be realised despite this
throughput time extension. If this is critical at the final production stage, there is still the possibility of using
acceleration potentials at the production pre-stage for product C. To assess the profitability of changing the
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order processing strategy of product B, the initial savings in the stock of product B must be weighed against
the cost of the additional demand for safety stock for product A and secondary effects of product C.

6. Conclusions

Meeting customers' heterogeneous delivery time requirements holds great potential for companies to
increase customer satisfaction and revenues. There are many instruments to realise shorter delivery times.
Some of them should be chosen strategically and in the long term, others can be used in the short term. As
two key instruments, the positioning of the CODP and the use of fast-track orders were investigated in this
paper. While the positioning of the CODP, in particular, reduces the average throughput time, a specific
range of different delivery times can be mapped through the systematic use of fast-track orders. So far,
however, there is no approach that takes into account a coupled decision on the position of the CODP and
the use of accelerated production orders, potentially resulting in higher logistical costs.

When positioning the CODP, numerous interactions with logistic objectives have to be considered. The
positioning of the CODP per product cannot be done in isolation, assuming the use of fast-track orders. In
addition, interactions with other products must be taken into account from a resource perspective. This paper
describes the most important influences on logistic objectives and the interactions on the resource view. That
makes the coupled positioning of the CODP using fast-track orders accessible to scientific research. Thus, a
first approach for determining resource-based planned throughput times could already be developed to link
the decision on product level and its influences on other products. That already allows a trade-off in the
product-related decision to shift the CODP. The use of heterogeneous planned throughput times requires
precise design but can meet heterogeneous delivery time requirements at the same target utilisation rates and
lower stocks, thus being more competitive.

The approach proposed in this paper for the positioning of the CODP in the context of the use of fast-track
orders must be concretised. Modeling gaps, like the interaction of the share of fast-track orders on the
variation of lateness, have to be quantified. As a result, it will be possible to determine for the entire product
portfolio which position of the CODP should be selected, considerung fast-track orders, in order to achieve
minimum logistical costs in the context of heterogeneous delivery time requirements for a given target
logistical performance.
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