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Abstract. Determining realistic delivery times is difficult for make-to-order
manufacturers, especially due to uncertainties such as future production capaci-
ty utilization. Nevertheless, delivery times have to be stated in new offers. In
this paper, we show a simple procedure for determining delivery times using the
throughput diagram and determining a likely future situation by including early
available information such as the acceptance of offers in the planning process.
In a first simulative evaluation, the procedure is examined for its basic effect on
the order lateness.
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1 Introduction

Order acceptance and scheduling has the task to determine a realistic delivery time
when customers request an offer. The delivery time, a company offers is an important
decision criterion for the customer, along with the price and the quality of a product.
Therefore, order acceptance and scheduling is a particularly important task for make-
to-order companies, which has an impact on sales, profits and capacity utilization in
production. Also, good order scheduling protects production from overload by sched-
uling orders for a later date or even rejecting them, if necessary.

The challenge is to acquire as many orders as possible without overloading produc-
tion, building up backlogs and causing late delivery. Measured by the importance of
the task, the implementation in many companies is inadequate: It is common for com-
panies to use standard delivery times or to systematically accept more orders than the
production capacity can handle, especially when the economy is prospering [1].

Due to a high number of variants and varying delivery time demands from custom-
ers, it is difficult for make-to-order manufacturers to perform reliable production
planning. Another difficulty is that at the time of order acceptance and scheduling,
realistic work plans with detailed target times are usually not available. In addition,
other open offers are usually not sufficiently taken into account when scheduling
offers. It is therefore not surprising that customers of make-to-order manufacturers
complain about a low delivery reliability [2] and that the make-to-order manufacturers
themselves rate high delivery reliability as the most important logistical goal [3].

This article shows a simple procedure for scheduling and capacity planning using
throughput diagrams.



2 Fundamentals and current state of research

Already with the offer, contractors usually must state not only technical specifications
but also a binding delivery date. In many cases, the offer is only valid for a limited
period of time, during which the customer can accept it. At the time of the offer prep-
aration, usually neither work plans nor order times are available as input to calculate
the delivery time. Moreover, it is also unclear whether the customers will accept the
open offers or not. The reliability of the load of open offers therefore is very low,
which makes scheduling and capacity planning more difficult [4].

Based on their experience, some companies can estimate the probability that offers
for their most important products or from long-term customers will be accepted. This
acceptance rate can help to better estimate the future load on production. For a sys-
tematic assessment of this acceptance rate, it is necessary to keep statistics on accept-
ed and rejected offers. However, the planning software often does not support this, so
that many companies fail to keep track of these statistics [5].

Often companies therefore neglect requests, offers and even orders prior to product
design and work planning. In many cases, the sales department promises delivery
times without first carrying out a sufficient capacity check of production. The cus-
tomers are instead given standard delivery times, which cannot be guaranteed to be
met. Because Sales and Distribution is rewarded for winning orders, this can lead to a
systematic overload of production capacity, especially under good economic condi-
tions. Various authors suggest procedures for integrating offers in the scheduling and
capacity planning process.

Already in the 1960s, Brankamp suggested to take offers into account in capacity
planning. His proposal is based on multiplying unplanned capacities by a factor for
the probability of acceptance. This acceptance rate is the reciprocal of the probability
that customers will accept an offer [6].

Kingsman and Hendry propose to multiply the work content of the offers by their
probability of acceptance. They then calculate a range of coverage that includes not
only the orders in production, but also orders waiting to be released and the open
offers. This range of coverage can be used for scheduling, but also for rejecting cus-
tomer inquiries or adjusting capacity [7, 8].

Wiedemann proposes to determine the possible delivery date by simulating future
capacity requirements [9].

However, these procedures have not been established as common practice in indus-
try so far, possibly because the procedures take a very detailed look at the loads of
individual workstations, thus becoming complex and also requiring the knowledge of
the work content for the required processes. Our approach aims to cover less detailed
information to make the procedure easier to apply in an earlier stage of the order pro-
cess. The question is if that is sufficient to meet the requirements for the accuracy of
scheduling.

There are some basic requirements for an effective scheduling procedure. Such a
procedure should be simple to use, which may be even more important than the accu-
racy of the procedure. Nevertheless, it has to deliver good and robust results. Fur-
thermore, the procedure should be comprehensible in order to increase the insight into



the cause-effect relationships of production. In addition, the procedure should take
into account the various order states (request, offer and order in design and work
preparation) before a production order is generated.

Throughput diagrams show the cumulative actual and planned output of a work
system or the entire production over time. The work can be measured in number of
orders, in hours or similar capacity equivalents. The throughput diagram is often used
in the analysis or controlling of work processes. It is used to visualize the existing
situation of the logistic target values or to compare it with a target state [10]. Another
application is the visualization during production planning [11].

3 Scheduling offers and orders in a throughput diagram

3.1 General considerations

The proposed order acceptance and scheduling procedure does not take into consider-
ation individual operations and workstations an order will pass through, but is re-
stricted on the entire manufacturing department and the entire order. This makes it
easy to apply, but also reduces the transparency over relevant information on work-
station level. Therefore, in contrast to other procedures, it requires less information,
especially workstation related information is not necessary.

The workload can be considered in different ways to align the planned output with
the capacity of the production. The unit of output should be chosen in a way that it
reflects the capacity requirements of the orders as accurately as possible. Standard
hours are often well-suited to reflect the capacity requirements of an order in a work
system. However, the effort required to estimate the standard hours at the time of
offer processing is usually considerable. If a company produces a large number of
orders, large and small orders balance each other out. In this case, it is often sufficient
to measure the output in number of orders. This simplifies the calculation of the
planned output, especially for open offers. Alternatively, the average work content
can be used as a basis.

In all cases, open offers should be discounted with the likely acceptance rate to
calculate the planned output from offers following the suggestion of Kingsman and
Hendry [8]. In this way the planned output represents its likely future value at the
current day.

Some values have a crucial impact on the planned due date and therefore on the
scheduling procedure itself. The throughput time by its definition forms a lower
boundary for the delivery time and needs to be considered respectively. The customer
usually needs time for his decision on a placed offer. The customer response time can
be considered in different ways. The validity of the offer is an upper limit. For the
sake of simplicity, we assume that there is no difference in the customer response
time between accepted and unaccepted offers. In order to prevent minor disturbances
in production from directly leading to a delayed delivery, it is also useful to use a
delivery time buffer.



3.2 Construction of a throughput diagram with planned data

Figure 1 shows a throughput diagram with planned data. The following quantities are
shown cumulatively over time:

e Actual output
e Planned output

— from requests and offers

— from confirmed orders in different states
e Possible output with planned capacity

The planned output might be detailed further, e.g. according to the order status, for
example orders after release, orders after work preparation but before release, orders
after design but before work preparation. For reasons of clarity, however, this paper
does not present these different planned outputs individually.
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Fig. 1. Throughput diagram for scheduling purposes

3.3 Aqgeneric and simple to use scheduling procedure

The scheduling of incoming requests and the determination of the delivery time is
generally made by checking three conditions. Firstly, the planned delivery time has to
be at least the throughput time, because this is the shortest time the product can be
produced under standard conditions (1). Secondly, the promised delivery time does
not need to be shorter than the customer requests (2). Lastly, the unplanned output at
the possible due date has to be larger than the work content of the offer (3).

TTpOSS >TTm (1)
TTposs > TDreq - TBuffer (2)
OUTup (Dscheduling + TTpOSS) > WCi (3)
With: TTposs possible throughput time TTm mean throughput time
TDreq requested delivery time Teurier  delivery time buffer
OUTy, unplanned output DschedutingSCheduling date

WC; work content of offer i



The possible throughput time is now calculated by determining its maximum value in
the above stated conditions. To compensate minor disturbances, the delivery time
buffer is added to get the delivery time that can be communicated to the customer (4).

TD = TTposs + Tautfer (4)
With: TD delivery time TTpess  possible throughput time
Thufer delivery time buffer

3.4  Consideration of offers and orders in the planned output

Basically, the planned output from confirmed orders is considered at the time of their
planned completion and the planned output from offers is considered at their likely
completion date. Comparing the planned output with the capacity in a throughput
diagram (Figure 2) illustrates the above stated scheduling and works as follows.

Order requests from customers and open offers are added to the planned output
from confirmed orders with an expected value. The expected share of offers that are
converted into an order is calculated by multiplying the offers by an acceptance rate.
In the simplest case, the acceptance rate can be calculated based on historical data
from the ratio of the number of accepted offers to the total number of submitted offers

).

AR = Zoacc./zosub. (5)
With: AR acceptance rate Oacc.  accepted offers
Osub. submitted offers

In practice, the acceptance rate can be estimated individually for each offer. Possible
differences result from the consideration of different customers, products, projects or
similar criteria. The workload of an offer is then multiplied by the acceptance rate.
For the planned output in number of orders the considered workload equals the ac-
ceptance rate (6). If the order times are also to be taken into account, equation (7) is
obtained.

OUTOpIan,off,j. = ARj (6)
OUTpIan,off,j. =AR;- WCp, (7)
With: OUTOpianerrj planned output of offer j AR; acceptance rate of
[number of orders] offer i
OUTpianottj  planned output of offer j [h] WCn  mean work content

To determine the likely due date of an offer, three factors are taken into account: the
current scheduling date, the customer response time for accepted offers and the previ-
ously calculated possible delivery time. The customer response time is considered
with its mean value (8). If the customer response behaviour differs for various cus-
tomers individual values might be considered here.

EDD = Dscheduling + TCRm + TTpOSS (8)

With:EDD  expected due date DschedutingScheduling date
TCRm  mean customer response time  TTpess  possible throughput time



The discounted workload from the offer calculated with (6) or (7) is added to the out-
put at the due date calculated with equation (8).

To determine the possible output with the planned capacity the procedure is as fol-
lows. The curve starts at the end of the actual output on the scheduling date. If the
capacity remains unchanged, the average output rate of the previous planning period
can be used to estimate the possible output. Accordingly, the curve of the possible
output proceeds linearly with the output rate as gradient.

The unplanned output is the difference between the two curves, if the planned out-
put is below the possible output or displays the overload when it is the other way
around.
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Fig. 2. Adding offers to the planned output

After the customers decision there might be an accepted or rejected offer. If the offer
is accepted, it will be scheduled with their whole workload and the promised delivery
time. The earlier scheduled status as offer will be removed from the planned output. If
the offer is not accepted, then its scheduled output will just be removed.

The throughput diagram also allows the initial backlog of production to be includ-
ed. In this case the actual output and the planned output deviate at the scheduling date.

4 Evaluation by simulation

Production disturbances and uncertainties can lead to production performance deviat-
ing from capacity. Usual disturbances are for example machine failures, sick employ-
ees, sequence deviations of orders or other issues. Uncertainties with regard to the
procedure which might vary over time are the acceptance rate, the customer response
time or the workload. Varying these variables in the throughput diagram visualizes
this overload to support decisions about increasing the capacity.

The presented scheduling procedure was compared to scheduling with standard de-
livery times in a simulation to evaluate the basic effect. Therefore, a simplified simu-



lation model was built with a linear material flow of five workstations and a situation
with fifty percent overload. Also, short-term fluctuations in offer request rate, ac-
ceptance rate and customer response time have been implemented. A delivery time
buffer of one day was used. The simulation was conducted for both procedures with
1000 offer requests each. The resulting throughput diagrams for the backwards
scheduling procedure and the throughput diagram scheduling procedure are shown in
Figure 3.
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Fig. 3. Resulting throughput diagrams of the evaluated procedures

The planned output for the backwards scheduling procedure (5b) is mostly above the
capacity limit. The difference between the planned and actual output, which repre-
sents the backlog, is large and increases over time. This results in a mean lateness of
four shop calendar days with a standard deviation of more than two days. The sched-
ule reliability with limits of plus minus one day is only 18 percent.

The planned output for the presented procedure (5a) is below the capacity limit and
close to the actual output all the time. On average the orders are finished slightly early
with a mean lateness of minus one-third shop calendar days and a standard deviation
of one shop calendar day. The schedule reliability is 87 percent, in the limits of plus
minus one day for this procedure.

However, the presented procedure comes along with the cost of a slightly lower
output rate of five percent compared to the backwards scheduling. A WIP regulating
order release such as CONWIP could compensate for this effect, by utilizing unused
capacity.

5 Summary and Outlook

The presented paper shows how companies can visualize the future load situation in
production using a throughput diagram, determine their unplanned output and sched-
ule orders. The throughput diagram enables companies to schedule offers taking into
account backlogs, previous orders and the expected load of open offers. Compared to



other procedures it works without information on workstation level, therefore needs
less information and is easier to apply. This makes the procedure particularly suitable
for practical application.

In a first simple evaluation we were able to show its general effectiveness. Under
the considered conditions this comes with a slightly lower output rate. These down-
sides of the procedure appear to be uncritical under the considered conditions. Our
procedure generally aims to be sufficient for a wide variation of make-to-order situa-
tions, as long as the required acceptance statistics are available. Nevertheless, the
greater the offer backlog, the greater is the procedure’s impact. To prove this, further
simulations with different situations will be performed and an implementation in prac-
tice is planned. Furthermore, we will extend the procedure to include special order
types, such as rush orders.
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