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PRODUCTION PLANNING & CONTROL, 1992, vOL 3, NO 3, 300-313

Dynamics of the customer order decoupling
point: impact on information systems for

production control

PAUL M. J. GIESBERTS and LAURENS VAN DER TANG

Abstract, The difficulty of information support for production
control in hybnd production situations is discussed ‘This means
in production situations in which make-to-stock, assemble-to-
order and engineer-to-order are combined and where the com-
bination may also be dynamic The first part describes the main
information requirements in different production situations
Different types of hybrid situations and the specific information
support required 1 such situations are described In the second
part a commercial system is described that offers funetions
for different production situations and which at least partly
supports production hybridity

1. Introduction

The structure of production control systems 1s sig-
nificantly influenced by the extent to which a customer

determines product specifications Furthermore, this
structure is nfluenced by the point 1n the goods flow
where forecast-driven production and customer order-
driven production are separated. This point 15 called the
customer order decoupling point {CODP). With respect
to these two characteristics, three different production
situations are distinguished in this article (Figure 1)
Fach of these situations calls for specific requirements on
the production control system

These production situations each have their own pro-
duction control characteristics In the make-to-stock situ-
ation, standard end products are made forecast-driven
and delivered to customers from stock The major pro-
duction control 1ssues in this situation are the determi-
nation of the forecast by end preduct and the preparation
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Figure 1 Production situations

of a production plan for these products, considering
restricted capacity availability (Berry ef o/ 1988) Work
orders for items on a lower level in the product structure
can be derived directly from the production plan for the
end products.

In the assemble-to-order situation a wide vanety of
standard end products exist Building all end products to
stock would result in high stocks and a poor customer
service Hence the end products aré assembled to cus-
tomer order from standard assemblies and components
available in a range of end producits These assemblies
and components, the CODP items, are produced on
forecast Producton control decisions in this situation
can be distinguished as decisions concerning forecast-
driven production of CODP items and decisions concern-
ing customer order-driven production of end products
(Berry et al. 1988, Wammerlov 1984) Production control
of the forecast-driven part of the production is compar-
able with the make-to-stock situation For the CODP
items a forecast and a production plan are made. Work
orders for lower level items are derived from the produc-
tion plan In an assemble-to-order situation, however,
there 1s a need to coordinate the forecasts of the CODP
items in order to obtain matching sets of parts for the
assembly of end products A well-known method to
obtain these matching sets of parts is the two-level MPS
technique For a family of end product variants a forecast
and a production plan are made The production plan
(corrected for promised customer orders) is exploded to
the forecast of the CODP items with a planning bill of
material. This planning bill of material represents the
usage of the CODP item in the family. The customer
order acceptance decision initiates the production of the
end product in the assemble-to-order situation. For a
customer order the availability of CODP items and capa-
city must be checked to confirm or to set a certain due
date The customer order is then translated to work
orders for (customer order-driven) assemblies and for the
end product. Monitoring of the progress of each cus-
tomer order 1s necessary to meet the agreed due dates.

In the engineer-to-order situation the product is not
fully technically specified the moment a customer order

15 to be accepted In this situation a network of aggregate
tasks 15 made based on a rough specification of the cus-
tomer order (Bertrand e o/ 1991) In this network, engi-
neering 1s also considered as an aggregate task For each
of the aggregate tasks the lead time and the use of critical
capactties is estimated Based on the actual workload in
production, the already accepted projects and the avail-
ability of capacities, the aggregate network is scheduled
and a due date for the customer order is promised.

In the first phase of the project, engineering work is
done and some long lead time materials are purchased
As a result of the engineering activities, spectfications of
parts of the product (aggregate tasks) become gradually
known. Based on these specifications each aggregate task
is gradually translated into a detailed activity network
which accurately describes the production activities
which should be performed The detailed network is
scheduled between the start date and due date of the
aggregate task from which it is derived After detailed
scheduling the activities (work orders} can be released to
the shop floor

Each of the production situations in question requires
specific production control decisions For companies, this
implies the following problem. Most of them discern
more than one of these three production situations.
There are, for instance, a lot of companies which make
special products to customer order in addition to their
standard assortment Even more complicating 1s the fact
that, in practice, the CODP is not fixed at a certain level
in the product structure Assemble-to-order companies,
for instance, sometimes produce fast-moving variants of
the end product to stock if a situation of idle capacity
occurs Hence, companies often have a hybrid produc-
tion situation and therefore must combine production
control decisions for different production situations
These companies need information systems which are
capable of supporting combinations of these different
production control decision types

In this article we focus on the impact of hybrid produc-
tion situations on requirements for standard software
packages for production control. First a description is
given of different types of hybrid production situations
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(Section 2) Then the consequences of each of the three
distingmshed types of production situations (make-to-
stock, assemble-to-order and engineer-to-order) on the
structure of information systems is given (Section 3)
Next the impact of hybrid production situations on the
structure of information systems is described (Section 4).
Finally, specific solutions are presented as currently
applied in a standard software package for these kinds of
situations (Section 3).

2. Different production situations within one
company

Most companies face hybrid production situations. In
this section three types of hybrid production situations
are distinguished. These types can occur in combination
within one company

The first type of hybridity, called assoriment hybridity,
concerns situations where the items of the total product
range of the company cannot all be characterized as
either make-to-stock, assemble-to-order or engineer-to-
order. This type of hybridity can occur i two forms In
the first place, end products in the assortment of a
company may be of a different CODP-type. There are
many examples of companies which produce standard
products to stock but also make products to customer
specification {(e.g. producers of heating systems} In the
second place, within the product structure of a certain
product, items can be produced according te different
CODP-types For instance, some engineer-to-order
companies purchase and produce long lead time compo-
nents with a high commonality on forecast to reduce
delivery times.

The second type, called long-term hybridity, is caused by
the evolution of a product during its life cycle During
the subsequent phases of the product’s life cycle it may
have different CODP-types. Examples of long-term
hybridity are found among manufacturers of machinery
The design of a new product is made as commissioned by
and in close consultation with the customer (engineer- to-
order) After the first machine is delivered, the customer
sometimes orders the same configuration again
{assemble-to-order). It frequently occurs that a manufac-
turer of machinery develops a standard machine based
on a configuration which is initially built to customer spe-
cifications (assemble-to-order or make-to-stock). If the
product has reached the end of its life cycle, production
is again solely to customner order (assemble-to-order).

The last type, called operational hybridity, is the short-
term dynamics of the CODP caused by customer order
characteristics and incidental factors. Four different
causes for operational hybridity are distinguished:

(1) Customer order flow
The position of the CODP depends on the size of
the order flow. Companies confronted with a
decreasing order portfolio may decide to switch to
manufacturing sub-assemblies or finished goods to
stock, whereas normally they would produce them
to order. We find this type of situation in, for
instance, the awreraft industry, which in periods of
low market demand will resort to ‘white airplane’
production. In companies subject to season-
dependent demand the position of the decoupling
point may vary as well, depending on the stage in
the seasonal pattern

(2) Stze of the customer order
The position of the CODP depends on the size of
the mdividual customer order The arrival of a
customer order for standard products of
uncommon size, for instance, may lead the
company to decide to make the product to order
Purchasing is sometimes done to order as well, in
order to profit from price advantages involved in
purchasing large quantities,

(3) (Unexpected) shortage of stock
The position of the CODP depends on the availa-
bility of CODP items 1n stock For instance, if a
customer orders a make-to-stock end product
which is not available, a quantity of the replenish-
ment order in production (which equals the order
quantity) will be reserved for the customer Obvi-
ously the CODP then moves upstream Another
example 1s the ‘reconfiguration’ of end products
already produced to stock, to fulfif a certain cus-
tomer order lt may even be necessary to use pro-
ducts made or being made for other customers!

(4) Incidental factors
Finally, all kinds of more or less coincidental
factors mfluence the position of the CODP For
instance, customer orders in an assernble-to-order
situation which are cancelled when the (customer-
specific) product 1s already in production. A
second example 1s the use of alternative compo-
nents in a product, because the shipment of the

original component has not passed the quality
check

The different types of hybrid production situarions have
an impact on the requirements for the production control
information system This will be explained in Section 4
To fully understand this impact, however, it is important
to first explain the unpact of the three different ‘pure’
production situations (make-to-stock, assemble-to-order
and engineer-to-order) on the requirements for the infor-
mation systerm This is described in the next section
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3. Impact of production situation on requirements
for information systems

In describing information systems for production con-
trol, a registration and a decision support system (DSS) func-
tion of the information system are distinguished. The
registration function consists of a state-independent and a
state-dependent part.

The state-independent part of the information system
records all data which does not depend on the order and
material flow. In a make-to-stock situation for instance,
the product, product structure, machines, personnel,
suppliers, etc , are state-independent data Moving from
a make-to-stock situation to an engineer-to-order situ-
ation, the product and routeing data becomes more
dependent on the customer order. This order-dependent
product data can be seen as a transition from state-
independent to state-dependent data.

The state-dependent or transaction processing part of the
information system records all data that represents the
state of the materials and orders in the production
systern, e g. customer orders, work orders, stock pos-
itions, work-in-progress, etc

The decision support system part of the information
systern supports the user in making production control
decisions. Examples of such support are the advising of
producuon plans, determination of work order priorities,
progress monitoring and exception reporting, etc

Dependent on the production situation considered,
requirements on these different functions of the
information system differ (Bertrand et a/. 1991) These
differences are shown in Figure 2

3.1 State-imdependent data

For all three preduction situations the required state-

Main difference

independent data are, to a large extent, the same. Infor-
mation on machines, personnel, customers, suppliers,
etc, can be represented by the same data structure.
However, the data concerning products, product struc-
tures and routeing differs significantly between the
production situations

In the make-to-stock situation the assortment consists
of a ‘limited’ number of end products. All these products
and all lower level items in the product structure of these
end products are specified in item records. Relations
between the items are specified in single level bills of
material (BOM). For all items a routeing can be spe-
cified, which determines the sequence of operations to be
performed in order to produce the product. The oper-
ations are related to the capacities necessary to perform
the operation.

In the assemble-to-order situation a large assortment
of end products exists. Hence recording of all possibie
end product variants per family, with their product struc-
ture and routeing would result in excessive computer
storage use and considerable efforts to maintain all data.
In this situation the use of generic items, bills of material
and routeings is proposed (Guerrero and Kern 1990,
Van Veen 1991) A family of products with a sumilar
product structure is described as a genenic structure. All
possible variants of the end product within a family are
considered as one generic item, which can be charac-
terized by a set of features (e.g. colour, length, power,
material, etc} By choosing an option for each feature,
a variant of the family can be specified. The chosen
feature option combmations determine which (single
level) generic BOM relations are valid for the variant of
the generic end product, but also specify lower level
generic items with their generic BOM. The correspond-
ing routeings are also generated from the generic rou-
teings based on the chosen feature option combinations
This generation process stops at the level in the BOM

Make to stock

Assemble-to-order

Engineer-to-order
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BOM
routeing

Order dependent
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DSss Control concept
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Figure 2 Requirements on information systems
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where standard items are used. In most cases this is the
level at which the CODP is defined. Note that, as soon
as the BOM is specified by the feature option combi-
nations required by the customer, the speciic BOM is
identified by the customer order and therefore becomes
state-dependent information.

In the assemble-to-order situation a planning BOM is
used to generate forecasts for CODP items A planning
BOM relates the family of end product variants to the
assembiies and components which are produced by fore-
cast, using quarntity-per numbers and percentages

In the engineer-to-order situation, state-independent
ttems, BOM and routeing data are no longer used as a
basis for production control . Instead, these data are used
as a tool to support engineering activities and are called
reference data (Bertrand et 2/ 1991). The main require-
ment for the reference data is that they can easily be
identified in terms of product funcfions This enables a
company to reuse former engineering and job assembly
results New projects should be related to reference
aggregate networks and reference aggregate tasks This
enables engineer-to-order companies to quickly define
aggregate networks for new projects

As soon as reference data are related to a customer

order they become a part of the state-dependent part of
the information system

3.2 State-dependent data

The registration of state-dependent information
{orders and materials} for the three production situations
differs merely in the idenufication of products, stock and
orders In the make-to-stock situation all end products
are made by forecast. Hence all material and order state
information 1s identified by item

In the assemble-to-order situation the materials and
orders upstream of the CODP are also identified by
items. The orders for the production of the customer-
specified variant and the resulting customer-specific work
in progress and stock are identified by the customer
order This 1s necessary because in this part of the goods
flow standard items do not exist. The specified items and
BOMs are generated from generic structures Another
reason for identifying materials and work orders by cus-
tomer order is that the progress of the customer order
can be momtored. The last reason for identification by
customer order is that the product’s configuration deter-
mines the cost of the product ldentification of produc-
tion activities by customer orders makes it possible to
compare the estimated with the actual cost.

In the engineer-to-order situation the detailed network
and activities (work orders and purchase orders) and
materials are identified by the customer order, for the

same reasons as mentioned for the assemble-to-order
situatton An extra requirement for the engineer-to-order
situation 1s that aggregate tasks and aggregate networks
entities are defined. The information system must be able
to relate the detailed activities to the task from which the
activities are derived, to monitor the progress of the total
project on aggregate level

3.3 Decision support system

In describing the requirements for the DSS part of the
information system for different production situations,
we distinguish levels of decision making (Bertrand et al
1991). At shopfloor control (SFC)rlevel, work order rec-
ommendations are released and assigned to capacities,
and progress of the order is monitored On a higher
level, the work order recommendations for production
departments and purchase order recommendations are
determined by the material planning function. On the
highest level, production and sales are co-ordinated
Differences between the make-to-stock, assemble-to-
order and engineer-to-order situations on the DSS infor-
mation system requirements mainly present themselves
at material planning leve] and at the level where sales and
production are co-ordinated . Therefore we only discuss
these two levels

In the make-to-stock situation, co-ordination between
production and sales is concentrated on forecasting of
end product demand and determining the production
plan for these items, considering capacity avatlability
Customer orders are accepted based on current and pro-
jected available stock. The information system should
support the determination of forecasts, the preparation of
a production plan, the capacity check of the production
plan and the acceptance of customer orders using an
available-to-promise kind of logic (Everdell 1984) 1If the
production plan is feasible, material planning can deter-
mine order recommendations for lower level items
directly from the production plan This 1s possible since
lead times can on the average be considered as constant
in a situation of standard products and a constant
capacity utilization

In the assemble-to-order situation, the forecast-driven
part and the customer order-driven part of production
should be distinguished For the forecast-driven part,
requirements on the DSS part of the information system
are comparable with the make-to-stock situation. An
extra requirement in the assemble-to-order situation con-
cerns the co-ordination of the forecasts of the CODP
itemns  The solution in standard MRP packages is the
determination of a forecast and a production plan at
family level, and the explosion of this production plan
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(corrected for promised customer orders) to the CODP
items using a planning BOM (Berry et al. 1988).

For the customer order-driven part of the production,
order acceptance results in co-ordination between pro-
duction and sales, If a customer order request is received
and a specific BOM is generated, availability of the
CODP items and assembly capacity are checked and a
due date is promised. The information system should be
able to check the time-phased availability of each of the
CODP items which will be used in the ordered product
configuration Furthermore, the information system
must be able to check the availability of the capacity in
the customer order-driven part of the production system
(Everdell 1984). If the customer order is accepted
material planning determines the work order recommen-
dations for the production department(s) (final assembly
scheduling!) and possibly the purchase order recommen-
dations. The information system should be capable of
supporting such a multi-phase final assembly scheduling
And it must be capable of supporting progress moni-
toring of the customer order

In the engineer-to-order situation the co-ordination
hetween production and sales is focused on the accep-
tance of customer projects (Bertrand et al. 1991) After an
aggregate task network of the quoted product is made
(with specified lead times and critical capacity use per
task), the aggregate network 1s scheduled forward by
task, considering permitted floats within and between
tasks, capacity availability and already accepted projects
Rescheduling of tasks of other projects can be considered
as long as the due date of that project 1s not altered The
latest permissible end date of the last task in the network
determines the due date of the project. If the order for the
project is accepted, capacity is allocated for the tasks
The DSS part of the information system should be able
to support this kind of multi-project planmng considering
floats and available capacity Material planning in the
engineer-to-order situation is concerned with (single-
project) scheduling of the detailed activity network within
a certain aggregate task Material planning considers the
earliest start date and the latest due date of the task. The
activities {work orders) should be planm;d in such a way
that a balanced capacity load is laid on the shop floor. An
information system should support network planning at
both levels (aggregate and detailed), in such a way that

El E2
A A
“ capacity X “
cl c2
A 'y

these two network plans can be related. Detailed network
planning should be able to balance capacity load for the
shop floor

4. Impact of hybrid production situations on infor-
mation systems

In the previous section information system require-
ments are derived for the three distinguished production
situations. In Section 2 however, it was argued that
companies often have more than one production situ-
ation which, in addition, is dynamic in the long and short
term Information systems for production control must
cover the requirements which result from these hybrid
production situations. In this section some of these
requirements for the different types of hybridity are
described.

Assortment hybnidity implies interaction of capacity
and material use of different production situations. Capa-
city interaction often occurs in situations where end
products are made according to different production situ-
ations (¥igure 3)

In this situation the determination of the production
plan of El and the aggregate network planning of E2
must be co-ordinated A minimum requirement on the
information system is that the capacity use of both end
products is visible while production is being planned.
The real difficulty in this situation, however, is the
decision as to which products the capacity 15 assigned
The market requirements for standard products are
relatively well known over time. But future customer
orders for specials are rather uncertain Hence a certain
part of the capacity must be reserved for possible cus-
tomer orders in the future. The decision how much capa-
city must be reserved and when this reservation can be
cancelled in order to produce other products is highly
company dependent Requirements for decision support
of information systems therefore cannot be determined
unambiguously.

Matenial interaction occurs in situations where end
products are made according to different production situ-
ations, but have common lower level items (Figure 4)

Component C1 is used in product (family) E2 which 1s
designed to customer specifications and in the product

El and Cl: make-to-stock products
E2 and C2: engineer-to-order

products

Figure 3 Joint capacity use of different production situations,
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Figure 4. Two production
component

situations with a common

variant E1 which is assembled-to-order. For the produc-
tion of Cl two demand sources exist: production of E1
and production of E2. For the production of El, C1 1s
produced to forecast (assemble-to-order situation). A
production plan is made for this item. For the production
of E2, C1 is produced if the project is accepted, ie to
customer order. The information system must be able to
separate both types of planning for the same item
Available components C1 for the project El may not be
used to produce E2!

Long-term hybridity does not directly influence the
operational performance of the information system, but
it has a significant impact on the maintenance of data
For an engineer-to-order end product which is added o0
the standard assoertment of a company for instance, item
numbers, stock locations, lot sizes, safety stock levels,
etc., must be recorded. Information systems can only
support this change to a hmited extent. An example of a
support tool is the facility to copy customer-specific
product structures to standard product structures

In Section 2 four different causes for operational hybri-
dity are given. For these four causes we give require-
ments for the information system A first cause for
operational hybridity is the flow of customer orders
imposed on the production system. Consider a company
which assembles products to order, having rather expen-
sive capacities in the assembly phase 1f demand tempor-
arily decreases in a certain period, the company probably
decides to produce a few fast-moving end products to
stock  The information systém therefore should be able to
determine fast movers, and to advise work orders for end
products based on the availability of assembly capacity. If
the situation changes and demand increases again, the
end product stock of fast movers should be consumed.
The information system therefore must be able to recog-
nize configured assembly variants and end product
variants, and promise delivery dates depending on
delivery from end product stock or from the CODP item
level.

El El
a4 As
C1 cz cz c3

El
c3
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The size of the customer order also has an operational
impact on the CODP level Many make-to-steck
companies, for instance, have a policy to deliver large
orders with a longer delivery time, For these orders the
CODP 15 situated on a lower level in the product strue-
ture, e.g at the level of long lead time components In
such a situation the customer order is produced from this
lower level CODP The delivery time is equal to the pro-
duction lead time of the phiases from the lower level
CODP to the end product.

The information system must have several special pro-
perties in this case In the first place stock must be main-
tamned of the low level CODP items. It is not allowed to
use this stock for the production of end products to be
delivered from stock. In making a production plan for
the end products, some capacity must be reserved for the
possible acceptance of a large customer order If a large
customer order is received, the system 1s not allowed to
consume the end products stock. Instead, the order must
be exploded to the low-level CODP, where the CODP
item stock is then consumed. Furthermore, the infor-
mation system must be able to separate work orders for
a specific customer order from work orders for end
product replenishment which are 1ssued for the same
itern  This i1s necessary to control customer order pro-
gress and to perform actual cost
calculations

The third reason for operational hybndity 1s (unex-
pected) stock shortage Assume, for instance, that the
CODP end product as ordered by the customer is out of
stock. In this case it is sometimes possible to disassemble
other end products and rebuild them to the requested
product. The information system should be able to
support the creation, planmng, release and closing of the
rebuild order. This implies that the system must be able
to support registration of orders which,

separate price

* result i1 more than one product,

* do not coincide with a parent—component BOM
relation,

Thas 15 1llustrated by the example in Figure 5 where end
product El is rebuilt to end product E2

If 1t concerns an order from an important customer, an
alternative to rebuilding may be to cancel the reservation
for an existing customer order and assign the end

> rebuild
> order

> E2
> C1

Figure 5. Example of the structure of a rebuild order
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product to the more important customer order. The cus-
tomer order with the cancelled reservation is then
postponed. This possibility should also be suggested by
the information system.

Finally there are incidental factors which cause oper-
ational hybridity, If, in an assemble-to-order company, a
product configured by a customer 1s taken into produc-
tion and the customer cancels the order, this results in
stock of a configured generic item Because the item is
not a standard item, 1t is only registered by the generic
item code and the customer order The company then
has two alternatives: disassemble the configuration and
restock the CODP items, or stock the configuration until
an exactly matching configuration is ordered The infor-
mation systern should support this decision by registering
the frequency with which configurations are ordered (this
determines the expected time the configuration must be
stocked). If the configured item is stocked, the system
must recognize it as being an appropriate item, when a
customer orders a configuration in which the item can be
used. (It might even be desirable to influence the cus-
tomer to take a configuration for which the configured
item is already in stock ) If the configuration is disassem-
bled, a ‘negative order’ should be advised by the system,
considering the capacity of the assembly department and
taking care of the approprate stock transactions

5. A new concept in standard software

51 General

After the preceding discussion of the significance of the
decoupling point concept and the impact of hybridity in
production situations on information systems for produc-
tion control, a standard software package will be
described, which centres around flexible dealing with
customer order decoupling points It is the TRITON
package, a Dutch product, released in early 1990 and
developed by Baan International BY. The functional
concept of the product is presented in Figure 6.

First of all, at level I this figure shows the MPS func-
tion. A main difference of this function compared with
traditional production control software, is that it is able
to integrate the master planning for the different produc-
tion situations An example is the integration with the
engineer-to-order part of the system For this purpose,
customer-specific items, used in different projects and
defined for these specific projects, can be linked to a
single (standard) MPS item in the system. This MPS
item represents then a group of similar customer-specific
items. With the aid of this link the system is able to
consume the forecasts at MPS level of the MPS item after
requiring the order and definition of the product struc-

@ MASTER PRCDUCTION SCHEDULE
@ EHGINEEANG GEMERIC REFERENCE
PRODLICT DATA PRODUCT DATA PRODUCT DATA
STANDARD GENERATED CUSTOMIZED
@ FRODUCT DATA PRODUGT DATA PRODUCT DATA
STAYISTICAL MRP/CRP MRB/CAP MRP/CRP
@ INVENTORY CONTROL 8Y PRODUCT BY ORDER 8Y PROJECY NETWORK PLAKNING

o

PURCHASE INVENTORY

SHOP FLOOR
CONTROL

SALES

FINANCE

Figure 6. General concept
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tures for the projects. This functionality makes it poss-
ible, for example, to estimate and allocate the rough
required capacity for multiple projects over the long
term, or to obtain information about rough material
requirements. This integrated MPS concept is especially
of importance 1n cases where assortment hybridity exists

Next, at levels 2 and 3 the figure shows the different
types of product data in the different production situ-
ations. As mentioned ini Section 3, these data can be state-
independent or order-dependent The figure illustrates
that in an assemble-to-order situation a distinction is
made between state-independent generic product data
and state-dependent generated or configured product
data. In the engineer-to-order situation the distinction is
between state-independent reference product data and
state-dependent customer-specific product data.

At level 4, the figure shows some decision support func-
tions, which are different for each production situation.
The functionality of the decision support functions is
based on the requirements for the production situations
as described in Section 3.

Finally, at level 5 the state-dependent transaction pro-
cessing functions of the system are shown, Figure 5 illus-
trates that the same transaction processing functions are
used in the different production situations; which again
is important in hybrnd situations, This does not mean,
however, that no functionality had to be added or
modified in order to be able to cover the requirements for
the different production situations An example of this is
the fact that in most engineer-to-order situations it is
important to base calculations on actual prices. This even
means, for mstance, that it has to be possible to post
incoming invoices directly to project costing, in order to
cornpare budgeted, estimated and actual costs of a pro-
ject, Another example is the fact that for the order-driven
part of a company, in many cases traditional warehouse
stock does not exist, It is not practical if a project first has
to be booked to warehouse stock, before delivery can be
processed in the system There are many more of these
examples which could be mentioned.

It is nearly impossible 10 address all elements of the
concept in this article Therefore we will focus on a few
of the main elements of the system, compared with most
of the traditional standard software packages for produc-
tion control.

First, the functionality of the system in the assemble-
to-order situation will be explained. Most attention will
be given to a description of the product configurator.

Second, some aspects of the functionality for engineer-
to-order situations will be described. Especially the
handling of product data and the possibilities for activity-
based material and capacity requirements planning will
be discussed in detail,

Finally, it will be explained how the three basic types

of hybridity are handled, and a review will be given of
the experience gathered thus far with the implementation
of the package.

5 2. Assemble to order

Generic product daia.  For the purpose of supporting the
assemble-to-order situation, state-independent product
data can be defined in a generic format The system uses
this generic data to generate the specific product data for
a customer order, with the aid of a product configurator
and generator The architecture of this product con-
figurator and generator is depicted in Figure 7.

For each generic item it can be defined which ‘fea-
tures’ and ‘options’ it has A gemeric item refers to a
product family, e g ‘car’ Features can be defined as
preduct characteristics by which the layout of the product
may- differ from one customer order to another, e g ‘cyl-
inder capacity’, ‘transmission’ or ‘fuel’ Options are the
permitted choices per feature  Options for the ‘trans-
mission’ feature could be ‘4-speed’, ‘5-speed’ and ‘auto-
matic’  Furthermore, configuration constrainis can be
defined They specify that certain option combinations
are not allowed or, the opposite, mandatory. An example
of a configuration constraint could be: ‘if cylinder capa-
city (feature} is 1 3 litre (option) and fuel (feature) is
diesel (option), a 5-speed (option) gear-box (feature) is
mandatory To be able to record these constraints in a
flexible and user-friendly way, a special ‘meta-language’
has been designed.

For each generic ttem, a generic BOM can be specified
Figure 8 illustrates that the generic BOM contains all
components which may occur, depending on which
choices can be made by the customer In other words,
depending on the combination of features and options
chosen by the customer

A generie BOM may have muluple levels This means
that a generic BOM may contain items which are generic
ones themselves. Important is that features and options
can be defined for generic items at each level in a generic
BOM structure With the aid of this a multi-level choice
structure can be defined. The lowest level of the generic
BOM lies at the decoupling point Incidentally, this may
be the purchased parts level. The purchased parts may
even be generic items themselves! However, in most
assemble-to-order situations the lowest level of the
generic BOMs consists of standard sub-assemblies, with
standard BOMs and routeings, which are produced to
stock

For each component in a generic BOM structure
deceseon rules and formulae can be defined. Decision rules
specify whether the BOM line i1s to be included or
excluded when generating the customer order-specific
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BOM This may directly or indirectly depend on choices
or specific combinations of choices made by the cus-
tomer In the same way, formulae can be used in case the
required material quantities are variable and depend on
selected options and features. The definition of decision
rules and formulae can be done with the help of the same
meta language as was described for the definition of
configuration constraints.

in an analogous manner, generic tem codes, generic iem
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descriptions, genertc routetngs and generic pricing stuclures can

be defined

Generated product data. Based on the generic product
data as described before, and with the aid of the options
selected for a specific customer order by means of the
product configurator the system generates the product
data The configuration can be done on-line during sales
order processing The systems checks on-line if the
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Figure 7 Architecture of the product configurator and generator
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Figure 8 Example of a two-level generic BOM structure
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selected options are allowed. It is even possible that the
system only shows the options which are still possible,
based on choices made earlier in the configuration
process.

The generated product data is always linked to a cus-
tomer order. Therefore it is handled as a separate entity
in the system. It is possible to change the generated
product data manually. The generated data includes gen-
erated (customer-specific) item codes, item descriptions,
BOM:Ss, routeings, and selling andfor purchase prices

One detail might need some explanation. the gener-
ation of item codes. The background of this generated
item code is that some assemble-to-order companies do
have ‘standard variants’. often-sold variants for which it
makes sense to produce them to stock. At the moment of
configuring the product, the system user or the customer
might not know that for the product in this specific
layout, there is already a standard jtem available. In such
cases, the system is able to use this generated item code
to check if an identical standard item exists; it must have
the same jtem code. If the system finds such an item, the
generated (order-dependent) item will be automatically
replaced by the identical standard rtem during the gener-
ation process, in order to be able to consume the stock of
the identical standard item for this customer order. Fur-
thermore, the generated item code can be useful for
internal communication and statistical purposes.

Deciston support. order requirements planning (ORP} For

raw silb u
material assembiy assembly
R
decoupling
point

produce standard #
items on order

)

sub sub

customer orders for which the product data has been gen-
erated by the product configurator and generator, the
system calculates the matertal and capacity require-
ments. This function is called order requirements planning
(ORP) and is comparable with final assembly scheduling
in MRP 1L

The requirements calculation by ORP is done up to
the decoupling point, which allows for a direct check on
availability of the CODP items, and is done primarily by
customer order. All recommended production andfor
purchase orders are linked to that customer order

However, in view of the fact that, as stated in the first
section, the position of the decoupling point can be quite
flexible due to operational hybridity, some special
options were added to the ORP funcuon. This is illus-
trated in Figure 9. It provides the opportumty to have the
system check the available stock of identical or similar
standard items (right from the CODP) while calculating
the requirement, and, if necessary, consume this stock. It
means that ORP, except for the traditional recommen-
dations for purchase and production, has a third type of
recommended orders, called stock orders

It is also possible to have the system perform a stock
check at decoupling point level If the stock is insufficient,
the user can decide whether the system should generate
an order advice to producefpurchase the uncovered
requirements fo order Which means, ‘hehind the screen’,
that the system automatically copies the standard
product data with all corresponding data to custommer-

end

assembly product

check on stock of identical
standard items

Material Requirements Planning "
(standard BOMS)

o

—>

Order Redquirements Planning

(generated BOMs)

Figure 9. Order requirements planning (ORP)
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specific product data linked to the order This check can
be repeated for each subsequent level.

Decision support. integration with master production schedule
(MPS) A generic item (product family) can be defined
as an MPS item The MPS of the generic item 1s trans-
Jated to the production forecast of MPS items (and, poss-
ibly, MRP items) at CODP level using the ‘generic
BOM For the planning explosion, the generic BOM can
act as a planning BOM.

5.3 Engnecr-to-order

State-independent  product data  The  characteristic
feature of an engmeer-to-order situation is that product
data 1s, in principle, state-dependent. It is linked to cus-
tomer orders, and will be recorded just after receiving the
customer order and following the engineering process for
that order. However, there are some exceptions In the
system three kinds of state-independent reference data are
distinguished, which may serve as an aid for engineers
Firstly, standard BOMs and routeing linked to make-to-
stock items can be copied to projects Secondly, generic
product data can be used to generate (parts of) the cus-
tomer order-specific product structures of a project
Finally, product data of other projects can be copied to
a new project.

Order dependent product data.  In the engineer-to-order
situation the process of defining product data very often
starts after receiving a request for proposal To support
this stage, budgel structures can be recorded The main
purpose is the making of budget calculations, which are
linked to quotatzons. These are often of a general nature,
because not all details of the project are known at this
stage. It is possible to make use of data from carlier pro-
jects or budget calculations, by copying this data to a
budget structure. The layout of the budget structure is
very flexible, because each company has its own practice
in this area

After the customer order has been received, the
product data can be recorded This starts with recording
a project, with all related data hke start date, end date,
planner code, planning method, etc. In the case of
complex projects, a hierarchy of projects can be defined
For this purpose, a project can be characterized as single
project, main project or subproject. For each main project it
has to be defined which subprojects belong to it

Afterwards, the customer order-specific product data
of the (sub)project can be recorded. This is called the
project structure Figure 10 shows the layout of a project
structure, and 1its link with decision support system
functions

At the highest level, a (sub)project 15 divided mnto
modules Each module consists of a customer order-
specific product structure, consisting of customer-specific
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Figure 10. Project structure and project planning
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wems, BOMs and routeing. A number of typical prerequi-
sites for these production situations were taken into
account, including:

¢ modules can be linked to activities in the network
planning of the project. In the following paragraph
it will be explained how the system uses this relation
to perform activity-based requirement calculations;

e the option of phased release of parts of product
structures of a project, which is desirable because in
these situations the engineering activities often run
partially parallel with the production activities;

¢ {acilities to record customer-specific product data as
simply as possible (e.g. automatic numbering of
customer-specific items); o

¢ flexible calculation functions, like simple facilities to
base calculations on actual prices.

As are generic BOMs, budget and project structures are
defined up to the decoupling point. Or, in other words:
a customer-specific BOM may contain standard items

Dectsion support. project master schedule (PMS).  For each
(sub)project a network can be defined, consisting of mul-
tiple tasks or activities. The relation between the tasks has
to be specified. These can be of the type end-start, start-
start or end-end. The function which performs the network
planning of main projects and subprojects is calied the
project master schedule (PMS)

It has already been explained that main projects can be
divided into subprojects. Each project in this hierarchy
may have its own network planning The relations
between the different network plannings have to be spe-
cified by defining for each subproject’s network to which
task(s) of the aggregated network it is related.

The network planning is the basis for determination of
delivery dates, planning material and capacity require-
ments, monitoring progress and controlling actual cost
for individual projects.

To the activities of the network planning, critical
materials BOMs and critical capacity routeings can be
linked. Planning of critical materials makes it possible to
start the materials flow for certain critical materials, in
anticipation of the definition of the project structure
Planning of critical capacities provides the facility to get

a quick insight into the rough required capacity for a
project.

Decision support: project requiremenis planning (PRP).  With
help of the project requirements planning (PRP) the planning
of material and capacity requirements can be executed.
Compared with ORP logic in the assemble-to-order
situation, PRP has some extra functionality, due to the

nature of these production situations.

® It is possible to perform PRP based on the activity
network as defined for the project. To this end,
modules of a project can be linked to tasks 'The
PRP plans task by task, and does an explosion of the
customized BOM structure corresponding to the
task

® PRP takes into account the requirements on critical
materials and capacities from PMS

® Tust as described for the ORP, requirements calcu-
lation 1s done up to the customer order decoupling
point, and by project. Furthermore, again some
options were added to be able to handle flexibility in
the decoupling point position due to operational
hybridity.

5.4. Conclusion: dealing with hybridity

In comparison with traditional MRP II packages, the
system is relatively well capable of dealing with the dif-
ferent kinds of hybridity Integrated production control
for the different production situations (assortment
hybridity) is possible. For each distinguished production
situation, specific functionality has been added. Capacity
and material interactions between these production
situations can be handled

Long-term hybridity can be dealt with using data
handling functions, €. g, easy functions to copy (parts) of
project structures to standard product structures In par-
ticular, the order requirements planning and project
requirements planning contain specific functions to deal
with operational hybridity.

5.5, Evaluation

Smce 1t was released to the market, a number of
companies in different countries have now completely
implemented the system The types of companies which
use the package, and the configurations in which it has
been installed, differ markedly. They vary from distinct
engineer-to-order situations (cranes, packaging lines,
tools, steel constructions) to classical make-to-stock
environments (ladders and cameras) and everything
in between (20 transport installations, furniture,
kitchens, pliable doors, marquees)

The underlying concept of the package 1s not simple
Companies are not always aware of something like a
‘customer order decoupling point’, let alone its import-
ance for the implementation of an information system

The question could arise whether 1t is desirable to
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implement this kind of complex concept in standard
packages for production control. Would it not be better
to develop dedicated solutions for specific branches of
industry or specific production situations? This is an
important question. However, for two main reasons it
could be stated that these concepts are necessary and
desirable. The first reason is that hybrid situations are
‘normal’. It appears that software packages for thesc
types of companies meet a demand.

The second reason is that the state of current software
technology makes it possible to distinguish between
internal and external complexity The software package
discussed in this article was developed as a function
library, containing a great many functions essential to
various production situations The system functions rel-
evant to a specific company situation are selected with
the aid of a product configurator. On that basis an infor-
mation system is generated for a specific business situ-
ation. Furthermore, 4GL tools and parameter settings
are used for fine-tuning purposes In this situation, the
user has only to deal with those sections of the function
library which are vital to his situation. Moreover, 4GL
tools enable him to provide the package with its own,
recognizable face.
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