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PRODUCTION PLANNING & CONTROL, 1992, vOL 3, NO 3, 314-326

Generative bill of material processing systems

E. A. VAN VEEN and J. C. WORTMANN

Abstract. Many manufacturing companies have, over the past
several years, been forced to drastically increase their product
assortment Many of them have found that traditional bill of
material {(BOM) processing systems do not sufficiently support
the maintenance of very large amounts of product {structure)
data. This maintenance problem is implied by the requiremnents
to identify each product variant explicitly by a part number for
which product data including BOM data must be definied
explicitly. With the introduction of MRP oriented production
control systems a great deal of literature has been devoted to
structuring the BOMs to support the master production sched-
uling function. In particular the concept of modularization
BOMs is a well known research issue. In this paper the assump-
tions underlying the successful modularization of BOMs are
made explicit. It will be shown that in practice, seldom can all
assumptions be true, Therefore, new concepts for representing
BOM s of large numbers of product variants are required as well
as the supporting BOM-processing systems. A new kind of
BOM-processing  systems is introduced, called generative
BOM-processing systerns, One particular kind of generative
BOM-processor s discussed in detail, i.e. the varant BOM-
processor. Although the concept underlying the variant BOM-
processor does solve some of the problems of maintaining large
numbers of final product variants and their BOMs, it has a
numbeér of limitations An analysis of these limitations shows

that they are implied by the strong focus on mamntaining final
product variants

1. Introduction

In recent years, a substantial increase in product
variety and customization as well as 2 shortening of
product life cycles has been showing itself both in
markets for capital goods and in markets for consumer
goods. We will use the term product flexibility for these
phenomena. Product flexibility is becoming a new factor
in competition, which has an enormous impact on
product design, production facilities, control systems and
supporting information systems, Traditional production
contro] information systems (PCIS) are burdened by the
growing number of products which need to be controlled
and the growing amount of related product data which
must be handled. Many problems arise in defining and
maintaining product data. These problems affect the per-
formance of PCIS with regard to aspects such as data
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entry support, retrieval functions and the correctness and
tmeliness of provided information As a consequence the
overall logistic performance may deteriorate

Maost PCIS rely heavily on the descriptions of pro-
. ducts, production facilities and production processes
The majority of the currently available standard software
for production control is based on the manufacturing
resources planning (MRP II) concept (Vollmann e af,
1988) In this paper we:

* describe tradinonal concepts for recording product
data and product structure data in PCIS, and
analyse why they fail to perform satisfactorily if
product variety increases strongly,

® introduce the generative bill of material concept
which is specifically suited to ‘deal with Targe
product variety;

® discuss an existing generative bill of material
concept called the variant bill of material concept.

In Section 2 of this paper, we describe the representation
of BOMs in traditional PCIS In Section 3 we explain
that, as product variety becomes wider, traditional
concepts for representing product and product structure
data become less suitable. Section 4 describes the tech-
nique of modularizing bills of material Section 5 intro-
duces the general architecture of generative bill of
material processing systems. In Section 6 an existing
generative bill of material concept, the variant bill of
material, is explained in detail. Section 7 deals with two
principle problems associated with the variant bill of
material concept Finally, Section 8 summarizes our
conclusions

In a subsequent paper, titled ‘New developments in
generative BOM-processing systems’ (1992), we will
introduce a new generative bill of material concept which
deals with the problems associated with the variant BOM
concept This ¢oneept is called the generic bill of material
concept "‘

2. Product data and product structure data

e

In 2 manufacturing business, many different products
must be controlled, Not only final and purchased pro-
ducts are importa out also many semi-finished pro-
ducts such: b:assemblies are important to recognize
and control. roducts are related to each other in
the way that the'éne product is required to manufacture
another. -

The way in‘which a product 1s built up from purchased
parts andfor semi-finished products (which in turn
consist of other semi-finished products andfor purchased

black delsk-farrp
black ershade ?tland
mrrna!l tube Tm

Figure I Product structure of a desk-tamp.

parts) 1s called the product structure of that product. Figure
1 depicts the product structure of a final product black
desk-lamp  The relationships between the products in a
product structure are so-called gozinto-relationships. They
represent the fact that a product is consumed in the
process of manufacturing or assembling another product.
The product € which is consumed in the gozinto-
relationship with product P is called the component product
The product P which consumes product C is called the
parent product in the gozinto-relatioriship with C.

The introduction of MRP and other material planning
concepts based on the principle of co-ordinated material
planning, made product structure data become more and
more important to the material planning function. ‘These
planning concepts rely on gozinto-relationships for calcu-
lating planned material requirements for component pro-
ducts based on planned material requirements of parent
products. Therefore most PCIS which are based on
material co-ordination rely heavily on the representation
of the product structure of the products to be planned,

The representation of the set of all gozinto-
relationships of a parent product P is called the &l of
material (BOM) of P. Product data are data on single pro-
ducts. Product structure data are data on the gozmto-
relationship between two products. In PCIS, these
different types of data are commonly represented by
means of two separate entity-types, namely.

product
* bill of material relationship

Figure 2 depicts the typical data structure diagram of a
BOM-processor used in most currently available PCIS
(for conventions on data structure diagram notations see
Appendix 1)

A product which is the parent product in a particular

BOM-relationship

Figure 2 Typical data structure diagram of 2 BOM processor,
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bkl:kdalsk-ianp blue t?ssk-lanp
black ‘empshade le]n[d blue Iart;ashade
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Figure 3 BOM structures of two desk-lamps

BOM-relationship may be the component product i one
or more other BOM-relationships Thus, if a product §
is considered as a parent product, it may not only constst
of one or more component products § may also, if con-
sidered as a component product, be applied in one or
more different parent products. Still the BOM of S is only
recorded once in the preduct database, independent of
the number of different parent products in which § is
applied as a component product. This principle for
recording BOMs in PCIS is commonly referred to as
modular storage of a BOM. Notice carefully that the term
modular refers here to the way in which product struc-
ture data is stored. In Section 4 the term modular will be
used again but in a completely diflerent context, namely
with respect to the way in which BOMs are structured

Figure 3 depicts the BOM-structures of two different
final products black desk-lamp and blue desk-lamp

Tables 1 and 2 show the entities of the type product,
respectively entities of the type BOM-relationship, which
establish these BOMs.

The product stand (567) is the parent product in the
BOM:-relationships with the products nommal tube and
base. However, in the BOM-relationships with the two
desk-lamps, it plays the role of a component product
The modular storage principle allows the BOM-

Table 1. Product entities

Produet number Product description

123 Black desk-lamp
234 Blue desk-lamp
345 Biack lampshade
456 Blue lampshade
567 Stand

678 Normal tube
789 Base

Table 2. BOM-refationship entities.

Parent product Component product Quanity/per
123 345 1
123 567 1
234 456 i
234 567 1
567 678 1
567 789 i

relationships of the stand to be defined only once,
although it is applied in two higher level products

3. Recording product data and BOM data: a
dilemma

A wider product assortment provides more product
variety to the sales function However, it will also
become more difficult to handle the increasing amount of
information on the entire product assortment In many
kinds of industries the number of different final products
may easily exceed a million Sales catalogues which are
based on enumerating unique part numbers will then no
longer be feasible More complicated catalogue systems
will be required to support the unique description of a
product variant for the purpose of order entry and to
support the selection of a product for a particular
customer

Yet another problem area concerns the definition and
maintenance of BOM data for the enormous number of
different products. If the number of different products is
too large to define and maintain a separate part number
for each different product variant, then also no separate
BOMs for these products can be defined and mamtained
We will explore this problem in greater detail in the sub-
sequent sections. In Section 4, the typical MRP- solution
for reducing the effort to create and maintain order-
independent BOM data are analysed Furthermore,
Appendix 2 describes a traditional method, called the
add-and-delete technique, for reducing numbers of
BOM-relationships to be stored

4. Modular bills of material

4 1 The concept of modularization

In traditional MRP literature the problem of large
product variety 18 mainly approached from the viewpotnt
of forecasting and master production scheduling (sec
Orlicky et af 1972, Orlicky 1975, Mather 1982
Kneppelt, 1984, Vollmann # ai 1988) However, it is
often argued that modular BOMs are also a solution to
the problem of maintaining extremely large numbers of
different BOMs of final products In order o analyse the
value of the technique of modularizing BOMs, the key
concepts of this technique, namely option and planning
module, need to be defined precisely

We define an option as the representation of a property
of a product, such as blue, black or luxury The concept
JSeature is introduced to represent a set of mutually exclu-
sive options (e g the feature colowr and the options blue,
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red, black and the feature fype and the options nermal, flex-
thle) (Wortmann 1987) The features and options within
a produat family are defined in such a way that they can
be applied to establish unique, identifying product
descriptions A planning module defines a set of component
products which are required to reahize a final product
with a particular (combination of) option(s), or to realize
any product withina product family (in case the planning
module  defines the component products which  are
common to all final products of the product family) It s
often assumed that a planning module equals an option
Under this assuraption, options (or planning modules)
can he apphied to uniquely identify a final product and at
the same ume o constitute the BOM of that final
product

The modulanzation of traditional BOMs consists of
«reating planning medules given product families, fea-
tures and options We will dlustrate this technique with
the example of the desk-lamps Assume a product family
of six desk tamps  In this family there are two different
uptions tor the stand, namely normal and flexible and three
dificrent colour options, namely blue, black and white The
fype and colour are the features of the product family The
traditional BOMs ol these final products are depicted m
Figure 4 The planuing modules and their BOMs which
<an result after modularization are depicted in Figure 5

black nomal desk-tamp

It may seem that modulanzing the BOMs as in Figure
3 does not establish a major enhancement because the
number of resulting planning modules equals the number
of final products in the initial situation However, in
more complex product families with » features each of
which has 2 options, modularizing the traditional BOM
may restit in the reduction from 2" (2 x 2 » 2 % ) dif-
ferent final products which must be planned traditionally
to 2n + 1 planning modules which must be planned after
modularization That is, one planning module for cach
option {n x 2) and one planning module containing com-
ponent products which are common (1) to all final pro-
ducts in that product fabuly This under the assumption
that ail component products arc selected through a single
option In that case substantial simplification is realized

Often an additional BOM structure is defined for the
product family, to support the translation of the forecast
volume for the product family as a whole into the
volumes for the separate planning modules This kind of
BOM structure is generally called the percentage BOM
Some standard software systems allow features to be
exphicatly represented in the percentage BOM, mn order
to facilitate the selection of planning modules or options
in the order entry process Figure 6 shows the percentage
BOM of the product family desk-lamps in the case fea-
tures are represented in the structure An  order-

blue normal desk-tamp white nomal desk-famp
black lampshada nafmal stand blue lathpshade no stand white shade nol stand
normal tube base nofmal tube base normal tubs base
black fiexibie desk-lamp blue flexible desk-lamp white flexible desk-lamp
black lampshade tiaxble stand blue de . flexble stand white shade flexile stand
tlexible tuber base flexible tube base flexivle tube base

Figure ¢ 1raditional BOMs of six different varants of desk-lamp

planning module 1

black lampshade blue lampshade

white lampshade

planning module 2 planning module 3 planning module 4  planning module 5 planning moduie 6

flexible tube normal tube base

Figure 5 Alternatve modular BOMs for desk-lamps

product family desk-famp

feature colour

20% 30 % 5i

planning module 1 planning module 2 planning module 3

Figure 6 The percentage BOM of the product family desk-lamp,

fealure fype fealure standard

60% /%,z,\ 100 %
planning module 4 planning module 5 plannirg moduls 6

ircluding features
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customer onder 12345 (black, ttexible desk-lamp)

e

pianning medule 1 planning module 4 planning module 6

Figure 7 BOM of a particular customer order specifying a
black, flexible desk-lamp.

dependent BOM 1s established in the process of selecting
the required planning modules or options. For example,
when a black, flexible desk-lamp 1s required, one appro-
priate planning module or option must be selected for
each of the {eatures, and a single-level BOM is created
for the customer order in question (see Figure 7).

4 2 Imphat assumptions i modularization

The assumption that each planmng module equals an
option is not the only assumption which implicitty under-
lies the technique of modularizing BOMs. Tt is the first
of the following four assumptions generally made.

Assumption 1 Planning modules and oplions comarde. 1t 1s
assumed that planning modules can be defined in such a
way that they are significant units to the market, 1 e they
are suitable for forecasting (Wijngaard 1987) and for
order entry (Kneppelt, 1984) In other words it is
assumed that each planning module 15 in fact an option
and vice versa. In that case the BOM of a planning
module defines the full material contents which are
required to realize one particular option (Mather 1982) *

Assumption 2. Optrons of different features are independent® It
is assumed that in forecasting and order entry, an option
can be selected for a feature without any implications for
the selection of options for other features If this were not
assumed, options could neither be forecast nor selected in
the order entry process independently of each other

Note that in that case the question shouid be raised

whether separate options are significant to the market in
the first place

Assumption 3 Optrons of the same feature do not have lower-level
products in common Wortmann (1987) has pointed out
that from a matenal planning point of view it is
important that planning modules can be created which
have few or no component products in common If
overplanning 1s applied to options within the same fea-
ture, the products which are common to these options

"If the planning module with common companent products is regarded
as an option

2O course already under the assumpuion that an option equals a
planning maodule

will be over planned for each of these options, leading to
more safety stock than 1s actually required

Assumption 4 Assembly BOMs can be reconstructed It 1s
assumed that no additional information is required for
assembling a final product from the component products
defined in the planning modules of that particular pro-
duct, or that techniques are available to compensate for
the loss of information caused by abolishing higher level
BOMs in the modularization process (Vollmann
et al 1988, Kneppelt 1984, Orhcky ¢ al 1972, Sari
1981) Consider for example the modular structure of
Figure 5 If a final product has been specified, it is known
that a base, tube, and lampshade must be assembied into
a final product However, the information represented by
the traditional assembly BOMs, that the base and tube
should he assembled first, is no longer available

The problem of the enormous number of BOMs can
only partly be solved by modularizing BOMs The
BOMs of final products may be removed without any
serious consequences because they are n  fau
reconstructed as the planning modules are selected
However as lower-level BOMs are removed information
which 1s relevant to the assembly process may be lost and
cannot be reconstructed easily For a simple product such
as a desk-lamp this will not be a problem, but 1t will
become a problem for more complex products such as
cars and complex machinery Orlicky o af (197%)
noticed the problem and proposed retaining the BOMs of
sub-assemblies such as the stand The assembly BOMs
which must be retained may still be far too numerous to
handle The MRP literature does not provide satisfactory
solutions for supporting the creation of an assembly
BOM after a unique product description in terms of
options has been drafted

4 3 Conclusions

The success of the technique of modulanzing BOMs
relies heavily on the extent to which a number of assump-
tions concerning the way in which product families, plan-
ning modules, and features and options can be defined;
are met,

As a consequence of the increasmg variety and com-
plexity of products, these assumptions will be less often
valid It is often impossible to create planning modules
which can play the role of both recognizable options for
identifying products and of defining planning modules
for the BOM3 of these products Any pragmatic redefini-
tion and restructuring of product famlies, features,
options and BOMs in order to meet above-mentioned
assumptions again, 1n fact, takes us back 1o where we
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started. an enormous number of planning modules or
options which have to be defined explicitly by a part
number and a BOM defimng the material contents (van
Veen 1992) Consequently there is a great need for con-
cepts which allow options and planning modules to be
defined separately  This requires the possibility of
defining relationships between options and BOMs and
options mutually

Far too littde attention has been paid to the problem of
creating and maintaining assembly BOMs to support
final assembly, This type of support will become more
and more tmportant due to the fact that increasing
product vartety will force manufacturers to perform more
and more activities customer order driven as opposed to
torecast driven In other words, the number of the pro-
cesses beyond the customer order decoupling point will
tend to increase, which will increase the need for means
of control {van Veen 1992)

In the next section a functional architecture 1s pre-
scnted for more flexible product specification and BOM

processing systems, so-called generative BOM processing
systems

5. An architecture for a generative bill of material
processing system

For generanve BOM processing systems the concepts
e anct product variant need to be introduced. Roughly
speaking an item represents a set of similar products,
which can be described by parameters These parameters
are similar to the features introduced earlier in this
paper, but we want to give parameters a more specific
meaning. they constitute featurés which are significant in
the market and can be used during order entry. A
product variant represents a particular product The pro-
ducts represented by the same product variant are mutu-
ally exchangeable A product variant can be identified by
a set of parameter values which represent the product
characteristics of that particular product variani. Such a
set of parameter values is called a specification. An item 1s
a sef of different product variants, which have the same
value for at least one parameter A specification § is valid
against an wem X if X contains a product vanant which
is uniguely wdentified by 8. If a valid specification 8§ is
assigned to an item X, that item will be called fully
specified '

In the previous section, it was concluded that it 15 often
unpossible to define modules which are suitable for both
identifying a final product and defining the BOM of that
final product at the same time Therefore, two separate
processes are suggested, namely.

(1) The product specification process 1n which a

product variant is merely dentsfied by means of
parameter values

(2} The BOM generation process in which a BOM 1s
generated for a product variant which is identified
by means of parameter values

The distinction of these processes 1s used for a basic
architecture for a new kind of BOM processing systemn
In this architecture two core subsystems are distin-
guished, naraely (see Figure 8):

® The product specification system (PS8), the primary
function of this system is to evaluate whether a spe-
ctfication S is valid or invalid agamnst a particular
item A

The bill of material generatimg system (BGS), the
primary function of this system is to generate a
BOM, given an item 4 and a vahd specification
against 4 The BGS should not only support the
generation of a single-level BOM for a fully sge-
cified item, but if such exists also the generation of
a multi-level BOM.

The P35 relies on the definttion of items and for each
itern on the definition of the set of specifications that are
valid for that item, the so-called set-description of that
item The data which represent items and their set-
descriptions will be called product specification date The
BGS relies on a so-called source BOM This can be &
single-level or a multi-level BOM The source BOM of an
item A is the set of gozinto-relationships in which 4 is the
parent item In the source BOM, 4 and its component
items may contain one or more product variants. The
muiti-level BOM which is obtained for a fully specified
item A, by selecting andfor specifying gozinto-
relationships and items from the multi-level source BOM

paramelers parameter values

i :

Product Specification
Systemn

specification

Bill-of-Material Generating
System

result BOM structure

Figure 8 An archutecture for a new kind of BOM-processing
and order entry system
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of 4, 15 called the multi-level result BOM The multi-
level result BOM of the fully specified item 4 unambi-
guously represents the product structure of the product
variant which is identified by the fully specified item A.
It can be manually derived from a multi-level source
BOM but in the case of a BOM generating system it is
assumed that the multi-level source BOM holds data
which allows multi-level result BOMs to be automatically
generated given an item and 2 valid specification,

The above introduction of many concepts will now be

ilustrated by its most simple implementation: the so
called variant BOM

6. A generative bill of material concept: the variant
BOM

Once a product variant has been identified by 1ts 1tem
and a vahd specification, 1t should be possible to obtain
the BOM structure of that product variant unambi-
guously and immediately, In the traditional BOM
concept this process is trivial: once the part number is
known all BOM relationships which refer to that part
number as the parent can be retrieved In the case of
modular BOMs it is assumed that a product variant is
identified by composing a single-level BOM consisting of
planning modules (see Section 4 1) In the generative
BOM concept it is assumed that product variants can be
identified by a specification and that complex dependen-
cies between parameter values of these specifications and
gozinto-relationships exist in the source BOM Based
on this information 2 BOM generating system can gen-
erate a multi-level result BOM  Schéonsleben (1985)
describes as one of the first authors a BOM processing
systern which allows a generative multi-level source
BOM o be defined This called
‘Variantengenerator VAR,

According to Schénsleben, the objective of this BOM
processing system is to achieve the optimurm in recording
and retrieving BOMs and routeings of large sets of
product variants Schonsleben assumes that a range of
product variants can be defined by a set of parameter
values such that.

systems  is

(1} the parameters are mutually independent, 1 ¢ no
constraints on combinations of parameter values
exist?, and

(2) by determining the values of the parameters for a

*Schanslelien concentrated on the all of material generating sysicm
However as we have discussed, generally the product specification
system cannot be disregarded  As we have discussed, it must be possible
to define incompauble parameter values (¢ ¢ hecause of technical or
Jugal constraints) of product fanmly items Such incompatibilities arc
often called constraints

range of product variants the required component
product variants can be selected unambiguously

This BOM generating system VAR 1s based on a par-
ticular kind of generative BOM concept. the varant BOM
concep! The generative source BOMs can be created as a
result of an extension of the database model of the tra-
ditional BOM concept In the variant BOM concept the
source BOM of an item X 15 a set of gozinto-relationships
in which X is the parent item However, this set 15 parti-
tioned into explicitly defined subsets Each of these
subsets may have one or more members We will cail
such a subset a eluster The idea 15 that each result BOM
should consisi of precisely one element out of each
cluster. In the terminology of the variant BOM concept,
a gozinto-relationship in the source BOM is usuaily
called a BOM relationship variant The entire set of BOM
relationship variants which have the parent itemn X 1s
called the variant BOM of X (the equivalent term of the
source BOM of X} From here on, a BOM relationship
variant will be shortened to BR-varant

As was mentioned, a result BOM s also a set of BR-
variants However a specific requirement on the result
BOM is that each cluster only has one member The
principle of the BOM generation process consists of
selecting rione or one BR-variant from each ctuster in the
(multi-level) source BOM to constitute the (multi-level)
result BOM The variant BOM concept described by
Schénsleben may be called a generative BOM concept
because, for each cluster in the source BOM-structure, a
set of rules can be defined which express dependencies
between the BR.variants of that cluster and parameter
values, such that the required BR-variants can be
selected automatically, given a set of parameter values
These rules are usually called conditions The set of con-
ditions for one cluster is in fact a decision table Note that
expressing dependencies between parameter values and
BR-variants is not limited to a single-level BOM It can
also be applied in a multi-level BOM Generating a
mulir-level result BOM consists of having BR-variants
automatrcally selected from the multi-level source BOM
given an item and a set of parameter values When a
multi-level result BOM must be generated, cach selected
BR-variant refers to a component item For each of these
component ltems again one or more clusters may be
defined, and again none or one BR-variant can be
sclected from these clusters, until the lowest-level items
are reached. Notice however that the same set of par-
ameter values is applied for all clusters, regardless of the
level in the source BOM-structure

We will illustrate the generative mulu-level source
BOM according to the variant BOM concept for the six
desk-lamp product variants in Figure 4 Figure 9
describes the generative multi-level source BOM for the
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bizek lampshads  blue lampshads white

& = cluster

& = BOM-relationship variant

.,
N,

Ralie fems reprosent mors than one product type.

Figure 9 Multi-level source BOM for six different desk-lamp
product variants

item representing the six desk-lamp product variants
according to the variant BOM concept * Table 3 shows
the BOM relationships and conditions of the source
BOMs The combination of the parent item and the
sequence number identifies a2 cluster,

Schonsleben also created a facility to calculate the
quantityfper by means of a predefined formula in terms
of the parameter values of the top-level final product
itern  This is particularly sunable when a large number
of BR-variants between the same parent and component
part number exist as a result of different values for the
quantityfper attribute. In this case, the members of a
cluster are no longer explicitly enumerated. That is, not
each variant has to be explicitly redefined. In this paper
we will not discuss this aspect in further detail.

The typical variant BOM concept carries a number of
shortcomings, which predominantly arise from the fact
that parameters, parameter values and constraints
cannot be exclusively associated with an item at an arbi-

* A decision table could be defined for each triangle which has multiple
lower-level variants In Figure 9 for clarity these decision tables are not
shown

trary level m the product structure In the typical vanant
BOM concept 1t has been chosen only to allow set-
descriptions to be maintained for product families By
this design choice a simple solution emerges, but also a
number of difficulties arise. The advantage 15 that a
BOM generating system which allows multi-level resuit
BOMs to be generated for final product variants can be
realized with little effort However, the concept may
easily lead to data redundancy and many problems with
engineering changes These shortcomings will be
analysed in the next section,

In a second paper titled ‘New developments 1 gener-
ative BOM processing systems’ an enhancement of the
variant BOM concept called the gereric BOM concept will
be introduced In this concept it will be allowed to define
set-descriptions for arbitrary items. However this will
lead to some other complications which require a mumb»r
of new concepts to be developed

7. Limitations of the variant BOM concept

7.1 The problem of representing froduct vanety af lower
levels in the product structure in the variant bill of materal
concepl

In the variant BOM concept, product specification
data (i e parameters, parameter values and constraints)
are exclusively related to product family items In other
words, the product specification data implicitly define a
set of tinal product variants  Product variants in a lower-
level item X cannot be described in terms of their own
characteristic parameters and parameter values A lower-
level item X can represent a set of more than one product
variant because different multi-level resutt BOMs can be
generated from the multi-level source BOM of X The
number of different product variants represented by Xiis
in fact determined by the number of different multi-level

Table 3 BOM refationship variants for the generative mutli-level BOMs of the six
desk-lamps

BOM relationship vanant

Cluster
parent seq vanant qty/per component condition
desk-tamp 10 1 1 black lampshade (colour, black)
desk-lamp 10 2 1 blue lampshade (colour, blue)
desk-lamp 10 3 1 white lampshade (colour, white)
desk-lamp 20 1 1 stand
stand 10 | 1 flexible tube (type, flexible)
stand i0 2 1 standard tube (type, standard)
stand 20 1 i base
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result BOMs which can be generated from the multi-level
source BOM of X Consider for example the lower-
level item siand in the source BOM-structure of the desk-
lamp from Figure 9. In this source BOM 1t is assumed
that the item stand represents two product variants
because two different result BOMs can be generated
from this source BOM. Usually not all BR-variants from
different clusters can be combined randomly Which
result BOMs are released, is determined by the different
specifications which are valid against a product family
item set-description.

However, a first problem arises because a set-
description can only be maintained for a product family
Assume 2 + 1 product variants have been released for an
item X But only product variants |,. .,n are applied in
one nr more final product variants. The problem is how
to represent thie fact that the product varant 7+ 1 has
actually been released. The set-description which allows
the specification for which the multi-level result BOM of
product variant n+1 would be generated, cannot be
associated with an entity of the type product family,
because that would implicitly allow final product variants
to be specified which have not been released (1 e final
product variants which have product variant n+ 1 as a
component). However this set-description can also not be
uniquely associated with X, because this is not allowed in
the typical variant BOM concept In other words, it is
impossible to define a set of product variants at a lower
level in the source BOM-structure if not all of these
product variants are applied in a final product variant In
Appendix 3 this problem is illustrated in detail with an
example

For many applications, the shortcoming of not being
able to represent sets of lower-level product variants
independently of sets of final product variants is serious
In particular if ranges of lower-level product variants are
released by engineering at the same time, but not all of
these product variants are part of a final product variant
{e.g. 1n the case of time phased marketing release of final
product variams). The product variants not yet applied
in a final product variant cannot be represented by an
itere and 1ts source BOM. Assume, for example, a range
of similar generator product variants (a major compo-
nent in a medical diagnostic systeri} has been developed
and released and we would like to represent the BOMs
of the entire set of generators by one source BOM struc-
ture. This will be a problem if not all of these generators
are a component of a final product vanant, e g. a medical
diagnostic system. The range of generators cannot he
defined as a set by a product family generator,
because—according to the limitation chosen in the
variant BOM concept—it could then no longer appear as
a component item in the source BOM of a product family
itemn medical diagnostic system No result BOM can be gen-

erated for the generators which have been engineered and
released, but which are not (yet) applied in a medical diag-
nostic system

The obvious solution 15 to allow independent set-
descriptions to be maintained for arbitrary items, or in
the terminclogy of the varitant BOM concept, to allow
product family items to be defined at arbitrary levels in
the generative source BOM-structure However, as men-
tioned already, this requires additional concepts to he
developed, in order to cope with difficulties which will
arise (van Veen and Wortmann 1992)

7 2 Data redundancy in parameters, parameter values and
constrainis in the variant bl of material concept

The source BOMs may contain considerable darta
redundancy in parameters, parameter values and con-
straints because some of this data which is exclusively
related to lower-level product wvariamts can only be
explicitly defined for end tems A certain combination of
parameter vatues may be invalid for many product fami-
lies, due to technical restrictions on a particular type of
sub-assembly Consider the example of medical diag-
nostic systems which consmst of many components,
including a generator. Some parameters, parameter
values and constraints may solely be required for deter-
mining a required generator product variant Indepen-
dent of the medical system in which a generator is
applied, constraints caused by technical incompatibilities
with regard to generators may have to be met Because
in the variant BOM concept only set-descriptions to be
maintained for product families are allowed, the par-
ameters, parameter values and constraints which have an
isolated effect on lower-level item A must be defined for
each product family in which 4 1s applied In Figure
13 of Appendix 3 for example, the constraint on the com-
bination of parameter values [(p1, v11), (p2, v21)} may be
required because of a technical infeasibility of a
product variant of 4 (¢ g components from item X and
item P are technically incompatible) In the variant
BOM concept this restriction must be defined for both
A1, and Xz This type of data redundancy increases with
number of items for which parameters and parameter
values have an isolated effect and the number of product
family items in which these items are applied Such data
redundancy 1s not merely a problem of computer capa-
city It must also be associated with problems in data
maintenance Modifications required because of changes
in one or more generators may have to be implemented
in the set-descriptions of many different end items
instead of only for the item representing the generator
product variants,

Another form of data redundancy which occurs n
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Figure 10 Data redundancy 1n the source bill-of-material
structure

source BOMs based on the variant BOM concept arises
from the fact that sets of alternative component items
have to be defined each time they appear in a cluster as
alternative component items Figure 10 shows an
example of this form of data redundancy for three items
A4, B, and € The set of aliernative items must be defined
once for X1 and once for X2 The severity of this form of
data redundancy increases as particular sets of the same
items are applied many times, in different clusters

A pragmatic solution consists of defining an artificial
parent item with a source BOM consisting of one cluster
only, which specifies the set of alternative items as
alternative component items In that case the artificial
item specifying a set of alternative components has to be
defined only once, after which it can be applied in as
many higher level BOMSs as desired . In the example of
Figure 11 an artificial parent item A4’ is defined with a
source BOM specifying A, B, and C as alternative com-
ponent items.

As mentioned, A and 1its lower-level source BOM are
only defined once and can be applied in as many higher
level cluster as required In the result BOM structures
generated from the source BOMs, this artificial parent
itern will need to be suppressed and will not appear as an
additional level in the multi-level result BOMs This sol-
ution is in fact a step towards the generic BOM concept
(van Veen and Wortmann 1992)

Finally, a form of redundancy may occur 1f an item 4
15 applied in more than one product family and the sets
of product variants defined by these product families are
defined by different sets of parameters and parameter
values The redundancy occurs in the decision tables
which control the selection of 2 BR-variant for a cluster
of A As the generation process may start from cdifferent
product families, different parameter values may be used

i :
| i
P A Q

#
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Figure 11 Defimng an aruficial parent mtem i order to
represent a set

Table 4
Parent  Sequence Decision Parameter
item number BR-variant  table rule value
A 10 01 1 v11
A 10 02 H U1
A 20 01 1 U2t
A 20 02 1 v22

to drive the generation process Additional decision table
rules will need to be defined in order to be able to select
a BR-variant This 15 merely because the parent item 4
is applied in different product families, which are
characterized by different parameters and parameter
values This can be envisaged b Table 4 which shows
the decision table rules of the source BOM structure of
a parent-item A

Assumne that a new product family, X3 1s defined with
the following set-description.

{paelos1, v}

pagloar, ez}l
NOT ((#3, #31) AND (s, v41))
NOT ((p3, v32) AND (pa, vaz))}

Then for each BR-vamant i the BOM of A, an
additional decision table rule must be defined to allow for
the generation of the same BOMs for 4, for the case
where 4 is applied in the product family X, instead of
X1, or X; Table 5 shows the decision table rules
required for the source BOM structure of 4 m that case
A negative side-effect of this type of data redundancy is
that it becomes increasingly difficult to determine upon
which parameters a lower-level item is actually depen-
dent The decision tables in the BOM of such an item
may become very complex and difficult to comprehend
It should be noted that this type of redundancy can be
avoided if it can be achieved that for each parent ttem X,
with a source BOM structure containing one or more
decision tables, all end items in which X is applied, have

Table 5

Parent  Sequence Decision Parameter

item number BR-variant table rule value
A 10 01 i r11
A 10 01 2 v31
A 10 02 1 v12
A 10 02 2 v32
A 20 01 1 v21
A 20 01 2 by
A 20 02 1 vz
A 20 02 2 T4z
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set-descripuions an terms of the samo paramcters and
parameter vatues

Notice also that in the varame BOM  concept,
modifications at product family level may have an impact
on many lower-level items and matching source BOMs 1f a
product family, parameter or parameter value is deleted,
then it will probably be insufficient to modify anly the
set-description of the product family and the decision
tables m s own source BOM It may also require
modifications 1n the BOMs (in particular the decision
table rules mn these BOMSs) at lower levels in the multi-
level source BOM

8. Conclusions

Tracitional methods for structunng BOMs do not
perform  satisfactorily if product  variety increascs
strongly In the traditional MRP literature modularizing
BOMSs 1s suggested as a solution to this problem
Although modular BOMs can support forecasting and
master scheduling processes, they often do not support
assembly and logistical control processes Some authors
suggest retaining separate assemnbly BOMs for final pro-
ducts and if necessary sub-assemblies, but often the
number of different product variants prohibits this sol-
ution For this purpose, the concept of generative BOMs
is introduced

In this paper special attention was paid to the varnant
BOM concept being a particular kind of generative
BOM Although the vanant BOM concept may provide
a relatively simple solution, especially for those situations
i which product varicty arises in the top-devels of the
product structure, 1t also implies some prinaple complic-
ations of data maintenance These complications are due
ta data redundancy that may arise in parameters, par-
amcter values, constramts and conditions This data
redundancy in turn is the result of the fact that the
variant BOM concept allows parameters and parameter
values to be defined for product family items only

As mentioned before an enhanced coneept is elabor-
ated 1 our paper ‘New developments in generative
BOM-processing systems’
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Appendix 1. Notation conventions in data structure
diagrams

I The data structure relationship in Figurc Al 1 rep-
resents the fact that for each entity a of the type 4

frrecisely one entity b of the type B exists which refers
to the entity «

(2 (=)

2 The data structure relationship in Figure Al 2 rep-
resents the fact that for each entity a of the type A,
none or one entity b of the type B exists which refers
to the entity «

(2 (=]

3 The data structure relationship in Figure Al 3 rep-
resents the fact that for each entity « of the type 4
at least one (thus potentially more than) entity of the type
B exists which refers to the entity 2

?

%. The data structure relationship in Figure Al 4 repe
resents the fact that for each entity @ of the type 4
none, one or many entiies of the type B exist which roder
to the entity a '
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1f because of onc or more data structure relationships,
given an entity e of the type A one or more entities b1,
of the type B can be found unambiguously, then a is
assoclaled with #1,  be Also, cach bielde, bal 18
assodated with a

Appendix 2. The add-and-delcte technique

The add-and-delete technique has been developed with
the objective to reduce the total number of BOM
relationships which is required to define the BOMs of 2
range of products This should facilitate BOM mainten-
ance and lead to a reduction of the required computer
storage capacity which in turn would unprove the per-
formance of the PCIS In the add-and-delete technique,
a basic produet B s distinguished for which a part number
and a complete BOM are defined Other products which
are technically derivatives from B are also exphatly
defined by a part number However the BOM of such a
derivative merely lists the differences compared to the
BOM of B Consider a basic product B and a derivative
product frora B. Dy Produdts which are a component of
B but which are not a component of Dy, are specified in
the BOM of D, with a negative gquantity/ per The fact that
Dy, is 2 derivauve of B is represented by referring to B
as if 1t were a compenent product (sce Figure 12)
Usually a particular posstion number (¢ g 00) in the
BOM is reserved for reference to a basic product In that
way, 1t tan be recognized during a BOM exploston of a
dervative, that a particular BOM relationship refers to
the basic nroduct This product may then be disregarded
(if such is desired) in the output of the BOM explosion

Mather (1982) states that this techmique may be useful
from the viewpoint of BOM maintenance However, he
also discusses some disadvantages from the viewpoint of
naterial planmng The most fundamental disadvantage
is, according to Mather (1982) the fact that add-and-
delete BOMs do not allow overplanning on specific pro-

ducts, 1e denvauves only It requirements on

D, D,
o0 o0

-Y —Z G
B

A
oOPQY

OO0 = Aeserved posttion number for refening to a basic product.

Figure 12 'The add-and-delete technique

derivanives are overplanned, then the requirements on
the basic product will also be Another important disad-
vantage mentioned by Mather concerns the number of
part numbers which must be scheduled Add-and-delete
BOMs do not reduce the number of (final) product part
numbers which must be master scheduled For a more
detailed discussion of material planning problems which
may arise if the add-and-delete technique is applied refer
to Mather (1982)

The assumption that the add-and-delete techmque
facilitates BOM maintenance may be true in the case of
initial BOM-definition and if the majority of the sub-
sequent engineering changes has an isolated impact on
the basic product, i e requires no separate modification
in the derivatives of the basic product Sometimes the
initial BOMs of basic products degenerate mnto artificial
sets of BOM relaonships which are no longer retated o
recognizable products but only exist hecause they speafy
a number of components which are common to many
other products In these cases the BOM structures may
become very difficult 1o comprehend and the add-and-
delete technique may become a burden Another
problem in data maintenance is that inconsistencies may
easily arise Very complex software 1s required to prevent
inconsistencies Consider for example Figure 12; BOM
maintenance software must at all umes prevent the
removal of component product ¥ from the BOM of B, if
it 1s still specified in the BOM of D with a negative
quantityfper Recall that the add-and-delete technique 1s
primarily focused on reducing the number of BOM
relationships which must be stored in a database As data
storage facilities become cheaper and the functionality of
BOM processors to manipulate BOMs {such as copying
facilities, 1ncreases, the advantages of the add-and-delete
technique become less important From the viewpoint of
BOM representation n the case of very large product
variety, the add-and-delete technique is not a satisfactory
solution It still requires that each product variant is
defined explicitly by a separate part number and that a
BOM must still be defined for each part number
{although 1t may contain fewer BOM-relationships) In
the case of millions of products even the add-and-delete
technique will prove to be of little use n

Appendix 3. Representing product variety at lower
levels in the variant BOM

Figure 13 illustrates that 1t 1s impossible to determine
whether an assumed product variant f, described by the
multi-level result BOM generated for the specification
{(pt. v11), (P2, v21))° has been released 1 A4, if that

5
pi. parameter 1, vy value ) for parameter ¢
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Figure 13 An example of 2 mult-leve! scurce BOM according to the variant bill-of-matertal concept

product varrant 1s not applied in a final product vanant
The figure depicts two product families X; and Xz with
a common component item 4 which has a lower-level
source BOM . Disregarding the product {families in which
A is applied, four different result BOMs could be derived
from the source BOM of A% One of these four is the
BOM which specifies the component items P and X
This result BOM will be generated for the specification
{(#1, v11), (P2, v21)}. We are interested in the question,
whether this result BOM has or has not been released
(the latter, for example, because the components repre-
sented by P and X are incompatbie )

The only possibility of determining whether a product
variant with the result BOM structure in question has
been engineered and released, is to find out whether this
BOM structure can be génerated for at fewest one final
product variant In that case the product variant will cer-

6As;suming that, at fewest, one BR.variant must be selected for a
cluster

tainky have been engineered and refeased Otherwise (1 ¢
if that result BOM structure cannot be generated as a
part of the result BOM structure of a final product
variant) the lower-level product variant 15 not appled in
a final product variant and the question remains
unanswered

Examining the specification [(p1, 211), {f2. va1)} u
shows that there is no final product variant identified by
this specification It 1s not allowed to conclude that a
product variant f consisting of the items X and P has
been released, but that it is just not applied in a final
product variant (yet). a technical mcompatibility of
product variants from X and P may be the very reason
that there is no final product variant which consists of a
product variant f. On the other hand the conclusion that
a product varant f 1s not released, because 1t 15 not
applied 1n a final product variant would only be justified
if no product vaniants are released which are not applied
in at least one final product variant. This 1s of course a
very far-reaching assumption,



