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New developments in generative BOM

processing systems

E A VAN VEEN and J. C. WORTMANN

Abstract The prinuple of gencratuve bitl-of-matenal (BOM)
processing systems 15 that different BOMs belonging to different
product variants can be represented by a single, so-called source
BOM The BOM processing systemns comprise additional data
structurcs which hold information on the relationships between
product characteristics of parene product variants and compo-
nent product vanants, and on the relationships between charac-
teristics of a parent product variant and its BOM data These
relationships allow the automatic generation of the individual
BOM of cach represented product variant There are several
alternative ways of implementing a generative BOM processing
systemn The oldest concept known is the variant BOM concept

This concept provides a relatively simple solution to deal with
large varieties of final product variants However the concept
has a number of drawbacks such as the representation of
product variety at lower levels 1n the product structure and data
redundancy which hampers data maintenance In this paper an
improved concept for generative BOM processing systems s
introduced and described. the generic BOM concept The
generic BOM concept does not focus on representing final
product variants only, but takes a broader view towards rep-
resenting any range of product variants at any level in the
product structure This starting point solves a number of draw-

backs imptlied by the variant BOM concept but it also requires
new definitions of BOM relationships and the introduction of

new data structures to support the generation of individual
BOMs

1. Introduction

In our previous paper ‘Generative bill-of-matenal pro-
cessing systems’ we discussed the concept of generative
bill-of-material {BOM) processing systerns in general and
the variant BOM concept in particular It was concluded
that as a result of design choices made 1n the variant
BOM concept, a simple solution for representing BOM3s
for wide product varieties emerged IHowever these
design choices also mmply some drawbacks, which were
extensively discdssed in the previous paper In this paper
we will introduce an improved concept. the generic
BOM concept In Section 2 we will define some key con-
cepts 1n generative BOM processing systems In Section
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3, we will introduce the main demands to be imposed on
a new generative BOM concept. In Section 4 the generic
BOM concept will be introduced Section 5 summarizes
the main conclusions

2. Definitions

Key concepts in the generauve BOM concepts are
product variant, parameier value and wem A product variant
represents a particular kind of product. All products
represented by a product variant are assumed to be
mutually exchangeable A product variant is identified
by a set of parameter values which represent the product
charactenstics of that particular product vaniant. Such a
set of parameter values is called a specification An item 1s
a set of one, or more different product variants It is
genenic if 1t contains more than one product variant [t is
specific if it contains precisely one product variant In this
paper, product variants will be denoted by lower case
letters, items by upper case letters

A specification § is called valtd against an itermn X 1of X
contains a product variant which 1s uniquely identified by
§ X is then called a fully specified item The set-description
of an item X defines the set of valid specifications for
X, in terms of parameters, parameter values and
(in)compatible combinations of parameter values

In terms of generating a BOM for a fully specified
item, the BOM from which the generation process starts
is called the source BOM. The BOM which results after
the generation process is called the result BOM

3. Demands on a generative bill-of-material concept

The objecuive of generative BOM concepts 1s to avod
the expliait definition of individual product variants by
part numbers and to avoid the exphicit definition of each
BOM of a product variant The basic idea is that infor-
mation which had to be repeated for each individual
product variant in traditional BOM concepts, only has to
be recorded once in the generative BOM concepts

The drawbacks of the variant BOM concept have led
us to the formulation of six demands to be imposed on a
new generative BOM concept These demands are dis-
cussed in detail by Van Veen (1992) In this paper we
will focus on the following three of these six demands.

First, m a generative BOM-concept, the exphat
definition of sets of product variants should not be limited
to final product variants only, It should be possible to
define sets of product variants at lower levels in the
product structure. These sets should be defined in terms
of parameters and parameter values which specifically

apply to these product vanants For example, 1t should
be possible to define a set of engines, independendy of
which engines are a component in a final product variant
(e g cars) and which are not Thus the set of engines
may comprise one or more engines which are not compo-
nents in a higher level product variant

Second, 1n the vanant BOM concept the set of product
variants represented by a lower-level item is in fact deter-
mined by the set of different result BOMs that can be
generated for that tem In a new concept 1t should be
possible to define sets of product variants which de not
have a lower-level source BOM Within these sets it
should be possible to identify lower-level product variants
by means of a specification This for example applies to
raw materials or purchased products

Third, 2 new generative BOM concept should make 1t
possible to represent the general product structure of a set of
similar product variants = But it should also be possible
to automatically generate the multi-level result BOM of
each of the individual product variants, given the spe-
cification of the product variant in question It may he
desirable to define one source multi-level BOM rep-
resenting the general product structure of a large set of
similar cars In the end however, the multi-level BOM of
each individual car must be made available immedately
if that car is to be manufactured

To meet these demands, other design choices than that
of the variant BOM concept must be made In the sub-
sequent sections we will introduce the generic BOM con-
cept. This concept meets the demands above, but it also
requires a new definition of the concept gozinto-relationship
and new data structures to represent product structure
data called conversion rules

4. The generic bill-of-material concept

The basic design choice m the generic BOM concept
18 to allow the definition of a set of product varants by
means of an item and a set-description at any level in the
multi-level BOM . This is opposed to the variant BOM
concept in which such items can only be top-level items

In the generic BOM concept we can distinguish
between source-ttems and resulf-items A result-item is gen-
erated from a source-item A source-item is defined by an
item-number and a set-description. A result-item is an
itern which has been assigned a specification during the
generation process and which refers to the source-itern it

* The term *general product structure’ will be specified 1n further detatl
i Section 4 1
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1s generated from Hence, the (multi-level) source BOM
of a source-itern P is the (multi-level) BOM constituted
by gozinto-relationships between source-items, which
allows (multi-level) BOMs for individual product
variants from P to be generated

The (muln-level) result BOM for an individual

product variant p, which 15 a2 member of em P, is
generated as follows.

Specification § identifies p within P §1s assigned to P
which generates the result-item £ P is a result-item
which has one member only, i ¢ the product variant p
The source BOM of P 15 exploded to find its component
items For each of these component items again a valid
specification must be obtained after which a result-item
can be generated and so on, until result-items have been
generated for the lowest-level source-iterns-

The next step 1s trivial. it consists of disregarding the
fact that the gozinto-relationships in the multi-level result
BOM are defined between fully specified result-items,
and pretend that the gozinto-relationships are defined
between the product variants wdentified by these fully
spectfied result-1tems

In the tollowing section we will explain the definition of
gozinto-relationships m the generic BOM concept in
greater detail In Section 4 2 we will show how tra-
ditional BOMSs of product variants are to be represented
in a generic source-BOM In Section 4 3. we will intro-
duce a new concept called the conversion function which
is required to determine the specifications to be assigned
to lower level items during the generation of result
BOMs We will show that this concept is required to
meet the third demand from Section 3

4 1 Goznio-relationsfups in the genenc hill-of-materal
concept

Traditionally, gozinto-relationships are uniquely 1den-
tified by the combination of a single key-attribute of the
parent and a single key-attribute of the component (the
parent part nurmnber and component part number), or by
a single key-attribute of the parent and a sequence
number for the gozinto-relationship (Van Veen 1992) In
line with the objectives of the generic BOM concept the
aim is to define items, being sets of product variants, and
to define one source BOM for an wern P, which applies
to all product variants which are members of P Gozinto-
relationships should therefore be defined between sets of
product variants, i ¢ between iterns, instead of between
individual product variants

In the generic BOM concept, product variants are
wdentified by a product specification which may consist of

any number of parameter values Consequently gozinto-
relationships can no longer refer to the single part
number of the parent preduct variant and the single part
number of the component product variant Also they can
no longer be identified by their parent product variant
and a sequence number. However, it will be assumed
that items are identified by a single key-attribute, ie
itern number. Therefore, in the genenc BOM concept, &
gozinto-relationship will be 1dentified by the parent item
number and a sequence number

It is important for the definitton of the gozinto-
relationship in the generic BOM concept to clarify the
meaning of the term ‘general product structure’ The
third demand stated that it should at all nmes be possible
to unambiguously reconstruct the (muiti-level) BOM of
individual product variants But it also stated that a new
generative BOM cencept should make 1t possible to rep-
resent the general product structure of a set of product
variants Two different definitions (each having a
different meaning) can be associated with this term

According to the first definition a (multi-level) source
BOM of an 1item G represents the general product struc-
ture of the product variants which are members of G, if
the (multi-level) BOM of each product variant g which is
a member of G can be generated from the (mult-level)
source BOM of ¢ This implies the following mimmum
requirement on the (multi-level) source BOM. if a
gozinto-relationship exists between a parent product
variant ¢ and a component product variant ¢ then a
gozinto-relationship must exist between parent item P of
which p is a member and component item C of which ¢
is a member Note that it is not explicitly required that
all other product variants which are members of P also
have a component product variant which is a member of
C

If this were the only requirement imposed on gozinto-
relationships 1n the source BOM, given a set of gozinto-
relationships between product variants, the definition of
the gozinto-relationship would be the following:

A gozinto-relationship between a parent item P and a com-
ponent item C implies that af fewest one product variant
which 15 a member of P has a component product variant
which is 2 member of C

We can illustrate the consequence of this definition by the
example of an item CAR and an item ENGINE . If in the
source BOM a gozinto-relationship existed between the
parent item CAR and the component itern ENGINE, this
would only represent the fact that a car from item CAR
may (or may not) have an engine of item ENGINE.
Maybe all cars of CAR have an engine of itern ENGINE
but then again maybe not Merely the fact that a product
vartant 18 a member of an item does not provide any
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definite information of its product structure (in terms of
kinds of component product variants)

The second definition which can be assigned to the
term general product structure umposes higher demands
on the way items may be distinguished, But once the
itemns have been distinguished, they provide much infor-
mation on the product structure of their product
variants By this definition it is assumed that the source
BOM of item G represents the general product structure
of the product variants of G, if for each g which is a
member of G, it holds that.

® for each gozinto-relationship between a parent item
Ps and a componént item Cj in the multi-level
source BOM of , one gozinto-relationship
between a parent item Pr and a component item Cr
exists in the multi-level result BOM of g, and

* in which P, is the result-itern generated for P and
C: is the result-item generated for Cs

In other words if the multi-level source BOM of G con-
tains an item X, than each product variant which is a
member of G will have a component product variant
which is a member of X In this case the definition of a
gozinto-relationship is.

A gozinto-relationship between parent item P and compo-
nent item C implies that ezeh product variant which is a
member of P has a component product variant which is a
member of C

In the example of the car, a gozinto-relationship between
a parent item CAR and a component item ENGINE
expresses the fact that each car of CAR has an engine of
ENGINE By knowing that a product variant belongs to
CAR it is immediately known that this product variant
will have a component product vanant of ENGINE,

By the first defimtion, no knowledge 1s obtamed if 1t 1s
known that a particular product variant ¢ belongs to a
source-item P The fact that P has a BOM does not
provide any mformation on the BOM of p The par-
ticular preduct variant p could even be a monopart! By
the second definition much more knowledge is obtained
if it is known that a particular product variant p belongs
to a source-item F It is immediately known from the
source BOM of P which kinds of product varants will
occur in the product structure of the product variant $
will have a component product variant from each compo-
nent source- item of P,

One should realize that additional knowledge obtained
by using the second definition is only achieved af the cost
of imposing higher demands on the way in which items
must be distinguished given a set of gozinto-
relationships. For example using the second definition, a
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Detinition 1

Definition 2

Figure 1 The defimition of gozinto relationships

product variant car 6 cannot be made a member of 1tem
CAR if it has a component product variant engine 120
which is not a member of ENGINE (see Figure 1) In
other words, separate items should then be defined for
the product variant car 6 and the product variant engine
120, Yigure 1 depicts the consequences for both cases
{ie the new situation according to defimition 1 and
definition 2) schematically.

In this paper we will adopt the second meaning of the
term ‘general product structure’ and consequently adopt
the latter definition of the gozinto-relationship in the
generic BOM concept Hegge (1992) adopts the first
definition and develops a generic BOM processor based
on that princple Given the defimtion of the gozinto-
relationship, the subsequent sections explain how tra-

ditional BOMs can be represented by a (genenic) source
BOM

4 2 Representing traditional balls-of-material w1 a source
bill-of-material

In practice items may be distinguished in many dif-
ferent ways At one extreme, few genernic items can be
distinguished, each generic item being a set of many
product variants At the other extreme, many generic
items can be distinguished, each consisting of only few
product variants First, we will discuss an example of
defining gozinto-relationships to constitute a source
BOM for the extreme case that a separate item has been

defined for every single product variant (ie only fully

specified items are distinguished 1n the multi-level source
BOM) From the viewpoint of the aim to simplify the
representation of a product structure, this way of distin-
guishing items is of course senseless In this particular
example, the source BOM does not improve insight into
the product structure However, it is a good starting



Developments in generaizoe BOM processing systems 33

point to make clear the problems that anse if items con-
sisting of mere than one product variant are distinguished.

Consider the following product variants, parameters
and values:

product variants a, b, p,ogr

parameters X, ¥, I

sets of parameter values X, [x1, x2}
Y. {y1, w2}

1. {123, 456, 789}

The product vanants were imtiaily identfied by single
characters @, b, p, ¢, and r Recall that in the generic
BOM concept, these single key-attributes may not exist
and product variants are identified by a product
specification (see Section 2) The product variants and
their product specifications are listed in Table 1

The traditional BOMs of these product variants are
depicted 1in Figure 2 They consist of the gozinto-
relationships histed in Table 2

In this example the extreme case was chosen in which
a separate item 1s distinguished for each individual
product variant This results in the defimition of the items
of Table 3 Notice the difference between Table | and
Table 3 In Table 1 sne product specification is associated
with a product variant (denoted in lower case). In Table

Table 1

Product varant Product specification

@ HA, x). (Y, m))
b X, a), (Y, )
P f(, 123))
4 {(1, 456))
r {(F, 7893}

a b

P q P r

Figure 2 The bills-of-matenal of two different product
variants

Table 2

Parent product Component product

variant seq  variant Quantityfper
a 1{¥] b 1
a 20 q 1
b 10 p 1
b 20 r 1

Table 3
Tiem Set-description
4 (X, =), (¥, y)})
B {§(X, x1), (¥, »2)}}
P tH7, 123)1)
Q {1{4, 456)1]
R {{(Z, 789)})
Table 4
Parent item seq Component item Quantity/per
A 10 P 1
4 20 ) 1
B 10 P 1
B 20 R 1
A B

g 1} P R

Figure 3 The bills-of-material of two items

3 a set-description 1.e. a set of product spectfications 15 associ-
ated with a source-item (denoted in upper case)
Applying the definition of gozinto-relationships intro-
duced in Section 4.1 to this set of source-items, the
gozinto-relationships as specified in Table 4 will consti-
tute the source BOM Figure 3 depicts the source BOMs
of 4 and B ‘

Obviously, the way in which items have been distin-
guished in this example makes it very simple to generate
the individual BOMs of the product variants First the
item to which the product variant in question belongs
must be determined The gozinto-relationships of that
item provide the component items Since in this example
each component item cor rts of precisely one member,
the product variant which 1s the component in the
gozinto-relationship of the parent product varant is
determined unambiguously. No further specification is
required, each component item being already fully
specified

Because in this example all source-items are specific,
the use of the generic BOM concept does not contribute
to a better insight into the product structure of a range
of product variants. This can only be the case if items
have been distinguished in such a way that information
which had to be repeated for each individual product
variant in the traditional BOM concept, only has to be
recorded once in the generic BOM concept, t e for the
item of which these product variants are a member
Hence, a minimum requirement to obtain simplification
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1s that some items consist of more than one product
variant That is if the multi-level source BOM contains
one or more generic items. For example, if a number of
different product variants representing cars are clustered
into one item as are a number of different product
variants representing engines, then the information that
each car has one engine (traditionally represented by
numerous gozinto-relationships between the individual
product variants) can be represented by one gozinto-
relationship between the items in question The sub-
sequent section discusses a more useful way to
distinguish items and the consequences for the generic
BOM concept: the case in which generic items are
applied

4 3 Determimng a component product varmant. the converston
Sunctiom

The common situation is that items consist of more than
one product variant It will be shown that additional
information may have to be recorded in order to be able
to unambiguously reconstruct the BOMs of individual
product variants. We have already concluded that if a
gozinto-relationship exists between product variant p and
product variant ¢ then, to be able to reconstruct this
relationship in the result BOM, a gozinto relationship
must exist between the source-item P of which g is &
member and the source item C of which ¢ 1s 2 member
If an item P consists of many product variants
£1,, pivr and an item C consists of product variants
€1, - ,¢+1, then according to the definition of the
gozinto-relationship 1n a source BOM, all gozinto-
relationships between individual combinations of { ps, &)
are in the source BOM represented by a single gozinto-
relationship between P and € In that case some infor-
mation is lost, 1.e the information on which individual
product variant ¢, is a component of which other
individual (parent) product variant

In the example of the cars from the previous section,
a single gozinto-relationship between an item comprising
more than one car and an item comprising more than
one engine, no longer contains the information which car
is to be equipped with which engine It merely expresses
that each car from the item CAR will equipped with an
engine from the item ENGINE The mformation which
product variant engine is a component of which product
variant car must be recorded in some other way, 1 order
to fulfil the demand that the multi-level BOM of each
individual product variant can be reconstructed unambi-
guously from the multi-level source BOM of its item

Additional information should counstitute a function
which identifies the component product variant given the
identification of the parent product variant. In other

Table 5
Ttem Set-description
AB {(Xef{n] AND Ye {p, yat}
RQ [7e{456, 7891}
P {Te{123}}

words this function should produce a vald speaification
for a component item, given a valid specification of a
parent wtem  We will illustrate this problem by the
example from the previous section Consider the same
product variants and their initial BOM (Tables 1 and 2)
but now we will distinguish other source-items, namely
those listed 1n Table 3

Figure 4 depicts the source BOM which follows from
the way in which items have been distinguished now Of
course each gozinto-relationship has a number of
attribute values, such as guantityf per, but they are not
shown here, It will be assumed that all attributes of the
gozinto-relationships have a value and that the atnbute
quantatyf per has the value 1

To reconstruct the individual BOM of a product
variant b from AB, the gozinto-relationships in which 4B
15 a parent tem must be retrieved to find 1ts component
items FEach of these component rems specifies one or
more candidate product variants which may be the compo-
nent in the BOM of § AB has two component items,
namely P and RO Pis a specific tem and thus consists
of one product variant In this case no further specifica-
tion is required: the BOM of each product vartant which
is 2 member of AB will consist of the single product
variant which is a member of P

Determining the required product vanant of compo-
nent item RQ is more complicated Obwviously the
gozinto-relationship between AB and R(Q does not
provide enough information to determine unambi-
guously whether the product varant identified by {{/,
4563} or the product variant identified by {(7, 789)} 15 w0
become a component in the BOM of & As we have
already mentioned, for this purpose additional infor-
mation must be available in the gozinto-relationships of
the source BOM This information should constitute a
function which produces the required component
product variant given a parent product variant In other
words, if a parent product variant has been identified by
a specification for its item, then this function should

AB

Q
Figure 4 The bill-of-matenal of item 4B
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guarantee that one specification 1s available for the com-
ponent item, thereby identifying one component product
variant This function will be called the conversion function

The conversion function is constituted by so called con-
verston  rules. Conversion rules define deterministic
relationships between parameter values of product spe-
cificationis of parent product varants and component
product variants In order to guarantee a function (in the
mathematical sense), conversion rules must be formu-
lated in such a way that, for each vahd specification of the
parent 1tern, precisely one valid specification for the com-
ponent item is produced Given a parent item P and a
component item C and the conversion function Fpe, the
set-descriptions Dp of P and D¢ of C should be defined
in such a way that for any specification §p which is valid
against P, Fpc generates a specification S¢ for € which
is a valid against ¢

It will be assumed that a conversion rule has the
following general form.

{ P, vij)component LEF { px, by Jparent AND
AND (pm, U )parcnl

If there are more sets of parameter values of the parent
item which require the same parameter value for the
component item, more than one conversion rule can be
defined for that component parameter value

The conversion rules which define the relationships
between parameter values of parent item 48 and compo-
nent item RQ are hsted in Table 6 They express the fact
that if a result BOM is generated for a product variant
of AB, the product speaification of the required product
variant of RQ contains the parameter value (7, 456) if the
product specification from the product variant of 4B con-
tams the parameter value (¥, ») Similarly, the product
variant from RQ contains the parameter value (f, 789) in

Table 6
Parent atem  seq Component item Conversion tules
AB 10 RQ (I, 456) IF (Y, »i)

(I, 789 IF (¥, )

{X: {xq.,x2} AND Y: {y{.y2}}
AB

(4 789) IF (¥, y,)

L L56) IF (Y, )

RQ

333

the case the product specification of the parent product
variant contains the parameter value (¥, 32)

Summarized, the source BOM including the conver-
sion rules should contain all information required to gen-
erate result BOMs for individual product vanants. The
volume of mformation which must be represented by
conversion rules is strongly dependent on the way the
source BOM has been defined and thus on the way items
have been distinguished

Conversion rules will be related to a combination of a
parent iterm and component item in the source BOM and
not to the single parent item or single component item.
Different parent items may define different sets of
product specifications leading to the same parameter
values for the component items. Consider for example a
second parent item for RQ. FT (see Figure 53) This
parent item may consist of product vanants such that, if
their product specification contains the parameter value
(X, x1), the component product variant from RG must be
one whose product specification has a parameter value
(I, 789) This would require the conversion rule ‘(1, 789)
IF (X, x1} for the relationship RQ gozinto FT' Obviously,
the two conversion rules ‘(J, 789) IF (Y, y2) and ‘(J,
789) IF (X, x1)’, must be kept separated for the different
parent items (AB and FT) The second conversion rule
does not apply to the gozinto-relationship R(Q gozinto
AB 1In the generic BOM concept described in this paper
it 15 assumed that conversion rules are related to a
gozinto-relationship between a parent item and a compo-
nent itemm This design choice may result in source
BOM:s with redundant conversion rules

Finally, we have implied that the parameter values of
parent items and component iterns are different How-
ever, sometimes the parameter values applied for an item
( are also applied for its parent item P The conversion
rules are in this case trivial: a parameter value for the
component itera 7 is made part of the specification of €
during the BOM generation process if that parameter
value is also part of the specification for the parent item
P Also in this case the same constraints which are a part
of the set-description of the component item will also be
recognized in the set-description of the parent item
Recall that in this particular case each specification which

{F)f {x1.%} AND Y: {yy.yo 1}

1L 789) IF (X xy)
(4 456) F (5 xp)

Figure 3 Conversion rules belong umquely to one gozinto-relationship
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is mvalid against the component item must also be
invalid against the parent item A constraint which
causes a specification to be invalid against the compeonent
item must also be defined for the parent item.

In the previous sections we have introduced the core of
the generic BOM concept. The focus was on modelling
{multi-level) BOMs of product variants by a (multi-level)
source BOM. An important process is of course the gen-
eration of the individual BOMs of the product variants
using a source BOM. Appendix I contains an extensive
example of this process.

5. Conclusions

Since for many manufacturers product diversity will
only tend to grow, generative BOM processing systems
will become increasingly important In our paper ‘Gen~
erative bill of material processing systems’ (Van Veen
and Wortmann 1992) we show that the vamant BOM
concept provides a relatively simple solution, due to the
choice to allow items with separate set-descriptions only
to be defined at top-level in the product structure (the so-
calied product family items). We also show that this
design choice implies a number of drawbacks,

In the generic BOM concept we have left this design
choice and have taken as a starting point that an item
with a separate set-description can be defined at any level
in the product structure, This would avoid the drawbacks
related to the variant BOM concept. However as a con-
sequence, the concept gozinto-relatioriship needed to be
redefined and a new concept needed to be introduced,
i e the conversion function

The generic BOM concept is a step forward in the
developments in the area of BOM processing. Based on
the core generic BOM concept as described in this paper,
several additional features have been developed to
support engineer-to-order and hybrid production control
environments of the kind make-to-stock and assemble-to-
order For a more in-depth discussion of the generic
BOM concept including these features we refer to Van
Veen (1992) For more insight into BOM processing
systems which are based on a generic BOM concept we
refer to Hegge (1992) '
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Appendix 1. Generating a multi-level result BOM
and recording it separately

It 1s assumed that part of the multi-level result BOM
will be recorded separately for a generation 1dentification
number or for a (customer} order One of the questions
in developing a generation process for result BOMs is
whether an order-dependent result BOM must comprise
the complete multi-level BOM of an item down to the
lowest level of the multi-level source BOM or not In the
generation process which will be described here, 1t will be
assumed that the generation of an order-dependent result
BOM stops in each path of the source BOM at the level
at which a specific item is encountered, or an item is
encountered which does not have a lower-level BOM
The full multi-level result BOM 1s obtained by exploding
one or more order-dependent result BOM levels and
subsequently any lower-level source BOM levels (if
present)

The basic generation process for a result BOM which
18 recorded separately is outlined by means of a pseudo-
program in Table 7. Figure 6 shows a multi-level source
BOM. Tables 8 and 9 show the result of the generation
process for the product vanant within ABC which 1s iden-
tified by the specification {{X,x1), (¥,72)} The structure
of the order-dependent result BOM 1s depicted in
Figure 7

It will be assumed that items 1n the source BOM are
wdentified by a single item number However, the item

ABC
D
PT RQ

M N

Figure 6. The multi-level source bill-of-matenal for generic
source-item ABC

001(ABC)

002 (PT) ocr (RQ)
003 005
@ 4

Figure 7 The multi-level result bill-of-matenal
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Table 7

BOM explosion of wem P unih specification Sp recording an order
dependent multi-level result BOM

generate result-item for P, Sp. Presun
procedure generatebomof (P, Sp, Presun)
begin while P has any more component items
do find next relationship with parent item P. P -1,
determine specification of P -1 Sp_;
if qty/per of Sp_ < >0
then get component item of P 1. C
if G is not a specific item
then determine specification of C: S,
generate result — item for C with
Sc. Cresunt
generate result - relationship for
Presuit, Cresult, Sp—;
generatebomof (C, Sc, Gresunr)
else generate sourcefresult relationship

for Presure, C
endif
endif
enddo
end
Table 8
Node Source-item Specification
001 ABC (X, x1), (¥, )
002 PT (4, 123)}
003 Z I(F, i}, (G, g2}
004 RO H(Z, 789)}
005 Z

(7 ), (6, &)

number of a generic source-item may not be distin-
guishing enough as a key-attribute in the order-
dependent result BOM If a generic source-item Z is
applied 1n more than one relationship, then it may occur
that when the result BOM of an end-itemn 15 generated,
more than one dyferent specific item are generated from
Z. Consider for example the item Z of Figure 6. In the
generation process Z is encountered twice. Once via
parent item F7 and once via parent item RQ Via these
paths two different specifications were generated for Z. In

Table 9
Relationships
Parent Seq Component Quantityfper
001 10 002 1
001 20 004 1
002 10 003 1
004 10 | 005 1
03 10 E 1
005 10 E i

order to represent the fact that two different specific
result-items have been generated, two different entities
must actually be generated. A solution to this problem is
to generate a new unique number for each result-item
generated For a source- item which is already specific in
the source BOM, no new result-item is required The
lowest level relationship of the result BOM refers to a
specific source-item, or to a result- item which 1n turn
refers to a source-item without lower-level relationships.

The example also shows the disadvantage of the sol-
ution to generate unique iterm numbers in the result
BOM If the same result-item had been generated from
one source-item, via different paths, then two unique
item numbers would still have been generated for the
order-dependent result BOM. The fact that these items
actually represent the same product varant 1s not recog-
nizable by their item number A solution to avoid this
disadvantage would be to modify the generation process
such that it is checked whether the result-item about to
be generated already exists. The generation process
should attempt to find & result-item: which has been gen-
erated from the same source-item and which has the
same specification One could either choose to search for
the same result-item within the scope of the set of all
active result-items or to limit the scope to resuli-items
generated within one order-dependent result BOM. If
the result-item about to be generated already exists
within the chosen scope, then the generation process
should at that point generate a result relationship which
refers to the already existing result-item as a component
item and not generate a new result-item



