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The bill of materials processor, a software package 
offered by many computer manufacturers, fills the 
obvious uses for which it was designed. But, beyond 
that, the author’s company has applied it in many 
cases where traditional methods can’t work well—

EXPANDING THE USES OF THE BILL OF
MATERIALS PROCESSOR

by Jonathan Bayliss
The Gorton Corporation

The so-called bill of materials 
processor, a computer soft­
ware package offered by IBM, 

Honeywell, and other computer 
manufacturers, is a tremendously 
powerful tool.

The bill of materials processor 
is a package of programs that will 
create, maintain, and retrieve in 
various forms the bills of materials 
of a manufacturer, particularly 

those of a fabrication and assem­
bly manufacturer. With suitable 
customizing it will provide three 
kinds of explosions — single-level, 
indented, and summarized. It also 
will give the same three kinds of 
implosions. In other words, the 
bill of materials processor will re­
trieve, extend, and organize a man­
ufacturer’s material requirements, 
past or future, six different ways.

All this is impressive enough. 
But it is only the beginning of 
what the bill of materials proces­
sor can be made to do by a skill­
ful user.

More than a package
Actually the bill of materials 

processor is not a programing 
package in the ordinary sense of 
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FIGURE I
the word but a basic piece of soft­
ware of far more general signifi­
cance. It is a method of file or­
ganization; it is a package system 
that can be applied to many re­
quirements for which the usual 
methods of file organization are 
unsatisfactory.

At Gorton (a frozen seafood 
processor with national distribu­
tion and international resources, 
which recently merged into Gen­
eral Mills) we use the bill of ma­
terials processor for operational 
cost control and logistical control, 
and we plan to use it soon for 
property administration. These 
three applications are described 
in some detail in this article. They 
do not begin, however, to exhaust 
the possibilities of this versatile 
tool. Once the principles of its use 
are understood, it can be adapted 
by an ingenious systems man to a 
wide variety of applications.

File organization
On our IBM System/360 Model 

30 we basically use three different 
kinds of disk files:

We use sequential files (Figure 
1 on this page) generally for high 
volumes of data with very high 
growth rates, when the records 
have coded connections to each 
other, when mass high-speed proc­
essing is required, and when there 
is little need for random access. 
With such files we rely on selec­
tion and sorting techniques to a 
very high degree, and it is in this
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Sequential File

manner that we establish the re­
lationship between records. Our 
general data base for sales statis­
tics, accounting, and inventory is a 
multi-pack sequential file.

Random access files

We use index sequential file or­
ganization (Figure 2 on page 46) 
when the records are sometimes 
used in sequence but often accessed 
randomly. In this case the rela­
tionship between records depends 
primarily upon the key. These files 
are used primarily for master ref­
erence and are almost always on 
line for purposes of supplying con­
stant information in a nonredun­
dant manner. Master reference 
data, such as product description 
and standard costs, appear only 
once in the system, and the file 

which contains them is usually 
running in parallel with one of the 
other two types of files.

The third type of file is the bill 
processor (Figure 3 on page 47). 
It is used for establishing relation­
ships between records which need 
not be related by key or by other 
coding characteristics. These rela­
tionships may be changed, and so 
may the data content of the rec­
ords. This statement will be ex­
plained more fully later in the 
article. For the moment, suffice it 
to say that this kind of file organi­
zation is really an organization of 
two files—a master file and a struc­
ture file. The master file contains 
constant, semi-constant, or com­
pletely variable data pertaining to 
an entity. The master file is like 
a dictionary that contains only 
nouns. The structure file, on the
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FIGURE 2

Index Sequential File

other hand, is like a dictionary 
that contains only verbs, in that it 
shows connections between, or the 
actions of, the words in the other 
file. These structural relationships 
may be semi-constant or fully vari­
able, and this characteristic is the 
key advantage of this kind of 
chained file.

The three types of files are com­
pared in Figure 4 on page 48. 
The sequential file is like a straight 
line whose points can be re­
arranged to a limited degree. 
The index sequential file resembles 
a curved line that can be followed 
in one direction only. The proc­
essor files, however, are like a 
network. It is possible to travel in 
either direction and to get from 
any one point to any other point. 
For this reason we often call the 
“bill processor” a network file.

Network files
With a network file—or two files 

or even three if it is desirable to 
add a third dimension—the user 
can reverse or alter his search (un­
like with a sequential file) without 
sorting, and (unlike with an index 

sequential file) he can make a 
search without knowing what he 
is looking for. A given point, which 
represents an entity in the real 
world, need appear only once as a 
master record, regardless of the 
number of other entities it is re­
lated to. Connecting lines can be 
changed without changing the 
identification of the entities in­
volved. In other words, the file 
provides the tools of construction; 
it offers a way of putting building 
blocks together like a limited num­
ber of atoms which can make up 
an astronomical number of differ­
ent molecules. There are converg­
ing networks and diverging net­
works and hierarchical networks 
—all of which can be modeled with 
this kind of file. (See Figure 5 on 
page 49.) And there are also net­
works that are composites of these.

The thing that makes a network 
file much more powerful than it 
may have seemed from the discus­
sion so far is the possible uses of 
the structure records, which are 
represented by the lines between 
the points in the diagrams. In the 
earlier figures most of the records 
were left blank. In Figure 6 on page 

50 these fields are filled in. The 
master records can have as many 
fields as the user wishes, and these 
fields can each be updated in the 
course of processing—each accord­
ing to its own programed rules. In 
other words, variable quantities 
can be assigned to points in the 
network, and each point can actu­
ally be a cluster of smaller points.

Field as valve
More important, however, is 

what can be done with the fields 
in the structure records. One field 
(S1 in Figure 6) would normally 
be a coefficient. It could be thought 
of as a valve that is set at any 
point between fully on and fully 
off. The several valves through 
which the data flow—let’s say, on 
the way down from the top—thus 
determine the proportion of the 
flow that takes one branch or the 
other. When there is only one con­
necting record, naturally, 100 per 
cent has to flow in that one direc­
tion only.

The second field, shown in the 
structure record (C1), which 
again may be made up of several
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FIGURE 3

Bill Processor File(s)

STRUCTURE RECORDS
KEY 
 

MASTER RECORDS

sub-fields, may contain control 
data of its own. This data also 
may be updated during process­
ing. It may measure the flow 
through its leg of the system. Or 
it may shape or modify the infor­
mation that is flowing through the 
system according to certain char­
acteristics.

The diagrams of these network 
types should suggest many appli­
cations of the bill of materials 

processor. A manager who needed 
a PERT or a CPM program and 
lacked a specialized package could 
use the network file to tailor his 
own planning system. It could be 
used in library management for 
cataloging books and retrieving 
bibliographic cross-references by 
subject, by author, by title, etc. It 
could be used for organization 
charts that show functional and 
working relationships as well as 

nominal chains of command. It 
could be used for complicated cost 
allocations in an accounting sys­
tem.

Uses of program
It can be used for almost any 

purpose that is best served by a 
structural model when both the 
structure and the content are vari­
able. It can be used for chaining
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FIGURE 4

Comparative File Geometry

historical facts in a cumulative 
fashion so that when reference is 
made to the present condition of, 
say, a person in a hospital, it is 
also possible to retrieve an unlim­
ited number—a variable number— 
of previous status reports as well 
as all the connecting events be­
tween them, such as medication or 
surgery. Theorists say that a sys­
tem can never be fully designed. 
This is all the more reason to use 
a network file, which can grow 
and change as the real world 
grows and changes.

Bill of operations

At Gorton we are applying net­
work file technique in three ways. 
One subsystem has been opera­
tional for over a year. Another 
is approaching the first stage of 

implementation. For the third pro­
graming has barely begun.

The first subsystem is our bill 
of operations, illustrated in Figure 
7 on page 51. This includes the 
conventional bill of materials, but 
we call it a bill of operations be­
cause it includes more than just 
materials. It also contains, in effect, 
elements of processing itself—such 
intangibles as fixed overhead, 
labor, storage and handling, and 
other nonphysical components of 
our finished products. With this 
subsystem we update our standard 
costs, usually once every four 
weeks, by changing the cost of in­
dividual components that may be 
common to many finished prod­
ucts. We thus can very quickly ex­
plode the effect of a change in the 
world commodity market and 
swiftly adjust our prices to follow 

the domestic market without dis­
torting our gross margins on sales. 
Our reaction time has improved 
by at least a month.

The bill of operations can be 
used to simulate tentative cost 
schedules and—once the sales bud­
get is locked in—to project mate­
rial requirements for the year 
ahead and cost them out, period 
by period, to form the basis of the 
company’s expense budgeting. Nat­
urally, we also explode short-term 
revised production forecasts for a 
limited number of time periods. 
These are known as “summary ex­
plosions.”

“Indented explosions”
“Indented explosions” are used 

for audit trails or special analyses 
(such as in the case of anticipated 
shortages) to give us the cost and 
quantity of materials and services 
required for any given quantity of 
any given finished product.

A “where-used” retrieval listing 
is made periodically for each com­
ponent as a reference manual for 
the purchasing and cost account­
ing departments.

“Summarized explosions” are the 
ones often used. They take several 
forms. In one form, the summary 
goes down one level only in the 
product tree, to what we call “cost 
categories.” These are accounts 
from our chart of accounts. This 
summary gives us our standard 
cost absorptions for posting to the 
books. Other summarized explo­
sions pick up materials only at 
their lowest level, that is to say, 
as purchase requirements. Still 
other summary explosions may be 
run at an intermediate level, such 
as an explosion of production de­
partment requirements for mate­
rials that must be immediately on 
hand in the warehouse, in the form 
and at the value of productive 
line usage.

In the bill of operations subsys­
tem, since each item appears only 
once, it is possible to tie together 
rather complicated processes. For 
example, we are able to combine 
batch process accounting with pro­
duction line items when some of
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FIGURE 5
the components are mixed in 
batches at a previous point in time 
whereas others are used only on 
the day of final production.

Underlying our subsystem is the 
concept of “value added” at each 
step of the way. This network file 
is so flexible that we can usually 
introduce new elements of com­
plication, new cost accounts, new 
processes, new value increments of 
any kind without changing the 
programs. We are able, for in­
stance, to use a “plant cost differ­
ential” cost category for plugging 
and equalizing the standards for 
finished products made at more 
than one plant, with different 
labor rates, yields, and overhead 
charges.

After all this time we still have 
a lot to learn about how to use 
this versatile tool. We have a long 
way to go in bringing our actual 
cost data collection to the level of 
sophistication that will do full jus­
tice to the bill of operations in 
measuring variances by individual 
items.

Logistical model
Our second application of net­

work files is the most monstrous. 
It is huge. It is nothing less than a 
working model of our entire logis­
tical system (shown in Figure 8 
on page 52). It will project sales, 
production, purchases, and inven­
tories for every stock-keeping unit 
sold in every one of several hun­
dred markets from any one of a 
couple of dozen local warehouses 
or from any one of three distribu­
tion warehouses supplied by any 
of three base warehouses and pro­
cured from any production line or 
vendor.

But we are an inventory man­
agement business, and it’s worth 
the effort. And this vast detail- 
thanks to network files—is not as 
overwhelming as it appears. Once 
the model is built in simplified 
form, it can be expanded in struc­
ture step by step, and it can be 
updated in data content by selec­
tive changes as conditions warrant. 
In other words, our annual fiscal­
year budgeting (which centers in

Network Types

sales and logistics) will be in 
process all year long. Once the 
initial budget is fixed for the fiscal 
year, the operations planning sys­
tem will be used to revise it mar­
ket by market, item by item, ware­
house by warehouse, freight rate 
by freight rate, etc. This continu­
ously revised budget constitutes 
the operating plan according to 
which all operating decisions are 
made.

Hitherto our operating forecasts, 
although we have revised them 
periodically, have not represented 

a synthesis of local forecasts. The 
planning has been limited—as most 
such planning is, everywhere—to 
the major base and distribution 
warehouse level. There has been 
no way to reflect changes in mar­
kets, local promotions, loss of 
major customers, gain of major 
customers, or special local compe­
titive situations. In other words, 
we have had no way of formally 
gathering and reflecting the knowl­
edge of the man in the field. Now, 
in contrast, the effect of a change 
in major customers in San Fran-
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cisco will be felt in the production 
planning for the following period.

One-year projection
These forecasts, then, are pushed 

up through the network warehouse 
by warehouse, week by week. The 
total draft on our production and 
procurement system for each week 
in the year is then projected for a 
minimum of one year ahead. This 
is a moving one year ahead. But 
the system also must preserve the 
span of the fiscal-year financial 
budgets and sales objectives; there­
fore we will actually keep up to 
two and a half years (including 
long lead times for raw materials) 
stored in the computer at all times.

This “draft” phase of the system 
is now finished and we are about 
to introduce it progressively into 
the lifestream of the company.

The second phase is another six 
months off. We shall take our pro­
duction and purchase plans, as 
tentatively adopted, and feed them 
into the other end of the network. 
By forcing them through the sys­
tem in the opposite direction we 
shall be able to correlate projected 
demand with tentative supply at 
each point in the system for each 
week in the year. This simulation 
will probably result in several re­

visions of the supply plan. Once a 
supply plan is found which will 
not permit an out-of-stock situa­
tion and yet will not build up in­
ventories beyond safety stock re­
quirements (except as may be 
necessary for production and pur­
chase smoothing), we shall lock 
in that supply plan for the ensuing 
planning period and calculate its 
effects upon costs and (using the 
bill of operations) upon operating 
requirements.

Obviously, in order to arrive at 
such a plan, we have to calculate 
inventory balances projected at 
each point in space for each point 
in time. In phase three, we will 
use these inventory balances for 
inventory storage cost projections 
and for variable budgeting in gen­
eral. (We shall use our distribution 
cost simulator, off line, to compute 
financial holding costs and other 
refinements which could not be in­
cluded in this operating model.) 
As a result of these calculations of 
financial implications, we may find 
that efficiency in production, pro­
curement, and traffic has been 
achieved at the expense of finan­
cial efficiency, and therefore we 
may wish to revise our procure­
ment and shipping plans once 
again in order to reduce the total 
cost of the entire company opera­

tion. In short, the operation plan­
ning system is itself a simulator.

It is also the framework within 
which all other logistical uses of 
the computer will fit. For example, 
as an extension of our present dis­
tribution warehouse replenishment 
calculation, we are about to install 
the new IBM Inventory Control 
System, which is a sort of manu­
facturer’s version of IMPACT.* 
The intrinsic forecasting involved 
in this subsystem will act as a 
kind of governor on the long-range 
extrinsic master forecasting that I 
have just described. They will 
couple with each other, and we 
hope to get the best of both 
worlds. Also, sooner or later we ex­
pect to develop our own produc­
tion scheduling matrix (probably 
a simulator of some type) for bal­
ancing up production lines in time 
and relative load for the purpose 
of achieving the best practical pro­
duction efficiency consistent with 
the seasonal variables of both sup-

*IMPACT (Inventory Management Pro­
gram and Control Techniques) is a 
programing package for inventory con­
trol supplied by IBM. Its operation was 
described in some detail in an earlier 
article in Management Services (“An 
Inventory Control System with Profit­
able By-Products” by Anthony A. Val­
lario, January-February ’67, p. 31).

Data Control

FIGURE 6
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FIGURE 7

Bill of Operations

ply and demand. This production 
scheduling subsystem will then 
create the production plans that 
are fed into the main frame of the 
operations planning system in or­
der to test their ability to meet 
demand for all products in all mar­
kets every week and their effect 
on total cost.

We expect many heartaches in 
developing this system — particu­
larly in terms of storage capacity 
and processing speed problems, 
and even more in making it work 
for operating people. I am sure it 
will take five years and a larger 
computer to exploit the system 
fully. However, because of the ver­
satility of network files, we can 
proceed gradually, we can intro­
duce concepts step by step, and 

yet we can begin to benefit almost 
immediately from the system’s tre­
mendous value for many different 
aspects of management.

Property administration
Our third application of network 

files is not yet fully developed 
even in terms of our own think­
ing. This is our projected property 
administration system, illustrated 
in Figure 9 on page 53.

Our objectives in property ad­
ministration are these:

(1) To record, maintain, and re­
trieve property lists by location 
and/or by custodial entity and/or 
by department charged (This in­
ventory of properties is to include 
capitalized items, written-off items, 

and expensed items of sufficient 
interest.)

(2) To calculate, retain, accu­
mulate, and retrieve depreciation 
and reserves of capital items

(3) To maintain, on a current 
basis, records of property configu­
rations— such as properties that are 
assembled into a single production 
line or office equipment made up 
of modular units

(4) To produce, publish, and 
control equipment maintenance 
schedules and records of mainte­
nance performed; also, to log 
equipment operating time or pro­
duction figures for purposes of 
actual depreciation studies and 
maintenance control

(5) To control capital expendi­
tures by means of matching au-
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FIGURE 8

Operations Planning

thorizations and estimates with ac­
tual purchases and with all actual 
costs pertaining to the purchase

(6) To create a job order sys­
tem which gathers and controls all 
costs pertaining to individual con­
struction orders or work orders, 
providing for partial capitalization 
without losing any significant ele­
ment of job expense history (This 
generalized job order accounting 
aspect could form the basis of the 
entire cost accounting system in a 
different type of business. Note 

the similar function of our bill of 
operations.)

(7) To record and control leases 
and rentals, with a cumulation of 
payments and a continuous record 
of payout status

(8) To review and control in­
surance on all properties individu­
ally

(9) To provide for control of 
off-premises properties (such as 
electric motors sent out for re­
building)

(10) To provide for intracom­

pany transfers of properties as well 
as trade-ins, sales of properties, 
etc.

Cost advantage
There is nothing unusual about 

these objectives. But we cannot 
afford major effort or major over­
head in all or several of these 
areas; we must try to achieve them 
all with one computer subsystem 
and with an irreducible minimum 
increase in clerical staff. I think
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FIGURE 9

Property Administration

that with network files we can kill 
all these birds with one stone.

Again, we shall start slowly and 
work in limited progressive steps. 
Our company has a tremendous 
need in all these areas, yet we 
cannot make this need a top pri­
ority computer application. Its 
purpose is more defense and con­
trol than direct profit making. The 
bill of operations, the operations 
planning system, and other pro­
graming projects will have far 
faster and greater payoffs. Yet by 
taking advantage of the powerful 
software available to us in the 
form of network file organization, 
we can move in this direction 
many man-years faster than we 
could with a conventional and 
piecemeal approach.

Conclusion
In all three of these applications 

the key is flexibility — ease of 

change of value and structure. File 
maintenance is more sensitive, 
more comprehensive, and admin­
istratively far cheaper than it 
would be with any other kind of 
file organization (that I know of) 
designed to serve the same pur­
poses. It gives fingertip control, 
fine-tuning capability. And it gives 
the accuracy that can be achieved 
with nonredundant records serving 
multiple purposes.

Thesaurus approach
But its development is not easy. 

Although the software is written 
by the manufacturer, these pack­
ages take a great deal of study, 
and their programing structure is 
very difficult to master. Very good 
people are required to tackle 
something like this. No one should 
bother with the network file—I 
would say—if he has constant re­
lationships between records or 

very few changes to make in exist­
ing records. In such a case, for in­
stance, it might be better to use 
matrix algebra for explosions and 
retrievals.

However, when the nature of 
the operation justifies the effort, 
network files will provide a the­
saurus instead of a dictionary. 
When someone knows the mean­
ing of a word he wants but can’t 
think of it, a dictionary does little 
good. Instead, he goes to Roget’s 
Thesaurus to find a key word in 
the definition he is thinking of, or a 
related word, or even the opposite 
word, and the book will retrieve 
for him almost every conceivable 
cross-relationship. A thesaurus is 
an information retrieval system de­
veloped a hundred years before 
the computer. A network file ap­
proach may provide all the advan­
tages of Roget’s logic of association 
without hedging the incredible 
power of the computer.
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