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Included). The question suggested by
Wight are [ 4 ]

What are we going to make?
(And when?)

What do we have?

What do we need to get?

All manufacturing businesses must
answer these questions yet they do not
do it in the same ray. I" the informa1
manufacturing enviorment, planning i s
performed in a disjointed ad hoc manner.
Often much of the planning is left up to
the production people on the
"deckplates" The only guidance they
receive from upper management is to do
whatever it is they do faster and with
fewer resources. PIM concepts describe.
on the other hand. the forma1
manufacturing environment. Among its
characteristic is that the planning
process is we11 defined, coordinated
from top to bottom and results in we11
defined goals. Planning is o f t e n
organized by the time frame the it
covers: long, medium end short [3]



Short Range Planning. Once the
Master Schedule is set the plan can be
taken tO the lowest level, where day-to-
day decisions are made. In  formal
manufacturing environment the short-
range plan is defined through the lower
level or interim products which make UP

the end product on the MPS. These
interim products can be accurately
defined regardless. of whether the
product is built 0nce or one million
times [8]. While this definition can be
complicated by subtle interactions
between process end product, the basic
criteria is easy. What material does
the mechanic need to perform his or her
task? This material may be purchased or
fabricated; it might be production
support material that never 1eaves the
Job mite; it might be material for the
original design. or for a change
incorporated ten minutes ago. To the
worker these d i s t i n c t i o n s  a r e
irre1evant; if he or she does not have
the right material at the right time the
job cannot be completed.

Not only is material quantity
defined in the p1an but so is schedule.
Once the due date is determined for the
end product due dates can be determined
for the interim products which support
it through beck-scheduling. I" this
manner a schedule based priority can be
set for the production or purchase of
each interim product. This is Dependent
Demand, the idea that the need for one'
interim product can be calculated based
on the need for another [8].

The formal environment takes
advantage of the product based plan to
define and control the manufacturing
process. Formal work authorizations are
issued by schedule which direct that a
specific quantity Of an interim Product
is due 0n a specific date. The work
authorization allows the picking Of
specific amounts Of material to complete
the job. In addition, process
information recorded for each prOdUct
can be provided with the work
authorization. A complete package can
be given to the mechanic with schedule,
quantity, material definition and
process all included [9].

Now that the forma1 plan is defined
and execution authorized the loop can be
closed by regular accurate status Of the
work authorizations. If status
indicates that completion will be late
or quantity insufficient the information
can be fed back into the plan Since
all the interim products are linked
together to show how they support the
end product. status information can be
analyzed to see how it affects other
interim products. and potentially the end
product itself.

The analysis may indicate that
changes are necessary. These changes

are transmitted by re-scheduling the
work authorizations either earlier or
later. This insure. that the mechanic
is a1ways working on the product that
has the highest priority; the one which
must be worked now to support the plan.

With a formal product based plan.
detailed capacity analysis can be
performed. By associating the capacity
consumed by a particular interim product
with the schedule for its production. an
accurate capacity profile is developed.
If the rough capacity analysis has bee"
performed Correctly at the higher levels
the detailed plan will be achievable
[3]. This is not to say that every day
will be perfect. The dynamic nature of
 
problems. The higher level analysis,
however. insures that the detailed plan
Will be, on average, rea1istic over
time.

All manufacturing firms perform
these short range planning functions or
else product would never be shipped.
The differences among them can be
defined by the different way these
functions are performed.

The informal manufacturer typica11y
Controls his interim products with
little or no regard to dependent demand.
In the make-to-stock world this means
order points. When the on-hand quantity
of an item drops below a certain point
more are ordered, regardless of when
they are actually needed based on the
priorities derived from the Master
Schedule.

The make-to-order manufacturer
(like a shipbuilder) does not make 1arge
batches of identical items. However. if
there is no clear picture of individual
priority. i t e m s  a r e often grouped
together for manufacturing efficiency
even though their actua1 use may be
apread out over wee or months. The
orders are based on groupings thought to
allow efficiencies in fabrication or
ease of administration based on criteria
like drawing organization (i.e., build
all pipe piece. on thin drawing).

ONCE the order iS prepared, it is
launched or "pushed" onto the shop floor
based on the ear1iest need date for a
few of the items. Because of the size
of the order, large 1ead times begin to
build UP as the entire order has to pees
through any work center before the next
large order can begin. For a typical
JOb Shop operation, products spend about
90% Of their lead time in queue, waiting
to be worked [7] This give. rise to
the practice Of expediting. Based on
current priority, some part of the Order

may be needed right away. The expeditor



identifies those items (because someone
is asking for them) and "pulls" them
ahead of the others. This practice
quickly destroys the credibility Of any
schedule as. the items without a champion
now wait even longer. A worse situation
occurs "hen t h e r e  a r e too many
expeditors. NOw a11 the products are
the meet important a n lmpossible
situation As a result, planners often
increased lead time. thinking that this
will increase their chances Of getting
their product on time. Instead, orders
are queued even ear1ier making the
backlog larger still. Lead times.
increase and expeditors have to work
even harder to break the log jam. This
is because longer 1ead times mean less
accurate orders. It is a simple rule Of
forecasting: the longer the lead time of
the prediction, the less accurate it
will be. Now a vicious circle builds UP

of lengthening lead times and increasing
mistrust of the system [10] The shop
knows that if it keep. to the schedule
someone will try to accelerate the order
based on immediate need. When they do
accelerate the Order, most of it ends
up being stored for weeks.

Building products ahead of need has
other deleterious effects. They must be
stored for longer periods incurring
costs, and increasing the chances that
the items will be lost or damaged. For
Defense Contractors, there is the added
risk that the product will become
obsolete on the shelf as  result of the
continuous change required by the
customer.

Formal manufacturing is a set of
Concepts. As such it manifests itself
in different ways when applied to
different industries using different
technologies. We would like to discuss
three versions of formal manufacturing:
MRP II, JIT/Kanban, and the management
techniques presented by the National
Shipbuilding Research Program (NSRP). 

one method used by formal
manufacturers is Manufacturing Resource
Planning (MRP II). This technique takes
the elements Of the formal environment
from the Master Schedule down through
execution of the day to day plan and
captures them on a computer. Figure 1
Shows a block diagram of the major
elements Of MRP II. A note about
terminology is in order. MRP II traces
its roots to computerized inventory
planning systems developed in the
1960's These systems, dealing only
with inventory, were Known as Material 
Requirements Planning or MRP (often
little MRP"). As these systems were

integrated with other elements of formal
manufacturing such as capacity and work
authorization, they became known as
Manufacturing. Resource planing (MRP II
or "big MRP"). The inventory planning
element Of these larger systems is Still
called material Requirements Planning
(little MRP) [11].

FIGURE 1

MRP II

Demand Profile. using MRP II, the
Master Schedule is developed following
the planning process already described.
The definition Of the 1ower level
interim products is captured in a bill
of material (BOM). This. bill is not
merely a list of material but Instead
captures a serles of product and
component relationships. It shows how
raw stock and purchased components
become interim products, which combine
with other interim products (and more
material) until finally the end product
is reached. Figure 2 shows a simplified
product structure for end item A. Here
A is made up of fabricated items B and C
and purchased item 1. Item B is in turn
made up Of products D and E. This
structure can be made as elaborate as
necessary to represent the manufacturing
process. The only requirement is that
the interim products at any level be
defined in terms of the interim products
et the next 1ower level. This.
definition is made strictly on the way
the product goes together. It need not
be besed on organization or
other design constraints [8].

In addition to quantity, schedule
can be associated with the interim
products. The amount of time necessary
to build or buy each item combined with
the product structure allows back-
sheduling. once the due date for the
end item is determined (from the Master
Schedule ) , start and finish dates can be
calculated for all the interim products
which support it. This process can be
easily envisioned by turning the product
structure on its side and noting its

resemblance to a schedule network [8].
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FIGURE2

STRUCTURED BILL OF MATERIAL

Collectively, the Master Schedule
combined with the product structure form
the Demand Profile on Figure 1. This is
a time phesed view of the quantity of
interim products needed to fulfill the
Master Schedule.

Supply Profile. once an accurate
Demand Profile has been calculated, it
can be compared with existing inventory.
The inventory records in the MRP II
system contain both on-hand quantity and
the schedule for receipt of committed
purchase and nanufacturing orders. With
this information it is relatively easy
to calculate what additiona1 items are
necessary to build or buy through time.
This Supply Profile becomes the minimal
plan to execute in support of the
requirements captured in the Demand
Profile.

The supply Profile is captured as a
series of proposed orders. These are
formal authorizations to either buy or
build something. The manufacturing
orders can be supplemented with process
informataion, stored in the computer for
each interim product.

Figure 3 shows a typica1 time
phased inventory record contained in an
MRP II syetem. Gross requirement show
all known demand for the item across
time based on the Demand Profile.
Scheduled receipts show all known
released orders to re-supply this item
either purchase or manufacturing. The
On Hand row indicates the levels of
inventory that will be carried in each
period based on the plan. Planned
Releases represent the Supply Profile.
the system’s proposal for purchase or
manufacturing orders that should be
r e l e a s e d  t o maintain sufficient
inventory to cover the Demand Profile.

Feedback. The MRP II supply
Profile can be modified to account for
process or material constraints. For
example, it may be desirable to build an
item in multiples of twenty because that

is the quantity which consumes an entire
ber of rav stock. The formal system
shows the demand this month to be for
five only; the plan, however, may be
adjusted to supply twenty for
efficiency's sake. BY maintaining
accurate status in the system, the
fifteen extra items are known to be in
inventory and available for future
demands.

Building extra  may sound
suspiciously like the informal system.
Suppose, however, that all has not gone
well with the order. Perhaps the
machine malfunctioned after making six
parts and destroyed the remainder of the
ber stock. Should a replecement bar be
expedited? In an informal environment,
the answer would probably be, yes, just
In Case”. someone might attempt to do
research but it will probably be
difficult to find out when or if the
other fourteen are needed. With an MRP
II syetem, however, accurate Demand
Profile is available so the question can
be readily answered. Thus, with MRP II,
one has the option to combine small
orders into bigger ones. The
information on exact1y what is needed,
is a1ways available.

Similar1y, other changes in order
status will be reflected in the formal

system. Information such as early or
late performance as well as incorrect
quantities bought or built is fed beck
to the sustem. Then appropriate,
frequent adjusttments can be made to the
plan. This insures that work is being
performed on the right product based on
the most current information.

Feedback to the forma1 system
allows the maintenance of both
horizontal and vertical priorities.
Vertical priority means that the
priority of a product and the interim
products which support it are linked.
Thus, if item A (Figure 2) is re-
scheduled by six weeks, the effect can
be represented in the schedules for all
the supporting interim products. This
is an obvious result, though difficult
to model on complicated products without
a computer. More subtle, however, is
the concept of horizonta1 priority.
Here, if item D is unavoidably delayed,
the priority for item E can be reduced
as well. It is pointless to complete
item E on time if it will end up in
storage waiting for item D. This is
particularly true if item E absorbs
scarce capacity needed for another
product with a new, higher priority.
Accurate feedback of the formal system
allows the situation to be recognized
and appropriate action taken [8].

The Formal Manufacturer has learned
that the key to managing capacity is to
manage priority. In the informal
environment, it is difficult to know
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What do we have, or need to get?
Analysis of purchasing requirements is



FIGURES 

NISHIJIMA LEDGER FOR CONTROL

OF ALLOCATED STOCK MATERIAL

Approximately 30 days in advance of
the scheduled delivery, responsibility
for negotiation o f  d e l i v e r y  s c h e d u l e s
with the vendor shifts from the buyers
t o  t h e Production field expeditors
r e s p o n s i b l e  f o r scheduling pallets.

This ensures that items arrive on-site
p r e c i s e l y  w h e n n e e d e d ,  e v e n t h o u g h

production shedules may shift slightly
due to changing conditions on the Shop
floor [15].

Additionally, f o r components
fabricated in-house, t h e f i e l d

expeditors may chose to subcontract as a
m e a n s  o f level-loading f a b r i c a t i o n
facilities. S h o r t  t e r m  l o a d i n g  p e a k s
a r e  n o t h a n d l e d  b y p r o v i d i n g  s o m e
a d d i t i o n a l  c a p a c i t y  ,  o r b y  S h i f t i n g
work earlier than required. Rather, the
peaks are simply eliminated by meeting
delivery requirements through
subcontracting. This reduces capital
requirements for tooling and storage, as
well as the costs of idle capacity.

Control and Feedback. Feedback in
this approach is an absolute
requirement. The constant refinement of
delivery schedules to match shop floor
schedules can only be achieved if
procedures are in place to apply the
changes in a timely manner. This is the
chief reason for shifting negotiation of
delivery to the field expeditors.
Further, in multi-hull contrcts,
production workers will inevitably
discover required refinements to the
detail build plan represented by the
Grouping Of fittings within pallets.
These refinements must be captured and
fed back to Design. Typically this
process is handled t h r o u g h  a "D"
meeting, held specifically to accomplish
this review. The close scrutiny of both
schedule and Plan is coordinated by a
central group k n o w n  a s Production
Control.



responsibility cannot be met without
including control of material ordering
and material stocks. In order to
achieve the latter, the purchasing
organization is part of Production

Control. Basic responsibilities of
Production Control include:

Ž General Control - Profit plan,
operations plan, manhour
allocations, scheduling and
consolidated material
planning.

Ž Purchasing - control of vendor
and subcontractor
relationships, procurement,
value engineering delivery
control.

Ž Expediting3- traditionel
warehousing functions of
recording receipt and issue.
control of 5 and AS
inventories, material kitting
(palletizing) and
transportation, and control of
scrap and surplus. Control of
delivery within 30 days of
scheduled production.

Production Control, therefore,
Orchestrates the entire process, setting
material policies end using structured
bills of material together with
construction schedules to define or re-
define priorities for Purchasing and
Production. Production and Design use
the material policies to develop
standards, hull build strategies end the
structured bills. Delivery of purchased
materials and the kitting of components
is carefully controlled to minimize
i n v e n t o r y  a n d storage facility
investment. Product lead times are much
reduced over traditional shipbuilding
approaches due to clear priorities end
the highly focussed task definitions
inherent in the use of structured bills.
In short, the shipbuilders studied by
NSRP practice formal manufacturing.

MRP II systems are often thought to
work only in repetitive manufacturing
environments. In fact, they can work
for any manufacturer where Dependent
Demand can be defined. This feature
makes these systems particularly
attractive to shipbuilders. The
maintenabce of priority in Shipbuilding
is difficult with any degree of accurasy
using manual methods. There are just

too many interim products to track. MRP
II makes use of the strength of
computers; manipulation of large amounts
of data. Since the data is captured in
one place any changes are immediately
visible to all users. This information
can then be made available to anyone who
needs it.

There are problems in supplying MRP
II to shipbuilding. A full discussion
of these problems is beyond the scope of
this paper. Instead, we will present a
partial list to suggest areas for
further study.

Nesting. A toaster manufacturer
has to nest parts onto plates and shapes
of raw material. That is he has to
decide what combination of parts can be
cut out of a particular plate or shape.
Since thousands of identical parts will
be made, this pattern or nest can be set
once and re-used.

A shipbuilder has to perform the
same task but for thousand. of unique
items, requiring many unique nests.
Tradionally this has been performed
weeks or months in advance based on high
level schedules or other groupings. In
a formal system, the nest itself would
have to be managed as an interim product
limiting the flexibllity of the system.

Design end Construction Overlap,
To reduce the total design end
construction lead time, they are often
run in parellel for the lead ship. This
Can limit the amount of time available
to prepare the BOM in advance of
construction. It also prevents a total
ship view of the detailed plan until
sometime after construction has begun.

Construction and Activation Overlap
To meet the schedules demanded by the
customer, testing and activation of
specific systems must begin before the
ship is complete. As a result the
definition of interim products becomes
complicated when zone products must be
integrated with system products that run
through many zones.

The kanban s y s t e m  a s stated
previously works best in a repetitive
manufacaturing environment. This makes
it inappropriate for many shipbuilding
manufacturing problems.



The NSRP model ia a form of formal
manufacturing. It is, however, only a
particular implementation optimized to
support a specific business environment.

The NSRP model does not discuss the
details of implementation on the shop
floor. It presents a static picture of
shop o r g a n i s a t i o n  a n d planning,
materials and subcontracting policies.
No guidance has been given on ways to
adapt the m e t h o d s presented to a
different business sltuation.

we believe that these are all
issues of edication. By understendlng
the fundamental concepts of Production
and Inventory Management, common
industry practices can be re-examined as
to their impact on efficient
manufaacturing. The NSRP model can be
placed in context and analyzed for it.”
strengths and weaknesses as compared
with other formal manufacturing models.
Through broader education, it is
possible to begin sorting out where
business, organizational or procedural
changes are required.
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