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Abstract

Long range planning is the process by which an organization assesses its future environment and devclops
specific plans of action to respond to, or change, that environment to achieve its goals. This report presents
the results of a study of long range planning practices at one plant of a large U.S. computer firm, focusing on
current and potential decision support systems (DDSs) for the quantitative aspects of the planning process.
While it appears that the clerical tasks in the process can be computerized using current DSS technology, this
technology does not help managers evaluate the credibility or quality of the plans made. An architecture is
described for a system incorporating a much richer store of knowledge about planning variables which would
allow the svstem itself to validate, explain, and justify its results. A concrete realization of such a system,
called ROME, has been designed and is currently under development. Design goals for ROME are presented

and potential uses of the system are illustrated.






1. INTRODUCTION

This report presents the results of a study of formal long range planning practices at Eastern
Electronic Systems' Marysville manufacturing facility conducted by a group from Carnegie-Mellon
University’'s Robotics Institute during the summer of 1982, Eastern Electronic Systems (EESCO)1 isa
large U.S. company that produces a wide variety of computer equipment, peripherals, and systems.
The Marysville plant (MV) is responsible for manufacturing the largest systems in EESCO's product
line.

The purpose of the study was threefold: (1) to lay out and analyze the current methods of long range
planning at MV, (2) to examine the current level of computer support for planning, and (3) to
hypothesize and discuss advanced, knowledge-based systems that could help planners and planning
managers to do their jobs more efficiently and effectively. Accordingly, the remainder of this report is
divided into three major sections. Section 2 describes the process and products of long range
planning at Marysville as they exist today. Section 3 discusses current computer-based support
systems. Section 4 outlines the major areas in which knowledge-based support seems feasible and
presents the conceptual design of a system whose components would provide such assistance. ltis
concluded that a knowledge-based system could make a significant contribution to solving some of
the generic problems that currently exist in the planning process.

1Eastern Electronic Systems, EESCO and Marysville are pseudonyms for the organizations that were the subjects of this
study.



2. LONG RANGE PLANNING PRACTICES AT
MARYSVILLE

This section is divided into three parts. First, a general description of the purpose and components
of long range planning (LRP) is presented. This is followed by a description of the LRP process at
Marysville and the results, both formal and informal, it produces. We conclude with a discussion of
some of the problems that have been encountered with the process and the results.

2.1 Purposes of Long Range Planning

Long range planning may be viewed as a systematic attempt 1o assess the future environment within
which an organization must operate coupled with the development of specific plans of action to be
taken to respond to, or change, that environment to achieve organizational goals. Plans may be made
at all levels in an organization, ranging from aggregate plans for the company as whole down to
individual plans for each suborganization within it. "Long range" plans are those which extend at
least five years into the future beyond the current year.

Six major components of long range planning2 may be identified:

1. Forecasting: the initial assessment of environmental factors external to an organization which
serve as input to the planning process. The most common forecast needed is one that gives the
number and types of products to be sold in future years. For a manufacturing organization like
Marysville, the sales forecast is translated into a projected shipment schedule (called the “systems
build" schedule or "master schedule" at Marysville} covering the years in the plan. Other important
forecasts are those for future salary levels, utility rates, inflation factors, labor market conditions, and
so on. These forecasts are taken as working assumptions for the rest of the planning exercise.

2. Targeting: establishing specific goals, time frames for achieving them, and pians for
accomplishing them. In general, top management sets forth goals for the firm as a whole, based on
the issues of greatest concern to them, which provide a basic direction for the rest of the planning
process. These goals define in broad terms the kinds of results the process should yield. Examples
of goals include improvements in efficiency (e.g., better asset utilization, increased productivity), and
improvements in effectiveness (e.g., better customer service, higher product quality). A large fraction
of the planning effort within a suborganization is then devoted to decomposing higher level goals into
sets of subgoals that apply to that suborganization, devising plans to accomplish the subgoals, and
defining visible, objective, and preferably quantitative milestones by which to measure progress. At
Marysville, these results are sometimes called "strategies,” "tactics" and "metrics," respectively.

3. Estimating Future Resource Requirements: a process combining computation and
judgment to yield the amounts and types of resources that will be needed at various points in time for
the organization to meet the sales forecast and achieve its targeted goals. The major resources of a
manufacturing organization, for example, include personnel, floor space, capital equipment, and

2adapted from (Eliassen, 1975)



expense funds. Estimates of future requirements are used both for allocating resources currently
held and for making decisions on acquiring new ones. They are also used to project anticipated
progress toward meeting efficiency goals.

4, Coordination: establishing communication, agreement and cooperation among various
suborganizations which depend on each other to achieve a common goal. The most common sort of
interdependency among suborganizations is the producer/consumer relationship. Agreements are
generally formalized as commitments by one suborganization to produce or perform in a way that
satisfies the needs of another suborganization. A highly useful, though indirect, consequence of
trying to achieve coordination is that various problems faced by suborganizations are made visible to
senior managers, providing them with a better understanding of the conditions and assumptions upon
which the resulting formal plans are based.

5. Contingency Planning: enhancing the flexibility of an organization by anticipating alternative
future scenarios. The idea is to prepare, or be capable of preparing, a set of alternate plans, each
contingent on different possible developments within the external environment.

6. Control: using a plan as a reference point to evaluate actual performance by comparing it to
that planned.

2.2 The Planning Process at Marysville

2.2.1 Context

The formal LRP process is initiated each year by a request for a plan which is issued to
suborganizations by their parent organization. For Marysville Manufacturing, the request comes from
the Big Systems Group (BSG) which, in turn, is responding to a request from the Vice President for
Manufacturing. The request outlines the content of a document to be produced -- the formal long
range plan -- and sets out a schedule of tasks to be accomplished in developing the plan.
Organizational goals to be targeted are specified and, when higher management has already decided
on strategies for achieving some of them, these strategies are presented as well. Strategies
developed at the BSG level and handed down to Marysville are called "superset strategies".
Accompanying the request are definitions of terms, preparation guidelines, and various data, such as
forecasts of financial factors, the build schedule, depreciation tables, etc., to be used in the planning
exercise.

Requests are not always the same from one year to the next. The requests Marysville has received
have differed in several respects. For one thing, they have differed in intent. Formal planning
procedures at the plant level were introduced fairly recently within EESCO (1980) and the requests in
earlier years were aimed as much at introducing and developing those procedures as at obtaining
specific plans. With respect to the planning document, neither the exact content nor the format was
predetermined. This allowed plant-level planners to determine their own structure for planning
information and thereby accommodate their own local needs as well as those of higher management.

As experience with formal planning has accumulated, requests have become more specific and



detailed. in the beginning, requests were fairly vague and it was up to the planning manager and
piant staff to interpret them and to seek out (or create) definitions, guidelines, forecasts, and
schedules as they came to be needed during the process. A good deal of time was spent resolving
terminological confusion, searching for sources of data, reconciling differences in similar data
obtained from different sources, and so on. In contrast, the FY83 request is quite speciftic about most
items. The accompanying material includes an extensive list of definitions, and more than 50 pages
giving financial data, specific questions to b2 answered, formats to be used, etc. For new items, i.e.
those related to issues not stressed in previous planning cycles, questions are phrased in general
terms with suggestions for how planners might wish to respond, as in previous years.

Finally, requests in different years have emphasized different organizational goals. In FY81 and
FY82, for example, efficiency goals were dominant and a substantial revision of the manufacturing
process was called for as a way of meeting them. Hence, plans had to be made to convert plants to
the new process. The FY83 request assumes these plans are being implemented and shifts the focus
to broader concerns, such as the relative strength of EESCO’s products and processes compared to
its competitors, and how to manage the workforce in the face of rapidly changing future manpower
requirements.

While the basic framework of the request will probably remain the same in coming years, it is likely
to change incrementally in detail each year along the lines just described. To provide a concrete
basis for the following discussion, we will use the FY83 planning context throughout unless otherwise
mentioned.

2.2.2 The Plant-Level Plan

The FY83 request to Marysville specifies the content of the planning document to be produced and,
in many cases, the formats in which various types of information are to be presented. Roughly a
dozen types of analyses are called for to support and justify the elements of the plan the plant will
submit. Group-level goals and strategies are included but, since both are essentially the same as for
the FY82 planning cycle, neither is described in much detail. The schedule defines 12 milestones in
the planning process and specifies an overall preparation time of six months.

The request calls for a document consisting of seven sections. The first six are primarily expository
and are referred to collectively as the "text" portion of the plan. The seventh contains numerical
projections of output and inventory levels, resource requirements, and values of various performance
indicators for the years covered by the plan. Itis called the “resource plan”. Outlines of these two
parts of the document are shown in Exhibits 1 and 2 in the Appendix.

The Text. The heart of the text portion of the plan comprises sections IV and V on goals and
strategies. These sections represent to higher management the level of performance Marysville
intends to strive for and specific actions it plans to take. Thus they express what the plant staff
believes is achievable and promise what will be achieved. Plant-level goals are expected to at least
equal group level goals but the plant staff is free to define more aggressive goals if they believe the
plant can reach them. An example of a goal statement from the plan is shown in Exhibit 3 and a
strategy is shown in Exhibit 4. There are 8 such goals and 28 strategies.



The text also contains the results of the analyses that have been requested. Some of the types of
information desired for the FY83 plan are listed in Exhibit 5. In most cases, these results will appear in
section |V and V as support for goals and strategies. When some topic is of special concern to top
management, however, it may be broken out for treatment in a separate section, as is the case for
competitive positioning in the FY83 plan.

The Resource Plan. The particulars of the resource plan are defined at the BSG level and are
formalized in a computer program which takes inputs from the plants and computes totals and
performance measures. This program seems to have no name but we will refer to it as "ROLLUP"
since the aggregation function it performs is called "rolling up" a plan at Marysville. The format of the
resource plan, as exemplified by the Volume Spending section, is shown in Exhibit 6. For the whole
plan, there are 64 input lines, each of which contains entries for seven years, making 448 values that
the plant must supply. From these, the program computes entries for 47 lines, or 329 values in all.

Line items in the resource plan can be viewed as "control parameters” that BSG wishes to use to
monitor the anticipated performance of its plants. There are four sorts of parameters: output levels,
resource levels, resource requirements, and performance measures. Qutput levels include the dollar
volume of goods to be produced and dollar value of inventory to be accumulated. Resource levels
are amounts of resources the plants expects to have available, such as the amount of floor space MV
expects to own or be leasing. Resource requirements are projections of manufacturing needs,
expressed either as dollars of expense, e.g. spending for materials, or in the relevant resource units,
e.g. square feet of floor space required for a manufacturing process. Performance measures are
mainly ratios, such as output/person, output/sq. ft., and so on.

In many firms, long range planning is viewed as an extension of the budgeting process. Budgeted
amounts for operating expenses and capital investments are taken as the first year ot the plan and
approximate allocations are made for subsequent years, out to the planning horizon. At EESCO,
however, long range planning has much greater scope than budgeting and inciudes consideration of
many more factors than are included in the budget. Projections of floor space requirements and
inventory levels, for example, are part of the long range plan but not part of the budget. While some
information similar to that in the budget also appears in the plan, planning and budgeting at EESCO to
date have been separate activities, with different purposes, performed at different times, and directed
by different individuals.

2.2.3 Creating the Plan

The Marysville planning manager delegates the preparation of the different parts of the plan to plant
functional managers and to manufacturing program managers (MPMs). Functional managers are
generally responsible for developing the strategies, tactics, and metrics associated with goals and
MPMs are responsible for making resource plans for their programs. The planning manager himself is
responsible for the Visions, Ditferences, Competitive Positioning, and Messages sections of the text.
He also develops resource plans for undefined products that he expects will impact the plant within
the planning window but won't be shipped until after the planning horizon.

As plans are made and resource figures are developed, they are reviewed and critiqued by the
planning manager and revised as necessary by their authors. When all parts of the plan have been



completed, the planning manager assembles them together in a plant plan and submits it to BSG for
review, The overall flow of responsibility in this process is shown in Figure 2-1.

revisions needed

requests Plant partial Group OK
Planning Managers plans Review
revisions needed
requests resource Plant OK R Plant
MV - Review esource

Plan

revisions needed

Plant
Plan
Text

Plant
Review

requests Functional

Managers

Figure 2-1: Flow of Responsibility in Creating Plans

Creating the Text. The text portion of the plan is a product of creative negotiation, analysis, and
problem-solving on the part of the functional managers. In concert with group staff, they must decide
on what leveis of performance Marysville can achieve in future years and how group superset
strategies should be adapted to the Marysville plant to achieve that performance. They must also
analyze the problem that gave rise to the goal and/or strategy and propose specific tactics (actions)
to be taken to eliminate the problem.

Each functional manager is responsible for developing one or more strategies. When tactics and
metrics have been worked out for a strategy, they are presented at planning meetings for comment



and evaluation. Planning meetings are held weekly as a vehicle for communicating planning
information, motivating planning tasks, and coordinating results. An estimated 15 man days of effort
goes into the preparation of a typical Marysville strategy.

It is not necessary to totally regenerate the text portion of a plan each year, as long as goals and
strategies remain relatively constant from one year to the next. Since the strategies are designed to
be implemented over a period of years, any particular strategy will continue to appear in the planning
document until either its goals have been accomplished or it becomes obsolete and is abandoned.
The main changes in the text stem from (1) requests for new types of information from BSG; (2)
incremental changes to tactics and metrics as experience is accumulated; (3) adoption of new
strategies; and (4) adoption of new goals. Of course, other elements of the text can change as well,
but this would occur only rarely, such as when a plant is given a completely new role within the
organization.

Creating the Resource Plan. A plant resource plan is created by first creating a resource plan for
each manufacturing program3 that will be producing systems within the planning window. The MPM
for each program assigns this task to a team of functional specialists -- manufacturing engineers,
materials engineers, financial analysts, etc. -- associated with the program. Each specialist is
charged with developing estimates and projections of numerical values associated with his speciality.
The team leader is responsible for combining these results to produce the actual resource plan
line-item values. The overall process is depicted in Figure 2-2.

As an example of how the process works, consider the derivation of the Production Spending line,
which gives estimated gross labor costs for each year in the ptan. These estimates depend on the
nature of the product to be produced, the manufacturing process to be used, and forecasted
environmental factors. The product defines a configuration of parts -- cabinets, backplanes, cables,
modules, and so on. The process defines a sequence of manufacturing steps by which parts are
assembled into that configuration and tested. Similarly, each part defines a configuration of subparts
and there is a manutacturing process for assembling and testing that configuration.

For each step in each process, manufacturing engineers develop estimates of the number of labor
hours it requires. By summing over steps, the labor hours for a particular process can be calculated.
Adding this amount to the sum of the labor hours needed to manufacture the parts that are input to
the process gives the total labor hours needed to manufacture the unit the process produces. This
quantity is called the "standard hours" for the unit. Combining labor hours for parts and processes in
this way eventually yields the standard hours for a complete system.

Multiplying standard hours for a system by a burdened labor rate gives the gross labor cost for the
system. Since the build schedule specifies the number of systems to be built for each year in the plan,
multiplying the standard hours per system times the labor rate forecasted for that year times the
number of systems to be built yields the estimated gross cost of labor for each year. These figures are
then added to incremental costs incurred by the program, such as the projected cost of repair work to
be done, and the taotal is entered on the Production Spending line of the program resource plan.

3A manufacturing program is the set of activities needed to manufacture a particular type of computer system in EESCQO's
product line. Two of the systems in this line are called Hemlock and Redwood.
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Fiqure 2-2: Creating a Program Resource Plan

Generating values to fill out most other lines in the plan involves similar
decomposition/recomposition procedures. Material Spending, for example, is derived by summing
up the cost of materials for all the component parts, using forecasted materials prices for each year.
Space requirements for a program are a function of the space requirements for each of the
manufacturing steps. Not all lines are determined this way, however. The Manufacturing Projects
line, for example, which gives the estimated cost of future development projects, is not directly related
to components or manufacturing steps.

Strategies and tactics can affect the resource plan. For example, a cost-reduction tactic was



adopted with the FY82 plan to assign some fraction of Redwood module assembly to offshore plants.
Hence, some fraction of Redwood production spending will not occur at Marysville and some receipts
to Marysville inventory should be entered instead to account for this shift. The particular fraction to
be assigned for each year was chosen judgmentally. Neither the tactic nor the judgment appear in
the formal planning document.

Most of the derivation of the resource plan is currently done manually. There is no computer
database of forecast factors, assumptions made, or intermediate planning results. Except for
ROLLUP, there has been no use of computers in performing the computations. However, two
software systems are being introduced which should help in putting a resource plan together. One,
the CE system (for Cost Estimator), is designed to maintain a bill of materials (or BOM) which is a
hierarchical description of a machine in terms of parts, subparts, subsubparts, etc. Information about
labor and materials costs can be attached to the BOM and reported at any level. The other, called
EPS (named for the company that markets it), is a row-and-column calculator, or "electronic
spreadsheet”, similar to Visicalc (Beil, 1983). It allows users to define tabular reports, perform
arithmetic calculations to compute row and column values, and to generate instances of reports from
input data. The planning manager is encouraging the use of both of these tools.

The information needed for the plan comes from sources in all parts of the plant organization. The
entire plant staft is involved in the planning process to some extent. For example, in estimating floor
space requirements, the Manufacturing Engineering department must supply information on space
needed for the manufacturing process, the Materials departments must specify stock and inventory
space needs, and both of these depend on the characteristics of the products to be produced as
defined within the various programs. Furthermore, when meeting a goal depends on some group
external to the plant, such as the otfshore plants that will be supplying Redwood modules, the
planning process will also involve that group to negotiate and commit to the necessary performance.

In contrast to the incremental changes made to the text portion of the plan, the resource plan has to
be entirely regenerated each year. In fact, the resource plan is often regenerated several times
during the planning process itself. The reasons for this are many. During the lifetime of a product,
the build schedule is typically changed many times and financial forecasts may be revised as well.
When a unit enters production, estimates of manufacturing parameters and constants may be revised
to reflect production experience. As a product matures, there may be design changes or
enhancements which were not foreseen earlier. If new technologies become availabie, the definition
of the manufacturing process may be changed to take advantage of them. To date, the MPM's have
not attempted to predict such changes in advance. But, since any one of them aftects nearly every
fine in the plan, the whole plan must be regenerated as changes are realized.

Although a compiete plant resource plan contains more than 700 numbers, it should be clear from
the above that these constitute only a small fraction of the total data developed during the planning
processes. Behind every plant plan, for instance, there is the set of program plans that it summarizes.
Behind every program plan is the considerably larger volume of data used in its derivation, e.g.
standard-hours tables, assumed efficiency factors, production process definitions, and the like, which
are not included in the final formal document. These lower level numbers are developed by individual
engineers and analysts for their own use in supplying the requested information and usually are
maintained privately by them. Thus, a resource plan represents only the "tip of the planning iceberg"
and most of the supporting data and documentation remains with those who produced it.
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2.2.4 Resource Plan Rollup and Review

As program resource plans become available, they are submitted to the planning manager for rollup
and review. The first thing he does is to combine the results from the MPMs into a summary plan for
the plant as a whole using ROLLUP.* Then, he reviews this summary to make sure it is reasonable,
complete, "looks right" and is responsive to plant goals. If he finds some questionable items, he goes
back to the MPMs to resolve the problems. This process continues until the planning manger is
satisfied, after which the plan is submitted to BSG for review. These steps are depicted betow.

MPM

Outline of
Concerns

| Prog ram Program

Program

Determine Which
Programs Are
Rollup Distorting the Plan

Evaluate Plan
for Consistency
& Acceptability

anomalies

Submit to Group

Figure 2-3: Resource Plan Review

The planning manager’s review has two purposes: (1) to verify that the overall plan is internally
consistent and logical and (2) to determine whether the results are acceptable with respect to plant
goals and constraints. Of the two, verifying plan consistency is logically prior and so we will discuss it
first. '

4Sometimes, if he receives one program plan before the others, he will review it individually before reviewing the summary
plan.
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Internal consistency. As pointed out previously, program plans are constructed manuaily and
include data, assumptions and judgments from numerous sources within the plant crganization.
Hence, as the numbers are combined together, there are many places where conflicting assumptions,
differing judgments, miscommunication, misunderstanding, and ordinary human error can affect the
results. From the planning manager's point of view, it is therefore necessary to validate the results.

To begin with, the manager’s concerns are directed at some macro control parameters that are
useful in identifying discrepancies. These include the totals for people, space, spending, capital, and
components thereof. The questions he asks himself are of the following forms:

e Do projected values fall within historical ranges?

e Are observed trends in the macro parameters approximately matched by trends in
functionally related parameters?

e Do the trends have underlying causal explanations?

Let us consider some examples. Suppose the planning manager observes a value for projected
plant population in the first year of the plan that is significantly lower than the current size of the
workforce. This might be due to a major change in plant activity or to an error in the projection.
Since he knows the build schedule and plant charter, the planning manager can tell whether a
change in activity is expected. [f no such change is apparent, he might then consider the
components of the total population, e.g. the population projections for each program, projections of
indirect and direct labor, labor requirements for new product introduction and manufacturing
projects. etc., to attempt to isolate the components that account for the low total. Additionally, he
might ask about the factors from which population is derived, e.g. the standard hours projections and
labor rates, and compare them to norm values to see if there is a discrepancy.

Now suppose the planning manager sees a decrease in projected population over some period. To
determine whether this is reasonable, he might look for a decrease in projected plant output over the
same period, based on the assumption that less labor is needed to produce a smaller volume of
output. If output were not falling, he might check plant goals for that period to see whether
productivity increases had been planned. If so, and the magnitude of the increase were large
enough, this could justify the population decrease. Similarly, if he sees a constant or increasing
population, he would try to verify that this is consistent with output and productivity trends.

For space requirements, the planning manager will raise a question if any vaiue is either much
higher or much lower than the amount of floor space required in the past to produce a similar volume
of output. With respect to trends, he normally expects space requirements and plant population to
move in the same direction. This is based on the simple fact that people need space to work in. If the
projections do not follow this pattern, he will ask for an explanation. His concern may be resolved,
however, if additional considerations are brought out. For example, space requirements should go up
with an expanding workforce unless additional shifts are being added.

In the spending area, the planning manager expects output value to be an increasing function of
labor costs and materials spending -- the more one produces, the more labor and materials one has to
use. Hence, he would consider it anomalous if materials spending increased and output didn't, or
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vice versa. And, since he knows that the cost of a unit is made up of about 70-80% materials, he
would expect changes in materials spending and cutput to be roughly proportional. If this pattern did
not appear, he would again seek an explanation. In this case, such an explanation might be that a
change in design was projected in later years of the plan that would make the product more material
intensive.

With respect to capital, the planning manager expects investments in one year to correlate with
increases in output or increases in productivity in subsequent years. {f this pattern is violated, he will
ask for an explanation of what the proposed investment was intended to accomplish. Moreover, he
expects the level of investment to be consistent with known prices for equipment that is likely to be
bought. If the numbers given are too high or too low, this would be questionable.

Finally, the planning manager expects various performance metrics to be consistent with industry
norms, or with past values for the plant. Sa, if production spending/person, output/sq ft, or some
other ratio were significantly different than the norm in any year, this would lead him to investigate the
components of the ratio to find the reason for its deviance.

In sum, plan validation involves determining whether the results accord with the planning manager’s
mental model of how the firm operates. Because of the detail and diversity of information in a plan,
the validation process can be highly complex. However, there seem to be some key line items that are
inputs to a top layer of validation criteria. If these are satisfied, further examination may not occur.
Otherwise, additional conditions to consider are introduced incrementally as validation proceeds
through different levels of detail.

Acceptability. Goals play an extremely important role in the plan review process. First of all, the
goals that come down from BSG set thresholds on what will be considered acceptable performance
when the plan is reviewed at the group level. When these goals are explicit and quantitative, they can
readily be used to check the values in the plan. It is easy to tell, for example, whether cost projections
for the plant are in line with group goals for costs. Implicit and/or qualitative goals may also be used,
but the planning manager may then have to interpret the numbers given and make a judgment as to
whether what they imply satisfies the goal. So, for instance. a fiuctuation in the projected plant
population numbers over time might be interpreted as indicating an "unstable workforce". If there
were a goal to maintain a stable workforce, this fluctuation would contravene the goal and hence the
plan should be rejected as unacceptable. Without known goals, it would be impossible for the
planning manager to tell whether his plant's projected performance will be held to be adequate or
inadequate.

Second, goals serve as standards for identifying variances in the plan. One factor that distinguishes
"acceptable” trends in the resource plan from "inconsistencies" is knowledge of how resources
"should be" allocated. For example, asset utilization metrics are affected by inventory strategy. If
there were a plan to reduce total manufacturing time per unit, this would imply lower in-process
inventory levels and hence higher asset utilization (output/assets). Thus, the appearance of
increasing asset utilization figures on a resource plan should be seen as an acceptable trend in this
case, consistent with the planned change in manufacturing process.

In using performance ratios to evaluate a plan, the planning manager has to realize that numbers
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which appear to be out of line with respect to group goals may not necessarily be indicative of poor
performance. Rather, they may reflect corporate or group strategies that necessitate certain
conditions at the plant level. For example, one of Marysville's roles in the group is to be a start-up
ptant for new large systems manufacturing. Hence, it has to employ a relatively large proportion of
engineers and other indirect labor personnel compared to other plants. Evaluation of Marysville
based on efficiency-ariented metrics such as output per person will therefore have to be interpreted
in light of this role. In other words, the presence of a "high” or "low" metric may not necessarily
indicate a high or low contribution to overall group performance. We have observed that the planning
manager never uses performance ratios in an unconditional manner for assessing plan acceptability.
Rather, his evaluation is invariably qualified by the specitic contingencies that exist at the time of
evaluation.

Comparing a plan with plant constraints is also important. If a constraint is violated, this can alert
the plant staff to possible future problems and warn them that evasive action should be taken. For
example, in reviewing projected floor space requirements, finding a value which exceeded the
projections of space available would cause the planning manager to ask such questions as: Does the
space deficit persist over several years? If so, can some work be off loaded to other plants? Or, if the
deficit is short.term, can additional space be leased? Which course would be most economical?
Conversely, if a surplus of floor space were projected, the planning manager might wish to advertise
this to other plants who could potentially move some of their work to Marysville.

Finally, the planning manager is concerned with whether all elements of the plan are consistent with
the strategies that have been decided on. For example, it there were a goal to improve product
quality and a strategy which specified the acquisition of new test equipment, then the resource plan
should reflect this purchase in the capital investment section. Similarly, if there were a strategy to
shift quality control procedures to earlier stages of the manufacturing process, then the projected
effect of this strategy -- reduction in overall testing costs, say -- should appear in the plan.

There are two basic methods by which the planning manager can review a plan:

1. He can review the process by which the results in the plan were derived and try to
determine whether each step of the derivation was justified. That is, for each item in the
plan, he can disaggregate the item and "push it back” through the computations (and/or
people) that produced it to bring out and evaluate the data and relationships upon which
that item was based.

2. He can review the results_themselves by comparing them to the values derived
independently.

Not surprisingly, "reviewing the process" does not occur very much. The reasons are that first,
such a process is highly cumbersome and second, the information required to do this reasonably
efficiently is not directly available. Currently, process review involves locating the individuals
responsible for the derivation and asking for an explanation of the resuit. Problems sometimes arise
here when the relevant information has been forgotten, discarded, or re-rationalized. Furthermore,
whenever plans are revised, old documents are often discarded. Hence, there is neither an explicit
record of the original information nor a record of the reasons that changes were made.
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From the planning manager’s point of view, reviewing the results themselves is a better method both
because it requires less effort and information and because it is very powerful at the plant level of
aggregation. We have observed that reviewing the process (the "pushback") only occurs after an .
anomalous result has been detected by the sort of macro tests discussed above.

2.2.5 Summary

To summarize, the LRP process consists of successive decompositions of requests and successive
recompositions of responses to those requests as the data are developed. i.e., requests for
information of particular kinds in particular forms come down from higher management and are
satisfied by an upward flow of information from lower organizational units. Satisfying a request
typically requires a combination of:

e data-gathering (e.g. assembling estimates of manufacturing costs)

e computation (e.g., the derivation of unit cost)

e problem-solving (e.g., finding ways to reduce costs to meet a given goal)
e negotiation (e.g., obtaining cost commitments from component suppliers)

e presentation (e.g. preparing a cost report in the format requested)

Information is successively aggregated as it flows upward through each level of the organizational
hierarchy.

The various review and revision loops are needed to deal with "errors” of various sorts (e.g.,
misunderstandings, misconceptions, and ordinary errors of arithmetic and data entry), refinements of
previous estimates in the light of new information (e.g., the more detailed machine and process
definitions that evolve throughout a product’s life cycle), and changes in assumptions. The whole
process is highly dynamic (some might say "ill-structured"), not only because of the iterations it
involves, but also because of the introduction of new tasks, not foreseen initially, that are required to
solve problems not initially apparent.

2.3 Problems with Planning

Since the LRP process involves many individuals and many levels of the organization, the type of
problem encountered varies within the organization. For example, the MPM'’s and their assistants find
that LRP is very time-consuming. Most of their calculations are still done manually with data drawn
from various physical file folders. Contingency planning in the formal sense does not currently exist
at the plant level. The existing modeling systems (CE, EPS) are not integrated, do not provide the
relevant information, and are not particularly easy to use for contingency analysis purposes. The
planning manager finds it difficult to get the same answer to a question from different financial
analysts. Many parties in the process have found that there were types of resource consumption that
were not included in the categories defined for the resource plan.

Most of these problems appear to be transient, however. Since the process at Marysville is relatively
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new and evolving, they are basically teething problems, which will disappear in time by the application
of the obvious remedies. At the planning manager’s level, though, three important generic problems
are apparent: plan integrity, information loss, and the problem of uncertainty.

Plan Integrity. As noted above, generating a long range plan requires combining information from
many sources into successively more aggregate forms. An estimate that is erroneous (for whatever
reason) that gets "rolled up" in the aggregation process is often virtually impossible to discover
without tracing back through the entire plan formulation process. This problem is exacerbated by the
fact that several items in the plan depend on the same basic estimates and are therefore affected
(although differently, by the time they are rolled up) by erroneous assumptions and/or rationales.
The difticulty of tracking down these errors is a major concern of the planning manager.

Information Loss. The planning process produces a set of agreed upon numbers where the
credibility of the numbers to all parties involved depends on the "feel" for them acquired in the
process. In part, this "feeling” stems from an awareness of the various assumptions, rationales, and
models by which the numbers are derived, and the acceptance of them that is produced by
participating in the process. Unless such justifications are made explicit, however, some degree of
information loss occurs. Those reading the plan who did not help create it will not know how or why it
came out the way it did. Conversely, if this information is explicitly associated with the plan results,
i.e., if the information on which results depend is recorded and easily accessible, it is likely to aid the
planning manager in identifying discrepancies in the plan and also in diagnosing possible causes for
those discrepancies.

It is not enough, however, to simply annotate a plan -- with footnotes, say -- or to require planners to
provide explanatory appendices. The problem here is how to retain the justifications that planners
use without burdening them with additional work, and how to make these justifications accessible
without cluttering or obscuring the results which the aggregation process is intended to deliver.

Uncertainty and Change. Making a plan requires making assumptions about the future and these
assumptions may, of course, turn out to be invalid. Plan review must therefore take into account the
inexact nature of the planning factors. When the planning manager performs a review, he sometimes
engages in various forms of hypothetical reasoning to test the sensitivity of the plan to the premises
on which estimates have been based. For example, he might ask himself "What if, contrary to
expectations, Motorola is unable to develop the VLSI technology that is supposed to form component
X of Redwood?" Without information on which plan results depend on what assumptions, answering
such questions is very difficult.

When assumptions change, a plan may have to be changed as well. It is apparent at Marysville, and
also in the literature, that long range plans are subject to constant revision long before the planning
horizon becomes reality. Currently, however, the reasons for making changes are not recorded and
so, from the standpoint of plan review, they are essentially lost. Thus, to evaluate either hypothetical
or actual changes in a plan, it is not only important to have justifications available, but also to be able
to determine easily how they interact in the derivation of the final plan results.

LA AR

In concluding this section, we note that there are two potential areas for computerized support
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within the planning process: plan generation and pian review. In the next section, we examine
current support systems and how their capabilities apply to planning and other decision-making
processes. The strengths and weaknesses of these systems form part of the basis for our
recommendations in Section 4.



17

3. CURRENT SUPPORT SYSTEMS

It should be clear from Section 2 that long range planning involves many tasks. Some are purely
clerical, such as the aggregation of program resource plans into the plant resource pltan. Some have
both clerical and judgmental components, such as the generation of resource plan line items. Some
are almost completely judgmental, such as the task of reviewing plans for consistency and
acceptability. Some are administrative, such as keeping track of the status of parallel planning
activities. Some are quite open-ended, such as the creation of the text of a plan. In short, carrying
out the planning process requires virtually all types of staff work. What sorts of computer software
might be provided to help staff personnel do their work more efficiently and effectively? In this section
we examine the current technology.

3.1 Decision Support Systems

In the past decade, a number of software packages have been implemented to help managers and
analysts perform staff functions. Since the purpose of these packages is to support human decision-
making, rather than to replace it, such packages are often catled "decision support systems" (DSSs).

DSSs differ from traditional EDP systems in that they are designed specifically to support particular
decision processes rather than to expedite and/or automate transaction processing, record keeping,
and normal business reporting. They are highly interactive, emphasizing quick response to the
changing needs of decision makers rather than the delivery of predetermined batches of information
at periodic intervals. While an EDP system and a DSS might sometimes manipulate and deliver similar
information, their purposes are basically different.

3.2 Functionality

Staff activities can be supported in many ways and the types of functions served by DSSs cover a
wide spectrum. They range from those that are very data-oriented to those that are very model-
oriented. The following points on this spectrum may be identified:

o Retrieve data items, consolidate, and prepare prespecified reports (e.g., roll up a
resource plan)

e Provide tools for ad hoc data analysis (e.g. time-series extrapolation)
e Calculate consequences of alternative decisions (e.g. simulation)

e Generate and suggest good or optimal decisions in specialized domains (e.g. inventory
optimization)

These functions have proven to be useful in several functional areas (marketing, production,
finance) at several levels of decision making (operations, divisional control, strategic planning).

There are two approaches to the design of decision support systems. One approach relies on the
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provision of general purpose information-processing tools which are interfaced to the user by a fairly
nonprocedural language. Examples of such systems include IFPS (Interactive Financial Planning
System), marketed by Execucom Systems of Austin, Texas, EIS (Executive Information System),
available from Boeing Computer Services, VISICALC, and EPS. They differ from ordinary, general
purpose programming languages in that they incorporate certain concepts5 and data structures that
establish a context within which the system is used. Such systems are useful in performing data
retrieval, ad hoc analyses, flexible report generation, etc.

The second approach adopts the view that a DSS should be built around a basic task and not as a
by-product of a tool kit. The idea is to first understand the information requirements of the task and
then to use these as a point of departure for building the system. For example, a task-oriented DSS
described in (Alter, 1979) was installed at a large shipping concern to aid in long range planning and
management control. The system was based on a two dimensional table with columns representing
time periods and rows representing revenues, expenses, etc. as in the EPS system. One of the key
functions of the system was to evaluate the etfects of various financing options and variations in the
product mix (the different types of ships and cargoes) on rows in the table. This sort of system is
usually built in-house to provide facilities for synthesizing, analyzing, and/or exploring large numbers
of alternative decisions.

It can be argued that current DSSs support decisions in three ways. First, they automate some of
the clerical component of a manager's activities thereby enabling him to more fully explore aspects of
problems not otherwise possible. Secondly, they provide structural frameworks for some types of
decisions in the form of computational models. Thirdly. within the context of a model. they provide a
free-flowing interaction with the system thereby introducing the possibility of providing the manager
with a better understanding of the problem.

The support they provide is limited, however. For one thing, their clerical function does not extend
much beyond calculating and formatting. Not much attention is paid to input validation, assumption
checking, or keeping track of intermediate results. Nor is there any provision for mechanisms by
which systems could explain their derivations or justify their resuits to users who were not familiar
with what the system does. All of this leaves many users skeptical about the credibility of the repaorts
they get.

When some inputs are the end result of a series of negotiations, agreements and assumptions,
these factors are not identified to the system user. Neither the source, the reason, nor the potential
malleability of assumed values is recorded with the results they affect. Again, a user can be left with
questions about the results which the system cannot answer.

Tool-kit systems suffer from a major drawback when used to support higher level decision-making
because they require a manager to have an adequate formulation of a problem before the tools can
be used. They do not have the capability to focus the user-system interaction on the "right" parts of a
situation about which a free flowing interaction could then occur. In other words, there is no tool that
can direct a user into an appropriate mind-set. Rather, if he has some formulation of a problem in

E.g.. a report layout, some general forecasting model, an optimization algorithm, etc., that determines the basic element(s)
central to the system.
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mind to start with, the tools might help him to solve that problem, but will not help him choose what to
try next. This is a severe limitation considering the fact that managers most often need assistance in
situations characterized by extreme ambiguity, where there is little initial understanding of what
problem formulations might be fruitful.

3.3 User interface

The most common architecture for a DSS is shown below:

The System ( Library of
as viewed by prewritten
the Manager routines
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Figure 3-1: Current Decision Support System Archite