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Abstract

Effective productive systems play a crucial role in modem society and in our
life style. This paper proposes that industrial engineers could improve
production efficiency by applying modeling techniques such as simulation
and queuing theory to analyze manufacturing systems. This view is
supported by three observations: (1) industrial engineering is relied on to
provide accurate data used to make key decisions that effect factory
performance, (2) static methods normally used for analysis are insufficient,,
and (3) dynamic method not in use are readily available and better suited for
typical analyses.

Introduction

The creation of goods and services in our society is accomplished through productive systems.
The term productive system refers to any system that produces useful products and services. Production/
operations management refers to the management of any productive system, regardless of the type.
Effective productive systems play a crucial role in modem society and in our life style.

In a given productive system, successful management depends on plans, an information system
concerning what is actually happening, and how we react to change (make decision). Managers make
plans in order to help make the best decisions. They set up controls to ensure that the plans and decisions
that have been made are carried out or to alert themselves to the entry of new factors that might require a
change of plans and decisions.

Perhaps, the most notable thing about the current production/ operations management field is
the degree to which analytical methods have been applied. These methods have been used both to
establish a conceptual framework and to solve practical problems. Early methods of analysis represented
graphic and schematic models of various aspects of a productive system. There has been an increased use
of more sophisticated techniques, such as analytical, statistical, and simulation models, as well as an
increased emphasis on systems and the systemic point of view.

Systems concepts and methods provide the general frame work for analyzing productive
systems. The input-transformation-output module is the building block that is used to describe any
component process. By relating component process as through block or network diagrams, we can
represent the complex interactions among components. Analytical methods may be used both to gain
insight into the behaviour of the components as well as the system as a whole, and to help predict system
performance. Thus, the analytical methods useful in production/operations management are embraced by
the general philosophical and methodological concepts of systems.

Managers now use computer-based predictive models commonly as vehicles for planning and
decision making at various levels. These kinds of predictive models have commonly been developed in
computer- based interactive mode to facilitate a “manager-active” situation, in which results from one
query may stimulate new questions. This creates a powerful combination of decision maker and
predictive model in a loop. Very complex computations, including data input, computing, and output-
reflecting assumptions about volume, price, cost, or the effects of a labour dispute, can be handled in a
short turnaround time.

The effects of positive and negative feedback, time-lags, system sensitivity to control, and the
amount of control action could also be studied by computer-based predictive models. The interesting
characteristics of such systems may be found in dynamic effects on outcomes, that is how the system
responds over time. Thus, we may wish to determine the effects of changes in the variables over a period
of time. Such models have been used to study the effects over time of inventory control policies on
system inventories, different distribution structures, effects of urban decay, as well as of the limits on
growth imposed by finite resource pools and by exploding population. Since in dealing with various
problems in production/ operations management, our interest may lie in the dynamic effects, the systems
dynamics methodology may be useful.
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Why Industrial Engineers Should Model Manufacturing Systems

Many people believe that the key to competitiveness in today’s business environment is to
decrease design time and increase production efficiency. Efficient means producing high quality, low
cost product in the least amount of time. The role of an industrial engineer is to utilize factory
resources in such a way as to maximize production efficiency. The decision industrial engineers make
and the methods they use to supply data for others to make decisions affects, factory performance.

Typically, industrial engineers use static methods to analyze dynamic manufacturing systems.
For many analyses, these methods are inadequate to answer the complex questions that are posed.
Modeling techniques such as question theory and simulation are largely unused, yet are readily
available and better suited to analyze manufacturing systems because they capture the dynamics of
such systems.

Therefore, industrial engineers could improve production efficiency by applying modeling
techniques to analyze manufacturing system. The three observations supporting this view will be
examined individually are summarized below:

1. Industrial engineers are important
2. Static methods are insufficient.
3. Dynamic methods are available.

Why Industrial Engineers are Important

Industrial engineers are important for one major reason: the decisions they make affect factory
performance. Factor performance can be measured by one or more of the following statistics: output
rate, throughout time, yield resource utilization, resource requirements, and word-in-process (WIP)
levels. It may be misleading to consider any one of these measures independent of the other. For
example, a factory would certainly reduce throughout time and increase output by doubling the amount
of people and equipment.

System Performance Measures

Output rate are throughput
time yield

Resource utilization work-in-
process

Workforce size
Amount of equipment
Assignment of tasks
Production rules
Plant layout

Industrial engineers make decision regarding system-input parameters that strongly influence
the performance measures listed above. These input parameters include the size and distribution of the
workforce, amount of equipment and tools, assignment of task production rules, and plant layout.

System Input Parameters

Industrial engineers are relied on to make system input parameter decisions. No other job
function has a better opportunity to affect system performance. Recognition of the importance of
industrial engineering to system performance is closely related to accountability for system
performance. If industrial engineers are not recognized as being responsible for system behaviour, then
accountability for poor system performance fails elsewhere. Elsewhere might be a unit manager who is
responsible for the people that work in the system. Accountability should falls on those that work on
the system: industrial engineers.
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Static Methods are Insufficient

Industrials engineers spend a significant amount of time estimating and calculating standard
labour hours productivity measures for different products and operations. We have already seen a need
for productivity measures (the system output measures discussed earlier need to be considered together).
Productivity measures are important in order to make meaningful comparisons from month to month and
year to year, but do not help to improve productivity (Deming, 1982). They are merely historical
snapshots of a constantly changing system. The quest for accurate estimation of standard labour hours is
also noble but falls short of contributing to process improvement.

Knowledge of labour content is critical for planning and operational decisions through out an
organization. However, the measure of standard labour hours to a weak ally for process improvement
because it is a static, one parameter (the arithmetic mean) descriptor of processing time. If process
improvement was the focus of industrial engineers, then with little extra effort, standard labour hours
could be made a more dynamic and useful three-parameter descriptor (mean, variance, and shape). A
typical static method that is employed by industrial engineers is the calculation of manpower
requirements.

As an example of how this method is used, consider a factory that plans to produce product X.
The following data is available. It takes 100 man-hours of labour to produce one unit, the factory is
scheduled to produce 16 units per month. The number of people needed to staff the product X factory
could be calculated by dividing the total labour required by the amount of labour one person can provide
as follows:

Labour hours per unit) (# of units per month)
# of available hours per person per month
( 100) (16)

= 10 people required
160

There are two weaknesses with this method. First, there is no variability in the labour hours
estimate. For some products and operations, this could be a significant factor. Again, standard labour
hours alone may not be sufficient. Second and more importantly, invalid assumptions are made about the
workforce. The method neglects to consider such things as idle times, assignment of work, contention for
resources, and queuing time. In actuality this method represents a good estimate for the minimum
number of people required.

To compensate for these oversights, a multiplier may be factored in the denominator of the
equation. For instance, the 160 available hours figure could be multiplied by. 70 and would result in a
requirement of just over 14 people (100 x 160)/ (160 x. 70) = 14.3. This would in effect, say that all
neglected factors together reduce a worker’s efficiency to 70%.

Any single arbitrary number used in such a fudge factor manipulation would not adequately
describe the system’s dynamics. Furthermore, it would be unknown whether the new estimate was too
low or too high. Another weakness not illuminated in the example, is the fact that many manufacturing
systems produce multiple products or the same product with multiple variations. This highlights the
need to consider variability and system dynamics.

Another static method employed by industrial engineers is in the area of capacity planning.
Normally, what is attempted is a step-by-step analysis of capacity of each individual workstation or
process. However, many times parts of systems are interrelated and should not be considered to be a
series of autonomous disconnected stations. As a result, the capacity of the system is never in addition,
all capacity studies assume a fixed number of resources (people and equipment). How does the static
method account for shared resources among more than one work area of random equipment
downtime?

Static analysis of throughput time is also nearly impossible for a system of any size and
complexity. Throughput time is a simple function of processing time and waiting time. The problem
for static methods here is that processing time vary and waiting time depends on the amount of work-
in-process which fluctuates due to difference in processing times between stations.
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Dynamic Methods are Available

Two classes of tools available to analyze dynamic systems are queuing networks and discrete-
event simulation. Queuing network methods consist of equations that approximate input and processing
rates for a production system. A computer is needed to solve the equations in order to arrive at aggregate
statistics of system performance.

Commercially available software package for the PC include MANUPLAN by Network
Dynamics and the Operations Planner by Palladian. Neither package explicitly requires equations based
on user provided input data. Input data for queuing-based packages typically would include amount and
capacity of equipment, product types, process routing and processing times. Output data would include
average WTP levels, resource utilization, and output rates.

Discrete-event simulation modeling is concerned with getting a computer to mimic a production
system. Simulation allows for more detailed description of the operating characteristics of a
manufacturing system than gqueuing networks. A model of the system complete with its main elements
(equipment, people, material, tools, etc,) and interactions is constructed, and then “run”. In effect, a
factory is built and turned on with products moving through it.

The computer orchestrates the movements and collects performance statistics. The commercial
market for manufacturing simulation software has exploded in recent years. The following is a partial list
of available packages:

Manufacturing Simulation Software Packages

AUTOMOD 11 SLMSCRIPT 11.5
GPSS SIMPLE -1
MAP/1 SIMPFACTORY
MICROSAINT SLAM 11/TESS
PCMODEL XCESS+

SIMAN/CINEMA WITNESS

Most of the simulation packages are microcomputer based. Some packages require programming while
others are menu-driven, and therefore do not require programming. The purpose of both queuing network
and simulation modeling techniques is to develop a tool to answer “what if” questions regarding system
operation in a safe environment: the computer.

Questions such as the effect of the change in input parameters (additional equipment, machine
downtime, production schedules, product mix, workforce management, etc,) on system performance can
be evaluated with the best scenario implemented in the real world. Manpower planning capacity analyses
can be completed more effectively and accurately with modeling tools since they explicitly account for
system dynamic as listed below:

System Dynamics

Processing time variability
Rework/ scrap percentages
Shared resources Multiple
products Random machine
failure Batch sizes

Summary and Conclusions

Industrial engineering is important because it is the job function that has the best chance to
impact on production efficiency. Typically, industrial engineers have faced questions regarding a
dynamic system with insufficient static analysis methods. Modeling tools are available and are more
effective decision aids. The focus of industrial engineers should be shifted away from process
monitoring, productivity statistics publishing, and standard labour hours accounting. Emphasis should
be placed on process improvement: quantitative analysis through systems modeling.
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