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Abstract  

Now a day’s process simulation analysis is known as the key initiative of any quality management system implemented in 

industries. Most of the industries adopt ISO 9000 clauses and TQM model guidelines to meet specific objectives as well as 

quality improvement. However by observing Indian scenario it can be easy to depict that most industries are not practicing 

software’s simulation analysis to predict the behavior of process variation and output.  Present research paper will provide 

the concept of introducing the process simulation analysis supported by many software tools to support the organization 

about merits/demerits prior to execution and implementation of process management, the concept suggested in this paper 

will provide guidelines to many industrial practionors. While initiating process improvement objects. 
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Introduction 

Building a good process simulation model can be a lot of work. 
But you could underutilize or even waste all of that effort by 
running the model once or twice, watching the animation, taking 
a few numbers you like out of output reports, and making 
process improvement recommendation based on those numbers. 
Instead, we recommend that you use proper statistical 
techniques and effectively analyze the model performance 
measures.1 You will gain tremendous benefits from the 
experimental power of simulation with this approach. First of 
all, you will greatly enhance the credibility of your simulation 
activity. Second, you will minimize the risk of making 
erroneous recommendations. This paper presents you with 
typical process performance measurements generated by 
simulation. It describes how simulation generates statics for 
these measures and what techniques to use for statistical output 
analysis. Then, it presents techniques for designing simulation 
experiments and evaluating the outcome of these experiments2. 
 

Model Performance Measurements 

Measurements are the key. If you cannot measure it, you cannot 
control it. If you cannot control it, you cannot manage it. If you 
cannot manage it, you cannot improve it. It’s as simple as that. 
Measurements may be focused on finances, quality, resources, 
or investors. Process simulation aids in the improvement of 
quality-driven measurements, such as service level and waiting 
time, and resource driven measurements, such as cycle time and 
activity cost. In order to improve a process, you need to develop 
critical effectiveness, efficiency, and, adaptability measurements 
and targets for the process. Process effectiveness is how well the 
process meets the requirements of its end customers. Effeicency 
is the output per unit of input. It is a measure of how many 
resources the process uses to provide the output. Efficiency is 

for the benefit of the process owner whereas effectiveness is for 
the benefit of the customer. Process adaptability is the flexibility 
of the process to handle future, changing customer expectation 
and today’s special customer requests. Although process 
simulation focuses on analysis and improvement or efficiency 
measurements, it also provides indirect benefits for process 
effectiveness and adaptability measurements3.  
 

ISO 9001:2008 QMS 

It consist of ISO 9000, ISO 9001, ISO 9004 and ISO 19011: i. 
ISO 9000 describes fundamentals of Quality Management 
System and specific the terminology for QMS. ii. ISO 9001 
Specifies requirements for a quality management system where 
an organization needs to demonstrate its ability to provide 
products that fulfil customer and applicable regulatory 
requirements and aims to enhance customer satisfaction. iii. ISO 
9004 provides guidelines that consider both effectiveness and 
efficiency of the QMS. The aim of this standard is improvement 
of the performance of the organization and satisfaction of 
customers and other interested parties. iv. ISO 19011 provides 
guidance on auditing and environmental management systems. 
 

Together they form a coherent set of QMS standards facilitating 
mutual understanding in national and international business. 
New ISO 9001:2008 families of standards were published in 
November 2008.It focuses on how the provisions of this 
standard can be applied for continual improvement of quality 
and how it helps in international accreditation of an organization 
and its programmes. ISO 9000 is a generic standard and does 
not go into the details of how to run an individual organization 
and hence deals with high level principles only. The ISO 
9001:2008 Revised standards are reborn in simpler, cleaner and 
more flexible form with major emphasis on process approach, 
customer satisfaction, continual improvement and use of Plan-
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DO-CHECK-Act (PDCA) principles. The shift from procedure 
to process based activity i.e. conformance to performance 
enables organization to link Business Objectives to Business 
Effectiveness more directly4. 
 

Cycle time: Cycle time is the total time a transaction spends 
traversing a process. This means cycle time includes value-
added process time, waiting time for resources and waiting time 
for conditions. Reducing total cycle time is a key issue in almost 
all critical business processes. Reducing total cycle time may 
reduce cost and improve the quality of the output; it can even 
increase sales. For example, if you cut product development 
cycle time, you will probably gain market share because you get 
your product to your potential customer earlier. If you reduce 
production cycle time, you can reduce inventory. If you reduce 
billing time, you will definitely improve cash flow. Out of the 
most valuable outputs of process simulation is the automatic 
tracking and calculation of cycle time. Every time a transaction 
enters the model through a GENERATE activity, the model logs 
in the entry time. When that transaction exits the model through 
a DISPOSE activity, the model logs in the exit time. The 
difference between the exit time and the entry time is the 
calculated cycle time for that instance of that transaction type. 
Armed with these data, a process simulation tool provides 
valuable statistics for average, standard deviation, and minimum 
and maximum cycle time measurements5. 
 

Transaction Count: Transaction count measurements provide 
throughput information. Throughput is the number of 
transactions that traversed the process. At the end of the 
simulation period, some transactions may still be in process, 
they are not counted as throughput. Each time a transaction 
departs the model through a DISPOSE activity, the throughput 
count is incremented.  
 

Activity Cost: When we define a resource in a process model, 
we define it in terms of the number of available units, usage 
costs, setup costs, and fixed costs. When we define an activity, 
we assign the resources required to perform it, the duration for 
the activity, and the transactions that it processes. During the 
simulation, the model automatically keeps track of the time each 
transaction spends in an activity and the time each resource is 
assigned to that activity. Activity cost calculations provide a 
realistic way for measuring an analyzing the costs of activities. 
Object-oriented process simulation tools allow detail breakdown 
of activity costs by resource or transaction type in addition to 
providing aggregated process costs6. 
 

Resource Utilization: Resource utilization statistics are time 
persistent statistics. During a simulation, resources change states 
from busy to idle, from unavailable to reserve. Resource 
utilization defines the percentage of time that a resource spends 
in each state. The availability and assignment of resources 
dictate the allocation of resources to activities in a model. So, 
the resource utilization results provide useful statistics in 

measuring and analyzing underutilization or overutilization of 
resources. 
 

Wait Time: This is perhaps one of the most valuable 
performance measurements provided by process simulation. 
When designing process or improving a process, reducing wait 
time should be given the almost priority because it always 
reduces total cycle time and increases customer satisfaction. 
Wait time can be attributed to understaffing, unreliable 
equipment, or large fluctuations in demand. In any case, 
analysis of the wait time measurements can pinpoint the causes 
and evaluated alternative ways to minimize wait time. A process 
simulation model keeps track of how long each transaction 
waited in each queue in the model. Then, it provides minimum, 
maximum, average, and standard deviation statistics for each 
activity with a queue. The above example shows that 85 of the 
128 customers waited under 10 minutes for service. However, 
three of the customers waited between 20 and 30 minutes. 
 

Techniques for Stastical Analysis of Output 

Whether you obtain useful output from your process simulation 
depends on the design of the simulation runs. This means 
deciding how long to run the simulation (one day, one week, or 
one year) and how many times to replicate the simulation. To 
obtain useful output and make meaningful recommendations, 
you could run a number of independent replications, each short, 
or you could use a single replication with a very long run. 
 
Traditional statistical techniques that work well for analyzing 
input data are not adequate for analyzing simulation output data. 
So, how do you perform output analysis of your process 
simulation model? Well, this is a very involved topic and there 
are many excellent books written on it. Rather than diving into 
great detail on this topic, we will briefly describe the concepts 
and commonly practiced techniques and provide you with 
references for additional reading on the topic7. 
 

Terminating Simulations 

Terminating simulations have a definitive time or state for 
beginning and a definitive time or state for ending. For example, 
if you are interested in modeling the front-office processes in a 
bank, the start and end times for the simulation may be 9.00 
a.m. to 4.00 p.m. or, if you are interested in modeling the front-
office processes during peak hours, the start and end times may 
be 11.30 a.m. and 1.30 p.m. terminating simulations repeat a 
cycle of starting empty, becoming busy for a while, and finally 
emptying again. For terminating simulations, deciding on 
simulation run length is easy; it’s the period during which you 
wish to analyze the process. As for the number of replications 
(or sample size), the following formula works well for 
establishing a statistically valid number of replications. 

n=  
��

�/�  ��

��
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In this formula, n is the number of desired replications, d is the 
accuracy expressed in the same units as those of the 
performance measurement (e.g. within two minutes), z is the 
critical value from the standard normal table (found in Law and 
Kelton, simulation modeling and analysis) at a given confidence 
interval, 1-σ, (e.g., 95% confidence leads to an σ = 0.05), and σ 
is the standard deviation desired. Just remember that n is the 
minimum number of replication (not simulation runs).As we’ve 
mentioned, a replication is one cycle through a process 
simulation model, what happens from the simulation start time 
to the simulation end time. Even through the simulation output 
from replication to replication is different; the simulation output 
from run to run would be the same8. 
 

Nonterminating Simulations 

Nonterminating or steady-state simulations do not have a 
specific start or end time. These simulations can go on and on 
forever without affecting the outcome of the performance 
measures. There are two techniques for analyzing the output 
from nonterminating simulations: 
 
Multiple-Replication Technique: This technique is essentially 
the same technique as used for analyzing terminating simulation 
output. So, what’s wrong with making a very long run and 
running multiple replications for nonterminating simulations? 
The problem is that the initial conditions you use to start the 
simulation (if you start with no transaction in the process) are 
probably not representative of steady-state performance of the 
process. Such conditions, of course, introduce biases into the 
simulation output. One approach for eliminating bias for 
nonterminating simulations is to define a warm-up period and 
remove the statistics collected during that period from the 
simulation output for analysis. In fact, most process simulation 
tools provide a way to do this. Those simulation tools that 
provide real-time graphing features make it easier to determine 
how long the warm-up period should be. 
 
Batch-Means Technique: An alternative technique to the 
multiple-replication technique is the batch-means technique. 
Since the ideal situation is to get as close to steady state as 
possible, you can make one very long simulation run. This gives 
you one replication, so you can’t really estimate variances nor 
do statistical analysis. The batch-means technique allows you to 
since the simulation into batches of observations and treats the 
means of these batches as independent and unbiased 
observations of steady-state performance. Because the 
simulation run is very long, the initial bias is not as server as 
with the multiple-replication technique. 
 

Designing Simulation Experiments 

Today, design of experiments is used extensively in industrial 
process optimization, medicine, and social sciences. Design of 
experiments involves three basic principles: i. Replication, ii. 
Randomization, iii. Control. 

We have already described replication and randomization 
principles in simulation. Control refers to systematically varying 
the independent variables or inputs used in the simulation 
model. When you defined the objectives of your process 
simulation activity and determine the performance measures of 
interest, you took the first steps toward designing simulation 
experiments. Unfortunately, we have seen many simulation 
projects in which users get too busy with the model-building 
tasks and do not follow through with the design of simulation 
experiments. Rather, these users simulate a few scenarios and 
move on to recommendations. 
 

Selecting the Best-Value Future-State Solution: As process 
simulation focuses on analysis and improvement of process 
effeicency measurements as well as some effectiveness and 
adaptability measures. To decide on which process is the correct 
one for the organization, an improvement, cost, and risk analysis 
of each alternative is needed. This analysis consists of two 
steps: i. Performance estimates of each future-state alternative, 
ii. Implementation estimates, including cost, time, probability of 
success, and major implementation problems.  

 
Table-1 

Sample improvement, cost, and risk analysis summary 

Measurements Original 

Performance 

Future-state 

Solution 

1 2 3 

Cycle time(days) 35.0 16.2 19.5 17.5 

Processing 
Time(hours) 

10.0 6.5 8.3 7.5 

Errors/1000 25.1 12.3 9.2 30 

Cost/Cycle $950 $631 $789 $712 

Service Response 
 

120 65 30 8 

Implementation     

Cost in $1000  $1000 $100 $23.5
0 

Cycle Time (min)  29 8 16 

Risk  35% 10% 12% 
 

 
Table 1 shows a sample improvement, cost, and risk analysis 
summary. This analysis shows that, although the performance 
estimates of the new process design alternative are most 
desirable, implementation estimates make the process redesign 
alternative the best future-state solution. 
 

Conclusion 

The analysis of process simulation results is just as important as 
the modeling of the process. Process performance measures 
produced by simulation aid in validating a current state or 
estimating proposed future-state solutions. Such performance 
measures as cycle time, waiting time, transaction throughput, 
resource utilization, and activity costs are automatically 
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produced by simulation. Multiple replication and confidence 
interval analysis are two useful techniques for analyzing model 
output. Whether you obtain useful output from your simulation 
model depends on the design of the simulation runs. The design 
simulation runs involves two considerations: i. How long the 
model is simulated, ii. How many replications are run. 
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