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CHAPTER I

INTRODUCTION

The job of designing, optimizing and evaluating various
production systems is becoming more difficult due to our in-
creased knowledge of equipment and manufacturing processes.
A means of analysis is needed that may be applied to both
simple and complex manufacturing systems. Such a method of
analysis must sufficiently relate effects of controllable

‘ production parameters upon dependent process parameters.
Parameters that are controllable through management

decisions include choices among different equipment relia-

bilities and capabilities, parts and raw material inventory

sizes, in-process buffer limitations, material handling

techniques, production configurations, and general production
policies. These production parameters have been shown to
have a significant effect upon the dependent process para-
meters of systems reliability, systems availability, systems ‘ ;
F maintainability, production rates, production costs, and |

operating effectiveness.

Evaluation of production systems is currently accom=- i

plished by two basic methods of analysis; prototype testing |

and simulation. Prototype testing is usually an evaluation f
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of a functioning, scaled model or limited application of
a larger proposed system. Generally, this is a long and
expensive method of evaluation. Computer simulation,
however, is a technique that uses computer modeling as a
symbolic representation for a definable system. It has
proven to be a relatively easy, inexpensive and reliable
technique of analysis, especially in the field of research.
Simulated programs can also be easily manipulated to
handle practically any type of change in a production
syst ':m that normally would be impratical to try. Thus,
a manufacturing system may be tested and optimized over
a broad range of conditions with minimum effort. In
comparing these two methods, simulation appears to be
the most effective method for analysis. However, there
needs to be a simulated program designed strictly for
analysis of changes in the production process parameters
of reliahility, availability and maintainability and
their effect upon the dependent output parameters.
Programs that are available for simulation such as
DYNAMO, General Activity Simulation Program (GASP),
SIMULATE, and General Purpose Systems Simulator (GPSS)
are designed for simulating a wide range of problems.
But their generalized approach and usage of different
computer languages tend to make them difficult to apply.
Also, in reporting the effect of parameter changes upon

the system, desired statistical information on all




operating characteristics may not be included. (1,3)

Simulation and Analysis of Manufacturing Systems (SAMS)
is a newly developed program designed for the study and
analysis of manufacturing systems. (3) Currently, it has
been used to simulate and optimize the operating policy of a
continuous single product manufacturing system. (1,3)

It is not capable of handling a multi-product manufacturing
systen.

The objective of this report is to develop SAMS further
and to make it capable of simulating multi-product production
systems. Chapter II is a literature review of SAMS logic in
the single product simulation. Chapter III is a comparison
of the single and multi-product systems with a brief discus=-
sion of changes that are necessary in the development of a
multi-product simulating system. Chapter IV is a description
of the Small Caliber Ammunition Modernization Program,

SCAMP (1,3) and how theoretical changes could make SCAMP into
a multi~-product manufacturing system. Chapter V contains
results on simulation runs from the SCAMP multi-product

system. Chapter VI contains conclusions and recommendations.

Numbers in parenthesis refer to numbered references in
the list of References.
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CHAPTER II
LITERATURE SURVEY

Simulation and Analysis of Manufacturing Systems (SAMS)
was designed by Snyder (3) to aid manacement in designing and
evaluating any single product manufacturing system. Other
general simulation programs that were available were not
acceptable due to their generalized approach, their design
for problems other than manufacturing systems and their lack
of adequate statistical analysis. (1,3) Therefore, SAMS was

designed to meet these specific deficiencies.

SAMS: Simulation Modeling

SAMS utilizes a time based, Monte Carlo simulation and
the Markov transition matrix technique to generate the output
of production units. (3) The basic concepts in the Monte
Carlo simulations and the Markov processes are important be-
cause their limitations will be the same limitations as for
any application of SAMS.

The time based Monte Carlo simulation assigns a range of
numbers to all possible states of condition, both normal and
abnormal, of a manufacturing system. Each state then re-
ceives a portion of the numbers that relate to its expected

probability of occurence. A sort of random number is then

L




generated, and the state of condition is determined by

comparison with the assigned numbert. It is possible for
these random numbers to follow a pattern of uniform, normal,
Poission, or other distribution form. (2) With this method, a
manufacturing system can be simulated under probable condi-
tions of operation and its performance analyzed.

Usefulness of Monte Carlo simulations is generally

limited in application by three main difficulties. First,
only one set of system parameters may be specified for a
simulation run. Second, it may be difficult to determine the
number of trials that are necessary in achieving the desired
level of confidence in results. Finally, the cost of Monte
Carlo simulations can become costly in terms of computer
time. These three difficulties also tend to interact with
one another in such a way that decision tradeoffs between
them must be made by the user. (6)

Any Markov system has two important features: first,
the probabilities of future events are independent of pastc
events (4); and secondly, all possible states of condition
must be included in the Markov matrix of transition probabili-
ties. (3) Markov transition matrices are used in stochastic
systems to represent all probable states of condition, both
normal and abnormal. Probability values listed in the matrix
give the chances of a system transferring from one state of
condition to another within a specified time interval.

Simulation of systems is accomplished by taking random




numbers obtained through Monte Carlo simulation and deter-
mining probable states of condition through the Markov
transition matrix. This simulated operation over a period of
time may then be analyzed to determine how changes in control=-
lable system parameters have affected any of the dependent
characteristics of the system. In SAMS, the probability
distributions of elements that make up a production unit are

assumed to be exponentially distributed. Probabilities that

are then calculated, representing probable states of condi-
tion for a production unit, will remain constant over time.
The time interval for which transition probabilities are
calculated must also be small enough so that the chance of
changing to more than one state of condition within the time 1

interval is negligibly small. (3)

SAMS: Network Description

There are two types of network symbols utilized by SAMS

in depicting a material flow diagram for the production
system. A square box indicates a production unit, and a
circle represents a storage or buffer unit for material
5 handling purposes. (3) SAMS requires the output of produc=- 5

tion units to enter a buffer before entering another

production unit. However, this does not necessarily imply a
one=-to=-one relationship.

All production process information will be described by

the input data. This information includes data dealing with

production units, buffers and pattern of material flow.
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Data describing the production units include speed, mean time
between failure (MTBF), mean time to repair (MTTR), and other
information that is necessary for operating the unit and its
elements. Buffer data includes the initial buffer size,
upper and lower limits, MTBF, and MITR. In describing the
flow pattern of materials, the user must provide a matrix that
states the relation between production units and buffers.
Thus, SAMS allows any number of changes in the system's
physical structure or operating characteristics to be mani-
pulated by changing only the input data. (1)

SAMS simulates the output of a production unit by using
the Markov transition matrix with random numbers generated
through Monte Carlo simulation to determine the level of pro-
duction for a time interval. Mathematical models that are
capable of calculating transition probabilities for specified
production models have been summarized by Snyder (3) from
unpublished reports (5,6,7) prepared at the Intern Training
Center by Texas A&M faculty.

SAMS includes the options of cost analysis and plotting.
Data which must be included for the cost analysis option are
purchase price, salvage value, expected life, operating and
repair cost of all elements in the production unit, raw
material cost, and quality of output. Information on produc-
tion units, from which the finished product emerges, is
furnished through the mainline input data. Information

calculated by this option include total cost of production
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and cost per unit produced. The plotting option provides
a graph for all buffer levels during production, at intervals
specified for by the user. (3)

The functions of the mainline program are: to keep
track of output, production units and buffer status; to
start and stop parts of the simulation; and to control
all program logic functions that will report on the oper-
ating characteristics of the system. After all input data
on production units and buffers has been processed, SAMS
will repeatedly simulate production for the number of
time intervals in a day that the user has specified.
Within each iteration, a subroutine is called which makes
use of the lMarkov transition matrix to determine the state
of condition for units and rates of production that were
possible for that time interval. Buffer levels are then
determined and checked based upon the production outputs
of the different units. If either the upper or lower
limits of a buffer are exceeded, appropriate production
units are shut down. Next, the probability of a buffer
failure or repair is simulated, and again appropriate
actions are taken. This process is then repeated for
the specified number of time intervals. For instance,
four hundred and eighty iterations is equivalent to simu-
lating the production process, at one minute intervals,
for an eight hour shift. Specified options are then per-

formed. This process is repeated for the specified number
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of days. After all specified time requirements have been

processed, a statistical analysis is made which shows average
production, average obuffer size, production variance, availa=-
bility of production units and buffers, variance of buffer

levels, and production unit downtime caused by buffers. (1)




CHAPTER III

MULTI-PRODUCT SIMULATION

The single and the multi-product manufacturing systems
are similar in structure. Both have production units that
are capable of performing similar operations on different
products. However, the multi-product manufacturing system
is complicated due to problems in scheduling products for
production, to changes in material flow patterns and to
allocation of set-up times. ©Scheduling products for produc-~
tion is a new parameter to be considered in the optimization
on a multi=-product system. It is the objective of this
report to malte SAMS capavle of simulating a broad range of
conditions. Therefore, SAMS must be able to accept a change
in scheduling of jobs for production units through input of
such information. 1In a single product manufacturing systemn,
material flow patterns are fixed characteristics; whereas,
in the multi-product system, they are dependent upon job
requirements. In=-process and raw material inventory buffers
will change as a production unit ceases work on one product
and begins on another. Time for set-up procedures on the
production unit must then be allowed within the simulation.
These differences are included in the simulation for a SAMS

multi-product manufacturing system.

10
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Other changes in SAMS logic include decisions in
simulation control and specific subroutine requirements.
Specific production limits are assigned to production units
for the different products. When these specified limits are
reached, appropriate production units are shut down for the
required set-up period while a change in jobs and material
flow patterns occurs. Also, the need to design a specific
subroutine for each production unit is changed to make one
subroutine capable of calculating the three types of produc-
tion models described by Snyder (3) and for other models to
be included that are different in design.

The procedure and logic applications for a SAMS multi-
product program will be the same as in the single product
case except for a test to change jobs at the end of each
vroduction interval. Utilization of Monte Carlo simulation
and Markov transition matrix techniques in generating the
output of production units is again used. Basic concepts of
Monte Carlo and Markov processes and their limitations also
apply.

The procedure and logic for the mainline program are
almost identical to that used in the single product program,
except for specific changes which were previously noted.
Appendix A contains a complete listing of the mainline pro-
gram and subroutines. Figure 3.1 is a simplified flow chart
for the operations and steps that the mainline program

performs. One significant difference in the multi=-product's

11
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mainline program is the test for change in jobs on different
production units.

All production process information is presented in the
input data, and a listing of the input information is given
in Appendix B. Appendix C is an explanation of information
terms used.

Upon execution of the program, SAMS multi-product simu-
lation will perform the required number of intervals and days,
processing all input information and performing specified
options at appropriate times. Statistical analysis of the
process is performed at the end of the simulation period.

The next chapter will describe a system that has been
nodeled as a single product manufacturing unit and how

different conditions would make it a multi-product system.
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Call Production
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Change Jobs on the
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Appropriate Production
Units

Cost Analysis

Buffer Plot

No

Yes
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Analysis

FMgure 3.1 SAMS Multi-Product Flow Chert
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CHAPTER IV
THE SCAMP MODULE A SYSTEM

The SCAMP Module A system is a continuous production
system with captive components moving small caliber ammuni-
tion through production. (3) Four different types of
production units, called submodules, are used in producing
5.5omm ammunition. Figure 4.1 is a basic logic configuration
of the manufacturing process.

In the case submodule, brass cups are drawn, annealed,
shaped, and trimmed to produce a finished case. At the pri-
mer insert submodule, finished cases are inspected, and
gaged primers are inserted. At a bullet submodule, bullet
projectiles are manufactured and fed into the load and
assemble submodule. The load and assemble submodule takes
the cases, adds propellant and joins the bullet projectiles
to complete a finished round.

For example, production within the case submodule is
performed by a series of eighteen rotary turrets, each with
twenty=-four tool stations. This could be considered as
twenty-four lines of production. Following the turrets is a
series of twenty-eight single work stations, see Figure 4.2.

Tool failure at any rotary station will cause the production

14
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of that line to be lost; whereas failure of any single, serial
work station will automatically cause the entire submodule to
shut down and await repair. Similar use of rotary and serial
elements is made for production configuration of the other
submodules. (1)

One of Snyder's basic assumptions for this system was
that if a single, serial work station failed, then the mean
time to repair of this serial failure would always be greater
than the mean time to repair any rotary tool failures that
had occurred prior to the serial failure. Recent data has
shown that this is not a valid assumption. Only a limited
number of rotary failures can be repaired in the time that it
talies to repair a serial failure. If more rotary failures
have occurred than are possible to repair during the time it
talies to repair one serial failure, time must be included to
repair the additional rotary failures. This change in pro-
gramming was made by Mr. Pat Hollifield, former instructor at
the Intern Training Center (ITC), and Mr. Charlie Clarkson,
former SCAMP coordinator for research projects at ITC.

In describing how Markov processes are used in this
system, an operating policy for the submodules must be
assumed such that after a specific number of rotary failures,
the submodule will shut down for repair. This policy may
then be used in calculation of probabilities for the Markov
transition matrix. For example, if the policy is to shut

down the case submodule after six tool failures or after any




single serial failure, then the Markov matrix must account
for changes in the rotary and the serial repair probabili-
ties. Table 4.1 lists the set of mutually exclusive states
for the given operating policy. The design for the Markov
matrix of transition probability is shown in Table 4.2.
Calculation for transition probabilities in areas I and II
are shown in Table 4.3.

Additional products that could ideally be manufactured
by some of this equipment would include high explosive (HE),
high explosive incendary (HEI) and tracer ammunition rounds.
The bullet submodule could feed HE, HEI or tracer explosive
nmixtures from bullt hoppers, measure the mixture and then
force feed the mixture into a projectile body, depending
on the specific type of requirements. This submodule could
manufacture all parts required or take completed items from

private suppliers to be a load and test submodule. In

either case, the completed projectiles are fed into buffers
for use in the lcad and assemble submodule.

In changing SAMS to simulate this multi-product system,
certain assumptions were made in the basic operating charac-
teristics of the system. First, probabilities of failure
in the submodules' components were assumed constant over
time regardless of changes in product production. Second,
production rates were also assumed the same for all pro-
ducts, and finally, the operating policy for submodules

was also assumed the same for all products. A system
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§ configuration for this multi-product concept is shown in

Figure 4.5. The next chapter will present results on

simulation runs of this multi-product system.
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STATE NUMBER
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(09)

10
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12

15

Table 4.1

O Rotary Failures

-—

Rotary Failure

2 Rotary Failures
5 Rotary Failures
L4 Rotary Failures
5 Rotary Failures

6 Rotary Failures

Serial Failure w/ No
Previous Rotary Failures

Serial Failurc w/ 1
Previous Rotary Failure

Serial Failure w/ 2
Previous Rotary Failures

Serial Failure w/ 3
Previous Rotary Failures

Serial Failure w/ L4
Previous Rotary Failures

Serial Failure w/ 5
Previous Rotary Failures

PRODUCTION RATE

1200 rds/min
1150 rds/min
1100 rds/min
1050 rds/min
1000 rds/min
350 rds/min

900 rds/min

0 rds/min

0 rds/min

0 rds/min

0 rds/min

0 rds/min

0 rds/min

Possible States of Condition
for SCAMP's Case Submodule
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Table 4.2 Markov Transition Matrix
for SCAMP's Case Submodule
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AREA I (1€i<n)
jgi pij =0
: ity _ f2u=itt _i=1 g y2h=j+1 . ¥
i 1L ien Py = (T5-1 ) P (1-p) (1=p)
&
E § AREA II (1€i<n)
E B 2lL=it+1 - : .
$ ] 3;: -i+ = p=i+1 *
5 Jis n+1 pi,j = (24 ;; ]) pl 1 (1_p)21-r u (1_p )
=l=it+1
*
J = nti+l pij = 1
where:
v = Pr(rotary failure in At)
p*= Pr(serial failure in At)
for calculation of r; where (7<1i<13):
r, = Pr(6MITR, + 6JOG + 1S5)
(
*
rg = Pr(MTlRs + T35S)
*
ro = Pr(Max(MITRg, MITR, + JOG) + TSS)
r:O= Pr(Max(MTTR_, 2MTTR, + 2J0G) + TSS)
ry,= Pr(Max(MTTR,, 3MTTR, + 3J0G) + TSS)
*
ryo= Pr(hax(MTle, QMQer + LJOG) + TSS)
*
r15= Pr(Max(MTle, 5MTPRr = 5J0G) + TSS)
where:
HTTRS = mean time to repair serial failure
MTTRr = mean time to repair a rotary failure
JOG = time required to turn turret for
tool change
TSS = time required to start and stop
submodule
Table 4.3 Calculation for % ?
farkov Transition Matrix (Table 4.2) |
F
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CHAPTER V
TESTING

In validating SAMS multi-product programming, hypothe-
tical conditions were assumed that required the SCAMP system
to produce one minute's production and then shut down appro-
priate submodules for specified set=-up periods. Minute by
minute status printouts were made and analyzed to validate
that the simulation was performing satisfactorly. Different
conditions were assumed, for example purposes, that varied
buffer sizes, frequency of job changes and different set-up
times. A common comparison time period of one week was
selected.

Differences in the three controllable production para-
meters consisted of two levels in each condition. Large and
small buffer levels reflect the different upper limit values.
A small buffer case consisted of an upper limit of twenty-
five thousand units, while a large buffer case was represented
by fifty thousand units upper limit. This meant that produc-
tion units feeding these buffers would be shut off when their
limits were exceeded. Differences in job frequency dealt

with a low frequency situation, approximately one change in

jobs per day, while a high frequency case consisted of

=




approximately three changes in jobs a day. Short and long
set-up times were listed as ten minutes and ninety minutes
between jobs, respectively. These times were set equal for
all machines that required a change in jobs, although they
could have been specified differently. Using these different
conditions, six runs were made for comparison. The same
random number streams were used in all runs so that operating
characteristics of production units would coincide and
effects of controllable production parameters upon the systemn
could be observed. The six runs previously mentioned were:

1. Small Buffer Limits; High Frequency
in Jobs; Short Set-up Time

2. Small Buffer Limits; Low Frequency
in Jobs; Short Set-up Time

5. Large Buffer Limits; Low Frequency
in Jobs; Short Set-=up Time

L. Large Buffer Limits; High Frequency
in Jobs; Short Set=-up Time

5. ©Small Buffer Limits; High Frequency
in Jobs; Long Set-up Time

6. Large Buffer Limits; High Frequency
in Jobs; Long Set-up Time

Appendix D is a listing of the statistical analysis on these
different runs and Table 5.1 summarizes parts of these
reports.

Some of the differences between runs were as expected
when controllable operating parameters were changed. For
example, a lengthening of set-up time was expected to in=-

crease the cost of production. This was verified by noticing
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RUNS
1 e 3 L 9 6
Cost Per Unit 0.04 | 0.04 | 0.04 | 0.04 { 0.054{0.054
Analysis
Average Unit
Production/Interval
Unit 3 196 552 367 362 279 281
Unit 4 187 {342 | 357 |35 |28% |288
Production Unit
Availability
{Bha e 20 36 57 57 29 eg
Unit 4 23 Le 43 43 25 25
Ao ] =
Unit Downtime Due
to Buffers
Unit 3 60 | 32 | 29 | 26 | 16 | 13
Unit 4 %9 | 11 8 6 E 9 ,
L |

Table 5.1 Partial Summary of Information
Contained in Cutput Reports
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the difference between unit costs for the different production

SRS

runs involving short and long set-up times. Another differ-
ence was noted in average rate of unit production per time

interval, production availability and unit downtime due to

buffers between run one and runs two through six. These
differences would warrant further analysis, under normal i
circumstances, especially since Snyder noted that changes

: in buffer limits were insensitive to systems performance for
the single product case. Changes in submodules and buffer
reliability, as well as probabilities of failures, can be
made and analyzed for comparison of operating characteristics
on different production systems. Similer procedures of
optimization for controllable production parameters may then
be applied, as Snyder and Chu have already done for the

single product case.




CHAPTER VI
CONCLUSIONS AND RECOMMENDATIONS

The objective of this report was to extend the SAMS
single product manufacturing system to simulate multi-product
production systems. Chapter II described functioning
characteristics of SAMS, in the single product state.
Chapter III compared single and multi-product systems and
included a discussion of changes that were necessary in
developing the multi-product simulation system. Chapter IV
contained a brief description of a single product produc-
tion problem that has been studied by Snyder (3) and by
Chu (1) and described theoretical changes that made it a
multi=-product problem. Chapter V compared and listed the
results of six different simulation runs on SAMS nmulti-
product manufacturing system.

The example, SCAMP simulated as a multi-product
manufacturing system, showed the functioning capabilities
of SAMS in a multi-product system, yet there are additional
changes in the programming that would make SAMS capable of
handling even more complex multi-product systems. For
example, it is not always desirable or possible to have all

products produced at equivalent rates. Some products may

28
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take longer to have similar operations performed by the same
equipment. Also, as production units change jobs, the o
probability of machine failure does not remain constant.

Methods for analysis and optimization, as used by

Snyder (3) and Chu (1), may be used in making SAMS a useful

and valuable tool in the evaluation and analysis of varied

production systems.
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X
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Next NB
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NJ

Next 1

Next 1
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N, NB, NJ, INTVL,

JSKIP, NINT, NPROD,
NDAYS, JPLOT, NPRNT,

NPLOT, IX

CLCMKV, RDMKV,
PCHMKV, PRTMKV,
SMNUM, SMTYPE,
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KN(J,K),
LIMIT(J,K)
Approprite Model
Data (by Model)

A (K,1,d)

ISTAT (I,J)

MFAIL (K,I,J)

BUFF (1,J)

ULIM (I)

APPENDIX B

DATA INPUT
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Length

Format
5 12
Lil2y2x,
B2 vy
13"‘\2’4}:’15’5}{’
212, Lx,
585.0
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12 N
1 N
F8.0 NB
F&.0 NB

Comments

Right hand
Jjustified.

Information
to handle
subroutine
MKVBLD in
generating
Markov
transition
matrices.

Right hand
Jjustified.
Defines
initial
Markov
state for
each pro=-
duction
unit.

Right hand
justified.

Sets
initial buf-
fer levels.
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Card
Number

Next 1
Next 1
Next 1
Next 1

Next 1

Variables
LOLIM (I)
BPROB (I)
BMTTR (I)
ADJUS (I)

SEN (I)

Next NJ SETUP (J,K)

Format
F8.0
F8.0
F3.0

Field

Length .

NB
NB
NB
N
NB
N

Comments
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£ DATA INPUT (Continued)
é Cost Analysis Input (Cptional)
} Card Field
a Number Variables Format Length Comments
: § Next 1  DAYS, SHIFT, XIOT, F8.0 A -
1 PDAY
| Next 1  PRICE (I) F8.0 N .

Next 1 PRICB (I) F8.0 NB -

Next 1  SALV (I) F8.0 N -

Next 1 SALVB (I) F8.0 NB -

Next 1 YRS (I) F8.0 N -

Next 1 YRSB (I) F&.0 NB -

Next 1 COPER (I) F8.0 N -

Next 1 COPBU (I) FG.0 NI -

Next 1 CMANT (I) F§.0 I -

Next 1 CMANB (I) F3.0 NB -

Next 1 CMATL (I) F8.0 N -

Next 1 CINV (I) F§.0 NB -

Next 1 PROB (I) F8.0 N -

Next 1 EF (I) F8.0 N -

Next N EE (I,J) F8.0 N - f
|
} 3
i .
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Variable

ADJUS (J)

AVAB (I)
N B 0.0)

AVAM (J)

AVAMM (I,J)
AVGPR (I,J)
AVGBU (I,J)
AVAMB (I,J)
BUFF (I,J)

BMTTR (I)
BPROB (I)
BPROC (I)

DOWN (I,J)

IFAIL (I,J)

APPENDIX C

COMPUTER PROGRAM VARIABLES

Mainline Progream

Description

Percent of production unit J can be slowed
down or sped up.

Availability of buffer I.

For every complete unit of output, the number
of items production unit J contributes (+)

to or depletes (-) from buffer I during job K.

Percentage of time production unit J is
operating.

Availability of production unit J on day I.
Average production of product unit J on day I.
Average level of buffer J on day I.
Availability of buffer J on day I.

Number of units in buirfer J at the end of time
interval I.

Mean time to repair buffer I.
Probability of buffer I being operable.

Probability of buffer I being repaired invone
time interval.

Percent of time production unit J is down due
to buffer level or failure on day I.

Logic parameter set to 1 if production unit J
is to be shut down during time interval I due

60
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Variable

IBFAL (I,J)

ISTAT (I,J)
INTVL

IX

JPLOT
JSKIP

KFAST (I)

KSLOW (I)

KN (I,K)

LIMIT (I,K)

LOLIM (J)
MFAIL (I,J)

NB
NJ

61

Description

to buffer level or failure; Set to 2 for shut
down due to set-up procedures; Otherwise O.

Logic control set to 1 if buffer J has a
rm.chnical failure during time interval I;
therwise O.

Matrix state which production unit J is in at
the end of time interval I.

Number of time intervals plus one that are to
be simulated.

Random seed generator for buffers.

Input parameter equal to 1 if a plot of all
buffer levels over time is desired; otherwise
O.

Input parameter set to 1 if a cost analysis is
desired; otherwise O.

Logic control equal to 1 if production unit I
is to be sped up during the next time interval;
O otherwise.

Logic control equal to 1 if production unit I
is to be slowed down during the next time
interval; otherwise O.

Indicates sequence of jobs K that are to be
produced on production unit I.

List the production limits that production
unit I is to produce for job K before changing
jobs.

Lower 1limit of buffer J.

Logic control equal to 2 if production unit J
is to shut down when buffer I fails or over=-
fills and equal to 1 if production unit J is
to shut down when buffer I fails or runs dry;
otherwise O.

Number of production units in process.

Number of buffers in process.

Number of jobs to be produced.

DEREE AL

S e Bty e
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Variable

NDAYS
NINT

NPROD

NPRNT

NPLOT

PROD (I,J)

SEN (J)

STDEM (I,J)

STDEB (I,J)

TPROD (J)
TFAIL (J)

TBUFF (J)

TDOWN (J)

TOTPC (1)
TAVG (I)
TAVAM (I)

62

Description

Number of days the simulation is to run.

Number of time intervals between printouts of
current production units and buffer status.

Number of time intervals between printout of a
complete summary of production unit and buffer
operation to the present.

Number of time intervals between points on the
plots of buffer levels overtime.

Frequency in days or plots of buffer levels
overtime.

Output of production unit J during time
interval I.

Percentage of total buffer size to buffer J
added to and subtracted from its lower and
upper limits respectively. If the level of
buffer J falls outside these new limits, the
production units connected to buffer J are
sped up or slowed down appropriately.

Standard deviation of the output of production
unit J on day I.

Standard deviation of the level of buffer J on
day I.

Total output of production unit J.

Percent of time production unit J is down due
to buffer levels or mechanical failures.

Number of time intervals buffer J is down due
to mechanical failures.

Number of time intervals production unit J
has zero production.

Average cost per unit of output on day I.

Average output of production unit I over NDAYS.

Average availability of production unit I
over NDAYS.
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Variable

TSTDM (I)

TTDAN (I)

TAVGB (J)
TSTDB (J)

TAVAB (J)
ULIM (I)
XX (J)

Yy (J)

63

Description

Standard deviation of production unit I over
NDAYS.

Average down time of production unit I due to
buffer failures or levels over NDAYS.

Average level of buffer J over NDAYS.

Standard deviation of the level of buffer J
over NDAYS.

Average availability of buffer J over NDAYS.
Upper limit of buffer I.

Random number generated in determining output
of production unit J.

Random number generated in determining opera-
tioning status of buffer J.
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CPROGUCT LM UNIT 3 BULLET SUPMODULE

ROTARY  MTAF 79,760  ROTARY MTTR 1.500
SLRIAL  wIBF 110110 SERIAL  MTTR 5,000

CTIME TO STARTSTUP 15060
TIME Tu UL 1.66606
KPM 41,0

. CPERATING STAFES

i GV TR T TTEXPECTED
STATL 4C.  OLSCRIPTION  PRODUCTION RATE

1 e @8 LINES DPERARING = SB%e

_ MARKOV_MATRIX

0.72i8L 00 0.2713F 00 0.8995¢=-03
002635 QU 2. T165E 00 0.C
Oelhist OU Lew LA e i

For Runs 1 through 6
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0°0__ _0°0 0°0 00 36626°0 R} Ny o0 10=239647%0

0

0 0

0 00 0°0 0°C 20-36202°G OC 19€96°0 coh nen n*0
*0 10-30%%£°0 0°0 0°0 §0-36022°0 20-4€212°0 0C 6§2°C £o6 e
n

)

0°0 10-30%%€°0 0°0 90-366.6°0 GN=T94572°0 20=3¢122°0 OO 45€9%°C nen
o.o owo.~ouuoc¢m.oooumwmhm.omowuomw_.:acumecaw.:\auum_«m.:fcuﬁme..s

XT¥L1VW ADONYVW AN : 3 ‘ ‘ :

N SRR e L SNTAYNIAO SO We " ol s e, e Al
“01l INTLVHIAN S3NLTY 72 3
e e N e e T e s e P s GG R L LR OIS SR o S ;
098 1LvY3d0 S2N1T %2 T
e e T 73 7 T o e Y T T *ON 21V1S
031334x3 - o e
. SALVLS MTIVEaD

0°Gf WdH
L . 2929°0 _____onr 01 3w
0uG6*e dN1S+IuVIS 91 Wil

021°G¢ WilW AVI¥3S T GLGTAZ  4vaN wiMas
LS i I W TR, e M, "ol e e 0 0 006 A L, G LI AUVIOY  CN0°060UT  d6ad A¥YLOW

ﬁ IINUOWANS 3T19W3ISSY OnY VO Y T11tn 1000 Ad

9 ybnouyz 1 suny 404

e i £ i A 3 " VAT R




TSV

Y

SO AV AL vt e TP BV o

p—— " O

i AR A0 0 sty % TR O R R R B W P Ot R R ST o=

69

DcPLNDENCE MATRIX

0 1

" PRUDUCTION UNIT
g : A

BUFFER e e b R S 2 e S o e
| SR (SR MR 3O Nt Rt M e BT s 5
ST e | U SERE | L b
S ML A, S SO ie L T b

: UG SOUEL O . R os g L SO

e R e S e

i i Cult % 4 T e

Q PROGUCTION UNEY ANU BUFFER NOT OIRECTLY CURNECTED
1 BUFFER INPUTS TU PRUDLCTION UNIT
2 PROBUCTIUY UIIT INPUTS TO QUFFER

T T OEPELLENCE MATRIX

____PRUDUCTIUN UNIT
2 3 4

b e a0, T R N &
i 2 0 2 o) 1
AL D R T ot
- - 0 SEue Sl 5
SCAE VL ST M Ees T SRR
e T L i R R LR R e ST

) PRODUCTION UWLT ANDG BUFFER NOT DIRECTLY CONNECTED
1 BUFFER [4P0TS TU PRODUCTION UNTT
2 PRODUYCTICY VLT [IPUTS TL BUFFER

For Runs 1 through 6
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T T UEPENGERCL MATRIX .
- JOus 3 o SR S L AL . Vs Ly o8 U YT
...... __PRUDUCT U UNIT ¢
1 2 3 4
BUF ER 5 e e b o T e R
1 2 ) S R T R e S o N
7l R e | TR C
3 fx 0 9 gy e SR W n e = T IR s e
4 0 0 (s . v
o e O e 20 xR RININE, aide
3 E . STV S b
Citt i i T St e A )

PROCUCTION UNIT AMU SBUFFLK NOT DIRECTLY CONNECTED
BUFFCR TPUTS TU PRODUCTIUN UNIT
CPRUDULTIC T UNIT INPUTS TO HBUFFER

-

AUFFER Anb UNIT  OISTAIBUTION TABLE v o il
Jag 1 A o A " PR
e PROGUCTION UNTE - . - ’
: .

2 3 4
CUFFLR

1 1000 -1J000 0.0 0.0

@ 00 . 1090 0.0 =1.0C0
3 060 0s0 16000 =1.,000 bR A T e bt S E R
4 Oetd de0) Ue 0 0.0 L o LA Lol IO Tl T PR L
i JERELC L L[ 1 RSN, L R AL
o et A SRR st e i N R
COvE o PN o g e T
FANEN] UnIT AN BUFFER NOT GIRECTLY COINECTED

PISETIVE N0 PRGPURTION GF  UNIT  PROUUCTION ADDED TU BUFFER
HEGAVIVE GLOe PRUPURTIUN UF  UNIT  PRUDUCTION TAKEN FROM BUFFER

For Runs 1 through 6
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YT TR ST T T W —TY T

o ——

BUFFER ANU UNIT_ DISTRIBUTION TABLE.

Jup 2 g = SR i s
PROVUCTIUN UNTT
i i 2 3 4
: BHFFER PR R P Tel U i T URRGE e !
1 T ) L A e R e | 4

S

0w 14000 0.0 __=1.030 | 1

3 [OFY] 0.0 _y0.0 ’ _’0.0 e A N e i
4 00 D) .l LJOLEL =000 - S0 R o P
5 __ 0.0 0.0 0.0 0.9 AN iy
L GUDE - sl L ST o o2 " S|

/RO uNtT ANI BUFFER NOT DIRECTLY CONNECTED

POSTUIVE 000 T eRCPURTIUN UF UNIT T PRODUCTIUN ADDEU Tu BUFFER ]
CULATIVE WU PRUPURTIUN GF  UNIT  PRUDUCTIUN TAKEN FRUM BUFFER
i
BUFFER AU unlt l’m_v(_)ISTRlBUI_’lO‘ TABLE = o i W
. s e e e e s e R e P
L PRGUUCTION UNIT 3
1 2 S 4 E
BUFFLR 5L, oo e R o o St SR
b 14000 =-1.000 O O o e e T e R e
3

2 J«a

Ledldu 0.0 -1.630

3 G0 00 DRl DO s )

4 Vel 0.0 0.0 0:0. R e e ok i |

5 0.0 Ge 1010 =1.,000

‘ R T e R O §
| - - = AR T
BEUEL S e L ) s R AT

{ IR . LsIT  ANL BUFFER NOT DIRFCTLY CONNECTED
| PUSTEIVE NUe  PROPURTION OF  UNET  PRUDUCTION ADVEL Tu BUFFER
NEGATIVE file PROGPORTION UF  UNET  PROUUCTION TAKEN FRUM BUFFER

For Runs 1 through 6 '5
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COSY_ANALYS IS ot v

UNLT CAsSTS At STATUS

- - - = - -

UnlT PURCIHASE  SALVAGE

FXPECTED  SHIFTS  NO. OPERATING

NUMBER  PRICECH)  VALUGES)  LIFFLYRS) PER DAY DAYS PER WEEK o
) TRGIR0N0s . . e . B0 1.0 RS i
. 690010, ke e OO - Toai0ian> - N TSNS d s e o e I
3 Z "JO\. ") e Ve lu.U l.O De
4 R U TORY TV Je V.U 1.0 e Pt D
UNET  CBST nF TCUST OF 3 COST OF RAW QUALLTY OF

NUNEER UPLRATINGE /1) V.\lfnmu CELS/HR) MAILRMLSH/PC) _outPuv

1 45400 u.ur T P e e e o & e
e EREPD I Q.0 0«0 G.996
- R 33409 SRS LN B S e o _0eu023 Cooat Be996
4 33400 Je O 0.0027 0.999
CuST SUMMARY (6) N : B A D e, e LR L R
_ UNEE _ COST _GOsT OF CUST _COST GF _ TOTAL
NUMOeRr CoPRELTATIUS MALGTUNAYCE RAW MATERTALS DPERATING Cust
1 1588004 god . 19%0«b8 “360.72 T 3839.40
Z 265434 e : : Ol o 26453 .~ SR9-9L. .
3 Yolabh Oe) 656,64 264.53 1680470
0 3504000 O 1 U 264.53 1146.09
sh1H.00 (U] = 202b.8n p 11564.30  7196.10

For Runs 1 through 6
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__CUST ANALYSIS !

PUFRER GUSTS AvU STATUS
BUEEER PURCHASE  SALVAGL  EXPECTED SHIFTS  NO. OPERATING _
NUFBER PRICLlE)  VALUECS)  LIFE(YRS) PER DAY DAYS PER WCLEK

S R O Lo R DR T T DY e e vy
. 2 ) Yae 3 Uo‘ l(‘or Sooon n_dod 1'0_> Feot i e _so x -
"3 SOU0N0 . 0. 10.¢ 1.0 S
“ CIVES TV KT d. 10 1.0 Se i
Y @D Ve 10eu 1.9 S
BUFFER  COST uF CusST OF LOST OF
HUT LR URPLRATLALOUSZHR)  MALTATENAGCE( 3 /HR) INVENTORY ($=DAY/PC)
‘i Vel U 0.0
P - L Lel! R T B IR e ,.,O,',(' S TS Sy e VA 7__000“_' aA o]
) E ol 0.0 0.0
L Uel (VN ¢ 0.0
: 2 A x ;
g Vel 0,0 Q.0
CULT SUMMARY (b) Y O S S V1o ] ol
BLibeR cast oF COST UF cust ut COST UF  TOTAL
NUS L) PR e CHATIU L wAT T sANCeE  OPeRATING INVENTORY  COSTS
1 153455 H ' TR T 0.0 T 153.85
4 193.49 e 0 Ol _0.0 153.35
L] 19405 Del = 00 — 0.0 T 193485
“ 153445 Ued 0.0 060 153485
9 193,065 Je 0s0 0.0 153.85
(64,23 BT L = 0.0 0.0 769.23
" COST(8) PR UNIT= 0. 49 pr

For Runs 1 through 4
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__CUST ANALYSIS ‘

BUFFER COSTS AND STATUS

- - —————— - ——

BUFEER  PURCIIASL  SALVAGE  EXPECIED  SHIFTS  NO. OPERATING |
NUMBER PRICELL)  VALULE») LIFE(YRS) PER DAY DAYS PER WEEK )
- —— - - ————— - - - —— - —— - 5
O e U A R O i O R S T 3 i
2 400000, Ue L Saks, S0 ARORs). ST e . R T ;
k) 400000, (U 10.0 1.0 S5e |
4 400069 e e e BT % S o s R j
4 LIV VIV R I Ge 1044 1.0 Se
= e e £ s 1
BUFFER  CUST (F COST Ui O e "
NUMBER UPERAT LG 8/i02)  MATNTENA ICE(S/HR)  INVENTORY($=DAY/ZPC)
1 Gel) ; i 0.0 PO TS NG R !
T ot S e RO 0.0 ;
3 Cet) 0.0 0.0
4 Ve / R 0.0 g g S e 0.0 I ik
& Gl Ve 0.0
CUST SUMEARY (b} et A oL e I Ol e S I T s
BLEEER CoSrE QOF CusT UF COST OF COST OF TOTAL
FaUY 13 12 CERREGIATION MATNTENANCE  OPERATING  INVENTORY COSTS
1 5 193,85 30 040, o 0nEE 153.85 i
e B L Q0 o oo B0 o o0 T 8380 H
5 193.89 Jel) 0.0 0.0 193.85%
4 o R S - 1 L e B0 . 0.0 - 153,86
5 153,45 Ne 0.0 0.0 153.85
169423 060 0.0 T 00 T 169423
T T TCUSTiS) PLR UNIT= Geub4

Ffor Runs 5 and 6




AVERAGE  UNIT  PRUDUCTIONZINTERVAL

T e b T T ———— -

vAY costZuniTesy 1 2 = 3
. OLO& 1 o Aln i hGt. ) 400 &0,
2 Oletiel 8 22T 268 Uou s LR L
3 Ven? B6e b4, 33. 21.
4 0,69 198 = 16S5s 135, - 133, = °
5 Cet)d 200. 168, 135, 135,
R 1 1 T 247, 218. 196. 167,

DAY 1 72 I 3 4
TS L bk - 683, - 483, . 416
2 . 456, 460  442. - 307,
3, 2Bde 225 Nilte . 130

4 399  330s 339, 303
5 402, 390 339, 306.

PROCUCTION UTT AVAILABILITY

CUAY [ o el T G AN MR e G RL
L 23205, 21653 11145, 137686 9939,
2 24423, 227364 L0964 15197. 12985,

3 24154, 25433, LUL0D. 363, 25089.
4 238004 227131e 21540, 5431, 4140,
5 22333, 20678, 51766. Z1160. 4303,

23121, 22650, 12909, 11167, 11291,

For Run 1
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BUFFe bevIATIUN

I 3und4e Su6l. 3741l. 1226. 3668,

2 2%B8e 4987e 6G4ll, 6611, 2317,

3 Gne, L1105 De 11971. 2437,

F 4 3623, 6333, 6592, 320, 1661,
5 9488 08Jbe 9951, 6984, 436,

LAY 1 2 3 TN
I 9% 10, 190.  10C. 100,
2 100._  100.  100. 100. __100.
3 109. 100, 1%, 100. 100,
4. 90 100. . 95, 100, 100.
5 100, 9. 1970.  100. 100,

o ' T 96. 100. 100.

For Run 1

) VAN T ) T T PPAMATS Y NPV IR T o 4 T TN S AT TR T [ v
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TAVERAGE  UNIT  PRODUCTIONZIMTERVAL
UAY COSTZOMITIS) o ol 2 g T g
Cr V.04 419,  446. 416, 420,
20 005 3264 294a 2835 266,
3 D04 470, 439, 411. 406,
L& 0aGse o mRa, a56. 340 323, |
5 Ueub 334, " 328, 312. 297.
[ONES 3979, 373, 352, 342,

T UAY 1 P 3 4
T I  50h: 5H33.- 4Bbs &lTs

4b6e  4B87. 445, 390,

2

3 493 935 4AaYH, 4l6.

4 495, 507 46, 349,
= = B P

“6')e Sule 458, 4Gl

1089+ 1147. 1047, 305.

TPRUDUCT LN UNIT AVALLARILITY

1 226824 21043, 15614, 9195, 10000.

2 219504 236K3. 10000. 22121. 19000,

3 19330 16o06s 12269, 3138, 11227.
4 228054 236124 2540, 141164 10000,

5 22170. 24G37. b634, 22373. 10000

- - - - - -

T Z66 2208, GR0N, (4169, 10245,

For Run 2
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AUFFL® DEVIATION E Fa
LAY 1 7 T G e
Tl 4230 Gr4a2 T Iu0T. 2251, 0.
2 _5898. 42490, 0. 4BS0. 0.
3 H4lle Y1462, 4182, 51 17051.
4 90485. '61‘07.”_ 2731_._37‘)?,_‘____93"_
5 20173, 3248, 19%. 475.’. Oe

- -

T Msue 12032, 9269, 9693, 7051,

BUFFER AVAILABILITY

UAY 1 2 3 4 3
S 04, 10, 100. 100. = L00s
2 loD. . 10 © Ta0.  100.  100.
3 100 100. B89 100, 100.
e lOve __ 95¢ _ 100, 100 _
5  120. 95. 100. 199. 109,
e 95. 9. 96. 100. 100.

For Run 2




AVERAGE  Udll PRUDLCTIUN/ZINTERVAL

- -

OAY  cOsTZUNIYCSl - ot 2 - 3 &
B R o T 1T a7 e R 0
2 0,05 arq, 326, 295, 282,
3 Ued 558. S06. 444, 454,
& 0404 455,  4lle  AT5.  3SA.
Y 0el% 371, 319, 293, 267,
R T0.05 455, 405, 367. 357.

TTNL00. T T159, 10540 909,

TPRODUCTLON UNTT AVAILABILITY

UAY 1 2 3 4

L = 5ls  ABe  &4¢ . Sla

2 3. 30, 30, 34,

3 96 4l 45. S4.
W 460 39, 38, GRieY

5 36 2. 3D 32.
BT ) 36 . . O 43, A

TUNLT DUWSTIME DUE Tu BUFFERS

DAY AR 3 4«
i 42 A3 19e i
L G B RG0 39, (0
3 39 23 16. 21.
hr 4 14, 92l 22 ,_.,l‘)'_ s
5 92, 04, Sl 5e
T Y RS P 8

UAY 1 2 3 4 5
1 43848 42308. 33670. 245%8. 25000,

2 46792, 46125, 25000. 4482b. 25254,
3 45112, 317246, 26785, ¢335%. 21706,
4 39215 46654, 112664 41519, 25000,
9 44726. 4638Te 250906 413060, 27442,

42539,

42552, 24344, 331244 26080,

For Run 3
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f
:
2
5
i
i

" BUFFER UEVIATION

‘LAY Vet 2 e
"'F‘Linli'ln/ZI"TI3537'72375""""31"_‘
2. 5794. 1690s 0. T553. 1227.
3 671le 1/18Us 3031, 4. 10076,
4 18943, _64u2. 9070, 10744, 0.
5 H8T4, 13lé. O 12969. 6436,

23705 22506, 14876, 18513, 12019

DAY 1 3 4 5_

L o 94a 00 100. 100, 109,
2 100. 106, 100,  100. 100,
) 10U.  luue. 65 100, 100.
4 97. 100 95,  109.__ 109.
L e R 100. ~ 100, 100.

Tl s G 39, 96, 100. 100.




%
b
£
i
g
§

» e

AVERAGE UNIET  PRUDUCT IUN/TATERVAL

AV COSTAONIDURL. =k 2 Ba o4 o
T 0.04 496.  463. 410. 422,
2 Uag6 - | 337, 283, 285, 230,
¥ 3 0.03 607. 570, 476, 551,
4 0.05 L Glas s B6l. 357000 Alas
5 9 0.0 355, 317. 281, 266.
TR Detn 442, 400, 362, 356,
PRUDUCT 1Y DEVIATION AT
OAY 1 2 AR ey
1 50l. 536, 435« 419,
2 468 41T 44b.  3T4e
3 LAVRES S 34, 491, 39%.
__ 4 493.  499. 4T3, 40l.
5 4bde  4il. 4b4. 390,
T lO0B6s . 1139, T04T.  B05.
PROVUCTIUN UNIT AVAILABILITY
DAY 1 P kg B P
I TR T (A 42, 51,
20 Sy 26s 28. 28,
3 hle 93, 49, 606
o e e e G L
5 15, 29. 29, 32.
a 44, 37, 37. 43.
C AVERAGE BUFFER SIZE R
5T, S i 2 3 R
T T 49843, 43355, 26010, 30592. 26551,
L2 46045 45348, 37502, 33899, 25276
3 41262, 31590. 28408. 13783. 18301,
4 450160 456204 1(411. 26131e 39180,
9 44136e 47317« 34319, 25531. 31296«
TT44490 42546, 28B22. 25987, 28121,

For Run 4
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82
E
T T OUFFER DEVIATION T T
¢ DAY - E 2 3 4 1570
5 o= eeaee ——mme eme——- ———e= ecee-
i 1 6l%4. 615 4C30. 1UT43. 5105,
2 H501e 78124 8BBS8. 10795, 1347,
3 10332, 157171 734). 3106. 9%26. i
4 8846, 6l39. 102593, 15500. 4902, i
: 5 9749. 58464 11177. 1869. 13872, §
¥ ——— - ——— - 3
: 1921/ 20(80. 19459, 22030. 168305,
SRR A |
BUFFLR AYAILABILITY ;
___________ S S e b
(3 e R i e e R T S
R e omaah moeee Semsw | eeee o R i
1 4. 100, 179). 10). 100. i
L& 100G -100.  100. 109s 100¢ ;
3 109, 1G0. 85. 100. 100, i
e e B SR T i S ol !
5 100. 93, 100, 180. 100, :
‘18 99 96. 1090. 100. |
For Run 4




1 3
i
| §
. ] 3
("3 %
‘ d &
: |
! AVERAGE  UNIT  PRODUCT IONZ INTERVAL Gt 5
1*AY Cl!ﬂl/!lﬂll"'i) 1 2 3 § 2
i R D e 335, 303. 271, !
: 2 Gafh. A9, - 360, . Flle MU | y
: 3 0.05 337, 304. 271, 271, i
! GEE 0u05 362, 335, 283, 304. j
{ L} Neus 360 330. 300. 299, !
- 0,05 345« 3l4s  279. 283, i
i
PRODUCTINN BEVIATICN !
_______ A R T ]
LAY 1 2 3 4 |
I &71. 448, 439. 391. |
2 474 487. 439, 390,
3 4l6. hios  AX9.  B92.
& 6UDe 505, 445. 398,
S 4B3, 4d2. 453, 398,

T lued. Ihave  991.  8Rl.

PRUDUCT TUN UWIT AVAILABILITY

T 2380m. 240300 L1150, 13786, 10000,
2 23027, 19522, 15094, 10000, 9260._
3 22145, 23095, 10000. 15943, 12296,
4 23030, 21272, 11274. 8334, 9563,
5 23333, 22851, 8835, 16303,

1580,

T 23200 22156, 11020. 11380, 11484,

For Run 5




— o Y

8l
RUFFLR UEVIAT IO BT s ]
TOAY 1 P AT T TR i)
V73939 3295, 31368. 1220.  o.
2. 867 7990 7127, 0. 2608, _
3 5514, 4790, 0. 6726. 4254,
L4 9248B. 5531, 5466, 3463,  1800. _
5 3656. 4447, 3780. 3070. 6708,
104260 121247 10437, 10904, 8552,
TBUFRLR OAVALILABILITY x i
UAY =l o TR A A e G
B s e T 100. 100.  100.
2 100. 190, 190. 100. 100.
"3 109, 100, 85, 109, 100.
4 97. 109 95, 100. _100.
8T 00 5. 190. 1060. 100. :
98, 1. S6.  106.  100. : #
For Run 5




oA ATy

S

ISR

AVFRAGE  UslT  PRODUCTIONZINTERVAL

TDAY  COSTIZUNITLS) S R S e N T
R DR o 3. 3240 200. 201,
2 0.05 S 976, A23, 271, o AT
3 0.0% 3las  324s  271. 271,
L g 0.G% 445, 395,  297. 344,
5 0405 386. 334, 297. 281.
- i 0eub 392, 340, 281. 288. .

DAY 1 2 3 4
e (s T 47, 439, 332,
2 4B6. 499, 439, 391,

3 490, 498, 439, 192.

& 493, 917,  4%2. 411,

S 490, 4%, 452. 392,

3y, 31. 29. 35,
UNIT DUWITIME QUG Ty BUFFERS
DAY 1 2 3 4 g
=it 56e 57 15. O
2. Wy, 45. 13, e o
b} OO O e 32. 6o
L 41 4)e P e
5 55. 59. 0. 22.
T ke . 574 13. Te
AVERAGE BUFFER STZE SR
CAY 1 2 S R S
Tl 4nT40. 41129, 26224, 30592, 25000.
2 44963, 40176. 316130 25000, 22632,
3 ATL%6. 414)0e 25000 564780. 2929064
4 46244, 41701, 24780, 223534 27677,
S 45309, 46 0. 17295, 209606. 42288,

T AR 445 TL 2409480 J6T38. 28338,

For Run 6
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y -
| 4
i
&6 1 3
3
3
4
: : : H
BUFFER LeVIATION }
T S i G B S e T ety &
e e e K e s e e « 2
1 692, 5532, 3813, 10T43. 0. {
2 _78l3, Y1557, 11683, = O, .S40K, |
3 1280. 4634, Us 10994, T146, i
o 4 Ttsl. 9525, 5395, 5996. 6672,
5 3993. 665, 9993, 8494, 10223,
TTLT435.179330 16334, 18557, 15143, ;
T BUFFLR AVAILABILITY By ,
; DAY EE A )
Il 94. 00 100 100s 100
2 100.  199s 100, 100s . 100.
£ SR U 1) TR 1 1 85, 100. 109
_ ATe 0. 95.  1G0.  100.
5 100, ¥5. 100, 100.  100.
(s ERGyT . 96. 100. 100, ‘
3
For Run 6
1
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(2)

(3)

(4)

(5)

(6)

(7)
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