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Preface

This research project only examines the depot level

maintenance at one of four depots using the DATSA (Depot

Automated Test Station for Avionics) for the BI-B. The

model, developed to simulate the repair process, can be used

for any depot merely by changing the appropriate variables

after the computer program is started. The variables are

easily changed because of a new simulation environment

called SIMPLE 1. The simulation language, developed by Mr.

Philip Cobbin, provided the needed flexibility to accomplish

this type of model.

I would like to thank Mr. Cobbin for his help with the

language and Lt. Col. Richard Peschke for introducing me to

SIMPLE 1. I would also like to thank my thesis advisor,

Maj. Hitzelberger, for his patience, trust, and editorial

assistance during this research project. Finally, I need to

express my thanks to my family for their moral support this

past year.
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Abstract

This reeaearch-investigates the repair process for Bi-B

avionic Shop Replaceable Units (SRUs) at the depot level of

maintenance. A Depot Automated Test Station for Avionics

(DATSA) is used to test these SRUs for faults. A computer

model provides the en-ironment for the simulation and

comparison of different amounts of DATSAs at the depot at

Robbins AFB, Georgia.

- SIMPLE 1 is the simulation language used by the model.

It was chosen primarily because it can be used on any IBM or

IBM compatible personal computer, and it does not require a

simulation expert to run. The model's user-friendly input

screens allow for changes to be made for future simulations

as more data becomes available on the SRU repair process.

The simulations used a SRU arrival rate based on an

aggregate Mean Time Between Demand for the SRUs. Simula-

tions were conducted using various quantities of DATSAS.

The differences between key variables in the different

systems were compared and confidence intervals were com-

puted. Synchronized random number streams were used as a

variance reduction technique to determine compact confidence

intervals. Sensitivity analysis was also accomplished by

vii
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varying the quantities of workers available and the average

daily flying time of the B1-B.

The results indicated a minimum of eight test stations

would be able to accomodate the anticipated SRU load at the

depot. However, the time the average SRU was delayed in the

depot also increased as the number of DATSAs was decreased.

With only eight DATSAs in operation, the cost of the added

delay might exceed the cost of another DATSA. Also, as the

flying time was increased, an infinite queue of faulty SRUs

began to accumulate with only eight DATSAs in operation.

Nine DATSAs were easily able to accomodate a i0 percent

increase in average daily flying time.

viii
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STATION LOADING ON THE DATSA
(DEPOT AUTOMATED TEST STATION FOR AVIONICS)

I. The Introduction

General Issue

The Bl-B strategic bomber is a highly complex weapon

, .system. It utilizes a modular component design to expedite

and simplify maintenance. An avionics system failure on the

aircraft is traced to a Line Replaceable Unit (LRU), or

"black box." The LRU is removed from the aircraft and

replaced with another LRU. The malfunctioning LRU is sent

to the base avionics maintenance shop for repair. In the

shop the LRU is checked with Automatic Test Equipment (ATE),

and the faulty circuit board within the black box or Shop

Replaceable Unit (SRU) is removed and replaced. The faulty

SRU is sent to a depot for repair. At the depot the SRU is

tested with the Depot Automated Test Station for Avionics

(DATSA), and then it is repaired and returned to service.

The quantity of test stations at the depot must be enough to

insure a reasonable repair time at the depot, or the

inventory of spare SRUs will be depleted before it can be

replenished. The resulting shortage of spare SRUs could

seriously affect our strategic bomber capability by

grounding combat aircraft. However, an excessive number of



stations would add millions of dollars to the program's

total cost.

Problem Statement

The Bl-B System Program Office, SPO, has ordered 30

DATSAs from Emerson Corporation. The DATSAs are to be

located at four different depots, and each depot will be

responsible for different types of SRUs. Currently, a few

of the DATSAs have been sent out to the depots. The

remainder are scheduled for gradual implementation until

June of 1988, when all stations should be in place as the

last of the 100 new BI-B aircraft become operational (12).

The SPO is concerned that 30 test stations may not be

enough to handle the depot maintenance of the SRUs.

Rockwell International Corporation projected a need for 46

stations. But the Technology Repair Centers (TRCs), a part

of Air Force Logistics Command (AFLC) and responsible for

maintenance and repair at the depots, projected a need for

30 stations (12). The SPO not only needs to know if 30 test

stations are enough, but how many to place at each of the

four depots to insure a minimal repair time without

committing an excessive number of DATSAs.

Research Objectives And Scope

Complicated models capable of doing this simulation

already exist, but because of their expense or complex

nature, they are relatively inaccessible to smaller planning

groups. The objective of this research was to develop a

2
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model to assist the B1-B SFO with their decision on the

quantities of DATSAs to place at each depot.

The nature of this research was to analyze failed

avionic SRUs as they travel through depot repair, not to

model each individual SRU in the entire system (see Syster

Definition in Chapter 2). The planned 100 B1-B aircraft

contain more than 400,000 avionic SRUs alone, not counting

any SRUs held in inventory. A model of this complexity

would not be adaptable or flexible enough to allow the many

changes that occur in an evolving weapon system.

The objective was to provide the B1-B SPO a user-

friendly computer model for use in determining the proper

quantities of test stations at each depot. The model was

built to examine the depot defensive avionic SRU repair at

Robbins AFB, and analyze how many DATSAs are needed there.

But the model is generic and user-friendly enough to allow

even non-experts the opportunity of using the model as input

data changes or for analyzing other depots or test stations.

Literature Review

This research project builds on research conducted by

Captain Lance M. Roark, a 1983 Air Force Institute of

Technology (AFIT) graduate. His topic was the intermediate

level of maintenance accomplished at the local base level.

He designed a model to determine how many of the various

types of Intermediate Automatic Test Equipment (IATE) would

be required (14:3). At the time of its development, the

3
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model provided very useful information to the Bl-B SPO.

However, most of his data (as well as most data used by this

project) were estimates furnished by the contractors at

Rockwell International. When more actual data began to be

collected, he was not available to run simulations using new

data on his model. Despite the fact he also included an

operating manual for the model, it was too complex for the

SPO personnel to use. They were unable to use it to adjust

their estimates of IATE requirements. Thus this project

will continue the analysis to depot level maintenance and

carry along the lessons learned regarding simplicity.

,V. To adequately understand and duplicate a system, a

knowledge of the system boundaries is necessary. Mize and

Cox provide excellent descriptions of many required terms.

A simulation is

... the process of conducting experiments on a
model of a system in lieu of either (1) direct
experimentation with the system itself, or (2)
direct analytical solution of some problem
associated with the system. (11:1)

A system is "a set of objects united by some form of

interaction or independence" (11:1). A model is a

representation of all or part of the real system, and an

experiment is the act of observing the performance of the

model or system under various conditions.

The system in this model is depot level maintenance at

Robbins AFB for Bl-B avionic SRUs repairable on the DATSA.

The experiments change the number of test stations available

to examine the number required. Also, a sensitivity

4
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analysis of the output was accomplished by varying the

average daily flying time to observe the results if the

input data were to change. This sensitivity analysis also

substantiates the model's face validity. A model's face

validity is its ability to appear "reasonable on its face to

model users and others who are knowledgeable about the real

system being simulated (2:385).

Fishman lists several of the technical attractions of

simulation (7:4-5). Simulations can compress time, control

sources of variation, eliminate errors of measurement, and

allow an experiment to be replicated. Also, simulations can

stop, record, and review all relevant states during an

experiment without hindering the process of the system.

Unfortunately, they also can become so complex trying to

account for every minute detail that they fail to provide

useful solutions.

The depot level SRU repair can be thought of as a

queueing system, or a 1collection of demands that arise as

time evolves and that request service from one or several of

a collection of resources" (7:13). The number of DATSAs

required corresponds to the number of servers in a queue.

Waiting time for repair decreases as the number of servers

increases, but after a point the idle time of the servers

increases to the point where it is no longer efficient.

This illustrates the double-edged character of
performance, and it is the balancing of these
conflicting objectives that represents the essence
of the study of a queueing system. (7:17)

5
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DATSAs are expensive, but too few of them could leave the

strategic forces in a decreased state of readiness.

The queue at the depot has the main attributes of any

queueing system. The arrival rate of failed SRUs is given

by their Mean Time Between Demand (MTBD). Their reliability

is given by their Mean Time Between Failure (MTBF), but the

depot is concerned with the actual demand rate on supply

(12). The MTBD is a smaller number than the MTBF because

it incorporates other types of failures besides those due

solely to an inherent failure in the component itself.

Other types of failures would include those due to neglect,

maintenance malpractice, or components that retest okay.

Cooper provides excellent descriptions of the different

types of arrival and service time distributions to use in

various models. The poisson distribution is a favorite

arrival distribution because of its memoryless property

(5:45). Memoryless means the arrival of any entity (SRU) is

completely independent of when the last arrival was. This

same principle applies to using exponential service (repair)

times (5:38). Uses of both distributions are well-discussed

by Banks and Carson (2).

Banks and Carson also list the steps used to conduct a

simulation. These will be covered in Chapter III of this

thesis. Cobbin provides the inputs for the actual model

building, also in Chapter III of this thesis. The methods

of analysis described by all three authors will be used to

assist in analyzing the results of the simulations.
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II. The Background

Starting in mid-1985, the first B1-Bs began arriving at

Dyess AFB, Texas. By the end of 1986, Dyess should have all

of its scheduled 29 aircraft. The next 35 aircraft are

planned to arrive at Ellsworth AFB, South Dakota, between

November, 1986 and July, 1987. Grand Forks AFB, North

Dakota should have its 17 aircraft by the end of 1987, and

the last 17 go to McConnell AFB, Kansas by mid-1988 (10).

To support aircraft depot maintenance, the DATSAs are also

being implemented gradually to be fully operational by

mid-1988 (12).

The B1-B utilizes three main levels of indenture for

maintenance. The organizational and intermediate levels of

maintenance occur at the local base level, and the depot

level of maintenance occurs at a Technology Repair Center

(TRC) usually co-located with an Air Logistics Center (ALC).

Organizational Maintenance

The organizational maintenance personnel (OMS) meet the

aircraft after its mission to investigate any malfunctions

reported by the flight crew at the maintenance debriefing.

The bulk of the B1-B's avionics can be grouped into three

categories -- offensive avionics, defensive avionics, and

the Central Integrated Test System (CITS) (14:16). The CITS

automatically accomplishes fault tests on the avionic equip-
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ment during flight. This aids both the operations and

maintenance crews in troubleshooting malfunctions. The

malfunction can usually be isolated to one Line Replaceable

Unit (LRU). A LRU is "any assembly which can be removed as

a unit from the system at the operating location" (6:1-1).

This malfunctioning LRU is removed and replaced with another

LRU from base supply. The faulty LRU is then sent to a base

level avionics repair facility (AMS) for test and repair.

aa

Intermediate Maintenance

The B.-B's avionic systems have more than 424 LRUs of

which 212 are repairable. One hundred and nine LRUs will be

repaired at the base level on Automatic Test Equipment

(ATE), 103 will be repaired at the depot level, and 212 will

be discarded (14:16). A repairable LRU is connected to a

computerized test station, and the station conducts a series

of tests on the LRU to determine the malfunction. Usually

the fault can be traced to a Shop Replaceable Unit (SRU).

A SRU is 'a module for an LRU which ca,- be removed from

the LRU at an intermediate repair facility" (6:1-1). If a

SRU is malfunctioning, it is removed and replaced with

another SRU from supply. The repaired LRU returns to

supply, and the bad SRU is sent to depot for repair. Base

supply orders SRUs from the depot as its stock becomes

depleted. Any LRU that is scheduled to be repaired at depot

or that cannot be repaired is also sent to the depot for

repair.
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Base supply is responsible for maintaining the proper

levels of stock in LRUs and SRUs. Some commonly used SRUs

will be held as bench stock in the avionics shop, but the

rest will be ordered from supply. Supply will order the

LRUs and SRUs from the appropriate depot.

The test equipment used in the avionics shop is called

!ATE (Intermediate Automatic Test Equipment). LRUs are

attached to the test station through a hardware interface.

Electronic tests are performed through the use of computer

software programs. The IATE also has many LRUs in its

composition, so test station failures can be rapidly

repaired. IATE LRUs can also be tested on the IATE and

repaired at the base level by removing and replacing the

faulty SRU. The test station SRUs are sent to depot at San

Antonio ALC for testing and repair.

Depot Maintenance

Presently four depots have been named to test the

avionics SRUs for the B1-B: Warner Robbins ALC, Oklahoma

City ALC, San Antonio ALC, and Sacremento ALC. Each

aircraft contains more than 1300 different types of SRUs,

and they can be tested with a test station called DATSA,

Depot Automated Test Station for Avionics (12). As

mentioned before, San Antonio will handle all SRUs from IATE

stations at each of the four bomber bases. Warner Robbins

will be tasked with the ALQ-161 SRUs. The ALQ-161 is the

defensive avionics package used for Electronic Warfare (EW).



It consists of 514 SRUs. Sacremento is getting one DATSA to

use in its repair of SRUs from a specialized type of

instrumentation. The rest of the SRUs will be repaired at

Oklahoma City (12). Test Program Sets (TPSs), the computer

software that drives the different SRU tests are currently

being developed at the depots on the DATSA (12). Future

weapon systems consisting of LRUs and SRUs can utilize this

same DATSA by merely using different interfaces and TPSs.

The data used in this model is from the B1-B SPO. They

*. obtained the individual MTBD for each type of SRU from the

contractors. The contractors based the estimates on

reliability rates from similar components used on different

systems and on the data they are beginning to acquire from

the field from the B1-Bs that are flying (10). The Mean

Time To Repair (MTTR) is also estimated the same way. The

projected B1-B flying time is from Headquarters SAC

(Strategic Air Command).

AFSC/AFLC Re, lation 800-23 sets the policy for the

purchase and use of Modular Automated Test Equipment (MATE)

to the maximum extent possible. It "requires all AFSC/AFLC

organizations that acquire, modify, replace, and support AF

systems that require ATE to follow this policy" (8). The

DATSA, like the IATE, is composed of modular components that

can be mixed and matched to a degree. The DATSA is composed

of LRUs and SRUs which can be removed and replaced and sent

to San Antonio ALC for testing and repair.

i0
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III. The Methodology

Banks and Carson present a useful list of steps to

follow in a simulation study (2:11-15). These steps provide

the framework for the discussion of the method used. The

first two steps, problem formulation and setting of

objectives, have already been accomplished. The report of

results is contained in Chapter 4, and conclusions and

recommendations are in Chapter 5.

Model Building

The discrete section of the model is made up of three

main parts. The first part, the clock section, is the

sequencer of daily activities. The second part, the failure

section, is concerned with creating failed SRUs, assigning

them a type and repair times, and shipping them to the

depot. The last part, the repair section, models the repair

process at the depot.

The Clock Section. The clock serves as the time keeper

to sequence events properly in a normal work week. Each

weekday it randomly assigns shipping times from the four

BI-B bases, updates the display screen, and controls the

work activity. Work starts at 0730 each weekday morning,

and the lunch break is from 1130 to 1215. The workers

repair SRUs for four more hours and leave work at 1615.

Work starts again the next day at 0730. Work ending at 1615

on Friday waits until Monday morning to start again. The

11



clock provides preempts to interrupt work for lunch,

evenings, and weekends. The shipping times, generated by

the clock, are used in the next section.

The Failure Section. SRU arrival is simulated in the

next section of the model. Rather than try to fly 100

aircraft (each with 1330 avionic SRUs), an aggregate arrival

rate is calculated by summing the individual arrival rates.

An individual arrival rate is given by the equation

Ra = (I/MTBD) (1)

where Ra is the Rate of arrival and MTBD is the Mean Time

Between Demand of the SRU. The reciprocal of the Rate of

arrival yields the aggregate MTBD for all SRUs on the

aircraft:

SRUMTBD (1/Ra) (2)

SRUMTBD is the aggregate MTBD of all SRUs and Ra is the

aggregate Rate of arrival determined in Eq (1). The

SRU_MTBD is one of the key variables in the model since it

determines the work load at the depot.

The expected number of SRU arrivals at depot per day

can be determined by the equation

NOFAILURES = FLYTIME/SRUMTBD (3)

where FLYTIME is the average flying time of all a.'rcraft

per day, and SRUMTBD is computed from Eq (2). The

NOFAILURES is sampled daily from a poisson distribution

with a mean calculated by Eq (3). FLYTIME is computed by

dividing the quarterly flying time by 65 flying days per

quarter. Although SAC flys on weekends, the base and depot

12



level maintenance is usually accomplished on weekdays. So

for this model, the flying time is divided by the 65

weekdays per quarter. The actual flying time will vary from

day to day, but studies have shown that this variance has a

negligible impact on failure arrival rates (9).

Another concern is shipping time from each of the four

bases to Rcbbins AFB. The average shipping time from any

base to the depot at Robbins AFB is five calender days with

an exponential distribution (10). The clock simulates

calender days and uses a 48 hour preempt on depot activities

to stop work for the weekend. But transportation of

shipments is not preempted and still occurs over weekends.

The shipments leave the bases at 1600 on weekdays. The

actual shipping time may not be five days, but once the

system is in steady state, the actual transportation time is

important only because it provides an arrival pattern that

can be spread out over many days. The exponential shipping

times for arriving SRUs from each of the four bases provide

this dispersion. They are computed each day for each base.

The base of origin is determined on a percentage chance

derived from each base's percentage of the total flying

time. All of these figures are default variables and can

easily be changed at the start of each simulation with a

user-friendly input screen.

The avionics SRUs consist of four major types: digital,

analog, radio frequency (RF), and microwave (15). Each type

-' has a different average test time on the DATSA and a

13
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different average labor time. The estimated percentage mix

of the SRU types and the average times were all provided by

the depot at Robbins AFB (15). These figures are also

default variables in the model, and they can be easily

changed as actual data replaces estimated data. Before

being shipped in the simulation, each SRU is marked by typ-

and repair and test times are assigned to it.

The Repair Section. The third part of the discrete

section of the model simulates the maintenance repair

process at the depot. Failed avionic SRUs arrive as input.

to the process. Each SRU is taken by a worker (if one ia

available) to an available DATSA, and an initial inspectir,

is accomplished to determine the faulty component on the

SRU. When the faulty component has been identified, the

DATSA is free for other inspections or tests. The worker

repairs the SRU,and then tests the SRU again on the DATSA to

insure it is working properly. A small percentage of the

SRUs will be found to have no faulty components and ReTest

OKay (RETOK). Also, some SRUs will need additional repair

after the second testing (RETEST). These percentages are

default variables. After a part is repaired it is returned

to supply for re-issue.

14
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rf LA'.TAs and workers are input variables for

. Te quantity of each variable at the

-P. :nput to the simulation. Another

+ 'A>'A DOWNTIME. This is the number

.ATJA nonavailability because of

- -lration, or other activities.

:- rfDrmed on the DATSAs as

SMTBF for each DATSA and a 1.5

- - " .f variables -- default

: .. r.:teS The default variables have

* . rAei vy the model, but these values can

r• . time with the use of an input

. .3 r13tK.es. The default variable values are

. . The test, labor, and percentage of each

.pe were obtained from the depot at Robbins AFB. The

rest of the data was provided by the Bl-B SPO. All data is

estimated, but because the model uses variables, it can be

updated with actual data when it becomes available. The

aggregate SRU MTBD can be calculated elsewhere and input as

a single value; or an input file containing each individual

SRU MTBD can be read by the model, and a new aggregate SRU

MTBD can be computed.

15
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TABLE I

* Default Variable Values

RATESTIMES

' RTOK 0.1000 AGG. SRU MTBD (HRS) 5.734
RETEST 0.1500 DATSA MTBF (HRS) 167.5
PERCENT DYESS 0.2929 DATSA MTTR (HRS) 1.5
PERCENT ELSWORTH 0.3535 ANALOG TEST (MIN) 69
PERCENT GRAND FORKS 0.1768 ANALOG LABOR (IN) 660
PERCENT MCCONNEL 0.1768 DIGITAL TEST (MIN) 39
PERCENT ANALOG 0.6000 DIGITAL LABOR (MIN) 420
PERCENT DIGITAL 0.3000 RF TEST (MIN) 180
PERCENT RF 0.1000 RF LABOR (MIN) 900
PERCENT MICROWAVE 0.0000 MICRO TEST (MIN) 180

MICRO LABOR (MIN) 900
QUARTERLY FLY TIME 7875

TABLE II

Input Variables

NUMBER OF DATSAS
NUMBER OF WORKERS
WARM UP TIME (IN DAYS)
RUN TIME (IN DAYS)
NUMBER OF REPETITIONS

SADDITIONAL SRU LOAD (DAILY)
TOTAL DATSA DOWNTIME (HRS/DAY)
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Input Variablea. The input variables do not have

default settings, so they must be input at run time. Table

II lists the input variables. The number of DATSAs is the

variable of major concern, and its value was varied to

determine the results using different quantities of DATSAs.

The number of workers is a value determined by the pro-

duction labor specialist based on their estimate of the

anticipated workload (15). The warm up time is the number

of days the simulation is to run to achieve steady state

conditions. A value three times the transportation time is

usually sufficient for warm up and this value was tested and

used in the simulations. The run time is the number of days

the model is to simulate the process. For all simulations a

run time of 90 days (one quarter) was used to insure a

sufficiently large enough run time as discussed below.

The number of repetitions is the number of times the

model is to repeat a simulation run with out resetting

simulation variables or entities. This produces the effect

of one long simulation run with data collected in intervals

called "batches." The mean values in these repetitions or

"batches" are not independent, but if the run time of the

repetition is sufficiently large, then the means can be

considered as independent because the bias in the variance

estimator will be approximately one (2:440). Additional SRU

load is the number of additional faulty SRUs created daily.

It can be used for sensitivity analysis dealing with an

increased SRU load on the depot. Total DATSA downtime is

17



the number of hours per day of total DATSA nonavailability

for preventive maintenance, calibration, or other uses. All

simulations used a DATSA downtime of 30 minutes per

available DATSA per day.

Common Random Number Streams

Common random number streams were utilized to

synchronize the simulations for comparison purposes. The

resulting correlated sampling helped achieve variance

reduction for smaller confidence intervals. "Correlated

sampling means that, for each replication, the same random

numbers are used to simulate both systems" (2:456). Since

'the number in the random stream when the next repetition
'-4

begins is not the same as the one that started the preceding

repetition, and the run length is sufficiently large (90

days), then the repetitions can be considered independent.

Also, since the random numbers are synchronized in the

model, the next repetition of each series of runs (or

experiments) will be the same (2:456-457). Thus different

test are correlated and variance reduction is achieved.

Ninety-five percent confidence intervals were used for

all experiments. This means that, statistically speaking,

95 percent of all observations should occur within this

measurement interval. In the case where one system is being

compared to another, if the difference in mean values of the

variables in question has a confidence interval which

includes zero, then no statistical evidence exists for a

18
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difference between the values (with a 95 percent confi-

dence).

CodinR

The simulation language is SIMPLE 1, and the simulation

will run on any IBM or IBM compatible personal computer.

Appendix A contains the documented source code for the

model. The SIMPLE 1 simulation environment consists of five

main sections: the declare, prerun, discrete, continuous,

and postrun sections. User defined global variables,

entities, screen layouts, and files are contained in the

declare section. The user defined variables help to make

the model easier to read and understand. The prerun is used

in conjunction with the postrun section to initialize,

clear, and reset variables. These two sections also combine

to provide the powerful run control features which

contribute to user-friendly control of the model 4.54.

The continuous section is used for continuous simulatw-n

models and is not used in this model. The discrete_ s-ti ,n

of the model consists of three main areas: a clock sect~ n

to simulate a forty hour work week, a failure s-cti,-n tc,

simulate SRUs arriving at depot, and a repair serticn tc.

simulate the SRU repair process at the depot. Figure I shows

the main logic flow in the discrete section of the m,-del

19



CLOCK

1. SET DAILY VARIABLES
(SHIPPING TIME AND # OF FAILURES)

2. DELAY FOUR HOURS
3. PREEMPT WORKERS FOR LUNCH (45 MINUTES)
4. DELAY FOUR HOURS
5. PREEMPT WORKERS FOR THE EVENING
6. DELAY 915 MINUTES (UNTIL 0730 THE NEXT DAY)
7. ACCOMPLISH #s 1-6 FIVE TIMES THEN DELAY 48 HOURS

(WEEKEND DELAY)
8. START AT # 1 AGAIN (0730 MONDAY)

FAILURES (MON - FRI)

1. CREATE THE NUMBER OF SRU FAILURES FOR THE DAY
2. DETERMINE THE BASE OF ORIGIN
3. ASSIGN SHIPPING TIMES ASSOCIATED WITH THE BASE
4. DETERMINE THE TYPE OF SRU
5. ASSIGN TEST AND REPAIR TIMES BASED ON TYPE
6. DELAY FOR DURATION OF SHIPMENT
7. ARRIVE AT DEPOT

REPAIR (MON - FRI)

1. WORKER DOES INITIAL INSPECTION OF SRU ON DATSA
(IF DATSA FAILS WORKER FIXES DATSA)

2. DATSA RELEASED BACK TO SERVICE
* 3. WORKER REPAIRS SRU (RTOK SENT TO SUPPLY)

4. WORKER TESTS SRU AFTER REPAIR
(SOME FAIL TEST AND NEED MORE REPAIR)

5. DATSA RELEASED; SRU SENT TO SUPPLY
6. WORKER GETS ANOTHER SRU OR WAITS FOR ONE
7. START AGAIN AT #1

Figure 1. Logic Flow of Discrete Section

20



Verification and Validation

Verification and validation are two very important

checks that every model must use. Verification means that

the computer program of the model is doing exactly what it

is supposed to do. Validation means that the simulation

model accurately represents the real world system it is

simulating (2:14).

Verification was accomplished by building the model in

modules, and checking each one against results expected by

using equations and computing straight averages. Appendix B

contains a standard report generated on one of the test runs

of the model. It displays the activity of entities in each

labelled node of the nodel. By comparing the number of

entities that passed through each node, the model can be

verified to be accomplishing the logic described in Figure

1. The program code is well-documented to assist in

verification (2:381).

Model validity is more difficult to demonstrate since

objective tests require actual data, and actual data does

not exist (2:383). To demonstrate that the model is repre-

sentitive of the real world system, subjective tests were

used. Subjective tests are easier if the model is built

with high face validity (2:384). Face validity was achieved

through close working with the users (the SPO). Thorough

discussion of the methods and assumptions in the model along

with sensitivity analysis of output was maximized, and the

final logic was validated with the Bl-B SPO 1l).
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IV. The Analysis and Results

Warm Up Runs

The simulation models the SRU repair process in steady

state, so a warm up period was utilized to avoid the low

4i averages associated with the start up period where all

processes start empty. Several runs were required to

determine the warm up period for steady state operation.

A warm up period equal to three times the

transportation delay time should be sufficient for this

simulation (9). Since the simulation uses an average

transportation delay of five days, the first test was to

show there is no statistical difference between the

variables of concern (DAYS IN DEPOT, IDLE DATSAS, IDLE

WORKERS, and SRUS WAITING) with warm up periods of 15, 20,

25, and 30 days. Four runs were accomplished using each of

the four different warm up periods. The lengths of the run

after the warm up were 90, 85, 80, and 75 days respectively.

This kept the total simulation time (warm up time plus run

time) equal for each test. After all four runs were

complete, a mean value and standard deviation were computed

for each of the four variables of concern. The results of

the experiment are contained in Table III.

The values appear to be similar by casual inspection,

but to insure no statistical difference, a confidence

22
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TABLE III

Warmup Runs

WARM RUN DAYS IN IDLE IDLE SRUS
UP LENGTH DEPOT DATSAS WORKERS WAITING

15 90 3.472 2.2 13.9 22.3
20 85 3.282 2.3 14.1 19.6
25 80 3.402 2.1 13.2 19.7
30 75 3.482 2.1 12.6 20.7

MEAN 3.409 2.175 13.450 20.575
STAND. DEV. 0.080 0.083 0.594 1.085
UPPER 95% CI 3.537 2.307 14.395 22.301
LOWER 95% CI 3.282 2.043 12.505 18.849

interval was computed for each of the four variables of

concern. The mean values for each test of different warm up

periods lies within the confidence interval for each

variable. This indicates that there is no evidence of

statistical difference between the four different tests.

Figs 2,3,4, and 5 graphically show the results. Since no

evidence of a difference existed, the smallest value, 15

days, was chosen for the production runs.

Production Runs

Once the warm up period to achieve steady state

conditions had been determined, production runs were

accomplished using different quantities of DATSAs. Four

production runs were accomplished with the only difference

being the number of DATSAs. Since the original plan called

for 10 DATSAs to be used at the depot, the first test was
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with 10 DATSAs. The results are summarized in Table IV.

For all the experiments a warm up time of 15 days and a run

time of 90 days was used. The number of available workers

was held constant at 50 workers. Each experiment consisted

of 5 runs or "batches," and the results were an average of

the 5 runs.

Nine DATSAs versus Ten DATSAS. The next test was

conducted using nine DATSAs. and the results are also in

Table IV. The complete data from each repetition are in

Appendix D. The results using 10 and nine DATSAs were

compared. The average number of days each SRU spent in the

depot increased by .288 days (about 7 hours) when nine

DATSAs were used instead of 10. Since the confidence

interval (C.I.) does not include zero then the evidence

supports the fact that the difference in days in the depot

between the two tests is not only attributed to random

number possibilities in the simulations.

The average number of idle DATSAs decreased by 1.460

using nine DATSAs, and the C.I. for this number does not

include zero. So, no statistical evidence exists to support

the fact that the difference between the number of idle

DATSAs is only attributed to random possiblilities in the

simulations. The DATSA utilization is derived by dividing

the average number of stations in use by the number

available, or

UTIL = (NUMBER_OFDATSAS-IDLEDATSAS)/NUMBE,_OFDATSAS k4 ,

26
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TABLE IV

"A Change DATSA Summary

DAYS IN DEPOT

50 10 9 8 9-10 8-9
WORKERS DATSAS DATSAS DATSAS DIFFER DIFFER

MEAN 3.114 3.403 4.767 0.288 1.364
STAND. DEV 0.145 0.233 0.553 0.185 0.468
UPPER 95% 3.294 3.692 5.453 0.518 1.946
LOWER 95% 2.935 3.113 4.080 0.059 0.782

IDLE DATSAS

50 10 9 8 9-10 8-9
WORKERS DATSAS DATSAS DATSAS DIFFER DIFFER

MEAN 3.880 2.420 0.860 -1.460 -1.560
STAND. DEV 0.337 0.685 0.372 0.422 0.571
UPPER 95% 4.298 3.271 1.322 -0.936 -0.851
LOWER 95% 3.462 1.569 0.398 -1.984 -2.269

IDLE WORKERS

50 10 9 8 9-10 8-9
WORKERS DATSAS DATSAS DATSAS DIFFER DIFFER

MEAN 15.740 15.200 13.320 -0.540 -1.880
STAND. DEV 1.435 1.691 0.863 1.080 1.670
UPPER 95% 17.521 17.300 14.392 0.801 0.194
LOWER 95% 13.959 13.100 12.248 -1.881 -3.954

SRUS WAITING

50 10 9 8 9-10 8-9
WORKERS DATSAS DATSAS DATSAS DIFFER DIFFER

MEAN 15.480 19.680 40.480 4.200 20.800
STAND. DEV 2.168 3.548 9.828 2.186 7.519
UPPER 95% 18.172 24.084 52.681 6.914 30.134
LOWER 95% 12.788 15.276 28.279 1.486 11.466
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1: The DATSA utilization, using Eq (4), with 10 stations is

.612 or 61.2 percent and the utilization with nine stations

is .7311 or 73.11 percent.

The average number of idle workers decreased by .540

using nine DATSAs, but the C.I. for this difference does

include zero. So the evidence suggests there is no

statistical difference between the number of idle workers

using 10 or nine DATSAs. Figure 6 demonstates where the

confidence intervals lie with respect to zero.

The average number of SRUs waiting for repair at depot

increased by 4.2 or 27.13 percent. The C.1. indicates a

statistical difference between the number of SRUs in both

tests.

Eight versus Nine DATSAs. The next test was conducted

by using all the same variables as before, except the number

of DATSAs was lowered to eight. The results of the test are

also contained in Appendix D, and summarized in Table IV.

Figure 7 graphically displays the C.I.s and their relation-

ship to zero.

The average number of days an SRU spends in depot

- increased by 1.364 days over the number with nine DATSAs.

As depicted on the graph in Figure 7, the C.I. does not

contain zero, so there is no evidence to support a

!O similarity in the number of days. This increase was a 40

percent increase over the system with nine DATSAs.
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The average number of idle DATSAs decreased by 1.56

from the amount using nine DATSAs, and the C.I. did not

contain zero, demonstrating a statistical difference. As

with the previous test between 10 and nine DATSAs, a number

approximately equal to one is at least expected, because the

quantity of available DATSAs was decreased by one. Using Eq

(4), the DATSA utilization is 89.25 percent, which is close

to the 92 percent utilization the SPO would like to achieve

,: (1).

The average number of idle workers decreased by 1.88

after reducing the number of DATSAs from nine to eight. As

in the previous test with nine and 10 stations, the C.I. for

the number of idle workers contains zero. Therefore,

statistical evidence demonstrates there is no difference

between the number of idle workers in this test either. It

appears that varying the number of DATSAs has little effect

on the number of idle workers. The number of available

workers was varied as part of a sensitivity analysis and is

discussed under that subheading.

The average number of SRUs waiting for repair at the

depot increased by 20.8 SRUs or 105.7 percent over the

system with nine DATSAs. The C.I. for this difference does

not include zero (see Figure 7), so statistical evidence

supports the difference between the two quantities is not

only caused by random number possibilities in the

simulations. Even with a 105 percent increase in SRUs

waiting for repair, the system was able to clear out the
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excess and not continue to accumulate even large numbers of

SRUs to repair. This is good evidence the system is still

in steady state.

Seven versus Eiht Data. Next, the same experiment

was conducted but the number of DATSAs was reduced by one to

seven. Since the number of idle DATSAs in the system with

eight DATSAs was .86, the result was predictable -- steady

state conditions were violated and an infinite queue of SRUs

awaiting service resulted. Since steady state was violated,

no comparisons were necessary with the other systems.

However, this test added to the validity of the model by

showing that if the number of DATSAs is decreased too far,

an infinite queue of SRUs waiting repair will develop.

Sensitivity Analysis

Sensitivity analysis was conducted by changing

variables such as the number of workers and the average

daily flying time. If these variables are changed

drastically to shock the system, and the system fully

recovers then it can be considered a -sta'ile" system in

equilibrium (11:5). Many other variables could be changed

for a sensitivity analysis, but the number of workers and

average daily flying time were chosen because they are the

variables whose values can be controlled in the "real world"

system. Also, the three major inputs to the system are the

number of DATSAs available, the number of workers available,

and the number of SRUs arriving at the depot for repair.
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The average daily flying time is only one of many variables

controlling the number of SRUs arriving in the system, thus

it is representative of all of these variables.

Number of Workers. A test of the sensitivity of

varying the number of workers was conducted by holding all

variables constant and changing only the number of available
i%..

workers for each test. The data obtained from these tests

are contained in Appendix E and are summarized in Table V.

Since the earlier tests demonstrated that changing the

number of DATSAs had a negligible effect on the number of

idle workers, the number of DATSAs was held constant at

eight for this set of tests.

The first test was to conduct a run with 50 workers and

another one with 45 workers. Figure 8 shows that the C.I.s

for all variables of concern contain zero, except the C.I.

for the number of idle workers. This could be expected to

decrease by approximately five workers (the actual number

decreased), and it did decrease by 4.72 workers. So

statistical evidence indicates no significant difference

between the system with 50 workers and the system with 45

workers.

Next, a simulation run using 40 workers was accom-

plished. This time the number of idle DATSAs remained

unchanged. but the number of days in the depot increased by

4.82 or 97.8 percent, and the number of SRUs remaining
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TABLE V

Change Worker Summary

DAYS IN DEPOT

8 50 45 40 50-45 45-40
DATSAS WORKRS WORKRS WORKRS DIFFER DIFFER

MEAN 4.767 4.928 9.747 -0.161 -4.820
STAND. DEV 0.553 0.518 3.422 0.546 3.611
UPPER 95% 5.453 5.571 13.995 0.516 -0.336
LOWER 95% 4.080 4.285 5.499 -0.838 -9.303

IDLE DATSAS

8 50 45 40 50-45 45-40
DATSAS WORKRS WORKRS WORKRS DIFFER DIFFER

MEAN 0.860 0.760 0.760 0.100 0.000
STAND. DEV 0.372 0.388 0.224 0.245 0.316
UPPER 95% 1.322 1.241 1.039 0.404 0.393
LOWER 95% 0.398 0.279 0.481 -0.204' -0.393

IDLE WORKERS

8 50 45 40 50-45 45-40
DATSAS WORKRS WORKRS WORKRS DIFFER DIFFER

MEAN 13.320 8.600 3.360 4.720 5.240
STAND. DEV 0.863 0.876 0.484 1.420 0.575
UPPER 95% 14.392 9.688 3.961 6,483 5.954
LOWER 95% 12.248 7.512 2.759 2.957 4.526

SRUS WAITING

8 50 45 40 50-45 45-40
DATSAS WORKRS WORKRS WORKRS DIFFER DIFFER

MEAN 40.480 43.340 122.200 -2.860 -78.860
STAND. DEV 9.828 9.004 54.094 7.536 57.677

LOWER 95% 28.279 32.162 55.045 -12.216 -150.464
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increased by 78.86 or 181 percent. At first, it appeared

that steady state had been violated, but the average number

of idle DATSAs stabilized at .6 (92.5 percent utilization).

The number of SRUs waiting for repair indicated a steady

rise (see Appendix E), but another run was accomplished with

an additional repetition (6th), and it showed a lower number

of SRUs remaining. So the system remained in steady state,

but a very large backlog of SRUs accumulated which would

probably take a long time to clear out. The evidence seems

to indicate that the system with 40 workers is at the

boundary line between steady state and infinite queues.

A third test with 35 workers confirmed this idea. Each

succeeding repetition accumulated larger and larger numbers

of SRUs waiting repair, and DATSA utilization was near 100

percent the entire time.

Flying Time. Another experiment was conducted to test

the effect of an increased arrival rate of SRUs at the

depot. This was accomplished by increasing and decreasing

the average daily flying time by 10 percent. All other

variables were held constant with eight DATSAs and 50

workers. The data is contained in Appendix F and summarized

in Table VI. A casual look at Figure 10 shows that three of

the C.I.s contain zero (or are very close), but the C.I. for

SRUs waiting repair indicates a statistical difference

between the normal flying time and the 10 percent increase.

A closer inspection of SRUs Waiting in Appendix F indicates

35[,%
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TABLE VI

Change Flying Time Summary (8 DATSAs)

IChange

DAYS IN DEPOT

8 NORM +10% -10% +10% -10%
DATSAS FLY FLY FLY DIFFER DIFFER

MEAN 4.802 11.536 3.278 6.734 -1.524
-- ,. STAND. DEV 0.810 4.800 0.191 4.764 0.670

UPPER 95% 5.807 17.495 3.515 12.649 -0.692
LOWER 95% 3.796 5.577 3.041 0.820 -2.356

IDLE DATSAS

8 NORM +10% -10% +10% -10%
DATSAS FLY FLY FLY DIFFER DIFFER

MEAN 0.700 0.180 2.280 -0.520 1.580
STAND. DEV 0.502 0.117 0.479 0.412 0.397

- UPPER 95% 1.323 0.325 2.875 -0.009 2.073
LOWER 95% 0.077 0.035 1.685 -1.031 1.087

IDLE WORKERS

8 NORM +10% -10% +10% -10%
DATSAS FLY FLY FLY DIFFER DIFFER

MEAN 12.640 10.840 19.080 -1.800 6.440
STAND. DEV 1.264 1.291 1.883 2.382 1.073
UPPER 95% 14.210 12.443 21.418 1.158 7.772
LOWER 95% 11.070 9.237 16.742 -4.758 5.108

SRUS WAITING

8 NORM +10% -10% +10% -10%
DATSAS FLY FLY FLY DIFFER DIFFER

MEAN 40.140 166.260 16.340 126.120 -23.800
STAND. DEV 14.337 83.157 2.310 83.050 12.452
UPPER 95% 57.939 269.497 19.208 229.224 -8.341
LOWER 95% 22.341 63.023 13.472 23.016 -39.259

3?.'. 36

.p. ' ,, ,'-, - -. ,' !'" -=., . ,'- / . "; - - , . ..- =.- . ' .":,., ,' : , /



I,
T
E

a *Cii

DAYS DATAM WOREt SMUS

Figure 10. +10% Fly Time With 8 DATSAs

*A -

-I

DAYS DATSIAS OUE iUv

Figure II. -10% Fly Time With 8 DATSAs

3 7



-- -- -.. - I~ -~ - -- - -- . - --

an infinite queue building. This is further indicated by

the near zero value of Idle DATSAs.

The test with flying time decreased by 10 percent

resulted in all four C.I.s (see Figure 11) not including

zero. Therefore, statistical evidence supports the

difference between the normal flying time and the lower

flying time. Days in depot decreased 1.5 days or 31.7

percent and the number of idle DATSAs increased 1.58 or

225.7 percent over their values with normal flying time.

The increased flying time led to a condition which

*violated steady state. Therefore, another experiment was

conducted varying the flying time by 10 percent with nine

DATSAs and 50 workers. The results are also in Appendix F

and summarized in Table VII.

Figure 12 shows the C.I.s for days in depot and idle

DATSAs contain zero (indicating no support for statistical

difference) when the flying time is increased by 10 percent.

The average number of idle workers decreased 4.4 workers

(29.2 percent) and the average number of SRUs waiting repair

increased 13.6 (28.4 percent).

The results of decreasing the flying time by 10 percent

are graphically displayed in Figure 13. The results are

similar (although opposite in direction) to the test with

increased flying time, but the magnitude is not as great.

Days in depot only decreased 8.4 percent (versus a 20.9

percent gain with increased flying time), idle DATSAs
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, -' TABLE VII

Change Flying Time Summary (9 DATSAs)

DAYS IN DEPOT

9 NORM +10% -10% +10% -10%
DATSAS FLY FLY FLY DIFFER DIFFER

MEAN 3.403 4.115 3.118 0.712 -0.284
STAND. DEV 0.233 0.515 0.184 0.413 0.330
UPPER 95% 3.692 4.754 3.347 1.226 0.125
LOWER 95% 3.113 3.476 2.889 0.199 -0.694

IDLE DATSAS

9 NORM +10% -10% +10% -10%
DATSAS FLY FLY FLY DIFFER DIFFER

MEAN 2.420 1.420 3.280 -1.000 0.860
STAND. DEV 0.685 0.668 0.462 0.597 0.900
UPPER 95% 3.271 2.249 3.854 -0.259 1.978
LOWER 95% 1.569 0.591 2.706 -1.741 -0.258

IDLE WORKERS

9 NORM +10% -10% +10% -10%
DATSAS FLY FLY FLY DIFFER DIFFER

MEAN 15.200 10.760 19.360 -4.440 4.160
i STAND. DEV 1.691 2.111 1.717 1.838 1.955

UPPER 95% 17.300 13.380 21.491 -2.158 6.587
LOWER 95% 13.100 8.140 17.229 -6.722 1.733

SRUS WAITING

9 NORM +10% -10% +10% -10%
DATSAS FLY FLY FLY DIFFER DIFFER

MEAN 19.680 33.260 14.100 13.580 -5.580
STAND. DEV 3.548 9.107 2.280 6,377 3.872
UPPER 95% 24.084 44.567 16.931 21.497 -0.773
LOWER 95% 15.276 21.953 11.269 5.663 -10.387
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increased 35.5 percent (versus a decrease of 41.3 percent),

idle workers increased 27.4 percent (versus a decrease of

29.2 percent), and SRUs waiting repair decreased 28.4

percent (versus an increase of 69 percent). Therefore it

appears that with 9 DATSAs steady state conditions can be

maintained after varying the average daily flying time by 10

percent. The sensitivity analysis indicates the system

seems more sensitive to increasing flying time as opposed to

-* decreasing flying time.
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V. The Conclusion and Recommendations

V. Summary

The specific purpose of this research was to provide

recommendations to the Bl-B SPO concerning the quantity of

computerized test stations (DATSAs) required at the

Warner-Robbins Air Logistic Center depot for repair of Bl-B

,. avionic SRUs. First data was collected to determine the

conditions the "real world" system would be operating under.

Then a computer model was developed using the projected

operating logic of the actual system. A simulation

language, Simple_1, was chosen to provide the simulation

environment for the model used in the experiments. Simple_1

was chosen because of its ease of use, flexibility, and

- availability on personal computers. Then tests were

conducted using 10, nine, eight, and seven DATSAs. The

results of the four tests are summarized in Table VIII and

discussed in the conclusion of this thesis. Next, a

sensitivity analysis was conducted by changing the number of

workers available and the average daily flying time to study

the effects of these variables on the system. The variables

when changed enough could cause the system to depart steady

3tate conditions.
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TABLE VIII

Summary Chart of Changing DATSA Quantities

Variable 10 vs 9 vs 8

Days (% increase) -- 9.28% 40.08%
DATSA Utilization 61 20% 73.11% 89.25%
Worker Utilization 68.52% 69.60% 73.36%
SRUs Wait (% increase) -- 27.13% 105.69%

Con, lusion

The tests conducted to compare different quantities of

DATSAs indicate that the B1-B avionic SRU repair system can

maintain steady state conditions with as little as eight

DATSAs (see Table VIII). When seven DATSAs were tried, the

tem departed steady state conditions, and an infinite

queue of SRUs waiting for repair developed. These results

suggest that eight stations may be a viable solution.

However, other considerations must be deit with. The number

of days a SRU is in the depot only increased nine percent

when the number of DATSAs was reduced from 10 to nine.

Compare this to the additional 40 percent increase when the

number of DATSAs was decreased from nine to eight.

The DATSA utilization when changing from 10 to nine

stations increased almost 30 percent to 89.25 percent. This

is close to the "perceived' goal of 92 percent by the SPO.

But the tests show that in order to achieve this 92 percent

utilization, a large number of SRU are kept waiting for

repair at the depot. This also results in the 40 percent
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increase in the amount of time an SRU spends at the depot.

For every SRU waiting in the depot a spare is needed in the

field, or the entire weapon system could be unreliable. The

impact of a 40 percent increase in the number of days spent

in depot could result in a far greater cost to the spares

pipeline than the cost of another DATSA.

*.- The sensitivity analysis suggested that eight DATSAs

could not respond to a 10 percent increase in flying time

and remain within steady state conditions. A similar test

with nine DATSAs showed the system was able to absorb the

increase and remain within steady state. This strongly

suggests the SPO invest in nine DATSAs to (1) provide some

flexibility in responding to changing flying times and (2)

to minimize (or at least decrease) the dollar investment in

spare SRUs.

The other sensitivity analysis tested changing the

number of workers at the depot. The depot repair system was

simulated with 50 workers for all test runs except during

the runs testing the sensitivity of workers. Fifty workers

were used to saturate the DATSAs so any delay in the depot

would be caused by the lack of a DATSA not the lack of a

worker. When the number of workers was decreased to 45,

there seemed to be little if any significant difference.

But when the number of workers was further decreased to 40,

a large number of SRUs were waiting for repair and the

system was close to departing steady state. This experiment

*1 
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demonstrates the importance of the number of workers on the

tim- a SRU spends in depot.

Recomendations

No computer simulation can derive "the" best solution.

The results of this research concluded that eight DATSAs

could support the SRU repair process at the Warner-Robbins

depot. However further analysis of the results indicated

that in order to use the minimum number of DATSAs, a high

price had to be paid. That price is the cost of delaying

many more SRUs (40 percent) in the depot than with nine

stations. This is a decision the SPO will have to weigh in

making the determination of the number of DATSAs to use at

the depot. The author recommends the SPO use this model to

simulate the anticipated repair activities at the other

depots. The number of DATSAs required elsewhere could also

have an impact on this decision. Also, other weapon systems

are considering using the same DATSA for some of their

avionic SRUs. The model could be run again with increased

numbers of SRUs at the depot.

Implementation. The objective of this research is to

provide the SPO with the model and results. It will be up

to them to see it is fully implemented. The simulation only

helps provide the decision maker with several "what ifs?".

The final decision is a result of all inputs to the decision

maker, not just the results of a simulation.
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Future Applications and Revisions. A useful by-product

of this research is the computer model which can be run on

any IBM or IBM compatible personal computer. The model

could be further refined to incorporate the associated costs

of DATSAs, workers, and the SRU pipeline. This would

provide cost analysis data that would be helpful to the

overall decision of the quantity of stations. As stated

before, the model is extremely flexible and could be adapted

to other similar problems.

I
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Appendix A: Source Code of Model

S-B ASA STATON 1,DIN 1 MO'EL 'FINAL I ER PS iCU

* LOtALS: D'i: (DA'y OF THE WEEK ODUNTER'
WORK: 'FLAG: I:=WORK,I&Nlj WORK.;
No icFl TE: 4WOJRKERS AVAILAdLE'
N9 LWKSA: :4 UATSQS AVAiLHBLt
Ra ;RETEST Oi AY RATE
RE Es'. !';TE FAILING H~ ~rI
D I TMn: SmiPPIN5 TIME FROM Dyrsl
-LZ ±Mt ELiou$;H'

'R4 'r D n GEN FCRKS}1
lCON TIME: MCCOPNNt'L}
NO ;41LURE- OBSERES' AVE t CF 3R A RE E l
n:LLAyI iME: ,D.RATIrN OF PREX TS.

Eu ,2T  L IT ]F DATEST
,HTMIF tfr 'TBF OF DATSES
.p',ATp RcN TIME TO NEPAiRh FOR DATSES)

T:.Mt: 7AVE * OF DAYS FROM BASE TO. DEPOT*"
3 R 'AGGREGATE MiSC FOR LL SRUS;,

*FL? iI!'4E: ;A DAILY RUiING HOURS;i
ND-tMENU DELCTO 1R)

NO '~ "A f,5#O DAYS Or SIMULATIOW;
H NHi TEST TIME: ANALu-3 E-T TIME IN MINUTES)
AN A L A %l TIME: (rNALuu FIX T!ME IN MIlNUTESI
DIG TET TIME: 'DIGITAiL TEST,
0D1G LABVOR TIME: 1-kITHL Fl(i
-S 57 TME: RF TEST)

010 7--T TIM: ICROWN IS

MI;OPO L -BOR TIME: 1(MICROWAVE LABORI
RUN TTME: (LENGTH OFSEIM IN DAYS)
IDnLE DATSAS TIME STATS: # OF DATSAS NOTINUE

*IDLE WORKERS TIME STATE: # OF WORK,,ERS NOT IN USE')
S'U4AT NGTIMECSTATE: { OF ERUE AWAITING RcFAIR

*~ 4 H t.sE :MAX t OF DATES AVAILALE
MA( apERE: 'MAX I OF 40P. ES AVAILABLE,
"HD :TUS: IADDITiCONAL SRUS TO REPAIR R A
£N3' TIME: (COMPUTED INSPECTIO-N TIME ;mINUjTE),
~4TIME: (COMPUTED LABOR TIME IN MINUTES)

7E35-TT' E: 'COMPUTED TEST TIME IN MINUTESI1
,l u EPOT OBSERVE STATS: 'TOTAL TIME; IN V-POT)

INSF jjAlT TIME: MtCTUHL TIME FOR iNrtEC :ir

:l 2A17ME OBSERVE 'TATE. JTME WAITING FOR INSEETION!;
rT± IT TIME: 'AFTUIAL LABOR TIME COP E.0Mn1

TES WAT 2E:ACTUAL TIME FOR TEST)
'DATSA REPAIR TIE

r 'MORE DAISA REPAIR T.ME'l
4. 4MIM Jr: h PAM UP DURATION TN DHjE'j

JES: 'CURRENT REFTITIONS;
'1 A' 't15 LOTAL NUMBER OF RITITIONS;

ri' ,MR'PA TIME IN DAIS,
u,4DA TSEAS:A ~ ~ T SA NOT AVAILAFLE."

DOWNTtE JOAL DISADOWTIME IN HRS;
, MINf [DOWNTIME FOR EACH NONAVAIL uAiEA.

i~ J"FLAG TO CHAIN:
ZLI MMY 'FOR I14iTIALUZING RANDOM1 SEEDS"

~R ri~ (7,OF ERUE THAT ARE ANALOG)
P E i D2 CGF SPUE THAT ARE DIGITA 1L)

"mr-r:OF SRUS THAT ARE RF;
AEET ARE 1ICROWAVE)
SThU'MTBD INPUT READ VARIABL:.

,'C 7MES: #I'F TIMES A MTBD i LiED?
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INVERSE: ;RECIPROCAL OF MTBD
SELECT: W)ARIABLE TO INdICATE MENU SELECTIONS.
nEFRRN (A8:: {DEFAULT INPUT VAR)AELES STORAGE]

CNTITIES: tONTRuL(2i:SRU'bW:iJRKER(I;:DATSA(I):

..DE. SC.REtN: TITL ESCREEN,3' ,40,I5,YES;

t t

MA ... 4,1 LOADING MODEL

S HiUREGATI'- ITBD tIN MRS;=

1. i. K -0 CONTINUEF. C:;NGE SR:J AT2DREAD INPUT SRU TB FILE

P 4. T

V, ;DEFAULT SCREEN)
4. DEF SCREEN: DEFAULT SCREEN,I,I,6O,24,iES;

DEFAULT CONSTANTSi AGSREGATE SRU MTBD. ..........
2.liE DILf FLfING HRS OF ALL NiC ....

3 A TRANSPORT DAYS FROM BASE TO DEPOT.
. 4. A A MTBF HOURS) . . . . . . . . . .

5. DATSA MTTR ;HOURS ..........
o SRU RETEST OKAv RATE RTw' .....

RATE OF SRUS FAILING TEST AFTER REPAIR
-, P: PEROENT ANALO SR .

. PERCENT DIGITAL SRUS ..... ...
:0. PERCENT RF SRUS MREMAiNER ARE MICRO).
i.. AVE ANALOG 7EST TAE :MINUTE-) ....

I'2 4 C NPLOb LABOR TIME VtNUTES.
3AE AI TE T IM E ( MINU TES ....

- .4 VE [i:WTA LABOR TiME MI'NUTE) . .
15 4VE 0 h TEST TIME IL uLS

* I'V~E ;t LrRU T.W ( T... .. . .
" PO A-" S ' T "4 AtM'NUIES)
42 t ~ Ab~T'Mt TINUESi

EITER TO CnTINUE OR # T0 CHANGE
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:LA TIME:

4DD. SF; :S
CF1 'I 45WR T' TIIME:

- T AE 91N MAE isrm uF:

-A ~ 4 IrT E MIN MA

R fl APL ES EGREE N;'

."E LtEEN. MENU 'uREEN,14 ,3(A2,rE5
* +

- :rU REPAIR PROBLEM --

Ii IFUT P'iRAMETER vALUES TO MODEL.

!I NUP,0BE R OF DTSAS
U. UME EFJF WORiERS

7-1 PM UP iDAysl
4i RUN TIME 'DAYS)
5 LOF REPS

'i HD :RU LOAD DlAILI
4 ~7; TOTAL DOWNTiME H~Dv

0 TQ SART -3'I T 0 E-ENTE R

Ws.'N READ 3OUT 1 APcEND:

START SE %")( 3w' I MUi DATSAS ALLI~hED IN MODEL)
MAI wOFKE;C:4('i '' MH% WCr, EPS AiLLOWED IN MODEL;

BRANCH 7
WrtN'D '.DC- E1H' AIEE NOT 7NITIALK:UI DO ±T'

Mnki' N, 00 N EU THTERWISE SKRP JINTIALI:ATUN;
'L _C 'NJLTO EE IF lET 'EP OFALMN.

'0 REZISFLMMA-N
':ETLECT143 z1_:,&,4 'lT

3ET -E, '1 Z T '3U'

C;EC7= TCD T:

T= 4 1jTLAl %MTD~.~Au

B1-N'- -E J A~CrI. 0 51 SOR EE:
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;:-D NATA SET ERU 9T2D ::C: TO EA SRU *~~
F .jt -;TB INF: USE MTBD',iNP FILE)

UD ",11 JMLL: 'IF, iMEE::
E E E~t :.I =,l) EE.V LUE:

q'l 3 EL PL M 7Ba+I ,4v E RSE:c

3EZL E. EFARFAI := ME.D
hfh~~~1 1 FLYI1NG TI'ME'

.,trM$R' -, -JRANSF;TATION TIME

4t MRA lI.-.. 'IDATSA NITF

EF "rRM ,: I S;U Rur~j
- 'PATE OF Fi: 'FE AFTER RPAIR)

:ELrIRRMY(it 1): NR 3RUS , E:IT "R E MI, j DH'vLE'
UErMN,1RAY~ 1 0' C ANALOG TEST TIME"
DLFARRAY'''."6O MNNLJ ,iOR' NE

14. 1Q~ LAII'AL TEST !IME,
L-FE ,-RHAYl4 :4n%, ' ID6TAL LMAM TME;;

DEFFRsi t7 ti :l906 [X t Ar LT IME

rr 1, -' : L.MIR.2hME TE IM4E)
E !;F.,; (!a)~ : M~H~ ',C 0W vE '2AB R TIM11E)

EiC4 ;IEF :1CF, tt0E4",utL T ERE 'i I ISPLAIS CEFSMJLT )ALJES)

ET '0 r!MPE:NC TM-
.h N I1.

UHLT4 hELC,.d ~ *J AIBL OmNE
4'H- tTOAS1N TE E HNE

A~rlti4,4-,.-,E-CANSE,1; uIERWIZEj CANG E TA VARIAGE)
CHNG EACHP ,4ELET2,DEFS~iNPH dELC TH2 . NE C4UIG

43Z-SE14S 3 ET  MCISN DEFAULT )AL.JES TO V'ARIABLES;
.4 P JN "0 -'EFARPAY ii

T;iNSTME:=0EFARAl;:

NT "TiE OFARAv 3:

LW F-':EFARAv 5:
H".. FA AN)Y
PCE 2T,3DEFRRAYii:

A ANA TEST UINE: OtrFAR l'r)
4 L B

4
I F I MtEC-Er IRF-R 'A1

-5 T''T M:D ARYl

:% L"l iME: I;FrARRAY 1!4):
FT~i.Mt jDFFRRAYI5)-

S -BOR TT''E :DEFRHRA: i Id

''T'Mt :DEFMFPAY17)

EENCBLANk 9-,'EEN ,u1). I L'EAR SCLREEN;
K . ,: 'C 4 REEN, 15,1; :!NHjE'Au 5P~

HT 'D'S DATSAS:=-C JATEAS,
AC-CEPr,2 :7 40RFERS,i .A WORKERS;

IEDlLE 4OVR OIFrERS:

PUN ~t C::F1 iIi ~ DASsd[,MMu~tmE: ~4NE > 75l 7u:'
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BP ANC.i *NDE. X IAUN MENU: CHANGE :NT I I I
*,NEXT- :CRN 'ELSE CONTINUiE)

: CFEENClJ ,E I ONI ~TRGDiSFLkERE

E ? AR ~ ~ rVR U;li~, J, j B~R ?

APEUHK,. LS TATION L"ADING1:/:
IH' Z ' LY WAR UP .
UM.BER uF DATS AS ' ?O D4$TSbA 2 0:

'NUMBER OF 'ErP- :lNu tF2,
'NUMBER OF WORKERS::NO WRES,,u
'PUN LENGT= :DAY UME A :'
'ADDITIO0NALSRS'DSUS2O/

-' ~rp~h EAT>1DONTIME tHRS/DMYi QWNTM=2l'

9NO' DfYS:= -WARM UP: (lET RUN IS wARM uP)
5H.CWi47,;'WARM UP.O

i.. Lit RANDOM SEED STRtAM5)

4' -IMMi:SEED(4652,II: 'INSP TINE;
XM =EED 6548 ,. ~ HO IE

UMM-.=SED(9~j,'J: TEST T'ME)

rpY :EEED(32494,5-). DESS SHIPP'ING TIME;

)jMY:uzEED1477,6: EL3 SHIPPING TIM E;
DIMMY,=SE ~tu6112 ,'I"GAND SHIPDINE TI7ME)

"''f =SEED LL .3~~) :MCCCNNEL SHIPPING tlME.
=S EEu DI5 9 9 O'* NO F;ILURES)

S H N, brUKP NEAT BLOCK. ON wARM UP RUN"

:0 'NEi7 3E- FD5. PPSt'l -iNCREMENT REPS FOR- ADD. PUNS;
'Ti f^ r I LEET NO DATE)
aiOP iME:zS.9L4ERIN TIME: ' ET~ -^TIP TIME FOR NEC RLN)

CLEAR; )CEAR STATS)

CONT HG~,7&,RE S, .0

5HO4t,7,7DAV TilME,3,O;

'P CONTF OL CLOCK'

tFE4TE I CONTRCL,i: (START THE CLOCK)
"ON 3E oi '= I; )MONDAY]
MOR'N SET DrESS TIME :.= EIZFON(TRANS TIME,5)'144O): (SHIPPING TIME

rul TIE := EXPON(TRANS iTME.bu*1440: (SHIPING TIME,
GP;Fi TIME : EPONiTRANS TM,7)*1440: (SHIPPING TIME',

i7 N T IME :EX P 0N (TRANS TIME,G *l44i: 'SHIPPING TI.ME)
('COMPUTE TH2 DAILt NUMBER VF FAILURES)

NOU Hi = R'NDPOICSSNHFLY TMSUMB~hADGii
1;~i IWORK FLZS ON),

3H44,47,+j,N DTI,', . II% -1 ,, 2D USv '.

%F 3, iNO PQ ,
SET ,5N4 u4TRAS=POUNDruuWN TaME:ut.3):

ACWN ,.N: -DOWN TIMEs6ou uWNDHTSAS,;
LCN'E.*DOWN DATBAS . OWN SHOP:

k :LCNE.,D)SPW; UP7DATEDIu;
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yeCONENOwORKERS,TiME OFF; {MAKE PREEMPTERS FOR LUNCH)
SET DELA7 TIME :: 45: 45 MINUTES FOR LuNCHI

WORK '%; NO WORK DURING LUNCH"
CiTY DELkY TIMt : Ltl

SET WORK :=1 TOM 0 dRK,
AL Civ,;'7 4 ',, 1215 16 15k1
CLNE ,3ISFLAl: 8PNED~Lf
CLuNE,ND WOR~tS M 'FF: MAKE rREtMPTERS TO QUIT FOR THE 04.1"
.SET DEtAY TaE :=g 15: r(N1.HT TIMEi

-OK: 0 Nu WORKING AT NIGHT)
a T rIT DELAY TIME; 11iD5'0770'

SET DAY:= DAYr1  NEXT D-Y)

BRANCH DAr' ,9LON: [IF NOT WEEKEND, START NEXT WORK DAY'
l.,WEND: OTHERWISE, BREAK FOR THE WEEKEND;

W:~ CLONE.N0'OAQRKRS. T ME OFF., MAKE WEEKEND PREEPTERS)
*SET DELAy aIME : 86v: 'WEEKEND IN MINUTES)

W*ORK = : +rNO WORKI1NG ON WEEKENDS)-
NO DAis'-NO DAY5t2;

AC7iVI7Y DELAYrTMt; ;0776 SAT. - 07-A' MON.);
MZ "NEXT WEEK1

::SPI~ r'JI'i' PUSWMTIa6,7,0
4'. ,iiW4 ,[o T6IME RVE(SXUS WAaTaNGI,3,i;,

Srco';W,Zi~ T M7 N(SRU-S 4A1TA46)I-3'0;
a"61 j7 ME 1iA I SRUk WAI T ING) ,3, 0;

1; uW iIb r11. E tIJLE uATSAS),2,i1;
iii4,aI~aIEMINbIDLEDATBASb Q)

,NUW.2 i.. TME MAX(iDLL DHTSS&2".

SHrk,W..q,ltaTiai AVE(auLt W.ORKERS),3,1
br'L', 4'It TaMEMiN(IDLt hORKERS),30v'
3rrOW 45 .a4 TIME MAXIaDLE WORKERS,3,9;

~i tM NM(S~PFL) -TERM:
SH4OW DEP.

~c HW'0 l9,JBStFVE 4 ETTME IN DEPOT)?~u43
SHlOW, u0,a,OBSENVE MINiTaME IN DtPOT);t44tJ",4,J;,

are ,4uI9,BSEMA(TiMEN EPOT)44j,53;
hILL;

IDtLREASES # DAISAS AVAILABLE FOR DOWN TIME)

DO 9UrPCELEF'FO;
u :IiT'ONS, ,

cHOP,NUMiSHCPi:MAX DATBAS-NODATSAS,DOWN ACT:
DOWN EHOP.WORKIl,DZWNN ACT:

C%_-N _40T *ET IDLE )ATAS. IDLEDATSASl:,
'CTIVITK DOWN MIN;

KILL:

IP RtEM PT S

-iME OFF BRANCH NUIMtt'IF~),NSP PRE: ',REEMPT INSPE uON

NuMTEtaTI ,,E3*r PRE: [PREEMPT SRU TESTING;
tH' MDATS rId) ODFIX PRE:{PREE$PT DA TBA REPAIR)
NhUMIeTErCT F1It,;OTFIX PRE: 'PREEMPT DATSA REPAIR)I

V .Uar OTHER PREEMPTERS NOT NEEDED'
;P :5- RE FTNW CuRL PREEMPT & ST ORE REMAIN TIME

I CT IiTV , IM; (PREEMPT DUAHTION)
N- SEEiSP [N'-NTNOWQ); (RESET INEP T~IME)

EL T 7,IL,,U SEPARATE PgEEMPTERI
2F~NC. NS; (RTURN TO WORK;
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- ----- :5$ ST ORE ;-EMA:' T:IEP
"M'E; 'PFEE 'PT 2- R4AVO1N
Tu NT'tL ECt Z7k TIE

_-- t iL.. i .I cN .,N4RTE PRECMRTER:

I-'- -1E 'PREE.MPT ''TOR REK T

E7~Rn t ME TES iTME-.

A'I~ ': NETURN Ur wORK
75p tOl TEAL yI %L ; ?EMPT & STORE REMAIN T:ME'

1~ ~~ ~ TESj T C T TEME N
ii tiL ~ ~ IPFE Hr;TEREPT

L Ei 'Fr P'i i I .
7E- C 'NEMP & ] S9EMTOR E; iE

NF4 h~TF ;ETUR;N TO jORK V
REI'7,79 T EM FTE TREMPTEE

S 1Crul;, I ,NSE; n F4PPAE TE

'lN 1 T -

h:y:;F4SuES

LFn#L.RTFI HTLU0ES)

.1F2,RAND: ',GRANDFRKS. FAILIRES;
170 oE CN; iMCCONNE; RHILFIPES)

TERMv~i~WEatND EgILuRES;

*.HurF 4 .PINS TIMES ON SRiNTIT"

7ES BE' j SR i :DiES T IME;
dR-iNC Tl;C,

3:- F'ETCh TIME
jAIJ H, TY

N 43E 7 3J2'1. :tLCN TIE,

t. tr't±NE SRU TiRFES & ASSEGN REPiR T
IMES 7OSR0 S

TE BRAgICH Pc'R 4NA, 4INALtta
tERuI, '.h5TTWL
PE ' RF, R:

AN 13 H RU EL-rNN TEST TIME,i.:
SRU 4) - ''PON11 ANA LABOP TiMl-.>
'Rll EIP10NA TEST TiME,>:;

BFL , A rFI AL
i:;G 1 ET 3-'J EXr',D' TEST TIME,?':

,ru 4 :- t'rNuDI67S ~IME,'

)F cP' EY?'JON'RF TEST TIME, I:

-Puit tA'ON?.F TST TiME,3ZF'
DpflCH, ARRI'VAL:

E N; 'm I -C F- c~~t I-~p TES FI

jFji .r F.N MIuRO 7S TME,
-r ~~ ,,.ET 76 4gF1V4L T7ME!
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Appendix B: Simple 1 Standard Report Output
SIMPLE I

SIERRA SIMJ LI[iNE & SOFTWARE

icL) Cocvriqnt 1985 Fniilo CotnD n
Aii Rigns Reserved

.l,l ,-Y CPORT FOR AG.MDL

SUMMAR tLFI]RT' BLOCK STM I -AIC

:,,_'L&T:D TIME: STIMET S 'LEARED AT I 1.9440 0t000E 1 5

_ ,- L-BEL TYPE AVERAGE STD DEV M', MA CNT C'J
-------------------- ----------------------

%,T P. . . . i,

,).CC E-lT p 0'iIi fi
rL1 9 u ACCEP T  

t)1i 0i 0 01 , -' 1%

C SRN SCREEN, .t ......

-iONT SHOWi y. 0c "I
m7ON' SET! V.0,1) 1 t) 0 0t); 6; J! 1-1

CON' ET . 'iL t t Uti
(  

I I, Z

ENDi LuNt ') 0 0:
ME OFF: BRANCHI cl 6 iy i 0 : , 3 ki~~p p, if~t....U Ou O[' 182

P RE" PREEMPT: 0 01), 00 1 D i
FiX PREI PREEMPT 0. ij 0. 01 0: 1: 0 44

1 x .riE: PREEMPT: (I. 00 0.H ' "I ) i 0 ; 0,; 13"'
T, 1 i-PRE PREEMPT V. 00c , 0 0 1 V, ' B

NONE! rifL'r o. "0f , 0 ,00 1I 7740'E rIL 0REMP : )G ; .0 ; (( it, ]

d E Jp: TI (! 0 00 ', 1 i , 5
SASE: BRANCH: 0. 000 1 i 16 :
TERM! KILLi 0. i' 0 ) d)i. 0( 0 i
E, .qSa SET" i .0 02O iO i ii v
ELS, 3 0 0i , ), [: 0. .

3PA D; SET' 1. 01 ,0 , 0 '
$C IN SET' i.,j00, , ,

ANAJMLOG', ET ,t'01t Viti i , i ,
a IAL SET, 0. 0 J.0 01 , [ tiU 430

f: ET it0 ., u.i ; ) I 6: O

ARPIVAL; AiTL.ITY 74,74; 1i.0' 45 i17 44: (i DNTER' SET, ViBI; 'UETE 6'."=

Mu, ,u 1U.8 i . i 1)! 6
SHOu, UEE' 44, ;5; 2. I7 ' 40g 5 43;03

,' .UG ; QuUE'E 1'0.I5.' B 975; jjO: 138; u1;511,
F P ... . C I' .... 74.974; . i,; 1:. l 4: 11! 44 ! 3 ;

L.O- E i l T ', iO ,)00 ig 30 ' , L); i ,:, T

E ntTPh V. gi): U Io9. ,5 ij01
E- [N ' UC ' . .o ; ,;E ,.

I.,' AC IIYi .31j"it" " 0.."E*7 LiN QUEUE; 126, 1 i.i7Q 1 O i 8; 1 15 t4)

.T - iX E L ISET; 0o0 0' ' )' I ' 5

-TEST CTi.'UTY ' *. ''.
,,  .5 ,., '. ','' ',,P L S, SET , 0, v. ,

*.'. ~ ~ I V. s.-V ''K t illQ- t AS

IF i C LOSET I, ( ,, . W'( ) .0: 1 ,

qO E 'N Q Etl : J. ,'47' 3, (,:;) ,5;0; ,

- .' ~ ~ ~ ~ iM Z.. 61...,,, . . . . .. . . . .



SUMMARY REPORT: OBSERVATIONAL STATISTICS

SIMULATED TIME: STIME 2.0CBO0 0c))Et,)5
STATISTICS CLEARED AT : 1. 9440000000E+05

AP!AbLE LAEL TYPE AVERAGE STD DEV MEN MAY LRNT NO

----------------------------------------------------------------------- ------------------------- -------- -------- ---
DYESS rIME: SCALAR 98016.846; 5997.448: 31.8: 340o1.5, 6467.3: 42;
JELAYTIME: SCALAR ; 707.3081 619.976 45.0; 28000 280.O; P0

ELS TIME SCALAR 5670.554 5176.951: i5.11 IS969 0 1737.6: 42:
REL-RATE: SCALAR 0.939 0.044: 0.8 i.Oi 0.:2u72;

'rsNa-TME: SCALAR 9,,112.663' 7884.785;446.0; 3664a3.6 1396.7; 42;
MCON-TIME: SCALAR 7095.997: 7563.1441..14.9, 3608'.41 4645.9' 421

NO FAIIUF ES, SCALAR ,1.190 4.45771.0.0 .0 ' 0

HIPtrNG TiME: SCALAR 2L75.15 111.0599; .B;28027.8?8t1.8'
INSP TIME, SCALAR 67.13;: 9.197 0.'1 895.6i G.,1j5

SCAAiME SL4R 585.81;; b24.975: 0.0 405:.1 ; , 1742li
TES TIME; 2CALAR 66.926: 87798: 0.0" 763.7i 8.8;,7,7

IE IN IE0OT SCALAR 3,32.534' 3328.699: 10: 72111. 7 8 ' R49'
z~~l WH T ME SCALAR i01.6 5 . .IN 4Ai: TIMEl ARL658 47.3: .1: 5503. 5- 7 , o' 947;

rlN AfiT TIME: SCALAR 1031.16' 107.323: 0.0; 42826 oB8;015
: ,-4AT-TiME' SCALAR 2075.352: 2616.6465 0.0: 171, 4' 54.171I5'

TEST-AiT TME: SCALAR ab.'.592: 6 2.461; 0.0: 4609.7 8.41 0 in
,, :Fi SCALAR 2.789: 78 679: 0 3A7 1 209.1; 1

r w LH 82.56: 90.198: 0.4; 453.3; 13.4; 7

: .. ... ... ... ... .. .. . ...+ ... . ...+ ... .. . .

SUMMARY REPORT: TIME ERESISTANT STATISTICS

31MULATED TIME: STIME = 2680000000E+05
STATISTICS CLEARED AT : 1.94400000000E+05

5A LABLE iABEL TYPE AVERAGE STD DEV MIN At CRNT

----------- + ---------------------------------------------- - - --

!:LE DATEAS, SCALAR , .91: 2.726: o.o: 9.0; 2.0;
:LLE .OPRERS SCALAR 9.4: .559 0 .O:
SRUSWAITiNG; ECALAR 12. 99 12.337 .&; 66.; 17

------------- t------------------------------------+---------------- - -1

'5C8

-m m . r .. .. .W4 . . . . t . . .. + . ... ,. . .. .. . .'t-.

i

.1

-,-A. .. .1 ,4.. "" ., w "-;'.-',-'.-' . "-. - -"



Appendix C: WarUp Data

USING: 9 DATSAS 50 WORKERS 4.5 HOURS DATSA DOWN TIME

WARM RUN DAYS IN IDLE IDLE SRUS
UP LENGTH DEPOT DATSAS WORKERS WAITING

15 90 3.472 2.2 13.9 22.3
20 85 3.283 2.3 14.1 19.6
25 80 3.402 2.1 13.2 19.7
30 75 3.482 2.1 12.6 20.7

MEAN 3.410 2.175 13.450 20.575
STAND. DEV. 0.079 0.083 0.594 1.085
t .025,3 3.182 3.182 3.182 3.182
UPPER 95% CI 3.536 2.307 14.395 22.301
LOWER 95% CI 3.283 2.043 12.505 18.849
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Appendix D: Changin the Number of DATSAs Data

USING: 50 WORKERS

DAYS IN DEPOT

REP 10 9 9-10 10 9 9-10
# DATSAS DATSAS DIFFER DATSAS DATSAS DIFFER

1 3.043 3.472 0.429 MEAN 3.114 3.403 0.288
2 3.029 3.392 0.363 STAND. DEV 0.145 0.233 0.185
3 3.381 3.784 0.403 t .025,4 2.776 2.776 2.776
4 3.146 3.072 -0.074 UPPER 95% 3.294 3.692 0.518
5 2.972 3.293 0.321 LOWER 95% 2.935 3.113 0.059

REP 9 8 8-9 9 8 8-9
# DATSAS DATSAS DIFFER DATSAS DATSAS DIFFER

1 3.472 4.427 0.955 MEAN 3.403 4.767 1.364
2 3.392 4.105 0.713 STAND. DEV 0.233 0.553 0.468
3 3.784 5.753 1.969 t .025,4 2.776 2.776 2.776
4 3.072 4.799 1.727 UPPER 95% 3.692 5.453 1.946
5 3.293 4.749 1.456 LOWER 95% 3.113 4.080 0.782

IDLE DATSAS

REP 10 9 9-10 10 9 9-10
# DATSAS DATSAS DIFFER DATSAS DATSAS DIFFER

1 3.7 2.2 -1.5 MEAN 3.880 2.420 -1.460
2 4.2 2.7 -1.5 STAND. DEV 0.337 0.685 0.422
3 3.3 1.3 -2 t .025,4 2.776 2.776 2.776
4 4.1 3.4 -0.7 UPPER 95% 4.298 3.271 -0.936
5 4.1 2.5 -1.6 LOWER 95% 3.462 1.569 -1.984

REP 9 8 8-9 9 8 8-9
- DATSAS DATSAS DIFFER DATSAS DATSAS DIFFER

.4

1 2.2 0.9 -1.3 MEAN 2.420 0.860 -1.560
2 2.7 1.5 -1.2 STAND. DEV 0.685 0.372 0.571
3 1.3 0.4 -0.9 t .025,4 2.776 2.776 2.776
4 3.4 0.9 -2.5 UPPER 95% 3.271 1.322 -0.851
5 2.5 0.6 -1.9 LOWER 95% 1.569 0.398 -2.269

60



IDLE WORKERS

REP 10 9 9-10 10 9 9-10
# DATSAS DATSAS DIFFER DATSAS DATSAS DIFFER

1 15.7 13.9 -1.8 MEAN 15.740 15.200 -0.540
2 16.9 15.5 -1.4 STAND. DEV 1.435 1.691 1.080
3 13.0 12.8 -0.2 t .025,4 2.776 2.776 2.776
4 16.3 17.6 1.3 UPPER 95% 17.521 17.300 0.801
5 16.8 16.2 -0.6 LOWER 95% 13.959 13.100 -1.881

REP 9 8 8-9 9 8 8-9
# DATSAS DATSAS DIFFER DATSAS DATSAS DIFFER

1 13.9 13.3 -0.6 MEAN 15.200 13.320 -1.880
2 15.5 14.9 -0.6 STAND. DEV 1.691 0.863 1.670
3 12.8 12.4 -0.4 t .025,4 2.776 2.776 2.776
4 17.6 13.3 -4.3 UPPER 95% 17.300 14.392 0.194
5 16.2 12.7 -3.5 LOWER 95% 13.100 12.248 -3.954

SRUS WAITING

REP 10 9 9-10 10 9 9-10
# DATSAS DATSAS DIFFER DATSAS DATSAS DIFFER

1 16.3 22.3 6.0 MEAN 15.480 19.680 4.200
2 13.2 17.1 3.9 STAND. DEV 2.168 3.548 2.186
3 19.0 25.3 6.3 t .025,4 2.776 2.776 2.776
4 15.7 15.9 0.2 UPPER 95% 18.172 24.084 6.914
5 13.2 17.8 4.6 LOWER 95% 12.788 15.276 1.486

REP 9 8 8-9 9 8 8-9
# DATSAS DATSAS DIFFER DATSAS DATSAS DIFFER

1 22.3 37.5 15.2 MEAN 19.680 40.480 20.800
2 17.1 28.5 11.4 STAND. DEV 3.548 9.828 7.519
3 25.3 58.5 33.2 t .025,4 2.776 2.776 2.776
4 15.9 39.7 23.8 UPPER 95% 24.084 52.681 30.134
5 17.8 38.2 20.4 LOWER 95% 15.276 28.279 11.466
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Appendix E: Changin the Number o Workers _at

USING: 8 DATSAS

DAYS IN DEPOT

REP 50 45 50-45 50 45 50-45
# WORKRS WORKRS DIFFER WORKRS WORKRS DIFFER

1 4.427 4.594 -0.167 MEAN 4.767 4.928 -0.161
2 4.105 5.294 -1.189 STAND. DEV 0.553 0.518 0.546
3 5.753 5.758 -0.005 t .025,4 2.776 2.776 2.776
4 4.799 4.625 0.174 UPPER 95% 5.453 5.571 0.516
5 4.749 4.367 0.382 LOWER 95% 4.080 4.285 -0.838

REP 45 40 45-40 45 40 45-40
# WORKRS WORKRS DIFFER WORKRS WORKRS DIFFER

1 4.594 5.020 -0.426 MEAN 4.928 9.747 -4.820
2 5.294 6.892 -1.598 STAND. DEV 0.518 3.422 3.611
3 5.758 9.880 -4.122 t .025,4 2.776 2.776 2.776
4 4.625 13.104 -8.479 UPPER 95% 5.571 13.995 -0.336
5 4.367 13.840 -9.473 LOWER 95% 4.285 5.499 -9.303

IDLE DATSAS

REP 50 45 50-45 50 45 50-45
# WORKRS WORKRS DIFFER WORKRS WORKRS DIFFER

1 0.9 1.2 -0.3 MEAN 0.860 0.760 0.100
2 1.5 1.1 0.4 STAND. DEV 0.372 0.388 0.245
3 0.4 0.3 0.1 t .025,4 2.776 2.776 2.776
4 0.9 0.9 0 UPPER 95% 1.322 1.241 0.404
5 0.6 0.3 0.3 LOWER 95% 0.398 0.279 -0.204

REP 45 40 45-40 45 40 45-40
# WORKRS WORKRS DIFFER WORKRS WORKRS DIFFER

1 1.2 1.2 0 MEAN 0.760 0.760 0.000
2 1.1 0.7 0.4 STAND. DEV 0.388 0.224 0.316
3 0.3 0.7 -0.4 t .025,4 2.776 2.776 2.776
4 0.9 0.6 0.3 UPPER 95% 1.241 1.039 0.393
5 0.3 0.6 -0.3 LOWER 95% 0.279 0.481 -0.393
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IDLE WORKERS

REP 50 45 50-45 50 45 50-45
# WORKRS WORKRS DIFFER WORKRS WORKRS DIFFER

1 13.3 9.6 3.7 MEAN 13.320 8.600 4.720
2 14.9 7.4 7.5 STAND. DEV 0.863 0.876 1.420
3 12.4 8.0 4.4 t .025,4 2.776 2.776 2.776
4 13.3 9.6 3.7 UPPER 95% 14.392 9.688 6.483
5 12.7 8.4 4.3 LOWER 95% 12.248 7.512 2.957

REP 45 40 45-40 45 40 45-40
# WORKRS WORKRS DIFFER WORKRS WORKRS DIFFER

1 9.6 4.0 5.6 MEAN 8.600 3.360 5.240
2 7.4 2.6 4.8 STAND. DEV 0.876 0.484 0.575

3 8.0 3.1 4.9 t .025,4 2.776 2.776 2.776
4 9.6 3.4 6.2 UPPER 95% 9.688 3.961 5.954
5 8.4 3.7 4.7 LOWER 95% 7.512 2.759 4.526

-5..

SRUS WAITING

REP 50 45 50-45 50 45 50-45
# WORKRS WORKRS DIFFER WORKRS WORKRS DIFFER

1 37.5 41.9 -4.4 MEAN 40.480 43.340 -2.860
2 28.5 44.9 -16.4 STAND. DEV 9.828 9.004 7.536
3 58.5 59.3 -0.8 t .025,4 2.776 2.776 2.776
4 39.7 38.2 1.5 UPPER 95% 52.681 54.518 6.496
5 38.2 32.4 5.8 LOWER 95% 28.279 32.162 -12.216

REP 45 40 45-40 45 40 45-40
# WORKRS WORKRS DIFFER WORKRS WORKRS DIFFER

1 41.9 49.1 -7.2 MEAN 43.340 122.200 -78.860
2 44.9 71.9 -27.0 STAND. DEV 9.004 54.094 57.677
3 59.3 130.4 -71.1 t .025,4 2.776 2.776 2.776
4 38.2 174.6 -136.4 UPPER 95% 54.518 189.355 -7.256
5 32.4 185.0 -152.6 LOWER 95% 32.162 55.045 -150.464
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Appendix F: Changin the Flying Time Data

USING: 8 DATSAS 50 WORKERS

DAYS IN DEPOT

REP NORM +10% NORM +10%
# FLY FLY DIFFER 8 DATSAS FLY FLY DIFFER

1 4.211 5.854 1.643 MEAN 4.802 11.536 6.734
2 4.064 7.791 3.727 STAND. DEV 0.810 4.800 4.764
3 6.156 11.779 5.623 t .025,4 2.776 2.776 2.776
4 5.314 12.477 7.163 UPPER 95% 5.807 17.495 12.649
5 4.264 19.779 15.515 LOWER 95% 3.796 5.577 0.820

REP NORM -10% NORM -10%
# FLY FLY DIFFER 8 DATSAS FLY FLY DIFFER

1 4.211 3.294 -0.917 MEAN 4.802 3.278 -1.524
2 4.064 2.939 -1.125 STAND. DEV 0.810 0.191 0.670
3 6.156 3.530 -2.626 t .025,4 2.776 2.776 2.776
4 5.314 3.338 -1.976 UPPER 95% 5.807 3.515 -0.692
5 4.264 3.288 -0.976 LOWER 95% 3.796 3.041 -2.356

IDLE DATSAS

-I- E 't OR 4A 1)- NORM +10%
. FLY FLY DIFFER 8 DATSAS FLY FLY DIFFER

1 1.3 0.4 -0.9 MEAN 0.700 0.180 -0.520
2 1.3 0.2 -1.1 STAND. DEV 0.502 0.117 0.412
3 0.1 0.1 0.0 t .025,4 2.776 2.776 2.776
4 0.4 0.1 -0.3 UPPER 95% 1.323 0.325 -0.009
5 0.4 0.1 -0.3 LOWER 95% 0.077 0.035 -1.031

REP NORM -10% NORM -10%
# FLY FLY DIFFER 8 DATSAS FLY FLY DIFFER

1 1.3 2.2 0.9 MEAN 0.700 2.280 1.580
2 1.3 3.0 1.7 STAND. DEV 0.502 0.479 0.397
3 0.1 1.5 1.4 t .025,4 2.776 2.776 2.776
4 0.4 2.4 2.0 UPPER 95% 1.323 2.875 2.073
5 0.4 2.3 1.9 LOWER q5% 0.077 1.685 1.087
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IDLE WORKERS

REP NORM +10% NORM +10%
# FLY FLY DIFFER 8 DATSAS FLY FLY DIFFER

1 13.1 9.9 -3.2 MEAN 12.640 10.840 -1.800
2 14.5 8.8 -5.7 STAND. DEV 1.264 1.291 2.382
3 10.9 11.9 1.0 t .025,4 2.776 2.776 2.776
4 11.6 11.4 -0.2 UPPER 95% 14.210 12.443 1.158
5 13.1 12.2 -0.9 LOWER 95% 11.070 9.237 -4.758

REP NORM -10% NORM -10%
# FLY FLY DIFFER 8 DATSAS FLY FLY DIFFER

1 13.1 18.6 5.5 MEAN 12.640 19.080 6.440
2 14.5 21.4 6.9 STAND. DEV 1.264 1.883 1.073
3 10.9 15.8 4.9 t .025,4 2.776 2.776 2.776
4 11.6 19.4 7.8 UPPER 95% 14.210 21.418 7.772
5 13.1 20.2 7.1 LOWER 95% 11.070 16.742 5.108

SRUS WAITING

REP NORM +10% NORM +10%
# FLY FLY DIFFER 8 DATSAS FLY FLY DIFFER

1 33.7 68.0 34.3 MEAN 40.140 166.260 126.120
2 25.9 95.0 69.1 STAND. DEV14.337 83.157 83.050
3 65.1 178.2 113.1 t .025,4 2.776 2.776 2.776
4 46.7 184.7 138.0 UPPER 95% 57.939 269.497 229.224
5 29.3 305.4 276.1 LOWER 95% 22.341 63.023 23.016

REP NORM -10% NORM -10%
# FLY FLY DIFFER 8 DATSAS FLY FLY DIFFER

1 33.7 17.1 -16.6 MEAN 40.140 16.340 -23.800
2 25.9 12.4 -13.5 STAND. DEV14.337 2.310 12.452
3 65.1 19.5 -45.6 t .025,4 2.776 2.776 2.776
4 46.7 16.9 -29.8 UPPER 95% 57.939 19.208 -8.341
5 29.3 15.8 -13.5 LOWER 95% 22.341 13.472 -39.259
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USING: 9 DATSAS 50 WORKERS

DAYS IN DEPOT

REP NORM +10% NORM +10%
# FLY FLY DIFFER 9 DATSAS FLY FLY DIFFER

1 3.472 4.133 0.661 MEAN 3.403 4.115 0.712
2 3.392 3.359 -0.033 STAND. DEV 0.233 0.515 0.413
3 3.784 4.977 1.193 t .025,4 2.776 2.776 2.776

i" 4 3.072 4.031 0.959 UPPER 95% 3.692 4.754 1.226
5 3.293 4.075 0.782 LOWER 95% 3.113 3.476 0.199

REP NORM -10% NORM -10%
# FLY FLY DIFFER 9 DATSAS FLY FLY DIFFER

1 3.472 3.085 -0.387 MEAN 3.403 3.118 -0.284
2 3.392 2.814 -0.578 STAND. DEV 0.233 0.184 0.330
3 3.784 3.206 -0.578 t .025,4 2.776 2.776 2.776
4 3.072 3.380 0.308 UPPER 95% 3.692 3.347 0.125
5 3.293 3.106 -0.187 LOWER 95% 3.113 2.889 -0.694

IDLE DATSAS

REP NORM +10% NORM +10%

# FLY FLY DIFFER 9 DATSAS FLY FLY DIFFER

1 2.2 1.5 -0.7 MEAN 2.420 1.420 -1.000
2 2.7 2.5 -0.2 STAND. DEV 0.685 0.668 0.597
3 1.3 0.4 -0.9 t .025,4 2.776 2.776 2.776
4 3.4 1.4 -2 UPPER 95% 3.271 2.249 -0.259
5 2.5 1.3 -1.2 LOWER 95% 1.569 0.591 -1.741

REP NORM -10% NORM -10%
# FLY FLY DIFFER 9 DATSAS FLY FLY DIFFER

1 2.2 3.5 1.3 MEAN 2.420 3.280 0.860
2 2.7 4.0 1.3 STAND. DEV 0.685 0.462 0.900
3 1.3 3.1 1.8 t .025,4 2.776 2.776 2.776
4 3.4 2.6 -0.8 UPPER 95% 3.271 3.854 1.978
5 2.5 3.2 0.7 LOWER 95% 1.569 2.706 -0.258
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IDLE WORKERS

REP NORM +10% NORM +10%
i$ FLY FLY DIFFER 9 DATSAS FLY FLY DIFFER

1 13.9 9.6 -4.3 MEAN 15.200 10.760 -4.440
2 15.5 14.4 -1.1 STAND. DEV 1.691 2.111 1.838
3 12.8 8.0 -4.8 t .025,4 2.776 2.776 2.776
4 17.6 11.0 -6.6 UPPER 95% 17.300 13.380 -2.158
5 16.2 10.8 -5.4 LOWER 95% 13.100 8.140 -6.722

REP NORM -10% -- NORM -10%
# FLY FLY DIFFER 9 DATSAS FLY FLY DIFFER

1 13.9 18.8 4.9 MEAN 15.200 19.360 4.160
2 15.5 22.4 6.9 STAND. DEV 1.691 1.717 1.955
3 12.8 17.3 4.5 t .025,4 2.776 2.776 2.776
4 17.6 18.5 0.9 UPPER 95% 17.300 21.491 6.587
5 16.2 19.8 3.6 LOWER 95% 13.100 17.229 1.733

SRUS WAITING

REP NORM +10% NORM +10%
# FLY FLY DIFFER 9 DATSAS FLY FLY DIFFER

1 22.3 36.0 13.7 MEAN 19.680 33.260 13.580
2 17.1 20.3 3.2 STAND. DEV 3.548 9.107 6.377
3 25.3 48.3 23.0 t .025,4 2.776 2.776 2.776
4 15.9 31.7 15.8 UPPER 95% 24.084 44.567 21.497
5 17.8 30.0 12.2 LOWER 95% 15.276 21.953 5.663

REP NORM -10% NORM -10%
i FLY FLY DIFFER 9 DATSAS FLY FLY DIFFER

1 22.3 14.2 -8.1 MEAN 19.680 14.100 -5.580
2 17.1 10.8 -6.3 STAND. DEV 3.548 2.280 3.872
3 25.3 15.5 -9.8 t .025,4 2.776 2.776 2.776
4 15.9 17.4 1.5 UPPER 95% 24.084 16.931 -0.773
5 17.8 12.6 -5.2 LOWER 95% 15.276 11.269 -10.387
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