-A166 6214 AN ﬂNﬂLVSIS OF AN ANALYTICAL QUEUING TECHIIOUE FOR USE 172
AS A PROGRAMMING A.. <U> RIR FORCE INST
WRIGHT-PATTERSON ﬁFB OH R A HAMEL 1&.
UNCLASSIFIED AFIT/CI/NR-86-347 F/G 3/




-

AR AL

LR

PN

AN

*,

L

7 O g WIS A, e

Wl 0

AR St Ny, o 0

ol Tl

S EEE

1.4

1.25

CHART

MICROCOM




iaks Un SNl Sl Rl

SECURITY CLASSIFICATION OF THIS PAGE (When [)ulnLEnlucd)‘ /
READ INSTRUCTIONS
N REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM
1. REPORT NUMBER f 2. GOVT ACCESSION NOJ 3. RECIPIENT'S CATALOG NUMBER

AFIT/CI/NR-86~ 34T

4. TITLE (und Subtitle) S. TYPE OF REPORT & PERIOD COVERED
An Analysis Of An Analytical Queuein TH
Techn1qze For Use As AyProgrammlng Agd By HESIS/PI3ZERTATION/
United States Air Force Civil Engineering 6. PERFORMING O3G. REPORT NUMBER
Squadrons

7. AUTHOR(S) ' 8. CONTRACTY OR GRANT NUMBER(s)

Robert Arthur Hamel

3. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PsgﬁRAM ELEMENT. PROJECT, TASK

AFIT STUDENT AT: & WORKCUNIT NUMBERS
The Chio State University

AD-A166 621

1. CONTROLLING OFFICE NAME AND ADDRESS 12. AEPORYT DATE
AFIT/NR 1985
WPAFB OH 45433-6583 13, HUMBER OF PAGES
124
14, MONITORING AGENCY NAME & ADDRESS({{ difletent {rom Controlling Office) 1S. SECURITY CLASS. (of this report)
UNCLASS

|

1Sa. DECL ASSIFICATION. DOWNGRADING
SCHEDULE

16. DISTRIGUTION STATEMENT (of this Report)

APPROVED FOR PUBLIC RELEASE; DISTRIBUTION UNLIMITED

17. oISt RIHUTION STATEMENT (of the abstract entered in Block 20, if different from Report)

N
8 SUPFPLEMENTARY NOTES
APPROVED FOR PUBLIC RELEASE: IAW AFR 190-1 Wﬁ TRER e
Dean for Research and

Professional Development
AFIT/NR WPAFB OH 45433- 6583

'9 KEY WORDS (Continue on reverse side if necessary and ldentily by block number)

LECT
APR 1 5 1988

0 AESTRACT (( mitlnge on reverse side U necessary and fdentify by block number)

DNIC FILE Copy

¢
tX:

T A A R L

.; T
&

M I,
DD ,'on’hs 1473 €vimion oF 1 NOV 6515 0BSOLETE v

SECURITY CLASSIFICATION OF THIS PAGE (Whien Datw Entered)

- e LA wr
?3’ ;:n :‘('t‘..: A Y rv“ .
.':o ' . .';'}"‘ LETE S L LAt
-4, t * Y B . .
b , B A O A
N . e T
_ -q '." - ‘_ -t - * . -~ . - ‘- “s .‘l;?ﬂ‘_‘['-". 'A'I- .‘.., -\ -




ACKNOWLEDGMENTS . . . . . . . .

LIST OF TABLES

LIST OF FIGURES . . . . . . . . .

"INTRODUCTION . . . . .

BIBLIOGRAPHY

\1~ . 1"- \1

TABLE OF CONTENTS :

- . - . . . -

Civil Engineering,. . . . . . .
“vWiork Classification,. . . . . .
< Work Ploce551ng ;‘:’. e e e e
Summary e et e e e e e e e

-‘MODEL DEVELOPMENT AND METHOD SELECTION

Z Labor Utilization Code Concept

Data Availability . . . . . . .
CE Queueing System Discussion .
SUMMAYY o ¢« v & ¢+ e e e e e

DESCRIPTION AND APPLICATION OF GREEN'S METHOD -

Introduction, , . . . . « .+ « .
Green's Method, , . . . . . . .
Model ing Compromlses Introduced,
Data Analysis . . . . . v . o .7
"Method Application . . . . . .
9ummary‘ e e e e e e e e e e

NSUMMARY AND CONCLUSIONS . . . .ovot...

''''''''''

ii

iii

vi

viii

PAGE

22

22
22
32
34
48
56

61



e ™ TR T YT

Michael John Sabochick, Capt., USAF

1986, 224 pages

Doctor of Philosophy in Nuclear Engineering
Massachuss}ts Institute of Technology

Abstract

Defect properties of copper are calculated using molecular
statics with an interatomic potential recently derived from first
principles. Tri- and tetravacancies are found to be very mobile
with migration energies of 0.56 and 0.39 eV, respectively,
compared to previously calculated single and divacancy migration
energies of 0.82 and 0.55 eV, respectively. Using the binding
and migration energies calculated with the interatomic potential,
annealing kinetics in copper and modeled using rate equations.
The effactive activation energy of annealing in the model is
within 0.02 eV of single vacancy migration energy over a wide
range of sink and initial single vacancy concentrations, which
conforms to experimental results. In two cases, however, the
larger clusters affect the activation energy and no definitive
conclusions about whether or not the calculated cluster migration
energies are correct for copper can be made.

The stability and structure of larger vacancy clusters with
ten to forty vacancies were also investigated using the first
principles copper potential. The stacking fault energy was first
calculated and, for the potential cutoff radius usgd in the
defect calculations, yielded of a value of 65 mJ/m*® compared to
the experimental value of ~70 mJ/m*. To investigate the large
clusters, vacancy platelets of various sizes were created in a
close-packed plane and the system was relaxed to the minimum
energy configuration. Small vacancy platelets with as few as ten
vacancies collapsed into stacking fault tetrahedra and faulted
loops, depending on the shape of the platelet. Stacking fault
tetrahedra are found to be the most stable large clusters.
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2
problem. The problem arises from having such a large
backlog that the reasonable time criteria is often violated.

A reasonable amount of time to complete work affects
the customer service provided by CE. There are different
recommended time criteria for the different types of work a
shop completes. The time criteria refers to the amount of
time that passes between work identification and work
completion. If the backlog is too large, a task that a
craftsman can perform in an hour may take several weeks or
louger before it is worked into the schedule, resulting in
a dissatisfied customer. What the programmer needs is
something that can serve as a guide for determining what is
an appropriate backlog.

To help understand the programming effort, a discussion
of the CE organization follows. Included in this
discussion will be a description of the flow of work in CE,
from its inception to completion, and a description of the

various cateqgories of work in CE.

CIVIL ENGINEERING

Fig. 1 shows the current organizational structure of
the typical CE organization. The size of the organization
can range from 300 assigned personne{ at a small base to in
excess of 1000 assigned personnel at a large base. The

budget that a Base Civil Engineer (BCE) receives will

usually be reflected by the size of the base. The size of
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4

the budgets and workforce will determine the programming

avenues available to the BCE to accomplish the work

requirements at the base.

Paraphrased from Air Force Regulation (AFR) 86-1,

programming consists of three major elements. The first is

determining facility requirements needed to accomplish the

mission. The second 1is evaluating existing assets and

determining the most economical means of satisfying the

requirement. And the 1last element 1is acquiring any

additional facilities that are needed or work that must be

done on existing facilities. [4]

Determining facility requirements 1is critical. All

work requested of CE is not necessarily done. The BCE must

work within his ©budget allocation and 1is guided by

regulations that often reflect laws enacted by the

Congress. The key is to "determine true need, not book

requirements." [4]
In determining the most economical means of satisfying , -{Q
requirements , work can be contracted to a civilian agency, W

can be accomplished by the in-service workforce of CE, or

some combination of both. For example, CE is not manned

B3
v
[ ]

« e e s
e
» LTI
» . .
. . PR A

and in most cases does not have the equipment to construct

-~

new facilities. In this case it is more economical to hire

.

el

3

a contractor to perform the construction. After the

3
a

. Y e
.
a

-

construction, CE will assume the maintenance responsibility

a1 MO

>
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for the facility since it is less costly and more efficient
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5
to use in-house personnel rather than keeping a contractor
on call.

These are just a few of the considerations in the
programming function. For purposes of this thesis, the
scope will be limited to analyzing practices involving the
in-service workforce and work being performed on existing
facilities.

The office of primary responsibility (OPR) for
programming this type of work is the Production Control

Unit. As seen in fig. 1, they are a part of the Operations

Branch under the Requirements Section. All work requested
of CE will come to Production Control initially, and from
there be routed as necessary.

Work 1identification (or requests) will normally come
from three general sources. The first is from other
organizations on base. They will identify general repair
items (broken floor tile, faulty door lock, etc.), or
identify new requirements that are needed (additional
space, new layout, etc.). A second source 1is CE. Work
planners identify needs during their facility inspections.
Craftsmen also identify needed work they might discover. A
third source is higher headquarters directives. An example

of this type of work identification would be the basing of

a new weapons system (B-1 bomber, MX missile, etc.).
Production Control receives these requests, determines the

routing of the work (contract vs. in-service), and if

W
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in-service, classifies the work. G 'R

o

WORK CLASSIFICATION o

AFR 85-1 gives guidance for classifying work [2]. 1In .o

¥

general, there are four classifications of work types. Job <A

- \"

"i"';.

orders are a fast way to authorize work that does not need s

PO

detailed planning. Work orders are used to control large o

or complex jobs. Recurring work consists of operations, RADY

recurring maintenance, services work, and other recurring ijf

tasks for which the scope and 1level of effort is known s

T

without an earlier visit to the jobsite each time the work 0

-‘..\

is scheduled. Utility operations involves the running of N

P

major utility systems such as an Electric Power Plant or a :?5
Central Heating Plant. Job orders are subdivided further.

There are three sub-classifications of job orders; ,
emergency, urgent, and routine, In AFR 85-1, an emergency .
job order is defined as N

. R
"Any work required to correct an emergency s
condition that is detrimental to the mission NN
or reduces operational effectiveness" [2]. M
Examples include such items as the failure of any utility, EAG
fire protection, environmental control, or security alarm :ﬁj
system, and items such as a stopped-up sewer. An urgent ﬁ{
Y
job order is defined as follows in AFR 85-1: AN
. ' RAXN
"Work that is not an emergency but that should ,3{
be done within 5 workdays" [2]. T
e N
*»
These include the eliminations of some types of fire, _if
B |
\..':s"
N
o
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- LR
\.‘ \l
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health, and safety hazards. Finally, any work that falls

¥

in the concept of job orders but does not meet the

ol P

Cx
f“

definitions above is a routine job order. :é

Pyold

K Although the primary activities of the in-service E{
workforce is maintenance and repair, some construction is N

- -
- '.‘\
: allowed. It is classified as minor construction (MC) and e
o

. Ay
: defined by AFR 86-1 as follows: AN
"Work required to erect, install, or assemble E

o a new facility; addition to, alteration, R
- expansion or extension, conversion, or Lé'
‘ replacement of an existing facility; -
y procurement and installation of Real Property 4

v

Installed Equipment (RPIE), relocation of

it ]

existing facilities, and relocation of RPIE 4

: from one installation to another. The funded s

cost for this work cannot exceed $200,000." NS

(4] e

ot

Most MC work is still accomplished by contract. The K-

g $200,000 guideline is critical because construction if

N projects over $200,000 are classified as major construction i;
S and require Congressional approval. If minor construction

. work is within the capabilities of the existing assets of o

the in-service workforce, it can be accomplished in-house. ?f

However, the BCE 1is 1limited to spending only 5% of the -

- total available direct work hours available in the &f

& organization per year doing MC work. (There 1is more Eji

. information on the concept of direct hours in the next =

.. chapter). Because of the work hour restriction and dollar Eﬁ

:

- limitations, this work is generally done as a work order to .

.. 4

!‘

maintain a detailed record. If the funded cost of the 3
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required work is known to be less than $2000, it can be
accomplished as a routine job order.

Other factors may influence the problem of which
classification to use. According to AFR 85-1:

"The decision to use a work order is based on
the need for: Detailed planning, capitalization
of real property records, collecting
reimbursements, and gathering data for review
and analysis. Work that does not need

detailed planning, special costing, close
coordination between shops, or large bills of
material is usually authorized on a job

order." [2]

WORK PROCESSING

When work is needed, the request for work is submitted
by phone or a written request. Phone requests are
generally accepted only for emergency and urgent job
orders. If during the course of a phone conversation, it
becomes obvious that the request is not an emergency or
urgent requirement, the production control specialist will
ask the requestor to submit a written request. Assuming
the request is a valid emergency or urgent requirement, an
AF Form 1879, BCE Job Order Record is completed to
authorize work accomplishment. The Jjob order is sent to
the appropriate shop and craftsmen are dispatched to fix
the emergency or urgent condition. A detailed flow diagram
for processing emergency and urgent Jjob orders has been
extracted from AFR 85-1 and is included in Appendix A.

Written requests are accomplished using the AF Form
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1135, BCE Real Property Maintenance Request, or the AF Form
332, BCE Work Request. The written requests also serve as
approval documents. In other words, they serve as
documentation as to whether or not CE determines the
request is a valid requirement based on the programming
guidelines of AFR 86-1. I1f disapproved, the document is
returned to the requestor with an explanation of why it is
disapproved. 1f approved, the processing continues
according to the decided method of accomplishment. If the
work is to be accomplished by the in-service workforce, the
work will be authorized as a routine job order using AF
Form 1879 or as a work order using AF Form 327, BDase Civil
Engineer Work Order. A detailed flow diagram for
processing written work requests has been extracted from
AFR 85-1 and is included in Appendix A.

Routine job orders will flow through the Operations
Branch in much the same way as an emergency or urgent job
order. The only difference is the scheduling. Routines
are placed in a hopper and completed as the shops perform
wC in the particular zone of the base the hopper
represents. A detailed flow diagram for processing routine
job orders has been cxtracted from AFR 85-1 and is included
in Appendix A.

Work orders have the longest processing time of the
various kinds of in-service work types. First it is sent

to the Planning Unit. It is planned in detail, materials




needed are

identified, and estimated

work is determined. From there,

to order the materials.

10

time to complete the

the Logistics Section gets

the package Once materials are
E complete, the scheduler in Production Control receives the
:

work order to schedule. It finally is scheduled and the
E shop(s) complete the work. A detailed flow diagram for

processing work orders has been extracted from AFR 85-1 and

is included in Appendix A.

Recurring work needs are known.

type of work, it is

will arise. Frequencies are

semi-monthly, monthly, bi-monthly,

months, semi-annually, or annually.

superintendents periodically review

tasks to insure it is still a wvalid

formal processing of this work.

further limitation will be added.

different skills of the

LI
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identified

daily function and also have no flow, per se,

in-service workforce,

By the nature of the

known how frequently required tasks

as weekly,

quarterly, every 4

Shop supervisors and

their recurring work

need, but there is no

Utility operations are a

through CE,

SUMMARY

The problem is to find a method to aid a programmer in
Production Control in determining what is an adequate
backlog of work requirements to keep the in-service
workforce busy while completing tasks 1in a reasonable
amount of time. For the purpose 'of this analysis, a

Because of the size and

this analysis
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will involve determining an adequate backlog for a single
shop. The <concept of programming in CE has been
discussed. The different work classifications and their
flow through CE have also been discussed. The following
chapters define the problem parameters for the single shop

backlog effort and the analysis followed to find a method

to aid a programmer in determining an adequate backlog.
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CHAPTER I1I

MODEL DEVELOPMENT AND METHOD SELECTION

Labor Utilization Code Concept

The basic measurement of work accomplishment by the
in-service workforce is time. Each craftsmen's time spent
working a job is recorded using the AF Form 1734, BCE Daily
Work Schedule, by work controllers. All time is recorded
in hours, with the minimum time allowed by AFR 85-1 being
.1 hours. Daily, the labor hours for each shop are 1loaded
in the Base Engineer Automated Management System (BEAMS)
[1]. Through the series of programs in BEAMS, this
translates to dollars according to the calculated shop-rate
for each shop.

Not all of the time spent by craftsmen during the week
is directed toward job tasks. Sick leave, vacations,
training, and supervision are also recorded. This leads to
the breakout of work as direct labor and indirect labor.
Direct labor <consists of labor expended completing the
different work classification types. Indirect labor is the
time spent in other endeavors. Labor reporting is
accumulated further using the labor utilization codes (LUC).

12
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The actual LUCs and what they

in table 1.

TABLE 1
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represent cre shown

LABOR UTILIZATION CODES

Direct Labor

Indirect Labor

LUC Description LUC Description
I 11 Recurring Work 31 Supervision
12 Emergency Job Orders 32 Training
: 14 Urgent Job Orders 33 Leave
: 15 Minor Construction 34 All Other
% 16 Routine Job Orders
- 18 Other Work Orders
19 Utility Operations

Source: AFM 171-200, Volume II

spent performing direct labor

follows:

The division of labor between
allows the computation of the

availability rate 1is defined as

Direct llours

direct and indirect hours

availability rate. The

the percentage of time

tasks and 1is computed as

Availability Rate =

each shop.

LR B

O T S
SCSICS S YA i TP O

Total Hours

x 100% (1)

The goal in CE is to attain a 70% availability rate for

Information about labor hours expended appears monthly

on the BEAMS product PCN SF100-252, the BCE Monthly Labor
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:: Analysis Report. Information from this report is used to

monitor the availability rate, the 5% MC limitation, and to

I

provide historical data to establish trends as an aid 1in

avave'a
N
-
¥
A

. {”

scheduling work. The programmer can use the historical

A

» data of the amount of indirect hours used from prior year

LA
.

~vy r

.l

reports as an aid in determining how many direct hours Cj
__.’
might be available. 3o

[ g

Data Availability

'
v

PR

> x'u‘l,-
PR

The monthly labor analysis report is the primary source é:

of data readily available to a programmer. The information 5&

extracted will be the total Thours spent working a EE

particular LUC, the availability rate, and the percentage ;}

. of direct hours spent on a particular work type for a é%‘
; previous month. The percentage of direct hours for a work Ei:
j; type is calculated by E;}
N

P
e
v

$ Direct Hours = Hours expended for a LUC

v, e r,
. *
PRI

Total Direct Hours x 100%  (2) (

w7

The current procedures for recording actual hours f{

expended by work types is totally recorded by work order ;f'

4 numbers in DBEAMS. Each job order 1is loaded into BEAMS ;
o

1 against a collection work order number (CWON). Recording _}i
labor in this way establishes the 'accounting system for' ii

money purposes, Imbor expended by LUC is stored as a ;EZ

: cumulative figure and used in the labor analysis reports. ;i
- ".:'-'}
: =
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i The data to determine the amount of time spent by a

specific shop on a specific 3job order 1is not readily

) available. An individual must search through the Daily

Work Schedule for each shop to backtrack the actual 1labor

hours for a given shop. In the processing of over 2,000

9 job orders per month in a typical CE organization, there is

not enough manpower available to devote to determining
average completion rates of job orders per shop.

Actual hours for work orders can be found. The files

are on-line in BEAMS up to 60 days after the work order is

closed. Information can be found after 60 days by writing
a report program, known as a retrieval, against the work
order history tape. Response time for a retrieval |is
usuvally about a day. The delay is caused because CE must
coordinate with the base Data Automation organization to
load the tape and access the information on the tape.

Actual hours expended toward recurring work tasks are
"lost" in the same way as Jjob orders. The estimated time
per task and frequency are known. This makes programming
easier for recurring work than for job orders since there
are some guidelines as far as task times.

There are drawbacks to the way BEAMS currently works.
However, this is how BEAMS was designed to work. When it
was implemented in 1967, CE performed most work as work
orders., The recurring maintenance tasks were simpler due

to the less sophisticated technologies and more people

c e a® e S T e e e e e S e e
e et T e N
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authorized in production control to monitor progrimming and
scheduling. Over the past twenty years CF has attempted to
become more responsive to customer needs, evolving the job
order system. Since BEAMS programming is not maintained by
CE (all software maintenance 1is performed by the Data
Systems Design Office (DSDO), Gunter AFS, AL), BEAMS
trailed the initiatives begun by CE. Consequently, there
is no automated processing of job orders on BEAMS.

To determine current information needs, the Air Force
Engineering and Services Center (AFESC) had an Information
Requirements Study performed. The recommendations of the
study led to the initial development of the Work
Information Management System (WIMS). The WIMS concept
involves procuring mini-computer systems for each CE
organization using software developed by Air Force Civil
Engineers to allow real-time access of work processing
information. To test the concept, equipment was leased
from the WANG corporation and software developed by civil
engineers at Tinker AFB, OK.

As a part of the Operations Branch software, the AF
Form 1879, BCE Job Order Record, and the AF Form 1734, BCE
Daily Work Schedule, are written electronically rather than
manually. This frees the productiop control specialists
from maintaining manual records of job order and work order
processing. It also allows the users to access information

such as actual completion times of job orders that was not

<+
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.{;"-
| 3t ]

s




17

previously available. WIMS is also capable of producing
magnetic tapes that transfer data to update BEAMS, and
vice-versa. This, in effect, automates much of the work
processing paperwork, and increases the amount of reliable
data available to CE managers.

Some bases have, on their own initiative, implemented a
part of the WIMS program. The 2750 CES 1located at
Wright-Patterson AFB, OH, has some of the Operations Branch
3 software on line. With their permission, data used in this

s thesis is extracted from the WIMS data base at

Wright-Patterson AFB.

CE Queueing System Discussion

The flow of work to a shop in CE can be modeled as a
queueing system. Work requests flowing into the shop are
the arrivals, Completion of the work tasks by craftsmen
represent the service function. The dqueue discipline is
first-in, first-out.

Work requests arrive at different rates according to

their classification. Service times to complete work tasks s
are also classification dependent. The number of servers

needed to accomplish work tasks will vary from task to

AR .
LR PR .
S,

PRI N AR

task. Before a task is started, all of the needed . §E£
craftsmen must be available, and all craftsmen will éi&
complete service together. Fig. 2 shows a graphical model ':%
of this system. i;
[
NS
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Recurring Work

) Emergency Job Orders

Urgent Job Orders

Minor Construction

SHOP

A

O
o’ a
AL'.A;

Routine Job Orders

Work Orders
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Utility Operations E;n
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Fig. 2: CE Shop Queueing System N

s
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In modeling and analyzing gqueueing systems, two general ol

classes of modeling techniques exist. The classes are N

- simulation models and analytical models. There are :
X advantages and disadvantages to applying either approach to ié
CE.

»
«
0
~
o
.
'Y
\




W T Ta ™ x ThF Bm en ehv s o mym—s e

19
Advantages of using a simulation model include the real
world duplication ability and parameter testing ability of
the model. Any arrival and service completion
distributions can be modeled in a simulation. The need to
make simplifying assumptions 1is eliminated by using a

simulation model. Changes to arrival and service time

T T, Yy S F e S

distributions and their effect on a system can be tested
easily in a simulation. The parameters that cause the most

change in the desired operating characteristics of a

queueing system can be analyzed.

A major disadvantage of using a simulation, especially
as it applies to CE is the nonavailability of software.
The current software proposal for the WIMS does not include
a simulation package. it is not foreseen that the Air
Force leadership will decide to include a simulation
package for each mini-computer system installation.

An advantage of using an analytical model includes the
ease of application computationally. The model can be fit
into the WIMS easily without taking much memory. A program
to do the necessary calculations can be written and loaded
into the computer by users of the system. It can be made
available to the CE programmer,

A disadvantage is that assumptions must be made about
the actual system to wuse the analytical model. The
assumptions may have no effect on the accuracy of results,

or it could have a major distorting effect. Another

. P BN '-n"..~' T «® .
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disadvantage is that distributions of arrivals ard service
times are restricted. The model may require distributions
that are different from the real world situation.

Since the end product of this analysis is a product to
be used on the WIMS system, the examination is limited to
analytical models. The search through the literature has
sought a model to handle a varying number of servers per
customer as a key prerequisite. Green [8],[9] has
developed a model that deals with gqueueing systems
requiring a random number of servers. In this model,
servers must begin service simultaneously, but can complete
service independently, resulting in different service times
for each server. Green calls this an independent-server
system. What 1is specifically needed by CE 1is a system

allowing for a random number of servers that will end

service together, 1i.e., all servers have equal service
times on each job. Green calls this system a joint-service
system.

According to Green [9], a solution technique for the
general, n-server, joint-service system other than
simulation has not been developed. The independent-server
system can be used to approximate the joint-service system
by determining a lower or upper bounq on the joint-service
system. If the customers have service times distributed as
the mwaximum of the completion times of the individual

servers involved, the expected waiting time in queue will




T .V, V. "aT AN 4 & A v W Wm——- s T

Nla

-
o
o

.

- -t . ...'.-’ PR - .-..-'-.n - - - T T
et e et e e VAt s etk ke idedeh b

21
be bounded from below by the expected waiting time in a
system with servers that free independently. Conversely,
if the customers have service times distributed as the
minimum of the completion times of the individual servers
involved, the expected waiting time in queue will be
bounded from above by the expected waiting time in a system
with independent servers. Using Green's method will result

in a one-sided bound of the actual system.

Summarx

This chapter has explained the concepts of direct hours
and the availability rate used in CE. A discussion of the
current procedures of tracking work along with the work
tracking procedures to be used in the near future have been
explained to show data availability for use in a queueing
model. The chapter concludes with a discussion of the
gueueing system of CE and an overview of an analytical
model is examined for use by CE,.

What follows is an analysis of Green's method as
applied to CE. Green's method will be explained, and data
from the WIMS system at Wright-Patterson AFB is used to

test the applicability of Green's method.
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CHAPTER 111

DESCRIPTION AND APPLICATION OF GREEN'S METHOD

Introduction

This chapter begins with a discussion of Green's method
’ for systems requiring a random number of servers. The next
section contains the actual data collected and an analysis
of the data. The concern 1is whether or not the data
distributions fit Green's assumptions for arrival and

service distributions. The last section presents a

comparitive application of Green's method using the

available data.

Green's Method

Green [8],[9] developed a model for a multiserver
queueing system in which customers require a random number
of identical servers that must start service together, but

can leave the customer separately. She calls this type of

system an independent server system. A characteristic of
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this system is that a customer cannot start service until

)

all required servers are available. This means the system
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is not a member of the class of batch arrival models and
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that servers may be idle even when customers are waiting to
enter service. Some examples of this type of service model
are seen in firefighting, jury selection, and emergency
surgery.

In this model, customers arrive according to a Poisson

process with a rate ). Each customer requests simultaneous

service from i servers with probability c;r 1 £ i £ s,

The number of servers requested by successive customers is
independent. Once in queue, customers follow the queue
discipline of first-in, first-out.

Green's method assumes that there are s identical and
independent servers with service completion times that are
exponentially distributed with mean 14“‘ Since individual
server completion times are independent, the actual service
time of a single customer is not exponentially
distributed. Let Bs represent a customer's service
time. BS is distributed as the maximum of a random
number of exponentially distributed random variables.
Bs(t), the cumulative distribution function for B_, is

S

given by

(3)

Some additional random variables are defined at this

point and are illustrated in fig. 3.
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A queueing period, denoted by Q, is defined as the
period of time beginning when a customer arrives to an
empty queue and must wait for service, and ends when the
queue next becomes empty. A non-queue period, Q, is
defined as beginning when the preceding queueing period
ends, and ending when a queue next forms.
Let t . n=1,2,... be defined as the times when the

customers 1in a queueing period enter service, and define

= - > i
Bn+l tn+l tn’ n 2 1. Bn is called the

. . . th . .
interservice time of the n customer 1in the queueing

period. The interservice time is the time it takes the
customer to enter service after becoming first in the
queue. These times are independent and identically
distributed random variables, so they are henceforth
referred to without a subscript.

Since B only applies to arrivals during a queueing
period, define the initial delay random variable, D, as the
delay encountered by the customer that initiates a queueing
period. If the customer arrives to an empty queue at time
to and enters service at time tl,'then D = tl -ty

Let X(t) represent the distribution function for the

random variable X and E(X) be its expected value. X*(s)

will represent the Laplace Transform defined as

o0

o
x*(s) =Z(X(t)) =/ e Stax(t) =/ e Stx(t)at (4)
0 0
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Fig. 3: The Queueing Cycle

Green's model of the independent server system is a
renewal process. The renewals occur at the beginning of
each queueing cycle if the system has achieved a
steady-state condition. A queueing cycle will consist of a
queueing period and a non-queue period. If the length of
the queueing cycle is finite, a renewal will occur.

The operating characteristics of primary interest found
by using Green's method are the expected wait time in
gqueue, WQ, and the expected system wait time, W, The
technique to find WQ(t), the distribution of WQ, makes use
of a modification to this queueing system to take advantage
of an imbedded M/G/1 queue. The modification ignores the
actual service provided by the craftsmen and makes the time

a customer spends waiting in the first position of the
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qgueue the new service element (see fig. 4).
Original queue:
arrive enter out
service .
00 ... 0 0 .
_— > > —> >
st in —
queue
New queue:
arrive out
00 ... 0 0
—_ > 4 >
new
"service"
Fig. 4: Representation of Original and New Queue
The new queue is an M/G/1 system. B(t), the

distribution function for the interservice random variable
B, becomes the service distribution. The traffic intensity
of an M/G/1 system is defined as the probability that the
queue 1is busy, or equivalently, the probability that a
customer will have to wait in queue. Let pq represent
the probability that a queue exists in the original

system. Then, Py is the traffic intensity of the M/G/1
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system imbedded in the original system.
This holds for customers that arrive during a queueing
period. The customer that initiates the queueing period

experiences a delay according to D(t), the distribution

"ol T T s & S HEmERS

function for the initial delay random variable, D. A study

2RO A

of M/G/1 queues in which the first customer of each busy

-

period requires exceptional service has been accomplished

by Welch (1964). The exceptional service required by the

w4l .

customer that initiates a queueing period is a 7result of
: the number of servers busy. To understand this, 1look at
h the difference between B and D.

Both random variables can be defined as the time it
takes from the moment a customer becomes first in the queue
until the customer enters service. The crucial difference
between the two is that D is defined for a customer who
arrives to an empty queue, while B is defined for a

customer who joins a queue upon arrival. The customer that

arrives during a gqueueing period sees all s servers busy at
5 the moment he becomes first in the queue. In contrast to
! this, the customer that arrives to an empty queue and must

wait until the j servers he needs are available, may see

from s-j+1 to s servers busy. Thi: causes the distribution
functions B(t) and D(t) to be different.
Define Fki(t) as the probability that Kk or more

servers become free in the interval (to, t0+t) given

that 1 servers are busy at ¢t

0 Since the probability of

ST SN . R e T A N TR NP PR
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a server becoming free in an interval t is the distribution

function of the occupation time of each individual server,

namely l—e—”t, the probability that k out of

i

servers

will become free is binomially distributed. Therefore,

i . . ..
F(t) = g (;)(1 N E T el et S P

(5)

Since all servers are busy just after an interservice

time begins,

S
B(t) = 2 F, (t)c
k=1 ks k

(6)

To obtain D(t), the number of busy servers found by the

arriving customer and the number of servers required by the

customer must be considered. To accomplish this,

H(i,j) as the joint probability that a customer

during a "non-queue period finds 1 busy servers

arrives and needs j servers. Then,
q.c./p i > s-j
H(i,j) = i3 %d
0 i< s-3

define
arriving

when he

(7)

where'?]i is the probability that i servers are busy when

a customer arrives during a non-queue period, and Py is

the probability that a customer arriving during a non-queue

period is delayed. Therefore,
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D(t) = .g g Fki(t)qics—i+k / Pd (8) .'\-’
i=1 k=1 ya
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; P
; The equation given by Green to determine WQ(t) and
3 d
expressed as a Laplace Transform is: ,7-;
4 2
- Wa*(s) = (1-p )(1-p,) + (1-p_)D*(s
: Pq Pg) Py)D*(s)py K.
py[1-D*(s)] T
+ * N
Tsone (s IE@ o () (9) T
: 3
where E(Q) is the expected length of a queueing period.
vy
, WS(t), the waiting time distribution in the system, is oy
. 3
.f found by «convolving WQ(t) and Bs(t). The resulting ::-::
X ey
. equation expressed as a Laplace Transform is: s
- WS*(s) = WQ*(s)B_*(s) (10) ’
wq is found by evaluating the first moment of WQ(t). N
i
This can be accomplished by taking the first derivative of e
Teos
WQ*(s) with s=0, or ‘,‘,,-;
g 1 S
g W= (-1)—s— WO*(s) (11)
; g ds s=0 T
4
& Finding Wq with equation (9) is computationally f'_::-_
y difficult. However, Green has given an equivalent means of fj:i_'
.¢ .-‘\
' expressing WQ*(s) which does allow the dgeneration of =
- moments more easily. It is
’
4
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WQ*(s) = (l-pq)(l—pd) + (l-pq)pdD*(s)

o0
+ p_[1-AE(B)ID_*(s)B*(s) ¥ [AE(B)B *(s)1® (12)
q e n=0 €

Be(t) and De(t) are the equilibrium excess

distributions for the interservice times and initial delay

times given by
B (t) =f [1-B(u)] du/E(B) (13)
0

and

t
D_(t) =S [1-D(u)] du/E(D) (14)
o

Using this version of WQ*(s) in equation (11) will result

in w_.
q

wq can also be found by a direct calculation. This

equation is:

W = E(R)

q 1 - AE(B) (15)

where E(R) is the expected value of the residual

interservice time of the first person in the queue if a

queue exists, or the delay encountered if there is

no

queue. This is given by
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k=s-i+1

k

where q is the probability that a customer arriving
during a queueing period sees i busy servers upon arrival.
The intermediate calculations necessary to find Wq are
detailed in Appendix B for both the Laplace Transform
approach and the direct calculation approach.

W can be found by calculating the first moment of

WS(t). This is done by