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This simulation is a versatile SINSCRIPTI progranm
d2signed to Jdeteraine transporstation ijestination
fluctuations caused by U.S, Naval vessel movaments in
the San Francisco Bay Area. The through-put model was

jesigned to investigite the ralationship between the

anaual number o0f Jelivery rips and the average
material delivery dalay. Numerous paramsters have

been taken intd> considaration in the generation of a
mod2l that 1is as realistic as possible. Requirement

priority, item guantity, customer movemeat, ultimate

destination, and procass time are the significant
random variaolss “hich have been 1ssigned
probabilistac distribut ions. In view 235 the
simulation results, it would appear chat actual

modification of the current shipping paraaeters may
£

yield substantial transportaion savings.
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I. INTRODUS TION

& SACRGRIUND

¥aval Supply Center (NSC), Oakland, Califormnia is one of
five maajor support facilities in th2 United States Navy.

Oakland to provids aataerial support to active 113 reserve
flaace uaits, lb>cal and overseas shipyards, naava Rir
statlions, several oOoverseas ispots, and num=rous spaller
comaands. It also has the capability >f responding
eftectively to a wide variety of functional tasks. Those
services provided include yaccouating functions, household
Joods storage and movemant, central area procureaent,
operation of a fusl support facility, and support to foraiga
jovarnaents,

NSC Oakland 1S fucther taskad with iapleamenting these
21SSi9on Lagquirements Oover a vast area of the 1lobe. In
tach, it 1acludes the Pacific Ocean (Hawaii Area excluded),
the Indian Ocean, and Northera Jalifornia.

In Nocthern California, direct support is provided to
17¢ local commaads. The size of thes2 coammands varies froa
a& najor shipyard to saall boats, and within ¢ais spectrum
there i1s a group 9¢€ unigus custonmers. y are U. S. Naval
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fiscal year 1378, sevent2en vessels reprasented those local

customers dhos= transpoctation lestinatioas varied
significantly. Many 10rCe than s2ventean ships are
nom=2ported in the Bay Ar21i. Howe rar, the othar vessels,
wh=n presan*t, always erthed at the same location. Thus,

Ynown. The

o} t
their delivery 3distance requirements were
custoaer €

s
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sevantean aobile

Zight Auxiliary Ammunition 7ess=21ls (AE's),
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=2d and Stor=2s Vessals (APS's),

w

Auxiliary Refrigesr

en

hmaat V=2ss=2ls (AO3's),
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}
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Three duxiliary Oiler and Rep

T40 Mine Sweeper Ocean Vessels (4S0's),

Table 1 is a statistical ceview of all vessels
requisitions as b}

NSC Oaklaand fro
amplifies the reslati

ptam

ve significancs J5f vessel support on

both 1 local and global lsv=l. Those vessels marked by a
ha perthed at more than sne location in the bay area during

the year.




Tabla No. 1. LOCAL VESSEL DEMAND DATA
FBIM S/77 T2 3/18

SHIP NUMBER OF NUMBER OF PERCENT OF PERCENT OF
CLASS VESSELS DEMANDS LOCAL GLOBAL
Ccv 2 33359 12.9269 3.8635
DD 1 2413 .3742 .1118
FF 3 22481 3.4862 1.0420
SS 11 18622 2.3873 .8631
LKA 1 4116 .6383 .1908
WHEC 5 4628 L7177 .2145
WP3 5 426 .0601 .0197
AE* 8 Y0422 7.1989 2.1516
APS*> 3 u6u25 7.1993 215177
AQOR* 3 25194 3.9069 1.1677
AR* 1 35767 5.5466 1.6577
MSOx% 2 3926 .6088 A '82:0
TOTALS* 17 157734 24 .46 00 7.3106
TOTALS 45 293779 45.5576 13.6160

The seventeen mobile ships represanted 24.46 percent of
NSC Oakland's local business as shown in Table 1. The ships
in this group war= found to change location from as few as
four to as many as 2ighteen times in a one y=2ar periecd (It
should be noted that trips in «hich vassels raturned to
their place of departure were ot includad) . A mobils
customer locat=2d at NSC Jikland today may be found tomorrow
at the Naval W=2apons Station Concord, some thirtv-three
miles away. Thus, ovar a short period of time,
transportation raquirements wmay wmaterialize or disappear.
Such fluctuations have had a significant impact on the Bay
Ar2a Local Delivery (BALD) system which transports material
from NSC Oakland to thes2 ships.

B. “OBJECTIVZE
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gxact identification and gquantification of all

simulation parameters and variables 1s not only a3 formidable

task but, in general, an impossible one. It is apparent
that any procass complex enough to warraant computer
simulation will also require siamplifying assumptions. In

the interest of realizing a viable £finding within a
constrained time period and with limited ass2ts, numerous
suppositions were requirad. Whenever possible, each premise
has been analytically »>5r 1logically justified in the

following subsections.

d. MOBILE CUSTOMERS

The vessel movement iita analyzed was extricted from
firty-rour veekly Ships I[nformation Bulletins (NASUPPACT-30)
published by the ¥aval Support Activity, Treasure Islang,
San Francisco, Californii. Appendix A is an exanple of one
such bulletin.

Figure 1 is a graphical representation of the operating
cycles o0f the seventeen port-mobile vassels for fiscal year
1978. It is the basis of the vessel mobility section of the
simulation.

V. Ship Movement

Ship movement between 1local Bay Area po
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r
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assumed to be a Markov Process. As a consequence, knowledge

of past amovements of a vessel will not change tae
probability of wmoving from one location *o another or,
stated differently, the system 1is memoryless andi will not
modify future behavior because of knowledge of past movment.
Thus, a stochastic matrix of the transition process from one

location to anothar was constructed.

Since ships of the same class (for example,
Auxiliary Ammunition Vessels) are operationally funded at
the same l2vel, operate with similar 1life «cycles, perforn
the same mission, and are manned it the same compliment;
ship movemants were aggr2jyated by class and Markov chains

vere developed for each class.

Figures 2, 3, 4, 5, and 6 show the matricas for each
ship <class. They wer2 Jeveloped py first identifying the
ports visited by each ship class. Those ports were then
annotated on the left vertical aad top horizontal sides of
the class matrix. Next, these vessels' movements (Figure 1)
wer2 annotated in the matrix as follows: a. The initial
location of a vessel was identified on the 1laft wvertical
side of the matrix; b. The location that this vassel next
moved to was then notad at the top horizontal side of the
matrix; <c. A check mark was then 2nter=d within the matrix
oas2d on these two locitions. This procedure was then
repeatad using this ship's new location as the laft vertical
starting port of the matrix. When all the vessel movements
within a <class had been processed, the probabilities of
movament from one location to another were determined across
each row of the matrix by dividing 21l elements' values (sum

of a group of check marks) in a row by the total row sum.

%4 one were interasted in determining the
probabilities where a AF3 would be expacted to move given it

is at Alameda, Figure 4 would be utilized. Starting with

14
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NAS Alam on the l=2ft vertical side one would move along this

row and note that there is a sixty percent chance of going
to NSC Oakland or a forty percent chance of deploying.

It was assumed that in-port duration +times were
independent of ship type, but were a function of their
associated location. Thus, these tiaes were aggregated by
location and probabilistic distributions were assigned. It
should be noted, that a scarcity of data and difficulties in
fitting this data has resulted in some uncertainty about

thase distributions.

If a ship was conducting local oparitions and
returpred to its departure location, it was g¢onsidered
locared at that port for tha time period under
investigacion. However, if a vess2l departed and returned
to another local port, the time in local transit/operatioans
was included in the arriving locaticn <calculation. These
time periods were 1included in the in-por: computations
because it was assumed tha*t material not deliver=2i prior +t¢o
a vessels departure would be deliverad to the vessels "now"
location, 2nd any material requirements received for an
underway vessel would be s2nt to the "new" port. Also, if a
vessel departed from a location and 3did not «ra2turn to a
local port within sixty 31ays, it was assumed that it was on
a eight-month deployment to the Western Pacific.

The following results represent th2 number of
in-port periods contained in each time interval and is a
genseral overview of the time fregquercy results. The in-port
time interval corresponds to a cell imn table 2. In-port
time intervals were determined by first cilculating the

in-port +time periods for all vessels which visited =each

2 Vet Wi

vy




port. These periods w2re then sorted by port. Time
interval (cells) were next sel2cted which would result in
approximately five 1in-port duration observations per cell.
Due to the extreme spread of the data it was not possible to
display the complete cell data for all ports. In some cases
so few data points were available that the above procedure
could not be done, and these cases ware ommit2d from the
Table. In other cases extreme values were observed which
were more than double the next largest value. These values
were in general considered outliers and were truncated from

the data sct.

For example, the in-port durations for NAS Alameda
were calculated utilizing Figure 1. They were then ordered
and analyzed. The data was segmented 1into two groups.
Tabla 2 shows the first three cells of this segmentation.
In this case, each cell represents four days. The remainder
of +the distributicn was also observed to p2 uniform (no

significent upward or downward trends) and they ranged fronm

tWwenty-seven to one-hundred and twenty-nine Jays.

Iable No. 2. IN-PORT FZRIQUENCY DATA
PORT SELL 1 CELL 2 CELL 3
ALAMEDA 5 4 5
MARE IS 6 5 5
OAKLAND 6 5
CONCORD 7 4 2
IR EASURE IS 6 5 5
DEPLOYELD 8 7

Thesa2 results are presented as a partial =2xplana*ion
of the subjective determination of the in-port time
distributions. Upon coampletion of the inter-departure time

analysis, rrobabilistic distributions were assigned by

16




geographic location as fallows:

a. Naval Station Alameda: Phe 1in-port time is
uniformly distributed between four and seventeen days with
probability 0.5, and uniformiy distributed betveen
twventy-seven and ane hundrad tventy~-nine days with
probability .S.

b. Naval Weapons Station Concord: The in-port time
vas found to be 2xponentially distributed with the parameter
equal to .Jdo12.

c. NSC Oakland: The distribution was found ¢to bhe
uniform between nine and fifty-six days.

d. Naval Station Treasure Isiand: The in-por* tinme
1s unirormly distributed between three and seventy-eight

days.

€. San Francisco Shipyard: The maintenance time was
Seven days with a .65 probability, or was two-hundred-forty

days with 2 .35 probability.

f. Todd Shipyari (Alameda): The time distribution
was found to be uniform from thirty-eight to eighty-four
days.

g. Bethlehem 3t2el Shipyard (San Francisco)
Maintenance periods were either thirty or one-hundred-eighty

ldays with 2qual probability.

h. Triple A Shipyard (San Francisco) : In-port
time was found o be seven days.

8 Merritt and Pacific Shipyards (Jakland) 3
Mainternance time was forty-four days for both locations.

17
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j. Mare Island Naval Shipyard: The maintenance |
periods were uniformly distributed between three and ’
twenty-=2ight Jdays with probability .668 or uniformally
distributaed Dbetween forty-three and ninety-one
.332 probability.

Jays with a

k. Deployed: The time in this catagory was assum=d

to be uniformly distributad between fifteen and sixty days
x &

with probability .65, and was two hundred and forty days &

(2eight-month deployment to ¢the Wastern Pacific) with

probability .35.
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B. MATERIAL REQUIREMENTS AND PROCESSING

The material requirements and Jdistribution processes
experienced by NSC Oakland were reduced ¢to 3 series of
inter-related functions. The criteri ror this breakdown
was twofold: first, the function must be estimitable; and

second, only realistic processes wer= considered.

Supsequent paragraphs discuss the various assumptions
and procedures wuadertaken to quantify the inter-linking

segments of the material pipeline under investigation.

1. Historical De

Numerous mechaniz21 data bases wer= available a%t N5C
Oakland. dowevar, after a detailed evaluation, it was
decided that the Requisition Demand History File (RDHF)
would provide the most useful data. Tae Requisition Demand
History ?ile 1s a r=23adily available mechanized file
ancompassiag transactions from two fiscal years. Figure 7
dJepicts the standard format of the file's five possible
ona-hundrel charicter racords. These records will be
discusse2d Dbelow. fhis file is composad of those material
actions (raquisitions) which have been transferr2d from the
Rejuisition Status File because of their historical
significance. Both the Reguisition Status PFile and the
Requisition Demand History File are composed o>f records.
The initial basic entry which sstaolisiaes the r2cord is a

rejuisition and other partinent data is subseguently added.

A r2cord-by-racord scanning of the Requisi+ion

Status File 1s conducted to determine which rezords should




be retained because of their historical vilue. The
following d=2cision parim2ters vrepresent the significant

catagories of records which are transferred to the RDHF[11]:

a. Requisitions 1issued with and without proof of
shipment as follows: (1) 1if the record has bea2n in the file
sixty or more days, without proof of shipment, a Record Type
four is assigned; (2) if the record has been in the file
sixty or more Jays with proof of delivery and the issue
group 1s one or *wo, a Record Type one is assigned; (3). 4f
the recoril has been in the file thirty days or more with a
proof Of shipment and the issu2 group is three, a Record

Type one 1s assigned.

b. Thoss records with an exception supply status
(rejected/canceled) as follows: (1) regquisitions in the
file for sixty or more days and and in issue group one or
two are assigned Type Code five; (2) requisitions in the
file for thircty or more days and in issue group three are

assigned a Type Code fiva.

di

cate the item was sent +to
the record has been in the €file

C. Records which i

=

o
e

purchase as follows: (n
ninaty or amora days without purchase order data and 1is in
issue group one or two, or if the record has been in the
file thircty days or more withou* purchase order jata and 1is
in issue group three, a I'ype Code three 1is assiagned; (2) if
the record has bean in tha2 file sixty days or more with
purchase order data and the associated issue group is one or
two or if the record has been in the file for thirty days or

aore and the 1issue group is threa, a Type Cola of tvwo is

assigned.
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Eight standard labeled IBM tipes were obtainad froan
NSC Oakland. These tapes were generated from the RDHF and
they contained all material transactions from Septeamber 1,
1970 to August 30, 1977. Over two aillion records were oOn
these tapes. The ransictions 2ncompassed local material
issues, demands for material not stocked at NSZ o©Qakland,
inter-depot traasfers of material, and local procurements.
The customers creating the majority of these Jdaemands for
material were located worlil wide and numbered over eight

thousani.

As only data for local customers was desired,
numerous extraction programs were Jdeveloped. The resul*ing

data base contained only issues from stock for local

customers, including local ©procuraments. Much of the
purification (duplicate records vere Jdiscovered) and

axtraction of this Jata was conductad with the assistance of
N. Be Nelson, LCDR, SC, USN, a fellow student at *he Naval
Postgraduate school. Upon completion of this reduction
approximataly 600,000 records (four tapes) remained and it

was from this base that th2 vessel data was developed.

3. Data

Ot
I
et
"
w
(¢}
{ad
-
A
=)

I

Those data el2ments actually extracted for further
analysis +vere common to all file records and in the sane
data fields. Specifically, the data rields used vwvere as
follows: a. the document number's unit identification code
(UIC) and date; b. he date recaived; c. the supoly

action dat2; e. the quaatity; and £. the priority.

N
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The Appendix B program, ANG3SDATA, -extracted those
records from the local customer transactions data base which
met the following conditions:

al. Only those records of the previously identified
mobile customers were considered.

b. Of ¢the above records, only those records which
the supply status code indicated that material had beern
locally 1issued were actually extracted (supply status code
BA) .

Each data record which meet the above criteria, was
also coded to facilitate the identity of its owna2r and the

owner's ship class.

4. aapie Size

In a@most cases the entire data base was used in the
determination of the simulation parameters. The gquantity,
submission time, and process time pirameters (as described
later in this chapter) were the only varibles in which a
sample was intentionally taken. This action was due to the
limited memory space available <£for the execution of the
PORTRAN program ANG3Datl1 and to keep the regquiraments down
to r2asonable values so that the required data runs could be
made. In another case (Issue Group One priorities) a
smaller sample size resulted because its occurrance was very
scarce.

Tchebycheff's Theorem of Inequality [12] was
utilized to detarmine sample size bacause normality could

not be assumed to describe the underlying population.

Since it was desired that the sample mean would be

29




within one fifth of a stindard deviation of the true mean
with a probability of at least 0.95, a sample size of 500

vas selectad whenever possible.

. Data Redugtion

Th2 FORTRAN program which begins the Jati analysis
required for th2 simulation model 1is ANGSDAT!, Appendix C.
Numerous data arrays were developed for further analysis, as

follows:

a., Total daily reguisitions submitted by each
customer were represented by a matrix (36Sx17). The 305
dimension is the day of the year the requisition was
prepared, and the 17 dJdimension represents th2 seventaen
vessels under consideration. Quantities within the  matrix
were the actual number of requisitions prepaired on a
specific day by a particular vessel (Wve will call this a
rejuisition bundle) . Date differences for a givan customer
within this matrix will be «called ¢the ‘"inter-preparation

1

times" for the bundles shown.

r

b. From the gJuantity field of the irst 500
raquisitions per local customer another matrix (500x17) was
developed. This was done because the Jata base was randon
by customer and the quantity was assumed to be independent
of the ship's location ani time. The 500 dimension in this
data array corresponds to the size ot the sample, and the
seventeen dimension again represented those vessals under
consideration. The actuil data elements in the natrix were

the juantities ordered pec requisition.

C. Submission time data for bundles of raguisitions
was also considerad independent of the vessel or its class,

and thus only one saamaple of SJ0 inter-arrvival times was

30




extracted by selecting every one-hundred and eightieth
requisition. Its value was computed by subtracting the
document!s date of praeparation from the Jdata of the
document's receipt. This action was considered appropriate
since groups of requisitions were modeled, and it was
assumed all requisitions ready for submission would be

submitted together.

d. The process time for a requisition was modeled
as being dependent on the Issue Group of the requisition.
This parameter was computed by subtracting the document's
receipt date from the document's ready for shipment Jdate,
ana was arranged into a matrix(500x3). The S)) dimension
vas the sample size, and the three limension represents the
Issue Jsroup. Individual data =2lements corresponded to

procass times per requisition priority by NSC Oakland.

6. Bundle Proparatisa Tiae

Appendix D, ANGSFHIS, is the FORTRAN program which
differenced tthe Jocument number dites as recorded in the
inter-preparation time matrix and utilized th2 standard
library routine HISTG to produce a listing of the relative
frequencies of times' from one to nine Jdays for each

customer.

Analysis of +this data revealed a significant
similarity of the output by vessel class. Figures 8 and 9,
and Table 3 illustrate this similarcity. Note the small
values for the standard Jdeviations of tha relative
frequencies at the bottom of Table 3. Bacause tha relative
frequencies were so alike, the vessels were grouped by class
in  this and all other vessel dependent parameter

avaluations.

N




T ————

TIMES BEITWEEN BUNDLE PREPARATIONS IN DAYS

ABE 1 2 3 4 Y o 7 3 9

22 - 91 « 19 L .08 .06 - 02

24 . 5u <15 « 11 .09 .04 < 02 .01 <02 .02

25 .62 s 24 .10 . 10 « 08 .04 .05 .02 « 02

20 -3 .13 «09 «09 . Q6 .00 .03 .02 <A

29 «93 20 21 Y .08 .03 03 .00 .01 .01

3 « 26 « 13 .4 « 07 VL <02 .01 « 0

33 . 4o <19 .08 .08 .08 . 0o .02 +01 « 02

35 .53 . 1o « 1 .10 . 06 .02 .01 .00 BVR

A¥E .51 .175% .112 .085 .053 .Q02¢ .0t4 Q11 (002

ST.DE .04o .0206 .021 ,010 .0to .013 .Qte .008 ,003
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Upon completion of the class pooling of the data
several probabilistic listribuctions were -examined for !
applicability. Since the histograms were exponentially
snaped this was the first distribution tested. The inverse
of the mean value was used as the =2xponential parameter.
However, this hypothesis €failed tha Chi-square joodness of

fit test at the five psr cent level.

Next an attempt was @made <to fit a1 geometric
distripbution to the data. Inter-preparation times were
measured in the data bas= by one day increments. Therefore,
Jeometric parameters <ere =2stablisnhned by assuming that if a
bundle was prepared within one day, there were z2aro days in
which a bundle was not prepar=d. 42 w1ll denote P as +the
probability of a bundle being prepar=2d in one day. However,
if an actual bundle requiced two days to praparz, *hen we F
will assume that there was one day in which a £failure
occurred, i.=. no bundle preparation, and then a success. | 4
I£f a bpundle required three Jays to prepare, w2 will assum= i
there were two failures, i. e. Jay one and day twdo with no '

bundle preparations, and then a success; and so on. This

results in a <classical distribution with the following

probability mass function:

X
E(X} = Bll=p) for & = 051,20
where,

X = the number of "failures" prior to 1 success

<
o]
ol
™
/7
=
19}
9]
v
7
w

P = the probability
Unfortunately this distribution also failed to fit

the data, although, it 4d4id orovide a better chi-square

statistic =~han did the exponential distribution.
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combination of two Jdistributions was

attemptad

A
next. The author considered this approach because there was

a strong possibility that any single distribution

overwheimed by the 1intar-praparations of one

wouli bhe

day. The

hypothetical probabilistic distribution was constructel as

follows:

1. Inter~preparation data of one day was

modeled. Tharefore, the probability of a bundle

occurring within one day was equal to "“p »,
1

separataly

preparation

P The remaining data wis assumed %0 be geoaetric

and the prooability of preparing a bundie in two

was computad froam the remainder of the Jdata.

Th2 Jdetailed derivation of the above ii

follows:
P for x = 0
1
£(x) =
. X
L32(1 % “2) X SRR e g
share,
P = probability of a bundle preparation

the first 3daiy

P_ = probability of a bundls preparation

£(X) = probability density function

o
w

<
n
g

ution

e
Ui
ot
(3]
b
o]

in two Jdays

X = number Of Jays with no buadle preparations




General so>lution for C:

n . 4
P+ .».".'_1 CPz(l-P) &

1 x = 2
397 1 P p 1 o] = 1 P
L-Z( 2’ X :0( 2) ¥ 1
4] X e
> (v = B ) = 1/ AR 0 (1. = B ) <
x =0 2 2
tharefore
cC = (1 - 1 - °
C ( P‘)/( Pa)

Th2 Chi-sguare statistic at the five per ceat level of
significance and with nine degrees of freedom is 16.92. One
would accspt this hypothesis if the computed statistic 1is
less than or equal to 16.92. The comput=d statistics for AE
class, APFS class, AOR class, M50 class, and AR cliss vessels
were respectivaly 7.544, 10.917, 19,419, 171,450, and 38.57%.
The hypothesis that the distribution £its *the data is
acceptable in three of the five <classes. The AR class,
which had the largest error, was also the smallast in sample
siz2 ( only one ship was in the sample ) . Thare wWere three
vessels 1in the other group which 3id not pass, however the

smallest value was gensrated by ¢he largast sampla.

It is concluded that this devesloped distribution was

an acceptable siamulation *tool for the determinaticen of

bundle intar-preparation times. The variable names
AS.TUNDLE.INITER.ARRIVAL, AFS.1UNDLE. INTER.ARRIVAL,
AOR.1UNDLE. INTER.ARRIVAL, MSO. 1UNDLE.INTER.ARRIVAL, and

AF.1UNDL 2. INTER.ARRIVAL apply in the simulation.

The intar-arrival time distridbution for dundles sent

by local vessels to N3C Oakland was modeled as being

i




influenced only by the U3 Postal Service and as such was
independent of both the vessel <class and the material

requirements.

This distributi>n was tested using the Chi-Square
goodness of fit test and was found to be exponential wit a
mean of 3.886 3days at both the five per cent and the one
percent lavels of significance. It was assigned the

variabole name MAIL.TIME in the simulation.

All the following distrioutions developed and
implimented in the simulation are empirical, except as

noted.

Five empirical distributions, oae for each class,
vere dJeveloped from the data to describe ths number of
reguisitions per bundls. The following table lists the
probabilities of falling in the ranges shown basad on those

distributions by ship class:




Class

AE

AOR

AR

values
integers.

empirical

identification

AOReREQePEReBUNDLE,
MSOeREQe PERe BUNDLE

C

was

PROBABILITIES QF REQ

Number of Requisitions

which were in Issue Group Jne (priority ome throujh

the

which wer2 in Issue Group Two

through eight),

and the percent

39

which were

in

Issue

0-10 11-20 21-30 31-40 41-50 51-60 61-70 71-
<41 172 078 ,062 .030 .035 .025 .029
4692 26 036 .032 .099 .012 .003 .024
.478 .162 .108 .075 .058 .038 .020 .0u1
<100 L0911 125 095 2098 106 071 .724
Number of Requisitions
0-5 6-10 11-15 16-20 21-25 26-30 31-35 36-
<591 .203 .076 025 017 .030 .000 <034
Although ranges wer= used in the above table, all
utilized in the simulation were converted
These parametars were mod2led as random linear
distributions in the simulation. Their
S AZeREQePEReBUNDLE,AFPSeREQePEReBUNDLE,
AReREQePERe3UNDLE, and
respactively.
Rejuisition Priogity
A probability distribution for material priorities
determined Dby «calculating tha percent of rsguisitions

three),
(priority four

Group
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Three ( priority nine through fifteen). It should be notad
that the raquisition pridrity was considered inda2pendent of
both the individual ship and the ship class. Thus, only one
distribution was developel for all vessels. This approach
can be considerel appropriate since all of these particular
vessels operate under the same priovity istarmination

criteria. It was developad from the data as follows:

The issue Group Odne, regquisitions of priorities 1
through 3, were tabulited and oaly 72 out of 94,434 cases
occurred. It was therefors very unlikely that an Tssue
Group One event would be observed. In fact, *his event

would be realized only .J)8 of one per cent of the time.

Issue sroup freo, priorities 4 through 8
requisitions were found to be more prevalent, being 18157
and their probability of occurreance was computed to be
Llanag

Issue 3Sroup Thra2, priorities 9 through 15, had the

ct

highe

U

observed incidence with a probability of .8493

The simulation variable for this pacameter |is
REQePRIORITY.

10. PRrocess Times

The requisition process time was modeled as  being

dependent an - only tha  priority (Issue JSvroup) ot the
requisition. This appryich was considered reasonable
because ilifferent Issue Groups are actually processed

differently. The various picking documents for the matervial
are expedited to the wirehouse and are colored differently

for high priority material (Issue Group Jne and rMwo).




The following distributions were i12veloped by

subtracting the date of jocument receipt at NSC Oikland from
the date that the material was reidy for shipment in the

data base.

The [ssue Group One raguisition process time
cumulative distrivution was determined to be between 0.0 and
1.95 with probability .334, between 1.96 and 7.77 days with
probability .423, and between 7.8 and 29 lays with
probability .183. It should be further noted that the
number of usable data points was 1lass than 72 for the
follovwing reasons; (1) the original auamber of iati points in
this Issue Group was only 72, (2) entries in the data base
vere discovered which showed that certain requisitions had
been shipped prior to receipt of the raquisition, (3) other
date errors occurred; for =example, several requisitions
showed that over 300 days were used in the processing time.
These types of 2rrors alsd> occurred in the other Issue Group
data bases and were 1iso ignored 1in the Jdistribution

computations.

Th2 Issue Groud Two procass time cumulative
distribution was also betwean zerd> and 1.2 days with
probability .5, between 1.3 and 14.3 days with probability

.42, and between 14.4 ani 38 days with a .08 probability.

The process time for Issue Sroup Three requisitions
was between zero and 1.2 days with probabilitv .50, between

1.2 and 15.5 days with probability .395, ind between 15.5
and 38 days with probability .0u5.

11. Quantity per Rejl

=
I
B2
(3
e+
I

)
[}=]

Since requisi*ions for material may be a request for

more than one of an item , the appropriate fiald in the data




action dat2; e. *the quantity; and £. the priority.

base was utilized to evaluate the process. It was assumed
that the wvarious juantities ordered par regquistion woull bde
dependent on the vessel class. Thus, five cumulative

distributions were developed.

Those Qgquantities expected for an AE class vessel
were found to be between dne ani five with prodibility .608,
between six and ten with probability .238, and between 11

and 100 with a .154 probability.

The other vessel «class distributions w2are modelad
with the same uniform ranjes but iffering probabilities.
In the AFS class, tha probabilities are .57, «¥71, and
<253 raspectively. The orobabilities for the AR class are

+812, «%6%t, and .227% for the M50 class .559, .143, and

.298; and, for the AR <class .u496, . 104, and . 340

respectivaly.

That dJata requicred for the parameter latarmination

of this attribute was not available. However the author
assumed 1 classical @2xponential distribution with an

expected value of two pounds p=2r each iteam. The nean weight
per requisition generatel by this simulation was 193 pounds.
Hernandez and Gallitz (3] stated that 28,586,168 pounds
(fiscal year 1975), and 26,805,662 pounds (fiscal vear 197p)
of material were delivered by the BALD system. This equates
to an average of 73 pounds per requistion and 69 pounds per
requisition respec*ively (assuming that thera was not a
significent <chanye 4in the total nuaber of reguisitions per
y2ar from 1978) . Observitions by this author at the BALD
shipping and delivery points revaaled that it wis uncoammon
to witness a full truck 1dad shipped. In fact most

shipments were only one pallet level high, yvet stitistically




full truckload weights were recorded on the shipment
records. Because of this, it was suspected that the weights
(12] are overstated. %

It 1is therefore concluded thit the paramater of two
pounds chosen for the m2an of the distribution was too
large. Thus, the actual number of shipments made was '

selected at a proxy measure of effactiveness for this
variable. Resultant outputs from this assumption hava not
been included in th2 results section >f this thesis. |
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A. GENERAL

SIMSCRIPT IXI.S is 2 language particularly suited to
discreta-event st2p sinulitions. It has been designed *o
facilitate the simulatioa of large complex systems with a
ainiaua of effort in programming, Jdesigning, and testing the

model.

It is not the intent of +this paper to discuss the
details of tals wunigue programming language, and anyone
desiring to examin2 it in depth shoull rafer to raferences I
and 13 .

3. PROGRAM ODESCRIPTION

The modeling of that segment of the BALD systana impacted
by +the random anovement Of vessels between various ports was

ieveloped by considering two major series of eveats.

First, the vessel movements were moieled using the
previously discussed parameters and technigues. [his series
of avents Jdeals primarily with vassel moveman* impacts on
the ultimate destination of shipped material. TALs serias
also removes awmaterial from a "old® shipping Qqueue and
relocates the material in the apopropriiate “new" shipping

Juaygye corresponding to the vessel's na2w location.




The remaining series >f events racreates the material
processing involved. Their logical functional order
commences Wwith the preparation of a group of material
requirements. Next, this group of material requirements
arrives at NSC Oakland and is reduced to its individual
material requests. These vrequisitions then are scheduled
througa the matarial processing system and 2 shipment
availability time 1is determined. The final events collect
statistics and determine the frequency and +the des+tination
of the various shipments.

1. D=stailed Analysis

The preamble defin=2s various system variables,
events, anl entities. Actual =2xecution commences with the
main program. It first assigns user defined values to the
permanent 2ntitiss (ships). This segment then re=ads all +he
progran decision variable distripbutions, scthedules an
initial port change and ocundle preparation for each vessel,
sch2dul=as the initial shipments to 2ach port, and schedules

the two one-time 2avents, Stop.simulation and Equilibrium.

From this tin= on the SIASCRIPT =avent tep
simulation time scheduling routine %takss over. Events will
occur as determined by the scheduling parametars throughout
the program. The specific esvents are Jetailed below.

Bndle.preparation: This <evant schedules the next
bundle preparation for each vessel based on th2 class of the
vessel. It then datermines the the valae of the
number.of.requisitions (bundle) and then schedules an arrival
time at NSC Oakland.

Arrival.of.pundls: The temporary 2ntities,
rejuisitions, are created in this event. They ire assigned

e




all their attributes (oriority, gquantity, and customar)

based on the previously discussed parameters. Then a
Ready.for.shipment event 1is schedulad based on the
raquisition's priority. Finally, the temporary entity

bundle 1s destroyad to rel=ase memory space in the comput*er.

Change.location: The vessel's new location is
determined based on ship class wmarkov chains. Statistics
are accumulated to rezord both the number of location
changes per vessel and per vessel class. At this time, if
this v=2ssel has any wmaterial in on= of the pocrt shipping
Jueues, it is removed and put in the newly determined port
shippiag jueue. The system statistics are also
appropriately adjasted. Finally, th2 next port change for
this vaessal 1is schedul2l pased on the vessels current

location,

Ready.for.shipmert: The shilpping location is first
determined, and the regquisition is filed in the appropriate
shipping Ju=aue. This a2vent also may schedule an immediate
shipment of wmaterial depending on the decision rules
involved.

Shipment.to: This evant computes the majority of
the statistics. I+ also contains all decision rules on
shipping stratagy. dJpon complation of this avent the naxt
shipment to is scheduled for this port.

2. Seeds

Since the pseulo random number generatdr was sead
dependant, ten seeds were initially selacted and proaraa
runs were made to iden*ify eguilibrium conditions and

reverify tae simulation's validity. The seeds ware selectad

at least 800,000 numbers aparct tdO preclude overlapping of




the number str=2anm.

In order to to evaluate the stability of the

measures Of 2ffectiveness as related to seed char

=

ges, Ten
runs (oae tun per seed) were made with each Jecision rule.
It was notad that in some instances the SIMSCRIPT program
axceeded the 430,000 bytes allocated . Since th2 variations
in the measures of effectiveness (avarage wait time and the
numper Of shipments) were wminimal, it was not considered

necessary to rerun these programs, s2e Appendix H.

(99}
.
[&]

gquilibrium Determination

Th2 equilibrium or steady-state of the system i
defined as a condition of regularity of stability in
opposing inrluences are balanced. Taus, it is assumed that
for this model there is a limiting probability distribution
of the responses that 1is <charactartistic of ¢the systen.
This stat2 was letermin2d by a method stated by Conway(5].
Specifically, the series of wmeasur2m2nts wer2 truncated
until the first of the series was neither the maximum nor

the miniamum of the remaining sot.

The numbar of rejuisitions shipped to each port was
one Of the measurements evaluated in the above manner. The
determiningy port was N.A.S. dAlameda and the time o

steady-state was two weeks. Inadvertantly, the naumber of
shipment's variable was not adjusted for this two week
period and a lack of time precluded the rerunningy of +*his
computar siaulation. fhus, this measurs2 Of efrfectiveness

wvas accumulated over a4 fifty-four week interval.

A determination of the equilibrium condition for the
ship @ovements was not wmade. The initial starting

conditions for the simulation were chosen so that thev were




typical of the steady-state condition. For example, all
vessels w2re initially located at factual locations, rather
than positioning them arbitrarily and then determining the
steady-state condition.

4. sShipping Strateagies

Four shipping dJ=cision rules were analysed as
tollows: a. CASE I - all material resady for shipment 1is
shipped daily; b. CASE II - all material ready for shipment
is shipped weekly; c. CASZ IIT ~ in addition to CASE II
actions, Issue 3roup 1 matarial (with all other destined for
the same location) is shipped immediately; 4. CASE IV - in
addition <to the CASE III decision rules, Issue Group 2
material (again with 2ll other wmaterial in +the appropriate
queue) is shipped once a day.

Appendices E, F, and G contain those =avants which
were modified for eachk da2cision rula.

5. Heasures 2of Effectiverness

Two measures of 2ffectivensess were selacted. First,
the amount oOf time reguisitions were waiting to be shipped
was chosed as a measure of customer service. 3Second, the
actual number of shipments released was selacted as an
evaluation of the «cost of the chosen stratagy. The total
number of shipments 1is considered 1 proxy variable for
shipping costs.

C. RESULTS

u8
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The outputs from the forty program rcuns have been
tabulated by each Jdecision rule and are presented in
Appendix H. The logically expected results in the mean
waiting times was obs2rved. Mean walting times of .48 to
.53 were observed when shipaments ware daily. Under weekly
shipping rules the mean waiting times weres 3.41 to 3.01

days.

Since progran runs were sead de:pandent and a comparison
of decision rules was desired, only thos= runs in which all
results w2re obtained for all cases will be =xamined here.
Thesas runs were numbers 2, 3, 5, 6, and 8 as £found in
Appendix d. Data from these runs w=2re then averagad by
Issue Group withian each Jdecision rule (case). Weighted
averages wWer2 then computed per case by assigning weights
which were represantative of each Issue Group's probability
of occurrance. The values used weras .0003 (Issue Group
One), .1499 (Issue Group Two), and, .8493 (Issue Group
Three) . The rasults of these computations represent five
y2ars worth of simulation per case and are pra2sented 1in
Table 5.
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Ci

v
ta

II

I 3 4 4

Iv

ISSUR MEAN
GROU? TIME

1 .49
2 .50
3 - 50
Ava .50
1 3.48
2 3.52
3 3.51
Ave 3.51
1 . 00
2 2.93
3 2.91
Ave 291
1 .00
2 . 49
3 -« 92
Ava .32

1.89
2.01
2.02
2.02

.00
199
1.99
1.99

.00
a3
.38
.37

50

MAX

TIME

<99
1.00
1.90
1.00

6.92
7.00
7.00
7.00

.00
7.90
7.00
7.90

.00
1.00
6.93
5.04

.01
.00
.90
.00

« 14
.00
.00
.00

.00
.00
.00
«00

.00
.00
.00
.00

TOTAL
TRIPS

319

387

1853
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A. DISCUSSION

It is noteworthy that minor variations 1in the average

waiting times have significant impact in the total number of
shipments. Increasing the waiting time per shipameat froa .5
to 3.5 Jdays has the effect of reducing th2 number of
shipments from an averag2 of 2076 to an average J2f 319 trips

ver fifty-four we2ks. or a o.6-fold Jd=crease.
However, adjusting the weekly shi

h 2

Issue Group One material immediately (CASE IIX
their waiting times to zero, yet di n n
increase the total nuaber J3f shipn

fact, they only increased from 319 to
This 1is not an unexpectel result since ther= was only a .08
per cent chance o0f a vessel generating an Issue Group Oae

shipping raquireament.

Finally, CASE IV Jdecision parametars resulted in almost
the same nuaber of shipments as when daily shipments w
made. The average aumber observed for 54 weeks was 1853, on

the averag: only 263 shipnents less oer vear.

The weighted averages of each case wers used to
construct Figure 10. The dapendent variabls wis the mean
wait time in days and ta2 indspendent wvariable was tae
aumber Of shipments made in fifty-four weeks. The curve was

n

constructed assuming that tha ANKNow n fanstio

o1




"nyperbolically" shaj

Ww
o

This assumption was supported oy
the observation that as th2 number of shipments approach
infinity the average waiting tima would be 2xpec
become zero, and as the number of shipments approach ze

the average waitinrg time would be expect:d to become

infinite.

n
(39
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sl

The curve of Figure 10 provides a practical tool for a
decision maker. If an objective function is known (such as {
a decision maker's relationship between the relative

importance of waiting times and the number of shipments) ,
g P

the “optiaum" number of shipments could be determinegd. For
example, if it was decided that tahe number of shipments was
twice as important as waiting times, an objective function
could be constructed as follows: total cost = (cost
constant) x (waiting tim2) + (cost constant) x (2) x (number
Of shipments). The appropriate cost constants would have to
be selected to convert the wvariables to dollars. This
objective function «could then be used with the curve to
determine an "optimal" sdolution. However, this solution

should not be attempted until aiditional simulations are run

to verify the midrange of the curve.

B. CONCLUSIONS

In view of the simulation results, it would appear that
actual modification of the current shipping parimeters may
yield substantial transportation savings. However, because

such parameters as the weight and volume of the larger
shipments were not 2avaluated, delayiny a shipment beyond the {
time wnen a €ull truck 1load is ready for shipping would not

be expected to result in any savings.

It is recommended thit follow-on modeling in +this area
be conducted. The Wweight and volume parametars should be
identified and decision rules should be aodified to include
maximum and or minimum weight/volume shipping rastrictions.
Additional shipping strategies (cases) also need to be
proposed and analyzed (for exampls, allow Issuz Group II's

to be sanipped avary othar Jay, avery third day, etc.) *o




£ill in the widdle of tas curve of Fijgure 10. Finally, the
simplifing assumptions of the model presented in this paper
need to be critically reviewed and any which seriously

violate reality should be replaced by more realistic ones

10d the analysis repeatedi.




SHIPS INFORMATION BULLETIN

NAVSUPPA(CT-30 SHIPS INFORM
0800 UNIFORM PORT SER
13-24 APR 73 NAVAL SUP
{TUE-NON} TREAS

SAN FRANCISCO.
AREA CODE Y415 UNLE

SOPA SFRAN. JONMSERVGRU ONE+ C
SOPA SUBAREA SOUTH. COMSERVGR
SOPA SUBAREA NORTH. COMSERVRC

COMCARGRU THREE - 349-2131L
COMSCPAC - 4bh-531%
COMSERVGRU ONE = 4bLb=-5812
COMSERVRON THREE - 707-Lu4k-35

APPENDIX A

ATION - ?L5-bbbl
VICES OFTICE
PORT ACTI
URE ISLAND
CALIFORNIA 3413

SS OTHERWISE INDICATED

APT E.J. MESSERE. USN
U ONE+ CAPT E.Jd. MESSERE. USN
N THREE+ CAPT (.W. 0'F

SAN FRANCISCO SAY AREA

SHIP HULL
LAND T-AK-277
BROSTRON T-AK-255
CARPENTER 20-325
/,

Cook &re Ho3/7¢  Fr-10a3

EXCEL MS0-439
FANNING 872 /ot FFoia7s
FLINT AE-32

GALLANT €7¢ Z02/7 ¢  150-439
HADDOCK ETe ™72/ § SSu-&2l
AL

HALEAKALA £=¢
HECTOR 4R=7
HEPSURN &re 5/73/7 ¢ Fr-Loss
KANSAS CITY AOR-3
KISKA AE-13S
MAUNA KEA AE-22
MOUNT HQOQD AE-c9
MYER T-ARC-&
PERMIT SSN-595
ROBERT E. LEEL7e&i/7ySS8N-501
SEAWOLF S§N-57?
SHASTA AE-33
TAUTOG SSN-639
VANGUARD T=-AFM=-29

UABASH &/¢ 533/7( AOR-S
NiRca an Fills PPN

BERTH

NSC

NSC

NAs-&ro VA re- e
TRIPLE A SHPYD

TODDS SHPYD ALAMEDA
TRIPLE A SHPYD

(NS - FrO Yoo WPISTA

PACIFIC DRYDOCK
MINSY

WPNSTA

NAS

TRIPLE A SHPYD

NAS = & 70 Vasfotresi™
NAS= &ro Yay/or- S~
TODDS SHPYD ALAMEDA
NAS

NSC

MINSY

MINSY

MINSY

TODDS SHPYD ALAMEDA
MINSY

NSC

TODDS SHPYD ALAMEDA

NAS (ers %éj/%q}

EHONE
4Ee-2150
Yb=3710

369-3037
3
aL9
893=-1
T07-Luk=4370
571-5004
459-3%70
422=8711
3b ea
8 50

Ybb-5001
707-bY4b=3264
T07=b4b=-3432
707-646-4187

8kS5=-guus
707-bu4b=-uL50

Yhe-L393

§523-0321

.
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APPENDIX C

FORTRAN PROGRAM ANG DAT1
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APPENDIX D

SIMSCRIPT PROGRAM ANG SINM

PREAMRLE
L

VERTABRLE DEF INITICN INEDRMATICM FQLLOWS {
[ H
GEMERATE LIST ROLTINES
"
THE NEXT 14 STATEMENTS ISCLARS THE ENTIT[ES
AND THEIR ATTRIAUTES
LN
PESMANENT ENTITIES :
EVERY SHIP HAS & LOCATEON o A TYRE ¢
A T«SHIPPEC« & 7T CHANMGE  AMD MAY
BELONG TO A SKIO, QUELR
EVERY PCRT CwWNS A SHIO QUEHE AND A SHIPRIMA GJ=UF £
ANC HAS A WT SHTOPE) AND A VOL,SHIP2ED ¥
A wT.FINAL.SHIPPED,
A VOL.FINALSHIPPEDN, A TNT_ REQ
13
TEMPQRARY ENTITICES i
EVERY BUNDLE BAS A SORC%y A NUMBRER DR ,I=QUISETIONS M
EVERY REQUISITION HAS AN [OWNER(1/6)PCINRITY (2/41,
QUANTITY(L7-32) ),
A WEIGHT, & VOLUME, A TTIME EAJY .FNR,SHI?
AMD MAY BELCNG TQ A SHIPOIMG.QUEVE
T 1
THE NMEXT STATEMEMT MOTIEIES THF COMDLIER TRAT
EVENT NOTICES FCLLOW RATHED THAN EMTITISS
"
EVENT NQOTICES INCLUDE STOP,SIMULATION AND SQUILIBRTUM
L ]
THESE STATEMENTS ESTABLTISH FYVE=-WORD RECPR DS
"
EVERY PRNCLE.PR=PARATIAN HAS A ROAT
EVERY AFIRIVALOCFAUNDLE HAS & JT7EM
EVERY RFADYSFCRSHIOUEYT Hag § 7o0(R
SVERY CHANGE.LCCATIOM HAS & TUG
EVERY SHIPMENT,.TN H&4S A PLACS
L
THE NEXT STATEMENT TODENTYETES THE 0cQCESSTuR
PRICRITIES IN THE PRIGRAM
"o
PRICRITY TORDER IS SNDLEJPREDATATIONG ARRIVALLOC,30INOL=,
READY «FORSHIPMENTy CHANGE (LOCATION, SHIBMENT, T,
STOP «SIMULATICA
"
THE FCLLCWING LINES SSTASL ISUES PATMTECS WHITH
ALL THE SYSTEM TN WM SETS,
T HF F"LL‘:\G[“G 57 LI‘;K;; 1€ THNLE Sy(Tf‘( DA IMETEQ S
WHICH THE STMULATION UTTLTZES
L]
THE SYSTEM FAS A LeWAIT,TINE A" 2 WATT,TIME, ) Fowd] 747143,
A SANGFRANGSHID, TNTERQ,NEPAITUGE RANDQOM STSF VARIARLS,
Y BETHeSTLoSHIPGINTER NEDARTIRNE RANNOM STED VARTABL =,
A ASELIUNCLE«INTER JARRTIVAL RAND T §7=0 WART ARL T,
A BFS.IUNDLE. INTERLARO TV L RANDOM STEP VART ApLE,
A AJRSIUNDLE « INTER ARSTVAL CANHITYM €750 y \R[AS( 5,
d MSColUNDLESINTERLARSIVAL RANTTM €7D YAUTARL=,
A AFJLUNDLESINTERGARRTYY AL CANOOMW KTEP ARTARLEs
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TALLY
MXewT FINAL AS
THE MAXIMUM, MIN,wT,FTNAL
TALLY FeTUTAL.REQ AS
END
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MATN

THE

VARTARLE

STATEMSMTS DTMENSTON

NEXT Thw
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READ
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FOR EVERY FCRT

PURT

START SIMULATICN

STOP
END

GIVEN SHIP

EELOCAT TONESHIER)
) DEBLOY « T TME

RETH,STL LSKTPINTTR,

N

FORM F(3eeT8a01)

P} FEQUALS

T4 TH T4
zv Zw»

CHANGE JLOCAT ION

STEADY=STATE EVEMNT 1§
HEDULE AN

SCHENULED

EQULILIBRIUM [N
SCHEDULE A STOP ST MUL

THE IMITTAL SHIPMENT FROM
L ]

NEPAR TS

A
A

NAYS

SECHS|

CHANGE . LOCATI

CHAMGSE L NCAT 1N



o TIME, 2,WATT, TIME AND 3,.WAIT,TINF
IE WTFINALLSHIPP =D AND




EVENT BANDLELPREPARATION GTVEM VESSTL
QtFINF VESSEL AS AN INTEGER VAR [ABLST
.
THE NEXT BUNCLFE PREPARATINN FNP FACH VESSEL IS DETEIMINED
9?0 SCH=SDULED
IF TYPE(VESSEL) EQUALS 1
SCHEDULE A BNOLF.PRFDARATICY
GIVEN VESSEL IV AELJIUNDLEL TNTER ARG TVAL DAYS
ELSE
IF TYPE(VESSEL) EQUALS 2 }
SCHELLULE A BNFLS.D2EPARATION
GIVEN VESSEL TM AORYUNDLELINTER ARRIVAL DAYS
BLSE
IF TYPE{VESSEL) ECQUALS 3 i
SCHEDULE A BNNLE,PREPARATICN
GEVEN VESSEL TN AFS LUNDLE < TNTER JARRINVAL DAY S
ELSE .
IF TYPE(VESSEL) EQUALS 4
SCHEDULFE A EADNLE,OREPAQATINN i
GIVEN VESSEL IN MSO,YTUNMDLELINTFR AR TV AL DAYS <
ELSF ) ¥
SCHEDULE A ENDLELPR"DARATTYAN GIVEN VESSTL i
IN AFJIUNOLE.INTER, AR VAL DAYS ¢
REGARCLESS {
REGAROLESS i
REGARQLESS §
§§GA4ELESS
THE NUMBER CF REQUISITIONS PFR RUNMLE AND
THE OQwNER CF TEES BUNDLE TS CSTERMINEND
LN}
CREATE A BUNDLS :
LET SORCE(BUNELZ) = VESSEL
[F TYPE(VESSEL) EQUALS
LET MUMBGER ,OF (RFQUISTTIONS(BUNOLFE) =
INToF{AEREC.PER,3UNDLE)
ELSE X
IF TYPE(VESSFL) EQUALS 2
LET NUMBERLCF.REQUISITINANS (BRUNDLE) =
INTSF(ACR.REQ.PFR (RIINDLE)
ELSE
IF TYPE(VESSEL) =QUALS 3
LET NUMBER CF REQUTISTTINNS (RUNDLT) =
INT.F(AFS.REQePERLRUNDLE)
ELSE
[F TYPF(VESSFEL) =QuUALS 4
LET NUMBER.CF.REQUISTITICMNS (BUNDLE) =
g INT.F({MSC.REQPFRLRUNDLET)
cLSE
LET NUMBER.OF,REQUISTITIONS (RINDLE) =
INToF (AR eRZQePFR,IUNDLE)
REGARLLESS
REGARDLESS
REGARCLESS
?FGAQPLCSS
L]
IHE ARRIVAL TIMZ OF THIS RUMDLE IS SCHTOHUL =N
,
SCHEDULLE A ARC [VALGOIFLAINDLE AIVEN RUNDLFE A
EXFONENTTAL «F(8.386,1) "AYS
RETURN
END
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THE BUNDLE IS REMOVED FROM THE SYSTEM AND MEMORY IS
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DESTRCY THE BUNCLE CALLED PACKAGE
RETURN
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EVENT CHANGE JLOCATION G
ggF[NC VESSEL AND OtD.L
I?E VESSEL MOVEMENT STA
ADD 1 TN T.CHANGE(VESS
e?D 1L TC CHANGE(TYPZ(VE
T?!S SECTION LOCATES TH
.
LET OLDLAOCATICN = LOCA
IF TYPE(VESSEL) EQUALS
LET LOCATICN(VESSEL
ELSE
IF TYPE(VESSEL) EQUALS
LET LOCATICN(VESSEL
ELSE
IE. TYPE(VESS EL ) SQUALS
LET_LCCATICN(VESSEL) =
ELSE
IF TYPE(VESSEL) ECQUALS
LET LOCATION(VESSEL) =
ELSE
IF TYPE(VFESSEL) ECUALS
LET LCCATION(VESSEL) =
EESE
IF TYPE{VESSEL) EQUALS
LET LCCATION(VESSEL) =
ELSE
[F TYPE(VESSEL) EQUALS
LET LCCATION(VESSEL) =
ELSE
IF_ TYPE(VESSEL) ECUALS
LET LCCATICN(VESSEL) =
ELSE
[F TYPE(VESSEL) ©QUALS
LET LOCATICN({VESSEL
ELSE
[F_TYPE(VESSEL ) EQUALS
EEgELOCATIDN(VE>SEL’ =
IF_TYPE(VESSEL) EQUALS
LET LCCATIOM(VESSEL) =
ELSE y
[F TYPE(VESSEL) SQuALS
LET LOCATION(VESSEL) =
ELSE
IF TYPE(VESSEL) EQUALS
EE;ELCCATIONtVESSEL) =
IF TYPE(VESSEL) SQUALS
LET LOCATICN(VESSEL
ELSE )
[F_ TYPE(VESSEL) EQUALS
LET LCCATIIN(VESSEL) =
ELSE
IF TYPE(VESSEL) ESQUALS
LET LOCATION(VESSFL) =
ELSE
[F TYPE(VESSEL) =QuUALS
LET LCCATION(VESSEL) =
ELSE
IF_ TYPE(VESSEL) EQUALS
LET LOCATIOM(VESSEL) =

TVEN VESSEL
JCATICN AS INTEGFR VARIABLES
TISTICS ARE COMOUITED
=L )
SSEL))
£ NEXT PORT THE 5H'P IS AT j
TION(VESSEL) '
L AN OLD.LICATION =QUALS
) = AEJALAMLOORT . CHAMGE
L AR DULBLLDESTION ZOUALS
} = AEJMAREISL.PORT.CHANG
[ ANMD ALDJLGEATIAN JUAL S
AEWEAPSTALPORT CHAMGE
I AND ALDLLNCATION =0QUALS
AEJNSC.NAKePOIRT ,CHANGE
|
1 AMD OLDLLOCATION =QUALS
AESANLFRANLOORT ,CHAMNGE
1 ANMD NLDLOCATTIOM FQUALS &
AE.TCDDPORT ,CHANGE
1 AND PLDJLOCATION ZOUALS
AEBETHLSTL<PORT s CHANGE
1 ANG OLDLLACATION =ZQUALS
AELDERLOY
2 AMD QLD JLOCATION SQUALS
) = AOR.ALAM.POQT CYANRE
2 AN QLOLICATION S0YALS
ADR NSCeDAKPORT ( CHANGE
> ‘3\|'1 OLD LDCATI N MIAL N \
AN alpinis 01‘7.(4\Mlﬁ
2 AMD OLDLLAOCATIIN =QUaALS
AR RETH (PART ,CHAMNGE
2 AND CLD.LOCATION =QHALS
AR ,CEPLQY
3 ANP OLDLLNCATT N =QUALS
) = AFSJALAMPOART ,CHANGE
3 AND 0D, L‘f\*‘lw =QUALS
AFS «NSCe AAK OORT . CHANGE
3 \\]r'* nL’\_L ICAT TN ’\-l.'\\
ASF.TONN PORT ,CHANGE
3 AND NLDLOCATION SQUALS
AFSOEPLOY
3 AN "LP LOCATI™™W EQUALS
VRS e TRIP A (O TCHAMGE
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GIVEN VESSEL IN EXPONEMTIAL.F(16.32333,1) DAYS
[
IF LCCATION(IVESSEL) SQUALS 4 SCHENULE A CHANGE.LOCAT T
. GIVEN VESSEL IN UNIFNRM E({9,,55.41) NAYS
LS
IF LCCATIUON(VESSEL) EQUALS 5 SC HCP”'F A CHANGE.LDCATIN
GIVEN VESSZL IN SANLSQAN,SHIP, TNTRR2,PEDARTNRT NAYS
ELSE
IF LOCATION(VESSEL) EQUALS 6 SCHEDULE A CHANGEZ .LMCATIO™
€ SEGIV&N VESSEL IN UNTFORM . F({30.98%4esl) NAYS
L
[F LOCATION(VESSEL) SQUALS 7 SCHEDULE A CHAMNGE JLOCATINM
GIVEN VESSEL IN BETHSTL.SHIPLINTER ,DEPARTYRE DAYS
ELSE
{F LOCATIOM(VESSEL) SQUALS 8 SCHFIOHLE A CHANGE,LOCST TN j
£ SEGlVEN VESSEL IN DEPLNY.TTIME CAYS |
L
IF LOCATION(VESSEL) FQUALS 9 SCHENULE A CHANGE.LCCATT Y
FLSEGIVEN VESSEL IM 7 DAYS
I1F LOCATICON(VESSEL) FQUALS 10 SCHEDULE A CHANGE LTaTI/®
g SEGIVEN VESSEL IN UNIFNQM F(2,,73.01) DAYS ﬂ
L d
IF LOCAT IONCVESSEL) SRUALS 11 SCHEDULE & CHA B JALAC AT 2%
GYVEN VESSEL [N 44 DAYS
ELSE
SCHEDULE A CRANGE,LNMATION
GIVEN VESSEL IN 44 DAYS
REGARCLESS
REGARDLESS
REGAROLESS
REGARCLESS
REGARDLESS
REGARQOLESS
REGARCLESS
REGARDLESS
REGARDLESS {
REGARDLESS 2
§§GARDLESS
MATERTAL IS REMOVED FJPM THE VESSEL®'S 7LD LOCATION (QUEIE
e§0 ADOED TC THE VESSELS CURRENT LOCATTI ¢S QUEUF
FOR EACH REQUISTTION IN SHISPIMG,QUSUE(DLD,L SCATIAMN) :
WITH CWNER(REQUTISITIAN) = VESSTL N7 THIS t
REMOVE THIS REQUISITION FROVM SHIPPTNG,QUEUF(ILDLDCATTON)
FILE THIS FEQUISITION N <HI°DI\,.\u=tC(!‘\xfr‘wtv-ss‘z))
SUBTRACT QUANTITVY(REQUISITIOM)* WEIARKRT(RESITSITI AV ,
FRCOM WT.SHIFPEC(OLD,LACATION
SUBTRACT QUANTITY(REQLISITION)= VALIME(IZQUISTIT M)
FROM VOLJSHIBPEC(NLDLLOCATINN)
ADD QUANTITY(REQUISTITINN)® WEIGRT(REQUISTITION) 77
WT SHIPPEC (LOCAT IDNM(VESSE
ADD QUANTITY(REQVISITION)*x YOALUIME(RFAYISITICN) 77
VOLSHIPPEO(LOCATINAN(VESSEL))
LooP
RETURN ‘
END !
|
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APPENDIX =
CASE II
EVENT SHIPMENT.TC GIVSM DESTINATION
CEFINE DESTINATICN AS A% [NTZGER yasraags
TF NeSHIPPIFNG.CUEUE(DRESTINATTION) EQUALS 0
GO TN *FIRST?
e
DE:YS!CN RULES FCR CASE It
IC INT. F(TI*E.VIY.) EQUALS TUIMS WA T
GQ *SHIP
ELSE
GG TO YFIRST®
ELSE
YSHLB
e
STATISITICS ARE CCMPUTED
e
AOC 1 T3 NR.TRUCKS{LESTINATICM)
LET WT.FINAL «SFIPPEN[DESTINATION] = WT,SHIPPED(DESTINAT IIN)
LET VCL.FINAL «SEIPPEND(NEST?T \‘\"'f'“) =
VOL « SHIPPED(DESTINATI AN}
LET TETLREQUOESTINATION) = N, SHIPPIMG QUEUS{ HSSTIMATI N
LET WT.SHIPPED(CESTINATION) = 0
LET VCL.SHIPPEUC(DESTINATION) = O
FOR EACH REQUISITION IN SMTOOINGQUENS(NASTINATION) DT THIS
IF PRIORITY(REQUISITION) = | LT 1 WAIT, TIME = TTME,V
—=TIMESREADYLECRLSHIP(REQUISTITION)?
ELSF )
IF PRIDRITY(REQUISITION] = 2 LET 2,4AIT.TIVE = TIvE,
~TIME.READY.FORASHID{REQUISTITION)
ELSE
LET 3 WAL TS EIME TIME W = TIME RSADYFOR (SHIP{BE LS5 TE 9
REGARCLESS
REGARCLESS
ADD 1 TO T.SHIPPEC(CWNER(PEQUISITION))
REMUOVE THE REQUISITION EROM SHIPPING.QUSHIS{PEST INAT M)
DESTRCY REQUISITICN
LOyp
TEIRST
e
THE NEXT SHIPMENT FOQ TYIS pPCOT 1S CQOMEUTED
e?D SCHECULED
IF TIMEL,V = INTLF(TIME,V)
SCHEDULE A SHIPMENT.TO GIVEN DESTINATION TN 1, DAY
ALwAYS
RETURN
END
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TRIAL

(9]

ro

| S}

&~

w U U

ISSUE
GROUP

to

L%}

MEAN
TIME

47
sl
+9:0

.47
.50
.50

.49
<50
.50

.40
S,
» 0

.48
«50

APPENDIX H

STD

DEV

.28
«29
.29

DETAILED RESULTS ZASE

HaXxX

TIME

.93
1.00
1.00

- 99
1.0
1.00

»99
1.00
1.00

1.00
1.00
1.00

1.990
1.00

(L]

MIN

TIME

« 01
« 00
.00

<00
.00
.00

.00
«00

VY]

02
«00
.00

<01
.00
.00

.00
.00
«+00

«01
.\) \)

TOTAL
TRIPS

(2]
to

-
—

2267

1947




7 3 .50 .29  1.00 .00 2079
1 .50 .29 1.00 .00
2 .50 <28 9.00 .00
3 .50 2 1.00 .00 2234
9 1 .52 .30 1.00 .00 ;
2 .50 .29 1.00 .00 ‘
9 3 .50 .29  1.00 .00 2314 &
10% f
CASE IL
4
IRIAL ISSUE  MEAN STD MAX MIN TOTAL v
GROUP  TINE DIV TINE TIME TRIPS 4
e
7
1% 1
2 1 3.61 1.91 6.33 11 ?
2 2 | 3.ed 2.00 7.00 .00 l
2 3§ 3.64 1.99  7.00 .00 332 |
‘1
3 1 3.60 b7 - 893 .04
3 2 3.43 2.01  7.00 .00
3 3 3.41 2.00 7.00 .00 336
§ %
5 1 3.47 2,02 6.97 .02
S 2 3.51 2.05 7.00 .00
5 3 3.49 2.07 7.00 .00 341
6 1 3.45 1.88 6.90 .06
6 2 3.52 2.00 7.00 .00
o 3 3.53 2.0% 2.00 .00 283
A
3 1 Js 2 1.91 6.9 .43
8 2 3.52 2.02 7.00 .00
8 3 3.52 2.01  7.00 .00 303
9w
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TRIAL

(SIS L B @ )

W @ @ @ ~N oo o O
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*

TRIAL

ISSUE
GROUP
1
3
1
3
1
1
3
1
2
3
IsS50°F
GROUP

ME AN
TIME

.00
2592
2.93

.00
2.91
2.89

.00

2.89

.00
2.80
2.78

.00
3.04
3.04

MEAN
TIME

.00
2.00
1.98

.00
1.98
1.98

(]
.

o
(5]

ro
.

o
-

MAX
TINE

.00
7.00
7.00

.00
7.00
7.00

.00
7.00
7.00

.00
7.00
7.00

.00
7.00
7.00

.00
7.00
7.00

MIN
TIME

.00
.00
.00

.00
.00
.00

.00
.00
.00

.00
.00
.00

.00
.00
.00

.00
.00
.00

MIN
LINE

TOTAL
LRIPS

433

4d0

413

397

370

363

TOTAL
IRIPS

SRR v




[ ]

w

| 393

N - w N oo
.
r S

Noo O

(9}
w

[ 9]

(9]

W

w N -

.00
1.00
6.09

.00
1.00
6.98

.00
1.00
6.37

.00
1.00
6.91

.CO
1.00
6.99

-00
1.00
6.93

.00
1«00
7.00

1788

1865

199'S

1501

1920

1690

1797

2018

il , T8 AN ¥

g g



10*

*Results not available. Computer memory space required

exceeds 433,000 bytes.

TN

36




1.

LIST OF REFERENCES

Barksdule, G. L. and M2yer, W. B., TbSy A Dzxt
Processing Systea, Naval Postgraduatsa School,

Monterey, California, 1976.

Chietf of Naval Qperations, OPNAV Ianstruction
4730 (series),  sShips Yaintenance and Material
Managament, Department of the Navy, Washinyton D. C.,
1979.

Chief of Naval Operations, OPNAV Instruction
4614 (series), Uniform Material Movement and  Issue
Priority Systems (UMMIPS), Dapartment of the Navy,

Washington, D. C., 1979.

Clark, and Disney, Probability and Randoa Processes

For Engineers and Scientists, John Wilsy and Sons,

Inc., New York, New York, 1970.

Conway R. W., 3Some Tactical Problems in Digital
Simulation, Managament Science, Vol. 10, No. 1, Oct,
1963.

Degroot,  Morris H.,  Probadility and Statistics,
Addison~-wWeslay Publishing Company, Reading,
Massachusetts, 1975.

Pishman, Seorge 5.,  Principlss of Discrate Zven:
Simulation, John W#iley and Sons, New York, New York,
1978.

Hernandez, E R, Jr.; and Gallitz, R. J, An Analysis
of th2 Qakland Naval Supply Cantsr!s Bay Acrea Local

Delivary System, VNaval Postgraduate School, Monterey,




Califormia, 1976.

9. Kiviat, P. J.; Villanueva, R.; and Mackowitz, H. M.,
SIMSCRIPT II.S, CAZI, Inc., Los Angeles, California,

2LHSCR
1975.

1G. Naval Supply Systems Command, NAVSUP Pub. 437, , ’
Department of the Navy, Washington D. C..

1. Naval Supply Systenms Commang, UDARS Milstrip

Programs, UBJ2, UB04, UB61, JJ28, , Department of the
Navy, Washirgton D. C..

12.  Shannon, Robert E,  Systems Simulation the Art ani
Science, Prantice-Hall, Inc., Englewood Cliffs, New
Jersey, 1974.

13. P SIMSCRIPT IZ.5 Referance andbook,

C.A.C.I. Inc, Los Angeles, California, 1976.




vt

INITIAL DISTRIBUTION LIST

Defense Logistics Studies
Information Exchange (DLSIE)
Fort Lee, Virgiaia 23801

Defense Documentation Center
Cameron Station
Alexandria, Virginia 22314

Library, Cod=a 0142
Naval Postgraduate School
Monterey, California 93940

Department Chairman, Code 55
Department of Operations Research
Naval Postgraduate School
Monterey, California 93940

LCDR Gary J. Angelopoulos
10007 SW 126th Street
Miami, Florida 33176

Professor A. W. McMasters

Code 5SudMg

Naval Postgraduate School

Monterey, California 93940

CDR Robert D. Grant

Code 08

Naval Supply Center Jakland
Oakland, Califormia 94625

Mr. H. J. Lieberman

No.

Copies

1

to




Code 0431B

Naval supply Systems Command
Washington, D.C. 20376




