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SHI ?  N U ~1BER OF N U M B E R  OF P E R C E N T  OF P E R C E N T  OF

CLASS VESSELS DEMANDS LOCAL GLOBAL

CV 2 33359 12.9269 3.8635

DD 1 21413 .37142 .1118

FF 3 221481 3.14862 1.01420

SS 11 18622 2.3873 .863 1

LKA 1 14 1 1 6 . 6 3 8 3  .1908

5 14629 .7177 .21145

~P3 5 ‘426 .3661 .0197
I

AE * 8 ~ó1422 7.1989 2.1516

AFS* 3 1461425 7.1993 2.1517

AOR* 3 251914 3.9069 1.1677

1 357o7 5.51466 1.6577

MSO* 2 3926 .60 88 .1820

TOTALS* 17 1577314 24.14600 7.3106 
- -

TOTALS 45 293779 ‘45.5576 13.6160

The seventeen mobile ships represented 214.146 p e r c e n t  of

NSC )a~~laa.i’s loca l b u s i n e s s  as show n in Table 1. The ships

in t h i s  g r o u p  were found to chanqe location from as few as

four to as many as eighteen times in a one  year period (It

should be :io ted that trip5 in whi~~ vessels returned to

their place of departur -e wer—~ not included ) . A mobil e

cus tomer  loca ted  a t  NSC )a~~land today may be founi tomorrow

at the Maval Weapons Sta tion Concord , some thir ty—three

miles away . Thus , over a short period of time ,

transpor tation requirements nay materialize or disappear.

Such fluctuations have had a significant impact on the Bay

Area Local Delivery (BALD) system whicn transports material

from Nsc Oakland to these ships.

B. - OBJECTIVE

11
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II. & f l Q~~~~~ ~~ ~~~~~~~~ ~!~~2~~&2~~

E~xact  i d e n t i f i ca t i o n  and q u a nt i f i ca t i o n  of al l

s im ul a t i o n  p a r am et e r s  a n d  v ar i a b l e s  is not  only  a formidabl e

t a s k  b u t , i n  g e n e r a l , an i m p o s s i b l e  one . It is apparent

that any process compl ex enouoh to warrant computer

simula tion will also require simplifying assumptions. In

tne interest of realizing a viable findin .~ within a U

constrained time ;‘~ riod and with lim it ci assets , numerous

supposit~~ans were required. Whenev er possible, ~ach prem ise r
ha~ b e en  analyt ically ~r lo~iicall y justified in the

follawtn~ sub~ ection~~.

A . MJ9ILE CUSrOMER S

The vessel movemen t lata analyzed ias extracted from

firt y—to ur ve~ kly Ships ti~~ori~.ition 3ulletins (NAStJPPACT— 30)

published ~y the ‘laval Support Activity, Treasure Island ,

San Francisco , California. Appendi x A is an -xan pi e of one

such bulletin.

Fi4ure 1 is a graphical representation of the op€r a l-ing

cycles of the seventeen port—mobile vessels for fiscal y~ar
1978. It is the basis of the vessel mobility section of 4 h e

simulation.

1. 
~~~~

Ship movem en t betwe~ n Local B.i y A r e a  p o r t s  was

13
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assumed  t o  be a M a r k o v  P r oce s s . As a c o n se qu e n c e , k n o w l e d g e

of past  m o v e m e n t s  o f  a vessel  w i l l  not  c h a n o e  tu e

pro~~a b ii i t y  of m o v i n g  f r o m  one  l o c a ti o n  ~o a n o t h e r  or ,

stated differently, the system is mem oryless an.1 will not

modify tuture behavior bema use of knowl edoc of pa st m ovm ent .

Thus, a stochastic matrix of the transition process from one

location to -another was constructe l .

Siace ships of the same class (for example ,

Auxiliary Amm unition Vessels) are operationally funde~ at

the same level , oper ate w ith s i m i l a r  life cycles , per form

the same mission , and are manned at the same c o m p l i m e n t ;

ship movements were aogre~~ated by class and Ma rkov chains

were developed for each class.

F i j u r e s  ~ , 3 , 4 , 5 , and  6 sh ow t:n e m a t r i ce s  for each

s h i p  class .  T h e y  w e r e  d e v e lop e d  ny f i r s t  i d e n t i f y i n g  t h e

ports visited by each ship class. Those ports were then

annotated on t h e  l e ft  v er t i c a l  and top horizont al sides of

the class matrix. ~;ext , these vessels ’ m o v e m e n t s  ( F i o u r e  1)

were annotated in the m atrix as falla4s : a. The initi al

location of a vessel was identified on the l e f t  vertical

side of the matrix ; n. The location that this v~ ssel n~ xt

moved to was then not -ed ~t the top horiz ontal side of tne

matrix; c. A check  mar k was then entered within the na,~~:~ x

based on these two Locations. This proceduru was then

repeated using this ship ’s new location as the left vertical

starting port of the matrix. cJhen alt the vessel movements

within a class had been processed , the probabilitie s of

movement from one location to another were deter m ined across

each r a w  of th e  m a t r i x  by dividing all elements ’ values (sum

of a group of check marks in a :o~ b f  t h e  total raw sum .

If one were interested in 1 e t e r m in i n ~ the

probabilities where a A FS ‘~ouU be exp—c ted to ,i ve uive n it

is at Alameda , Figure 4 woul l be at ili z-~d. St a rting with 

—.— ----- --— - -
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Us Alam on the left 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.

2. I Por~ Duration

It was assumed that in—port duration times were

£ndependent of ship type , but were a function of their

associated location. Thus , these times were aggregated by

location and probabilistic distributions were assigned. It

should oe noted , that a scarcity of data and difficulties in

fitting this data has resulted in some uncertainty about

these distributions.

If a ship was conducting local operations and

returned to its departure location , it was gonsidered

located at that port f o r  t h e  t i m e  p e r i o d  u nd e r

investigation. Ho wever , if a vessel departed and returned

to another local po rt , the time in loca l transit/operations

was included in the arriving location calculation. These

time periods were included in the in—port computations

because it was assumed that material not delive re d prior to

a vessels departure would be delivered to the vessels “new ”
location , and any material requirements received for an

und e rw a y ve ssel w oul d be sent to the “ new ” port. Also , if a

vessel departed from a location and did not return to a

local port within sixty lays , it was assuced that it was on

a eight—month deployment to the Western Pacific.

The following results represent the number of

in—port periods contained in each time interval and is a

general over view of the time frequency results. The in—port

time interval corresponds to a cell in table 2 .  In—port

time intervals were determined by first calculating the

ia—port time periods for all vessels which visited each

15 
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port. Ttaesc~ p er i o d s  were then sorted by port. Time

interval (cells) were next selected which would result in

approximat-~ly five in—port durat ion observations per cell.

Due to the extreme sprea d of the data it was not possible to

display the complete cell data for all ports. In some cases

so few data points were awailabl e that the above procedure

could not be done , and these cases were ommited from the

Table . In other cases extreme values were observed which

were more than double the nex t largest value . These values

were in yeneral considered outliers ari d were truncated from

the data S et .

For  e x a m p l e , t h e  i n — p o r t  durations for NA S Alameda

were calculated utilizing F igure 1. They were then ordered

and analyzed. The data was segmented into two groups.

Table 2 shows the first three calls of this seginertation .

In this case , each cell represents four days. The remain der

of the distributicn was also observed to oc uniform (no j
signific~~nt upward or d o w n w a r d  t r e n d s )  a n d  t h e y  r a n q e d  f r o m

twenty—seven to one—hundred and twenty— nine days.

L~~~~~1~~~ ~i2~~~ ~. :~2~~ ~~~~~~~~ 2~~~

P O E T  C E L L  1 C E L L  2 CE L L  3

A L A M E D A  5 4 5
M A RE IS 6 5 5

O A K L A N D  6 5

C O N C O R D  7 4 2

TR EA3U1~E iS 6 5 5
D E P L J Y ~.D 8 7

T h e se  r e s u l t s  a r e  p r e s e n t e d  as a p a r ti a l  e x p l a n a t i o n

of the  sub j e c t i v e  d e t e r m i n a t i o n  of t h e  i n — p o r t  t i m e

d i s t r i b u t i o n s .  (JFon co~~p l et i o n  of th e i n t e r — l e n a r t u r e  t i m e

analysis , Frobabilist ic distributions were assigned by

16
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g e o g r a ph i c  l o c a t ion  as f o l l o w s :

a .  N a v a l  S t a t i o n  A l a m e d a :  The i n — p o r t  t i m e  is
u n i f o r m l y  d i~ tt~~b ut c~ i b e t w e e n f o u r  a:~ d s.-~v e n t e ’n  J~~y~’ w i t h

p r o b a b i l i t y  0 . 5 , and  u n i f o r m l y  d i s t r i b u t ed  ~~ t w e e n
t w e n t y — s e ve n an d  on e  h u n d r e d  t w e n t y — n i n e  d a y s  w i t h
p r o b a b i l: t y  .5 .

D. $aval Weapons Station Concord : The in—por t time

was foun d to be expo nentiait y distr ibuted wi t h th~ par~am eter

equal to .)o12.

C . NS C 3a k l an d :  T h e  distr~ butian was foun d t o  be

uniform between nine and fifty—sir da ys.

d. N a v a l  S t a t i o n  t r e a su r e  I s L a n d :  The  ~n — p c r ~ t i m e
L

.s ~n it o r n ly  ~i i st : ib u t e d  b e t w ee n t h :~~e a r i d  v e n ~~y — ei~~h t

da y s .

e~~ San  F r a n c i s c o  S h i p y a r d :  r h e  m a i n t e n a n c e  t i m e  w a s

seven c ay s  w i t h  a .ó~ p r o o a b i l i ty ,  a: w a s  t w o — h u n d r e d — f ~~t t y
da y s  .i t h  ~ .35 p r o b a b i l i t y .

f .  Todd Sh i p y ar d  ( A l a m e d a ) : ~~~ t:.u e ~L s t r i h u t i a n
was f o u n d  to  he u n i f o r m  f r o m  t h i r t y - e i e h t  o -~ i~~h t y — f o u r

d a y s .

~~. B e t h l e h e m  3 t e e l  Sh i p y a r d  ( S a n  F r an c i s c o )
M a i n t e n a n c e  per iods  were e i t h e r  t h i r t y  or o n e - h u n d r~’d— ~’i~t h t y
l a y s  w i t h  equa l  p r o b a b i l i t y .

a. lriple A S h i p y a r d  ( San  Fr a n c i s c o )  : I r .— p~ :t
t ia c  was f o u n d  to be seven d ay s .

~e r ri t t  and P a c i f i c  S h i p y a r d s  (~~i~~la r id )
M a in t e r . a n c~ t i me was  f~~r t y — f o u r  day ~ for  b o t h  l o c at i on s .

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



j. Mare Island Naval Shipyard: The maintenance

periods were uniforml y distributed between three and

twent y—e i ght 1~~ys with probabilit y .568 or uniformally

distributed between forty—three and ninety—one lays with a

.332 p r o b a b i l i t y .

k .  D e p l o y e d :  The  t ime in t h i s  c at a g o r y  w a s  a s sumed
to be u n i f o r m l y  d i s t r i b u t e d  b e t w e e n  f i f t e e n  and  s i x t y  days
with probability .65 , and was two hundred and forty days L
( e i g h t — m o n t h  d e p l o y m e n t  to the western P a c i f i c )  w i t h

p r o b a b i l i t y  .35.

19
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B. M A T E R I A L  R E Q U I R E M E N T S  A N D  P R O C E S S I N G

The m a t e r i a l  r e q u i r em e n t s  a n d  d i s t r i b u t i o n  processes - -~~

e x p e r ien c e d  by N S C  O a k l a n d  w e r e  r e d u ce d  t o  a ser ies  of

i n t e r — re l a t e d  f u nc t i o n s .  T h e  c r i t e r i a  t o~ t h i s  b r e a k d o w n

was twofold: first , the function must be estiinitable; and

second , on ly  r e a l i s t i c  processes  w e r e  c o n s i d e r ed .

Suoseluent paragraphs discuss tue various assumptlons

and procedures undertaken to quantify the inter—lin king

segments of tue material pipelin e under investi gation.

L1. s to~ ica~ ~~~~ia~ ~~~~~

N u m e r o u s  t n e c h a n i ~~ei  d a t a  bases w e r e  a v a i l a b l e  at N S C

O a k l an d .  d o w e v e r , a f t e r  a d e t a i l e d  e v a l u a t i o n , it  w a s

decided th a t  the Requisition Dema nd History ~‘ile ( R D H F )

would  p r o v i d e  t h e  most  u s e f u l  d a t i .  i’ae R e q u i s i t i o n  D e m a n d

Histiry rile is i r e a d i l y  av a i l ab l e  m e c h a n i z e d  f i l e

en c o mp a s s in g  t r an ~~-a ct i o ns  f r o m  two f i s c a l  years .  F i g u r e  7

d e p ict s  th e  s t a n d a r d  f o r m a t  of t h e  f i le ’ s f i v e  poss ib le

o n e — h u n d r e d  c ha r a c t e r  records. These records will be

discussed below , this file is composed of those mater ial

actions (requisitions) which have been transferr ed from tne

Be l lisitiori Status File becaus e of their hIstorical

3 i g ni f i can c e .  B o t h  t he  ~eq ’a i si t io n  S t a t u s  Fi l e  a n d  t n e

Re q u i s i t ion  D e m a n d  9 i s t o cy  f i l e  ar e  c o m p o s e d  of  r ecords .

T h e  i n i t i a l  basic e n t rj  w h i c h  e st a a i is ies t h e  r e r or d  is a

r e qu i s i t i o n  and  - ) t h e r  p ? r t i n e n t  d a t a  is subsequently aided.

~ r - e c o r J — o y — r ecor~ sc an n i n o  of t h e  ~equis ition

S t a t us  Fi le  is c o n du c ~~ed t o  d e t e r m i n e  d h i c h  r e c o r d s  s h ou l d

25
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be ret aine d because  of t h ~~i r  historical , value. T h e

f o l l ow i n g d~ c isij n  p a r a e ? t e r s  r ep :e s en t  t iL~ sigi ~ific ant

o f  r e c o r d s  w h i c h  are  t r a n s f -~r r e d  to  t h e  RPH F [  11 J :

a .  R e q u i s i t i o n s  i ssued  w i t r i  a n d  w i t h o u t  p roo f  of

s h i p m e n t  as f o l l o w s :  ( 1~ i f  t h 1~ record ha s be~ n in  t h e  f i l e

sixty 0: more day;, withou t proof of shipment , a R e c o r d  Type

f o u r  is a s s i g n ed ;  ( 2 )  i f  t h e  r ec or d ~as be e n in  t h e  f i l e
s ix t y  or m ore  1 ay ~ w i t h  p roof of  d ’ l i v e r y  a:a J t h e  issue
group is one or wo , a Record ry pe one  is assi~~n~?.d ; ( 3 )  if

the  r e c o r d  has  be-en in t h e  f i le  t h i r t y  d ay s  or f l a r e  w i t h  a

p r o o f  of  sh i p m e n t  a n d  ~h e  i~~s~i -~ o r o u p  is t h ree , -t Record
p

T y p e one is assioned .

b. Those  r e c o r d s  with in -~x :eption supply St a t u s

( : ej ec t 3 d/ can c el ~~- 1) s.~ f o l l o w s :  ( 1 )  r e q u i s i t i o ns  in t h e

file far sixty or :eore ~ay and and in  issue Iroep one or

t w o  a r e  a s s i gn ~sd Ty p e  Cod e  f i v e ;  ( 2 )  r e q ui si~~i o n s  in he

f i l e  f o r  th i  : t y  or n o r ~~ d a y s  a n d  in  i s s ue  ~ :ot lp  ~ h r e e  ar e

ass~~~n e d  a Typ e  0 - d - ?  f i v e .

c. Re c o r is w h i c h  ~nd~ cato t h e  i t C C  w i s  sent. to

p u r c h a s e  a~ fo l 1o~~s: (1 )  ~ f t h e  r e c or d  a a s  been i n  ~~~ t i t e
ninety a: more d aj s  w i t h o u t  p u r c h a s e  o r d ~~: d a t a  a n d  is in

i ssue  g r o u p  one  or  t~ o, or if the :~~coL- I h a s  b e en  in the

f i l •~ t n i r t f  ~la y s or more wit h ou~ p u r c h a . _ ; e or d e r  d a t a  a n d  is

~n i s sue  g r o u p  t h r e e , a r yp e  Code rhL -ee i s  a s s : cn e d ;  (2)  i f
the record has been in the fil~ sixty Itys or more with

p u r ch a s e  o r d e r  da t a a n d  t h e  a s so c iat e - 1  issue -iroup is en~ or

two or it the record has Jt~Cfl in th -~ file for thirty lays or

m or e  ari d t h e  i ssue  g r o u p  is t h r e e , a Type C o d  o f  t w o  ~s

ass igned .
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2.  D a t a  ~1. t .~ t’ ~~~ ;L  a a l i ; h m e n t

~~~ h st ~n d a r  I libele d Ifl I t a p~ ;~~~~~“ r~ o~ ~ a a :~~
-
~~ ii r u  , 

-

N S C  JaKl.a fl -I . Th e -e t a ~os ~~~~ l e n o r  a ed t ’ o m  t h - ’  I~DHF .and

thef c o u t a i ned ,alk ~ at -~~~~ in  I ~t i ns,a~~t io n s  t t o n i  5ep 4’embo r

19Th to A u ~~ust ~) , 1 q 7 1 .  d y e r  t w o  m u l l i o a i  r -~cor i ; w , ’ r s ~ ) f l

t h e s e  t s p e s  . T h t  t r a n s  ~Ctjons ~ncomptssed b c  al tna ~erinl

issues , d em an d : ;  f o r  ma~~er~~a l  n o t  s t o c k e d at Nd ~‘i k 1 i n , 1 ,

int-er—lepot t r  m a s f o r s  o f  m a t e r i , a L , m ; i d local ~~~~~~~~~~~~~~~~~~
Th ~ cus t 0 mor  s cr ci t i n g t he  a a je r it y it t a  eso I ~~a I f

mat eri a l ie:~ lo cat ed w ~r l I  ~i I- ~ a n d  n r n h e r e d  over e-tih t

t h o u s a nd .  k

A s o n l y  d a t a  f o r  lo c al  custom ers wa ~ I i r- ~ i ,

n u m e r o u s  ex t  r m C t ~~efl o:o5l rims w ete dov e loPed. The re~~ui~ i n ~
d a t  a ~a;;e cont a m e d  only ~osuo s t  toni stock ~or l’c i 1

cu s t o m e r s , in c l u d i n . i  L o c a l  p r o cur ’nlent s . Inc h c f  ~ ho

put it ic i t  i i i;  ( d a  ;l i c at  :~ record were disc~~ver.~d )  an d

ex trtct ion o f  this data ~ as c~md u c t ~ I w i t s  the a:~ ~t a n cc’ ct

N. 3. N el s o n , LC DR , SC, [ISN , a t o low ;tud ~~nt a t ~~~~~~~ N a v a l
Post~~r a d u a t e  S c h o o l .  d p n  c~~aip l~~t i~~s of  t h i s  r ” d u c t i a i i

a p p r o x i u m t ~~l y  b O O , d J a ~ r icer  do (f o u r  ~ a~~o s) r ’ i i a~ n’ i a n d t t

was  ::om t ,i~~s s i s o  t h a t  t a  V O O s .-’i l i t  a i - a s v~~~~ se I .

3 .  
~~~~~~~~d. ~~~~~~~~~~~~~~~~~~~~~

Those  d a t a  el~~u e n t s  - a c t u a l l y  o i L :  a c ~ eJ ~ ‘,

a n a l y s i s  w e r e  c o m m o n  to  a l l  f i l e  rec r 1: ; a - i d  i s  h .  - ; a  no

d a t a  tie 1-I-; . :~p e c i f i c a l L y  , t h - ’ j u L a f i e ld s  i s d  ~e:e as

f e l l ow s :  a .  t h e  d o cu ,n erp- :auniber ’:. asi r i ien~~~r ’~’a~~; 5n o j o

( I J L C )  a n d  l a t e ;  ~~. t he Jut - ’ roc ‘~~ V ’  i ;  C .  i o

action da t e; e. he ~ 1a n t i~~y ;  a n d  t s .  p r ~ ‘c i t  v .

29
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The A p p e n d i x  B p r o g r a m , A N G $ D A T A , e x t r a c t e d  those
records f r o m  t he  local c u s t om e r  t r an s a ct i o n s  da ta  base  wh ich
met  the f o l l o w i n g  conditions:

a.  Only  t h o s e  r ecords  of t h e  p r e v i o u s l y  i d e n t i f i e d
mobile  cus tomers  w e r e  cons idered .

b• Of t h e  abov e records , o n l y  those  records which
the supply status code indicated that material had been

locally issued were actually extracted (supply status code

B&)

Each d a t a  record w h i c h  meet t h e  above  c r i t e r ia, was
also coded to  f a c i l i t a t e  t h e  identity of i t s  o w n er  a n d  t r i e
owner ’s ship class .

~4 .  ~~~~~~~~~

In most cases the entire data base was used in the

determination of :he simulation parameters. The q u a n t i t y ,
submission time , a n d  p r o c e s s  t i m e  p a r a m e t e r s  (as  descr ibed

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

PO~ TRAN program ANG$Dat l and to keep the requirements down

to reasonable values  so that the required data runs could be

made . In another  case ( Issue r o u p  One p r i o r i t i e s )  a
sma ller sample size r e s u l t e d  because its occurr ance  was very
scarce.

T ch e b y c h e f f ’  s Theo rem of I n e q u a l i t y  [ 1 2 ]  was
utilized to d e t e r m i n e  s a m p l e  size because  n o r m a l i t y  could
not be assumed  to describe the  u nde r ly ing  p o p u l a t i o n .

Since it was -desired tha t t h e  s a m p l e  w e a n  w o u l d  be

L 29I - ~_-- - ~~—-- -  — - -~~~~- 
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w i t h i n  on e  f i f t h  c-f a s t a n - l a r d  d e v i a t i o n  of  t h e  t r u e  m e a n  L
w i t h  a p r o b a b i l i t y  of  a t l -~ a s t  J.~~~ , a sampl e oi:e of ~JO
w a s  s e l ec t  ad w h e n e v e r  p o ss i b l e .

~~~~~

-r h-i F~~~T R A N  p r o g r a m  w h i c h  be~~i. ns t h e  l a ~~a . an a l y si s

r e q ui r ed  f o r  t h e  s im u l a t  i o n  mo~lel is AN ~~~ DAT 1 , A p p e n d i x  C.

~u m e r o u s  d a t a  a r r a y s  w er e d ’~v~’1eped for further analy sis , as

f o l l o w s :

a .  T o - a L  l a : l y r e 4 n i s it ’ o ; . s  s u b m i t t e d  by each

cus tomer were r - r ~~sented by .a ~h a t : : ~ ( 3 o ~.x 1 ~~ . The  ~~~
d i m e n s ion  t~ i~~ Jay f the y e-ac th~’ re,~ui si~~i cn  - i a s

p r e p a r e d , arid the 1 7 dime ns i on represents t~~i~~~ s e v *~n t - a e n
ve ssels under consider atio n . ~u ,antities ~ i t h i a  ‘-he ma trix

m er e  the actual number of r-~ju1sttiens p r e p a r e d  on a

s pe c tf i c  d ay  b y  ,i p i r t ~~c u 1 a r  v ’~sse l (i~~ w i l l  c a l l  ¶ h i s .a

re~~u i st t  1 0 1 5  ..~u n d l ? )  • ~~~it  O1~~ C L t f l c o S .er a i~~~~1ri c t l s t o l l ?r

w 1 t a~.n  t h i s  m a t r i x  w i i l  he culled h.~ 
I
~~ at s .r_ ~~u~~pari

L 
~~~

times ” fer t n e  b Un d l e ; ;  sho wn.

I .  F r o m  t h e  j : a a n t i t y t : e L 5 1  of  t h e  f i r st  5J0
ra~~uisitious per loca l :ustomer anotner m a t rix (f’Lh)x17) w a s

de v e l o p e d .  ~~~~ w u s  do n - :’ b eca u s e  ac Ja r  a u ,ms o ~ as  r a n d o m
by customer and t h e  luan t it y w a s  assum~’~l to ho i. n iepe n dent

of th e  s i a ip ’ s loca~~t o n  an t ime . Th e ~mh) dimensio n ira this

d at a  ar r a y  c or r e s p o nd s  t o  t h e  siz e  et  the sa m p l e , a n d t h e

sev e n t e e n  d i m e n s i o n  a.~ain r e p r e sen t e d  t i o s e  v-~s s— ~ls u n d e r

considera tion. r h e  actua l d.a ’- a elenest s i n  the n a t : t x  w e r e

the  l u a n t i ~~1es or d er e d  p er  r e p a i s i ti on .

C .  Subm i-; s~~es t i m e  d a t a  r er  b u n , i L e s  ct r~~~u i s ’t o n s

was  -a lso cons ide r  aJ  i n I c p e n I ’~n t  of the vesse l  or i t s  cL , a ss ,
ari d t h u s  o n l y  on e  s a m p l e  ot  ~ Ja~ i,:at ’ :— arr ~ v a L  L.. m e;; w a s

~ a)

- ,,,...... . a ____________ ~~~,. ~~~~~~~~~~~~~~ - ,-.~ ~~~~~~~



e x t r a c t e d  by s e l e c t i n g  e v e r y  o n e — h u n d r e d  a n d  e i s i h t i e t h
requisi tion. Its v a l u e  w a s  computed by sub tractin g the

d o c um e n t ’ s da te  of p r e~ a r a t i o  n f r o m  the  d a t  of ‘- s I C

document’ s receipt. T h is  a c t i o n  w a s  c o n s id ~~r e d  a p p r o p r i a t e

s ince  gr o u p s  et r e qu i s i t i o n s  were  m o d e l e d , a nd  i t  w a s
assumed al l  r e q a i s i t  ions  r e a d y  ~or su b m i s  ;i en  w o u l d  he
s u b m i t t e d  t o g e t h e r .

d. The proces s t i m e  f o r  a r e qu i s i t i o n  w a s  m o d e l ed

as being depen dent on t h e  Issue Group it t h e  r e q u i s i t i on .  
I -

r h i s  parameter ~as computed by su h t rac t irl -I the document’ s

r e c e i p t  d a t e  f r o m  t h e  d o c u m e n t ’ s r e a d y  for shit~ment h at e ,
an~i was arranged into a ma trix( 5 a) Jx J) . The  S 3 )  d i m e n si on
was t h e  s amp le  s i ze , a n d  t h e  t h r e e  d i m e n s i o n  r e pr e s e t~t s  t h e
I ssue  ~ r o ap .  I n d i v i d u a l  dat - a e l e m e n t s c e r r e~~ponded t~
process t i m e s  per r e q u i s i t io n  p r i o r i t y  b y  N SC 3 a k l a n l .

~~~~~~~ 
~~~~

Appendix 3 , A N ~~S F H I S , is t h e  ~‘) i ~T R A N  p ro~~r a m  w h i c h
lifferenced tthe document num ber dates as r e c o r d e d  in the

inter—prepara tion tim e m at r ix ari d u t i l i ze d  th~ s ta n d a r d
library routine H I I 3 T G  t o  p r o du c e  a L i s t i n g  oz  t h e  r e l a t i v e

fr e q u e n c ~~e~ of t i mes ’ f r o m  on e  to n i n e  days for ~ich
customer.

Anal ysis of this dat a rev eajed a - i ~~rai fica n t

similarity of the output by v .~ssel class.  F t ~~ur e s  ~ and  ‘
~~ ,

and Table 3 Illustrate this similarity. Y~or e the sm all

values for the standard dev iations of th-e relative

zrequencies at the bottoi of Tab le 3. B- c au s 2  t d a ~ r e l a t i v e

frequencies were so alike , the vessels were ~roupel b y class

in tdaiu and all other vessel 1-~pen % e n t  p a r a m ~-’t-e u

eva luati ins. 

‘— - - -
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r I SE S  B~~F W E E N  B U N D L E  ? R E P A B A T I O N S  I N  D A Y S

I .2 3 4 5 b 7 8

.~~~~ ..~~~~~~ •iq 
~~~~~~~ .0~ .ib .0 .2

2 4 . 5 4  .lb . 1 1  .0~ . 0 4  . 0.2 .01  .02 .02

25 .‘~2 .~~ ) .10 . 1 )  . 0~ .04  .0 5 .02 .02

2e .53 .18 .0~ .3 9  .0t~ .00 .03 . 0 2  .01

.~~~ . 73  .20  . 1 1  .0 8  • 03 . 03  .00 .0 1 .0 1

32 . 56  . 13 . 1 4  . J7  .04  .0 . 2  . 0 1  . 0 1

33  . i~~ .H .0~ . 1 8  .08 ,Oe . 0 2  . 0 1  .0.~

35 .53 .lb . 1 1  . 1 0  .J~ .02 .0 1  .0 0  .0 1

A V E  . 5 1~ .I1S .112 .3~~ .053 .024 .014 .011 .002

Sr .DE . 0 4 o  .02b . 0 2 1  .010 . llo .0I~ . O l n  .J0~ .003
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Unon com~~le~-ion o: the class poolin i or~ t he da ta

several probab~ L~~st~~c fistributiois were ex am in ed for

applic abil ity. SInce t~ie  h i s to~~r a m s  w e r e  e x p o n e n t i a l l y
snaped this was t h e  f i r st  li s t:  :hut ion tested. rhe invers~
of t h e  m e a n  -i a l u e  ~~dS used as t h e  e x p o n .~n t ia l  D a r a m e t e r .

iow e v e r , t h i s  h yp o t h e s i s  f a i l~~i t h e  c h i — s q u a r e  ; o o d n €s s  of

f it  tes t  at  t he  f i v e  eer  c e nt  lev el .

Nex t an attempt wa s ma de to f~~t a ~eome tr1c

st :r~~u t i n t t h e  d a t a .  t n t ~~: -? r e p 1 : at I o n  t iw~~s were

me asured in the dat a base by or~e .l a~ i ncre~~ent- ~. rh~~:~~fore ,

~eo~~etric ~4ram~~te:s .ere esta~’l~~sned ny assumini that if a

bundle was prep~~red w i t h I n  on? d ay, there were zero days ln

a cu a d le  was not  p r e p a r .~J . ~-s i-ill denote P as the

probability o: a bun dle betn ~ p rep ar ed in  one lay. ~owever ,

~f an ac~~ua1 b u n d l e  :e~~u i r ed uo da~’s to pre pare , t h e n  we
w i l l  assume that t~~ete was one da~ r~ wh i h a failure

occ .irred , i . e.  no b u n d l e  ~r - o p a : a t i o n , an d  then a success.

If a oundle required three lay s to prepa re , ~~ will assume

there were two failures , 1. ~~~. day one and day t~~~~~ wit d’. no

bundle pr-e~ arations , and then a success; arid so on. This

results ~n a classical dastributi r. with the fo1low~~~
p r 3 b a i u~.it !  ma ss  f u r . o t i .c ra :

x
f ( X ) P ( 1 — P )  f o r  ~ = 0 , 1 , 2 , ...

whet ~~~,

x = t h e  n u m b e r  of 4’failures” pr ior to a success

P = tac  p:-obab~ lit -i of a Su2c~ s5

ln fort una te ly t- n~ s dist:i.autlon also failed to fit

tra c data , ai~ hou a , ~~~
‘- l i- i  o r o v : d e  a u e t t e r  c h i — s q u a r e

st a ti st i c  .-a -a n d~~d •- .ie e x~~3n e n t ~~a l d i s t r ~~n u t ~~on .

- - 
.~~ 
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A ccmb~ a~ tion it  t w o  d i s t r ib u t i o n s  w a s  a t t e m o t e l
n e s t.  ~ he a u t h o r  c o n s i d e r ed  t h i s  a u ’or oacn beca~~- e  t h e r e  w a s
a s t r o ng  pOS~~i b 1 l I t y  t h a t  a n y  s i u s a e  d i s t r i b u ti o n  w c - x l I  he
overune~~neI ~ay t h e  ~~~~~~~~~~~~~~~~~~~~~~ of o ne day. r u e
hy~~othat i ctL p r o-o-abilist ic -dist - r ibutioa ~as construct- -4, as

folio us:

1. Inter— pre para tion dat~a of one day w a~ separa tely

~od e l e i.  r h e : ? f o : e , t h e  pro b a~~ility of a bund le t~re~’aratI3r .
occu rtLn-. wlthl n o r.e lay -‘as equal to “ P ” .

p

2 .  Tti e re~~a in : n ~ data w a s  assumed to be 4e0:netrlc

a:~ -2 t h e  p r o o a u ~~L i t y  of p r e~~a r i u  u~~n l e  ~ n t w o d a y s , ~~~~~~~~~~ r

wa s  c O m p u t - ? d  r : oa  t u e  re~~i~~ad e r  of t h e  d a t a .

T h ?  d e t a i l e d  der i v a t i o n  of r u e  a b o v e  l i s tr i ~~u ’ - i o n
follows:

P f o r  x = 0

f(X) =

C? ~1 — P )  x = 1 ,2 , . .. ,
2

= p r o b a b i l i ty  o f  a bundle preparation duri ng

the  f i r s t  l a y

= r r o b a o i lj t v  of  a b u n d l e  o:e~’a r a t i o n  ~n t w i  .davs2 • S S

( X)  p r o b a b : l i t y  l C n s i tv  :- i n - z t i on

x = numh er ot days w :th no bund l e p:eoara rLons



G ene : al  s o l u t :o n  f o r  C:

n x
~ + z.. CP (1 — P = 1

I x =  1 2

C? ( 1 — P ~~ z ( 1 — P ) 1 — P
2 

~ = 0  z a

n x
( 1  — P = 1/ P i f  3<  ( 1  — P ) <I

x -3 2 2 2

C = (1  — 0 ) / ( 1  — 0 )

The  C h i — ~~- :ua :e  a t ~~st i - c  a t  t h ~ n y c  pe r c e n t -  l e v e l  -~~~~

s i g n i f i c a n c e  a n d  w i t - h  n :ae  de g r e e s  of t r e e d o m  is 1~s . 9 2 .  One

would acc ep t tui s :aypo tn esis toe conp -ute d s 4 - a t : S t~~ c is

less n u a n  r equ a l ~o 1~~.-)2. Th~ comp u te d statistics for AE

c las s , A F S  class , A0~ : 2 . - a s s, tS-J c1a33 , an t  AR clas s vessels

~ere res~. : ; t L v .~ .v 7 .~~~ 4 , 1O. °17 , H.41’ , 11. aSJ , a n d  38 .~~7.

Tu e  h y p o t t i e s ~ s ~ n a t  t h e  d i st r i n u t i o n  f i t s  t h e  d a t a  ~s
accep tanie in turee o f  the five classes . ‘he ~R class ,

ha - u the lari e st error , ~as also th~ sma llest in sarnete

sic-c ( or .lv one  s h i p  -‘ as ~n the saopi- ~ ) . rh- ~r~ wer’= three

vessels ia the other ~r u p  w h ich lid no t - eass . h owever the

sm a l l e s t  v a l u e  ~ as ~ en er -a t e l  by the laroe st sampl ? .

it is conclude -I than this d :vel~~~.~d d iotr ibu tio n was

an acce~~ta~~le  s : m u l a t - i o n  t o o l  f o r  t h e  d e t e r u l n a t i o n  of
b u n d l e  iat e r — p r e ~~a r a t i o i  t i m e s . T h e  v a n i i b l .~ n i ~~~s

A~~. 1 U N D L E . L N~~~~~.A R ~~IV A i , ~ F S . 1 3 N D L E . R . A I~? IVAI . ,

AOR . VJN DL.E. INTER. ARRI V AL , MSO. 1UN)Ld. INTER. A R R I V A L , -and

A? . 1 J N ~ L~~. I N T E R . A ~~S I V A L  a p p l y  in toe simulation.

7 . sail  T i m e  oc r  B u a 3 l e

The inter- arrival tim e distrio tion for ~ u n d l ~~s s e n t

by local  vessels to ~3C Oakland wa s mo deled as bein g 

- .  
- .-
~~~: 
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~~~~ 
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i n f lu e n c e d  o n l y  b y  t h e  US P o s t al  Ser v i c e  a n d  as such was

i n d e p e n d e n t  of  both the vessel  c lass  a n d  t h e  m a t e r i a l
r e q u i r e m e n t s .

This  l i s t r i h u t l n was  t e s t e d  u s in ~ t h e  Chi—Square

goodness of fit test a rid was found to  be exponential wit h a
sean  -of ~~~~~~ da ys a t  b o t h  t h e  five per cent ari d the one

percent levels of significance. It w a s a s s i g n e d  the

v - a rj a o l e  n a m e ~A I L . r I M ~ i n t h e  s i m u l a t i o n .

~3 .  ~~~~~~ ~~~~~ ~~~a

N

A l l  t h e  f o l l o w i n g  d i s t ti o ut : o us  l ev~~lo p ed  a~~d
i m p l a m e n t - e d  In tue simula tion are emp irical , e x c ep t as
no ted.

iiv e emnir:cal d ist r iounicu s , on-c f o r  e a c h  class ,

we r e de v e l o p e d  f r o m  t h e  d a t a  no d e s c r i be  t h e  n u m b e r  of
r e qu : s I t I o n s  per  oundle . The followiri : tarle L i s 4- s t h e
p r o b a b i lI t I e s  O t  fall:n: in tn-c ranges sh wn oased on those

di st :i b u ti ns n y  s n i p  c l a s s :

38
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Class N u m b e r  of  R~~-qu i si t i on s
0 — 1 0  1 1 — 2 0  2 1 — 3 0  3 1 — 4 0  4 1— 5 0  5 1 — 6 0  6 1— 7 0  71—

AE .541 . 1 7 2  . 07 8  . 06 2 .030  .035 .32 5  .029

APS .69 2 . 1 2 6  .3 3 6  . 032  . 3 1 9  .0 1 2  .303  .024

A OR .~47 8 .162 .10 8  . 0 7 5 .05 8 .038 . 32 0  . 04 1

AR .170 .0 91  . 12 5 .095 .O~~a . 10 6  .371  . 1 2 4

N u m b e r  of R e q u i s i t i o n s
3—5 6— 10 11—1 5 16—20 2 1 — 2 5  2

6
_ 3 0  3 1— 3 5 36—

.591 .203  .0 7 6  . 02 5  . 0 1 7  .030  .0 0 0  .034

Although ranges a c r e  used in t h e  ab ove  t a b l e , a l l

va l ues u t i l i z e d  in t h e  s im u l a t i o n  w e r e  z o r i v e r t e d  to

integers. These parameters were nodd ed as random linear

emp i r i c a l  distr i b u t i o n s  in t he  s i m u l a t i o n .  Th e i r

- -~ identification is A~ .REQ .PER .BUNDuE ,z’tFS .R~ Q .PER .BUNDLE ,

AOR .REQ .PER .BUNDLE , AR .RE Q .PER .3UNDLE, and

~1SO.RE ~~.P E R .  B U N D L E  respectively.

• R~~j  t i c n  ~~~~~~~~

A probaoilit y distribution for material priorities

was d e t e rm i n ed  b y  c a lc ul a t i n g t h e  percent of requisitions

w h i c h  w e r e  i n  Issu e 3r ou p  On e  ( p r i o r i t y  one throu~ h t h r ~~e)

t h e  p e r c e n t  wh i c h w e r e  i n  rssu e ~;roup Two (priority four

th r o u g h  e i g h t ) , a n d  the p e r c e n t w h i c h  were in Issue ~roup

39
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rh e toll’ wi n4 list:ib ut io:au w .’re 1~~vel .ap .’I by
su b t r a c t  an - .~ t h c  dat -’ of a - ’ument r ‘c’’ a NSC : klan ~ f r o m

the da ti~ a h a t  ia. ’ n a t  ‘ra a t  w a s  r c a  Ij t o r  ;hapm.- ’ ’a ~n

da ta has.’.

I n ~ t s o u ~ ~~~ ti a’ On e  r ‘~~- i i s a t ~ o’a p r o c e s s  tim e

cum ulative dastr a.ut i~~n W t - a  -I”t ~- r m  tried t - -~ be h , ’t w e e n 0 . 0  a n d
1 . w i t h  ~:- h a o a L a a y  • 3 ) - 4 , t’ -’~~u ’e :a 1 . -I ra a:a d 7. 7 7  . I a y s  w i t h

p r o b a b i l i t y  .423 , a n d  b e t w e e n  7 . 8  and .~~~ l a y s  w i t h

probaiiali t~ . H~~. 1 ho u l - l i-c t.i jrth .-t ~o n~.l tha~ t h e
n u m b e r  ot  u s a b i - ’  - 1a~ a L’oLrrto w a - a ;  L-- ;o t h a n  7 2  ~o r  toe

fo flow m o  r -~ a ; ort (1) h o ri-a ana l aia mnc r ot a a a ~~0i n t :  art

this Issue ;ro-u p w a s  on l y 7 2 , ( 2 )  c r i a r a ~~s in  h ’  d a t a  h t s ~
were d i sc ov - ’r e d  w h a c h  s h o w ’ d  t h a t  certain re~~ua sit i on - a - a hid

been shipp ed p r i o r  t o  r P : e ap t  o f  t h e  u a q u a ~~ation , ( 3 )  -, t h e r

4 - l a t e  e r r o r s o ccu u : c  I ;  f o r  e x a n a p l e , several r ?Iuisiti~ons
showed that av -~r 300 lays we r -’ usc t ira t h e  pr oc-e :~s i n o  t i e - ? .

rliese t y p e s  of ‘rr ~rs ale~ occurred in a h~ ofh-’r Issue . r o u p

dat -a bases and wero also ~ an or- d ~ra the Ias trib u r ao n

c o m p u t a t a o n s .

T h ?  I ssue :r ;~a aD r w o  p r o c - a s s  t i n - ’  c u m u l a t i v e

3~ stribution was a l - ;o b et  we-i n z e r o  a n - I  1 . 2  - i o y s  w i t h
p r o b a b t l a t - (  . ~, b e t w e en  1 . 3  a nd 1 4 . 3  d a y s  w i t h pr o hah iUr v

.42 , and be t ween 14.4 -an.I ~8 ~a y s  - w i t h  a .0 ~ p a o h i a i l i t y .

Th- !  p r o ce ss  t i m ’s o r  t :;sue r 0 I p  T h r e e  r - - a qu i s it a ons

was b e t w e e n  z e r o  a n d  1. 2  l ay s  w i t h  p i - o o a u i l i t - ’  . S o , i’ t - t w e e n

1 . 2  a n d  15.5 d ay s  w i t h  p r o b . a  h i l i ty  . 3-l a , ari d h o t  we-’n 1’- .

ata d 38 days with prob ability ~~~~

11 . 
~d1~.fl~~~ Z ~~ ~.±~l!l~~ tia1 2

S m o c - ’  r- ’~~1i a si~ tons or a at  ‘ r i a l  e a y  b .-’ a :e.lu .’:’ ~-~r

m o r e  t h a n  ) f l e  o t  a n  a t .an • th e a r p r a p r i a t . ’ a a ’ t l  n r a  ~h . - I a a
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base w a s  u i l  ized  t )  c v i  luit” ~h.’ pr oc -~ss. I w a s  a ssum -’i

t h a t  t he  v~a riorls juara t a ic-; or !~‘r ed ~‘-ar re juist tori w o u l  I ho

d e p e n d e n t  or  Ha - -a vess.’ l. c l as s .  T h u - a , f a v . ’  u a n u i a t i v ’

d i s t r i b u t io n s  v - - a r - ’ I - v .- a i p e l .

Those  qu in t  i t  t e a  exp ~~c * ed f o r -  a n  \ -
~ c i - a ~ .s v .- aos .-a l

wet- c found to be b etween one art I tav.~ w i t h  p r i t a i b i l a t y  .t’08 ,
b e t w e e n s i x  an - I  t e n  w i t h  p r o b a b i l i t y  .2 3 8 , a n d  he~~w e e n 11

and i b U  w i t h  a . 154  p r o b a b i l i t y .

The otàer vessel cia- -a s d 1 s t r a h u ra ~,n-~ were rnod.~ l-~d

w i t h  t h e  sam .~ uniform ranae ~ ‘on ’ laf fe ri n - a :‘r ha b i l n t a - ’ s .

In the AF~ class , the prob ib iliti ’s ar .~~~~b , . 1 7 1 , an -I

. 2 5 3  r~~spec tivel i• The ~:ob ihili t j-- a- ; for th- ~~~ c i a - -a s  — are

.~~ 12 , .luI , and . 2 2 7 ; f o r  t h e  ~t :; J c l a s s  ~~~~~~ . 1 i 4 ~~, - a n d

. 2 u .a, ;  a n d , for  t h e  A~ c l a s s  . 4 - l n , . 1b 4 , a n 2  . 14J

res p e c t a v e l y .

12. ~~~~~~~ ~~~~~~. ~~1 a ~~~~2~

rh -a~ d a t . a  r e L lu i : e d  fo r  t h e  o a r a n e t r i ’t u a a a : a a t i ’ r i

of t n a s  it t :  ib u t e  w a s  n o t  a vailabl ‘ . -low evea - he au th or

i cia;sica .L ?.cponent ial. dmst :ahu o’a w a t h  a n
cx ~ ? c t e . I  vi  lue of two  -ocu ra Is -p ‘r e a h  at  - ‘ at . ~h~-a we

per :e4u1s~~’ion - a o n e r a e l  by th is s i n a i  L o t  a e n  wa s 1 - ~ p oun d ; .

i-Ie r n a r - I -’ z a n d  ; a l l a t z  -
~~) s t a t - ’ d t a O ’ 1 - ~, ‘8~~, 1:’~

( f i s c a l y -~ a r 14 7 5 ) , a r i d  ~b , ?0’ . , r~: 2  ~‘o~~rad~ ~fi- ;- ’al v ø a :  1’-~’b)

of  m a t e r i a l  w e r e  i e l t v~~r cd  ~‘y t h~ 8A L O : ; y ; t e m .  T a r  -a;

to a n av ~~r a i - e  of ‘1 ;‘uu n i s  per re~~- : a s t a o a :  -a nd -, ‘l poun -~s ~‘er

: -‘ ; ui s i t~~on re spec ’ i v,’ ly ( ssai an in. a t a a t  t h o t -  w a ~ ~ Ot  a

s : q n if ~.c ent  chin  a e a n  t Ii -’ t o t  a t .  iai ib ” a  o t  r - ’  ~~~ ;t a ‘~~~~:;

y - ’a r  : r-a n 1 9 7 8)  . Jbse:va t jon -a by t o  a t a t  h e :  a t  t ;o A~.D
shapp in~ and -del ivcr v poa nr - a ; r-’v -?alei t h a t  tt wis :i aa ccsn rn oo

to w i t ness  -a t - a 1 t r ; i : k  l a - i - I  srr i a’o- ’-~ . In t i c ’ m o o t

s h i p m e n t s  we:- ’ or a l v 0- r e o a l  let  1- -v -- a L t a - a n , y e t  -at a ~ a ~-t a~’ all y

4 2
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full truckload weights w e r e  r e c o r l e l  on th~ s h i pm en t

records. Because of t h i s , i t  w a s suspected that the weights

1 
(121 are overstated.

I It is therefore concluded th at t h e  p a r a m et e r  of t w o

pounds chosen for the mata n of the  d i s t r i bu t i on  w a s  too
- 

large. r-aus , the act-sal number of shipm ents made was

- selec ted at a proxy m e a s u r e  of e f t - ~ct i v en e s s  f o r  t h i s

var iable. Resultant outputs from this -assumption have not

been included in the results section Df this thesis.
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St ~~S tR IP -r 11. 5 is a l~anoua-;e par ticul arly sut t~~I o
discre t ?— .~~ent st~~p si-nu la ion - ;. It n a s  been d - ’ s i c n r — -1 t o

— facilitate the simulation of large comp lex systems w i t h  a

a i n i m u n  of e f f o r t  in  p r o q r a m m i a , ie-;i-j aui nq, and t~~5~~i f l~ ‘ne

m odel.

I t  is n o t  t h e  i n t e n t  o f  t h is  p a p e r  to d i s cu s s  the

details of t~tis unique pro-ar~im~ning langua-a e , and anyone

desirin ; to e x t a o i ra -e it in depth should :-~fer to r~ f-erences -3

an d 13

B. PRJ ~~R X ~ DES~~RtPr !ON

T h e  mode l ing  f t h a t  s e g m e n t  of t h e  3A~~D systea impa cted

by ~he raudom no~ em en t of vessels between various ports w~is

d e ve l o p e d oy  consi d e r i n a  t w o  an j o r  s er i es  of e v e n ts .

F i r s t, the vessel m ovemo n ts were mo deled i - a - ai n~ t u e
previously discussed parameters and technm ~ ues. rhis :-a-~t - i- ’s

of e v en t s  de a l s  p r i m a r i l y  - w i t h  w e  a d  m o v e .n - ’r ’ ’ t a p a  ~t ;  a ti

the  u l t i a  a t e  le st  i i - a a t i o n  o f  s h i p p e l  m a t - a n a l .  T h a s
also remove- ; at ater ia I from a “old” sIi LppLrl a -m en--a a n d

r e l o cat e s  t h e  m a t e r i a l  ira t ho a p p r  ~~
- :i a t - - a  “ - a ’ w ’ ~ h appira l

queue c-- arr espon -lin -a to tb-- a vessel’5 new l cation .



___

The rem aining series of events recreates the material

processing involved. Their logical functional order

commences with the preparation of a group of material

r e q u i r em e n t s .  N e x t , th i s  g r o u p  of m a t e r i a l  r e q u i r e m e n t s
a r r ives  a t  ~SC 3a~~l-a ri d and  is r e d u c e d  to its individual

materia l requests. These reluisitions then are schedu led
through the material pr-o:essing system a n d a shipment

a v a i l a b i l i t y  t im e  is d e t er m i n e d .  T h e  f i n a l  e v e n t s  collect

s ta t is t ics  ar id  d e t e r m i n e  t h e  f r e q u e n c y  an d  t h e  d e s t i n a t i o n

of the various shipments.

1. D-et~~iled Analysis

The preamble defines various syste m v a r i a b l e s ,
events, and entities. Actnial execu tion c omm e n c e s  w i t h  t h e

m ain  p r o g r a m .  I t  f i r s t  assi gns  user  d e f i n ed  v a l u e s  to the
permanen t Cntiti~~s ( s h i p s ) . T h i s  s e g m e n t  t h e n  r e a d s  all  t h e

program decision variable distrioutions, s:iedules an

i n i t i a l  port ch a n ; e  and  oundle preparation for each vessel, - 
-

s chedules  the  i n it i a l  sh i p m e n t s  t o  e a c h  p o r t , and  sch€ d u le s

the  t w o  on e — t i m e  e v e n t s , 5 t o p . s im u l a ti on  a n d  e q u i l i br i u m .

From t h i s  tin e on the  3I~~S CR I ? T  e v e n t  s tep

simula tion time scheduling routine takes ove . ~verits will

occur as determined by the scheduling pa rameters throug hout

the program. The specifir events are detailed below.

B n d le . pr e p ar a t i-o n :  T h i s  ev e n t  schedules  the next

bun-die preparation for each vessel based on the ;t.ass of the

vessel. It  then  d e t e r m i n e s  t h e  t h e  v a l se  of t he

n um b e r .o f . :e qu i s i t i o ns ( b un i l e )  a n d  t h e n s chedu les  an a r r i v a l

t ime  a t  N SC Oaklan d.

Arrival.of.bundle : The temporary entities ,

re;uisitions , are created in this event. They ar-s assigned

-45
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all their attributes priority, quantity, and cus tomer)

based on the  p r e v i o u s l y  -d i s ru ssed  p a r a m e t e r s .  Then  a
aeady.fo: .shipment even t is scheduled ba sed or. trae

requisi t~.on ’s priority. Finally, the t em~~or a :y  entity

bundle is destroyed to release memory space in the compu~ er.

Change .locza tion: The vessel’s new Loca tion is

~1etermiried based on shi p class markov chains. Statistics

are accumulated to rerord both the number of location

changes per vessel and per vessel class. At this time , if

t taj 5  vessel has a n y  m a t e r i a l  in one  of t h e  p o r t  s h i p p i n g  
- -

queues , it is r e m o v e d  and  p u t  in t h e  n e w l y  I e t e r m i n - ~d por t
shipping ~ueue. The system statistics ate also

appropriately adl-isted . Finally, the next port :hange for

this vessel is sche-lulsi oased -on the vessels current

loca t ion .

Read y .for.shipmea~~: The shipping loca tion is first

determined , -and the requisi tion is filed in the appropriat e

shipping luoue. This event also may schedule an immed iate

shipment of material depe nli n -a on the decision rules

involved .

Shipment .to: This event compu tes t he  m a i o : i t y  of
the sta t is t ics .  It  a l - i - c o n t a i n s  a l l  d e c i s i o n  r u l e s  on

s h i p p i n g  st r at a~ y .  U pon  c omp l e t i o n of t h i s  even ’  t he  n e x t
s hip m e n t  to is sche du le d  f o r  t h i s  p o r t .

~iace the pseudo ran d-em nu nber ueneritor was seed

dependen t , t en seeds w ere initially selected and procaram

runs were made to i-len ify eg-ailibrius conditions and

reverify tee si;uiOt ion ’s validity. Tne seeds wer e selected

at least ~ JO ,OOO numbers s~ a:t to preclud e ov-~rlappin of 

- -
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the  n u m b e r  s t r e a m .

In o r d e r  t o  t o  ev alu ate the stability of the

measures of effect iven ess as related to seed :bin~~es , T- a n

r u n s  (one  r un  per seed) w e r e  m a d e  w i t h  ea ch  i e cis :on  r u l e .
It was  noted that in some i n s t a n c e s  t h e  s IMsc ~ t ? r  p r o~~r a m

exceeded  the ~43O ,JOJ bytes allocated . Since the va r i a t io n s

in the measures of eftectiveress (average wait tim e a n d  t~~e

numoer of shipments) mer e m inim a l, it was not consid .~red

n e ce s s a r y  to r e r u n  t h e s e  p r o g r a m s , s-~e Appendix -
~~.

p

3. ~~~~~~~~~~~~~~

Tha equi~ ibrium or steady—st ate of th~ system is

d e f i n e d  as a c o n d i t i o n  of  r e gu l a r i t y  of  s t a b i l i t y  in  w h i c h

opposinj influences are balanced. Thus , it is assum€ d that

f o r  th i s  mo d el  t.a -ere  is a l i m i t t n ~ p c -ob ab ~~l it ’i d i s r i t ’u t i o n
of the responses that is charactertist :c f t -iC syst-~:n.

This state was ieteum in~~d by a m ethod stated by C o n w a y [ 5  ].
S pe c if i c a l l y,  t h e  se r ies  of  m e a s u r e m e n t s  w e r e  t r u n c a t e d

until the first of the series was n e i t h e r  t h e  m a x i m u m  t or

the minimum of the  : e m a in i n ~a set .

h num bs : of re~~nisi t ien.s ~ :ai~~~ed t -  eac h .‘-o:t wa s

one of the measure m ents evaluated ~n the above m anner. Tti e

d e t e r m i n i ng  port was  ~4. A.  S. A l a m e d a  an d  th e time to

steady—sta te was two w e e s .  Inadvertently, the number of

shipment’ s variable was not adjusted f-o r this two week

perio d an -I  a lack of t i m e  p r e c l u d e d  the rerunnin e ct ~his

computer s1mula t~ on . i”aus , thi s measure ot e:fectiveness

was  accumulated over i fift y — f o u r  w e e ~ i n t e r va l .

• A d e t e rm i n a t i o n  of t h e  equ i l~~b r ~~u m c on - 1 i t i~,n for -ne

s h i p  m o v e m e n t s  w a s  not m a d e .  T h e  in itial s~ art i:i~
con.Iitions for the s :mulation were chosen so tha t ht~v w e r e

4
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t y p i c a l  of t h e  s t e a d y — s tat e  condi t ion . For e x am p l e , all

vessels were initially Located at factual locations , ra t her
than positioni ng them arbitrarily and then determining the

steady—state condition.

— ‘ •  ~~~2 i  ~~~~~~~~~~~~

Four  s h i p p i n g  dec i s ion  ru l e s  were a n a l y s e d  as

fo l l o w s :  a. CASE I — all ma te r i a l r e a d y  f o r  s h i p m e n t  is
shipped daily; b. CASE It — all m a t e r i a l  ready  f o r  s h i p m e n t
is shipped weekly; c. CA SE III — in a d i t i o n  to C A S E  II

actions, I ssue ;r o u p 1 m a t e r i a l  ( w i t h  all o ther  d e s ti n e d  for
the same location) is s h i p p e d  im m e d i a t e l y ; d. C A S E  IV — in
addit ion to the CASE III decision rule s, Issue Group 2

material (again with all o t h e r  m a t e r i a l  in t h e  a pp r o p r i a t e

queue) is shipped once a day.

Appendices  E , F , a n d  G c o n t a i n  those e v e n t s  which
were  m o d i f i e d  for  each dec i s ion  rule .

5. ~~~sures of  Effectiv~~ ess

Two measures of effectiveness were selected. First,

tie a m o u n t  o~ t im e  r equ i s i t i o n s  were  w a i t i ng  to be sh ipped
was chosed as a m easure  of cus tomer  service .  Second , the
actual number of shipments released was selected as an

eva lua t ion  of t h e  cost of t he  chosen s tr at a g y .  The total
nu mber of shipment s is considered a proxy variable for

shipping costs.

C. RESULTS

- - - 
~~~~ ~~~~~~~~~~~~~ —~~ - - -



35

_ _ _ _ _ _  
- - - 

-

~~~~~~~~~~
—-

~~ - -- 
- 

- - -~c- -~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

The o u t p u t s  f r o m  the  f o r ty  -p r o g r a m  r u n s  h a v e  been
t a b u l a t e d  b y  -e -~ch  dec i s i on  r u l e  a n d  a r e  presented in

A p p e n d i x  H. The  l o g i c a l l y  expec ted  r e s u l t s  in t h e  m ean
w a i t i n g  t i me s  w a s  o b s e r v e d .  Mean w a i t i n g  t i m e s  of •~4S to

.53 w e r e  ob s e r v e d  w h e n  s h i p m e n t s w e r e  d a i l y .  ~‘ n d e r  w e e k l y
shipping rules the mean waiting times were 3. 141 to 3.ól

d a y s .

Since program runs w e r e  seed d e p e n d e n t  a n d  ~ comparison
of decision rules was desired , only those runs in  w h i c h  all
results  were  o b t a i n e d  f o r  all  cases w i l l  be e x a m i n e d  here .
These runs were numbers 2 , 3, 5, 5, and S as found in

Appendiz 1. Data frog these runs were t h en  a v e r a g e d  by

Issue ~ z ou p  w i t h i n  ea c h  dec i s ion  r u l e  (case~ . W e i g h t e d

averages were then computed per case by assi-inin~ weiqhts

wn i c h  -w e r e  r~~pr e se nt  a -t i v e  o f  e a c h  I s s ue  ~ r o u p ’ a p r~~’abili ty

of o c cu r r ~~nc e .  T h e  values used ue r~ .JOOS (tssue ~roup

One) , . 1L 49-~ ( i S~~~UC ~rou p  Two ) , an- i , . 5 4 9 3  ( I s s u e  G r o u p
rh r ee )  . T h e  r e s u l ts  of t h e s e  c o m p u t a t i o n s  r ep r e s e n t  f iv e

years wort h of s imu l a t i o n  per  case and are presented in

Ta b l e  5.

- - ~~~~~~~~~~~~~~~~~~
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1 .4 9  . 2 9  .99  .3 1
2 . 50  .29 1.33 . 30

3 .50 .29 1.33 .30 2 0 7 6

Av e .50 .2~ 1. -JO .00

II 1 3 . 1 4 9  1 . 5 9  5 . 9 2  . 1 4

3 . 5 2  2 . 0 1  7 .00  .00

3 3 . 5 1  2 . 0 2  7 . 3 0  . 00  3 19

Ave 3 .51 2.02 7.30 .03

[ t I  1 . 0 0  .00 .30 .00  Fj
_

2 2.93 1 . 9 9  7 .00 .30
3 2 . 9 1  1 .9 9  7 .00  .0 3  3 9 7

Av e 2 .91 1 . 99 7.33 .30

IV 1 . 00  . 00  .33 .30

2 .4 9  .29 1.00 .00

3 .5 2  .3 9  6 . 9 3  .0 3  15 5 3

Ave .52 .37 5.04 .00
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A. J I 3C~JS~~~0N

I t  i~~~n o t e i r~~-~~ t n l r  ~ i-’o: v a :- i a t i o - ’ s in -
~~~~~-~ avera~ e

~a i t~~ng t i m e s  n a v e  s1~~n~~t : c a n t  i m p a c t  in t h e  t otal nuei- ~: -of

sh:pmen~~s. Increas~ a- ~he w : ~~in ~ t i m e  p e r  sh :p m ~~u t  fro~i .5

to 3.5 l a y S  o a s  ~ae e f f ~~c~ -~~~~ r e d n c i n g  t h e  n u n~~er of

shi~ meuts f r o m  an  t v e r a ~~ o f  20~~, to  a n a ver  aqe of  3 19 tri ps

~~~~ 
f j f t v - t o ~~r w e e k s . or a n .~~— f o i ~ d e cr e a s e .

iowe ver , adjusttn~ th -~ w-~ekl-j sri ipment s ry ship~ in~
t S S3 e  ~~r o u p  O n e  ~ia teria L :i~~~ d ia teLy (CASE 1 1 )  r e d u c e d
t~-i e i . r  ~~~~~~~~~~ t i m es  t o  ~ e:o , y~~t d~~d not si~~n i f ~~cant iy

:ncrease th.~ total ni~~~-er of ~; h t p m e n t  s e~~~-e : i e n c ed .  En

f a c t , t n e y  only :ncreased f:e-o 31° to 357 p~ r ~~4 ~~~~~~~
T h i s  is r io t  an  un~~xpecte1 r-~s~~l t s:nce tier-i ~as onLy i

per cent cria nc e of a v e s s -~L c e n e : a t~~n4 a n  I s s a c  ~r ou 1’ ~ne

sh1?~~in ~1 :e - ;- e : : e m e n t.

Fiiall y, CA SE V d e c i s i o n  p a r a c e t e r s  r esu l~~e~. in  a L m o s t

the same number f snipments as w h e n  daily ~hL:’~i- ?~~ts were

ma de .  T h e  a v e ra g e  n u m b e r  obse rved  f o r  54 w~~ecs ~~s 1 9 5 3 , on

the avera ge only 2 e 3  sh:pmen ts l ess ~er y e a r .

Th~ weighte d av~ r-a -1es of eacri se were used :-

consttuct Fa-iure 10. rhe d-~~endent v a r :ib l ? 115 h~ ~-~ari

w a it  t i m e  :n d a y s  a n d  t e e  i n~~ e pe n d e at  v a r i i ~~ie  w as  ~ae

number ot shiome nts ma - Ic in fifty—four .eeks. ‘-xe urve was

construct~ I t s s u m i n ~~ -
~~

-‘i ’- ~ h-s an crio w n fun:t:cn was
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The curve of Figur e 13 provides a practical tool for a

decision maker. If an o b j e c t i v e  f u n c t i o n  is k n o w n  ( suc h as
a dec is ion  m a k e r ’s r e la t i o n s h i p  b e t w e e n  t h e  r e l a t i v e

importance of waiting times and  the number of shipments)

the “ o p t i m u m ” n u m b e r  o f  s h i p m e n t s  could  be d e t e r m i n e d .  For
example , if it was decided that the number of shipments was

twice as importan t as waiting time s, an objective function

could be c o n s t r u c t e d  as follows: total cost = (cost

c o n s t a n t )  x ( w a i t i n g  t i m e )  + (cost c o n s t a n t )  x ( 2 )  x ( n u m b e r
of shipments) . The appropriate coat constants would have to

be selected to convert the v a r i a b l e s  t o  d o l l a r s .  T h i s

objective fu n c t ion could  t h e n  be used w i t h  t h e  c u r v e  to
determine an “optimal” solution. However , this solution

shou ld  not  be a t t e m p t e d  u n t i l  e ld i t i o n a l  s i m u l a t i o n s  a r e  r u n

to verity the midr ange of the curve.

B . C O N C L U S I O N S

In view of the simulation results , it woul d appear that

actua l modificati on of the current s h i p p i n g  p a r a m e t e r s  m a y

y ie ld  s u b s t a n t i a l  t r a n s p o r t a t i ot i  savings. However , because

such p a r am e t e r s  as t h e  w e i g h t  and volume of the larger

s h i p m e n t s  we re not  evaluated , d e l a y i n g  a shipm ent beyond the

t i m e  w h e n  a f u l l  t r u c k  load  is ready  f o r  s h i p p i n g  w o u l d  no t
be expected to result in any savings.

It is recommended that follow—on modeling in this area

be conducted. The weight and v o l u m e  p a r a m e t e r s  s h o u l d  be 
—

identified an-I decision rules should be modified to include

m aximu m and or minimum weight /volume shipping restrictions.

Additional shipping strategies ( c a s e s )  a lso n e e d  to be
p roposed  ~ n d  a n a l y z e d  ( f o r  exa mple , a l l ow  Issue Gr o u ~ I c ’ s
to be snipped every other day, every t h i rd  d a y ,  e t c . )  t o

54
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