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AFSTEACT
1 ) This thesis provides a3 pararetric anilysis oY three
f models tor cirect aelivery tv & Maval Supply Center (NECY to
4 .
) 3 Naval Air 2eworx Facility (N%A2F)., The rodels iaclude btoth
f scnednuled and unschecvled cdeliveries, Parameters wnicn were
; studied includei the ratio or delay cost to delivery 2o0st
and the pratabiliiy » & reévnalr rart oeing demandec v &

cemporent undergoing repair. Th2 decisicr variables were 1tne

time tetween celiveries far <ccneduled celiveries and e

<

number of units of an 1item deliverea fcr unscheculed
deliveries. The impact on the decision variabdbles ct varyine
the parameters was tne major ‘focus of tne aralysis. Thre
rasults of the aralysis suseest that scheduled dslivery is 2
scod direct delivery strategy tfor an NSC 1tn use in
supportine a NARY. dHowever, the analysis has saowr tnat tre
expacted total cost fnr all three &lterdatives is very close,
Theretcere, the tinal criterion rfor which alternative srhould

te cnnsen is ecsentielly ease n¥ usarse and implementacticr.,
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I. INTFQLUCTICN

¥ith tne cconscolidaticn of wWnelesale suryly suggert
netweer Naval Supply Centers (NSC) at Caklana, Ser Tliesn,
and Norfolzx anrd their neiznbering Mheval Air Startions, trne
yuestion of providing <upnly support “~r local Néval 2&ir
Rewor# Facilities (NARF) with no dearadation of taat surzuoert
is ot prirmary concera. One possitle aneswer 18 to provige
ocn-site inventories at tae NAIF, This nas tne azvantases of
yurick receponcse to customer neecds, smaller tréncportetion
cests, ard smaller cusicmer Zzelay costs, anr trne

1isadvantaee 0¥ increased costs ot naintainine
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invenrory. Arother pgossibility is surpert of the NAFF ty
direct deliverv from tne NSC witn no on-site inverntorr. Arna
of course, & corpiration of Tnese tTwo is anctrer
rossibility.

Tne optimum solution to tne problem of suprlvinge suzvort
tc the NAFF is & trade-otf szrong rusiomer ne=d4s,
vransportdation cnsts and delav costs. McMastere [Per. 1) nes
developed three direct delivery models as a4 irst siesp ir
determinring the best way to support tne NARF, Tne comriexity

ot tha gexpaected total ~0st Yorrulas ror all three
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alternatives requires & parametrric a&anelysi
the impacts cf the various parameters,

Tri{s tnesis will present a surrary ot the three rcdels,
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rérametric Aanelvels o tnem, énz & Iries

o¥ tne wme#els urnder 2 timpe ~crstraint., A

tne mgoc2le 1g  tneén Irtrocrvcen  énd

attempt is made 1o 1eterrine wnicn mecel 15 rest
to tne NSC, Tormulas tfor ali rocels will re

thout derivationss ncwever,

Mcvasters [Rev. 1.).
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TI. SUMMARY OF THZT “0IWLS

Tnis chapter surrarizes a deterrinisctic gemarz  direcy
1elivery moaiel ard thre=2 rangor deprand rodels. Tn
“eterministic model and {ts <cerivatiicr are cressented ¢
illustrate the reasonine tenini the rancdem cs~vand rodatls
analysec precented irn tnis tnecis., Since trhre aetaile o7

treir derivatiors are presented ir Heterence 1, cnly tne

4]

results are precented here,

A, DETEIMINISTIC IDEMANT

I¢ a demand #rom & custamér occurs once every ti-e
veried with certainty, it is saii to pe derermirznistic
i1emand. Let C7T be the cost of one round trip ftror a3  sulply

renter to the NARF, If a truck ic dicspatcnhed =verTv tire a

n

demard is received ard processed, tre cost tc deliver acn
nnit is CT. I¥, nowever, the truck waite uvntil ¥ »rite nave
teen 1emanded and processed, the averaze delivery ccst gper
unic is¢

CT/k.

b
«t
w
-

o
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D

[t the rucxg walits until 1t is rull, say = vri

telivervy cost Der tvnit ie¢ minimizer az

CT/n.
Zowever, while K vrits accumulaete, the unlts glrecayr
required *tut undelivered accurulate delay ~0Sls 20T the
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tne cdelay cost for core urit for ore tire _ericr i<¢ D, tzne
rnotal &verase celay Cost can Le sn~wrn T¢o e
(z=:2,Ch / 2.

Te cerntirm t2is #armulad, &ssrme 2ne YMitl ie¢ =eeqdeq 2vavT

<
e

urits of tire. I# tne trucx waits ©or 7 urits tr accurnulate,
it will rot l!leave until (k-1)t. Turize tnis time tne umitls
crdered but not arjivered neve accurulagen telay,
Specificeily, tne first unit osr1erec 2 time 1=, née teen
delayed {r=1)t time units, tae seconc urit orreves 2t =1l
nis teen delavea (g-2)t tire vnite, ard <9 o971 urti! only tre
ttn  urit orderec 3t (K-1)t 2as ne delay. The total wairire
tine in perioces of lerestn t, tnen is
(z=1) + {(x=2) + (x=3) + .. + 1~ ¢,
wrisn can te writtea x{z=1Y/2, Wnen tnis is prwltigliea v

tne delay ~cst rer periopc, the result 1s the tretai Cei3v

w(x-1)Cl/2.
Tha average delav cos®t per urnit is gotaines oy Alvicize v
sre numter o* units, Fiviag tnhe decirec fnrmyula

(g=1)CL/2.

(81

Sy addins tne average sniopings cost an¢ averese £elcy Coele,
tne total average cos?t is
C(g) = CT/k + (x=1)CT / 2. 1"
Fizuyre 1 precerts the tatal cosl versvs tne numrer ¢

urits K tor the deterrinistic modei. Althougr the ~urves are

14
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aztualiy 41iscrete, the tpoiznts rave t=2en chonzeotetl var
~larity. Witn «<cuvcnh cdiscrete ¢osty  Ccwrvee, tThe retnoc nt

#inite differsnces is cfter empleyed to firna 2an crntiral

s

<cgolution. Since 1t < decsirea t¢ minimize tne cost Ccurve,
ortimum % is that ¥ such that

Clzg-1) > C{x) £ C(z=+1),
¢r 2quivalently ., trne largest X surch tnat

Clg) = Clg=1) < ¢ or
the smallest ¥ suca that
Clk) - Clx+1) (¢,
Je<ing equation (1), the cecond inewuality above hecgrec
CT/k + CTle~-1)/2 - | CT/(&~-1) + CD(x-2V/2 | < ¢

wnich can easily te reduced toe

k{x-1) < 2CT/CD .

Tnis #£inal relationsnip allows & very simple computaetion
to be made repeatedly vatil tre ¥ is tourd which satisties
tne relationsnip. Thic method eliminates tne reguvirerent cr
avaluating equatior (1) to searca for cptimum «£. The only
time eguation (1) need te evalvated is after tne optimai
is frund and the tctal cost fer taat K s desires,

It is irportant t> note trhat because one dewand i1s Kncwn
to occur every veriod, equaticn (1) is also tne averace cost
rer verioa. In tne case of random aemand, tnNEe EXTECTEQ Coel
per period 1s appropriate for makire comparisors amenz trne

iirect delivery strateeies to he presented telow,.

Tne concrept o0f a vperiod Lis very important to tne




tollowine models. A period 1is detined as the tire ‘eween
induyctions 0ot cnmponents to te repairea &t tne NARF, For
instance, it the NAFF was srneduled 10 overhaul twenty
engines ot tvpe 4 in one guvarter, &na {¢ rtnere were civiv
werking Adavs ir one yuarter, tae lengtn of tae ceried terT
tne rancdom moaels would pe & cayvs. Tavs, tae lerstn of a
period is determired by the werk scnedule at tne NAZF. It is
assymed tnet tne time spacings tetween zeménas for a regair

rart is equivalent to the time petween intucticas.

B, PANLOM TEMANTD

If a repair part is not demarnded every time geried, bv?
only in p percent ot them, 1he totai ~ost torrula will
differ from ecuvation (1) and is ceperndent upon tae daetivery
stratezy. Three appear appropiate to nonsider tor supply
support of & NARF. Tney are:

1. The truck makes a delivery at the erd ot N

perinds nf time if tnhnere nés teen at least one

demand during the N periods.

2. The truck makes 3 delivery as soon as derands

nave accurulated to a specitfiez rnurhrer K.

2. The truck maxes a delivery in the (N-1)st neriod

fnllowing tne firet demand received after tne last

delivery.

These tnree alterqativeé respectively revresent

scheduled deliveries, unscreduled deliveries ana a variart
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7t sconeduieg de2liveries where tne tirst asrand na

cesianine a7 tne tire nerind tereore tne rnegr “e€liverr, in

2ach Case, ¥ormulas nave ‘teepn derivad tor 1re erie~les
average Cnsl  per peRriod énd tne E€XECTSQ tolél feliav (FEI,
1;. Tte DUTLLCSa oY ng av g aclz21 L0U3. JL=2lay rorrula s 7
' 3dliva thr & tire cZonstiraint 1o te lruaceg ros avEeETEe 2
sypertan Aeolayv, S0D counnalicer pulnCses, Tas =Sxra~tes ryrrers
- ¥ vnits degivered yrnder @ltlernatives 1 &ne 7 oéandt tng o Tler
b ¢f pericts ratwesn deliveries uncer zlterrative X -ayve 2,57
T
. heen a=zrived,
i
- 1. Alternative 1
. Tre $or4L =xDecilsl 3varaze ~951T per . Arisa it
'."' N ‘.
2 TOR(N) = |CT a-(1-p) o+ ZoGlyp | fermii-ta-niy | e
K 4 v
+ B f1-0)
3 Tne expacted rumrper ~elivered unas=r ajterrnative 1 i<
! ‘
: N
; 271y = vp o/ [i-01-2)§ . i)
The averiege 2vpe~ted LCtal 22lay is esiven by
37D = {N-1) /2 s
. Altarrative o
Tne tAtal averege E€XpECted Cnhsl per gem1nt i
@
} n—l) < =¥
¥ . tr Y D /- - . .
- KCO(K) = 2 1/n \k=1/ » {i-p « CUTE-1Y . 5
k| n=v 2
-
2 g
! Tre exrectetl number ¢t sericls petween deliveries is !

v(N2) = 4/n. fey

ke
b ]
o3

the averawse expected total delay is

14
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Se Alrarnative ¢

Tne tnatal cveérerse cx.ected

TCEONY =0T o+ CLUN-1Y [ (=2
‘2
8¢ wiin galternative 2z, tounds

by
n
i¥1)
3
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vaiorped
or uynits aelivered is

Tne 3averass arpecied

secrtion ciscussas the 1e
optimal N arn+d X usines th2 =zuscted
csection, Ynile tne wetnoce of ¢init
ta~ilitate

simole relation 1to

antiral nymrer of uvnits or perinsd
rodei, 1t w#a@s not as *ruitvtei tor
Tre recylic of trne Firite cifteren
~Cmplii~atec as =23cn ¢Y the ex.ett2

2xpelrel ~nels  eynations
searrnine ¥2r the N C6r K valus tna
Yyaiuatinon of equation (2', 1tz

»2ridd for 3lternative 1, r
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C. COMIUTATICNAL APFFCACE TC DETWEMINING 02T7IMAL §
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SCSU Yerrvias ¢
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problems., To deterrine tae optimal rumber ot urits, N, tor

alternative 1, <successive values of N teglnnice witn N=1,
were assumed and esquation (2) was then evaluated. Usirce tre
concept of tinite cifferences, the maximum N for whicn tne
total cost tunction continued to decrease was the optirur.,

For alternative 2, the same apprnacn wése used in
searching for optimal X. However, evaluatiocn of the tctal
cost formula, eyuvation (&), 1is tedious <Ltecause ¢t tne
intinite sum. McMasters |Ret.l] conjectures that ortimal ¥
is the largest X sucn tnat

¥{¥-1) < 2pCT/CD

or it 1s one larger than tnat K. Althovwga McMactere was
vradle tec prove this conjecture, computational =2xzerience

lues were

¢3

supports it. "sing tnhis inequality, twe X v

D
2o

determined and then used to evalunate egquation ). Tr
value with tne rinimur cost was tae oftimum., Taoe shirnpire
~osts (CT)Y series in eguation (5) wes evaluatec usize an
iterative method whicn was termirated wnen ne rew terr
contributed less than an additional .¢E¢¥YYl of tne previcus

In searcnine tor optimal v Yor alternative 2. the sare
difficulty as witnh alternative 2 w~as created bty tae infinize
sum in the total expected cost esquation (5). McMasters [Rer.
1} alsc trovides both an upper a2d lower hound tor cptirai N
under alternative 3., The upp2r bound tor N is the lareest N

such tnat

16




Tne lower tounc is tre largest value of N wnicn cétisi:ies

(N=1)

N(N=1) < 2/ [{CT/CD) = (1-0}

f

2
(N=2)p + 2[{N=2)p + 1] < 23CT/CD

The upper bound was crhosen for cOmMputations becavee o8 1tlg

Simpler

torm,

So, ar upper btound was calculzted; trarn,

successively smaller N values were usel tc¢ evaluate 2yuatien

(), the total cost equation. Optimal N was the larees:

value of

decresse.

N

¥or which the total expected cost centinued to




~rst, art tnern avarins tne JIfE~0 U,e0n o oorTl
varyings zertain garar=aters,
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