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unscheduled deliveries. The impact on the decision variables of varying
the parameters was the major focus of the analysis. The results of the
analysis suggest that scheduled delivery is a good direct delivery strategy
for an NSC to use in supporting a NARF. However, the analysis, has shown
that the expected total cost for all three alternativesis very close.
Therefore, the final criterion for which alternative should be chosen is
essentially ease of usage and implementation.
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A I 'r.A CT

T ni s t n p-s is zrovides a pa ra -et r IC anglysi5 o* .t!ree

rmodels tfor c irect aeliver;' ty a Nava I Suipplyv Center (NEC I to

a Naval Air Reworic Facility (.NA? F). Tne r-oleis inWire to t 1

scnediled and uns .necd.lei ael veri es . Parme t er, -mni cf were

studied irncil',(el tne ratio ox' delay c7ost to delivery cost

arnd tne D-,)ta t! i y o:a renair tart oellne demra-dec r ,a

*comporent under;goin~g repDair. Tte dcisicr variables wero tne

time between deliveries 4for 5 cnedi,; Ied ceive-ie!- and tn e

n nu Tbe r o f unri ts o f a n i tem deliverec. cr unsC~edalCle

deliveries . mlle impact or tfle decision variables ot' v aryi r.p

tie 7parameters Was5 tne majior .focius of' tne analysris. Thne

results of tne aralysts5 supae: t ttat 5.c1ediuled lelivery is a

tgood direct delivery strategy !*or an NSC to use In.

supportinsg a NAiF. Houever, tte analysis nas s.nown tnat trie

expected total cos-t tor all tnree alteratives is- veryf clos-.

The ref cre , t.ne final critericon for wflir!! alternati-ve s!7Ouid.

b.e clnosen Is essentially ease of' usaie and implerrentatilcr.
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I. INPOUCTICN

'ii ' trne ccnsoli,4aticr. of* w nClIFesa I SU lY s 1:;or t

tetweer~ Naval Supply Centers (NSC) at ca! Ianl. San. Iiei7:,

a nd Norf nik a r-- tneir nei.nribcrir', Naval Air Sta~i,0115 T-e

qi:estjon 0±" Drovidin cupnly sunport ± r I oc a Naval Air

F w o r' Facri1i t ies (NA "'F) wlit.n no de,-reda t 1o n of* na T 5~r t

is o t' prirary concern. One Dossitle answer is tn itrovi--e

on-si te inventories a t tn NARF. Tr is nas tne a !7an ta ,s C t

ou'ick response to cUstomer needs, smaller transportation

CoCs t s, a r. S sall Ie r custcmer celay Costs , arrA t n

I i5a dva ntape of t'4rcreased cos ts o t ,a in tai ni nP a 5e a ra te

invanrory . Anotfter possi biiity is sunpo.rt o t tne -NA FF t Y

direct d eIi 1ery f rorn tne N SC -ditn r.o onr.-si te i nv en t o ry. An a

of course, 2 rouTb i at io n o f t lese to is0 a n ct nFer

Possi bility.

Tne optimumn solution to tne probtlem o!' suvppvir.p si:nTort

tc th"Ie N AFF i s a t rie-o ff a-or R cus tore r needs .

transiportati on cis ts and delay costs . "c~as tert !Pef. 1 J nas

developed trnree direct deIvery mrodels is a !irst steI in.

determinirp, tnie best way to support tne NARY. 2Tne cor-ce-ity

0 t' t!Ie e )-Ct e d total po st for-, ila s *o r all :re

alternatives requires a pDaramretric analys is t o 'mrde rs tand

tie impacts of~ tne various parameters.

T I s thsis willI present 1 a 5'drFarj 0ot' tne t nr-re cde s,



a a e tai 1e a a rame tri c -3n ayss oftnem, 6 a r'

d is :u s s i r. o f tae rrc ,e Is under a t i me ~CrS!.itr.

odti --t ion to ore of tne moceic I s tnen :rc v ce~ a

-'in 8 11 a- at !emrDt Is made to I eta r-in ~zc, !mcoj aI Is -cs t

teneficial t o tne N Fo rmu Ia s to r al.1 roreis %Ii P-e

presrte wit.out derivatiors ,Icwpver, ccrrclere ce-rixatiors

.ray bP foUrCd1 in "CodSterS [Ref. 1]



1I. UY'\AR OF 1 :Il

Ths cn a ter s urra r iz -?s a ~ete r r-1 -Is I : =cr ir Ir :'- t

lel ive rv rno Ie1 ai r,! re ri r anlor, F r arn,! -oie15 -n-

, -pmnsi -odeli an,, its :rivatlicr a re :rec-re Ztc

ilI'istratp tr' - r ea s or. i aP re ni n1 t~le rarfcr rotn Feis

analyses presented ir. tnis tne s is S in ce tne I e t a IISC:

t rel r derivations ar - n Tresented in Bet'veronce 1. onily tne,

results are presented nere.

A . DETERMINIST IC rET-A.NP

If a demnand from a cu s t mer o ccurs once e ve ry- tli-e

teri 01 w it.n certainty, i t 15s a. I o rte -trir~istic

lemand. Let CT bce tfle cost atf one rourcl zrio fro!- a S u:- ly

PFenter to t ne NAPY. If a t-1-cit is d~isnatcqe everv tic-5 a

deman~d is r~ceived and processed., t.~e 7ost to cteliver, e ic n

uni t i! Cm. If, nowever, tne trucxk waits untli !C 'riS na8ve

oe -n lemnandel and procepssei, tPe averaze delivery Cost P pr

'T /k~.

pi ~ ~ I nt p t rz:cx. ba Its un ti 11 t tis full, say nt s , t n e

P ivrv cost ner unit is mninimize,! at

CT /rn

H-owever. wnile x~ un~its acclunu late,. in e ni ts al7E a-.7

requlired tut iinde i vergd accumu la te del1 ay co5tb for t!7e



tne C F ay cnst focr ore urit vor on~e t:n- _erlC- ~C

total avera,:- e ela'jr coct can ce sn-A.n !c

17o cortirr" tnis t o rmiiia , assr"e )rne unjt I':- -~eo evrry t

urits of tire. I" tne trucir lwits 9cr 'r urnits 7 u(:ite

i z wi 1 rot, leave iunzil (~lt i~ tnib ti-e tne nt

c rm e t'ut no 0t c =iiveret ca ve accun-uiateo. ceay.

i) e c If 1c a i t.nie fi ,s t u rI t or Ie r e e t tin e t= fas teen

_el~jye ~'~lt tim~e un it s, tn - s e co r uit or,,e- ~ aT=tI

na5 teen deia'ea (it-2) t tirre iuni tc, arA,. so on rr'i only tre

~tn unit or,--_re aa t ( i-I 't na s n o cl a y The t o tal w:i

1ie i n pe ri od c o f I er-tn tr ne

+ (--2+ + + + 1

wr4ir can te w r it ',emi '.-'n/ ne n r.,ii i 5 s 'lilea -

t-e ~.~ay cot rer per! o, tne resuilt ist.eta ey

C os t ~ 'ki I?

T,-e averape delay cost per unit is ootaine! y AiV1::a ,

r ~e nurrnte r o f uni t s, si1ng, .*I"e t e -irea fn rnl

Fy atddnF tne average 5nioppini cost _ n avera-.,e --eiy _, .

tne total avera,--e cost is

r()= CT/IK +- -)C /Y

F 1 iu re 1 preserts tme total cost v~rsrs t-c nl.7r r

unit t for t.ne deterrinlstir- rodei .Altnouer, trna -curves z:re
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-a I a i s,7cre t e t."e po in t Snave t -e.' c nrn-ot- r

7 1a r Itv ':: tr s v cn c iscrete c o st clrvec ,tne r-etnor: nof

tirnitF diff- r-rces i.s c f ter. -ay to !' tn ~Ira I

coIu t Io n.S' 3n ce i t is -- esirea to minimize rne c o t c:r v e

otptimurn . is tflat k s ii , tP'a t

or equivaie ntly , tne largest 'r siicn tnat

CW- C(E-1) < v O

tne smallest C suon ttat

C fic) - C(IC+-i) < C.

TBing mquati or() tthe 5scond ineuualityr above tecrFe

CT/K + CT-(K-l)/2 - CT/(Kc-1) + Cr(-IC)/2 < V

wonict. ran eaSilY be recuce,4 toc

Ic(K-i) < ; CTCD

Tnis final relatiorsnin allows a very simple computation

to be rrade repeatedly until tne X is t our W fliot satisfies

tre relationsnip. Tric "netnoa. elimin~ates tne requirer'ent ci'

evaluating euuatior (1) to searcn for ont4.-mur T1- Th only

time eouatio. '1) need be evaluatea, is after tne ortlTi K

i s f ound an, t te t ctalI cst tfocr tna t c I s ! es irc

It is 1'rportant to note tnat because one de-and is Kn~own

to occur every period, equation (1) is also tne vraecost

joer tneriod. i tne case of' randlom aemardt. tne exrcectea C, Ct

op-r pe ri od is appropriate f or rrakirp, romparisors arnn t-e

lirect delivery stratepies to be presented below.

Tne concept 0± fa De riod Is vey impor-t an t t o t necI 12



tol Iowinp rrodels.5 A ppri od is doflr'ed as tfle tire ",ewepn

inductior! of connonentc to te repai re~i at tne N AP.F.F

is ta n 'e, tne N~Fwas s ehpedul ed t o overnaul twenty

e'pines of type . In one quarter, and It' toere we re s I Ttv

w orki ng 4 ay s ir ore quarter, tne lenrctn of tap nc,! tcr

tne randomn moaeis would te 3 aavs. Tnus. tre I e r. -LIn o f a

* nerlod is 4letermined .y tne wcric scneduie at tno NAIF. It is

assumed tna t trhe tirne spacinp- between aemana! f'or a rerair

part is equivilent to the timre oetween iniucticns.

V. PANrorA rFMAND

If a repair part is not apmarnded. ever'r time erir'd. bt

only in Dp ercent of themn. tfle total ^ost for-ula will

"Iffer fro-, eq~uat ion (1 ) and is dependent u~pon tne de i ve ry

strate.gy. Three appear apiropiate to 7onsider ticr 5unply

support of' a NARF. Tney are:

1. The trucic mnales a deivery at the end of N

periods of time if- tnere has been at leact one

derA-nd during the N ne r odS .

2. The truCkc maices a delivery as soon as dem-and5

nave accumrulated to a specifie: nurr ,er ~

3%. The trucic mazes a delivery in~ t -e (N-1)st neriod

followins, the first demrand receivel after tnP last

delivery.

These tnree alternative s respectively represent

scneduled deliveries, unscreduled delivaries and a variartF 13



o!:7elvlea eiiverie5 wnere t!ne t 4Lrzt a er-'p a Y-- ri .

eacl. case, ~o rmula b n a ,e teer iriveq 0a tne e7 c:L

averaee c- s t pr jperio1 ana tne x: e, ea totaic~a

~ia i tr a L re c c n5rsr6 a ~ i - Te

-4 af e t ,: de - r r T) r 1. s:~ o~ cL

CIOa .eri vev--4e u M . c'

- ~~'e itt 1 . m io' 'Ob.~ r Ar

T-ne '3veraFe- !erpo- ted. :Ctij :.ay is ier

neP tn~tai avi-a7p excpectej c~st per e:''i

~CP(K~ C I t/n, (K-1) 1-

're exreote-t. nurmDer Cf' oerics oet,&een d i iv e ri 55

An! tnp. averagre expected~ total ei yi

14



t r ni4i 4v

A s5 ti z dlternative :2 to 1 rd s :o r at qt o -' r a ve re r,

av i o r rc 'wI i i ,) d i 5c u 5ze It r. xz c c n!7'Ir

c t'n rt s a Ive re i5

Tre ive ri-'e Yupqcter! to t- dIeliy 15
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5i Se rtio ,CISCUSS,?s trle 'e=C-n4u~ USUse TC cmte=:rjr~o

oztimral N -n K isin , t!e 7:ece -7cs L tcrrl:.13 0 tr>t

cctior i e tn-~ iretnoc Of t'-t- :eft 'r Cf=S

s i F I relation. to0 a ~ i tte tr : e tIrr in .3 tic

I T t i r r o)f ' n It S r 1 ̂ 1 d 5 fr tne F t--- T

r'odei, it 5 n r as +'rljt-ui for tnp -,l-7 -I

~r-sul t- nt' t-e ~7rte r lf-e-eces r-etno::~ t~

K 'D e C tc 0S T. f Cte') t.~ eAce 0jC~ nOr2S s

s e ris fo g,0r te vjN or r aal t r rjnizz t n.Mr

a i rtP n n: litie),2' tn- to talI e x .ct I c c t

e r ILO c r it r:,ti , t -m 5 p -~ ~.tii
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problem.rn To deterrrine tfle opt imal rurroepr ofT ur i ts. t, tar

alternative 1, successive values of N teginnine witr 11=1,

were assumred and equation ( 2) was tten evaluated. Usi ne tre

concept of finite aifferences, tne maxinumn N for wtLicn tne

total cost function continued to denredse was thp optirurr.

For alternative 2,tte same apprnaci was used in

searcnainR- 'o r o tirral K. However, evaluation of the tctal

cost formula , equ at ion (5), is t edtiou s tecause ctf tne

inf'inite su. Mc 1 Masters tRet.11 corjectures5 tn-3t ozctlmal K

is tlie largest K sucr tnat

F(K-1) < 2pCT/C)

or it is one larger tnan tnat K. AIttouga !McVac ter- was

unable to prove tflis conjecture, rorputational -zx:eriencp

supports It. Ulsing ttis inequality, t**JO K vaiups wgre

determrined and tnen used to evaluate equation ft).TeK

value witn tne minimurm cost was tne OrCtirlum. Mne sni1vpirR

'osts (CT) series in equation (h) was evaluatec usinr an

iterative metniod wticn was te rmira ted wn'en tna r e'w trr

contrituted less tnan an addition~al F.VZ1 of tre trevicus

CT sum.

In searcnlnz for optimal N for alternative 3. t nle sar~e

ditfficulty as witn alternative 2 was created ty tne Infrice

sum in the total expected cost ew.'ation (s)O. Yemasters [Ref.

11 also -rovides bot1h an uppe-r and lower tound for cptira! 1%

under alternative 3. The upper bound t'or N is tne !arvst N

sucen tnat

16



N(N-l) < 2/C [(CT/c) -

Tne lower touna is tne lar est value of' N wnicn catisi:IE5

2
(N-)(N-2) p + 2[-p + 1j " 2CT/CD

Tne upper bound was cf-osen for comutatlonS becaucr 3f 1 S

simpler form. So, an upper bound was caliulated; tr! ,

successively smaller N values were use! to evaluate eouation

(L), tne total cost equation. Optimal IN was the larPes

value of N for wnicht tte total expected cost cc!oirue o

decrease.

17



!,, r r: in ~ r cer. tn 1 tt r. c i -i n. E

A.i -p myF-. TRN~" n 2 A TcQT r c, f

v~f Cf e eXece to~ ac' n'tz a (2' --- h

(~, cons st of a sumr c t rar -o -t to- c t a nr 5~a V C

~CP C CT z ~(

:r~ ir~ are sti"f c 7- UC a~ C i

mu uati r n it'r tni s 7erer~ fcrT, i s e u i vin t r, n 17 i z I -

ccir

-0a1 tanlt, e ve' 71 tncpl tr ey t i c- rr. t %- ' 1

,) ntF' 1.r, so ti In wil1l1 r i in ?- .n IQ

ac t or, iOer, tor- ai-i , arC- * re~oe Ttz t c ~t

.n ce trne n 11 cc 0"rK Ce ! t er a t "a il a ni ra -z ct e e -
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itato i~roviap an e-StImate ofr rur.: - !r i': t rs . ,c Ta t 11c,

ct tr o r NSC Q(lai ana tc NA4L Al ar e-a, tr2a a-iybi S i r

t tis esis ,, 11 consloer CT to cc- a c ons tan t vi luE c!' SIL

Lelay cC~~tb per jeri o,: mus t L-)oi~ID te\3 ar~ ci

rct yet avai iarla. QIrre delay ccs ts arm- eyPeot?' t cvary ry

rep-a ir part a d trn s or t -at ic n ot s a re not, t Wi

-cOci rerea 7more mean iflaiu to fi x tne Cv,-l ue ;in: va ry Lne

FZ & lur Dr v iris &Pra on' o f trne c t rtrr e x ca - t R_ ta 1

cs t (C ve rs's t. e n r t a t I i r.-cf a c er an,, i

ire ltprrnativas. 'T I oa jy r)St V vai~ 5 'n 0s:

r-,erel1Y to Drivide an irodjoatiir i'f Tne tenavl,i' nc C t

:rvm s over A broau r~r-_ cf deia y rosts (C -c A-, rf :

ia r t1c,, bar ci 4 -:fi ca r c sv. 1ntens-eiv e s .As vlcla e eTeCez

-o. in-rracq aer3 -r~~'~~y st 5 (C: or 9r -oa t 41~y c

:emrnauc Increases tne :,rL1m'r ex':ecte.:i t,)ta cl-,t T

o t - tr a t i t v tzry 5 rclIl v aiu z s o f n Cz Y~t~

Ln~ a 5t 4 5 extremrely, 1Lase-nsurve t) ca'e

- ci-ver, as CZ ircr-aces arnla;ivoly s 'iT -3

c 5 5eL-1 'i ic at n crooe b I n t- t c t a c o s

re Are i ~e , t c re irt - r r- 5 I c ir t s t e

'or C =,4 V an' r,! ire: :'rmjs or siX .i~.-

lnvstlatiflrab rev-aled tnat r2'Ay le~er~at.

19
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vq a tr t ... t . . .. OO . .a -... t I % C'

.' rc f3tt tr'. 7' c ir v c' e r~ n ~ v- I:1 s.

.i ue t2at cAi; es v trf-uu- i cr.K t r" Cncz a. - f

croviderl t oe on: it ur '% or t' or v rf 5r-a~I .',les

r=-sor fr this lips in t c I=' i niticr r '

iiPn or a r-1 tt'erp -ire n~o : os, c t, rt:

wha. t t - vaiu ct" C.2, cily t -e trrs, crtaticr ersts I

-ontrinute to tne totail ext I os:. n ot: Pets '.
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