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(8-1,S) Inventory Policy Including Non-stocking Alternative
as an Optimal Policy for Low Demand Items
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Abstract

When the number of stockable itern types is too large in certain large scale inventory operations,
it is important to classify and screen out the items that reed not be stocked; and for the low demand
or high cost jtems, it may be preferable to use one-for-one-ordering policy. In this paper, the problem
is formulated in somewhat easier terms, and a criterion is developed that can be used in deciding
what items not to stock.

t. Introduction

When the number of stockable item tvpes is too large in certain large scale inventory operat-
wons (such as in army logistics; in this case the number is in the order of several hundred tho-
usands), it is impractical to apply EORQ formula {or any variation thereof) to all the items.
Particularly, for the low demand or high cost items, it is preferable (1} to have only a few ()
units of each jtem on stock, and {2) to order units one at a time as demanded.

This policy is called a continuous review (S-1,.5) inventory (i.e., one-for-one-ordering) policy
and fills requests on a first-come-first-served basis. This policy means that a reorder is placed
whenever a demand occurs and the stock level, sometimes called “inventory position” (l.e., stock
on-hand plus on-order minus unfilled demands) always remains constant thereof. Incoming request
is filled immediately and passes through the station with a spare if one is available from the
on-hand inventory; if not, it waits until one becomes available (i.e., complete back-ordering pre-
vails). This particular policy is commonly used and considered optimal in low demand or high
cost itemn inventory such as aircraft spare parts inventory [1]. Furthermore, in certain inventory
situations, it may be preferable not to have any waiting stock on hand.

We assume that the demand occurs one at 2 time and follows a Poisson process with rate 4
{monthly demand, say). The replenishment time distribution is exponential with mean 7 (in mo-
nths, say; 1-7¢1) and that the replenishment times are independent random variables. This implies
that orders can cross and need not be received in the same sequence in which they were placed,

The {(S5-1,5) inventory policy has been considered by many researchers and various sophisti-
cated models and solutions have been put forward. However, the central theme of this paper is
{1} to formulate the problem in somewhat easier {and practical} terms, and (2} to develop a

criterion that can be used in deciding what items not to stock.
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In developing cost models, let us assume that the ratio of the following two cost factors is
known (and represent the real cost situation close enough).
backorder cost per item per year
( ¥, ): {e.g., due to interruption of related processes)

¥Wn inventory carrying cost per item per year
{e.g., item costXinterest rate-stocking space cost)

2. General Model for Stocking

To simplify the notation, let
p—i-rzim
plk)= —f o’

— o ot
= fusad _L_e™f
() =

If =(z} is the steady state probability that the net inventory {on-hand minus unfilled demands)
is z, the balance equations are (equating the transition rates into and out of state x) [27,
ezt VS —x i Dprlz— )=+ (S—)pir(z); =5-1, $—2,...
and
Ar{S)=ux{S—1).
On successive substitution begmnmg with z(§—1)=px(5),

z(S— k)* :'r(S) E=1,2,. (Eq. D)

Since > r ot (S—&) =x (SY > v, o4/ =’z (S) =1, it follows that #(8)=e"? and letting S—k=x
in (Eq. 1},

(8 ~x)

z(z) :ﬁ er 2=S, S—1,... (Eq. 2)

Noting that z=—1, say, implies there is one unfilled demand, the expected number of unfilled
demands is

Z_Ix(x)—,‘v‘z —z )Ie" Z(k —S)pk)=pP(S—-1)—SP(S) (Eq.3)

The expected value of the on-hand inventory at time t is

San@) =3 a e =20 (SRR =S2 p () ~r S p®)

:S[l——P(S)]—P[l—P(S—I)]=S—p+pP(S—1)—SP(S) (Eq.4)
The average annual cost of backorders and holding inventofy is therefore
C(S) =W (S—p) + (F+ W) [pP(S—-1)—SP(5)] (Eq.5)

Note that the average annual ordering costs are independent of S and hence need mot be
included in C.
If 5* is the smallest § which minimizes C(8), then it is necessary that C(S+1)—C{S)>=0.
That 1s,
FalS+1—p) + (Wt W) [pP () - (S+DP(S+D]
—Wa(S—p) —(F+W)[pP(S-1)--SP(S)]
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=B+ (W +F.) [Sp(S) —pp (S—1) —F{(S+1)]
=W— (W WP (S+1) >0
or §¥ is the smallest & for which

= _ﬂ -8 __w.-' 5
e W, (Eq.5)

Since the right hand side of (Eq.5) can be rewritten in terms of the cost ratio alone as 1/ (%4—

1), in general, $* is an increasing function of p {therefore demand i and the mean replenish-
ment time z} and the backorder cost ratio %./%..

3. Non-stocking Alternative as an Optimal Policy

At first glance, (Eq.5) seems valid to identify the region of non-stocking (5*=0) in terms of
p and ¥./%. However, this is not certain because in the intermediate derivation steps (Eqgs.
3-5), summation indices become negative if § is allowed to assume the value ¢ or 1.

In order to find the conditions that §*=0, let us examine when C(1}>C(0). When S=1, the
expécted number of unfilled demands is, from (Eq.3}, pP(0)—P(1)=p—(1—e~?). The expected

value of the on-hand inventory at time t is, e - (x):[t%e"],ﬂ:e"". Therefore,
C)=Wre*+W.[o— (1—e7)]
In retrospect, this value is the same as the one obtained directly from (Eq.5).
When §=0, the expected number of unfilled demands is, 52,2 .27 (x) =Z;°=c::—§— e r=p.

Therefore,
CO)=%,-p _
If §*=0, C(1}—C0)>0. That is, it is optimal not to stock if

e+, [p— (1—e ) %, p
or

. 1
( ¥ )S ef—1 (Eq.6)
The non-stocking region is depicted in Figure 1 along with other values of S* in terms of 6

(=4-7) and ¥./%: In passing, we note that (Eq.6) is equivalent to {Eq.5) when we set S=0
directly. o ' '

4, Conclusions

For the low demand or high cost items, (5-1, 5} inventory policy is freguently very approp-
riate. Optimal values of the stock level $* can be determined easily from (Eq.5), which turns
out to be valid for 3ll values of S$=0.

When the number of stockable item types is too large in certain large scale inventory operati-
ons, (Eq.6) or Figure 1 can be used to classify and screen out the items that need not be
stocked.

In actual application of the (S-1, §) inventory policy, the values of S* should be fairly small
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¥ this is not so, some form of bulk ordering might be more economical. At the present moment,

this boundary is not understood clearly (except that when A-r2> 1, cone-for-one-ordering is insuff-
icient), and left as a future research area.

backorder cost ratioc (¥ s/¥n)

demand x replenishment time (#=Ar)

Fig. 1. Optimal Values of Stock Level §*
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