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418 Letters to the Editor

P,(t), for various values of k& The case no<k 18 not considered since 1n this case
there 1s no queue  To solve for the state probabilities when no >k, 1t 18 necessary
to solve the equations of detailed balance

AP (f) /dt+n p Pu(t) = (n+1) p Ppn(t), (0<n<k) (3)
dP,(t) /dt+k p Pa(t) =k p Ppa(t), (n2k) (4)

for the imtial condition P,(0) =0 (25¢n9), Ppy(0) =1
The solution to equation (4) 1s

Po(t) =[(kut)yro/(no—n)!) ¢~*» (noznzk) (5
Writing equation (3) for n =k —1 and substituting P.(t) from equation (5) we get
dPys(t) fdt+(k —1) p Pra(t) = [k (ukt)™o~* /(no —k)) e7*1t (6)

The solution for k=1 1s immediately obtained by integrating equation (6) That
18, the state probabihities for k=1 are gaven by

Pot) =1-2 1=1e ¥t (ut)"o~" /(ng—r1)", Y
Po() =[(ut)* " /(ng—n)] e+t (noznz1) (8)

The solution for k=2, 3, ete can be obtamed by solving equation (6) for P;_,(i),
mserting this value into equation (3), and then successively integrating equation (3)

Tables I-V show 7 (the average number of units either awaiting or undergomg
reparr) as a function of ¢t The mitial number, ng, takes on values of 4, 8, 12, 16,
and 20 The number of service channels % 1s vaned from 1 through 5 Use of
these tables will permit a rapid evaluation of the readiness R defined in equation
(1) For example, suppose that, of a total population of 25 umts (N =25), 20 units
needing service arnve at a service facility that contains 3 channels (ny =20, k=3)
It 1s desired to determine the percentage of the total population that will be ‘readv’
at a time ut measured from the time of arnval, £=0 Let u be the mean service
rate for each channel Let u=>5/hour and determine the readiness after 1 hour
From Table 3, we find that for k=3, ny =20, and ut =5, (1 hour) =5 2996 There-
fore, R = (25 —5 2996) /25 =78 28 per cent

COMMENTS ON A PAPER BY KARUSH

Andrew Vazsony:
Ramo-Wooldridge, Canoga Park, Califorma
(Received March 7, 1960)

N THE PAPER, “A Queuing Model for an Inventory Problem,” that appeared
1 OpeRATIONS RESEARCH, volume 5, pages 693-703 (October 1957), WiLLiaM
Karusa solved the following important inventory-control problem
A firm mamtains a total inventory of n items of a certam article When an
article 18 sold, a replemshment i1s immediately ordered The time of replemshment
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18 a statistical vanable with a known distmbution and with a mean replenishment
time of T [It1s convement to think of the n items as being divided 1nto two classes
(@) the 1tems 1n stock or available for sale, (b) the items 1n the pipe line] The
demand 1s Poisson with a mean of p items per mean replemishment time 7 When
there 18 a demand for an article and there 18 no stock, then there 1s a lost sale
The 1mportant measure of effectiveness for this system 1s p the ratio of lost sales
to total demand (or the probabihity of shortage) Karush shows that irrespective
of the distribution function of the replemishment time, p 1s given by

p=("/ny/(14+p/11+pt/2'+  +p"/n!)

The purpose of this note 1s to present a chart, Fig 1, depicting 1n a graphical
form the above equation As the evaluation is rather laborious, 1t 18 convenent
to have such a chart Incidentally, the chart shows some interesting numencal
values

Suppose the mean replemshment time 1s one month, and the mean demand p
1s 4 articles per the mean replemishment time of one month  Say we keep a total
of n=8 articles The ratio of lost sales to total demand 1s 0 03 or there are 3 per
cent lost sales Say we mcrease n to 9  Lost sales will drop to 12 per cent! 4
12 per cent wncrease 1n wnventory results in a 60 per cent decrease 1n lost sales

Suppose demands double to p=8 Say we want to maintain a 3 per cent level
of lost sales We need an inventory level of n =13 A 100 per cent increase in
demand requires a 60 per cent increase 1n 1nventory, if the same level of lost sales
1s specified

NOTE ON A PAPER BY FIRSTMAN

Albert Schuld
Radio Corporation of America Sernice Company, Camden, New Jersey
(Received February 16, 1960)

N A PAPER, “A Vulnerabiity Model for Weapon Sites with Interdependent
Elements,” Operations Research, volume 7, pp 217-225, 533 (1959), SIDNEY
I FIrsTMAN considers the transition matrix

g b a 1—(a+b+g

0 btg O 1-(b+¢)
P=ly "o a+q 1—(a+¢q | &
0 0 0 1

where the entries correspond to certain transition probabihities For an associated
problem 1t is necessary to find P*, n=2, 3,
The purpose of this note 1s to show that for any positive integer n we have

g +or—¢* (a+g —q* 1-[la+g"+(b+g)"—¢"]

pr=|0  (FO" 0 1-(b+9)" @
0 0 (a+g)» 1—(a+g) d
0 0 0 1





