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Abstract. Inventory can be regarded as a stock of goods., Mereonsider inventory as
an idle but usable resource. It includes; labow maaterials, finished goods and
equipment stock is reserved to provide a flowugdply. In addition to design, planning,
and inventory control, the applications of queuethgory can also be found in
performance evaluation and improvement, logistit teansportation, and other areas of
supply chain The scope of logistics has been considerably egt&nds it has been
recognized as one of the important tools for degyalp competitiveness. In this work,
efforts are being intensified on harmonizing thgidtic technicalities with inventory
control.
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1. Introduction

The scope of logistics has been considerably egtnas it has been recognized as one
of the important tools for developing competitivese(see [2]) Competitive advantage
means the company has the ability to differeniistdf, in the customer’s eyes, and also
is operating at a lower cost and greater profigiktics facilitates in getting products and
services as and when they are needed and desirtdtk toustomer. It also helps in
economic transactions, serving as a major enablgrowth of trade and commerce in an
economy. With reference to an organization, anrmipgdion gets a concrete shape due to
its structure. In the earlier times, the suppliardistribution activities were spread across
the entire structure, thus resulting in an overilagpof activities and finally in
unaccountable authority and responsibility. In tosl@rocess driven organization, where
the focus has shifted from functions to procesgistacs has become an essential part of
the process.

2. Logistics and technicalities

Nowadays corporations look only for sustainable petitive advantage, not only for
growth, but also to survive. The target on comjoetiis now being directed from the
product to the supply chain. Today, logistics mamagnt is based on the system concept
and cost approach. Transportation, warehousing,dlimgn of material, inventory
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management and order processing are the majortitggisctivities, which impact the
customer cost and operation. Integrated logistitgshin taking the cost out of the supply
chain and also enhance the customer service level.

Business organizations across the world are singy@br competitiveness, not
only for growth but also for survival alone. Thetfars responsible for this are liberalized
economies of the countries across the world. Maredthe customers have become more
demanding and look for value added services froosgective suppliers, as he wants
value for the money he is spending. In such atsitluabusiness organizations across the
world have started reviewing their business prazzssid have realized that cost cutting
and differentiation in value delivery are solutidosthe current problem Outsourcing is
the transfer of a function previously per-formedhiuse to an outside provider.
Outsourced providers are often referred to as m@mtdrs or “third parties. “When
"outsourced" work is contracted out, the outsouydimisiness or agency still provides
over-sight. Once it is decided to outsource, idginmig a short list of partners can be a
daunting task.

3. Cost consideration
Just like all employees, there is utmost need Yope@ple who are rendering services to
customers in the queue system for the services rémager to the customers (see [7]).
The following are some areas of interest in thigipalar aspect. (i) the total cost of such
services (ii) ways and means of reducing such seigit®ut lowering the standard of the
services and (iii) making profits in the venturesene queuing systems are in practice.
All these are very imperative whenever any wellaleged queue systems are in
practice

Take the following case as an example; Book suppliraw books from
bookstore in a large bookstore. The manager feetsied about the time spent by the
cashier in issuing out receipts to the customedswaamts to find out if by employing one
assistant cashier, his worries could be elimindtedlis investigations, he discovers that;
there exists simple queue, each book supplier isgbpaid $5 per hr., the cashier
receives $7 per hr., also able to answer 24 cusomery hr. and that if an assistant
cashier is employed, would earn $6 per hr. andhthef customers attended to would be
increased to 30 pre hr. Also, an average numbg6 afustomers visit the bookstore per
hr. from this phenomenon, we determine whethenirthwhile to employ the service
of an assistant cashier or not.

First, if we consider the existing system beforeidieg whether the service of
an assistant cashier is needed at all. Here, #rage arrival rate is given by:

A = 20h' and the average service rate is given hy:= 24h".

» The Traffic intensity =p = %/, % =5,

We have that the number in the system =1f—p =5,

- the cost of supplying book per hour = $5 x 5$25
Note also that for the new system, after theice of an assistant cashier has been
employed, we have as follows: Traffic gty = p = 20/30 = 2/3.
Number in system = = 1%} = 2.
We have that (i) Book supplying costs  $5 x 2101$. Assistant cashier’s
cost = $6H. Therefore, Total cost = $(10 + 6) = $1phnd the net savings per hour =
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$(25-16) = $91. From this analogy, it's clear that the emploptnef an assistant
cashier would be worthwhile.

4. The multi-channel systems

A queue system in which there are more than endgce point is referred to as the
multi-channel system. The channels may be in sedigsarallel or it may be of the
mixture of both. ([6])

Definition: Suppose that isthe number of channels. Then, we havelisAfs:
(a) The Traffic intensity is given by = i
(b) Given thatn is the number of customers in the sysfEmen,

— N — (1-p)
pr(n = 0) = p, =
(po)e + c!(l—p)< anom(pC)" )

(c) The probability of not queuing on arrivalgiven by, =

(pc)¢
cia—p) Po

(d) The average number of customers in the systemiven bys = %po + pc

(e) The average number of customers in the syistefn = c'p((lp—C;)Z

(pS)€ po 1
cl(1-p)2cu Iz

(pC)°po
cl(1-p)Zecu
Consider fueling station which employs four petralttendant who on the average each
serves five customers an hour. The average nunfbemstomers requiring service is
fifteen per hour [6].

The following can be determined accordingly using formulae. (i) The tragic
intensity p, (ii) The probability that there is no customein the system (iii) the
probability of not requiring queue on arrival(iWietaverage no of customer in the system
(v) the average no of customer in the queuetiig)average time spent in system (vii)

the average time spent in the queue.
15

Po

(H The average time spentin the system i =

(g) Average time spent in the queue i8 .=

NV, = A = 1 _ 3 _
Wp = cu T axs T 4 0.75
y I(1-p)
(||) Po o - pc—l 1 N
(00) +c.<1—p>< > e )
_ 4(3) _ 6
(4X%)4+24G)( 01!2(3)0 +%(3)1+2%(3)2+%(3)3 ) @*+6(1+ 3+ 2+2)
= B1r6(13) =~ T7+2e =5 = 0.04
_ (po)© _ (3)4X52—3 _ 27
(i) p, = aapPo T 24(%) =5 = 0.51
V5= 200,y o= N5 L3 o 83 4s3as
16.

(Vyni= § —pc =453 - 3 = 1.53¥2)

_ c 3% Zp, .
(i) f=-109P 1 =()—53p+§ = 18.1 min

cl(1-p)? cu u 24(%)2 4X5
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Vi) o= 9% S @g 2 gy
c!l(1-p)2cu 24. . 5x4 53x5

5. Inventory control
Inventory is a stock of goods. An inventory is aidle but usable resource. It includes;
labor, raw materials, finished goods and eqeipim stock is reserved to provide a
flow of supply. In addition to design, plannirand inventory control, the applications
of queueing theory can also be found in performaeesluation and improvement,
logistics and transportation, and other areas pplguchain [4]. For instance, a newly
established business would like to decide on thmbmu of telephone lines it has to
install in a cost-effective manner. Identify therakents of the underlying process of the
telephone answering system and indicate the spadifia that need to be collected to
establish the parameters of the system. Also ifyethie performance measures of
interest.

There are three basic types of Inventory: Raw N&ltéork in Progress, and
Finished Goods (see [2]).

Raw Material

This includes all the purchased parts and direderias that go into the end product.
This type of material has value added to it aslatv§ together as subassemblies,
assemblies and finally into the shippable product.

Work-in-Process
Refers to the inventory waiting in the processiieing assembled into final products.

Finished goods
These refer to the inventory, which are ready felivery to the distribution centers,
retailers, and wholesalers or to the customergttijre

The pressures to reduce inventories, and thergforking capital requirements,
are increasing even in times of relatively low et rates. The opportunities to use a
finite source of capital, of just more efficientyt in ways that yield high rates of return
for employing the essentially idle capital elsevéhén the business. For example,
reducing inventories could provide the necessapjtalato finance such things as: new
product development, expanded marketing and sateslernization, business process
redesign, improved supply chain management, expansicquisitions, debt reduction
among others.

Need for inventory control: (see [2]).

1. Increase in the size of manufacturing units. With the increase in manufacturing
units, there is a necessity to have sufficient mwey control so that increasing
inventories do not become non-value added experdilncreasing inventory can erode
the profits of the company and the possibilityroféntory control arises.

2. Widevariety and complexity of therequirements. The requirements of the modern
industry have necessitated the need for conscimgmiory management.

3. High idle time cost of machine and men: If men and machines are kept idle, it is
highly uneconomical for the firm. Inventory levdigave to be managed keeping this
factor in mind.
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4. Liquidity: There is an increased stress on liquidity in t&layganizations, where it
becomes a necessity to maintain liquidity at thveleof nearly 10-20 per cent of the total
capital invested in finished goods.

Inventory Control Problems

The structure of service and service disciplinbuelthe number of servers, the capacity
of the system, that is the maximum number of custsmstaying in the system including
the ones being under service. The service diseplgtermines the rule according to the
next customer is selected. The most commonly weses are

(i) FIFO - First In First Out:

Who comes earlier leaves earlier. This is very comin most of our service provisions.
It occurs in eateries, supermarkets, stationemektmokshops, restaurants, hotels and
motels, banks, fueling stations, bus-parks and eénegal, places where customers
demand several forms of services.

(iLIFO/LCFO/FILO - Last Come First Out:

who comes later leaves earlier. This occurs mofilyitems demanding services.
Examples abound in the following instances (i) wdlials’ or public garages where
many vehicles are parked especially, in a strielitsspaces. Here, last vehicles to enter
have to come out first for proper and safe ordesién (ii) In places where safe keeping
is required as necessary such as in provision atdrial stores and shops. Here, items
are packed after the daily sales and (or) servieesh item has to be removed the
following day from the store, beginning from thetldéo the first. (iii) Items such as
chairs and tables which are dumped in a space dghavgingle entrance. They have to be
removed beginning from the last.

(i) RS- Random Service:

The customer is selected randomly. This kind ofises is daily given to many of our
items as each service may demand. For examplejvgashclothing materials, vehicles,
plates, polishing of shoes, transferring of eggayés of bread and other materials from
one position to another by hand picking. All thesay be done randomly without
necessarily following any specific rule, formalgier laws.

(iv) Priority.

Here, personalities determine the order in mases. Imagine a president of a country
or governor or a director or CEO of a company wkemdnd money from a given bank
or who is in need of the National Identity regititra, where majorities are on queue
already. Do we expect that such important persteslorVIP go queue up like others
do? Definitely and without any hesitation, the#ebates or themselves as the case may
be, have to be given due priority for the so cabedvices due to their positions or
offices. As a way of digression one can easilggifg the following into any suitable
foregoing most commonly used laws : (i) The oiidewhich the consumption of bonus
and the original (authentic) credit or data awartted customer by the service provider
of a given communication service company (i) Tdrder of the delivery of a highly
fertile pig whose matrix contains eight pigletsii) (The order of selection of the paper
arranged for a printing machine (iv) The order elesting pupils for competition in a
sport race. (v) The order of picking peanuts famsumption from a flat container. In
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solving all these simple seemly puzzles, certaitofa are definitely to be considered in
order to arrive at desired results as required.

The aim of all investigations in queueing theorydasget the main performance
measures of the system which are the probabiligtoperties (distribution function,
density function, mean, variance) of the followimgndom variables: number of
customers in the system, number of waiting custemaitilization of the server/s,
response time of a customer, waiting time of aamst, idle time of the server, busy
time of a server. Of course, the answers heavipedd on the assumptions concerning
the distribution of inter-arrival times, servicenés, number of servers, capacity and
service discipline. It is quite rare, except foerekntary or Markovian systems, that the
distributions can be computed. Inventory ensurasstamt supply of goods for sale or
production of goods, customers are satisfied, djpmmare not delayed, supply of stock
are regular, extra cost such as processing an ardehandling of purchases are avoided,
substantial savings derivable from large but lesgudent production runs are guaranteed.
All these are advantages even through, stockseddedh a cost which include insurance
and storage cost, stocks are kept at a risk tlthida deterioration and money invested
an inventing cannot generate income.

Definitions [see7]

a) Ordering frequency: This is the rate at which stigkordered. It could be
annually, biannual and monthly.

b) Ordering Quantity(Q): This is the size of stocHened at a given time.

c) Average Stock: This is equal to a half of the adffgrquantity. It is denoted by
3)

d) Ordering Cost This is fixed per order irrespectbfesize of the order. It is the
fixed charge each time a stock is ordered.

e) Stock holding cost: This is the cost of keeping #iverage stock for a given
period. It is expressed as a given percentagjeeaftock value. Hence, if a stock
cost $150 per unit and it cost 15% to hold a sttwén the stock holding cost of
a unit of the stock is given by 15% of $150 = $P2.F herefore, if an average of
1000 stock is held within the period then, theltstack holding cost would be
given by 1000 x $22.5 =22,500

f) Economic Order Quantity (EOQ) TH#Q is the quantity that sets the holding
cost and the ordering cost of stock in equilibrivgtock may be ordered at
varying quantity. Th&OQ can also be referred to &BQ) the Economic Batch
Quantity. This is when it is manufactured withie thystem.

g) Total Variable Cost (V) This is equal to the stdukding cost plus the ordering
cost. Now, suppose that D is the annual demandtéak, C represents the fixed
ordering cost per order, P is the cost per uritist

Q is the size of order and r is the stock holdiagtin percentage. We have that the Total
stock holding cost is given by the product of tlestcof holding one stock and the
average stock

= Py = r
2 2
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Ordering cost = the product of the number of orderd ordering cost per orderga(c
— cD
¢ CD
Therefore total variable cost is V:QrFP P TTRR *
By applying differentiate on (*), wrt Q we haveat I?)% %P —Z—Z
Vv _ 2CD
=
At minimum part of V, we have th% =0 = g—g :% =Q==50Q=
This is the quantity of stock to be ordered thdk minimize the total variable cost.

Obtaining the second derivative again, we h Z >0

ZCD

6. Instances

Suppose that a company demands 600 units of stwukaly and the cost per order is
$500 when a unit cost of stock is $60 and for theksvalue to hold, it costs 25%.

We have that C= $500, D=600, r= 25% and P= $60, the

_ ’@_ ’2X500X600 _ 0000 —
Q= P+ 0.25X60 40000 = 200.

The number of orders 5 = 200 = 3. And V=— =$3000.
Also, total cost = fixed cost + total variable cgsiDP+V 6OOX$60+$3000 $39,000

rPQ CD 025X60X200 +$500x600

7. Conclusion
Putting all logistics and technicalities in plaiteés very clear that inventory control
plays very vital roles in productivities and ent&sps in general.
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