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1. INTRODUCTION

According to the definition developed by the
Council of Logistics Management [5], logistics is
that part of supply chain process that plans,
implements and controls the efficient, effective
forward and reverse flow and storage of goods,
services and related information between the point
of origin and the point of consumption in order to
meet customers’ requirements. As a result, the
components of a typical logistic system are [3]:
purchasing, traffic and transportation, warehousing
and storage, customer service, demand forecasting,
inventory control, material handling, order
processing, parts and service support, packing,
return goods handling and informational flows.
Logistic processes are performed by using
resources in the form of: equipment, manpower,
facilities, and financial assets [51].

One of the main parameter which defines the
performance of a logistic system is its reliability
[5]. A literature search identifies numerous logistic
reliability-related studies. These studies identified
logistic system reliability as:

e the ability to provide all items (including ships,
tanks, other means of transport, related spare
parts, support equipment) necessary to equip,
operate, maintain and support operational

activities of technical system, for a specified
period of time under stated conditions, without
failure [3],

e in a broad sense, encompassing the acquisition,
transportation, distribution, inventory
management, maintenance, and sustainment
policies, practices, and processes that contribute
to the availability of system being supported
[15],

e in the supply chain sense, probability of a
supply chain to completely fulfill the demand of
a final product without any loss of supply
resulting from failures of suppliers. This, any
supplier failure compromises supply chain
reliability [6],

¢ the measure of the ability of a system to operate
without placing a demand on the logistic
support structure for repair or adjustment [35],

e the supportability — degree of ease to which
system design characteristics and planned
logistic resources allow for the meeting of
system availability and wartime usage
requirements [32].

As a result, the focus of this study is twofold.

Firstly, authors define elements which affect the
right performance of a logistic system. Secondly,
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the interactions between demand planning process
and logistic system reliability are defined.

Following this, the rest of this paper is
organized as follows: Section 2 presents the
different approaches to logistic system reliability
definition. In the Section 3 authors present the
main elements affecting the reliable and available
logistic system performance. Later, demand
planning process and its quality has been
investigated. The paper is ended by the
presentation of the obtained analysis results in
comparison with the knowledge about the case
companies’ present conditions.

2. LOGISTICS SYSTEM RELIABILITY
DEFINITIONS

There is no one unequivocal logistic system relia-
bility definition in the literature [34]. The present-
ed below definitions consider various conditions
for systems failure and overall reliability. The first
definition develops the reliability model for a lo-
gistic system in a commercial sector. The next two
consider supply chain reliability and logistic relia-
bility in a defense sector. The last one investigates
a technical system support approach.

2.1. BUSINESS-ORIENTED APPROACH

Business-oriented approach determines the
correct performance of logistic system in terms of 7R
formula implementation [3]: Right product, Right
quantity, Right quality, Right place, Right time, Right
customer, and Right price. Thus, the reliable
performance of the logistic system means delivery: of
the correct product, to the correct place, at the correct
time, in the correct condition and packing, in the
correct quantity, with the correct documentation, to the
correct customer [33].

The possible process reliability indicator methods
which can be used to estimate the logistic system
reliability, based on the presented 7R formula, are
investigated in example [33]. One of these methods is
proposed in [11]. This is the “Perfect order fulfillment”
method, where indicator OTIF (On-time, In-full,
Error-free) is used. The indicator OTIF is calculated
from the formula:

OTIF =P, Pi/P.s (1)
where: P,,= probability of on-time delivery; P, =

probability of in-full delivery; P, = probability of
error-free delivery.
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Few examples of this method application can be
found in example [35].

Moreover, in the commercial sector the logistic
system is investigated as a logistic network,
usually with two levels: distribution centres (DC)
and stores. In this context, the logistic system
reliability is defined in terms of the reliability of
the delivery process [50]:

Ry = R(T4 <ty) (2)

where: T,= time of delivery, #,= pre-specified time
limit.
Delivery time defined as the time to move the

products from origin to destination consists two
components:

e process time (¢,) at the DC — which includes
loading, unloading, packing, sorting time,
waiting time per dispatch, and so on,

e travel time (z,) from DC to stores.

Authors, in their work [50], have also developed
the model of the entire system service reliability
R,, when in the logistic network there are many
distribution centers with different demands and
reliabilities. In this situation reliability R, might be
described as the weighted sum of the service
probabilities in all sub regions.

The presented logistic system reliability
assessment approach bases on some rules:

e system reliability is defined as a function of
demand volume, DC capacities (affecting the
process time), and network configuration
(affecting the travel distance),

e approach usually used in optimal store locations
procedure, or optimal re-routing strategy
definition,

e based on traditional deterministic optimization
procedures.

2.2. SUPPLY CHAIN RELIABILITY
APPROACH

In the literature, there are a lot of studies which
underline the importance of supply chain reliability
problems [6, 33, 34, 35, 45]. In the presented
approach logistic system reliability can be defined
in terms of inability to deliver a supply part due to
unexpected events. In the context of supply chain
reliability, supplier (component) and the supply
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chain (system) reliability have to be distinguished
then.

Supplier reliability refers to the probability that the
supplier operates as planned during the planning
horizon. The term supply chain reliability is used to
express the probability of a supply chain to completely
fulfill the demand of a final product without any loss
of supply, resulting from failures of suppliers. In this
context, supply chain reliability R can be calculated as
the product of all individual supplier reliabilities in the
supply chain [6]:

Rg = ?ilrvi 3)

where: r,; = reliability of a supplier vi over the
strategic supply chain planning horizon, where i =
1,2,., M.

The problem of supplier reliability evaluation is
also investigated e.g. in [26, 47], where authors focus
on uncertainty of global logistics systems. In their
papers, they provide the model of global logistics
system with the use of mixed-integer programming.
The developed model is later extended in [23], where
authors concern the reliability of all players in a system
and use the Fault Tree Analysis to make a deeper
analysis of reliability patterns.

Other view on the problem of supply chain
reliability is presented in [19], where the supply
chain reliability is defined as the probability that
the satisfactory performance of each part towards
its own customer in the supply chain, including
quality, quantity, delivery time and so one.

However, many researchers claim that the term
supply chain reliability has been defined for the
first time by Thomas in 2002 (see e.g. [31]).
Author in his work [45], has been investigating the
system reliability in terms of a set of processes for
providing the procurement, distribution, storage,
and transportation of people, supplies, materials,
and equipment. The supply chain reliability is
defined as the probability of the chain meeting
mission requirements to provide the required
supplies to the critical transfer points within the
system. The presented by author method provides
the means for assessing the effectiveness of a
logistic system or any supply chain network
comprised of well-defined links and nodes
associated with random supply and demand.
However, this model does not take into account the
randomness of the logistic support processes.

In 2003 Snyder in his work [41] has defined the
three main bodies of literature related to supply chain
reliability issues. The first group encompasses the
network reliability problems. The typical network
reliability problem regards to estimation of probability
that a network remains connected in the face of
random failures (e.g. [31]). The second body of
literature regards to facility allocation problems and
expected covering models (see e.g. [42, 43, 49]).
Finally, the last group investigates the approaches for
handling disruptions to supply chains. According to
the literature, disruptions, that may occur during
material and informational flow performance through
a supply chain, have a negative impact on operational
costs and achieved customer service level. Moreover,
they can also lead to supply chain fault because of [8]:

e improper organizational structure implemen-
tation,

e employees unreliability,

¢ information flow unreliability.

2.3. DEFENSE APPROACH

Weapon systems are a typical example of large
systems in which the reliability, availability and
maintenance analysis is of critical importance. In
this kind of the systems the logistic support
assessment models includes:

e logistic maintenance
processes,
e spare parts and repair facilities needed to

support complex systems,

support during the

and the reliability is given by the following
equation [18]:

Ry(t) = P(T, >t)/P(T; >Ty) 4)

where: T, = time when the spares are available, T,
= time of delivery, 7, = time when the repair
facilities are operable.

In both cases, the importance of reliability
analysis is on the proper organization of supply
process and designing the right repair channels.
This model also takes into account the randomness
of the logistic processes. Thus, the reliability of the
logistic support systems may be defined as the
probability that the logistic resources (e.g. spares,
repair facilities) are available when required [18].
Such a problem definition is later investigated and
expanded in e.g. [15, 17, 24, 27].
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2.4. TECHNICAL SYSTEM SUPPORT
APPROACH

Well organized logistic support affects the
execution of technical system’s operational tasks
performance level. When the logistic activity is
narrowed down to the supply activity, we can say
that the basic elements are focused on providing the
necessary supplies and services on the proper time for
the right money [51]. In the case of maintaining the
operational processes of technical system, the supply
stream consists of such elements like maintenance and
support personnel, support equipment, spare/repair
parts and inventories, maintenance and support
facilities, and logistics information [5, 7, 13]. Every
logistic support system, operating under an
increasingly complex and diverse system environment,
may fail what, in consequence, may lead to:

e disruption of supporting task realization,
¢ inability of system to undertake a new task.

As a result, one can find a lot of studies dealing
with the problem of designing reliable and
available support systems for repairable items
confirm the necessity of this kind problem
investigation. Most of the developed models focus
only on spare parts availability (see e.g. [7, 13])
and repair facilities availability (see e.g. [39, 44]).
Reliability of logistic systems which are designed
to support operational system performance usually
is pertained to [36]:

e delivery reliability — defined in terms of order
delivery process performance without any
delays and adequate to customer requirements,

e transportation process reliability — defined as a
probability that the transportation process will
perform without any disruptions (e.g. load
damage),

e reliability of logistic support infrastructure —
defined as a probability that all support
elements will perform without any failure for a
specified period of time in a given operational
environment.

The reliability definition of logistic system
supporting technical system is developed in [53] as
system ability to undisrupted performance of
supporting processes connected with necessary
maintenance and logistic resources (e.g. support
personnel, spare parts) delivery for a specified period
of time, under the specified operational conditions.
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3. FACTORS THAT DETERMINE
LOGISTIC SYSTEM RELIABILITY

Taking into account the presented above
different approaches to logistic system reliability
definition, authors of this study investigate in more
depth the supply chain reliability perspective. The
reliability definition is taken from [45]. Supply
chain may be defined as an integrated process wherein
a number of various business entities (like suppliers,
manufacturers, distributors, and retailers) work
together in an effort to: (1) acquire raw materials, (2)
convert these raw materials into specified final
products, (3) deliver these final products to retailers
and final customers [4]. Such a logistic network is then
characterized by a forward flow of materials and a
backward flow of information. As a result, the
reliability and efficiency of supply chain performance
can be affected by many different factors. One can find
many models in the literature which are concerned
with material procurement, production, transportation,
storage or distribution activities. However, lot of them
treats each stage of supply chain as a separate system
[12]. As a result, many of the supply chain interactions
are ignored. This may led to improper identification of
elements, which may influence the proper
performance of a given chain (Figure 1).

| SUPPLY CHAIN PERFORMANCE |

—

‘ POLICY MEANS ‘

Documentation
Information infrastructure
Personnel
Suppliers/retailers

Inventory policy
Manufacturing policy
Order managementpolicy
Supply planning policy
Distribution policy Maintenance and logistic
Demand planning policy supportmaterials
Maintenance policy * Maintenance infrastructure

MAINTAINABILITY | * Desiredlevel of maintenance
AVAILABILITY ‘ * Time indicators
RELIABILITY ‘ ¢ Reliability requirements

SUPPORTABILITY \ ¢ Design for support

Fig. 1. Reliability, availability, maintainability and
supportability in achieving supply chain performance
Source: [5, 36, 53]

Supply chain networks are vulnerable to
disruptions and failure at any point in the supply
chain may cause the entire network to fail. A key
factor in effective supply chain management is the
ability to minimize the effects of such undesired
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events/disruptions occurrence. As a result,
understanding what disruptions may occur in a
supply chain, how they will affect a supply chain
system, and how far reaching these effects will be,
would be of considerable benefit [56].

Treating the supply chain disruptions as
unexpected events occurrence, we can describe
them as having uncertainty in supply chain
operations [56]. Uncertainty in the supply chain
can be seen from different aspects, such as [48]:

e time (in the sense of duration of
activity/process, starting/ending moment of
activity realization, frequency of
activity/demand occurrence),

e quantity (of supply, demand or physical transfer
of goods),

e location/place (where activity starts/ends),

e quality ( of service/products),

e cost (fluctuation, occurrence).

For example, Landeghen and Vanmaele in their
work [22] profiled sources of uncertainty in the
supply chain. They highlighted 13 sources of
uncertainty across three supply chain’s planning
horizons (operational/tactical/strategic) and
categorized them as Low, Medium and High.

Taking the presented perspective of supply
chain disruptions definition, we can identify the
main factors which influence the supply chain
reliability (Figure 2). The factors which may affect
supply chain reliability are divided into five main
groups. The first two regard to supply reliability.
At the beginning of supply chain even the most
reliable supplier could have a late delivery
disrupting the whole production process.
Moreover, improper supply process parameters
could lead organizations to reschedule the regular
production because running out of raw materials.

Problems with manufacturing process are the
second source of supply chain unreliability. For
example, a new machine could fail to work
unexpectedly, even if it has just been purchased.
The production process interactions, its stability,
manufacturing lead time or changes in production
technology are mostly unpredictable and usually
hard to measure.

Finally, at the end of supply chain random
customer demand is the most challenging problem,
as well as the distribution process parameters. An
inaccurate forecast of customer demand could lead

to overstock or under stock, what could cause the
increase of inventory costs of organization
performance. Moreover, decisions made during
supply chain designing process in the area of
distribution process performance also have the
influence on chain reliability. The variability of
retailers/distribution centers performance, quality
of transportation process, quality of demand
planning process or information availability and
accuracy may significantly disturb chain
performance and lead to decrease of achieved
customer satisfaction level.

The researchers pay the most attention to
demand uncertainty [25]. The errors in forecasting
the customers’ demand could be e.g. changing
customers’ preference, irregularity of customer
orders in terms of time, quantity and quality. Thus,
in this paper authors focus on demand planning
process and its quality.

4. DEMAND PLANNING PROCESS

Demand planning is the first step of business
planning. As business are moving towards a
demand planning becomes the initial step to
subsequent business and operations planning
process such as purchasing, production,
distribution and cash flow planning.

Thus, the performance of a business depends on
a large extent upon the quality of the demand plan.
The forecasting process is critical for the business
success achieving because poor forecast can lead
to insufficient or unnecessary high, finished good
stocks, unused raw materials, misused production
assets, and low margin. The forecasting and
demand processes become more critical and
difficult because of market evolving, what cause
increased pressure on products life cycles,
increased global competition and business turmoil.
Companies that establish demand planning practice
have significant competitive advantages. Every
enterprise should make forecast irrelevant to their
market sector, size or business activities.
Appropriate demand planning process can improve
the quality of forecast especially when the increase
of number of customers, markets and products can
be observed.

The high quality demand planning process is
usually understood as:
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1. Improved customer service level — a good
demand forecast enables better response to
actual customer demand with the available
goods or services on time;

2. Lower inventory levels and related costs — an
accurate demand forecast allows reduced
inventory level and thus the costs of
maintaining satisfactory service level;

3. Improved purchasing and procurement — a good
demand plan leads to better planning of
purchasing and procurement, which reduces
costs of materials and improves relationship
with suppliers;

4. Better use of production assets — an accurate
demand plan is the basis of correct production
planning, leading to more effective use of
internal and external assets.

UNCERTAIN ENVIRONMENT (undesired events occurrence, e.g. strikes)

SUPPLIER
PERFORMANCE

+ Supplier unreliability
+ Supplier quality

+ Limitation of supplier MANUFACTU G
production capacity b < RIN
+ Delivery limitations PROCESS

* Manufacturing strategy
+ Production planning and

SUPPLY PROCESS ::““d“_]:""; .
TERS apacity planning
PARAME Inventory availability

Information delays
Machines breakdowns

+ Random time of delivery,

*  Quantity of delivery stock
policy

Inventory critical level
Inventory availability
Failuresin delivery process
Information availability,
reliability, and delays

DEMAND
UNCERTAINTY
\"‘ SUPPLY CHAIN
RELIABILITY
/ g
DISTRIBUTION
PROCESS

Demand planning process
Number of facilities
Facility allocation
Random transportation
times

Failuresin delivery process
+ Informationavailability,
reliability, and delays

policy)

SUPPORT AND MAINTENANCE INFRASTRUCTURE (infrastructure failures, maintenance strategy, inventory

time to failure, random repair time)

RELIABILITY STRUCTURE AND PARAMETERS (logistic system configuration, logistic response time, random

Fig. 2. Main factors which influence supply chain reliability

Demand planning process depends on the
model of collecting information from the market. It
is important to look beyond the enterprise to create
correct demand planning process. Two main
models can be descried - information sharing and
non-information sharing models [9].
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The initiator ofthe first model is the
plan determined on the basis of historical data —
most sales forecast. Manufacturer does not collect
the information about retailer's orders and its sales
data. This model is shown in the Figure 3.
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Fig. 3. Mid and short term planning process in manufacturing companies

Source: [37]

The demand planning process starts when
appropriate numbers of historical data are
gathered. However, not only this information
should be taken into consideration. The demand

planning process ought to consist of marketing and
sales input, statistical analysis, business plan and
strategy and product/brand management [14], as it
is shown in the Figure 4.

'

Sales/demand history

CALCULATE STATISTICAL
FORECAST

l

resources, business plan a
strategy

FIRST MODIFICATION OF
STATISTICAL FORECAST

—

Company information —
nd

l

urrounding information —
customers, competition,
technology, economic trend

SECOND MODIFICATION OF
STATISTICAL FORECAST

l

Product/Brand
management

DEMAND PLAN

}

REPLANNING PROCESS

Fig. 4. Demand planning process

Demand planning process starts with demand
forecasting, which is a key process for maintaining
efficiency throughout supply chain [14]. When
demand forecasting is considered as a process, the
company has clear cut goals and predefined
priorities towards it [28]. However, some problems

appear to arise with demand forecasting. These
problems correspond to making a forecast, which
is based on pure historical data that could cause
errors. It also causes a repetition of mistakes due to
processing without understanding true customer
demand [38]. This is the reason why demand
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forecasting should change or evaluate into demand
planning based on multiple inputs. The correlation
between planning and forecasting is shown in the
Figure 5.

The forecast is modified using information
from the company (resources, production capacity
etc.) and environment (customers, competition,
technology, economic trend etc.). In the second
step, it is compared with business plan and
strategy: if margin and profit is achieved, business
plan is accomplished. The third step puts the
product/brand management on the received plan.
The final plan should take into consideration
assumptions like: promotional and event planning,
new product development, product launch and exit
plans, product life cycle, product pricing plans,
brand and category plans and competitors’ product
tactics.

Favorable situation for the company is
connected with planning in the area of interaction
with  others. Sharing information allows
determining the forecast based on the procurement
and no historical data. The mid and short term

collaboration planning process in manufacturing
companies is shown in the Figure 6.

‘ ENVIRONMENT ‘
:} DATABASE ‘
PLANNING PROCESS FORECASTING
METHODS
¥ ¥
FORECAST

ACTIONS ‘

‘ RESULTS ‘

\
Fig. 5. Correlation framework for planning and
forecasting

Source: [1]

Mid i
orm Demgnd Master planning Demand
planning | planning
‘ Production Distribution ‘
Purchasing and planning planning
f fI.I)emand material Demand Purchasing
ul '”:“Er:t and requirement fulfilment and | | and MRP
Short ava:‘c?rr:'!stg || planning (MRP) . Transport availability to
term promi Scheduling planning promise

Collaboration

Collaboration

Fig. 6. Mid and short term collaboration planning process in manufacturing companies

Source: [30]

This model can be characterized as continuous
planning process. The customers are the initiators
of the process and sales collaboration is crucial.
Co-operating companies share information on
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demand patterns, lead times, process and product
configuration. If the collaborations are managed
appropriately then the downstream supply chain
will not lose its capability to promise lead times to
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customers and at the same time minimize the total
costs of the supply chains [21]. Thus, each of the
two shaded blocks in Figure 6 represents both sales
and procurement collaboration to create a common
and mutual agreed-upon plan [10]. Furthermore,
sales and procurement collaboration should also be
supported by using, for instance, vendor managed
inventory (VMI) by sharing demand and inventory
information amongst enterprises or factories such
that it creates demand collaboration, inventory
collaboration, capacity collaboration, and transport
collaboration, as shown in the Figure 6 [20].

In this model the demand planning process starts
when customer’s orders are collected. The statistical
forecast is replaced by procurements. However, other
sources of information are also needed to calculate
accurate demand plan (Figure 7).

\\

Demand Plan:

* Procurement

* Inventory Level

* Business Plan and

| Strategy

| * Product/Brand
Management Input

* Marketing Input

\\
-~

"~
—

Fig. 7. Sources of information for demand planning
process

Source: [54]

The enhancement of the demand plan quality
depends on the model of business planning used in
companies. There are two main ways to increase
forecast quality:

e increase forecast accuracy — for the first model
presented in Figure 3,

e efficient information flow [16] - for the second
model presented in Figure 6.

The data quality of the forecast becomes worse
when the demand is estimated multiple-step-ahead
and without external data. It is more reliable to use
today’s facts to forecast demand of tomorrow
rather than those of the next year [9]. It is more
reliable to use clients’ procurements rather than
historical demand (usually sales data).

5. CASE STUDIES

In this part of the article two cases will be
considered. The examples presented below
illustrate leading manufacturing companies from
the appliance industry. One of the producers
cooperates in no-sharing information model, the
second one in the opposite model. If the company
operates without the possibility of obtaining
information from the market the demand planning
has to be based on historical data. In this case, a
proper selection of forecasting models becomes
important. However, if the company operates in an
integrated environment and it is possible to use the
procurement forecasting models, the problem of
forecasting models selection does not play an
important role. For both the cases, at the forefront
are an information flow systemand its
performance reliability.

5.1. MANUFACTURER COOPERATES IN
THE NO-SHARING INFORMATION
MODEL

In no-sharing information model the quality of
forecast can be defined by many different
parameters such as customer service level,
inventory level, costs of materials, effective use of
internal and external assets, forecasting accuracy,
etc. In analyzed company three indicators are
compared:

1. Forecasting error MAPE [29]:

MAPE = 237, [%25|-100%  (5)
n Ot

where:

MAPE = Mean absolute percentage error [%],
O, = Order quantity at time ¢ [pcs],

F, = Forecast quantity at time ¢ [pcs]

2. Average inventory level [55]:
1 n
I,==->1 (6)
n -
where: [; = Inventory level [pcs]; [, = Inventory

level at time ¢ [pcs]

3. Rate of completed orders which could be
called as an level of customers service [55]:

\| 100% (7
)

e
niI 0

c
t=1

t

87



Influence of the Demand Planning Process on Logistic System Reliability. Case Study

Logistics and Transport N° 2(13)/2011

where: O, = Rate of completed orders [%], O, =
Order quantity at time ¢ [pcs], S, = Sales quantity at
time ¢ [pcs]

In the first company, the forecast is calculated
as an average sales level using data from previous
year. Almost in every appliance sector, demand
fluctuations can be observed due to seasonality,
however they were not taken into consideration.
Such planning performance results in quite large
demand forecast errors achieving, reaching even
40%.

For the case company, the forecast error MAPE
equals 14.95%, rate of completed orders - 90%,
and average inventory level - 19 621 pieces.
Obtained results indicate that customers are
satisfied in 90%. Detailed information is shown in
the Figure 8.

The main problem is connected with choosing
the incorrect forecast model during the demand
planning process. Coefficient of variation
computed for sales data equals 17%. This value is
too high to use naive forecasting methods.

In the next step, there has been determined
demand forecast using adaptive models which are
adequate for the given data. This allowed to obtain
the following results: the forecast error MAPE —
5.,83%, rate of completed orders - 97% (Figure 9)
and average inventory level - 14 194 pieces. As a
result, for the presented case company, in the
demand planning process one of the key elements
has been improved — chosen methods of
forecasting. This company was able to raise the
customer service level by 7% while reducing
inventory level of 28%.
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Fig. 8. Rate of completed orders when forecast model
has not been chosen properly
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Fig. 9. Rate of completed orders when forecast model
has been chosen properly

5.2. MANUFACTURER COOPERATES IN
THE SHARING INFORMATION MODEL

In the case of companies operating in the
sharing information model, system reliability
measurement  becomes more  complicated.
Generally, the primary object of measurement is
the correct process and quality of information that
provides an adequate customer service level
through the service on time. The quality of the
forecast could be defined as the correct process of
information flow, because the forecast for the
manufacturer is customer’s procurement. For the
sharing information model the forecast process
quality can be measured e.g. by:

1. Time of the whole process [2]:

1"
P=-Y4 8
nZ (®)

where: P, = Time process [hours]; 4,
Execution time activity at time ¢ [hours]

2. On time customers’ service [55]:

C = {Z(Pfﬂ) 100% ©)
n = R )
where: C; = Customers’ service performed on
time [%], P, = All procurements at time ¢ [pcs], Pd;
= Procurements delayed at time ¢ [pcs]

A demand planning process being implemented
in manufacturer of home appliances industry is
shown in the Figure 10. The execution time is
measured to give authors a possibility of making
the improvement of this process. In this case the
problem is connected with the communication
process. During the process performance two main
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disadvantages could be observed: the clients’
approvals are involved twice and the customers are
informed by two distinct departments. Customers
must confirm the orders in accordance with the
production  capacity, and then orders are

Time
[hours]

Planning

Customers Department

Annual procurement E I
forecast

Checking the capacity of
production for three 7
months

Updated annual E
procurement forecast

Introduction to MRP 2

Checking the capacity of 1
suppliers

Updated annual E
procurement forecast

Confirmation of mid-term E
plan for 3 months

Short-term plan for 1 E ¢
months

Transfer orders for
production

customer

,,,,,,,,,,,,, i . E

determined from the capacities of the suppliers.
The clients are informed by two distinct
departments: the customer service and the
planning department. The process lasts 67 hours,
what gives about 8.5 working days.

service Purchasing Production
Department Department Department
-
A
E
- A

Agenda:
- Executor

A - Accepting

| - Informed/informing

Fig. 10. Demand planning process being performed in the analyzed case company

If the process sequence is changed and the
responsibility for customers contacts is moved to
the customer service department, a quality level of
the process — the efficiency of information flow,
should improve. The proposed changes are shown
in the Figure 11. The change of the process helps
to reduce the time involved in demand planning
process by 24%. Now, mid and short term planning
takes place within 51 hours, which gives about 6.5
working days and shorten the process by 2 days.

6. CONCLUSIONS

The demand planning process and demand
forecasts play an important role in many supply
chain  decisions. For example, inventory
management decisions, production planning and
scheduling decisions are made on the basis of
developed demand plans. As a result, the reliable
performance of supply chains cannot be obtained
without making of high quality forecasts.

As it can be seen from the case studies, the
model of collecting information from the market

plays an important role in the demand planning
process. The main differences are: the forecast
calculations and system reliability. The possible
quality measures, that are possible to be used when
forecasting the customer demand, are given in the
Figure 12.

Moreover, logistic performance measurement
systems are dedicated to concrete supply chains.
As a result, one can use many different measures to
analyze the level of demand planning process
quality and supply chain reliability. Thus, the
proper choice of performance measures depends on
e.g. operational data being gathered in a system,
used integrated systems or personnel skills. To sum
up, the paper is to be the starting point of
consideration about the role of demand planning
process in supply chain reliability achieving and
maintaining. In the next step, authors could focus
their research affords on the investigation of
supply chain unreliability factors (unwanted
events) extended classifications e.g. in terms of
time resource having, or informational flow
likelihood perspective.
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Time Planning
[hours] Customers Department
______________________________ »
Annual procurement forecast 1 E :
Checking the capacity of - E «
production for three months
Introduction to MRP 2 E
. . I
Checking the capacity of 16
suppliers
Updated annual procurement 16 E
forecast
Confirmation of long-term 4 E
plan for 3 months
Shart-term plan for 1 months 4 E =

Transfer orders for production

Fig. 11. Revised demand planning process for the analyzed case company (Agenda like in Fig.

CSUSEES ' Purchasing Production
Department Department Department
I
________ - A
M m e E
A
______________________________________ .
10)

MODEL

Standard planning process in
manufacturing companies

Collaboration planning process
in manufacturing companies

l

l

FORECAST

Forecasting process

Information flow process

l

l

QUALITY EVALUATION

MAIN MEASURES:

Forecast errors
Inventory level

Customer’s service level

MAIN MEASURES:
* Process time
+ Customer service performed
on time

L L

L

SUPPLY CHAIN RELIABILITY LEVEL

Fig. 12. Quality in the demand planning process

LITERATURE

[11 Armstrong J. S. Strategic Planning and Forecasting [4]
Fundamentals in Kenneth Albert (ed.), The Strate-
gic Management Handbook, New York: McGraw
Hill (1983).

[2] Badavas P.C. Real-time statistical process control. [5]
Prentice Hall (1993).

[3] Ballou R. H. Business logistics/supply chain man-

90

agement. Pearson Education Inc., New Jersey,
(2004).

Beamon B. M. Supply Chain Design and Analysis:
Models and Methods. International Journal of
Production Economic (1998) Vol. 55, No. 3: 281-
294,

Blanchard, B. S. Logistics Engineering and Man-
agement (5" Ed). Upper Saddle River: Pearson
Prentice Hall (2004).



Logistics and Transport N° 2(13)/2011

Influence of the Demand Planning Process on Logistic System Reliability. Case Study

[6] Bundschuh, M., Klabjan, D & Thurston, D. L.
Modeling robust and reliable supply chains. Uni-
versity of Illinois at Urbana-Champaign, (2003).

[71 Catuneanu V. M., Moldovan C., Popentin, Fl.,
Gheorghin M. Optimum system availability and
spare allocation. Microelectronic  Reliability.
(1988) Vol. 28, No. 3: 353-357.

[8] Chaberek, M. (ed.). Micro- and macroeconomic
aspects of logistic support. (in Polish) Gdansk:
University of Gdansk, (2002).

[9] Chen P.Ch., Wolfe P.M. A data quality model of
information-sharing in a two-level supply chain.
International Journal of Electronic Business Man-
agement, (2011) Vol. 9, No. 1, pp. 70-77.

[10] Chen, W.L., Huang, C.Y. and Lai, Y.C. Multi-tier
and multi-site collaborative production: illustrated
by a case example of TFT-LCD manufacturing.
Computers in Industry, (2009) Vol. 57, pp. 61-72.

[11] Christopher M. Logistics and supply chain man-
agement (In Polish). Polish Center of Logistic
Consulting, (2000).

[12] Cohen M. A., Lee H. L. Strategic analysis of inte-
grated production-distribution systems: models
and methods. Operational Research (1988) 36, 2:
216-228.

[13] Coughlin R. J. Optimization for spares in a
maintenance scenario. Proceedings of Annual Re-
liability and Maintainability Symposium, (1984).

[14] Crum C., Palmatier G. E. Demand manage-
ment best practices: process, principles, and col-
laboration. Integrated Business Management Se-
ries, J.ROSS Publishing, USA (2003).

[15] DSP Strategy for Supporting and Promoting Lo-
gistics Readiness: Interoperability and Logistics
Readiness. ITP, (2001).

[16] Forslund H., Jonsson P. The impact of forecast in-
formation quality on supply chain performance. /n-
ternational Journal of Operations & Production
Management, (2007) Vol. 27 No. 1, pp. 90-107.

[17] Graves S.C., Kelson J. System balance for extend-
ed logistic systems. WP No. 1253-81, (1981).

[18] Gross, D. & Pinkus, C. E. Designing a support sys-
tem for repairable items. Computer & Ops. Res.
(1979) Vol. 6: 59-68.

[19] Huang L.-Sh. SCRM: 4 Decision Support Method
for Improving the Reliability of Supply Chain.
Thesis Id: 089NCU00041015, (2001).

[20] Kilger, C., Reuter, B. Collaborative planning in
Stadtler, H. and Kilger, C. (Eds), Supply Chain
Management and Advanced Planning: Concepts,
Models, Sofiware and Case Studies, 2nd ed.,
Springer, Berlin (2002), pp. 223-37.

[21] Kristianto Y., Ajmal M.M., Helo P. Advanced
planning and scheduling with collaboration pro-
cesses in agile supply and demand networks. Busi-
ness Process Management Journal, (2011) Vol. 17
Iss: 1, pp.107 — 126.

[22] Landeghem H. V., Vanmaele H. Robust planning:
A New Paradigm for Demand Chain Planning.

Journal of Operations Management. (2002) Vol.
20, No. 6: 769-783.

[23] Lee Y-H., Lin W-T. Modeling the Measurable Re-
liability on Complete Global Logistics Systems.
Fourth International Conference on Networked
Computing and Advanced Information Manage-
ment. (2008).

[24] Lewitowicz J. Risk in Logistics (in Polish). Logis-
tics (2007), Vol. 5/2007.

[25] Li L., Schulze L. Uncertainty in Logistics Network
Design: A Review. Proceedings of the Interna-
tional MultiConference of Engineers and Comput-
er Scientists 2011, Hong Kong (2011) Vol. II.

[26] Lin W-T., Wu F-T., Lee Y-H. An extended relia-
bility model for global logistics systems under un-
certain environment. International Journal of Elec-
tronic Business Management. (2003) Vol. 1, No. 1:
46-53.

[27] LG102T4: Materiel Readiness Metrics. Logistics
Management Institute, (2003).

[28] Makridakis S., Wheelwright S. C. Forecasting: is-
sues & challenges for marketing management.
Journal of Marketing, (1997) Vol. 41 Issue 4, pp.
24-38.

[29] Mentzer J. T., Moon M. A. Sales Forecasting
Management. A Demand Management Approach.
London: SAGE Publications, (2005).

[30] Meyr H., Rohde J., Schneeweiss L., Wagner M.
Structure of advanced planning system, in Stadtler,
H. and Kilger, C. (Eds), Supply Chain Manage-
ment and Advanced Planning: Concepts, Models,
Software and Case Studies, 2nd ed., Springer, Ber-
lin, (2002) pp. 99-104.

[31] Miao X., Xi B., Yu B. Triplex-network design for
research of supply chain reliability. African Jour-
nal of Business Management. (2010) Vol. 4(1): 31-
38.

[32] MIL-HDBK 502. Defence Handbook: Acquisition
Logistics. Washington D.C.: Department of De-
fense, (1997).

[33] Nowakowski T. Dependability of logistics systems.
Wroclaw Technical University Publ. House,
(2011).

[34] Nowakowski T. Problems of logistics system de-
pendability assessment (in Polish). Materials of
XXXV Winter School of Reliability, ITeE, Radom,
(2007).

[35] Nowakowski T. Analysis of possibilities of logistic
system reliability assessment. In proc. symp.:
ESREL 2006 Conference. Estoril, 18-22 September
2006. Estoril: Balkema, (2006).

[36] Nowakowski, T. & Werbinska, S. Problem of lo-
gistic system availability assessment. In proc.
symp.: X Total Logistic Management Conference.
Zakopane, 7-9 December 2006, (2006).

[37] Rohde, J. Coordination and integration, in Stadtler,
H. and Kilger, C. (Eds), Supply Chain Manage-
ment and Advanced Planning: Concepts, Models,
Software and Case Studies, 2nd ed., Springer, Ber-

91



Influence of the Demand Planning Process on Logistic System Reliability. Case Study

Logistics and Transport N° 2(13)/2011

lin (2002), pp. 211-222.

[38] Sarang D. N., Laxmidhar M. master’s thesis, Ex-
ploratory Investigation of Sales Forecasting Pro-
cess and Sales Forecasting System. Case Study of
Three Companies. Jonkdping International Busi-
ness School, Jonkdping University in Sweden
(2006).

[39] Sarkar J., Li F. Limiting average availability of a
system supported by several spares and several re-
pair facilities. Statistics and Probability Letters
(2006) Vol. 76, Issue 18:1965-1974.

[40] Sheffi Y. Supply chain management under the
threat of international terrorism. [Infernational
Journal of Logistics Management (2001) 12, No.
2:1-11.

[41] Snyder, L.V. Supply Chain Robustness and Relia-
bility: Models and Algorithms. Ph.D. dissertation,
Northwestern University, Department of Ind. En-
gineering and Management Sciences (2003).

[42] Snyder, L.V., Daskin M. S. Models for Reliable
Supply Chain Network Design. Invited paper, in
Reliability and Vulnerability in Critical Infrastruc-
ture: A Quantitative Geographic Perspective, Alan
Murray and Tony H. Grubesic, editors, (20006),
Advances in Spatial Science Series, Springer.

[43] Snyder, L. V., Daskin M. S. Reliability Models for
Facility Location: The Expected Failure Case.
Transportation Science (2005) 39: 400-416.

[44] Subramanian R., Natarajan R. An n-unit standby
redundant system with r repair facilities and pre-
ventive maintenance. Microelectronics and Relia-
bility (1982) Vol. 22, No. 3: 367-377.

[45] Thomas M., U. 2002. Supply chain reliability for
contingency operations. Proceedings of Annual
Reliability and  Maintainability ~ Symposium,
(2002). Available at:

[46] http://ieeexplore.iece.org/iel5/7711/21135/009816
21.pdf (29.11.20006).

[47] Vidal C. J., Goetschalckx M. Modeling the effect
of uncertainties on global logistics systems. Jour-
nal of Business Logistics. (2000) Vol. 21, No. 1:
95-120.

[48] Vlajic, J.V., van der Vorst, J.G.A.J., Hendrix,
E.M.T. Food supply chain network robustness - A
literature review and research agenda. Proceed-
ings of the International Conference on Manage-
ment in Agrifood Chains and Networks. 2008, Wa-
geningen, the Netherlands, (2008): 1 —17.

[49] Wang, N., Lu J. Reliability Modeling in Spatially
distributed Logistics Systems. [EEE Transactions
on Reliability (2006) Vol. 55, No. 3: 525-534.

[50] Wang, N., Lu J., Kram P. Multi-scale spatial mod-
elling for logistic system reliability. (2004).
www.cpbis.gatech.edu/research/findings/
(11.12.2006r.)

[51] Werbinska S. Interactions between logistic and op-
erational system — an availability model. Proceed-
ings of ESREL 2007 Conference, Stavanger,
(2007).

92

[52] Werbinska S. The reliability model of logistic sup-
port system with Time Dependency. (in Polish)
(2007) Logistics 3/2007.

[53] Werbinska S. Model of logistic support for exploi-
tation system of means of transport. Ph.D. disserta-
tion, Wroclaw University of Technology (2008).

[54] Wight O. Companies, Olivier Wight ABCD Check-
list for operational Excellence, John Wiley &
Sons, (2001).

[55] Wild T. Best Practice in Inventory Management.
Great Britain: Butterworth-Heinemann, (2002).

[56] Wu T., Blackhurst J., O’Grady P. Methodology for
supply chain disruption analysis. International
Journal of Production Research (2007) Vol. 45,
No. 7: 1665-1682.

Natalia Szozda
Uniwersytet Ekonomiczny we Wroclawiu
Natalia.szozda@gmail.com

Sylwia Werbinska-Wojciechowska
Politechnika Wroctawska
Sylwia.werbinska@pwr.wroc.pl



