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Abstract

Thisresearch is a case study of making an improvement in demand planning. As an
overview of the stationery business presents the need to manage with various SKU and
groups of products; this can be the reason for barely managing demand forecasting. The
interesting point of running a business with many SKU and brands isto fulfill the customers
demand as much as possible. Therefore, the methodology or the process which can improve
demand planning or reduce forecasting error is an important finding for this research.

The methodology processis set up by using historical sales data and simulated with
some forecasting techniques under the Top down and Bottom up approaches. The results
between those two approaches are compared until the better one emerges. That suitable
technique is then applied to the current year or a particular situation, to see how the
forecasting accuracy has been improved or not.

In this case, the simulation has been run with two situations which are High growth
and Stable growth. These two groups are sel ected because their demand variations have been
different. Moreover, the testing proves which approach, Top down or Bottom up, is suited to
which one of these two groups. The result shows that both high and stable growth items had
rather use the Top down approach. The reason behind is that monthly share of salesis not
quite at variance, and so the sales pattern is not too dynamic.

Finally, the most suitably technique chosen can be used to generate sales forecasting
with the coming new year, and it also can affect other aspects, such asinventory level, safety
stock, and service rate.. Those kinds of effects can be converted to a monetary value of

contribution to the organization by having a better demand planning process.
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Chapter |: Introduction

1.1 Background of the Study

The stationery businessin Thailand is worth 5,000 million baht ayear and
there are presently three major companies earning more than a billion baht in annual
sales, including D Stationery (an alias name), Nanmee, and Sanford.

The company which isthe focus for this study, isthe D Stationery Company
which operates mostly a make-to-stock business. The company is faced with a
challenge of demand planning and stock planning so that the right amount of
inventory will be always available to accommodate the uncertainty of customer
demand. The sales of the company are in the range of 1,000 to 2,000 million baht a
year generated from athousand stock keeping units (SKUs). The company serves
traditional stores who act as resellers for the company. These stores require timely
product replenishment and if there is any shortage the stores may immediately switch
to other manufacturers. In some years, sales dropped because of poor demand and
stock planning, despite the launching of an expensive marketing promotion
campaigned. The company has suffered from the fact that customers demand cannot
be adequately served during many high-selling seasons.

Sometime, the customized products, or high involvement category, will not be
much affected by time spent waiting for goods to arrive, compared with mass items.
Due to the reason of making-to-order, the consumer will perceive that the lead timeis
longer and the degree of availability islower. The nature of the stationery businessis
that it is a mass production business with low involvement. Every time that
backorders have been occurring in the process, it forced the company to search for
some direction for improvement, and it is hard to implement aflexible plan in both

the production line and in buying raw materials.



More than 50% of sales which are lower than expected is not caused by

competitors' actions, such as price cutting, new product launching, and attractive

promotion, which match our main selling items or leading items. D Stationery

Company is one of the biggest stationery companies and has a very strong channel

strategy with traditional trade. It is that uniqueness which supports the company in

pushing its products in the stores, and the relationship with many stores has existed

for more than 50 years. The reasons behind low sales arise from no stock preparation

for demand or for production capacity. However, the demand forecasting management

improvement is expected to be value for money worth 10 million baht ayear at an

aggregated level.
Back Order Value: Office Products Group
At the end of Dec 07
Value
Value Pending | Total Value
NO Group Group Name BackOrder | For Sale | BackOrder
1 512 Lever Arch Ale 5,064,341 831,658 5,895,999
2 502 File 4,458,010 297,892 4,755,902
3 521 Sticker Label 1,431,080 16,031 1,447,111
4 534 Education File 1,060,003 129,690 1,189,693
5 516 Note BOOK 457,300 79,377 536,677
] 535 Education Books & Pad 328,947 91,211 420,158
7 302  |Pen (Ball piont, Gel Ball} 389,924 29,609 414,533
322 tonechish-Fiund-F en-Tape 239,497 1,023 240,520
9 538 Cash Receipt & Delivery Bill 190,054 23,192 213,246
10 531 Staplers-Punches-Staples 174,688 35,458 210,146

Figure 1.1 Back order value of stationery items (Source from D Stationery Company)

Figure 1.1 shows the total value of products for which people have had to

wait. (The figures are tracked over a period of time). The red highlight shows the




back order value of the sticker label group at 1.4 million baht at that time.
Furthermore, not only the management needs to improve forecasting but also need to
focus on inventory management in term of safety stock and contingency planning
which can react to the demand variables.

Therefore, the company does have chance to improve the gap of demand
forecasting errors and inventory problems, which are the main weaknesses. That
would create a possible growth rate in the sales volume and reach the target set.
Neverthel ess, the company obviously needs to realize the cause of the problems
before moving on to implement strategic improvement and trying to develop a better
forecasting process.

1.1.1 Company background

D Stationery Company is alocal company which is a manufacturer and
distributor of well-known stationery products such as"ELEPHANT" file and sticker
labels. The company also imports products, such as pens and pencils from Germany,
water colors (color set) from America, and stencil paper from Japan, from the original

manufacturers, and some products from the Original Equipment Manufactures

(OEMS).
3PL by Supplier 3PL by DIMS By hidding
Sea freight 3;)1;1{1:51 Truck may - Govemwent
Truck only - Instihatiom
rucl - Organizztion
Supplier 1 India Statimary shop e
s DHAS ModemFraek '—
—_— Warehouse (BEESubarban) End-consumer
Na (1
] Bang Na (1) dock (3 —
Supplier 2 China - WMS by 3L Stationary shop End-cansum
e - HPCS Madmang. /"
@S— - Inspecton (4 regions)  ———
- Repacking North End-consumer
_ - Packing Northeast
Supplier 1 ' South e
Thailand{Ttockn) East End-com
West
Madeiing & Sales
Tnbound logistic Operation : Oubownd bgisic - Services

Figure 1.2 lllustrates the D Stationery Co.'s Supply chain



At present, the company sells 2,000 - 3,000 SKUs and has more than a
thousand outlets throughout the country.

D Stationery Co. procures the resources and raw materials from many
countries which are transported by the third party logistics. After the arrival of goods
at the company's warehouse, they will pass through the process of receiving,
inspection, and packing. The management of these operations is controlled by
counting and management by an Enterprise Resource Planning System named
“BPCS” and “WMS”. Finished goods would be kept in stock (make to stock) and
distributed by alocal 3PL service provider through various sale channels such as
traditional stores and modern trade, I T stores, and direct users.

The company is facing the challenge of preparing the right level of finished
goods in inventory to serve fluctuating customers demand. The stock planning
begins with demand planning to forecast customer demand. As demand forecasts
serve as the basis for the planning of almost all aspects of the company's operation,
the quality of demand forecasts certainly affects the capability of the company to

accommodate the customers demands in the most effective and efficient fashion.

1.2 Statement of the Problem

First of al, the main focus of this problem comes from the demand processin
the organization. The nature of estimated committed sales would come from the
meeting of the sales director, demand planner, marketer, sale manager, and production
team. Normally, the demand planner will analyze and show the proposed sales figure
from their calculation using software support which is called Point of Forecast. It

seems that the method of generating the figure is from the judgment of the demand



planner. The inventory and back orders of the goods at that time would be proposed
with the new sales figure which is expected to cover the demand in future.

The sales director would analyze the sale figure from the demand planner with
support information from the marketing team, production, and sales team, to see
whether it is possible to approach the market with this estimate or not. After that, the
sales director will finalize the sales figure based on his experience and judgment. If
all parties have agreed on that figure, demand planning would have finished for that
group of products or that item, and would then start with the next group.

The mistaken did not happen immediately, but happened after the sales had
been running for some time. The sales director and the other team involved, would
monitor their sale forecasting through the COGNOS on web program. This program
will conclude the actual sales which can be compared with the sales forecast. The

effective planning would be shown at that stage.

Cognoz PaweiPiag iziarey fmkt40) Il sozolt Irdoine

e B e

b L

Back Fraean Aedmaly 2 %

Afsis 0 1 ésegbiveedse ieft x| Pho ik 2
Wb T P Pravien
ieAse 512LAB  E ] {Cus omer I | 2

;Catagories { E}

v
on 0112007 _2™%7 (327 B4
iae values

1018241 AQ | ABEL A4S:210X39Fmun (PHEG) 4387 4165 13992 3772 15644 12107 7822 1@ 3,078
120050 | AB STICKER WHITE MATTE A4 (60F/75B) 1019 302 655 28 970 554 227 315 73
U & & M DROMPKD 9 32 418 319 EB 329 72 34 L4
120416 Elphant Sticker PVC Transpareccy Size Ad 543 547 1376 465 334 64 450 3021 285
120737 | AB Sticker White Glossy A4B013061 848 621 1478 &2 79 1 & 934 77
52122 LAB LABEL Ad 5957 17919 5349 17613 13053 9215 15450 3427
152122 LAB LABEL Ad

o o O o o o

Figure 1.3 Sale report from COGNOS on web
Figure 1.3 shows the data from the sale report of "sticker label" products for
the Year 2007. The data clearly illustrate a good example of the fluctuation in

monthly demand faced by the company. The data also display a drop in the sales in

0 75,783
0 4243
0 3313
0 7,

0 4684
095171



the 4™ and 7" month of the Y ear 2007 caused by product shortages. It should be
noted that all the best selling items contributing to more than 80% of the company's
revenue have all experienced frequent product shortages. The persistence of these
shortages problems signal s the need to improve the demand planning process of the
company so as to reduce or eliminate the shortage problems.

Although the demand planning can be improved in many aspects, the area that
has received attention from both academia and practitioners is the investigation of the
rel ative advantages/di sadvantages between the top-down and bottom-up approaches in

forecasting, which is the main focus of this study.

1.3 Resear ch Objectives
The objectives of the study are two-fold.

1. Toinvestigate and compare the relative performance of the top-down
and bottom-up approaches in forecasting the customers demand in the
case company.

2. Toidentify any factors that may affect the relative performance of the

two approaches

1.4 Scope of the Resear ch

As D Stationery Company has been managing various product items, the scope of
this research focuses on the group of product which has had some different selling
pattern within those categories. The group of products which has been selected is
"Sticker label™. It can be called adirect mail or postal segment, or sticker label. This
group of products consists of two main categories which are Label A4 and Computer

label. The Label A4 has been newly launched to the market, with a high growth



pattern. The reason for selecting this group of products is because the sale volumes of
these products have grown by 40%-60% a year which is at the high growth at
expansion stage in the product life cycle. Another reason is a category (Computer
label) which has been introduced into the market for a significant time and has
experienced relatively stable sales. The findings are explored: whether the difference
in sale patterns would affect the relative performance of the two approaches of Top-
down and Bottom-up or not.

Furthermore, in the last two to three years, the company has always been faced
with the stock-out problem which made it necessary to outsource others suppliersto
run the production (normally, this group of product has been manufactured by our
plant). This missing stock is due to forecasting error over whether the company can
have under- or over- demand expectations. Therefore, this research uses simulation
testing by using the sales in the past three years, evaluated for each of the two
categories.

The idea of top-down and bottom-up approach could cope with aforecasting
technique, which can find a better approach to match the stationery business of D

Stationery Co. by evaluating the value of forecasting error.

1.5 Limitations of the Research

Even though the study focuses on the customers demand, the records kept by
the company reflect only the actual sales. It should also be noted that the results of
the study may not be generalized to other businesses or products due to the

uniqueness of the demand patterns of the product researched in this study.



1.6 Significance of the Study
* Toidentify the direction of using evaluation in forecasting which can enhance
the ability to improve forecasting accuracy in an organization.
* Helping to devel op the forecasting process and management which can fit
with the companies product type.
* To be an information support for the company which acts as a distributer or

manufacturer of the goods from the customer demand forecasting perspective.



Chapter 11: Review of Related Literature and Studies

2.1 Forecasting Definition

According to Mentzer & Bienstock (1997) sale forecasting is a projection into
the future of expected demand given a stated set of environmental conditions. Cox
(1995) says that the process of predicting future demand for products or services as a
means to schedule production is called demand forecasting. Even before a company
receives an order for a product or service, the linkage between operations and the

customer is established through demand management via forecasting.

2.2 Significant of forecasting in " Supply Chain M anagement”

Trunick (1996) says that a company's supply chain encompasses all of the
facilities, functions, and activities involved in producing a product or service from
suppliers to customers. Supply chain functions include purchasing, inventory,
production, scheduling facility location, transportation, and distribution. All these
functions are affected in the short run by product demand and in the long run by new
products and processes, technology advance, and changing markets.

Forecasts of product demand determine how much inventory is needed, how
much product to make, and how much material to purchase from suppliers to meet
forecasted customer needs. It determines the kind of transportation that will be
needed and where plants, warehouses, and distribution centers will be located so that
products and services can be delivered on time.

Without accurate forecasts large stocks of costly inventory must be kept at
each stage of the supply chain to compensate for the uncertainties of customer
demand. If there are insufficient inventories, customer service suffers because of late

deliveries and stock outs. Thisis especially hurtful in today's competitive global



business environment where customer service and on-time delivery are critical

factors.

2.3 Sale for ecasting management process

Mentzer & Bienstock (1997) say that the sale forecasting management process
consists of four main things, which are management, systems, techniques, and users.
For management, it concentrates on many approaches that can drive the forecasting
process to move on effectively. Normally, it would be top down and bottom up
approaches that are selected as the management perspective. For techniques, these
can be divided into two mains parts, which are quantitative (e.g. time-series,
regression) and qualitative. For sale forecasting system, thisis about the analysis and
communications template that is laid over the sal es forecasting management
processes. The circle diagram below shows the overview of the sales forecasting

management process.

Environment

R

System Manaaement

Techniaues

Performance measurement

Orders, shipments, marketing factors, competitive
factors, economic factors

Figure 2.1 Sale forecasting management process
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In the outer ring, the environment would encompass the availability of a
history of orders, shipments, or demand that is the data that can be used to help in
determining sales forecasts. The state of the economy and the level of competition in
the industry and the supply chain as well as possible competitive response to company
marketing policies e.g. advertising, also are factors that affect the sales forecasting

process.

2.3.1 Management:
Overview of Top-down and Bottom-up

There exists great consensus amongst authors about the conceptualization and
operational of the Top-Down (TD) and Bottom-Up (BU) sales forecasting
approaches. For example, according to Lapide (1998), under the TD approach, sales
forecasting is done first by aggregating all individual items, and then by
disaggregating these aggregate datainto individual items again, generally based on
the historical percentage of the item within the total group. In this sense, Schwarzkopf
et al. (1988) point out that in the TD approach is primarily forecasting the aggregate
total and the subsequent disaggregation is done based on the historical proportions of
each individual item. Asregards the BU approach, each one of the individual itemsis
forecasted separately and then all the forecasts are summed up in case an aggregate
forecast for the group is deemed necessary (Lapide, 1998). In other words, under the
BU approach, the forecaster prepares first the forecasts for each individual item,

aggregating them thereafter under the interest level of the analysis (Jain, 1995).

11



2.3.1.1 Top-Down Approach

According to Tomkin (2005), Top Down entails demand planning at a
summary level and a subsequent allocation or 'pushing down' of demand to products
and stores to support replenishing and purchasing activity. The Bottom Up
methodology involves the generation of forecasts at the lowest possible level (e.g.
product by location) to support execution activity and the aggregation of these
forecast to support higher level demand planning requirements.

Mentzer & Bienstock (1997) say that, in detail, top-down management would
be an approach driven by the business/ profit plan. They concentrate primarily on the
profit plan with little recognition of the impact of economic factors, marketing efforts,
or stage in the product life cycle of their product mix. Forecasting is seen principally
as atactical functioni.e. "How do we obtain the sales this month to meet the plan?”
with little impact on the development of their business plan. Moreover, it can be
stated that this approach ignores what actually was demanded.

In the case of bottom up, the concept would take data from the SKU level to
incorporate that forecast into forecasting demand. Furthermore, this approach would
focus on real demand or captured demand that cannot be fulfilled. Or it can be
concluded that the bottom up approach would be a forecasting level which is started at
the SKU/item level before seeing on overview of the figures. The top down approach
considers forecasting at a higher level (product group) before separating the

proportions to the SKU level.

Tomkin (2005) shows in the picture below how top down and bottom up approaches
can be operated. They can be adjusted with forecasting at product group level astop

down and at SKU level as bottom up by noticing the line of forecasting. The step

12



would show forecasting at DC (distribution center level) which can be indicated as
aggregated level or product group level. On the other hand, the forecasting process at

store level can be interpreted as the SKU level.

Top. Down Forecasting
Disparate Processes

VENDOR:.
; Purhaging,
il 4 rot synced with state regleishroend
5 |
| L ——
DISTRIBUTION g g R R
| //\/\/ PENTRE ; ¥ sagquives Fuatasting :
. A * w5t adigned with vhoe ssplenishmant|
s '
fudirn vighiity of eve
3 rephasisyneet
oo, caenmng S
. 1 Hadidings o Stores
Min # Max st influsnced t 1hdure denrand
g STORE STORE B
ﬂe@%&mshmﬁ*ﬂt ¥ not g to each sters reguimeent
| carmct quarantee servics levels

Figure 2.2 Top down Forecasting flow
A “Min / Max" approach is typically relied upon in absence of a store level

forecast. The Min / Max approach simply looks at available stock to determine a
replenishment requirement. What is going to be sold tomorrow, or even later that day,
is not considered. By forecasting at a store level, both stock position and future
customer demand can be used to determine replenishment requirements. Having
future visibility of demand and replenishment requirements by week or day into the
future is essential for maximizing sales potential and avoiding lost sales, especially
for promotional or seasonal lines where sales from one week to the next can vary
dramatically. An effective store level or Bottom Up forecasting approach:

- Reduces missed sales by pre-positioning stock prior to customer demand, and

- Isessentia for seasonal and promotional sales, noting that Min / Max

techniques do not recognize weekly or daily sales variations into the future.

13



However, the top down approach also can contribute some good points, as follow:
- Time has been saved in making decisions
- It suits the data of sales patterns which have been low on variation and have no
seasonality. Once the company applies this approach to such akind of product, it

will help to improve the accuracy.

2.3.1.2 Bottom-Up Approach

Bottom Up Forerasting

A Synced Supply Chain
VENDOR'.
! : e Hamer damand
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Figure 2.3 Bottom up forecasting flow
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By planning demand at a store/SKU level, there is no need to forecast at
distribution centers, nor estimate purchase order requirements. Distribution
Replenishment Planning (DRP) can be used to roll up store level replenishment
reguirements to the distribution centre or warehouse level, thereby removing
assumptions and aligning stocking, replenishment and purchasing through an
integrated planning methodology. Error associated with translating a sales forecast at
an aggregate level to store replenishment requirementsis eliminated. | mportantly,

alignment of supply chain processes delivers a ‘single set of numbers' for sales,
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finance and supply chain functions. An effective store level or Bottom Up forecasting
approach:

- Supports full Distribution Replenishment Planning

- Integrates replenishment, purchasing and forecasting processes

- Reduces error at each node in the supply chain, and

- Coordinates management control with greater precision and less effort.

2.3.2 Techniques:

For Stevenson (1999) the forecasting technique can be divided into two
approaches which are "quantitative" and "qualitative". Qualitative techniques would
allow for the use of opinion or information that is often difficult to quantity, including
executive opinion, sales force estimates, consumer or market research, outside
opinion, and Delphi method. In the quantitative approach, atime series analysisis
useful in short-term and medium-term forecasting and forms the basis for short and
medium term plans. And this model generally uses the historical datato predict the
demand, which contrary to causal models. Causal models are used for medium term

plans and identify the underlying relationships or causes that affect demand.
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Figure 2.4 below shows a summary of forecasting techniques,

Forecasting Technique

p o S .

Quantitative Qualitative
Time series Causal A Executive Opinion
A Sale force estimates
v A Consumer or Market research
Naive forecasts A Simple linear regression 2 gult s;]d_e OF;L:"Z”
Simple moving average A Multiple regression €lphi metho

Weighted moving average

Simple exponential
smoothing
Linear regression

Figure 2.4 The Chart of Forecasting techniques
2.3.2.1 Simple Exponential Smoothing

According to Gijbels et al. (1999), Simple Exponential Smoothing (SES) is
the most commonly used model in sales forecasting. Its main advantages are related to
thefact that it is a non-parametric model based on a simple algebraic formula that
quickly enables the updating of the local level estimation of the sales data. In the last
twenty years, some researches were carried out to better comprehend and describe the
SES and its extensions from a statistical perspective. For example, Chatfield et al.,
(2001) compare avariety of potential Exponential Smoothing models derived from
autoregressive moving averages, structural models and non-linear dynamical spaces
and conclude why SEf and its extensions are robust even despite changesin the
variance of the historical data. Blackburn et al., (1995) show that the SE& may
introduce spurious autocorrelations in series, that the trend component may have been
removed, and that these autocorrelations would depend upon the average age of the
data and of the smoothing constant value. Finally, Gijbels et al., (1999) compare the

SES with the Kernel Regression enabling a better understanding of the equivalence
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and best adequacy between both approaches. The SES and its extensions were
developed in the late 1950s by Brown, Winters, and Holt, amongst other authors
Chatfield et al., 2001). Among its main premises and limitations, it is worth
highlighting that in the SES, eventual growth or decrease trends, seasonal fluctuations
and cyclical variations are not considered. For example, the sales forecast for a

random variable X with SES is as follows:

Where Ft is the forecast of X for period t , Xt-1is the actual sales of X in period t-1,
Ft-1 is the forecast of X in period t-1, and a is the smoothing constant, which ranges

from 0 and 1.

2.3.2.2 Moving average
The demand for most items changes over time, so that a certain amount of
historical data is irrelevant to the forecasts. One way is to ignore old data and only

use the most recent values in forecasts. This is the principle of the moving average

method.
Formula:
n
Di
MA , = =1
n
Where 1 ="age" of the data (I = 1,2,3,...)

n = number of periods in the moving average

17



THE ASSUMPTION UNIVERSI TY LIRRARY

Di = demand in period i
This method responds to changing demand, with a high demand moving the forecast
upwards. The rate at which a method responds to changing demand can be adjusted

by using an appropriate value of N (Waters, 1999).

However, alarge value of N takes the average of many observations, and the
forecast is unresponsive. The forecast will smooth out random variations, but will be
slow to follow genuine changes in demand. Also, asmall value for N gives a
responsive forecast, which quickly follows genuine changes in demand, but may be

too sensitive to random fluctuations (Waters, 1999).

2.3.2.3 SimpleLinear regression

This method is a useful tool for modeling when there is an increasing or
decreasing trend in the data. The procedure involves the development of alinear
relationship between a dependent variable of interest, such as sales revenues, profits,

and the time period or the independent variable.

Formulas:

Y =a+bx

Where ais a constant, the intercept on they axis
b is a constant, the slope of theline
X isthetime, or the independent variable

And Y isthe predicted value of the dependent variable
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Mathematical models are premised on the assumption that past events are
reasonabl e predictors of future activity. The models assume that the historical sales
environment is representative of the future sale climate. If factor such as advertising,
competitors behavior, product design, technology or needs of customers have

changed, the developed model may not be representative of the future (Water, 1999).

2.3.2.4 Weighted moving aver age

Stevenson (1999) offers a refinement of the moving average approach, which
is to weight the older or, more commonly, the newer data more heavily, rather than
use equal weights. The moving average method can be adjusted to more closely
reflect fluctuations in the data. In the weighted moving average method, weights are

assigned to the most recent data according to the following;

Formulas:
n
WMA .= WiDi
i=1
Where Wi = the weight for period i, between

Wi=1.00

Determining the precise weights to use for each period of data usually requires
some trial-and-error experimentation, as does determining the number of periods to
include in the moving average. The advantage of aweighted moving average over a
smple moving average is that the weighted moving average is more reflective of the

most recent occurrences. If the most recent periods are weighted too heavily, the
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forecast might overreact to arandom fluctuation in demand. If they are weighted too

lightly, the forecast might under-react to actual changesin demand behavior.

2.3.3 Performance measurement:

Finch and Luebbe (1995) say that the forecasting evaluation can indicate the
performance accuracy of figure which the teams can successfully propose. On the
other hand, forecast accuracy is defined as how close the forecast of demand matches
actual demand and it is usually quantified using measures of forecast error. The
forecast error of different forecasting techniques can be measured and compared,
making it possible to identify the best technique for a specific situation. Forecast
error is determined by calculating the difference between the actual demand and the

forecast demand for a given period using the following formula;

Ei=At—Ft

Where Et isthe error for time period t, At is the actual demand for period t,
and Ft is the forecast of the demand for period t. Forecast error will be positive when
the forecast is too small and negative when the forecast is too large. By using the

forecast error, several procedures for measuring forecast can be defined.

There are different measures of forecasting error. Therefore, the popular
models selected are MFE (Mean forecast error), MAD/MAE (Mean absolute
deviation or Mean absolute error), MSE (Mean square error), and MAPE (Mean

absolute percent error).
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2.3.3.1 Mean Forecast Error
The mean forecast error (MFE) is a common approach to measuring forecast

bias. The MFE isthe average error over time, and the formulafor MFE is:

Formula:
n
MFE = (At - Ft)
£l
n

Where n = the number of periods under consideration

t = the period number

At = actual demand in period t

Ft = the forecast for period t

Et = the forecast error for period t

RSFE= running sum of forecast error

The running sum of forecast error (RSFE) is also sometimes used as a
measure of forecast bias. It is obtained by summing the errorsfor all the
periods in which forecasts were determined. Obvioudly, the closer the RSFE

isto zero, the better.

The bias that exists in the forecasting approach is represented by a
positive or a negative MFE, so the MFE is sometimes called the "bias". Thus,
if the MFE is negative, forecasts are, on average, too large; if the MFE is

positive, forecasts are, on average, too small. Because the errorsin an
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unbiased forecast sum to zero, the closer the MFE isto zero, the better the

forecast.

2.3.3.2 Mean Absolute Deviation or Mean Absolute Error
The MAD or MAE is a common measure of the magnitude of the forecast
error. The MAD provides a measure of the size r magnitude of the error,
without considering whether the error is positive or negative. To compute the
MAD, we determine the absolute value of each error, |At — Ft|, and then we
calculate the average of the absolute errors. The smaller the average

magnitude of the error, the smaller the MAD value. The formulafor MAD is:

Formula:
n
MAD = |At — Ft|

(E
n

Where | | = absolute value

2.3.3.3 Mean Squared Error

An alternative measure of the magnitude of the forecast error is the mean
squared error (MSE). To calculate the MSE, we first determine the error for
each period, square those values, and sum them. Then we divide by the
number of values (n) minus 1. The formulafor MSE is:
Formula:

n
MSE = (At-F)

t-1
n
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2.3.3.4 Mean Absolute Percent Error
The next measure of forecast accuracy uses calculations of the percent
error, the absolute error divided by the actual demand for each time period.
This measure, the mean absolute percent error (MAPE), does not measure the
bias or the average magnitude of the error, but instead, computes an average of
the absolute values of the errors as a percent of the demand. Thisis quite
useful because often the size of the error relative to the size of the demand is

more important than the size of the error alone.

The MAPE is calculated by dividing the absolute error for each period by

the demand for each period. The formulafor computing the MAPE is;

Formula:

MAPE=100n __— Ft
n At
t-1

Other consideration with Safety Stock

(Chockalingam, 2003)

The forecast accuracy aso has been linked with aspects as follow;
Safety stock is defined as the component of total inventory needed to cover
unanticipated fluctuation in demand or supply or both.
Asthe inventory needed to defend against a forecast error.

Hence Forecast error isakey driver of safety stock strategies.
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2.4 Best Practices:

1% Topic: REVISITING TOP-DOWN VERSUS BOTTOM-UP FORECASTING

What is the best approach to sales forecasting'? Is it a top-down approach? Is
it where national brands are proportioned down to individual product items per
location forecasts? Or is it a bottom-up approach, where item per location forecasts
are aggregated to create a national brand forecast. Various opinions support either
approach. Proponents of top-down forecasting favor smoothing lower level data by
aggregating it so that one can develop a better fitting model (the top level model will
reflect a better R= value than lower level models). It is also felt that top-down models
often reflect better accuracy for top-level forecasting. The problem is top-down
models typically do a poor job of forecasting at lower forecast levels (e.g. at the item
per location level). The reason: aggregated data at the top level is an artificial
representation of the true nature of the business because such data does not typically
reflect sales low level "peaks and valleys," which are canceled by aggregation.

Proponents of bottom-up forecasting point to the fact that one can achieve
forecasts better mean absolute percent error (MAPE) value at the lower level (see
Gordon, Morris, and Dangerfield, 1997). Thisisdue in part to the fact that the lower
level models reflect the actual nature of the business. A bias also has been
documented in regression coefficients when aggregated data is used. While this
supports a bottom-up approach, bottom-up forecasting often has very poor accuracy at
higher forecast levels. This may he aresult of forecast error at intermediate (middle)

levels accumulating as data moves up to higher levels.
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The case study in this research is based on a small sample data set comprising
real data that represents three forecast levels: 7locations, 2 items, and 1 brand. Four of
the locations correspond to one item, and the remaining three locations correspond to

the other item. Both items correspond to the same brand, and the result is shown as

follows:

TABLE 2
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Figure 2.5 Comparison of MAPE across Forecast levels

Conclusion: Proposal to apply a hybrid approach

As the result from table 2 above shows, this case is using "exponential
smoothing technique" to run the forecast, and Top-down fits with this kind of product,
and the model concentrates on low seasonal factors. As this group of product has

been showing a low value for seasonal variability, the forecasting at a high level
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should possibly create more accuracy. In turn, the result shows the MAPE value at
the lowest for applying this model. However, the bottom up approach can be suited to
the situation of uniqueness in seasonality of each item/sku. The lower level
forecasting might have been used instead, with bottom up to separate the forecasting
at individual level. Finally, the main decision for selecting which approach would be
selected depended on the "Company objective”.

If the company uses forecasts to devel op strategic plans and budgets, then top-
down forecasting would be preferable. Conversely, if production and distribution
schedules (tactical side of the business) are driven by forecasts, then bottom-up
forecasting would probably be a preferred choice. There are, of course, many
companies that generate one forecast by reconciling top-down and bottom-up
forecasts.

Based on research conducted in amajor consumer products company, a hybrid
approach may be preferable. That is, atop-down model can he created and forecasts
proportioned down to lower forecast levels by lower level models (lower level

analyses). The purpose of this paper isto provide an overview of such an approach.

2" Topic: THE JOURNAL OF BUSINESS FORECASTING, SUMMER 2006
(Lapide, 1998)

Top-down forecasting is extremely useful for improving the accuracy of
detailed forecasts. As depicted in Figure 2.6, aggregated demand is less volatile than
itsindividual components; so on arelative basis aforecast of the aggregate is more
accurate than the forecasts of itsindividual components. Thisis due to the
phenomenon of compensating errors where random errors and variations tend to

cancel each other out. Thisis the principle behind the concept of Top-Down
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forecasting where, rather than forecasting each component separately, it is better to
first forecast the aggregated group and then disaggregate the resulting forecast to
derive the forecasts of the individual components. The good news is that this principle
can be leveraged for any type of aggregation, such as aggregations across products,
sales channels (e.g., stores), geographies, and even time itself. However, as discussed
in my summer 1998 JBF column, one of the things to be careful about is that Top-
Down forecasting only makes sense when a top-level aggregated group is made up of
components that have similar patterns of variation. That is because component
forecasts are frequently derived by breaking down the top-level forecast using the
proportions that the individual components represent of the total. When thisis done,
the pattern of variation of the aggregated group would be assumed for the individual

components—and this may not always hold.

Aggregate Group g N

M’“J//’ } \M\“x :;j ,z.

b ~ e
f//ﬂ S
- .,
L T

Entity 1 Entity 2 Eatity 3

T yavir

Time Time  Time

Figure 2.6 Sum up the demand from the lower level

The use of Bottom-Up forecasting is better for situations where the individual
components have different patterns of variation. Under the concept of Bottom-Up
forecasting, one forecasts the individual components separately and then adds the

forecasts up to get the forecast for the aggregated group.
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Conclusion:

Generally, Top-Down or Bottom-Up when used on an exclusive basis is not
the best way to forecast. Often the aggregate group's Bottom-Up forecast can be
improved by replacing it with a Top-Down forecast. The individual Bottom-Up
component forecasts can be then improved by adjusting each, using correction factors
derived from looking at the aggregated group's Bottom-Up versus its Top-Down
forecast. (For example, if the Bottom-Up forecast predicts aggregate sales to remain
flat, while the Top-Down forecast predictsit to grow by 10%, then the correction
factor to apply to the bottom level forecasts would be 1.1). Thus, Top- Downin

conjunction with Bottom-Up, and even Middle-Out is recommended.
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Chapter 111: Research Methodology

Techniques Management

A Top down approach
A Bottom up approach

v
Quantitative Qualitative

h 4

Simple linear regression
Moving average

Simple Exponential smoothing
Holt’s Exponential smoothing

T I

Figure 3.1 Chart of relationships between forecasting technique and management

From this chart, the research scope is to select an approach between top down
and bottom up by testing the forecasting technique (quantitative approaches) by
different methods and seeing the results with least errors.

3.1 Flow of Methodology Process:

Stable Growth ltems H H High Growth Items

Collect data in Year 05,06, & 07

3
Pattern Analysis
I | 4 Top-Down approach Bottom-Up approach I
a1 ', Applied Forecasting Technique Applied Forecasting Technique
I With Year 05 & 06 (Simulation) With Year 05 & 06 (Simulation) I
I 4z | Forecast at product group level Forecast at SKU level I
I 4.3 Multiply with monthly percentage I
. . of Sale sharing in each SKU I
I Performance measurement Performance measurement
by MSE by MSE I
I Best Parameter Selected Best Parameter Selected I
I ' E Forecast with Year 07 . Forecast with Year 07 I
L Benchmarking the I
6.1
I N performance

New model suggested to
Next year forecast
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Figure 3.2 the flow of methodology process

Table 3.2 shows the process of methodology. Firstly, it starts with the product
group selected. For this simulation, the testing has two groups of products which are
new items with high growth, and an existing one with stable growth. Each group of
products consist of 5 items or SKU. Secondly, the past salesrecord for each is
collected for three years 2005-7. After that, all sales record data are analyzed for the
patternsin term of "TREND" and "SEASONALITY". Regression analysisis used to
detect the existence of the "TREND" pattern in saleswhile "SEASONALITY" is
identified by manually visualizing the graphical plots of the sales against time.

In th graphical technique, the historical sales datain each year is analyzed, one
by one, to see whether the movement has signals of seasonality or not. Fourthly,
before the data is subject to Top-down and Bottom-up approaches, a suitable
"forecasting technique” is selected along with pattern analysis (check with the
quantitative model chart). For example, the data that has been showing the trend but
does not have a seasonality pattern. It is subjected to "Holt's Exponential Smoothing"
and the data which have neither trend nor seasonality uses simple exponential
smoothing and moving average. Essentially, the range of data which has been used in
this testing would be limited to two years, 2005-6.

Fifthly, the forecasting program is run and finds out the new forecasting figure
with various types of degree of alpha, beta, and time series of moving average. To
find out the best parameter, MAPE, MAD, and MSE are used to decide the best
accuracy performance. Sixthly, after getting the best parameter, that parameter would
be applied to the year 2007 to discover the best forecasting technique between Top-
down and Bottom-up. The forecast measurement is then compared between the old

forecasting model and the new model to see the difference or improvement
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Chapter IV: Data Analysis

A. Existing Items: Stable Growth

4.1.1 Pattern Analysis:
The process starts with "Pattern analysis'. The graph below is the way how to
find seasonality patterns of computer label product which isitem 42-342. The selling

record in packs would be arranged for three years, 2005, 2006, and 2007.

Pattern Analysis:
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Figure 4.1 Pattern analysis of corn label 42-342

For seasonality proving, the graphical method is selected. The past three year
records would be listed and generate the graph pattern one by one to see the
difference. The result shows that in the May period sales have been increasing for
year 05 and 06 but in year 07, the sales have been decreasing which is conveying a
negative relationship. Moreover, the sales record during November is atotally
different pattern in those three years. Therefore, it can be concluded that this product
itern does not have a " Seasonality Pattern”.

After the data has been analyzed with the graphics then it is run with
regression statistics to find the trend possibility. This one is data of an existing

product which is"Computer label” and this item is 42-342. The yellow highlight
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showed 0.446 of T-stat value. This means that there islittle trend effect in the data

pattern and the standard for comparing would be 1.96. If the T-stat value reaches 1.96

or over, it can be seen that those data have a trend.

The chart below shows the sample of Com 42-342 in Regression statistic.

SUMMARY OUTPUT

Com 42-342
Regressioo
[ R
] 0.005637167
-BALA?
3105084271
Cshseryatl
55 F ek
1 192.4694769 192,4694789 0.19%2693 D.E5BE3LEY
34 32780.6 4 964,1362024
3 37006
) sglared Errot £ St A o 9 rs o r$ L per 9508
sz o 7745310283 10,50%64377 7 GB9EeR3 i RE )321 7 i 9B, 73330307
2 Narsd QI2AETHIM D4R DAGETHEA (ES7RRIEES -OBSBINY  LINBTHW ’&?@4'&4‘? 1234973814
Computer Label T-Stat Value
Com 42-342 0,447
Com 42-632 -0.046
Com 42-132 1,373
{om 42-332 0.750
Com 42-812 -2.333

Figure 4.2 T-Stat value output of com label 42-342

The T-Stat value of "Computer Label" is shown on the summarized table

above. The value shows that most of them are less than 1.96, from which it can be
concluded that the trend possibility is very low, especialy the main selling item Com
42-332 (whose value isjust 0.75). (All regression tables are described in the
APPENDIX).

The next step is that those five items are brought to test with a suitable
forecasting technique. Stevenson (1999) classified the forecasting method structure

into two types, which are time series and causal. In this case, the data pattern istime
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series and does not have any effect from trend or seasonality. Therefore, the datais
suitable for simulation in four ways which are Naive, Moving average, weighted
moving average and simple exponential smoothing. For this testing, moving average

and simple exponential smoothing are the forecasting techniques, applied.

Quantitative forecasting

H 4
§{ Time Series Causal %
4 ¥
{ Simple Linear Regression \g { Multiple Regression }
v i{ ¥ ’ k4
1
Average Trend Seasonal J { Cycle ‘3 t Other i
NI
Andive { | ATrend adiusted » additivo Dscomposition *BoxJurking
*Moving Averags Y Holt ¥ Exponertial » pultiplicative Decomposition *Econometric
«Pokghted Moving Awer gk swpth ng » fapat-eutput
; cEte

R AR

| rEsponential Srmoothing i Alingar Regraswon
j AQuadratic #4adse)

Figure 4.3 Classifying forecast methods
TOP-DOWN
4.1.2 Top-Down Approach applied: Simple Exponential Smoothing,:

The sales record of year 2007 is cut off which leaves only the data of years
2005 and 06. Then the formulais created by Excel program. The sheet is separated
into simple exponential and moving average. For simple exponential, the level of

aphaisrunning from 0.1 to 1.0 due to the testing for the data which has different

variations.

Formula:

F=a.Xt+ (1-a). Fur
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Existing it s
Top-DOWN
Exponential Smoothing Testing:

Computer Label New Forecast
degree alpha
Actual (PK) ©.1 0.2 0.3 0.4 0.5 0.6 0,7 0.8 1
No,
year 05 1 Jan 520 520 520 520 520 520 520 520 520 520 520
2 Feb 472 520 520 520 520 520 520 520 520 520 520
3 Mar 755 515 510 505 501 496 491 486 431 476 472
4 Apr 742 539 559 580 602 625 649 674 700 727 755
5 May 529 559 596 629 558 684 705 722 734 740 742
6 Jun 802 556 582 599 606 606 599 586 570 550 529
7 Jul 619 531 626 660 635 704 721 737 755 777 202
8 Aug 995 585 625 647 658 661 659 654 646 634 619
9 Sep 583 626 699 752 793 828 861 893 926 959 995
10 Oct 574 631 696 731 749 756 754 746 732 711 683
11 Nov 1,369 626 671 684 679 665 646 626 606 588 574
12 Dec 991 700 811 889 955 1,017 1,080 1,146 1,216 1,291 1,369
Year 06 13 Jan 539 729 647 920 969 1,004 1,027 1,038 1,036 1,021 991
14 Feb 324 710 785 806 797 771 734 689 638 587 539
15 Mar 797 671 693 661 608 548 468 433 387 350 324
16 Apr 705 684 714 702 684 672 673 668 715 752 Tz
17 May 534 636 712 703 692 689 693 700 707 710 705
18 Jun 748 671 676 652 629 611 597 584 569 552 534
19 Jul 493 679 691 681 677 680 688 699 712 729 748
20 &y 699 660 651 625 603 586 571 555 537 516 493
21 Sep 806 664 661 647 641 643 648 656 666 681 699
22 Oct 552 673 690 694 707 724 742 761 778 793 306
23 Nov 783 666 662 652 645 638 628 615 597 576 552
24 Dec 1,124 677 686 691 700 711 721 733 746 763 733
Total 17,155

Figure 4.4 Top-down forecasting with exponential smoothing at group level

Due to the top-down approach applied to this data; the level of forecasting is
set at "Product Group Level". This table shows that the new forecasting figure has
been generated from the aggregate level. At the first period of simple exponential
smoothing, it is assumed the forecast value is equal to the first period of actual
demand. Therefore, the value shows as 520 packs to all levels of alpha.

After that, the new forecasting value at aggregate level is separated into SKU
level by using two months proportions (percentage of sharing). The first month of
both years at aggregate level is combined and divided by the sum amount of the first
month sales of both yearsat SKU level. This calculation generates a percentage
proportion for multiplying with the forecast value and finding the top-down
forecasting value. For example; 58 packs of Jan 05 plus with 51 packs of Jan 06 and
divided with the sum between 520 packs and 539 pack of Jan 05 and 06 respectively.
Finally, the percentage outcome is 10.29% and this value is the proportion which is

multiplied with the forecasting value. Moreover, each SKU level will get different



proportions because it depends on past sales records which item can possibly be

generated.

Top “£wwn
Simple Exponential Smoothing
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Year 06 13 Jav 31 73 57 91 300 103 b Y 107 107 135 102
14 Fab zs 53 92 95 P4 91 && 81 75 69 63
13 Per 65 59 61 ss 53 46 43 36 34 31 26
16 Apr &5 74 77 76 74 72 72. 74 s B 56
17 May 141 158 162 160 157 155 157 159 161 16.1 163
IS Jun e a4 44 43 41 44) 39 ko 3% 36 35
19 Jut 29 57 54 97 97 97 96 100 502 104 107
20 Aug 59 54 53 31 49 4a a7 43 44 42 40
21 Sep 55 72 72 73 69 73 70 71 72 74 76
>4 Lt 77 323 120 121 121 126 129 133 1.36 136 140
23 Hane 77 69 68 67 67 66 65 64 62 60 57
24 Dec 95 65 65 56 67 66 69 73 71 73 &

1,915 T30

Figure 4.5 Separated Top-down forecasting with exponential smoothing into SKU
level

4.1.3 Performance M easur ement: Top-down Exponential Smoothing:

Formula:

MAPE = 100 n |At- Ft|
ny At
t-1
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Top-Down
Forecast Accuracy Sy Simple Exponential Smoothing

Cons 42-342
0.1 0.2 03 0,4 0.5 0.6 0.7 0.8 0.9 1
e NAPE NAPE NAPE NAPE NAPE NAPE NAPE NAPE NAPE NAPE
Year 05 1 Jan - -

2 Feb 0.11 0.11 8.106 0,106 0,106 0.106 0.106 0.106 0,106 0,106
3 Mar 0.40 0.40 0.409 0,415 0.421 0.426 0,432 3,438 0.443 0.449
4 Apr 0.02 0.06 0.099 0.140 0.184 0.229 0,277 0.326 0.376 0.429
5 May 0.07 0.01 0.041 0.090 0.132 0.167 0.195 0,215 0.226 0.229
6 Jun 0.13 0.09 0,061 0.049 0.050 0.061 0.081 0.107 0.138 0.171
7 Jul 0.17 0.10 0.056 0.021 0,007 0.031 0.055 0.081 0.111 0.147
8 Aug 0.40 0.36 0.334 0.323 0,320 0.322 0.327 0.336 0.348 0.364
9 Sep 0.11 0.00 0.071 0.129 0.180 0.226 0.272 0.318 0,366 0,418
10 Oct 0.03 0,02 0.067 0.093 0,103 0.101 0.039 03.068 0,038 0,003
11 Pl 0.55 0.52 0.513 0.517 0.527 0.540 0.555 0.569 0.582 0.591
12 Dec 0.38 0.28 0,209 0.151 0.096 0.040 0,019 0.082 0.148 0.217
Year 06 13 Jan 0,483 0.722 0.871 0.971 1.041 1.087 1,110 1.107 1.076 1.015
1-1 Feb 2,317 2,668 2.763 2.724 2.603 2,428 2,216 1.982 1.742 1.517
15 Mar 0,035 0,004 0,050 0,127 0.213 0,299 0.377 0.444 0,497 0.535
16 Apr 0.256 0,323 0.236 0.256 0,268 0.267 0.252 0,222 0,181 0.133
17 May 0.496 0.552 0.532 0.509 0,502 0.510 0.526 0.542 0.548 0.538
13 Jun 0.265 0,259 0.285 0.311 0,330 0.345 0.360 0,377 0.395 0.415
19 Jul 0.646 0.676 0.652 0.642 0,649 0.669 0.696 0,728 0,768 0.815
20 Aug 2.088 0,093 0,135 0.165 0.188 0.209 0,232 0.257 0.285 8.317
21 Sep 0.156 0.160 0,178 0.184 3,183 0.177 0,166 0.153 0.135 0.111
22 Oct 0,537 0.563 0,574 0.603 3.631 0.683 0,724 0,763 3.798 0.826
23 Mov 0,110 0.114 0,128 0,137 8.116 0.160 0,178 0.201 0.229' 0,261
24 Dec 0.317 0,307 0.303 0.293 0.283 0.272 0.261 0.247 0.230 0.210
Total 35, 283% 3721 4% 41,32% 42 42,69%

Figure 4.6 Top down performance with exponential smoothing of computer label by
MAPE

The table above shows the MAPE value which indicates the error percentage
in each alphavalue. In this case, the best alpha value which gave the lowest MAPE is
0.1. The formula of MAPE isfrom actual sale minus the forecasting value and
divided by actual sale. Moreover, the report also adds other methods for comparing
the accuracy, which are MAD (Mean Absolute Deviation) and MSE (Mean Square
Error). The purpose of using these two methods, is concerned with the swing of sale
data and error. This reason isthe direct effect on inventory management. Therefore,

the best selected parameter would be relatively relying on the MSE value.

Formula:
‘ n
MSE= 3 (At- Ft)?
t-1
n

36



el = pr
BRBoowonrwnrE

Year 05

Year 06 13

NN P
BONRO OO U~

Top-Down
Forecast Accuracy By Simple Exponential Smoothing

Corn 42-342
0.1 0.2 0.3 0.4 03 0.6 0.7 0.8 0.9 1
tiSE MEE M8 HSE $SE $+1SE HSE NSF HSE M5E

Jan - - -
Feb 23,55 23,55 23.55 23.55 23.55 23,55 23.55 23.55 23,55 23.55
Mar 52.16 52.16 52.16 52.16 52.16 52.16 52.16 52.16 52.16 52.16
Apr 386,41 911.75 937.45 963.51 989.92 101669 104381 107130 1,099, 11 1,12733
May 1,37 11.13 3142 63.64 109.29 169.90 247.10 342,55 458.00 595,26
Jun 101,34 3,30 32.22 152.35 322.29 526.16 714.75 866.91 960,84 981.67
Jill 3,78 13.35 6.64 4.31 4.37 6.51 11.43 20.19 33.60 51.69
Aug 285.18 108.37 3177 4.34 0.46 9,54 29,66 64.63 122.64 215.36
Sep 998.14 502.50 701.38 655,48 642,51 650,12 672,23 707.53 758.57 831.26
Oct 68.50 0.13 28.85 96.90 186.72 295,97 427.28 585.04 77547  1,008.52
Nov 87.21 3.45 64.65 124.62 151.84 145,67 113.26 65.86 20.06 0.11
Dec 6,478.60 574148 554491 562157 584344 6,14341 647965 45,8%.45 7126.33  7,366.82
Jan 1,635.94 892.82 501.14 260.56 104.91 18,04 423 76.70 251.68 543.41
Feb 596,29 133476 194032 448 277649 0379 315228 3,136.01 296510 2,639,007
Mar 3,394,01 4501,00 482717 4,690.66 128526 3,72847  3,10484 2483.24 1919.86  1,455,69
Apr 4,61 .07 9.33 59.37 168.15 330.80 527.31 730,39 913,32  1,057.64
May 639.37 487,60 545.99 642.19 704.74 698,86 618.76 482,34 321,92 172,53
Jun 2,663.59  3,306.26 280840 272695 281585 3,000.82 3,181,70 3,253,338  3,133,18
Gl 252,08 240,64 292.68 347.44 391.77 429.07 466.91 511.07 563.05 619,37
Aug 144756  1582.80 147346 142596 146034 154996 167624  1836.74 2,041,17 230291
Sep 25.49 33.30 63.10 93,91 122,33 151.81 136.10 228.11 230.91 349.03
Oct 175.93 185.26 228.50 246,66 242.70 225,92 200.83 168.97 131.42 90.03

1,705.75 1,876.70  1,949,01 2,147,76 243106 2,756,09  3,09856  3,440.46  3,760.99 = 403278
Dec 71.69 71.62 97,79 111,89 127.70 151.77 188.29 210.89 313.03 407.29
Total 964.78 976.26  1000,%1 101304 508344 :332.38 117977 122375  1263.33

Figure 4.7 Top down performance with exponential smoothing of computer label by

MSE

The data result above shows the MSE value which can be derived from Corn

42-342 which is in the computer label group and has the lowest score indicated at

alpha 0.1. The value is 940.15, which is the best.

4.1.4 Top-Down Approach applied: Mmoving Average:

For moving average, the moving time decided is 2 months to 12 months. The

reason behind this method is that the period of forecasting is 24 months. As a Top-

down approach, this technique is applied at product group level.

Where

Formula:

i ="age" of the data (I =1,2,3,...)

n = number of periods in the moving average

Di =demand in period i
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Existing Items:
Top-DOWN

t+toving Average Testing:
Computer Label

breast New

Actual (PK) 2mith 3mth 4mth Smth 6 mth 7mth Swth Ownath 113 mth 11 mth 2 mth

No.
Year 05 1 Jan 520 -

2 Feb 472

3 Mar 755 496 “

4  Apr 742 613 532

5 May 529 748 656 622

6 Jun 802 635 675 624 603

7 Jdul 619 665 691 707 660 536

8 Aug 995 710 650 673 689 653 634 -

9 Sep 633 B07 805 736 737 740 702 679 -

10 Oct 574 839 766 775 726 728 732 700 2530

11 Nov 1,359 629 751 715 735 700 706 712 666 669

12 Dec 991 971 875 905 848 840 796 789 785 754 733 -

Year 06 13 Jan 539 1,180 978 904 922 BIR 362 620 811 806 775 754
14 Feb 324 765 966 BEH 631 859 824 321 789 784 a2 756
15 Mar 797 431 618 806 759 747 782 762 766 742 742 743
16 Apr 705 560 553 663 804 756 754 734 766 769 747 747
17 May 534 751 609 591 671 783 757 746 775 760 763 744
18 Jun 748 620 &73 590 580 648 751 729 724 751 739 744
19  Jul 493 641 663 696 &g &08 663 751 731 726 751 740
20 Aug 699 621 592 620 655 600 591 641 722 707 705 729
21 Sep 806 596 647 613 636 663 614 605 648 720 707 705
22 Oct 552 752 666 686 656 66-4 6683 #38 627 664 728 715
23 Nov 783 ] 686 637 B8 639 643 657 629 620 653 713
24 Dec 1,124 668 714 710 667 580 659 665 680 644 635 664
17,155

Figure 4.8 Top-down forecasting with moving average at group level

Finally, the results showed that the selling units in March are 496 packs which
are found from the summing of 520 and 472 and divided by 2, as an example.

Then each month of forecasting value is multiplied by the percentage
proportion (as mentioned in simple exponential) to find the forecasting value at down
level. For example, the forecasting value of March at 2 months period would be 43

packs which are calculated from 8.74% muiltiplied by 496 packs at aggregate level.
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Exasting ltems:

Top-DOWN

Moving Average Testing:
sk 1st Corn 42-342

Forcast Hew

Actual{Pg. 2mth Zowth 3Imih Amith Smth 6mth Zmth Smth Stk 30 mth 11 mth 12 mih

No. Sharing
Year 65 1 Jan 58 10.29% - - E - - . B - - 3 -

2 Feb 68 14.75% -

3 Mar 75 8.74% 43 -

4 Apr 57 10.76% 66 63

S May 137 22.69% 170 149 141

6 Jun 42 6.58% 42 44 41 40 -

7 nd 100 14.28% 95 99 101 94 91

8 Aug 79 3.15% 58 53 55 56 53 52

9 Sep 76 10.83% 87 87 80 80 30 76 74 -

10 Oct 119 17.43% 146 133 135 178 127 128 122 118
11 Nov 145 10.33% 65 73 74 76 72 73 74 71 69

12 Dec. 107 9.54% 93 83 86 81 80 76 75 75 72 70

Year 06 13 lan 51 121 101 93 95 90 89 34 83 83 80 73
14 Feb 25 90 113 102 98 101 97 96 93 92 92 69
15 Mar 61 38 54 70 66 65 63 67 67 65 65 65
16 &gw 99 60 60 71 87 2 81 84 82 83 80 80
17 May 104 170 138 134 152 179 172 170 176 172 173 169
12 Jun 60 41 45 39 o] 43 49 48 48 49 49 49
19 Jul 59 92 95 99 89 87 95 107 104 104 107 106
20 Aug 59 51 48 51 53 49 48 52 59 58 57 59
21 Sep 35 65 70 67 69 72 67 65 70 73 77 76
22 Oct 77 131 116 120 114 116 119 111 109 116 127 125
23 Nov 77 70 71 66 68 66 67 59 65 64 68 74
24 Dec 95 64 68 68 64 65 63 63 65 61 61" 63
1,915

Figure 4.9 Separated Top-down forecasting with moving average into SKU level
4.1.5 Performance Measurement: Top-Down Moving Average:

In the case of moving average, three methods also have been applied, which
are MAPE, MAD, and MSE. The following table shows the results of accuracy: the
best value of moving average under Top-down approach would be 40.84% at five
months moving average.

Top-Down

Forecast Accuracy By Moving Average
Corn 42-342

2 mith 3mth  4dwth 5 ath 6 rath 7 mth 8 mith 9 msth 10 st 13 eth 12 mth

No, MAPE PIAPRE NAPE FIAPE MAPS PIAPE HLAPE MAPS MAPS HMAPE MAPS
Year 05 I Jan

Z Feb ~

3 Mar 0.42

4  Apr 0.16 0.10 -

S May 0,24 0.09 0.03

6 Jun 0.00 0.06 0.02 0.05

7 ul 0.05 0,01 0.01 0.06 0.09

8 Aug 0.27 0.33 0.31 0.29 0.33 0.35 -

9 Sep 0.15 0.15 0.05 0.05 0.05 0.00 0.03

10 Oct 0.23 0,12 0.13 0.06 0.06 0.07 0.02 0.01

11 Nov 0.55 0.47 0,49 0,48 0,50 0,50 0,49 0,51 0,52

12 Dec 0.14 0.22 0.19 0.25 0.25 0.29 0.30 0.30 0.33 0.35

Year 06 13 Jan 1.6 0.99 0.84 0.88 0.77 0.75 0.67 0.65 0.6-4 0.58 0.53
14 Feb 2.57 3.5.1 3.05 2.88 3.01 2.8% 2.84 2.68 2.66 2.65 2.53
15 Mar 0.38 0,11 0.16 0.09 0,07 .12 0.09 0,10 0,07 .67 0,07
16 Apr 0.39 0.40 0.28 0.13 0.17 0,18 0.15 0.17 0.16 0.19 0.19
17 May 0.64 0.33 0.29 0.46 0.72 0.55 0.63 0.69 0,66 0.66 0.62
18 Jun 0.32 0.26 0.35 .36 0.29 D018 0.20 0.21 0.18 0.19 0.18
19 Jul 0.56 0.61 0.69 0.51 0,47 0,61 0.82 0.77 0,76 0,32 0.79
20 Aug 0.14 0.18 0.14 0.09 0.17 0.18 0.11 0.00 0.02 0.02 241
21 Sep 0.24 0.13 0.21 0.19 0.15 0.72 0.23 0,13 0.08 0.10 0.10
22 Oct 0.71 0.51 0.55 0.49 0.51 2.58% 0.45 0.42 0.50 0.65 0.62
23 Nov 0.09 0.03 0.15 0.12 0.15 0,13 0.11 .3.16 0,17 0,13 8.05
24 Dec 0.33 0.28 0.23 0.33 0.31 0.33 0.33 0.31 0.35 0.36 0.33
Total 45.31 42,74 41.15 #1.84 44,91 46,34 46.69 7 50,25

Figure 4.10 Top down performance with moving average of computer label by MAPE
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Top-Down
Forecast Accuracy By Moving Average

Con? 42-342
2 mith 3mth 4 prth 5 myth 6 rrith 7 ottt 8 mith 9 rith 10 mth 11 mth 12 nith
No. HSE 115E 455 1.158 145E HSE 1.158 1158 1158 1158
Year 05 1 Jan
Feb
Blar G834
4 ppr w478 3171
5 ey 1,077,19 141,27 17,32
6 Jun O _O= 5.99 0,80 5.15
7 Jdul 23.43 1.43 1,20 31.60 BOLT7
8 Aug 456.11 691.30 596,09 532.42 677.53 760,50
9 Bep 128.84 124.73 13,52 14.44 16,97 0.00 6.23
10 Oct 722.74 197.63 344,83 49.78 56,69 67.14 6.35 0.91
11 Nov 6,431.18 4,564.04 5,037,68 3. 7%3.8% 5,297,81 $,308.49 5,118.41 5,5621.43 3,728,562
12 Dec 212.40 563.37 435,56 &583.77 732.83 friin R 1,021.45 1,044.65 1,246,39 1,394.18
Year 06 13 Jan 5,011,72 2,501.69 1,800.65 1,963.50 1,5 ,78 1,445,583 1,141.54 1,081.82 1,043,91 B5L.7 2887
14 Feb 1,187.13 7,804.21 5,902,11 5,253.03 5,729.57 $,136.08 5,089.23 4,558.43 4,184,04 4,442.29 4,047,12
15 Mar 534.85 46.56 91,73 30.57 19.53 56,63 32.92 37.56 16,42. 16.38 17.13
16 Apr 1,488.90 1,549.02 760,56 153.38 272.50 315.98 210.98 272.38 259.64 341,07 342,82
17 #ay 4,403.74 1,153.98 904,95 2,325.88 5,565.71 4,581.09 4,301.76 5,1€0.02 4,661.60 4,781.61 4,187.01
18 Jun 370.53 236.03 449,30 478.26 701.42 112,24 145.24 153.45 112,41 129.55 122.12
19 Jul 1,068.29 1,277.62 1,643,54 394.73 780.78 1,278.68 2,333.58 2,075.01 2,012,87 2,338.38 2,188,55
20 Aug 68,40 112.83 69,01 29.43 98,53 0.00 1,42 1,38 0.36
21 e 426.06 229.16 330,35 26593 179,57 347.47 33.6.54 225.43 51,97 74,74 78,45
22 Q¢ 293345 1,531.% 1,826,60 1,400.63 1,510.35 1,778.28 1,179.56 1,051.19 1,502,70 2,493.63 2,275.75
23 e 50.29 41.00 129.51 82.57 126.55 105,34 69.58 150.74 174,36 94,39 12.65
24 Dec 950.47 699.76 713.65 957.36 379.13 1.001.24 966.77 881.83 1.094.82 1,156,01 971.39
Total 1.437.48 119.64 1,1048,72 1,370,18 1. 308.84 1,430.99 1,602,93 1,393.55 1,247.69

Figure 4.11 Top down performance with moving average of computer label by MSE
Next step, after the performance of moving average and simple exponential
under Top-down approach has been concluded; those values would be compared to
discover the most accurate. Below is the chart that shows the result in term of MAPE,
MAD, and MSE
4.1.6 Comparison Chart:
(This accuracy comparison is given, the ¥SE value is the best indicators)
As a Top-down method, only the alpha value needs to be selected as the
forecasting would be done at product group level. Therefore, the MSE value would
be summarized at each alpha value and the decision takes the best one. In this case,
the alpha of 0.2 has been chosen because the highlighted items, which are Com 42-
332. 42-132, and 42-632, are contributing a high percentage of sale at 32%, 23%, and

18% respectively. The MSE value showed the best lowest at alpha0.2.

Simple Exponential Smoothing
MSE

Com 42-342
Corn 42-632
LCom 42-132
Corn 42-332 §
Com 42-812
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Figure 4.12 Comparison chart of MSE in each degree of alpha
Figure 4.13 summarizes the MSE value of moving average. And the selected oneis
12 months moving average which shows the MSE of Corn 42-332, 42-132, and 42-

632 at 7,184.72, 3,391.16, and 3,663.20 respectively.

Moving Average

MSE
Zrth otk 1 dmth 1 Syth | Btk | Teth | Seth | Stk | iGedh | iieh 42 mdk
Lom 42-342 137, X $.325.04 1 L3048
Com 42-632
Corn 42-132
Com 42-332
Cons 42-812 34913 |

Figure 4.13 Comparison chart of MSE in each moving time

BOTTOM UP
4.1.7 Bottom-up Approach applied: Simple Exponential Smoothing:

For the bottom up approach, the main calculation is totally the same as the top
down method. There are some different points which are that the forecasting
technique is applied at SKU level and then the forecasting value in each SKU is
summed all up to the aggregate level. Therefore, the formula of calculation would be
fixed into each item to run the forecasting. In this case, the result shows that the new

forecasting values of March, April, and June are 59, 61, and 60 packs respective at 0.1

degree of alpha.
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Existing Items:

gotiom 4P
Simple Exponential  seu
Corn 42-342
Forcast New
degree alpha
Actual {PK) 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
fem,
Year 05 1 Jan 58 58 53 55 SE 58 £ 56 55
2 Feb <ti 55 55 56 ss 33 58 58 59 55
3 Mar 75 59 60 61 62 63 54 65 66 67 69
4 Apr 57 51 63 65. 67 71 72 73 74 75
&  Slay 137 & 62 53 53 s3 62 Si 59 57
6  lun 42 77 55 3 'co 107 114 122 poz] 137
b 70 72 72 71 68 64 58 51. 42
g 2% 69 76 62 63 ss &9 3 95 1050
9 Sep % kel ) 82 82 82 52 &2 61 79
10 ot 119 71 76 73 73 79 79 7$ 77 77 76
11 Nowv 145 75 ss 91 '95 99 103 107 111 115 119
12 Dec 107 B2 37 %7 115 122 126 134 126 142 145
Year 06 13 an 61 85 93 107 112 115 115 113 111 107
14 Fab 25 s1 & ] 57 63 70 63 57 51
15 Mar 61 76 77 71 63 54 35 25
15 Apr 74 73 ss 62 57 54 ss 55 61
17 May 104 77 79 73 77 b3 65 80 95 s'9
18 jue =) 64 55 56 51 99 101 103 104
19 76 73 72 77 75 72 =3 64 &
Ay 59 75 72 69 67 63 61 59 59
21 Sep 95 74 72 58 65 £3 £5 59 59 59
22 o 75 74 73 73 74 78 60 53 65
2a Mo 75 74 75 75 77 7$ k=N 77
24 os 75 75 76 76 77 77 77
1,915
Figure 4.14 Bottom up forecasting of computer label with exponential smoothing at
SKU level
The chart below shows the sum level of all forecasting valuesin each SKU.
Existing items
Bottom-UP
Simple Exponential Smoothing Testin
Computer Label New Forecast
degree alpha
Actual (P/C.) 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
No,
Year 05 1 Jan 520 3 5 - - -
2 Feb 472 520 520 520 520 520 520 520 520 520 520
3 Mar 755 515 510 505 501 496 491 486 481 476 472
4 Apr 742 539 559 530 602 625 649 674 700 727 755
5 May 529 559 596 629 658 684 705 722 734 740 742
6 Jun 802 556 582 599 606 606 599 585 570 550 529
7 Jul 619 531 626 660 685 704 721 737 755 777 802
8 Aug 995 585 625 647 658 661 659 654 646 634 $19
9 Sep 683 626 699 752 793 828 861 893 926 959 995
10 Oct 574 631 696 731 7449 756 754 746 732 711 683
11 Nowv 1,369 626 671 634 679 665 646 626 606 588 574
12 Dec 991 700 811 889 955 1,017 1,080 1,146 1.216 1,291 1,369
Year 06 13 Jan 539 729 847 920 969 1,004 1,1127 1,038 1,036 1,021 991
14 Feb 334 710 785 $HO6 797 771l. 734 689 638 587 539
15 Mar 797 671 693 661 608 548 433 BB87 350 324
16 Apr 705 684 7144 70= 68 672 673 TS 752 797
17 May 534 686 712 703 692 689 693 700 707 710 705
18 Jun 7-48 871 676 652 629 611 597 584 569 552 534
19 Jul 493 &79 691 681. 677 680 688 699 712 729 748
20 Aug 699 660 651 625 603 536 571 555 537 516 493
21 Sep 306 664 661 647 641 643 648 656 65 681 699
22 Oct 552 673 890 694 707 724 742 761 778 793 806
23 Nowv 7s3 666 662 652 645 638 628 615 597 576 552
24 Dec 1,124 677 686 691 700 711 721 733 746 763 783
17,155

Figure 4.15 the aggregate forecasting value from each SKU
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4.1.8 Bottom-up Approach applied: Moving Average:

The moving average forecasting also has been applied in each SKU level.

Existing Items

Bottom-UP

Moving Average Testing:
sheas 1St Com 42-342

Forcant New
Actual (PK) 2 nth 3mth 4 mth Smth Gmth 7 mith 8Sruth O mth 10 mth 11 mih 12 mth

¥aar 05 7 33n 58
2 Feb k=3
Mar 75 83
4 Apr 57 72 67
S May 137 66 67 65
42 97 B 84 79
7 Zu 100 59 79 75 76 73
5 Auy 79 71 93 E4 52 50 77
76 90 74 90 &3 62 60
10 act 119 76 59 74 &2 52 B3 79 77
145 95 92 94 63 92 ¥ & EA 81
12 e 107 132 114 108 104 94 100 94 92 90 67
51 126 124 112 105 3] 96 101 96 94 91 89
14 Feb 25 3 101 106 100 96 97 90 95 91 50 65
IS Mar £3 38 61 82 59 87 B B 832 &8 SS £
16 Apr i 43 45 61 75 es 33 f:o-1 BE 46 53
17 May 104 60 62 59 69 Si 87 65 SS SS E2 B7
16 B 101 8 73 88 74 SS #3 87 B2 E& 84
19 Zuil 59 52 SS 61 70 67 72. 61 66 B8 84 56
20 Aug 59 59 74 so 77 &5 £5 71 b 83 62 52
21 Sep SS 5% SS 70 76 74 67 55 &8 7 51 80
22 Oct 77 72 58 66 73 76 75 69 67 71 75 51
23 Mz 77 Si 74 70 63 74 76 75 70 66 72 75
24 Dec 95 77 80 75 71 69 74 2 76 71 69 72
1,915

Figure 4.16 Bottom up forecasting of computer label with moving average at SKU
level

As the previous step, after the figure has been calculated at SKUs level, then
all are summed up to the aggregate level. The table below shows the forecasting

value at product group level.

Existing Items
Bottom-UP

Moving Average Testing:.
Computer Label

Forcast New
Actual (PK) 2Wrath 3snth 4 eth Smth 6 ath 7 mth 8mth 9 oath 10 rixth 11 mthk 12 mith

No.
Year 05 1 Jan 520
2 Feb 472
3 Mar 755 496
4  Apr 742 613 53
S Fary 529 748 656 622
6 Jun 802 635 675 624 603
7 314 619 665 691 707 660 636
S Aug 995 710 650 673 689 653 634
9 Sep 683 807 805 736 737 740 702 679
10 Oct 574 339 766 775 726 728 732 700 680
11 Nov 1,369 62.9 751 718 735 700 706 712 686 669
12 Dec 991. 971 375 905 848 340 796 739 785 754 733
Year 06 13 Jan 539 1,180 978 904 922 872 862 J20 811 806 775 75-4
14 Feb 324 765 966 868 &31 859 #24 821 789 754 782 756
15 Mar 797 431 618 806 759 747 732 762 766 742 742 743
16 otey 705 560 553 663 804 766 754 734 766 769 747 747
17 May 534 751 609 591 671 38 757 7-16 775 760 743 744
18 Jun 743 620 679 590 580 648 751 729 724 751 739 744
19 Gl 493 641 663 696 622 608 663 751 731 726 751 740
20 Aug 699 621 592 620 655 600 591 641 722 a7 705 729
21 Sep 806 596 647 618 636 663 614 605 643 720 707 705
22 Oct 552 752 664 666 656 664 633 633 627 664 es-] 715
23 Nov 783 679 686 637 660 639 S48 667 629 620 653 713
24 Dec. 1,124 648 714 710 667 TG 659 665 680 644 635 664
17,155
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Figure 4.17 the aggregate forecasting value from each SKU

4.1.9 Performance Measurement: Bottom-Up Moving Average:

Bottom-UP
forecast Accuracy By Moving Average
Com 42-342

2mth 3 mth 4 with 5 mth 6 mth 7 mth 8 mith 9 mth 10 mth 11 mth 12 risth

Hes MEE MSE B 3458 f 352 HsE past MS/ MSE MEE st
Year 05 1 Jan - -

2 Feb

3 Mar 131.57

a4 0y 21508 106.09

5 May 5,067.37 4,951.00 5,247,19 -

6 un 3,022.58 2,265,76 1,736.17 1,377,10

7l 105.97 450.30 491.61 §78.08 726.19 -

3 Aug 69.89 187.16 21.72 8.05 0,29 6.36

9 Sep 183.43 5,55 181.69 48,26 31.13 13.55 1.02

10 Oct 1,743.73 1,180.32 2,037.04 1,061,72 1,412.11 1,488.52 1,611.70 1,803.54 ~

11 Nov 2,250.12 283184 2,654,73 3,826.49 2,798,95 3,359.54 3,541.50 3,774.52 4,082 56 -

12 Dec 628,72 40.03 5,03 10.69 184,92 54.72 162.97 223,44 300.79 408,33
Year 06 13 Jan 5,711.90 5,375,56 3,763.45 3,003,91 2,902.82 2,020.15 2,512.98 2,047.95 1,861,82 1,667.54 149,99

14 Feb 2.883.87 5,750.48 6,469.92 5,553,93 5,053.11 513080 4,195.79 9,900.95 4,379,27 4,182.64 3,853.8¢

15 Mar 527.21 0.02 448,38 321.62 697,98 638,86 FraRe s 979,30 716.96 599,04 556.92

16 Apr 3,125.73 2,846.75 1,430.44 445.84 201.06 237.82 254-41 198.11 337.10 175.00 24431

17 Hay 587.34 1,804.8 2,045,96 1.264,98 519.74 301,23 399.53 375.58 319,33 473,90 300,27

13 Jun 1,722,10 780.78 149,90 62.52 209,10 603.11 835.95 755.20 710.61 77588 577.37

19 Jul 533.18 33228 EB.ET 119.77 59.96 183.43 512,46 720.86 £63.87 644,29 711.92

20 fum 0.33 239,19 467.03 312.75 83.17 44.05 140,44 404.40 583,91 553.51 541.39

21 Sep 691.92 671,91 216.24 81,28 133.30 341.78 420.11 248.70 67,15 13.31 23,43

22 Oct 23,87 85,92 124.86 12.23 0.57 271 62.56 59.05 35.12 0.67 18,4

23 Nov 14.33 13.00 53,29 36.26 10.64 0.09 3.20 54.45 86.59 32.90 0.16

24 Dec 304.37 217,52 399.04 534.18 625.59 K337 $84.33 355.82 571,39 662.11 507,60

Total 1,343.46 1,460.77 1,424.76 1.011 04 869.79 872.31 87843 1,096.16 1.054,46 734.83 Fa#3 39

Figure 4.18 Bottom up performance of computer label with moving average by MSE

The MSE values above show that the best moving time for the Bottom-Up
approach is 12 months, which contributed a value of 740.39.

Next step: after the performance of moving average and simple exponential
under the Bottom up approach has been concluded, those values are compared for
discovering the most accuracy one. Below is the chart that shows the result in term of
MAPE, MAD, and MSE
4.1.10 Comparison Chart:

Simple Exponential Smoothing Moving Average
Alpha _ APE Al ha MAD Aloha sk RAPE Moviag MAD llevi

Com42342| 01 |3593%| 02 | 2454( 02 | 102070 42.342 3712 | 70h | 21.77| 12mé | 74039
Com42632[ 01 [s5.80%] 01 [ 6523 02 | 7,35221 |com42-632| 2HI [10237] 713h | 6345] 7mth | 6,437.54
Con42-132] 01 [2939% 01[ 5 2 468851 | Coln42-132| 12t | 41,91| 12mth | 5245| 12eth | 3,69044
Com42-332[ 01 [41.83% 11,805,97 | Com 42.332[ 9 3078 | 12mth | 7596] 1298 | 9369,12
Corn42-812| 04 [4451% 04 [ 41.90 Com 42-812 4221 12 # | 3748 de 2,087.70

Figure 4.19 Comparison chart between exponential smoothing and moving average Of -

Bottom up forecasting
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In the Bottom-Up approach, the accuracy values need to be analyzed at each
SKU level to try to find the best value of each one. In the results, there are
comparisons between the exponential and moving average which show the lowest
MSE value at each degree of alpha and the level of moving time. Finally, the
outcome discovers that the total MSE value of moving average is the lowest one.
Thus this bottom up approach for "Existing Item™ with stable growth, is the best with

moving average.

4.1.11 Forecasting 07:
Finally, the best performance value in term of accuracy of each approach is applied to
Y ear 2007

Asfor the Top-Down approach, the 12 months moving average has been used
for forecasting the demand in Y ear O7. Therefore the following table shows the
existing item's forecasts at product group level. The Figure shows that January 07 is

675 packs for total computer |abels.

EXisting ftesyms:
Top-DOWN

Fowving Average Testing:
Computer Label

Actual (PK) 12mth

Py,
Year 06 1 Jan 539
2 Feb 324
3 Mar 797
4  Apr 705
S May 534
6 Jun 748
7 Jul 493
8 Aug 699
9 Sep 806
10 Oct 552
11 Nov 783
12 Dec 1, 129
Year 07 iz 331 675
i Feb 541 658
15 w~ums 5,07 GTE
16 Apr 516
17  lav 39-4
16 Jun SR
19  3u 722
20 Aug 645
21 Sep 553
2 Oct 673
23 s 642 697
Dec 152 435
16,354

Figure 4.20 Top down forecasting for Y ear 07
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Nevertheless, the Bottom-Up approach would be forecasting at SKUs level
and being selected on the best moving time gotten. There are four SKUs which are
needed to use the 12 months moving average and another one which is corn 42-132, is

suitably with 7 months moving from the result of figure 4.21.

Bottom-Up
Moving Average
om 42- orn 42- 42-132 Co = -
12 rkh 7 rich 12 mth 12 srth 12 rah
Year 06 1
2
4
5 - ~
6
7
9 97 -
[e] 97
10 105
11 -
12|
Year 07 13 71 127 169 239 94
14 73 102 162 225 93
15 77 105 163 233 96
16 77 112 173 245 97
17 79 108 168 229 92
18| 72 111 171 212 97
19 77 137 179 216 104
20 82 117 173 238 105
21 84 128 71 233 103
22 84 121 163 224 98
23 83 -2 169 234 89
24 80 161 225 88

Figure 4.21 Bottom up forecasting with Year 07

4.1.12 Evaluation 07:
After the new sales forecast is identified, all figures are run through the
process of evaluation and the main error measurement is MSE. The table below

shows the outcome.

Top-Down Bottom-tip
Moving MSE Moving MSE
12 rrth 1,170.20 12mth | 1,225.33
12 mkh 2,005,62 7 mkh 3,560.14
12 ith 7,086.90 12 pth | 11,076.78
12 mith 10,936.03 12 mih |1 13,942.17
12 mth 1,352.45 12 mth | 1,183.90

Figure 4.22 Comparing the MSE between Top down and Bottom up of Year 07
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Lastly, in thisresearch it can be concluded that the best technique for " Stable
growth" items is the Top-Down approach. The demand planner can use the twelve
months moving average to forecast the sales and break them down into the SKU level
which gives a better performance.

B. New Items: High Growth

4.2.1 Pattern Analysis:

White matte Premium
Actual Sale {1¥}

Year 05 lan T 3882
i 3,137
Har 3 6761
Apr 4 750
tiay 4 6117
160 [ S P
g 7z
509 5 1,663
9 v
St 10 &M3
[£29 IL 13328 Trend &nalysis:
[ 11 &4 ERAR
Year 06 izr 13 6775 TSRS w4 T e
Faby 14 A4
sar 1 5K
&pt 16 4,544
py 17 26,30
16 %143 s
8 19 35 5
Aug 20 5.5
253 21 4962
228 3 4566 - : + . o
507 3 a3m £% 332 SEREELE
P 24 sy yuasr A NG
Year 07 lza 25  iBIBY
Feb 30 14.165 28200 o op T e Al ow o owme B
war 27 2 FEFRIIREFVEIEEIENG
Apr 26 wER 3 5 74
24 15634
W 12,107
3 3 1BER o
fag 12 11616
Sap 33 439k
o] 14 10541
Hev 435 Q.58%
Dz 3% 13841 LRSS

Figure 4.23 Pattern analysis of sticker label A4

In the methodology step, this research needs to compare the Top-Down and
Bottom-Up approaches between High growth items and Stable growth items.
Therefore, the next section shows the three years sales record (05, 06, and 07) of
"Sticker Label A4" group. The first step started with pattern analysis, and after
noticing the graph series, there will be some movement and swing not in the same
direction. Fo\rom this, it can be concluded that there is no seasonlity for this kind of
products. The graph table above shows the result of product "White matte premium
50 sheets per packs'. This item generates the most sales volume at more than 85%

compared to the other four SKUs.
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SUMMARY OUTPUT White Matte premium

Regrassioe absbs
fulipla R 0,648163
R Square 0420116
Adjusted R Square 0.40306
Standard Error 4393.782
Qheareations 36
ANOVA
F NS F Significance F
Regression 1 475536324,4  475536324,4 3483338283  1,91762E-05
Residual 34 656361015,9 19305324
Teal 35
~oecient Standard Error £ Stad B value LOWEY'9%  Upper9S% ieswve 3 tipper 950%
intercept 3047.921  1495,649061  2.03 54 0,049405122 &.356059723 6087.44521 6087.44521
X Wariabls 1 349 46 7049251933 4963103145  191762F-05  308.£0363118 493 119653] 4931196631
Sticker Label A4 T-Stat Vaue
White Matte Premium 4.963
CD-Rom 3.508
PVC 3.459
White Matte Standard 0.449
White Glossy 3.010

Figure 4.24 Summary of T-Stat value of sticker label A4 by Regression analysis

Then the regression statistics are applied for "Trend analysis’ testing. The

value of T-stat of white matte premium is 4.96, which is somewhat more than 1.96.

This value indicates that the data pattern is showing a aggressive trend. Thus the

items of this sticker label A4 group have atrend pattern but do not have seasonality.

If the pattern is set at these criteria, the forecasting technique would be suitable with

"Holt's Exponential Smoothing"”.

The summary table above also indicates the T-stat value for each item in high

growth products. Mostly, they are getting a value more than 3. From thisit can be

concluded that the trend possibility is substantially high.

TOP-DOWN

4.2.2 Top-Down: Holt's Exponential Smoothing:
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After the Holt's exponential technique has been applied to high growth items,
the forecasting value needs to be classified by the factors of degree of alpha and beta.
The degree of alpha would be the weighting scale for "Level forecasting™ in
monitoring the forecasting value from past sales records. If the variation of the data is
high, the degree of alpha need to be less. Whereas the beta value will support the
value with a trend calculation. The degree of beta value will illustrate the data,
whether it has high fluctuation of trend movmement or not. After the level
forecasting value and trend value have been specified, these two values are combined
and represent the forecasting value in the following period

Thus this forecasting simulation is classified into 32 sets, in which the range of
the degree alpha and beta value is frome 0.1 and 0.1 to 0.8 and 0.8 and trying to find

the best one.

Formula:
Level Forecasting =Li;=a.S+{1-a).(L +Tu)
Trend =3 (L= L)+ (1-13) Toa

New forecasting =L+ Tr

Where L = Level, T =Trend, 0<a<1, and 0<13<1.

In this technique, the starting point is very crucial. For example, the first
period which is January 05 would be used to get the level forecasting at 3,529 packs,
which is the same as past sales. And the trend value is calculated by substracting

February and January 05 (4,095 — 3,529 packs). The result is 566 packs at trend with
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January 05 period. Next, the second step of calculation will be along the formula

mentioned above .

Year 05

13
11
11
Year 8¢ 13
14
15
15
17
15
19
ko
21
22
23
24

>z

High Growth Items:
Top-Down
Holt's Exponential
Sticker Label A4

an
Feb

Mar

Nov

Jan
Feb
Mar

140y
Zn
W
Ko
Sap
G
B
Sec

Figure 4.25 Top Down forecasting with sticker label A4 by Holt's exponential

Break down the forecasting:

After the new forecasting value has been found at each period, those values

are divided by percentage of sharing by using a 2 months period (the same method as

with existing items). In the March period, the sales forecasting at group level is 4,660

packs, multiplied by 66.36%, and the value of 3,092 packs would stand for a

forecasting value of "White matte premium™ item at control alpha 0.2 and beta 0.2.
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Sent | Sec2 Sas1 S S 8 J S 6
jid a a a a ﬁ a R
Level Trend New Level Trend  New Level Trend New Level Trend #ew Level Trend New Level Trend New
Actual [Pk) 0.2 0.2 Forecast 02 04  Forecast &2 06 Forecast 08 05 Forecast 34 % Forecast 34 0.4  Forecast
138 3529 586 - 3525 % 3525 556 B 3519 584 - 3,529 568 3335 555
A5 4955 E:23 - 4595 556 49.55 - $055 566 - 4,095 566 - 4.095 566 -
7219 5172 #8 4603 5172 370 518 #3 443 5112 976 4465 5484 T 486 S8 975 4,660
234 3B 755 5441  £32% 961 5942 %58 1147 6344 888 1324 6147 7205 920 6454 7328 1,243 5,659
6.493 6.983 743 7105  7.204 5% 7311 7418 148 &% 7625 1096 7905 7472 0 OB1S 7739 e 5570
5331 7247 647 FFE 7541 669 8054  IE¥ 637 6426 6045 555 5723  FiES 555 8162 7,322 379 8,649
3666 7455 %5 I8 134 322 5210 &% 88 6444 7,653. 202 E&& 6133 253 7615 His7 234 7,701
pE2 ) 446 7575 7457 239 7663  F41% 38 &6 7.287 - 233 7451 G485 2713 6336 6213 - 122 5933
T7% A 447 7435  FHS 147 247 16 7389 7123 - 196 6954  FA¥: B SIB EIT 152 5,091
568 7931 376 8274  HER 05 7954 7393 93 7485 6451 -~ 257 6924 7141 218 7529 6,778 52 &%
12515 9151 547 &¥H%  AIES 511 822 544 zzE 1779 691 659  9.459 686  F4@ 9129 996 487
6,731 9,894 %€ 9655 9161 465 6,799 534 5416 5523 733 8470 9579 573 10,145 9,556 773 10125
7849  %5E% 423 #B82 9281 325 §044 361 9333 &2 514 9255  %.247 3% 10152 R388 381 10,341
6875 9384 298 10,011 9063 110 #5107 6593 57 %4 &% 95 9496 5535 171 9639 &B% A 77 0741
6.590 W4 174 9582 8657 A 97 9174  &483 227 8957 BEI - M G068 7559 2 BXE 77471 A 1% 8318
1449  £48: 23 9135 FIBA 345 7,695 563 &7 7,707 - I 5271 6.6% 191 7661 £5% A 692  7.361
26847 12171 756 8502 11444 1,195 7593 11075  1&82 7132 10933 1430 5954 14762 148 BFE 14281 2659 5%
7% 12494 570 11528 12,263  L.B4E 2454 1546 12877 13842 4 13343 14,013 9834 51BZ 14465 1672 18%0
5597 11:46% 367 13,163 11.765 428 12,321 540 432 13 532 148% 11236 284 14599 11922 - 17 16,134
4 11016 167 13447 11,156 t3 12193 11692 162 12862 12,231 - 512 11036 96,667 123 11472 9947 - &% 11905
6.206 157 - 32 11162 ¥ - 364 11,169 11,464 8 11528 11616 - 1394 11719 833 392 9565 7971 - LW 9.247
7% 9293 A 207 10155 3% - 733 9793  83% 1265 2682 BB - 1942 23R 7017 554  REX 6343 - 141F &M
11201 &84 « 122 9077 &8% . 471 8291  B34E 83 7625 7517 « 1205 @ £5%% 8358 175 6463 7436 - 410 4,925
18259 11,185 233 838 10373 315 8402  9.656 455 7503 6701 707 £311 12214 631 5183 11,519 L7 AR
199,585



High Growth Items:

Top-Down
Holt's Exponential
shen 1st white llate Brasmivr 50 547s
sel Set4_JSet51Set6 e | Set S«3_ Set101Set11] S«22 [Set131 &xld  Setys
20th New Nlew New New New New New New flew Nlew New New New New New
fie. Actual (Pit) Sharin9 Forecast Forecast Forecast Forecast Forecast Forecast Forecast Forecast Forecast Forecast Forecast Forecast Forecast Forecast Forecast
Year05 1  zan 388F  04,44%
Feb 32V EIT%
3 Kat 5,782 6836% 38 3032 3,092 e 3,092 %3 309 3492 3,092 8,002 32292 3058 3052 3032
4 Apr TEH 8085% 5838 5 57 541F 4511 5,965 6,153 6.237 £33 6,612 6,557 5,262 (2= 7,254 7,621
5 May 6,167 $r.45% 6,925 7154 7454 737 8,352 284 B4 £82% 9,120 9,014 9,497 2821
6 us 4441 g343% £33 7114 7.365 7532 242 83 7,059 10345 6,888 £.487 6,326 £080
7 s 3,261 83,78% 6.514 7074 7,205 6,452 &332 EXer 5,755 5476 5,013 4,445 5,075 4594 4020
6 Aug 5553  #3.23% 6,305 6,339 6,202 4,936 4.365 3732 4.2%1 3,569 2.529 k84 3,505 L8812 224
9 Sap 7077 #6.13% £:248 6,364 5,950 5,630 5,346 4,589 3976 5373 4633 4,469 4,401 5549 5,351 54%
10 Oct 6.013 67.95% 7219 &,588 5458 6,524 $4P1 5,650 £4% 6,672 £ATF [Xx2] A Y 7,069 7,225 1.677
11 tos 11101 #8345 7332 6,539 8,382 5,519 6,947 6,062 9,535 5553 6,402 6,291 6,519 6.598 6,251 6,263 6,324
12 e 5013  77,59% 7,520 7,188 6,636 L5ER 7,867 7,552 B8 8,774 8,765 2n 9855 114% 9,753 10372 11,004
Year 06 13  ian 6.779 6,454 6.111 7,880 7811 8572 2,731 9,234 9,891 9,761 5587 9,435 3494 R452 8,541 8,387
14 Feb 5,448 P 7,589 7421 7499 7,611 7,693 FaBY B 7,256 7211 6,994 5488 6,709 6,375 5672
15 Mar 3401 2424 5.067 5.943 6,017 5771 5,652 5,596 5,356 5.197 4,580 4,388 3117 4725 4.2% 3547
16 Apr 4,664 BB 7675 7432 7415 2548 &£.593 £.15% 5,499 6,346 5606 4,960 4,451 5,656 5,346 5077
17 May 28,308 $,2%8 7,405 8961 &3 6,535 p% 2] 5% 4131 588 4,83 4275 4133 5,353 4,661 4,491
16 3un 143 10915 10570 %%  iLz&Z 13662 143 158 15975 17426 19012 20982 23316  Fi455 24252 27176
19 4,567 11026 11149 suyz 12446 13264 13510 14545 15654 13195 14305 15342 15,308 11115  1zam 12159
20 Aug 5504 10,003 10,149  gLFE  i3366 9,550 9910 amuxt 10,230 7,695 7,527 6,677 5,187 5.554 4,183 2.180
21 Sep 4,962 9,631 9,620 9929 10,033 B3 7,671 7,220 6,311 5483 5332 3,765 1,942 5427 4147 2974
22 Oct 4.840 6,934 26/5 5,501 6.113 £85% 5,835 4,634 3n 5370 41122 3734 1,329 4,899 4,025 3796
13 Nov 9,626 &0 7,316 6,729 5,620 5,703 4,346 3,967 1,760 4,436 2,329 3132 *4530 4,053 4291
24 Dec 15917 1274 6,516 §850 44895 6346 5440 4,555 4727 RE77 6,755 7.354 6,570 2,017 5,556 25%
169.977

Figure 4.26 break down the forecast into SKU level
4.2.3 Performance Measurement

As the same sequence, the forecasting accuracy is set with MAPE, MAD, and
MSE, whereas the MSE value is the main one for making decisions. The table below

showed the MAPE value of each alpha and beta value.

Forecast Acctita Holt's Exponential Smoothing

White Matte Pre 50shts)
a 0,2 0,2 0,2 0.2 0,4 04 0.4 0,4 0,6 0.6 0.6 0,6
3 0.2 0.4 0.6 0.8 0,2 0.4 0.6 0.8 0.2 0.4 0.6 0,8
MsE MSE HEE HMSE MEE HsE MSE HSE MEE MSE MSE 1458
Year(8 | =
2
3 Ky TR LB PIBEE TR 7.110. bAN:E: 2 BAY: 2.2 PR T8 68 TR PAY. 317 ]
4 Az 6,021294 3383 5,157,962 4749545 3,655,378 2,961147 18375 1,831,794 1.182.3% £44.541 278,389
S Mz 438 1,013,310 &2 W] SUITR 4,585.480 8.589,8% 6625.383 5,944,144 84232 11262911 11741654
prd 4,334.144 RIEN 7,143,550 MR 6,413,620 651326 9,553,315 11426463 61065,021 £.851456 578350 5568506
7 i 11,239,721 13456734  {45WAED 1858134 9,882,778 11161,563 9‘4253112 7923437 6,216,301 138437 3,070,247 1.402.124
8 % 104,416 1757 234.525 121.695 23,385 836.577 2,158265 4,496,758 2,567,292 L5048 $.146.597 13.637.281
9 547 106371 20,5 18203 1.182,494 2 1351739 6,188,473 9.613.194 P2 XE V] 505.437 6,80662 7.162.023
10 Oz 986,118 3% 6,193 372,731 6,034 131,80.8 332497 434.526 215476 385.993 1,241767
11 Maw 1432 1188118 22404703 27.925.112 25417659 27721525 26,551369 RA%AG 23,166392 21,025456 174688711
12 D= 6.286.427 4,729,192 3,324,202 2413341 B186.548 8069,65,5 9,556.051 14,142,366 14.237.552 17.791.248 23740846 407
Year06 13 iz 2,606,052 1EBEN 1,212,372 1,073,093 3,216,424 LB 6,026,455 SA8E818 151K 5.397.448 pEAEX] 7169,911
14 Fe 6,039,323 4563448 191838 14754 4,N222,752 5036,353 6,427 FAIFAN 3,275,860 2,108511 23865 13R
15 Mg 9.141,435 7,215,631 6462,653 6,643,237 5,0433925 068348 4820 3,822.624 3,226,557 2.129.421 971.203 172.978
16 &g 138763 9,061315 7,469,308 7568.553 3,745.532 123618 £3,58 2,503,610 660,806 §7.38 PR
17 May 324,705,352 357444711 374631765 381,371493 396,800,824 422365713  4RLFESLED  4917350E6  42E8837t  4RLEILIE  4BRWNALL 491194754
15 it 3,136287 2848 1HR0% 4674436 20,422,942 W.620.20 35271576 46651319 66,694,533 97,401,770 141171671 3586857
19 2 BARSIES 42010739 49,692,697 60519474  62,395.775 RBIEIE  WEEIEE 120,700,325 72196,378  92,851170 111957,334 13324
3 A4 20242354 ZL888.3%  21.051,722 RHEEG 16358629 19411279 21411371 22,333.425 5,717,802 4064068 1376538 100.199
21 - 21612.334  u.EH.3%E 24,466,466 2513281 11593,557 BRI RE PRty 1,767,273 2,251.751 12248 144510 $.M0.24
2 C3 B554560 14102447 13261563  1REB4EN 4,113,803 1,071713 51.255 2650358 259,951 702.667 45183 9,161.694
2 ke 1184 L0LER SE4TT (HM54Y 15095720 30,029,067  4LGSANE  £BL62M85 2633551 30034584  47GELEEN  ALBBER
2 Dw 7470312 0057305 101955307 121,469,765 WOEM758 1223626427 125216761 51720491 83 &% 73307440 53071151
Total LS 5 82377  Hi4 " V7R 35,652153 #1453 HMERIL BERNE SN0 SAF T

Figure 4.27 Top down performance with Holt's exponential by MSE
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The table below is the summarize of MSE values in each alpha and beta value

range from 0.1 & 0.1 to 0.8 to 0.8. As in the case of Top-Down management, the

manager need to select only one value of alpha and beta value. As the highest selling

item of this product group is White matte premium, the important weight would

concentrate on its value. The best one which is selected, is at alpha 0.1 and beta value

0.5 and this set of control values are applied for Year 2007.

Alpha
Beta
White Matte Premium
CD-Rom
PVC
White Matte Standard
White Glossy

Alpha
Beta
White Matte Premium
CD<Rom
PVC
White Matte Standard
White Glossy

Alpha

Beta
White Matte Premium
CD-Rom
PVC
White Matte Standard
White Glossy

Alpha
Beta
White Matte Premium
CD-Rom
PVC
White Matte Standard
White Glossy

Mean Square Error

.1 9.1 0.1 01 03 03 03 03 05 05
0.1 03 05 0.7 0.1 03 8.8 0.7 34 03
24,351217,79 | 24419.741.20 7] 26,360,947.35 | 27410,733.44 34.274,366.04 | R.m58.548.2% | 31.0k5764.10 | 3557419111
BINNAS 34,759,63 3282236 [« 3192259 41,76.64 45802 19 54.317.50 63481.82 50875.26 61.637.40
12,062.36 W23 1039795 : 10491.74 10466.66 11.727.84 14,051.18 06.296.55 12.546.29 11.154,06
7123224 6146152 5388173 58.179.77 58,725.82 61.925.65 22, 304.81 £4.859.04 5%97%.27 |
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Figure 4.28 Summarized MSE value in each alpha and beta

BOTTOM-UP

4.2.4 Bottom-Up: Holt's Exponential Smoothing:

The data would be forecasted at SKUs level and then combined up to the aggregate

leve,
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High Growth

Bottom' UP
Holt's Exponential
shy 1st White Matte Premium 50 $}71%
Serd Set 2 1 Se:3 D4 Set: Lo f
& g o p a g B a g
Level Trend Hew Level Trend New Level Trend Hew Level Trend New Level Trend New Level Tl‘%ﬂé New
¥ Actual (PK) 0.2 0.2 Forecast 0,2 0,4 Forecast 372 4% Forecast &1 5,6 Forecast 0,4 42 Fomcast 84 £4  Forecast
Year 05 1 Iz 2862 2662 355 - 29%3 351 - 2562 355 - 2,662 355 - 2,562 355 - 2.662 335 -
2 Feb 3217 3217 355 3,217 155 - 3,217 355 B 3,117 355 . 3,217 255 . 3,217 355 .
3 Mz 5762 4810 443 3572 4,010 530 3572 4010 615 1572 4,010 705 3872  4.445 537 3572 4444 705 3572
4 a7 7 0h 5 572 4483 5 762 4545 5.4 B 488 3310 148! 475 o163 747 48% 6165 1111 51
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Figure 4.29 Bottom up forecasting with sticker label by Holt's exponential
4.2.5 Performance Measurement:

In the next step, the best alpha and beta values are selected at each SKUs
level. In this case, the result of MSE value shows that the best value has different
points on both degrees of alpha and beta. As such, the white matte premium is most

suitable with 0.1 and 0.1 which contributed the MSE value at 26,506,633,

NO: Sticker Labla A4 Alpha Beta HAFE Alpha MAD Al ha Beta
1 White Matte Premium 05 | o1 51,05 0.1 0.1 3,97231f 0.1 0,1
2 Co-Rom 0.2 0.8 53,84 0.5 0.5 #1471 o4 0.6
3 PVC 0.1 0.1 73.52 0,1 0.1 12712 | 0.1 0,3
4 White Matte Standard 01 1] 01 8,78 0.5 0.1 302,15 P, 0.7 0.1
5 White Glossy 02 | 0.4 13243 0.1 0.7 a4 1 0.9 4

Figure 4.30 Bottom up performance with Holt's exponential by MSE

Finally, the best performance value in terms of accuracy of each approach is
applied to Year 2007. At Holt's exponential smoothing with high growth items, the
best technique from both Top-Down and Bottom-Up would be chosen and given the
forecast value of 07. In this case, for the Top-Down forecasting at 07, the alpha of 0.1
and beta of 0.5 would be used. Whereas, the range of control degree at Bottom-Up,
would be varied as mentioned in the above table.
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4.2.6 Forecasting 07:

Next, the new forecast of year 2007 is taken. The first table shows the forecast
value as Top-Down level at alpha 0.1 and beta 0.5, and the second table shows the
Bottom-Up level. The degree of alpha and beta varies with the best parameter

predicted at a previous time.

High Growth Items:
Top-Down

Hott’s Exponential
Sticker Label A4

8 3
Laval Tearnd Tl

No. Hotuatl (PK) 0,3 0.5 Forecast

Yamar G 1 3a FEED TEED 14211

2 Feb 6.678 6.875 1.011
3 e 6.590 5,939 975 SBEF
4 Apr 5,449 5.013 j=5 4.954
5 May 26.847 &, 341 199 4.062
5 Fuies 10,759 6,952 400 6,529
7 Ful o 7,177 312 7.352
6 Ay 7,010 7.441 399 7,459
9 Sap 5.206 7,577 312 7.730
10 Lat 5,799 7.590 113 7,759
11 Pha 11202 8,053 258 7.703
12 Lo 1B 253 9.332 783 393
Year O7 13 Jarr 13088 10,403 97,7 10.116
14 Fab 15,957 11,793 1,158 11,330
i5 Mar 17,919 13,448 1,407 12.951
18 Apr 19.349 1520 1.632 14.955
17 May 17.613 17,004 1,665 16.935
18 Jun 13,505 19,153 1.407 19.569
19 Ssi 2Q.7€F 1O LS80 1,465 19.560
20 Ay 15,450 20,575 1.183 21,148
21 Sep L6 A0 202225 915 21.761
22 Oat L2EZS POk Pt g 449 12,140
23 Mo 33.765 21,889 555 21899
24 Doe 14,537 21865 175 22,424

319,869

Figure 4.31 Top down forecasting with Holt's exponential in Y ear 07

The result of using Top-Down with Holt's Exponential shows that the trend
possibility is negative during the first to four months period, and the new forecast
value of March is 5,867 packs for the group level. After that, the sales figureis

divided into each SKUs by using 2 months sharing.



[ Bottom-Up
- ———
hite CD-Rom hite ttatt  White

Prewnum Standard
0.1 0.4 0.1 0.7 9.1
0.1 0.3 0.1
ear 0S - -
3.572 543 85 267 194
4 4468 465 80 470 341
4,932 469 78 118 417
6 5,482 317 70 |- 458
7 5,732 - 17 495
s 5,928 314 68 |A 13 506
9 6,309 221 118 0 505
10 6,752 203 127 1.28 474
11 7,093 170 128 63 439
12 7,922 26.4 143 435 408
wmer 07 13 8,031 307 217 1424 455
14 8.292 160 235 1.039 442
15 8,356 242 248 600 408
34 B0 396 252 1.159 536
8.100 291 255 424 543
18| 10375 227 243 155 512
19 &35 378 291 113 502
20| 4 431 278 105 474
21 1831 396 333 119 454
22| 346 342 352 403
23] 343 220 371
24 26.4 335 490 324

Figure 4.32 Bottom up forecasting with Holt's exponential in Year 07

The Bottom-Up with Holt's Exponential is broken down to each suitable
degree, and the forecasting value is shown in the above table. For easier
understanding, the summarized table is considered showing how each one is much
different in terms of MSE value.

4.2.7 Evaluation 07:

Forecast Accuracy at Veer 2007
T.. Down

Al ha Beta MSE Aloha Beta MM
White Matte Premium| 0.1 0.5 38,344,507.93 |White Matte Premium 0.1 0.1 85,736,130.02
CD-Rom 0.1 0.5 42,363.48 |CD-Rom 0.4 8.8 71,025.06
PvC 0.1 0.5 77,013.43 |PVC 01 0.3 383,841.95
White Matte Standard| 0.1 05 80,140.09 |White Matte Standard 0.7 0.1 159,396.64
White Glossy 0,1 0.5 82,180.53 |White Glossy 0.1 0,5 297,711,08

Figure 4.33 Comparison of the performance between Top down and Bottom up of Year 07
The final result indicates that the Top-Down approach is still the best for high
growth items in term of lowest MSE value. In this case, it showed that all SKUs have
a lower MSE compared the with Bottom-Up method. For example, the best selling
item, which is White matte premium, has only a 38.34 million MSE value but the

Bottom-Up method gave 95.74 million.
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Chapter V: Conclusion

As the purpose of this project isto compare the performance of the Top-Down
and Bottom-Up approaches, the results of testing both high growth items and stable
growth item found that the "TOP-DOWN" approach would be the best suitable for
applying. In analyzing, the reason behind this result, it might occur from the
percentage sharing of each SKUs which has rarely been different. In detail, the sale
proportion of each month at each SKU level has been swinging nearly the same. The
sampl e picture shows the percentage sharing of White matte premium (all these tables

have been totally shown in the Top-Down forecasting section).

High Growth Items:
Top-Down

Holt's Exponential
White Matte Premium 50 $#7Ts

oo we Setl | Se2 | Se3 | Set4 | Set5 | Set6 | Set7 | Set§ | Se9 | Seti0
§
" Pionthiy | New New New New New New New New New New

2 Actual (NOf Sharing Forecast Forecast Forecast ForecastForecast Forecast Forecast-Forecast Forecast Foracast

1 Jan &8 BLR%

2  Feb 5448 85.69% ,
3 Mar 3401 70.97% 4.164 4,164 4,164 4,164 4,164 4,164 4,164 4,164 4,164 4,164
4 Apr 4,664 1 SG.48% | 4,465 4,479 4,492 4,505 4,609 4,649 4,656 4,727 4,753 4,819
5  ay 6,308 1 94.20% | 3763 3798 3,833 3,867 3,984 4,070 4,151 4,227 4,139 4,249
6 Jum 9,143 ' BZE6%% ; 4.620 5,270 5.718 6,164 $.37% 10,670 11,944  13.202 13815 15859
Jui 4,667 ' 69,09% : 4,733 5.653 6,551 7.427 3,269  11.349  13.226  14.931 11.737  14.057
s 5.504 ' 72,66% 3,361 4.932 5,442 6,391 6,201 7,946 9,270  10.205 6,477 7653
9 Sep 4583 " 88384 | 3,687 5.344 6.829 8,151 6,704 BAELE 9.591 9.799 6,533 7,130
10 Oct 4,860 1 62.56% | & &3 4,893 6,431 7,695 5,454 8,891 7,089 6,404 5,097 5,084
1 # @ 3,626 167.29% 2,851 5,038 6,724 P60 5,092 £ 1.637 4,358 4,663 4,316
12 Dec 15,917 188,69% ' 3,032 5,505 7,247 B I63 6.125 6.343 5,065 6.881 6,932
13 Zen 103671 _" 3,736 508 6,313 3.364 8.513 9.573 9,220  HASSE  11.976
14 Feb 14,165 4,338 7,684 9.731 10,789 9,589 11,436 11.831 11,403 12872
13 Mar 13,992 4,185 7,373 9,191 10,043 9060 11.38%  12.004 10,574 11,942
16  Apr 17,772 6,337 50,956 13,440 14,115 13,23 1553 16,643 18,017 15,242 17,093
17 May 15,644 7,757  13.227 15580  i®%0% 15575 18,318  19.632  21.063 17,606 19,540
18 Jum 12,107 8,142  13.724 16,350  17.322  15.179 17,741 18,625 19,705 16,190 17,765
19 IL 1BBZT 8.792 14,862 17,427 18,195  14.757  16.934 17,415  17.375 14,547  15.147
20 Aug 10.816 8,151  13.399 15,357  1&80¢ 13,318 14,873 14,927 14,422 13,822 14,210
21 Sep 14,990 10,510 17,141 19,225 19,415 15,800 17,180 16,682 15,524 15,488 15512
22 Oct 10518 10,513 16,737  1%.2%% 16,067 14,738 15.474  14.559 13,226 14,207 13,924
23 e X o) 11.427 17,873 1598 18164 14,441 14,530 13,066  11.514 13I8 12.329
24  Dec 12,641 12.697 18,986 19,485 18,370 16,641 16,595 185,381 14,521 17,256 12090

274,253

Figure 5.1 Monthly sharing of Top down forecasting

The percentage of sharing shows in the same range which is around 80%
every month. Thisreason implies that even if the product has had high growth and
has much variation in the sales data, the Top-Down approach still is the best solution
compared with Bottom-Up.

Top-down forecasting does appear to be most successful at low level

forecasting when a non-seasonality at top-level model is proportioned down to the
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low level. Whereas, Bottom-up forecasting appears to be most successful when the

low level data has been very heterogeneous or has much differentiation, as stated by

To make further conclusions about whether the Top-Down approach can really
improve the forecasting process in demand planning, the result shows the comparison
of forecasting accuracy between the best model and the old forecasting value from the

program and consensus.

Old Forecast VS New Forecast Model (Year 07)
Existing Items: Stable Growsth

| Old Forecast Performance

N Moving Average’
Top-Down (12 sriths Moving Avarage}

Computer Label MAPS MSE MAPS MAD MSE
Corn 42-342 50.72% 31.25 1,524.66 Com 42-342 37.97% 23.80 1,170.20
Corn 42-632 104.53% 55.73 4,905.89 Com 42-632 28.69% 34.71 2,005.62
Corn 42-132 52.93% 67.04 6,274.44 Com 42-132 46.78% 67.86 7,086.90
Corn 42-332 65.02% 104.82 13,463.11 Com 42-332 78.41% 90.60 10,936.03
Com 42-812 40.68% 29.13 1,424.8% Com 42-812 44.14% 30.51 1,352.45
Old Forecast VS New Forecast Model (Year 07)
New Items: High Growth
Top-Down (Alpha = §.1,8&ta = 0.5)
Sticker Label A4 MAPS MAD MSE MAPE MAD MSE
White Matte Premium 52.46% 5,205.42 40,821,923.08 White Matte Premium 32.04% 4,116.01 38,344 507.93
CD-Rom 72.14% 143.17 32,897.67 CD-Rom 47.98% 176.18 42,363.48
pvC 96.54% 341.38 405,487.88 PvC 79.76% 225.36 77,013.43
White Matte Standard 232.94% 540.38 445411.71 White Matte Standard 50.18% 203.79 80,140.09
White Glossy 152.88% 418.17 214,444.58 White Glossy 47.64% 220.80 82,180,53

Figure 5.2 Old forecasting versus new forecasting model in Y ear 07

The overall performance indicated that the new model of forecasting gave
better performance in term of accuracy. In the case of stable items, the Top-Down
approach has been applied with 12 months moving average. The MSE value of the
main selling items, corn 42-332 and 42-632, have achieved lower scores which are
10,936.03 and 2,005.62 respectively. Additionally, the sticker label group, or the high
growth items, are totally given the best outcome as the lowest values in both MAPE
and MSE in each item. As such, the 85% of sales of sticker label A4 (White matte

premium) has taken the MSE value of only at 38.34 million whereas the old forecast
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value gave 40.82 million. Moreover, the MAPE value of the new forecast shows a

20% difference which is somewhat improving in term of accuracy.

M oney value can be saved from applying the new model:

Additionally, The MSE value which can be reduced by applying the new
model of forecasting can be simulated for finding some money savings from the
safety stock reduction. The Lower MSE value can contribute to alower safety stock
level. The formula of safety stock would consist of three determinants which are
service level, forecasting error, and lead time of production.

Safety stock = Service level x Forecasting error x VLead time
Assumption:

Service Level is 95% confidence interval or equal to 2.57.

Forecasting error is the Root mean square error, monthly.

Lead timeisthetotal time of production from the origin to the destination and
then needs to have the token square root out.

The table below shows the money which can be saved;
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Safety Stock Cakeukttion:

Old Forecasting model Haw Forecasting model

Computer Label Computer Label 06f undt  Costsipk Money Save

Lead time 1.5 miths

Sersce Lavel 2.57 (95% confident intervai}

Safety Stock Level Safety Stock Level
Corn 42-342 10 packsfmth 9 packs/nth 1 1,250 1,586.50 Ezhimih
Corn 42-632 18 packs/mith 12 packsimeh 7 1,300 8,612.65 Bzhifreth
Carr 42-132 21 packsfrth 22 packsimth - 1 850 - 110881 Baht/mih
Corn 42-332 30 packs/mih 27 packsingh 3 1,250 3,755.87 Bahtfrith
Com 42-812 10 packsireth 10 packsfmid 0 1,300 331.45 Baht/mh

Total 13,177.87 Bahijreeh

Safety Stock Cakalation:

Old Forecasting model New Forecasting model

Sticker Label A4 Sticker Label A4 O unit  Cpstsfnk Money Save

Lead time 1.5 mths

Service Level 2.57 (95% confident interval)

Safety Stock Level Safety Stock Level

white Matte Preriiin 1,676 packsfrath 1,624 packsinth 52 110 5,681.42 Bahtfmih

CD-Rom 48 packsirrih 54 packsfmeh - S 121 759.48 Bahtireh

PVC 167 packsfmth 73 packs/nth 94 250 23,558.85 Bahtimth

White. Matte Standard 175 packs/Toth 74 packsfrkh 101 80 8,064.17 Bahifrth

White Glossy 121 packsfrth 75 packsfmgh 46 120 5,552.68 Baht/mth

Total 42087.62 Batdjith
Grand total 55,265A9 Bahtjmth
Annual save 663,185.88 Baht

Figure 5.3 Money value worth from the new forecasting model

The results from the table show that the amount of money which can be saved
is more than 55,000 baht per month on these two groups of products, and if itis
calculated for ayear, the value would be 650,000 baht approximately.

For example; the main selling sticker label a4 which is White matte premium,
can be calculated as the safety stock level of 1,676 packs/month in the old model
forecasting. Whereas, the new model can reduce the stock to 1,624 packs/month
which is adifference of 52 packs. This amount can be multiplied by the cost/pack
and will show the money value that can be saved: the value saved is 5,681.42
baht/month. On the other hand, when the forecasting has become more accurate, the
sales revenue in each month would be more precise, and reduce customers
dissatisfaction in receiving goods, because the service level would be improved.

Therefore, this methodology can be applied to other group of products of
stationery items, such as the group of "Elephant File" which are the highest selling

value itemsin the company. This group is generating sales revenue of more than 600
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million baht ayear. If the new model improves forecasting accuracy, it will indicate
that a bigger amount of investment would be saved for this group.

The other benefits from this research are concerning with many aspects.
Firstly, the time wasted in discussion whether which figure would be the most suitable
one, and also can help to deduct the time consumed in taking forecasting into the
process. If the Top-Down had been used in this situation, it would have taken less
time to compute. Secondly, the better forecasting with a suitable technique,
contributes in the logical step of analyzing and computation. It can be seen that the
demand planning process has good analysis of data patterns and applied techniques.
Third, the result is not contributing to the numbers improvement. There are alot of
effects to the inventory, sales volume, and also market share. If the forecasting is
good, those aspects would be going in a better direction. When, the inventory has
been reduced, the cost of stock and unsold items would be reducing more and more.
Lastly, the overall outcomes would enhance the service quality to customers. The
customer's satisfaction would be devel oped with on-time delivery, less stock-out, and
ahigh service level.

Even Top-Down & Bottom-Up forecasting is extremely useful to improve the
accuracy of forecasts and plans when leveraged within a Sale & Operation Planning
Process. The improvement is due to three underlying principles: 1) aggregated
entities experience lower relative volatility than their individual components, 2)
marketing intelligence can be incorporated more effectively, which improves
accuracy and 3) this resultsin greater accountability and commitment to consensus-
based plans. All these can be achieved only if all the participantsin the S&OP process
collaborate during the development of demand forecasts. However, much of the

potential for improvement with Top-Down & Bottom-Up forecasting cannot be fully
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achieved unless aformal forecast hierarchy is being leveraged to support the S&OP
process (Lapide, 1981).

The outcome of this research can be useful techniques which can be applied to
any kinds of products with a make-to-stock status. For the management team and
demand planner, this new process of thinking can be the direction in studying the
movement of products at group and SKU level, due to the nature of selling and
consuming of these items which is not the same as expectation.

Teams involved in the organization cannot stick with the traditional way of
thinking. The new methodol ogy needs to be applied in coping with the company

objectives.

Further Study

As the forecasting model which has been applied to this particular products, is
still not used in current situations, further research will be more appreciated for
collecting the real results from the current year of forecasting. The people who are
involved in demand planning would notice the benefit of that, if the model is
workable.  On the other hand, the simulation model does not convey concrete
benefits to management until the model has been proved in real situations.

Demand planning needs to be linked with other aspects, such as as inventory
level, sales volume, back orders, service level, which can be translated into money
value. If further study can initiate the advantage points from the aspects mentioned, it

will be more preferable and be study of greater worth.
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APPENDICES



1. Sample of Top down forecasting with Simple Exponential Smoothing at

aggregate level before separated into SKU level

fin Sems
Top-DOWN
Exponantis! Sroothing Teding:
Computer Lab

I
Actual (PK) 0.1 0.2 0.3 0.4 0,5 0.6 0.7 0.8 0.9 1
N.
foar 08 1 lan 520 520 520 520 520 520 520 520 520 520 520
2 Fab 472 520 520 520 520 520 520 520 520 520 520
3 Mar 755 515 510 S5 501 496 491 486 461 476 472
4 Apr 742 539 559 585 602 625 649 674 733 727 755
5 May 529 559 596 629 658 84 705 722 734 740 742
6 lun 502 556 582 599 606 606 599 585 170 550 529
7 3ul 619 551 526 6.6.0 685 704 721 737 755 777 802
8 Aug 995 585 525 647 658 661 659 654 646 634 619
9 Sep £83 626 699 752 793 838 861. 893 926 959 995
10 Oct 574 631 £55 731 749 755 754 746 732 711 $83
11p 1,369 626 671 684 679 665 646 626 €08 586 S74
12 Dec 991 ok} 811 889 955 5,017 1,060 1,146 1,216 1.291 1,369
Yaar 8 13 in 539 7 847 920 969 1,904 1,027 1,038 1,036 1,021 991
14 Feb 324 765 806 797 771 734 689 638 567 539
15 Mar 797 33 (231 508 538 468 433 367 350 324
16 Apr 705 714 702 684 672 673 688 715 752 797
17 May 534 8 712 703 §42 53 693 730 707 710 705
18 Jun 748 6.71 676 652 629 34 597 584 SEY 552 534
19 Jul 493 679 591 681 677 50 BER 699 712 729 748
20 Aug 699 660 651 625 603 586 571 555 537 516 493
21. Sep 906 664 661 647 641 643 648 655 666 681 899
22 Oct 552 67 690 694 707 724 742 761. 778 793 806
23 Nov 783 £586 662 652 645 638 628 615 597 576 552
24 Dec 1,124 677 6E6 691 700 711 721 733 746 763 763
Total 17,155

2. Sample of multiplying with monthly sharing percentage in separating the sale

forecast to each SKU

Exisling Serns

Top-Down
Simpia Bxponssiis! Smooth's;
shuist Carn 42-342
Forcast New
Actual (PK) Monthly 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Sharing
Year §5 1 Ian 55 10.29% 53 53 83 Si 53 53 53 53 53 53
2 Feb 65 11,21% 61 61 61 41 61 61 61 41 61 61.
3 Slur 75 5.74% 45 45 44 44 43 43 42 42 42 41
4 Apr 57 10.76% 55 60 62 65 67 ] 73 76 75 81
5 Slay 137 23.59% 127 135 143 149 155 £64 164 166 158 161
6 Jan 42 6.58%% 37 36 39 40 40 39 39 37 36 35
7 Iud 1% 14.24% Si 53 54 38 101 03 W 106 111 114
8 Aug 73 8 1S% 46 51 53 54 54 64 53 53 52 50
9 Sap 76 10.53% 68 78 81 8 ] 33 37 100 104 1%
10 Oct 119 17.43% 110 121 12? 131 132 331 133 128 124 119
11 New 145 0.33% & 69 71 70 69 67 65 63 51 59
12 e 137 9,54% 67 77 65 91 97 103 103 116 £33 131
Year 06 13 ler Sl 75 5 95 0] 113 156 107 107 105 102
14 %b 25 83 92 95 94 91 &S Si 75 £3 63
15 Mar 61 19 61 €8 53 45 43 35 34 31 25
15 Apr 99 74 77 76 74 72 72 74 77 81 86
12 May 134 156 162 160 157 156 157 139 161 161 160
15 Jur 3 44 44 43 41 40 39 35 37 36 35
13 3l 59 97 99 57 97 %7 96 103 o] o] 107
20 Au; 59 54 53 11 49 45 47 45 44 42 A3
31 Sep 55 72 72 33 69 73 70 73 72 74 76
22 i 4 77 £18 129 121 123 126 129 133 135 138 £350
23 Hawe 77 63 61 67 67 &4 65 04 62 60 57
24 Do kY 65 4 66 67 & &5 70 71 73 75
Totwl 1,915
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3. Sample of Bottom up forecasting with Moving Average which forecasting at

SKU level before sum up to aggregate level.

Existing Hems
Bottom UP
o . ing Average Testing:
sl 1st Corn 41-342
Forcast New
Actual (PK) 2tk 3loth 4rmth Dmih Gmth 7mth Smth Omth 10mth 11 mth 12 mth
N.
Year 05 1lJan 58
2 Feb &8 A
3 Mar 75 63 .
4 Apr 57 72 67
5 May 137 66 67 65
6 us 42 97 90 84 79
7 108) 89 79 78 76 73 -
Aug 79 71 93 84 82 80 77
9 Sep 76 90 74 93 83 82 887 77 -
10 Oct 119 78 85 74 87 82 81 79 77 -
11 Nov 145 96 92 94 83 32 87 3 24 81 -
12 Dec 107 132 114 105 104 94 100 94 92 5 87
Year 06 13 len 51 126 124 112 105 104 96 101 96 94 91 89
14 Feb 25 79 101 106 103 %5 97 90 95 91 0 68
15 #av 61 38 61 82 89 87 £ 88 83 88 &% 64
16 Apr 99 43 46 61 % 85 83 83 85 81 86 83
17 Slay 104 63 62 59 69 81 87 & 85 66 82 87
18 un & 101 #E 72 66 74 £ 89 57 87 88 B
19 3 59 82 88 81 ] 67 72 61 86 85 84 66
20 Aug 59 59 74 80 77 68 65 71 79 83 62 82
21 Sep 65 59 59 70 76 74 67 65 69 77 81 80
2.2 Oct 77 72 48 66 73 78 78 69 67 71 % 81
23 ey 77 61 74 7 66 74 76 75 70 & 72 75
24 Dec 95 77 80 75 71 69 74 77 76 71 & 72
Total 1,915

4. Sample of Bottom up forecasting with Holt's exponential smoothing

High Growth Items:

Bottom-UP
Holt's Exponential
Sticker Labef 44
Sell? | Sat 16 Sat 15 646 23 8421
a p a p a p a p a
Level Trend  New Level  Trend New level  Trend New Level  Trend New  tewel Teai  New
Actual (P28) 2. 01 Forecast &t 33 forecast 0.1 4% Forecast 2% 37 Forecast 03 31  Forecast
Year 05 1 e 3529 3529 566 - 3529 566 358 566 MD 566 3,529 22 -
2 Fat 4095 4,5 b - 4,095 564 4,035 566 4095 546 4,805 566 -
tar 7219 4916 591 A58 4915 642 4,660 4916 693 4,858 4916 745 4680 5,426 642 4,680
4 Apr £33 5,769 619 5,507 5835 725 £,558 £851 830 5,609 P23 932 S.881 £,748 710 6,3%
5  Hsy 6,493 6.41? 620 6,409 6,554 723 541 ££583 819 6,711 6,823 906 6,659 7,169 551 3458
6 cur 5331 L.567 6-03 208 pAs:H 55 128 223G 710 3.858 7,489 735 1,726 2054 &% 7,850
R 3,854 PR 55 7470 kA 549 7748 7,557 503 fdsc4] 7,731 433 5,227 6,553 491 270
Aug 6,634 7852 587 7,676 7,761 (34 B 7,944 439 030 £.084 322 6223 6,928 478 7,380
9 Sep 726 5455 553 fRY] 6,241 495 539 6316 d8 8324 6,337 250 538 7516 490 3%
19 o 5,563 6,440 532 5,649 6,519 410 557 5,502 293 8,718 8432 137 5,697 7573 447 8%
11 3 12,516 6327 %8 8972 8,30 537 6949 0165 460 8.7 5937 415 6539 $,383 561 6,019
12 D 5,731 9,775 556 3,855 9,732 534 4843 9,554 434 9,647 9293 21 $.383 $,58% 545 3,881
Year06 13 :an 7EBS 1003 52  @as 19301 433 10,235 9.779 319 9,969 9,465 245 9,642 9,466 476 10,139
14 Feb £878 10247 4 11622 e 27 WAL 9.765 167 10338 9,447 45 3732 S0 355 9,93
5 M 6.593 1332 453 10,742 s 212 WAl 9.616 1 9,952 s - 155 24 6,560 R 9,405
16 Apr 5449 246 420  WiE 2758 §2 0.2% 9,193 s 9,515 6589 - 47 9,045 7838 199 &85
17 My 26,147 12,266 562 10846 11528 2] 9825 7% 614 5986 10,115 692 6.262 13651 TE4 8,036
15 hr. 13,759 12,021 541 8% 1ER 535 12,12 1135 649 11459 11003 571 11338 133I% 653 14444
19 5597 13405 465 13162 11820 331 12512 113% N7 1288 e 434 11576 11473 £ 13392
20 Asg e 12254 437 g 11537 1 12,151 11,249 91 11,720 11215 107 13882 10418 255 11875
21 Sep 6,284 12,042 42 12691 ih4 9 11888 10EY 165 1134) 10612 - 252 11321 9,331 122 10,671
2 G 11.7% 216 12334 10716 155 i 13175 #7108 Wi - 365 10555 £387 12 9,453
13 e 11911 # 24E 10623 13% 10,561 9.410 3% 9756 9E65 - 465 B4R 9.215 97 6,366

U D 16.25? 12,756 329 1248 1L b2 nags 13442 97 LAYERN 8] 18 9302 11,95 365 9,316



5. Sample of forecasting performance by using MSE with Top down forecasting

Top-Down

Forecast &zzurary By Sinpls Exporanisls  thin

Lo A4S M2

0,1 0.2 0,3 0,4 0.5 0.6 0,7 0,8 0.9 1
MSE HSE MEE MSE HASE MBE M5t MSE MSE MSE
Year 05 1 ize . . . - .

2 Feb 2351 13,55 23,55 2355 2355 P2 A 2155 23.56 2355 2355
3 Mar 52.16 52,16 52.16 52.16 52.15 52,15 52,16 52.16 52.16 52.16
4 Apr 5541 911.75 937.45 96351 ok 1,01649 1,043.91 1471.30 1,099,14 1.127,33
5 May 1,37 1113 31,42 63,64 109,29 169,90 247,10 34255 458,03 595,26
6 Jun 10134 330 N2 152,31 328.29 526,16 714,75 966.91 o] 96167

3t 16.78 13,35 644 431 437 6.51 11,43 20.19 33.60 51.69
5 Aug #8518 108.37 31,77 434 0,46 9,54 Pz 64.63 122,64 215,36
9 Sep 999.14 93150 701.38 655.46 64251 £50,12 $7L33 707.53 758,57 931,26
10 Oct SBED 0,13 2155 96.90 156,72 295,97 427.28 595.04 775,47 1,056,52
11 e 8229 345 64,65 124.62 151.64 145,57 113.26 65.56 33,06 0,11
12 Dc SATEES 5,741,46 554431 5,62157 8643.44 6.141,41 6.479,65 6418.45 7,116.33 TBEER

“fear 06 13 Ian 183834 8283 501,14 Pk 104.91 1854 4,23 76.70 25188 54341

14 Fab 596.29 1,334.76 1.940,32 2,414.49 2,776.49 3,026.74 3152.25 3,136.01 3,965.10 2433,07
16 Mar 3,394.01 450140 492117 450046 4,265.26 372847 3,104,64 248329 131388 148869
16 Apr 441 0,07 9,33 59.37 165.15 2ok 53438 ~oL 913.32 1,057,54
17 May 639.37 487,60 545,99 642,19 704.74 888 18,76 482.34 321.92 172,53
16 Junt 2.66159 3.305,26 3.070,55 2,808.40 2.726.95 3BS85 3ERE2 3.181.70 3,253,36 3,133,18
19 Bt xS 240,64 292.66 347.44 39177 429,07 466,91 111.07 5385 619.37
10 Aug 1,447.56 158250 1,473,46 AL 1460 1,549,96 1676.14 1436.74 1oL 2.302,91
21 Sap 25.49 3330 £3.4 93.91 122,33 151,61 185.10 228.11 380,91 349,03
22 Oct 175.93 165.26 23880 246.66 242.70 22532 20033 185.97 1342 kit
23 Nov 1,705.75 LESR 1,949,01 2,147.76 2431 LIRS 3,098.56 344046 3,760,99 A%
24 Dec 71.69 7762 97,79 111,89 127.70 151,77 885 24049 31303 407,29

Total 946.16 564,75 976.26 1 i 223,75 1,263.33
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