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ABSTRACT

This work covers the use of exponential smoothing in calculating

order points. Various exponential models are tested and based
on an inventory simulation, a model is chosen that will reduce
the total inventory hoi sing. Rules are developed for re.ordering

inventory; A-B-C analysis of the inventory is us.‘d to highlight
those items requiring tight control and a furthe' analysis by
by customer is used to indicate demand vulnerability. Savings of at

least 28% of the inventory costs are expected.
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For reasons of confidentiality, the following alterations have been

made to this report:

1) All part numbers have been deleted. Reference numbers have
been given to the six items specifically dealt with in the

report.

2) All rand values for inventory and sales listings have been

deleted.
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1.3.3

1'3'Y

lhe currentinventory ordering system is inadequate.
* re-c.rd pointis not recalculated frequently
h nordoes it have any statistical basis. The
o P old be recalculated monthly as described
in this report.

f A vr ' y ,is should be "arriod out regularly (evety
" n'hs) an;i cover at least the past six month’s
i is analysis should be used for:

b termini demand vulnerability byanalys jthe

‘At . customer.

Choosing forecasting model. The exponential

51 J 1 (using the tr, eking signal asa
mi: cl pa

Adaptive smoothing using the Trigg and Leach model,
is Suggested for 'B' itc
C i< nms shouid be made only on receipt of a

customer order,

Inventory should be ordered on the basis of the ordering

rule* suggested in Section 7.7.6.

Exception reports must be produced monthly for all fore-

casts that are out of control. The products should be

listed in their A-B-C rankings, so that the most impor-

tant items receive attention first.

further work should be carried out to determine the opti-
mm distribution of inventory amongst the various

branches. The inventory savings calculated in this

report are based on the assumption that all demand is

satisfied from one central point. The branches could

possibly be more economically and efficiently served by

special weekly deliveries from the central point. This

is particularly attractive as 74 of the sales take

place from three branch offices, excluding the central

branch.









Mechanistic forecasting, using a computer model with a monitoring
system provides for exception reporting.

A further reason for forecasting is the fact that lead times
for raw material and capiral equipment generally far exceed those
for production. It is therefore necessary to order the raw
material or equipment long before production orders are raised.
Forecasting of the correct items and quantities will enable stock
reductions to be carried out and customer service to be improved.

What To Forecast

Orlicky (9) first proposed the independent-dependent demand
principle in 1971, in which he states that demand should only be
forecast for independent demand i»ems. These are items which he
defines as finished goods, or service parts not used in current
production, or items where the demand is unrelated to that of
others. On the other hand, where demand is dependent. ie related
to the demand for other finished goods, it must not be forecasted,
but calculated through a bi11 of material explosion, based on the
demand for the finished goods.

It is also necessary to sort the sales items into order of
importance. An A-B-C (Pareto analysis will rank the sales in
descending order of sales value. Stratton (11) points out that
the A-B-C analysis will prompt the marketing product managers tc
examine their product lines more closely in order to identify low
sales and low profit items. It will also assist management in
identifying those items which constitute the bulk of the sales

value.
Forecast!ng Systems

There are three basic groups of forecasting systems:
a) Qualitative

b) Causal
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distribution is unimodal



i VI, v K THC LITERATURE ON TIME SERIES ANALYSIS

Introdui tion

TK 1;i>ratm ( oi “recasting is so voluminous that | hav* drawn
i! Frevic >ur , by L is (7) and Oduardo (8). The n ,
[Bn> i (2)] point out that for cost eff Live c

t it is i it la! that the forecasting model ‘l,0iM*
Ri (lit the mi imum of historical data.

I a ’ mto Introduce the latest dem id info, mation ; ,

L simple to calculate.

Is di c > I/ w (except for mvi < prage) rc,1m
In addition, ini rpret ion of
the e models does not require an extensive mathematical backgroun
This is an i rt, tpoi t since, as Lewis (7) nts c 1
"One of theprinciple reasons why forecastin m
techniques have not gained an even more wit
spread acceptance than they have, has been the

very natural antagonism toward the use of mat1 m
matics."

lypts Of Mode1,

4.2.1 Stationary Models

hese are models to be used where the demand pattern is
essentially horizontal, eg
1) Moving averages

2) Exponential smoothing

4.2.2 Growth Models

Where the demand pattern is rising or falling, the models
mentioned in 4.2.1 tend to lag behind the demand. When
the demand is growing, it is being under-forecasted and

when it is falling it is being over-forecasted. In






n

sfc(n)e =Z.(scc)ise

cmr\

10

and in the next period

n
Je(n +1), * (- TC',
6 t>Cn*') (.
This th (hid pl«( s an cqu 1 v
the past data. If there is a ing or faliir
trend reflected in the latest
very slow to respond to it.
of view, the amountof data th
order to computethe moving average is a definite dis-

advantage.

4.3.2. Exponential Smoothing
4.3.?7. 1 The Exponential Smoothing Equation

Exponential smoothing was first developed by
Brown (2) (3) and this method has the advan-
tage that the minimum amount ofinformation
has to bestored for each item.

The equation is

NF =t*NO + (1 -K )OF e (1)
Where N = new forecast

NO = new demand information

CF previous forecast

t* = smoothing coefficient = alpha

Alpha (al in known as the smoothing factor) is

m 1 ben the values zero to plus one.
:h if u to 0,2 (20 ) one can
r de ion 1 a,

".'1 20, of tl »latv | do. and
f urn to 8u: of ttie old forecast
to ¢ ermtn i t forecast for (tfir

next pi'fioll &



4.3.2.2

1"

Thus in each period, only 20% of the latest
demand information is fed into the forecast.
This has the effect of considerably dampening
fluctuations in demand level from month to
month.

Brown (2) has shown that equation 1 is
equivalent to a linear combination of all
past demands, where the weight given to each
past demand decreases geometrically with age.
The exponential smoothing system is quite
flexible:

When alpha is very small, the forecast func-
tion behaves like an average with a gr.at
deal of past data (its response to change is
very slow). When alpha is large, the fore-
cast function responds rapidly to change.

Selecting A Smoothing Factor

The smoothing factor used, produces an average
in which the weight for past observations
decreases geometrically, whereas the moving
average weights the N most recent observations
each with 1/N. Table 1 from Brown (2) shows
the relationship between the smoothing factor
and the equivalent number of observations in
a moving average.

The relationship is given by:
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13
By making use of equation 1, the average

error can be efficiently calculated in each
period, using the minimum of data. In this
case a smoothing factor - ganma - is used
(0 gamma < 1). Note that gamma could be
equal to alpha but this is no™- necessary.

Et -*(Et) + (1 -B )EM  ——rmeemm- (3)
Where = smoothed average error in period
t
Et _i= smoothed average error in period

t-1

Similarly, the smoothed mean absolute error
can be calculated:

MADt  *#( /Et/ ) + (1 -if )MADt _| (4)
Where MADM = smoothed mean absolute error
in period t
[E*] = absolute error in period t
MAMt - " smoothed mean absolute error

in period t-1

The trend in the forecast is defined as:

™ ° Ft ' Ft-i

The smoothed average trend can be calculated
in a similar manner:

Tt =*(Tt) > (1 -Tf) Tt-1 - (5)
Where T" = current trend in period t
T = smoothed average trend in period
t

Tt-i * smoothed average trend in period
t-1
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a) Forecast biaslow — then atph m 11
—model st.rib If wit li slow

response to char In demand

b) Forecast bias high — then alpha la ge
— model h r ,-id re .ear < to

changes in d -1

This ii del m des use of the tra Fin 1d fir tii
equation 6 in 4.3.2.4.

Since the absolute value of the tt Hr , "ic 1 flu

tuat s be on zero and unity, and i , e to- d>uni vy
whf i ti forecast errors are lar< Tri « ! h

proposed a model where

ok = /TS/
| e "dI< h (1 ) point out 1ti r 1v
system will repond to changes is aff t / the

Vviur of gamma, wi re gam a is n d for stmv tg the <.rase
error d mean abs lute deviation.
1itw 1 0,05 and 0,1 is recon. -: d; hi r \ .lues

Ic dir | : ins- >1ity.

E nnis ( ) p g edi model u>ng 11 expnn filial

smoo! ng rqu lion, but controlling i ont ml -is of "R s"
cf errc . ¢ model counts tiie fr o con ci ,ve

times a |isiti neg Live force,r in ori oh

twined, and > res this against a pn t | va er.

If H ' lengLh of the run exceeds the value ol the pre-
sit parameter, alpha is adjusted upwards, Ai errc- of
either zro or opposite sign i . usel to indie,it' the c, |
of a run and the value of alpha i . then i diatoly re-
set to 11s base value.

Dennis (5) reports on a test comparing this model to one
proposed by Whybark (15) (a model where the forecast
error is compered with the standard deviation of the

forecast error, and alpha is adjusted on the basis oi



16
this comparison). He shows that the run based model
performed better than the Uhybark n 1t 1. He points
out that the model is computation illy effici nt and easy

to understand.

nt A forecast inq Model

i p 1for ting Models

m ing of a forec sting mode’ is n + sai / in order

o detect real changes in demand. I; i a real change
h ¢ signal must indie *thi chv to ne
ir (; arge o forecasting. A m -ld might be
>. or alpha might have to I re | t< a hit;1r
value or a w periods to alio 1 | to adjv t

rapidly to the nc situation.

rigg's (13) tracking signal is with ly used to indicate
when a re 1 change occurs and Batty (1) produced a table
of cumul vr probabilities for us. with the tracking
signal. An observer may then determine the statistical
confidence in his hypothesis that a significant change
has taken place in the mean level of demand.

TABLE 2 1
SINGLE EXPONENTIAL SMOOTHING

MUAA IVE PROBA Il ITY TABLE FOR ARIOUS VALUES OF ALPHA

TRACKING SIGNAL

JMALATIVE
"ROBABII ITY s o

2 X =0,2 « 0,3 x - 0,4

0,24 0,33 0,44 0,53

0,29 0,40 0,52 0,62

0,85 0,32 0,45 0,57 0,67
0,9 0,35 0,50 0,63 0,72
0,95 0,42 0,58 0,71 0,8
0.96 0,43 0,60 0,73 0,82
0.9/ 0,45 0,62 0,76 0,84
0,98 0,48 0,66 0,79 0,87
0,99 0,53 0,71 0,82 0,92

out.c ; Batty (1)












19
Brown calculates

K , °t ~ Ft
S.D.
Where Dt = demand in period t
= forecast of demand for period t
S.D. = standard deviation of forecast error
Brown shows that when K> 3,5 (for tight control) the value can
be treated as an outlier. In this case can be filtered and

reset as follows:

Filtered Dt = +3 (S.D))
The sign in the above equation will depend on whether

Dt > Ft or ct F Ft

Order Point And Order Quantities

Classical inventory control is based on using an order point/
order quantity system for ordering independent demand items (see
section 3.2 for the defmitior of independent demand). This

theory has been well developed and is summarised below.

oP ' DOLT + SS
Where (0 o = order point
DDLT = demand during lead time

SS *  safety stock

The order point can be recalculated as frequently as required and
the advantages of frequent recalculation will be shown in section
7.
Every time the stock-on-hand plus stock-on-order drops below the
order point, one order quantity is ordered from the factory.
The safety stock is calculated from the mean absolute deviation
of the demand. The details are given in section 4.7.

This system is based on a set of rules to define the workings

of the model. These rules must define:



a) How to calculate DDL]
b) What quantity to order

Proposed rules are developed in m tion 7.

Service Level and Safety M |

A number of definitions of f- \ice 1 ¢ iml m o mused by

BONIT is:

beL. N¢ of oid- . &kliv d fir i Lock
N> oi orders i>:eivtd

Th< target service level is t at

Safc:y stock is held as a buf er . , , V.iriation, in

a) Le d time from the factory

b) De id from the custom

The amour: of safety stock held is d =+ nt o -

a) Demand variability as measured bymean absolute devia-
tion;

b) Service level;

Cc) Ratio of lead time period todemandinterval period

Extract of the tables of safety stock factors and a sample calcu-
lation are shown in Appendix 5.

Table 3 overleaf indicates the safety stock required for the six
top 'A' items (note that the safety stock forms only part of the
actual stock holding). These results are strictly only true for
demand distributions that are symmetrical and therefore the safety
stocks calculat'd for the first two products (where demand is

changing rapidly) are not applicable. A management decision must
be made on the stocking policy to be followed. This could be

f i contract wit i the customer, in the case of the first

P '""t, wh < one custf r anm it f 66% of the demand.

I -hi e M the second pro uct, a n t be taken of the

Voo n ais tmarl «"-i smo<k I « «ermlnvd accordingly.
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PRODUCT

R3S

Pl

Aug '80

To

Jan '81

A

BEXZEHERBR

All

A12
A13
A14
A15

81
82
83

85
86
87
88
89
810
811
812
813
814

TABLE 4
A-B-C RANKING COVPARISON

May '80 Feb '80 Nov '80

To To To
Oct '80 Jul '80 Apr '80

Al M 82
A2 Al A2
AS A3 A3
A6 A9 A13
A7 A6 A8
A9 All 12
A3 A2 A
A10 A10 A9
A8 A7 A7
All A13 A16
M AS -
Al4 A12 M
A13 A16 AS
86

A1S A8 A6
A12 A15 All
87 81 A10
84 A17 Al4
A16 87 814
812 89 810
89 88 81
810 84 86
85 86 813
814 817 88
83 85 820
PIS 814 819

Aug '79
To
Jan '80
A12
M
A2
85
A13
A10

Al

A7
A6
81

86
AS
A3

84

A9
A8
All

87
89
814
813

815

May '79
To
Oct '79

A10
A3
A2
82
85
A12
A1
A6
A7
83
A15
AS
M
81
A13
A14

812

88

86
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TABLE 6
RESULTS FROM THE SELECTED PRECAST I Nfi MODELS

PRODUCT Mode 1 Alpha For:cast Tracking VaDrei:abnidlity

Error Signal X
PI 2 0.1 N/A 7.1 0,05 86
P2 6 0.2 2 -17.0 -0.48 94
Pj 6 0.2 2 -0,14 0.27 36
P4 2 0.2 NA 0,1 o 44
PS 5 N/A 0.19 0.5 59
PS 2 0,2 N/A 1.3 0.01 47

*P is the number of allowable periods of consecutively

s™ned forecast errors.

Demand Spike.

a' Manually filter the demand figures to reduce their
effect on the model, and

b) Place factory orders for the spike based on marketing
information.






7.2

Periodic Review Of The Orel r Point 32

From the information presented in sect; ms 4.6 and 4.7, the

order point will be calculated as follows:

Where

7.2.1

oP

oP
DOIT

SS

Assu

a)
b)
c)

d)

d)

<)

= DOLT + SS

Order point
= Da aid di ing lead Vi
= Safety stock

itlons

Load time is eight v !

A service lew | of 9G:> requir
The t Il interv;11i four

The fa y order quo tity will o y | a
multiple pf one month's forecast,J V .nd rounded

One order quantity will be rr im J whenever the
stock-0- h rid plus s -un oid d opsbelow the

order p t.

The order point will b< rci

months ar, be b v-d on thep t six voih's dota.
Appendix 2.V contains i h1lya zrane sales,
ar mean ahsolutt d>» t ,, -.lc lated at three

month Intervals.
The aver, * s 1c will d a< a forecast,

The m m <« ml o ill > used to ca“cu-

1ite the sal ty sto ,

The initial or.i ¢, mt in p, iIMO is based on

th past twelve ninths' , i(Appendix 2.3).









7.3.2

PRODUCT

PI

P3

P4

P5

34

d/ 1he factory order quantity will always be a
multipV of one month's forecasted demand rounded

to the nearest fifty units.

Ordering Rules

a) One order quantity will be raised whenever the

stock-on-hand plus stock-on-order drops below the

order point.

b) The order point will be recalculated every month
and be based on the forecasted demand. Appendix
8.1. Table 17.2 shows a sample of the monthly fore-
cast and mean absolute deviations used to recalcu-
late the order points in Table 26.1.

c) The mean absolute deviation will be used to calcu-

late the safety stock.

TABLE 8
STOCK STATUS AT BND CF SIMULATION RN

Simulated Simulated Months Months
Torecast Safety Stock m Stock Stock Stock  On
Stock Hand and
On Order On Hand
On Order
2?60 743 1360 - 5.3 5.3
962 805 (*30) 3600 - 3.2
291 234 634 350 2.2 3.4
256 254 437 550 1.7 3.85
53 151 301 100 5,6 7.5

41 57 75 100 1,6 3,4
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7.3.3 Results

lit'" del i1 i ul1. art- shown in Appendix 9.2; Tables
26.1 to i.G <'lare wur ist-d in Table 9 (overleaf).
The 11 : 1 fre i I,die / hdl b on included for compari-
son put| . mv v; - itantial reduction in inven-
tory u i <tin e t, i of the order point.
Inventory | dr . dtv 38,7 . Table s shows the
stock st. r: 11 tnd of the simulated run. Despite

the 38,/ dtt.i in inventory, ttie stock status is accep-

table.

Selection Of One Forecasting Model

Table 8 shows that best results selected from the various fore-

casting runs using different models (Refer to Appendix s). In
the real life situation, it would be preferable to have one model
in u , rath than the three used, to derive the results in Table
8 . Th pr:ipl advantage will be simplicity and ease of under-
' > by Il ¢ i 7?2d, oi how the forecasting model operates.
0 > 1, tl in Table 9 wore obtained with models
t < si> i1 i, difference brtween the two models is
in the m thodc,c itro’ .
7.4.1
i v ill by mil' ring thi tracking signal.
ti \ allow d to
iti lv. .-(i r a9 confidence level -
i ecid v periods.
In ti dir I , i n set to o,8, and held at
i | signal dropped bi low the
I 11 . Ti-r h ¢ n therefore be mode more,
0 1 tiii' > , (>m decreasing the number

of | iieis < t1I I - -1 is reset.









3/

Mode 1 Six

I ' | six (which uses the same forecasting equation a
eqv Mion 1, section 4.3.2.1), *S control Ice
! ly on she basis of the number of consecutively signed
ei»ors. lhus, two consecutive forecast errors
aiK sign ¢ n be used to indicate that the lore-
out of control. In the various results used in
i wor ,t ts using two, three and four periods of
< isecutive, similarly signed torecoSt errors were tried.
In general, as the number of periods increase, this model

becomes less and less responsive to change.

Model Selected

a,lt o shows a comparison between the optimum results
detailed in Table 9 and tne results obtained using model
1 for all items.
shows that there is a small loss of optimization,
particularly for P3 where tne simulated
-tocl has increased by two hun'-.ed units (a cost increase
of R4 812). The results for P5 are
exactly the same. The stock of Pl has
increased by three hundred and fifty units (R4 640
although, in the real life situation it would be hoped
ihe end of the demand spike would be foreseen anc
1 adju'.ted (by manually resetting alpha to say
a few periods or 1t overriding the order
| ion). Note th fact this fall off in
i as the tual stock was only 1 096
d nuery 1981.

eitnation occurs oi P2
imulat d a v negative (ie un-
In the Til lif si nation, this
1 indicn,mg th t ,uf icient factory

[ <d to cov r customer demand.
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C) The number of consecutive periods in which the tracking
signal is allowed co exceed the limits. (Determined
from Table 2).

d) The value of the smoothing factor used when the tracking
sigi il has exceeded the allowed limits for the specified

number of periods.

e) The smoothing factor for the forecast errors (generally

set at o0,1).

The following test data was used:

a) Alpha =0,1; 0,2 or 0,3.
b) %% confidence limits for the factoralpha from Table 2.
c) The tracking signal was allowed to go outofcontrol for

two consecutive periods before alpha was reset.
d) Alpha was reset to 0,8 in all cases.
e) CGanmma was set at 0,1.
The following points should be noted:

a) The principle method of monitoring the performanceof the
model should be by means of the tracking signal. The
closer the tracking signal is to zero, the better the

model is following actual sales data.

b) Where demand spikes occur, judgement must be used in
determining if the smoothing factor must be increased or
if it should be held low and special orders placed to
cover the spike only. This can only be determined from
marketing information.

c) A graph of both the forecast versus actual demand and the
tracking signal should be maintained for all 'A' items.
This will enable the forecaster to fit his model to what

is actually happening.

d) Exception reports must be produced every time the tracking
signal indicates that the forecast errors are unacceptable.
These reports should be referred to the product managers/
marketing for investigation.



The reasons should be clearly determined so that the

outliers in the demand data can be discarded.

e) The exception reports should show the items ranked in
their A-B-C rankings to that the most important items

are investigated first.

Forecasting O 'B' and 'C1 ltems

A sample 'B' item was chosen and the forecasting results are

shown ir Appendix 9.4; Tables 28.1 and 28.2. There is very

little difference between the models. The inventory simulations
show t lat in at11 cases the same ending inventory is produced.

This is ma”niy due to the large order quantity of fifty units,
whi.n is accepcted as being the minimum factory order quantity
desrable. [Altering the order quantity to the forecast quantity,
rounded to the nearest ten units, reduces the final inventory
(using model five) to seventy five units. This results in a
reduction in inventory of ten units - refer to Table 28.2].

For 'B' itmes, the adaptive forecasting model of Trigg and
Leach (model five) has distinct advantages. For these less
important items, the use of an adaptive mudel allows more freedom
for the forecaster to spend time on 'A' items. As suggested by
Lewis (7), 'B' items car be forecasted in this manner and the
only monitoring that is done is to set an arbitrary limit on the
value of the tracking signal. Exception reports are then prepared
for 'B' items whose tracking signals exceed this value.

The demand for 'C items is highly erratic and it is suggested
V at these are handled strictly on a 'make to order' basis. No
stock of 'C items should ever be held.
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8.6 Changes in customer (k mi from om iten to another cause large

spikes in the demu | |It<in. These spikes are not conduci ve
to good stock conVol. lv:y (ffort should be made to track
down the reasons tor t spil tin ouijh customer liaison,
to try to minimise tin,.. Tin . nit o .afi ty stock carried
is directly / pendod o, 11’ lal iiiiv in ilia sales data.

8.7 Regular A-B-C anal sis should be (atri d out -0 determine when

the forecasting policy she id dm

8.8 The definition of a "sia ird1 ptuluce tu be based onsome
cut off point in th /1 Cclassifi(ati . Certainly all 'A’
items should be con id ia standard prod :S. 'B' items up

to 90 of the sales rev e could also b< co id -d as standard.

8.9 'C items should be handled on a 'make to order' basis only.
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GRAPHED SALES DATA



The sales history for the top six 'A' items, and one 'e' item have
been graphed. The selection of these items comes from the A-B-C

analysis in Appendix 2.1.
1.1 Demand For Pl

This product exhibits an exceptionally high peak in one period
(five times the twenty four month average demand) and ss % of
the demand comes from one customer. The distribution is highly
skewed with more than 50% of the periods experiencing a demand
of less than two hundred and fifty units. Clearly, from the
graphed sales figures in this appendix, history provides no
indication of the sudden rise in demand and time series

analysis cannot forecast this increase. Forecasting models
can be chosen that will try to follow the trend rapidly but

some outside decision making is required to:

a) Forecast the rise in demand subjectively.

b) Decide if it is a real change of demand level, or purely
a 'spike'.

C) Decide if the forecasting mo' 1 must be changed.

Demand vulnerability is e mely high because of:

a) High demand variability and skew distribution, (ie very
few periods with high demand).

b) Customer dependency.

Stock policies must therefore be determined taking these facts

into account.
1.2 Demand For P£

This product shows a rapidly rising demand towarcs the end of
the twenty four month period under review. Time series fore-
casting cannot be used to predict the rise in demand, it can

only try to follow the trend. Demand vulnerability is fairly



high because of the low number of customers and high variability

in demand.
Demand For P3

This product is a good candidate for forecasting by time series

analysis. Demand is essentially horizontal with fluctuations
about a mean level. There is a slight shift in the mean during
the second twelve month period. Demand variability is low and

variability is lower than for the previous items as four custo-
mers account for most of the demand.

Demand For P4

Generally exhibits the same characteristics as those discussed
in 1.3 above, although demand is more variable.

Demand For P5

Demand for this product is falling continuously through the
twenty four month period. Further investigation might reveal
that one customer's consumption was changing or being phased out,
causing the drop in sales. Time series analysis cannot predict
the start or end of the drop, but can attempt to follow it.

Demand For Ps

A horizontal demand pattern is apparent for this product.
Forecasting of demand should be possible using time series
analysis. Demand vulnerability is extremely high as one ustomer
accounts for 94 , of the demand for this item. Stock holding

policies must take this into account.
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IX 2.1



The results of the A-DCanalysis for the twentyfour month  period
are shown in Ilie 11.
In tin (.1} th 'A' level was set at 80 of the sales value

and the 'A'and T ° level , :95 . Thereport shows that just
seventeenout of i y seven line items account for 80% of the
s;1ps v |U . M r t shown both the arithn tic average of the
sales ov:d 1: y four month period as well as the mean absolute
@ iati ' [ lity in demand is deter,; ued b the ratio of
mcufi absolu dev ition to the tthmct ic avf, a

Prom B, o+Vs definition of In pines . (section ? T...) any item

with a variabil ty factor exc eding 80% can b- consider i to have
lumpy d md.
In tl isc. hot th t) two 'A' items have Iumpy 'demand.
dei md can clearly be seen in the graphs in

This . is is t first stop in det n'ning which items are
import at i b fcv ,st. Notethat the 'C items accoun.
y Vv donly 1950 units per annum.
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SALES:

LIMI

>>r>r>>>r>>>>>>r>>
mmwmmwmwmwwwwwmwmwwwmw>>>

Pl

F'3
P4
P5
P6

MARCH ‘79

L'RAHIHG

10

11"

n

Al-i

I OARY

l10T.O1Y
<C4 MON)

9601
7200
6678

1409

1631

1228
1761
1678
1437

66-

408

223

372
252
735
114
301
212

1

TABU 1.

rUHt VSJS

AVE.01
(MON)

nn .VAI
< 4 MON)

54 2
404
300
278
130
43
142
171
136
131
59
113
66
92
44
30
51
70
70
60
17
28
39
40
20
25
32
17
20
25
10
9
13
16
1
31
5
13
9

HAD-

466.
379.
110.
121.
76.
20.
102.
89.
76.
67.
26.
134.
37.
63.
14.
16.
23.
80.
95.
83.
16.
29.
62.
37.
16.
32.
39.
16.
22.
32.
13.

. 'S
NmmqnmwmwwwwwoqquhmthwHwNHmH w

(=Y
[~

23.

46.

©
~Ndpa o

22.
11.6

64

VAR

93.
36.
43.

53
72

52
56

113

33.
53.

45.
109.
135.

140

105
158
93

83.
126.

123
95.

113.

134
128
55
109
151

30.
150.

130
176

.97

96
69
79

.56
46.

97

.21
.20
.51
51.
44.

29
94

.91
55.
69.

35

10
21
89
98
98
81
05

17
.33
.75

33
79

.73

10
04

.18
.37
.94
.31
.88

08
88

.70
.02
133.

18

76.8-:

78.

80.
82.

79
47
02

82.4-:

84.
85.
86.

87..
.91

87
88.
89.

90.

90.
91

91.
92

93.

93.

93.

94.

94.

94.

4:
43

'9

04

.27

.2
92.

63
I1-

57
'4

97
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Table

Tc'ble

1 able

Table

Table

12.1

12.2

12.3

12.4

12.5

12.6

February 1980 to July 1%
November 1979 to April 1.
AuguSv 979 to January 1(

May 1979 to October 1979



TABU. 12.1

PARETO REPORT FCR SAlI'm Al IP I

rt-BC ntv: >

SALES: AUGUST '80 TO JANUARY

LI, DRAWING NO. TOT.OTY

< 6 MON)

P2
P3
P4

PI

P6

P5

o to bY 00 0 0 S tu b bu o bo B b~ W W W oo DD PPERRPE PP

total quantity: 23201
To IRL "Vru1IE:R 111 3004. 99

624*5
1804
1728
1481
1251
522
1220
S29
244
585
765
67*
459
498
470
230
129
238

174
250
226
175
249
61
184
104
65
84
250
100
111
81
98
60
1

dl

TOT.VML
( 6 HON> (MON)

104 1
268

209
67
203
155
41
98
128
113
77

22
40
27

42
10
31
17
11
14

17
19
14
16
10
21

MAD

VAR

38.

50.
24.

28

44

64

87
65
137
133

67

166.

37

70

36

00
40

.30
44.
89.
43.
60.
41.

76.

23
13
38
03
60

.44
50.
38.
56.
64.

76
55
31
64

.34
85.

99

.08
.52
.33
.33
10.
81.
67.
96.

67
12
21
38

.31
84.
80.

62
95

67

.84
1l46.
133.

91
33

.00

133.33

66

% CUM
(TOT

22,
30.
37.
43.
43.

52

60

64.
67.

70
72

74.

77

78.

80

82.
63.
84.
85.
86.

67

88.

89
89

90.
90.
91.

91

92.
92.
93.
93.
94.
94.

94

.VM1 H

82
71
18
42
54

.92

. SO

.63
15
46
.07
.54
94
.01
87
.69
13
43
75
71
60
.43
21
.05
.70
30
89

.88
33
76
19
60
00
41
.60






SALES:

LIM|

mwwwwwwwwwwwwwwww»»n’:ﬂ:ﬂ>>>>>>>>>>>>

TOTAL

P3
PI
P4
P2

P6

PS5

FEBRUARY '60 I1

DRAWING NO.

QUANTITY: 21716

1017363.94

roi

sur 1 "

TOT rQTY

6 MON>

2391

1699
1679
1430
1212

099
764
348
836
494
814
479

345
154

415
274
202
393
117
275
179
123

100
154
80
55
go I
102 1

17 'r 12.3

( Mnfii.vi.is

TOT . VAL
6 MCN> | MOm)

399
398
283
260
238
202
50
161
150
127
58

i 38
82
136
80
49
58
26
73
69
46
34
66
20
46
30
21
10
17
26
13

9

13
17

AVE.GITY

311.
94.
1 6.
309.

38.

16.

175.
54.

67.
32.

61.

38.
145.
36.

11.
15.

80.

71 .
21 .

21,
63.
10.
76.
23.
11.

12.

16.

CHCWoORpooIwwNDWHWRENO®

Nge N BN g e,

24. 2

13.

21.

w

78.
33.
70.
129.
18.
36.
108.
36.
52.
55.
44.

47
45
22
26
111

46

63.

96

166

60

123

29
51

10
70
98
70
90
15
88
75
58

.23
107.

53

.23
.69
.67
32.
.49
104.
.72

47

02

37

.95
52.

14

.67
17.
57.

12 9.

100.
Q4.

100.

65
72
38
00
37
00

.00

.53

CcuM
HTOT. VA.
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TABU 12.4

A E-C ANALV)I

SALES: NOVEMBER 79 Tu APRIL 80

LIM DRAWING NO. TOT .QTY TOT.VAL h .01 MAD VAR H CUM '
C 6 MON) ( b MON) * MON ' , TOT.VAL )

A PI 6166 10 1 71.45 22.77
A P3 1886 314 117. 37.47 32.05
A P4 1793 29", 172> - 40.44 39. 99
A P5 769 128 i 3.6 65. 41 44 .59
A 1150 1. 75. 0 39. 13 49. 16
A 079 14V 180.2 122.98 53. "3
A P6 21 1 12.5 35. 55 56. 74
A 735 123 71.5 58. 37 60. 24
A 594 99 85.7 86.33 63.04
A 195 10.0 a7 65.56
A 271 45 9.9 21.89 68.01
A 238 24.6 61.90 76. 32
A 492 42. 7 '2.03 72.62
A 337 56 18.6 33.04 74.83
A 535 136.9 153.58 77.01
A 31P 53 20.7 38. 99

B 425 94. 4 133.33 80. 90
B P2 401 67 69. 1 103.41 82.56
B 155 23.2 89.68 83.58
B 239 40 34.8 87.45 64.43
B 73 12 12. 2 100.46 85. 33
B 147 25 26.0 106.12 86.27
B 128 21 12.0 56.25 87.12
B 155 26 27.8 107.53 87.96
B 200 33 33.3 100.00 83. 78
B 145 24 32.2 133.33 89.54
B 93 16 12.5 90. 65 90.26
B 104 17 16.9 96.79 90. 90
B 152 25 16.4 64.91 91.40
B 58 10 6.7 92.05
B 130 22 22.9 105.64 92.53
B 80 13 17.1 128.33 93. 12
B 218 36 43.2 118.96 93.55
B 62 10 6.4 62. 37 93.96
B 44 1 2. 1 2G.73 94. 37
B 63 11 10.5 100.00 94. 77

TOTAL QUANT IT.: 20801
TOTAL "VALIE :P 919313. “%



SALES: AUGUST '79
LIM DRAWING NO.
A PI
A P4
A P5
A P3
A

A P6
A

A

A

A

A

A

A P2
B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B
TOTAL QINH] 7r ! 201.

PARETO RIPOUI 10

TO

JAUUA |

TOT.6 IV
< 6 MON

8166
1629
1066
1187
1150
208
657
205
2717
257
368
347
500
406
282
326
288
254
279
249

150
9\
76

2 |

119
48
in

TA".EJ ? S
AL >

m IRl Y f.

TOT. VAt
< C MOW)

\

T(

f. L.VII
u ~uN;

1361
272
177
198
192
35
110
34
46
43
61
58
83
68
47
54
48
42
47
42
32
25
16
13
47
23
20

18

MAD

115.8

1Y
w . .
NONOWON LA dWE N WIIRANOON®OH Jo

VAR \

42.
53.
.61
.88

31

29.
57.
34.

19

51

91
66

66

66
11

17
38
47

.98
22.
217.
51.

125.

96
72
20
33

.23
46.
79.
57.
93.

10
75
64
26

.04
.67
166.
166.
120.

88.
121.
113.

67
67
70
60
90
73

.67
25.
133.

00
33

CUM
(TOT .

39.
45.
51
56.
60.
63.
66.
69
71
74.
76.
73.
80.
82
84.
85
86.
88.
89.

oC.
91.
92.
92.
93
93
94.
94.

VAL.

17
92

.87

71
35

63
41

.02
.63

19
45
59
60

.58

35

.76

99
11
20

. 14

SO
41
02
61

.15
.64

11
57
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APPENDIX 2.3

A-B-C CIASSIFICATIONS

T«ble 12.7 May 1979 to end April 1980

Table 12.8 January 1980 to end January 1981
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T.BLE 12.7
F ITOR P FOR SALTS MAY 194 10 ArRIL_2.9B0

H B C ANALYSIS

SALES: MAY .'9 TO AFrll L
LIM BhAUINC NO. TO, .'MY TOT.VAL 1AVE.QTY MAD* VAR $ CUM %
(1 P> <U MUIU (MON) <TOI.VAL>
A FI 9655
A P3 293 121.9 41 .66 27.45
A R4 331 109.0 32.97 36.20
A P5 1 M3 160 75. 3 47.08
A 2210 184 77.5 42. 63 46.78
A P6 445 15.6 42.02 f 3.59
A 124 79. 7 64. 45 54.10
A 1c 103 98. 1 90.51 57. 1
A 33 15.0 40. 60 Bu. 1<
A 5t 47 9.0 62.74
A 513 43 18.5 43.37 65.29
A \2n 106 148. 7 140.46 67 .67
A 85 63.6 74 .66 70. »
A 699 58 16.5 28.25 72. 6C
A P2 116/ 95 84. 5 69.23 75. 01
A 922 77 60.3 78.45 77. 17
A 943 79 66 .8 85.07 79. 17
B 45 23.8 53.37 80.99
B 47 34. 6 73.64 82.75
B 60 30.6 150.R20 64.74
B 50 51 .9 164.76 65. 44
B 5/7 43 56.3 117.07 66.56
B 31 34.2 110.22 h .5
B 17 19. 3 112.85
B 20 17.9 89.89 £ .-1
B 24 40. 3 166.67 89. 92
B 191 16 15.4 96. 68 90.57
B 108 9 9.2 101.85 91.0
B 14.7 65.92 91.5
B 40 51.0 126.0 92.11
a 7 7.9 119.1, 92.6
B 211 18 14. ? 83. 33 93. 1
B 8 3.2 38. 38 93.60
B 130 1i 12.3 11 94.05
B 155 13 18.2 140.86 94.43
6 6.2 77. 08 94. 8 T
TOTAL OMANI 1 : -V I to

TOTAL VALOF:f i, o; nd?2



Sftl ESS JANUARY

LIM 1

A P2
A P3
A PI
A P4
A
A
A P6
A
A
A
A
A
A PS5
A
A
A
P
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
TOfAl

TUTAL VAt Hi :

'80

LRAWINCI NO.

2269% '

10

JANUNU

1TOT. 01 <

| <13

I =N

78 4
45 7
47L.C
3562
2510
2513

575
2225

968
1733

1159
1211
1477
574
333
627
685
581
281
459
687
371
546
316
495
558
400
336
183
127
161
149
140
75
66
132

vi

IABU 12.8

TOT, vi,L

<1

)H>

.01< I HAD
ir> I

93.7

362 329.7
274 115.2
193 77.9
193 54.3
44 21.1
171 195. 0
70 35.2
133 66. 8
143 72. 1
89 37.9
93 50.5
114 101.6
44 17.4
26 13.4
48 26. 1
68 68.4
45 41 .2
22 16.0
.35 28.6
53 43.6
;? 20. 3
42 42 .3
24 13.2
33 58.6
43 47.0
31 42 .6
26 26.2
14 9.3
10 7.0
12 12.2
11 12. 3
11 11.6
6 6.6

5 5.6
10 12.9

75

VAR %

28
91
42
40

47
113
50

50.
50.
42.
54.
89.
.45
52.

54

73
80
82
71
100

153

138

98
106
108
113

.35
.08
.06
.36
28.

11

.60
.92
.46

10
55
54

18
61

21

.18
129.

92.

89
10

.97
.95
.57
.83
.73
74.

78

.85
109.

43

.46
100.
69.
71.

59
53
47

.23
.97
.08
.85
106.
126.

11
57

CUM %
(TOT.VAL'

23. 43
30.57
37. 07
42. It
47. 18
51.19

56.71
62. 17
65. 36
68.52
71.57
74,39
76. 37
78. 36
80. 65
81. 48
82.65
83.77
84.86
85.83
86. 78
87.67
88.55
89.43
90.29
90.97
91. 56
92.03
92.52
92.94
93 35
93.73
9. 12
4. 4
94 .62
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TABLE 13
smr : MARCH 79 TO FIUPUHRV ‘til
DRAWIM HO. ICUSTI1TOT.OTY I TOT.VAL |AVE.OTT 1TOT VAL ITEM
6ez o i 161.30 10.28 89.53
: oo 355 1a 28-3 le6.e7 10.57  92.02
r6s 225 18 2 162.21 10.81  94. 14
30 202 y 71 11.05 96.24
11 18. 66.67 )
109 b g s 3 166.67 11.16  97.22
012 120 5 79 158.33 11.27  98.19
2es 120 4 6.7 166.67 11.35 98.88
pop 2 5 4 183.33 11.39 99.21
526 45 1 2 4 101.6. 11.42  99.44
a7s 1 14 191.67 11.43  99.59
¥ o 1 69 183.3 : 11.44 99 68
e b 0 o g 191.67 11.< 99.76
Ry b 0 6.5 191.67 11.46  99.81
P ° 8 0.4 191.67 11.46 99.84
toos 8 191.67 11.47  99.88
P 3 o 191.67 11.47  99.90
19 3 6 i 2 1)1.67 11.47  99.92
1297 > 191.67 11.47  99. 94
eer : Q c.2 191.67 11.48 99.96
o ; 0 0 2 191.67 11.48 99.97
126 ; 0 0.2 191.67 il.48 99.98
112 2 0 0 1 191.67 11.48  99.99
1289 1 0 0.1 191.67? 11.48 100.00
1289 1
: 1 1.84 16.64  51.48
¥ poe P 2%: 2052 loev7 19.36  68.73
cas o3 43 150. 1 .33 78.34
e ‘oo 34 L g 175.00 20.18  86.32
a5o Son % " 175.00 20.70 92.05
b e 1(6.67 21+08  95.81
e P 13 191.6, 21.18 96.88
Tes 100 4 (.6 191.i 21.29 97.94
2ed I 3 4.7 175.00 21.35  98.56
504 ® 2 58 )3 33 21.40 99.05
o 1 1o 1C3.33 71.43  99.31
Y 24 1 19 191.67 21.45 93, '4
oo o 1 1.7 183,33 21 .47 99.74
PPt 22 o 00 11. 67 21.43 99.34
Tod B o 0.5 183. 3 21 .49 99.91
oy : o 0.4 183.33 21 .49  99.97
e ° 0 0o - 191.67 21.50 100.00
75 3|
62.0: 24.89  39.35
# s T 059 1 1;:? Zé: 43 Kk 27.09  64. 33
3321 1999



DRAWING NO. 1u-1j UT.GTY 1 TOT.VAL wE .ori MAD VAR cum . ¢ U

oo | (MON o rot. VAL ITEM
-~ H
1999

4,4 550 ij 32.5 141.67 30.00 98.' 9
685 500 21 26. 3 126.33 30.65 I0C. 30
431 271 11 7.2 63.44 31.00 1lit .35

1 27v 11 20.6 183.33 31.27 113.4

14/3 166 7 6.1 87.65 31 .45 115.
75 128 5 8.7 166.67 31.62 117.48
105 4 7.7 175.00 31.74 118.92
1951 4.2 166.67 31.82 112.6'
1162 40 2.5 150.00 31.87 120.46
75. 3.1 183.33 31.93 121.07
2192 2 3.0 158.33 31.98 121.66
930 2.6 175.00 32.02 122.15
1 22 175 30 32.06 122.61
59 1 2.4 191.67 32.10 123.04
1925 24 i 1.8 183.33 32.13 123.42

702 24 i 1.9 191.67 32.16 1.3.7
3 1.6 175.00 32.19 124.11
15 1.2 191.67 32.21 124. >
1103 13 i 1.0 183.33 32.22 124.53
1v:3 12 J 1.0 191.67 32.24 124.71
2259 10 0 0.8 191.67 32.25 17. 65

997 9 0 0.7 183.33 32.26 12'.

1474 IP 0 6.8 191.67 32.27 125.11
0 0.6 191.67 32.29 125.3

2190 6 0 6.5 191.67 32.29 12-.
634 6 o 6.5 191.67 32.30 125.41
967 6 0 6.5 191.67 32.31 125.49
1773 5 o 0.4 183.33 32.31 125.55
1316 I (] 0.1 191.67 32.31 i: >.57
919 1 0 0.1 1l91.67 32.32 125.50
1474 2487 104 73.0 I 70.44 34.73 34. 68
605 1061 44 29.8 67.36 35.93 51.94
471 600 e25 19.1 76. 33 36.60 61.54
712 596 37.7 1512 37.20 70. 16
295 471 20 22.5 114.54 37.74 77.95
1426 350 15 26.7 183.33 38.04 82.22
759 210 9 12.4 1l41.67 38.28 85.63
254 150 5 9.5 151.67 38. 43 87.87
2335 5 g. g 191.67 38.56 89.66
431 80 3 5.6 166.67 38.65 91 .02
147 : 89 4 4.1 111.57 38.74 92.27
225- 80 3 5.6 166.6i 38.62 93.47
113! 50 2 3.6 175.01> 38.88 94. 30



P5

DRHWIMG NO,

685
471
712
295
1426
75’
251
2335
431
1473
2259
1135
1196
1510
280
183
1094
2190
922
634
752
135
930
1668
1947
666
2192
366
997
514
245
2334
571
1103
953

2259
2012
21H
567
142t
842
321
486
72t

ILUST ITOT.OTY

<24 MIi

1061
600
596
471
350
210
150
110

80
89
80
50
50
33
30

24

22
20

n

15
11
10
10
10
10
10

b U1 oY OV O O)

1505
428
282
159
158
121

80
72
36

TABLE 13 (co

TOT .VA
(2 1 MOM

fivE, '1Y

000000 OCO RpRrTHKEKHEHEHH

oQ o™=

MAD

A
(oo

19. 1

NN
o NN

-
AN AWORUTRONODN-
PP WR OGO oy ®O A NN

coRrRrK
®© © WD W

VAR

67

76.
151.
114
183.
141.
151
1901
166
111
166
175
191
175
189

183
183.
191.
166
191
191.
191.
191
191
191.
191
175.
191.
191
191.
191.
103
191.
191

85.
11le.
137
102.
150

91.

.36

33
62

.54

33
67

.67
.67
.67
.52
.67
.00
.67
.00
.33
.67
.33

33
67

.67
.67

67
67

.67
.57

67

.67

00
67

.67

67
67

.33

67
67

57
67

.94

04

.00

67

158.3:
133.3:

|1175.

00|

80

CUM %

TOT.VAL

40. 08
40. 75

41

.35

41. 89

42.

42
42
42
42
42
42
43

43.
43.
43.

43
43
43
43
43
43
43
43
43
43
43
43

19
. 43
.58
.71
.80
.89
.97
.03

12

16

19
.22
.25
.27
.29
.31
.32
.34
. 35
. 36
.37
. 38
. 39

43. 40

43
43
43
43

43.

43

45

46.

46
46
47
47
47
47

47

.41
. 41
.42
.42
4

. 43

.56

18
.59
.84
.04
.24
.36
.47

.52

aM'

ITEM

111

147

156
157

157
157

158

159

159.

159

159.
159.
1509.

159

159.

46
60
69

75.
79.

83
66

30

')l*
121.
129.
137.
141.
145.

16
78
?7
84
27

.49
149.
150.
151.
153.
153.
154.
155.
155.
.23
156.

28
64
89
09
92
69
24
74

65

.03
.38

.70

157.
158.
153.
153.
158.

96
13
31
48
64

.01
158.

95
.09
20
.30

47
54
.60
62

.30
.56

.59
15
56
.79

.49
88.

91

.11

w Ww..15



ousT TOT. CITY

2t'12
2114
367
1426
847
326
486
726
293
1214

424
1118
1853
135/
1487
1156

873

863
1043
1272
1196

254

48
1306
1235

703
350
241
1271
22*9
1322
32

685
1961
758
474
1474
1473
59
219,
514

(24

MOM)

428
282
159
158
121
68
72
36
36
28
24
23
21
20
20
20
20
14
13
11
10
10
8

_ - o

974
24
16

w A~ o

1067
911
480
343
223

90
70
64
56

TOT .vm
<24 MON >

.OTY
ON)

18
12

A A Aamaaa=a=aNhbhwwoXN

o © o oo ©
o

E-

© 0 O = = a

44
38
20
15

N oW - B

MFD

It .

—

o o ©© a a

33.
26.
24,
10.

S~ o

PO PP PO LD a0 ooN

thWN

N W Ny

N o

— -

o

VhF

116.
137.
102.
ISO.

91.

133.

175.
175.
166 .

191.

116.
166.
158.
191.

163.

191.
191.
183.
163.
191.

191.

191.
191.
191.
191,

47
183
175.
183

183.
191

191

114.
86
133.
166
116.
125.
163
153.
183.

2

67

.42
.33

00

.33

33

.67
.67

638
13
33

.67

67
56

.33

33
33

CUM %

48.
48.

48

49

49

4

49.
49.

49

49

49

53.

53

54

55.
56.

56
57
57
57

57

TOT.VAL

15
56

.81
49,
49.
49.
49.
49.

01

21
33
4t
45

.59
49.
49.
49.
49.

63

67

71
74

77
49.

80
83
85
87

.89
49.

91

.92
49,
49.
49.

93
94
94

.94

83

.92
53.
54.
54,

99
02
04

.05
54.

07

37
41

.99
41
.64
.73
57.

81

.38
57.

95

cuM' .

1Tf U

103.
112.
113.
122.

129.
132.
133.

36
90
46
87

74
22
42

13.51

135.
136.
13/.

130.
138
139.
140.
140
141

141.
142
142
142.
143.
143
143
143.

94.
96
98.
98.
99.
99

100.

58.
72
83.

89.

41

95.

96.

58
49

34
10

.81

49
17

.83
.33

74

.13
.49

82
06

.23
.27

31

29

.58

16
87
30

"6
00

33

.92

34
06

.40
93.

49
13
30



DRAWING NO.

cusT TOT.OTY

1961
758
474

1474

1473

59

2192
514
254
295
332

2190

1202

207

752
6S5
756
754
135
735
681
417

2335
295
685

1426

1474
712
634
254
960

2192

1094

280
1058
1126

887

435

967
1259

571

911
480

223
90
70
64
56
45
24
18
10
8
5

1650
1000
430
300

920

2750
60
70
80
60
59
46
35
24
24
16
10
10

A aNDNWWHs=Om

TABLE 13 (Contim ")

TOT .VhL
<24 MCI

18
13

O OO0 O OO0 OO OO a4 a a

MVE.OTv
(1,0r, <

RU

33.
26.
24.
10.

68.
59.
29.
21.

74.

R DN BRSO . .
L A o o
wONgwoPrw

0O0O0O T TUOTUOOO
pa RN ws®

N o © © O O o»m

(e}

VAR

88.
133.
166.

16.
125,
163.
158.

191

183.
191.
191.
191.
191.

100.
11
166.
175.
191.
191.
183.
191.

65.
175.
183.
191.
191.
175.
141.
183.
191.
191.
V.
191.
191.
191.
183.
16!.
191.
191.
191.
191.
191.

13
33
67
67
56
33
33

67
33
67
67
67
67

00

.67

67
00
67
67
33
67

09
00
33
67
67
00
67
33
67
67
67
67
67
67
33
33
67
67
67
67
67

02

CUM %

TOT.VAL

58.
59.
59.
60.
60.

60

60.

66

60.
60.
66.

60

60.

60

62.
63.

63

63.
64.

64

64.
64.

67.
67.

68

68.
68.
66.

68
68

68.
68.
68.

68

68.
68.
63.
68.
68.

68

68.
68.
68.

98
57
29
21
31
.39
46
52
57
60
62
.64
65
.65

28
24
.66
96
21
.39
52
61

85
92
.00
06
12
18
.23
.27
30
32
34
.35
36
37
37
37
38
.38
38
38
38

CUM*.
ITEM

122.
137
147.
153.
155.
157.

leél.
l62.
163.
163.
162.
164.
164

41.
65.
76.
83.
90
94
97
100

85.
87
89.
o1
92
94
95
96.
97
98.
98.
99.
929.
99.
99
99.
99.
99.
99.
99
100.

60

.18

61
32
67
75

07
31
06
55
86

11

.26

09
49
15
68

.04
.53
.36
.00

87

.79

70

.35
.98
.54

.98

91

.66

31
82
10
36
52

.64

"3

?v

94

.97

00



DRAWIN',

HO

iuT QTY
MON
60
f 79
147< 60
7X2
f o
9CK 24
2X92 ?4
366 0
1050 4
1126 }
887 3
435 2
96 ' 2
1259 1
571 1
1925 2984
685 90
712 40
283 20
2335 4
959 861
756 295
682 70
656 50
754 38
199 20
365 20
2198 12
295 10
514 8
969 8
1166 6
1139 5
1166 2
2
958 1
221 1 1
12 39

AVE.CT
(MON;

TOT.VAL
' <24 MON

[
E 0000000000 Oaaaabdbd®W w

O RN

= W
OOOOQOOOC_\_\_\NNQ’NO\

1 1

N

1

MAD

[o2]
SN

© N

Bt

oo oY O
w oo s Wwd

HHNMNMwhmmwo@q

N0oO0O0O0O0O0O0PORKRN

.
meNw

-
"Oocoooooc_\_\Nw-h‘.m
® O o w

ANV RO oo g aag

.0

VAR 7.

16,.33
191.
191.67
175.00

1.67
183.
191.67
191.67
191.
191.67
191.67
191.6"
183.
163.
191.67
191.67
191.67
191.67
191.67

51.
191.67
191.67
191.67
191.67

45. 41
143.22
156.33
183.33
175.00
18 3.33
163. 33
175.00
191.67
191.67
175.00
191.67
191.67
183.33
191.67
191.67
191.67

| 166.6.

83

CUM %
TOT. vm

68.53
66.5>
68. 6*
68.71
68. 77
68.80
68.83
68. 65
68.67
68. 88
6e,89
68.90
68. 90
68.91
68. *1
68.51
66.92
68.92
68.92

72,33
72. 43
7 .47
72.49
72.50

74.55
75. 26
75.4 1
75.51
75.60
75.65
75. 70
75.73
75.75
76.77
75.79
75.80
>5.81
75.82
75.82
75.83
75.83

CUN'.
11BM

K ;.94
11 .48
107.12
10 .67
110.11
111.04
111.79
112.44
112.95
113.23
113.49
113.65
113.77
113.86
113.95
114.02
114.07
114.10
11.13

95. 25
98. .1
99.33
99.87
100.00

61.59
82.83
97. 39
90,55
93.22
94 .69
96.08
96. 6
97.70
98.26
98.77
99. M
99.53
99.73
99.86
99. 34
100.00

| 77.14 1 46. 5



DRAWINC NO.

cosT TOT.01Y
<24 11, =

8RO
682
310
2104
365
904
971
465
254

723
510
143
29
60
20
19
10

4

101 . VAl AM .ure
k. 4 NON . UK..
30
b
4
1
1
0
0

HAD

45.
37.

8
7
4.
1
1

0.

WO oL dpN

VAR %

150

141
181
191
191

191

.03
175.

00

.67
.31
.67
.67
183.

33

.67

191.67

84

CUM

TOT.VAL ITEM

78
70
78
78

73
78

.29
.42
.53
.59
78.

61

.63
.64
78.

\l

64

m!'u

87.
92.
96
98.
98.
99.
99.
100.

61
24

.05

17
87
52
88
00



APPE 'IX 4

CUSTOMER Rf IKING IN OR' u -T dU R



Th< report shows that only twenty seven customers account
for 80 of the sales revenue in this product group.
Of these customers, twelve have more than /b of their

account concentrated on one item.



SALES: MARCH

DRAWING NO.

Pl
P2

ru'c'c'o'ci'o

CUSTOMER: 756

DRAWING NO.

m WO T TOH

CUSTOMER: 1961

DRAWING NO.

-~ T DU

CUSTOMER RANK INC BY A'COUNT

TO FEBRUARY

TOT . OTY
|.24 MON)

11259
1036
510
96
70
114
20
10

TOT .QTY

4901
1239
831
295
500
430
180

ITOT.OTY

2760
911
770
110

TABLE 14

;I_n:llt
'81
cum’
TOT .VAL AVE.OT. MAD
<24 MON) (MON)
489
43 €4.8
21 37.2
4 6.8
3 4.6
5 8.7
1 1.6
0 0.8
CUM VALUE:
TUT . VAL AVE.OTY MAD
<24 MON' <MON )
20
92 86.0
35 64. 7
12 17.6
21 39.9
18 29.9
3 14.4
Ve UE:
TOT . VAL AVE.OTY MAD
£24 MON) <MON )
115
38 33.5
32 5J.U
5 4.9

87

11.8%

VAR '.BY
VAL
150.00 8. 1
175.00 4.3
170.83 1.3
158.33 1.3
183.33 1.0
131.67 .2
191.67 1
21 .0.
VAR X1'.BY
VAL
166.67 14.4
186.85 9.6
143.22 7.7
191.67 5.3
166.67 4.6
191.67 2.0
26.6%
- W= - —
VAR . I.BY
VAL
08. 13 18.6
Hi. 15 12. 3

106.62 3.8



DRAWING NO. TOT.QTV

(24 MON)

45
20
2+
15

Lo B R L

CUSTOMER : 685

TOT .QTV
(24 MON)

DRAWING NO.

P 1067
P4 1061
1000
500
420
145
90
66
70
45
100

© o)
Lo B L B E(’S

CUSTOMER : 703
[PRWING NO, TOT.QTV
I(24 MN<

974
L
5
3

'I'I'U'Ug

DRAWING NO. !
(24 MON '’

P5 1505
305
164
123

Lo LV L]

TABLE 14 (Contined)

TOT.VAL AVE .QTY MAD
(24 MON> (MON) 1
2 3.6
1 1.4
1 1.6
1 1.0
CUM V VALUE:
TOT.VAL 1AVE.QTY MAD
(24 MON) | (MON >
44
44 29. 8
42 59.0
21 26. 3
16 28. 3
6 10.6
4 7.2
3 5. .
3 5.3
3.6
4 8.0
CUM VALUE :
TOT.VAL AVE.GT MAD
(24 MON) (MON)
41
0 0.4
0 0.4
0 0.2
CUM . VALUE
TOT .VAL AVE.QT. MAD
(24 MON) 1 (MON> !
63
13 20.0
8 11.6
5 9.0

88

VAR % 9).iV
VAL
166.67 8
175.00 6
158.33 5
31 .6%

VAR % 5BY
VAL

67.36 23.8
141.67 19.1
126.33 13.0
161.90 7.5
175.00 3.5
191.67 2.1
i91.67 1.7
183.33 1.4
191.67 1.2
191.67 .8

35.6%
I VAR -I\B

IVAL

47. 42 99. 3

191.67 .3
191.67

191.67 .1

39. 3%
VAL

157.49 11.7
150.72 7.4
175.00 7.2

>>,
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o

'U'U'U'U'U'U'U'U'U'U'U'U'U'U'U'U
w

DRAWING N i.

CUITOMEP: 19:5

CUSTOMER: 23 5

DRAI :HG NO.

DRAWING NO.

CUSTOMER: 1474

P4

DRAWING NO.

TOT.VAL jAVE.QTi

(24 1'iON) (24 MON) | (MON)
80 3

511 2

21 1

20 1

37 g

45

38 2

20 1

14 1

8 0

5 0

5 0

10 0

10 0

4 0

1 0
TOT.QTY TOT . VAL 1AVE.OTY
(24 MON) (24 MON) | (MON)
2984 124

24 1

12 1

2 0
CUM

1TOT.QTY j TOT.VAL AVE.OTY
<24 MON) (MON)

2750 115
110 5

4 0
cCum

TOT.O0TI TOT.VAL [AVE.OTY
24 MON) <24 MON) I (MON)
I 2487 | 104

MAD

ocooooc_\awwlv_;_\w

VALUE:

MAD

S A

ALOE:

MAD

VALUE:

MAD

73

woooohhosomonoommoo

N oo o

-

.0

VAR

175.

191
183
191
191
191
175
191

191
191
191

191
191

00

.67
.33
.67
.67
.67
.00
.67
183.

33

.67
.67

67

.67
.67

42.7%

VAR

183.33

191
191

.67
.67

4b.

VAR

191
191

.67
.67

80

VAL

[ e

whmmoooooo,hmmmmo

« e
- =

%BY
VAL

1%

“.BY
VAL

48.9%

VAR V.b.BY

70

.44

VAL

|86.9
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I, f v Cc' """ )
DRHWIMG NO. TOT.Q1Y TO1i.Vi - 1L -E.iTV MAD VAR % .BY
v24 MON) (24 MON <'T0 .) VAL
P 223 10.8 11b.67 6.2
P 60 4.8 191.67 2.2
p 14 0.9 158. 3-3 1.0
P ia 1 1.4 191.67 .6
P3 10 0.8 191.67 4
10 0 O.ti 191.67 4
P 2 0.2 191.67 2
P 2 0.2 191.67 1
CUSTOM'R: 953 : 51.6%
DRAWING NO TOoT.cm' TOT . VAL JA (Y MAD VAR § “BY
k24 MON) <24 MW | (MON) VAL
P 861 36
P 521 20.3 93.41 22.0
P 50 2 4.C 191.67 2.1
CUSTOMER: 1426 cun % VALUE: 54.3%
DRAWING NO. TOT.OTY TOT.VAL IAVE.OTY MAD I VAR % -BY
<24 MON> <24 MON, (MON) ! 1 VAL
P 308 13 20.9
P 360 15 23.8 158.33 16.5
P4 350 15 26.7 133.33 11.1
P3 270 11 20.6 18 3.33 10.1
P 190 8 13.2 166.67 9.4
P5 158 7 9.9 150.00 7.5
P 109 5 7.2 158.3 3 7.4
P 130 5 9.5 175.00 4.8
P 31 1 2.0 158.13 2.7
P 91 4 7.0 183.33 2.4
P 80 3 6.4 191.67 2.3
P 1% 1 1.5 191.67 1.5
P 25 1 2.0 111.67 -
= 25 1 2.0 191.67 e
P 18 1 1.4 183.33 8
P 20 1 1.6 191.67 A
P 2 0 0.2 191.67 &






DRAWING NO.

CUSTOMER:
DRAWING
P
P3
CUSTOMER:

DRAWING

'U'U'UB

CUSTOMER:

DRAWING

DRAWING

" U U U T

177

NO.

NO.

75i

NO.

365

NO.

<54 li iH»

3

tot.or?
(5 HON

TOT.OTY
(.4 MON)

1594
150
40
10

TOT.QTY
(24 MON >

1650
125
100
15

5

1

TOT.QTY
<24 MON;

1025
269
147
46
60

1 I 1 (¢ itinucd)
TOT.VO! flvt.QT MuL
<24 | OH > (MON)
TR 6.-2
CUM « VALUE:
TOT.VOL vr.QTY MAD
<24 1 O (MON)
27 14.1
0 0.4
TOT.VAL AVL.OTY MAD
(24 MON> (MON)
66 1
6 | 11.5
3.1
¢ ; 0.8
TOT.VAL AVE.OTY MAD
<24 MON) (MON)
69
5 8.7
4 8.0
1 1.2
0 0.4
0 0. 1
CUM VALUE:
TOT.VAL HVfc.QT7 MAD
<24 MON > (MON)
43
11 18.2
6 6. 7
2 3.5
3 49

VAR zBY

VAL

[191.07 1
64. 0.

VAR ¥I'BY
VAL

I §7.64 99.7

183.33 | .3
66.7%
VAR % %BY
VAL
183.33 7.7
1d3.33 2.5
191.67 .6
68. 7%
VAR I’.BY
VAL
84. 3
166.67 6.5
191.67 5.5
191.6" S
191.67 8
191.67 1
70.
VAR % °“.BY
VAL
162.21 14.9
141.67 10.0
18 3. 33 4. 3
191.67 3.7



I r.ai . it".

TTUTOw

iu TOI

DRAWING NO.

r
F
ci'STQ it;; 117

DRAWING NO.

g o

2

Lo L VL B o)

CUSTOMER: 474

DRAWING NO.

WO

CUSTOMER: 1105

DRAWING NO.

TOoT .OTV
(.24 MON)

20
40
20

10

TOT.QTY
<24 NON)

577
20

TOT . QTY
<24 MON)

495
348
107

92

18

TOT.QTY
<24 MON -

550
348
52
10

TOT.QTY
<24 MON —

TABLE 14 (Centined)

TGI. Vhi riVE.GT ,
(24 MON) <MON >
1
2
1
0
CUM
TOT. VAL AVr.OTY
(24 1 0" (MON >
24
cun ;
TOT . VAL AVE.QTY
(24 1 1 oK >
21
15
4
4
2
1
TOT . VAL AVE.QTY
<24 MON) (MON)
23
15
2
0
TOT . VAL 1AVE . QTY
<24 MON) 1 (MON)
29

hut! Vi P VY
VAL
1.b 2.8
3.2 191,c7 2.5
1.6 1.2
0.3 191.0/
VAI 1IP: 711
MAD ViR ‘BY
VAL
15.3 95.4
191.67 4.6
y-'G UE: 73.0%-
Mr.D VAR
VAL
36. 1
24. 2 11C.67 29. 4
7.1 158.3? 4.2
7.0 183.33 7
3.6 1%3.33 6.4
1.3 1,5.00 2.3
MAD VAR % 7BY
VAL
32.5
24. 2 166.67 34. 7
4.2 191.67 4.9
0.8 191.67 2.0
75. 4%
MAD VAR % 7BY
VAL
43.1 150.00 53.3






DRAWING N'i.

customer: t M

DRAWING NO.

yogoo

CUSTOMER : 2012

DRAWING NO.

F5

rOT.OTV

(24 MON)

TOT.QTY
<24 M ||

450
300
40
46
20

TOT.OT r
(24 MON)

428
134
37

101 ,vmI
(24 ItOtD

TOT, VAL
(21 'ON)

TOT . VAL
(24 MON)

S3

VHK % :.BY
VAL
191.67 .6
191.67 .4
191.67 .4
78.6%
VAR % %BY
VAL
183.33 47.4
176.67 38.9
183.33 7.0
191.67 4.6
183.33 2.2
79. 4%
VAR % BBY
VAL

116.67 71 .7
150.80 22.2
191.67 6.1
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The inventory status at 04-25-1980 and 01-25-1981 arc shown
in Tables 16.1 and 16.2 respectively. The products are
rank d in decreasing order of importance as determined by
an A-B-C analysis over twelve proceeding months (-<

Appendix 2.3).

T e following points can be noted:

u) There are no stockouts recorded in April 18 >0
Table 16.1.
p) Two 'B' items in Table 16.1 have less than one months

stock of average sales on hand.
c) One stockout of a 'B' item is recorded in Table 16.2.

d) Three 'A' items have less than one months stock of

average sales on hand stock.

The figures in Table 16.1 were used as a starting point for the
inventory simulation exercise in Section 7. This exerc.se
goes through to January 1981 where the results are compared with
the actual stock figures shown in Table 16.2.

Inventory savings (or increases) are computed on the oasis of
the difference between the simulated figures and the actual

January 1981 figures.
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TABLE 16.1
INVENTORY STATUS AT 25 APRIL 1980

Ending . am %

oo AP0 Saes wan, S ok Tt S
Sales alue

Pl 9855 821 545 1203 1,47 4,19
P3 3510 293 122 891 3,04 9,70
P4 3967 331 109 1091 3,30 15,80
P5 1831 153 76 460 3,01 19,51
2210 184 77 477 2,59 21,48

Ps 445 37 16 87 2,35 23,02
1483 124 80 569 4,59 26,20

1300 108 98 722 6,69 30,23

450 38 15 106 2,79 31,59

558 47 9 211 4,49 33,71

513 43 19 140 3,26 35,06

1271 106 149 649 6,12 37,73

1019 85 64 383 4,15 39,87

699 58 17 244 4,21 41,84

P2 1137 95 85 743 7,82 45,21
922 77 60 530 6,88 48,28

943 79 67 108 1,37 48,77

Note: Cumulative percentage of stock value only calculated
for 'A' items.

Total number of line items 76

Total nunmber of units 13 145
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TABLE 16.2
INVENTORY STATUS AT 25 JANUARY 1981

Ending

Qum %

e B Sges wan, Sgkn ook T S
Sales

P2 7924 610 464 12 0,02 0,06

P3 4527 348 99 1706 4,90 12,61

Pl 4706 362 330 1096 3,03 16,99

P4 3562 274 115 808 2,95 22,25

2510 193 78 547 2,83 25,92

2513 193 54 533 2,76 29,39

Ps 575 44 21 117 2,66 31,91

2225 171 195 104 0,61 32,47

908 70 35 155 2,21 34,28

1733 133 67 105 0,79 34,97

1855 143 72 563 3,94 37,70

1159 89 38 345 3,88 40,82

P5 1171 90 50 411 4,57 44,83

1477 114 102 313 2,75 46,87

574 44 17 159 3,61 48,84

333 26 13 63 2,42 49,83

Note: Cumulative percentage pf stock value was only calculated
for 'A' items.

Number of items 69

Number of units 13 842
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Exponential SmootMrV: Models

1.2

The modi 1 is based on equation 1

NE. "ha (1 -c<)OF
Where NI n vforecast
w ti dm ind information
cP pn nous forecast
c< s hiny coefficient Alpha

This model is included purely for reference purposes.
It would not L used in practical applications

unless monitored. It forms the basis ol models two,

five and six.

Model 2 - Exponential SmooUiiiig W ih Control

This model is based on model 1 but iS controlled
by means of the tracking signal (refer to section
4.3.2.41.

MADt

Control is exercised in the following manner:

a) The limit for the tracking signal is determined
from Table 2. It depends on the value of the
smoothing factor and confidence level required.

In this w rk a confidence level of 95 has

bein used.
i1 successive forecasts produce
ignals that exceed the limit, it is
a t def mi» trend has been detected

l,, f at i recalculated with alpha

,t o,r . ianwtracking signal is calculated



714

Start

a)

b)

c)

c) Alpha is maintained at 0,8 until the tracking
signal drops below the lii it. Alpha is thvn

reset to the original sp-cilicd value.

d) The selected value of alph 1 1 to C.8 cai
be varied to speed up or '.kv down tlm me
response. The alio | na>er of forecasts,

where the tracking sly il 'o ' of control,

can also be altered.

This method is also based on t tu-lk . 1 am ,he
tracking signal. In this inst ' th( valu of all
is reset, in each time perio, eqi to the a>,ok.t
valu - of the tracking signal.

closely following the sales datr the trac ing signal
will be very small and the forecast will be stable.
When large forecast errors occur, the tracking signal
will become large and the mode, will respond quickly

to any changes.

Model 6 - Exponential Smoothing -JunJ?”edJlode 1

This model is adequately explained in section 4.3.5.
W ConditionsJFor A11 Models

Forecast for period two equals demand in period one.

Alpha r 0,5 for periods one and two and is then rmet

to the specified value.

Gammma (the smoothing factor for mean absolute deviation

equals 0,3 for periods one and twol.
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7.3.3 Prodo< t_ : P3
Notf tli ' following points:

a) T «dr md variability is 37% (Ref Appendix 2.1; Table 11)
b) All models follow the sales data fairly well.

Cc) Mod 1 one's si w response to the change in demand

level i' cltv ly evident.
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Product P4

Note the following points:

a) The demand variability is 44
b) All models follow the s b
c) A lot of filtering of tI e h

occurs due to tl <st. t
model.

op <

(

F Appendix2.1; Table 11)

iU v

m periods
ILK of the
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TABLE 17.1
| PRECAST INC. RESULTS FCR Pl

Forecast

fotal F ) Excei ds Tracking
Models Alpha ° aE orecas M.A.D Total Signal at
rror End of Run
Demand
1 0,2 -430 -3,3 )
2 0,2 979 294 7,5 0,02
5 - 1198 316 9,2 0,48
6" 0,2 12,7 0,44
P 1661 339
0,1 932 285 7.1 0,05
2 0,3 43 301 0,3 0,3
6 0.1 16,0 0,49
P> 2091 366
6 0,3 1287 315 9,8 0,39
P-2
6 0.2 7 16,7 0,52
peg 2184 373
6 0.2 15,6 0,52
P4 2037 365
M I sol‘cti 1 from initial run for further
I'r t is i lit- 1 for forecasting by time series
t * of the sudden changes in demand.
I , T p i iod considered, model 2 (alpha =o0,1)

p ol1 t 1 r Its.
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TABU U.?

ORFCASTING RESULTS USING MCDI | ? W TH ALPHA FQIIAI ,0 0,?

.98
(It Ifil Vrttul OF SMOl IIIIHO F*C low a
a.oa
.98
.18
tiit VEluUE OF G*MH*

Pl

Nf XI

< ILTER rﬂu‘l PERIOD sMooTH 1%—_
tLLLM EifBr b - UlsJM ERW.'Ww M.8.D HLBH

ee. a
-691
_,»»9 _33* 210.6
314.2
136.8
-9*5  34f .0
-363 14 1.6
*17.!
.94 2

AVALUATICN VT

m e
Ho OF FORECASTS M1UH
2%39.6
AHOUH1l FORECASTED MICH
ie.e
MO OF FORECASTS LOU
4653.0
AMOUNT FORECASTED LOW

214.2
M.A.D. AT END OF RUN



TABLE 17.3
FORECASTING RESULTS USING MCDH ? WITH ALPHA EQUA U 0,1

IN[ti1*1 valul of ShOOIHtIC freito*

s iui>iiNC f lo+ fuk Efhuw % n*u >§
N1 of f-tH! 94 Ttfusi ¢t' mw» N -*
f "H* V/il tit WHEN ftifiti T !$ 001 or <0- G>i. -
I 'ICKIN-. SICNNt MUST H f-CCEB -42
.18
rt VALUE Of G' «uVT .18
Pl
rivTf ACK AL ftR 103 snotH
r ERIC-1' aCMAND f CA4rT 57
28 B 1
2 8 3
1 17 417 14 2% 82%
ee 88 119 2
341 29+ 191 -1:8  80.
£ 441 792 184 111 H%i
7 tet 9 « 226 422 .
e 964 1127 280 -538 182.1
969 2844 148 -69 233.2
8 87 97. 3
18 122 1994 1848
11 1168 1100 189* -52 272.0
12 789 789 782 385 284.0
11 178 178 292 612 316.3
14 e 8 264 284 ?JJE;
19 81 81 246 103 329. .
18 798 798 181 552 329_ ’
I f 82% 624 >11 -121 312 |
1 18 72. 726 172 -191 *00.*
19 93 93 341 11(13 >89. )
28 229 22: 129 %4 305. 9
21 99 99 382 12 I!]5 1
o ! ) o 18 209.4
21 1*1 181 268 .
BAULATION eeOPT
*
No or fOff LASTS num w48
AMOUNT roetcASTED MI..H .
vo or roA:cA$Ts ,.ow 15?(}
oum.ut tnet, ASrtL LOW «Inl.

N.A.B. AT END or AUN i*5. »
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APitNDIX 8.2

FORECASTING RESULTS FCR P2
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330
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297
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f orecast

d IfdCK In
-x;:ele S Signal a
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TABLE [8.3
| ORECASTING RESULTS USING MODEI ? wiTH ALPHA EQUAL TOO,?

ITIAL VAvVl OF SMOOTHING FAC TO8 «?'L

$ZT~vmui &F mF4H ,a

P2

CUSUM { PRO*

m i) SMOOTH

280 *8 8

58 .6

183.8
I23.«
12* .5
151, .
e i8’.;
S 1754 180
287. 4
.45
-3117
(wa. uaTIoM « F O il
1.8
Me OF FORECASE «lco
1288.*
amount FORECASTED HIGH
M OF FORECASTS COM L
e
-4863.5
AMOUNT FORECASTED COM
338 .*

H.A.D. AT END OF RUN
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TABLE 19.1
FORECASTING RESULTS FCR H

Force. >t .
Tracking
Total Forecast Exceeds :
Models Alpha M.A.D. Signal At
P Ertor Total End of Run
1* 0,2 - 395 A -
2 0,2 405 A 5,6 0,18
5 - - 43 o1 0,19
ti* 0,2 i 027
P.o 31 90 ;
0,3 - 151 90 -2,0
0,1 407 92 5,6 0,26
2 0,2 462 o1 6,4 0,2
6 0.1 i ; 0,26
P.o 79 o1 1,0 ,
6 0.3 : . 0,19
P 159 92 2,2 :
6 0,2 ) i 0.25
P 3 132 90 1,8
° 9,2 - - 0,21
P 74 89 1,0

This implies models selected from initial run for further

testing.

The mean absolute deviations of all the models are very
similar.
Model 6, alpha = 0,2 and P = 2 was selected as it had the

lowest total forecast error.



TABLE J9.2

P> TING RESULTS USING MODEL 2 WITH ALPHA EQUAL TO 0,2

tMTtm. wtu or f,NOi)»mN(. rntro*
* mi n \ N

o [il' ik
. i it or roHTrM .69
| > 1 1 13 .56
n :ficrag» ILLdLtl
r.ef VAILUi Of C' 16
Tic fBCFEL EfgioD SMOOTH rflfk-
FIRG M- flfsr Ho: ARD QE
1 6.6
2 219 219 1 e 36 1" a .38 168
J 242 45 711 6 .31 262 .26 -Lkw
4 21 -76 -7 23. 20 -l.ee
3 3 333 204 6 .97 32.9 .66  1.68
« 1% 147 193 123 123 %‘93 26  -.41
192 131 6 26 -.38

1 1 . .
é 1% 1?% 163 173 43 39.6 .26 -.23

» 164 164 163 176 | 33.2 .20 -.23
16 167 197 183 173 31. * .28 -.23
1 363 332 269 3¢ -126 46.7 26 -, 45
2 219 219 211 44 -16 37.6 29 -.47
1 314 ig 232 -39 -163 44 .2 28 -.59
1 397 263 -223 — TR 5* 3 .26 -.71
1?5 443 445 89 6 -i% *6.7 66  -.79
It 348 34* 359 (‘g ’% *6.1 99 -.62 H#
17 41 41 * 46 7.1 69 < **
1 362 6. 167 * 23 *2.6 .68 -.39
% 33, 353 366 34 34 39.3 28 -.31
26 464 464 363 -91 -124 «. 3 .26 -.68
21 27" 27> 3*3 16 19« 76. .26 -.33
22 21% 21 333 13 147 79.2 .26  -. 18
23 93 93 283 491 246 34.4 .28 .18
*
BALATION sl ™2+1
No OF FOPCCASTS HIGH 16.6
HMOUNT FOki LASTF.D HIGH 791 .3
Mo OF Foeri9STS LON 16.6
RMOUNt FOetCASTED LOW -936.6
94.4

M.A.e. AT (HD OF RUN
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TABLE 20.2
FORECASTHI RESI'1 | 1. m'GE1 6 WITH ALPHA EQUAL TO 0,2

INI Tim vm.u OF ifim rim ;
snoot' INC | ' TO" EftuF « 'I"!
H OF ft F Fi-Rl 1 >»V r 1

*£SE |l vm OF CAiinA

StFHft VOLII wmin FO*f | rs OU OF CONTROL
Lfr TH OF ''OR. ALPHA IS *£8CT
ALPHA IS RES:I TO

P4
FITTER = ' ruei M+100 >hOJTH TFfv.K-
orvan 1 FOMHD FCmST
21
2A$|i
-97 -1656 s5°.9
-160
-1
&®. 3
-If.0
H ]
204 B<
9)6
. oV ’ 4
F'UUHF TO.ecoe | oo T Sl s
H-. OFF0‘+ 48 '’ ti.e
.t cAtc.I6td iOM
eno

R.A. !> Til Im OF pll
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AP ZNDIX 8.5

FORECASTING RESULTS FCR P5
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TABLE 2J .1
FORECASTING RESULTS FCR PS5

Force st .
Tracking
Models Alpha lotal Forecast ) o  Exceeds Signal At
Error Total End of Run
Demand
1 0,2 57 58 1,8
2* 0,2 171 62 5,5 0,62
590 58 0,19 0,5
6~ 0,2 861 62 2/,8 0,57
2 0,1 211 69 6,8
2 3 418 55 13,5 0,54
0,1
P.2 1136 67 36,0 0,66
%3 714 55 23.0 0.6
2
6 0.3 851 62 35,0 0,71
r=3
6 0,2
P =4 1257 72 40,0 0,74

* This implies models selected from initial run for further
testing.

Model 5 was selected having a low total forecast error and

mean absolute deviation.
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TABLE 21.2

HI 1|At V*. '; Of incut' "G FACtv* Ei*
i.ee
B
« SET VAUE u ’
P5

aSMOOTH SMOOTH TFAfK-

i in ialtl IM.A. 6
pin iai' NV 6
| 33. 34 1.8
| * o570 37.72 1.86
e> 40.8 48.89 1.88 1.86
! 19.36 67 67
<
(b 1 S12.9  47.21 .96 .92
ini 42.69 .8 82
" 34
16.3 94.37
99.0 41

3& 69.66 .78 .98
.32
1 » < 79.13

G ei.ie .44 S14

49 4 96.17 51
I 38.t (.1.17 -9
86.83 -nl 91
39.1 78.62 36
17.6  73. 12 .91 91
* 27 « 72V .38 30
11 38.6 78.9*% .43 8ui
9J 26.9 64 97 42 42
1 IMS 12 2i.8 99.30 39 -39
to 27.9  68. 18 46 -6
03 26.9 98.33 .50 -98
t 'ATIO-1 M. "PT
H 1 H1f " ”8
. 1842.8
An. ,T loeicniirtt HIGH
9.8
HO or ro'FcnstAe sow 491.9
nnotiNT ro*ErAitEo sow '

« r..r, AT HID OF RUN 98.1
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TABLE 27.3
FORECASTING RT.SUITS USING MO | 2 VIt ARIA fI,'A

IN|T|*1 VALUl Of SMOOTHING AAtTuA

y 'mu J
AC * *r uCli iif OF CAMMA
N1X
TKSCK-
FI[IE[* FKTUAL. Pi*100 IM S»00TH
F*101 DEMAND PCEisT G.B 1?2V —
| yiHVIGin - «
f) *
He OF FO-ICASTS _HICH /IEI
AN FOROASEID MM ’
N OF Fro' TbTS i ON _aee>§)

f ,,NT FWICA»t|» LON

it) 0,2

166
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TABLE 23.1
Forecast Tracking
Total Forecast Exceeds . | At
Models Alpha Error M.A.D. Total g:lgngf A
Demand
1 7265 369 8,6
2* 0,2 61 440 0,07 -0,55
5 -4038 376 -4,8 0,29
6* 0,2 -7119 384 8,5 -0,74
2 0,1 532 398 0,6 -0,27
2 0,3 357 366 0,4 -0,56
6 0,1 ; 488 5,5 -0,21
P/ 4921
6 0,3 367 6,8 -0,58
P-2
6 0,2 5,0 -0,48
P 3
6 0.2 5,3 0,5
r 4
* This impli. < di'ls seler tfid from initial run for further
testing.

Modnl 2 wi tuph: 0,1; 0,? and 0,3 give the lowest,
forv ,-,i ( nr. W all t 0,2, the smoothest forecast
is obtain'
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TABU 23.?

2%
. ie
MEfSET VALUE OF

HE*r
Ty m_ PERIOD WH TRACK-
m@ m_v{ DCMAH1i FEfAST H 3 r

240 24

21U
3 -076 _ .o
27]8 %2 -1011 129. 1
AB3 1649

- 21 1
319 %

319) 216. 1
246. V
3914
3/04
130.2
PAV. 0
529. /
3 19
1370 440.
IyALUAT 10H «Lf 1
Ho O :f.PtCAolS HIuM 1P/
HH.rufAT FORI CAS rtl» MU - .
i1
Ho Of FO>'TrAS A tOH 02130
fv.uuHT FO#£CAST60 LOW :
446. 3

M.A.D, AT k?.D OF RUN
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Models

TABU 24

1ore; ast
Total Exceeds Tracking
Alpha  Forecast w.A.De Signal at
Error Demand End of Run
0,2 -65 -22,0 -
0,1 -25 8,2 -85 0
0,2 -27 8,0 - 9,2 -0,03
0,3 -38 9,9 -12,9 -0,05
-22 8,6 -7.,5 0,04
0,2 -34 8,7 -11,6 -0,07

=2
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Notes on the simulation exercise.

1. Lead times. A constant lead tii < of eight weeks is assumed

for each order.

average Tor forecast) level,

rounded to the nearest fifty
units,

ie the order quantity in period two e ,uals the rounded
sales average (or forecast) calculated in period one.

3. Multiples of the order quantity are ordered every time the
stock on hand plus on order drops below the order point.
Sufficient order quantities are ordered so that stock on hand
plus on order exceed the order point.

4. Order point. The order point is calculated as described

in section 4.6.

Safety stock is based on a 90 service level.



PERIODIC REVIEW,

MONTH FORECAST MAD
End April 821 544
May
June
July 398 311
Auqust
September
October 418 298
November
December
Jan 1981 202 181

fORECASt
95 85
My
196
Aui is!
t'rtot -
1041

DDL T

SS

1642 1419 3060

DOLT

SS

TABLE 25.1
OPINING  QUANTITY
P STOCK RECt 1VED
1203
1121 1800
1607 2124 800
2300 800
3174
1611 3121
2896
2841
g§78 2841
TABLE 25.2

[ NVENTORY SIMULATION FCR P2

OPENING QUANTITY
OP  §70cK  RECEIVED
411
743
311
1071 { 60) 100
(585) 400
(1400) 600
1838 (1484) 1800
116 800
(637) 300
3122 (1794) 1500

Qry
o1" [1,0

1800
800

800

QTY

ORDERED

100
400
600
1800
800
300
1500

2000

CLOSING

STOCK

1203
1122
2124
2300
3174
3121
2896
2841
2841

2675

CLOSING

STOCK

734
311
( 60)
(585)
(1400)
(1484)
116
(637)
(1794

(1430)

177

SALE S

81
798
624
726

53
225

55

161

SALES

43?

371

1215

1553

146

113’
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TABLE 25.3
PfRIiop1C mvitw, INVENIORY SIMULATION FCR P3

i~ orcrsr D ODLT >NTNO  QUANTITY CLOSING .,
sTOCK  R(( LIVED ORDERED  STOCK
End April 203 1272 600 300 b3t 445
May 891 300 4 445
June 446 300 400 346
July 399 106 400 600 283 417
August 400 201 382
September 201 600 400 448 353
October 405 44 448 400 364 484
November 400 400 403 271
December 493 400 677 216
Jan 1981 301 101 878 677 400 984 93
TABLE 25.4
PERIODIC REVIEW, INVENTCRY SIMULATION FCR P4
‘A" ITEM

MONTH FORECAST NAD OPENING QUANTITY QTY CLOSING SALES
DOLT STOCK ~ RECEIVED ORDERED  STOCK

331 109 1091
1091 300 871 220
June 871 122
283 300 300 815
815 172
300 300 740 203
279 147 740 600 720
300
Decerrber 600 600

288 951 300 258









MONTH

End Apri 1
May

June

July
Ajgust
September
October

ficvciber

J n 198!

MONTH

End April

July

September
October
November
December

Jan 1981

FORECAST

264

246

301

372

341

329

302

271

CONTINUOUS REVir

FORECAST

165

218

249

550

952

738

630

815

943

987

MAD

313

300

325

HAD

107

134

170

216

286

372

DOU

526

492

666
744
687
656
60

542

MO

33 *

498
1100
1904

1476

161

1886

1964

TABLE 26.1
MODFL ? Of 0,1
CNING QUANTITY Qry CLOSING
STOCK  RECEIVED ORDERED  STOCK
1344 250 1203
Tro1274 1203 1122
847 1449 1122 240 900 574
1513 574 600 ( 50)
( 50) 900 800 124
1547 124 600 350 671
1463 671 800 1246
1246 1541
1541 1541
1541 1380
TABLEjf' 2
vV f Y Sn 'TION FOR P2
6 (| P 2
OPENING oTY CLOSING
ORDERED STOCK
549 743
70? 400 311
777 311 500 ( 60)
144" ( 60) 400 750 (285)
443 (786) 500 1650 (1000)
750 1900 (934)
(934) 1650 516
74r 2375 1900 1300 853
1600 (594)
6 ,( 1300 2000 (430)

181

SALES

81

798

726
53
225

55

161

SALES

432
371
625
1215
684
200
1553

1457



End April
May

June

July
August
September
October
November
December

Jan 1981

MONTH

End April
May

June

July
August
September
October
November
December

Jan 1981

OONTINUOUS REVIEW,

FORECAST

442

444

366

376

377

372

395

371

340

291

MAO

63
57
61
60
55
52
58
64
73

90

MCDHE. 6
DOLT
884 164
148
672 219
752 156
754 143
744 135
790 151
742 166
660 190
582 234

TABLE 26.3

INVENTORY S'™ i*ATpiNJW I'3

K 0,2

OPENTV-.
o STOCK

1048

1036 891
89! 446
908 550
897 583
879 201
941 198
908 114
870 243
816 127

TABLE 26.4

Ql'AU 11Y
RECEIVED

Qry

CLOSING
STOCK
891
446

550
583
201
198

114

727

634

CONTINUOUS REVIEM* jNVENTORI SIMULATION FOR P4

FORECAST

314
295
260
255

238

296
281
256

256

MAD

92
92
too
93
92
86
110
106
109

98

DOLT

628
590
520
510
476
462
592
562
512

512

MODEL 2

SS

240
240
261
243
240
224
287

276

[254

oP

868
830
781
753
116
686
879
838
796

766

K =0,2

OPENING QUANTITY

STOCK

1091
871
749

815

740
20
(203)

395

RECEIVED

300

300

750

300

QTY
ORDERED

300
300

750
300

300

CLOSING

STOCK
1091
871
749
815
943
740
20

(203)
395

437

182

ALES

445
346
417
382
353

484

216

93

SALES

220

122

172
203
720
223
152

256



MON 111

May

July

N< -unbar

December

Jan

™

1981

93

43

87

4l

13

24

4l

178

184

186

196

;I~VIBWV

724

227

190

188

185

154

TABLE 26.S

MCDEL 5

OPENING OUANIIir

RECEIVED ORDERED

o STOCK

466
460

390 422 150

350 478 150

414 560

365 416

356 363

350 266 100
261

257 231 100

TABLE 26 6

INVENTORY Sl

OPENING QUANTITY

STOCK

113

124 87

119 71 50

138 97 50

126 69

171 69 100

161 59

14] 23 100

146 110

139 65 50

Qry
RECEIVED ORDERED

150

150

too

100

100

hi ATION FCR Ps

50

50

100

100

50

50

60

CLOSING
STOCK

450

422

476

416

363

266

261

231

301

( LOSING
STOCK

67

71

69

69

59

23

110

65

75

183

SAttS

38

94
66
144
63
97

105

30

GALE 1

16

24

110

45

40



APPENDIX 9.3

INVENTORY SIMULATION
RECALCULATING THE CROER POINT MONTHY
BASED ON EXPONENTIAL SMOOTHING WTH MCDHEL 2



MONTH

End April
May

June

July
August
September
October
November
December

Jan 1981

MONTH

End Ap i1
May

June

July
August
September
October
November
December

Jan 1981

CONTINUOUS REVIEW,

FORECAST

234

203

372

342

285

225

214

CONTINUOUS REVIEW,

EORE CAST

163
217

248

437
486
429
565
759

834

MAD

<37

31R

34b

347

342

34/

327

323

MAD

107

123

127

152

193

199

207

264

325

330

001T

TABLE 27.1
INVENTORY SIMULATION FOR PJ
MIDE ? C- 0,?
x1 MNG  QUANTITY Qry ClO NG
STOCK  RECEIVED ORDERED  STOCK
250 1203
(203) 1122
800 574
1 (-58 74 900 (50)
800 24
24 450 871
871 1446
1446 1896
1896
189b 1735
I I ?7.?
INVENTORY SI & H i FOR P2
K. :? e< =0,?
CLOSING
RECTMO ORDERED  STOCK
743
300 311
600 (60)
(r ) 750 (395)
1500 (1000)
1491 900 (934)
(934) 1500 500 366
366 900 1350 (287)
2.1bC (287) 500 1800 (1244)
,529 (1244) 1350 2250 (1030)

18b

SATES

81
798

624
726

53

161

SATES

432

371

1215

684

1553
1457

1136



Ncvetl ui*

TABLE 27.3

\ H . rw, INVINTO; Y SMWLA : FCR

IfNIS. . m=Ml - 9TY
hi't ivf; f-OERI"

350

400

351 400

350

<. 400 400

350
529 350
TAI3LIJ TA

"I NIN -i'ANIIU oty

RECEIVED ORDERED

150

150

lor

266 150

11 100

9% 67

li
jl

cic

IN

44b

100

351

348

264

393

529
834

IN)

STOCK

460
422
478
410

216
261

445

346

417

484

271

216

93

SALE

94
68
144
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APPENDIX 9.4



HIM
TARLF 78 .1
(.v, V-UOUS REVIEW, INVENTORY SIMULATION LOR PL
USING MODEL 5 AND ORDER QUANTITY 50 UNITS

kAo 001T PENIS. QUANTITY Qly iz IN . 7
SlOoC- HECtIVtD ORDE<f r.
f.8 21,3
Kay 37,0 39 21
57,0 21
A 77,0 I 5) 50
7 74.0 (39) 60 50
49,0 50 30
Ortot' 7,6 66,0 60 63
Novr' »: 7,1 63,0 63 50 43
16 7.8 52,0 43
Jan 1981 13 8.6 48,0 35 85
TABLE 28.2

CONTINUCUS REVIEW, INVENTORY SIMULATION FCR Ps
USING MCDEL 5 WITH CROER QUANTITY = NEAREST 10 UNITS TO FORECAS~

OPENING QUANTITY o1tV CLOSING

MONTH fORECA"s K: DOLT 55 oP ALE
STOCK RECEIVED ORDERED STOCK

End April 21 39

Kay 14 37 21 19
June 23 47 21 SO ( 5) 26
July 32 77 ( 5) 60 (39) 34
* st 31 74 (39) 50 60

'leptrieber 17 49 60 40

October 23 66 40 60 83 r
November 63 81 63
De1ember 16 52 63 56

iin 1*81 48
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