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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 w i l l  reduce 

the total inventory hoi sing. Rules are developed for re.ordering  

inventory; A-B-C analysis of the inventory is us.‘d to highl ight  

those items requiring t igh t  control and a furthe' analysis by 

by customer is used to indicate demand v u ln era b i l i ty .  Savings of at 

least 28% of the inventory costs are expected.
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( ' '  1 us ions

11 1 • 1 lhe current inventory ordering system is inadequate.

* re-c.rd point is  not recalcu lated f requently
h nor does i t  have any s t a t i s t i c a l  basis. The

o* ' , | >i : old be recalculated monthly as described
in this report .

f  A vr ' y , is should be "arriod out regu la r ly  (evety 

' ' ' " n'hs) an;i cover at least the past s ix  month’ s

i is analys is should be used f o r :

b termini demand v u ln erab i l i ty  by analys j the
'A' i t  . customer.

Choosing forecasting model. The exponential 

51 J r-i; 1 (using the t r ,  eking signal as a
■ i: cl pa

Adaptive smoothing using the Trigg and Leach model, 
is Suggested for  'B' i t c  .

C i < ms shouid be made only on rece ip t  o f  a 
customer order,

1.3.3 Inventory should be ordered on the basis of the ordering 

rule* suggested in Section 7 .7 .6 .

Exception reports must be produced monthly for a l l  fore-  

casts that are out of control .  The products should be 

l is ted in the ir  A-B-C rankings, so that the most impor­
tant items receive attention f i r s t .

1' 3 ' ‘J further  work should be carr ied out to determine the o p t i ­
mum d is tr ibut ion  of inventory amongst the various 

branches. The inventory savings calculated in this  

report are based on the assumption that a l l  demand is 

sat is f ied  from one central point.  The branches could 

possibly be more economically and e f f i c ie n t ly  served by 

special weekly del iver ies  from the central point.  This 

is pa r t ic u la r ly  a t t ra c t iv e  as 74 of the sales take

place from three branch o f f ices ,  excluding the central  
branch.







Mechanistic fo recast ing,  using a computer model with a monitoring 

system provides fo r  exception repor t ing.
A fu r the r  reason fo r  forecast ing is the fac t  that lead times 

fo r  raw material and cap ira l  equipment general ly fa r  exceed those 

fo r  production. I t  is  therefore necessary to order the raw 

material or equipment long before production orders are ra ised. 
Forecasting of the correct items and quant i t ies  w i l l  enable stock 

reductions to be carr ied out and customer service to be improved.

What To Forecast

Orl icky (9) f i r s t  proposed the independent-dependent demand 
p r in c ip le  in 1971, in which he states that demand should only be 

forecast fo r  independent demand i»ems. These are items which he 
defines as f in ished 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 re la ted 
to the demand for  other f in ished goods, i t  must not be forecasted, 
but calculated through a b i 1 1 of material explosion, based on the 
demand fo r  the f in ished goods.

I t  is  also necessary to sort the sales items in to  order of 

importance. An A-B-C ( Pareto analysis w i l l  rank the sales in 
descending order of sales value. Strat ton (11) points out that 
the A-B-C analysis w i l l  prompt the marketing product managers tc 
examine th e i r  product l ines more c lose ly  in order to id e n t i f y  low 

sales and low p r o f i t  items. I t  w i l l  also assis t management in 
ide n t i fy ing  those items which cons t i tu te  the bulk of the sales 
value.

Forecast!ng Systems

There are three basic groups of forecast ing systems:

a) Qua l i ta t ive

b) Causal



1 n



dis tr ibut ion  is unimodal



i VI; v; OK THC LITERATURE ON TIME SERIES ANALYSIS

Introdui tion

TJk' 1 ; i >ratm ( o i ^recasting is  so voluminous that I hav* drawn 

i! Frevic >ur , by L is  (7) and Oduardo ( 8 ) . The n ,

[Bn> i ( 2 ) ]  point out tha t  for cost eff  Live c  

t i t  is i it I a! that  the forecasting model ‘,!,o iM*

Ri (lit the mi imum of  h istor ica l  data.

I a ’ ■ to Introduce the la test  dem. id info, mat ion ; ,

L simple to calcula te .

Is di ci >s I I  w (except for  m vi < rorage ) r.c , 1 ■

In addition, ini rpret ion of
the e models does not require an extensive mathematical backgroun . 
This is an i r t ,  t  poi t since, as Lewis (7) nts c 1

"One of  the p r in c ip le  reasons why forecast in ■
techniques have not gained an even more wit 
spread acceptance than they have, has been the 
very natura l antagonism toward the use of mat1 ■ 
matics."

Iyp^s Of Mode 1 j ,

4.2.1 S t a t i onary Models

hese are models to be used where the demand pattern is 

essentia l ly  hor izonta l , eg
1) Moving averages

2)  Exponential smoothing

4.2.2 Growth Models

Where the demand pattern is r is ing or f a l l i n g ,  the models 

mentioned in 4.2.1 tend to lag behind the demand. When 

the demand is growing, i t  is being under-forecasted and 

when i t  is f a l l in g  i t  is being over-forecasted. In





n

5 fc (n ) 6 = Z. ( sc c ) / 6
c m r\

10

and in the next period

n
Jc (n + 1 ) ,  * ( - TJC ' /,

6 t>C n*') (.

This th (hid pl«( s an cqu 1 v 

the past data. I f  there is a 

trend re f lec ted  in the la te s t  

very slow to respond to i t .  

of view, the amount of  data th

order to compute the moving average is  a d e f in i t e  d i s ­
advantage.

4 .3 .2 .  Exponent ia l  Smoothing

4.3 .?. 1 The Exponential Smoothing Equation

Exponential smoothing was f i r s t  developed by 

Brown (2) (3) and th is  method has the advan­

tage tha t  the minimum amount of information
has to  be stored fo r  each i tem.
The equation is

NF = t* NO + (1 - K  ) 0 F -----------------( 1 )

Where NF = new forecast

NO = new demand information

OF previous forecast

t* = smoothing c o e f f i c ie n t  = alpha

Alpha (aI in known as the smoothing fa c to r )  is  

■■ 1. be n the values zero to plus one.

:h i f  u to 0 , 2  ( 2 0  ) one can
r d e ion 1 a, . . .

", ' I 20', of tl » la t  v I  do. and 
f  urn to 8u: of ttie old forecast 
to c' ermtn i t forecast for tfir 
ne xt pi ’f i o1.1, {>

ing or f a l 1 ir
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Thus in each period, only 20% of  the la tes t  

demand information is  fed in to  the forecast . 

This has the e f fec t  of  considerably dampening 

f luc tua t ions  in demand level from month to 
month.

Brown (2) has shown that  equation 1 is  

equivalent to a l inear  combination of a l l  

past demands, where the weight given to each 

past demand decreases geometrical ly with age. 
The exponential smoothing system is  qui te  
f l e x ib le :

When alpha is  very small , the forecast func­
t ion  behaves l i k e  an average wi th a g r .a t  

deal of past data ( i t s  response to change is 
very slow). When alpha is  large, the fo re ­
cast function responds rap id ly  to change.

4.3.2.2 Select ing A Smoothing Factor

The smoothing fac to r  used, produces an average 

in which the weight fo r  past observations 

decreases geometr ical ly , whereas the moving 

average weights the N most recent observations 
each wi th 1/N. Table 1 from Brown (2) shows 
the re la t ionsh ip  between the smoothing fac to r  

and the equivalent number of observations in 
a moving average.

The re la t ionsh ip  is  given by:

N + 1



12

!
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By making use of equation 1, the average 

e r ro r  can be e f f i c i e n t l y  calcu lated in each 
period, using the minimum of data. In th is  

case a smoothing fac to r  - gamma - is used 

(0 gamma < 1). Note that gamma could be 
equal to alpha but th is  is no*- necessary.

Et - * ( E t ) + (1 -B )Em  -------------  (3)

Where = smoothed average er ro r  in period 

t

Et _ i = smoothed average error  in period 
t -1

S im i la r ly ,  the smoothed mean absolute e r ro r  
can be calcu lated:

MADt  * # (  / E t /  ) + (1 - i f  )MADt _ |   (4)

Where MAD̂  = smoothed mean absolute e r ro r  
in period t

/E */  = absolute e r ro r  in period t

MÂ t - l  " smoothed mean absolute e r ro r
in period t - 1

The trend in the forecast is defined as:

Tt  '  Ft '  Ft - i

The smoothed average trend can be calcu lated 
in a s im i la r  manner:

Tt  = * ( T t ) > (1 -Tf ) T t - 1  ------------  (5)

Where T̂  = 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 bias low — then atph mu 11

— model St .  r ib I f  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 - I

This ii del m, des use of the tra  F in 1 d f ir t ii
equation 6 in 4 .3 .2 .4 .

Since the absolute value of the tt H r  , ' ic 1 f l u

tuat s be on zero and unity ,  and i , •• to- d:> uni y
whf i ti forecast errors are lar< Tri « ! h
proposed a model where

ok = /T S /

I • '  d L< h (1 ) point out 1 t i  r 1 v

system w i l l  repond to changes is a f f  t / the 

Vvlur of gamma, wi re gam a is n d for stm V tg the <• . rase
error d mean abs lute deviation.

1 itw i 0,05 and 0,1 is recon. - : d; hi r \ . lues

lc dir | : ins- >i 1 i t y .

E nnis ( ) p o; ed i model u > ing 1! expnn f i l ia l

smoo! ng rqu l ion, but controll ing i on t ■ I - is of "R s"

c f errc . •* model counts tiie fr o con ci ,ve
times a | i s i t  i neg Live force,r in or i oh

twined, and ct> res th is  against a pn t  | vai er.

I f  H ' lengLh of the run exceeds the value ol the pre­

s i t  parameter, alpha is  adjusted upwards, A i e r r c - of 

e i th e r  z r o  or opposite sign i . use I to indie ,i t '  the c, I 
of a run and the value of  alpha i . then i d ia to ly  re ­
set to 1 1 s base value.

Dennis (5) reports on a test  comparing th is  model to one 

proposed by Whybark (15) (a model where the forecast  

e r ro r  is  compered with the standard deviat ion of  the 

forecast e r ro r ,  and alpha is adjusted on the basis oi
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th is  comparison). He shows that the run based model 
performed bet ter  than the Uhybark n It 1. He points 

out that the model is computation i l l y  e f f ici nt and easy 
to understand.

nt A f orecast inq Model

i p 1 for  t i n g  Models

■■' ing of a forec sting mode’ is n • sai / in order 

o detect real changes in demand. I; i a real change 

h c signal must indie * thi chv to ne

ir (; arge o forecasting. A m -Id might be

> . r or alpha might have to I re I t< a hit;1 r 

value or a w periods to a l io  1 l to adjv t
ra p id ly  to  the nc s i tu a t io n .

r i g g 's  (13) tracking signal is  with ly used to ind icate  

when a re 1 change occurs and Batty (1) produced a table 

of cumul vr p ro b a b i l i t i e s  f o r  us. with the tracking

s igna l .  An observer may then determine the s t a t i s t i c a l

confidence in his hypothesis that a s ig n i f i c a n t  change 
has taken place in the mean level of demand.

TABLE 2 1

single exponential smoothing

;MUl.A IVE PROBA II I TY TABLE FOR ARI0U5 VALUES OF ALPHA

j m a l a t i v e
’ ROBABII ITY

TRACKING SIGNAL

o%

x = 0 ,2 «  0,3 x  - 0,4

0 ,2 4 0,33 0,44 0,53
0 ,29 0,40 0,52 0,62

0 ,8 5 0 ,32 0,45 0,57 0,67
0 ,9 0 ,35 0,50 0,63 0,72
0,95 0 ,4 2 0 ,58 0,71 0 ,8
0 .96 0 ,4 3 0,60 0,73 0,82
0 . 9 / 0 ,45 0,62 0,76 0,84
0,98 0 ,4 8 0 , 6 6 0,79 0,87
0,99 0 ,53 0,71 0,82 0,92

I out.c  ; Batty ( 1)
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Brown calculates

K ,  ° t  ~ Ft 

S.D.

Where Dt  = demand in period t
= forecast of  demand fo r  period t

S.D. = standard deviat ion of forecast e r ro r

Brown shows tha t  when K > 3,5 ( fo r  t i g h t  con tro l )  the value can 
be treated as an o u t l i e r .  In th is  case can be f i l t e r e d  and
reset as fo l lows:

F i l te red  Dt = + 3 (S.D.)

The sign in the above equation w i l l  depend on whether 

Dt > Ft or ct F Ft

Order Point  And Order Quanti t ies

Classical inventory contro l is based on using an order p o in t /  

order quant i ty  system fo r  ordering independent demand items (see 
section 3.2 fo r  the d e f m i t i o r  of independent demand). This
theory has been well developed and is summarised below.

OP '  DOLT + SS

Where OP = 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 w i l l  be shown in section

7.

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

order po int , one order quantity is ordered from the factory.

The safety stock is calculated from the mean absolute deviation 

of the demand. The deta i ls  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 ca lcu la te  DDL]
b) What quant i ty  to order

Proposed ru les are developed in ■■ t ion  7.

Service Level and Safety M I

A number of  d e f in i t i o n s  of f - \ ice 1 ’ c i ■ 1 ■ or: ■ used by
BO/vlT is :

r , Nc’ of oid- . d< l i v  d f i r  i LockO • L •
Nl> oi orders i > :eivt d

Th<' ta rget service level is  t  at

Saf c:y stock is held as a buf er . , , v . i r i at ion , in
a) Le d time from the fac to ry

b) De id from the custom

The amour: o f  safety stock held is  d :-r nt o •

a) Demand v a r i a b i l i t y  as measured by mean a b s o lu te  devia­
t io n ;

b) Service l e v e l ;

c) Ratio of lead time period to demand in te rva l  period

Extract of the tables of safety stock factors and a sample ca lcu­
la t ion  are shown in Appendix 5.

Table 3 overleaf ind icates the safety stock required fo r  the s ix  

top 'A' items (note that the safety stock forms only part of the 

actual stock h o ld in g ) . These resu l ts  are s t r i c t l y  only true fo r  

demand d is t r ib u t io n s  that are symmetrical and therefore the safe ty  
s tocks  c a lc u la t 'd  fo r  the f i r s t  two products (where demand is 

changing r a p i d l y )  are not appl icab le . A management decision must 
be made on the s t o c k i n g  po l icy  to be fol lowed. This could be 

f  i  c o n t r a c t  w i t  i the  c u s to m e r ,  in the case of the f i r s t  
P ' " t ,  wh <! one c u s t f  r a n  m i t f  66% of  the demand.

I - h i  e M the second pro uc t ,  a n t  be taken of  the

v i n a i s 1* mar I «"-i  s ■ o< k I- • • e rm lnvd  accord ingly.
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TABLE 4 
A-B-C RANKING COMPARISON

PRODUCT
Aug '80 

To 
Jan '81

May '80 
To 

Oct '80

Feb '80 
To 

Jul '80

Nov '80 
To 

Apr '80

Aug '79 
To 

Jan '80

May '79
To 

Oct '79

P2 A1 A1 A4 82 A12 A10
P3 A2 A2 A! A2 A4 A3
P4 A3 AS A3 A3 A2 A2

A4 A6 A9 A13 85 82
AS A7 A6 A8 A13 85
A6 A9 All " 1 2 A10 A12

PI A7 A3 A2 A: A1 A1
A8 A10 A10 A9 A7 A6

P6 A9 A8 A7 1 A7 A6 A7
A10 All A13 A16 81 83
All A4 AS - 86 A15
A12 A14 A12 A4 AS AS
A13 A13 A16 AS A3 A4
A14 86 - - - •

PS A15 A1S A8 A6 84 81

81 A12 A15 All A9 A13
82 87 81 A10 A8 A8
83 84 A17 A14 All A14
84 A16 87 814 - -

85 812 89 810 - 812
86 - - - 87 -

87 89 88 81 89 8 8

88 810 84 86 - -

89 85 86 813 814 -

810 - - - - -

811 814 817 88 813 86
812 83 85 820 - -

813 PIS 814 819 815 -

814 - - - - -
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TABLE 6
RESULTS FROM THE SELECTED PRECAST I Nfi MODELS

30

PRODUCT

PI

P2

Pj

P4

PS

PS

Mode 1

2

6

6

2

5

2

Alpha

0 . 1

0 . 2

0 . 2

0.2

0 , 2

N/A

2

2

N/A

N / A

N/A

X

Forecas t
E r r o r

T rack ing
S igna l

Demand
V a r i a b i l i t y

X

7.1 0,05 86

- 1 7 . 0 - 0 . 4 8 94

-0 , 1 4 0.27 36

0,1 O o K> 44

0.19 0 .5 59

1.3 0.01 47

*P is the number of al lowable periods of consecutively 
s^ned forecast er rors .

Demand Spike.

a' Manually f i l t e r  the demand f igures to reduce t h e i r
e f fec t  on the model, and

b) Place factory orders fo r  the spike based on marketing
information.
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From the information presented in sect; ms 4.6 and 4 .7 ,  the 
order point w i l l  be calculated as follows:

OP = DOLT + SS

Where OP Order point

DOIT = Dei aid di ing lead Vi 

SS = Safety stock

7.2.1 Assu itlons

a) Load time is eight v ! .

b) A service lew I of  9C i:> requlr

c) The t I in te r v ; 1 i four

d) The fa y order quo t i t y  w i l l  o’ y I a 

multiple pf one month's forecast,J V .nd rounded

a) One order quantity w i l l  be rr i ■ J whenever the

stock-0 - h rid plus s -un oid d ops below the
order p t .

The order point w i l l  b< rci

months ar, be b v-d on the p t  six voi h's dota.

Appendix 2 . V contains i h1y a zr ane sales ,

ar mean ahsolutt d >v t ,, - . Ic lated at three 
month In tervals .

c) The aver, • s 1c w i l l  d a< a forecast,

d) The mi m <v ml o i l l  l>e used to ca^cu-
1 ite the sal ty  sto ,

< ) The i n i t i a l  or.i • , mt in p, i l M O  is based on

th past twelve ninths' , i (Appendix 2 . 3 ) .
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d/ 1 he factory order quantity w i l l  always be a

multipV of one month's forecasted demand rounded 

to the nearest f i f t y  units.

7.3.2 Ordering Rules

a) One order quantity w i l l  be raised whenever the 

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

b) The order point w i l l  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 w i l l  be used to calcu­
late  the safety stock.

TABLE 8

STOCK STATUS AT END OF SIMULATION RUN

PRODUCT T o re ca s t S a f e t y  Stock S imu la ted
Stock

S imu la ted  
Stock 

On Order

Months 
Stock 

On Hand

Months 
Stock On 

Hand and 
On Order

PI ?60 743 1360 - 5 . 3 5 .3
P2 962 805 ( * 3 0 ) 3600 - 3 .2
P3 291 234 634 350 2 .2 3 .4

P4 256 254 437 550 1 .7 3.85

P5 53 151 301 100 5 ,6 7.5

Pfi 41 57 75 100 1,6 3,4



35

7.3.3 Results

lit' del i 1 i ul 1 . art- shown in Appendix 9.2; Tables 

26.1 to i.G < ' ! are ur ist-d in Table 9 ( o v e r le a f ) .
The 11 : 11 f re  i I , die / hd\ b on included fo r  compari­

son put| I. ■v v; - i t a n t ia l  reduction in inven­
tory u i < t in • t , i o f  the order po in t .

Inventory I dr . d tv  38,7 . Table 8  shows the 

stock st. r : 1.1 tnd of the simulated run. Despite 

the 38,/ d t t . i  in inventory, ttie stock status is  accep­
tab le.

7.4 Se lec t ion Of One Forecasting Model

Table 8  shows that best resu l ts  selected from the various fo re ­
casting runs using d i f f e re n t  models (Refer to Appendix 8 ) .  In 

the real l i f e  s i tu a t io n ,  i t  would be preferable to have one model 

in u , rath than the three used, to derive the resu l ts  in Table
8 . Th pr : ip l  advantage w i l l  be s im p l ic i t y  and ease o f  under-

' > by I c i ?d, oi how the forecast ing model operates.
0: > 1, t l  in Table 9 wore obtained with models

t < s i > i 1 i , d i f fe rence brtween the two models is
in the m. thod c, c i t r o ’ .

7.4.1

i v i l l  by m i l '  r ing thi track ing s ignal .

t i  \ allow d to

it i I v. . - (i r a 9 confidence level - 

i ecid v periods.
In t i  d i r I, ,, i n  set to 0 , 8 , and held at

ii | signal dropped bi low the 
' I* - 11 . Tli - r h c n therefore be mode more,

0 1 t i i i ' > , (>■ decreasing the number
of  | i ie is  !)< t I I - - 1 [ is r e s e t .
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Mode 1 Six

I ' | s ix  (wh ich  uses the same forecasting e q u a t io n  a*, 

eqv M ion 1, section 4 .3 .2 .1 ) ,  *S c o n t r o l  Ice 

! ly on she basis of the number of c o n s e c u t i v e l y  s ig n ed  

ei»ors. Ihus, two c o n s e c u t i v e  forecast e r r o r s  

a,iK sign c n be used t o  i n d i c a t e  tha t  the lore- 

out of con t ro l .  In t h e  v a r i o u s  r e s u l t s  used in 

ii wor , t  ts u s ing  two, t h r e e  and four periods of  

< i s e c u t i v e ,  s im i la r ly  signed t o r e c o S t  errors were t r i e d .  

In general,  as the number of periods increase, th is  model 

becomes less and less responsive to change.

Model Selected

a,I t  0  shows a comparison between the optimum resu l ts  

deta i led in Table 9 and tne resu l ts  obtained using model 

1 fo r  a l l  items.
shows that there is  a small loss of op t im izat ion,  

p a r t i c u l a r l y  fo r  P3 where tne simulated

-tocl has increased by two hun '-•ed units (a cost increase 

o f  R4 812). The resu l ts  fo r  P5 are
exactly the same. The stock of PI has
increased by three hundred and f i f t y  un i ts  (R4 640 
a l t h o u g h ,  in the real l i f e  s i tua t ion  i t  would be hoped 

ihe end of the demand spike would be foreseen anc 

1 a d j u ' . t e d  (by manually rese t t ing  alpha to say 

a few p e r io d s  o r  1 t o v e r r i d i n g  the order 
l ion ) .  Note th fac t  t h is  f a l l  o f f  in

i as the tual stock was only 1 096

d nuery 1981.
eitnat ion occurs oi P2

imulat d a v negative ( ie  un-
In the T i l  l i f  si nat ion, th is  

1 ind icn ,m g  th t  ,uf ic ien t  fac to ry

l <'d t:o cov r  customer demand.
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c) The number of consecutive periods in which the track ing
signal is  allowed co exceed the l im i t s .  (Determined 

from Table 2).

d) The value of the smoothing fac tor  used when the track ing
sigi i l  has exceeded the allowed l im i t s  fo r  the speci f ied 

number of periods.

e) The smoothing fac to r  fo r  the forecast errors  (general ly

set at 0 , 1 ).

The fo l lowing tes t  data was used:

a) Alpha = 0,1; 0,2 or 0,3.

b) 95% confidence l im i t s  fo r  the fac to r  alpha from Table 2.

c) The tracking signal was allowed to go out of control fo r
two consecutive periods before alpha was reset .

d) Alpha was reset to 0,8 in a l l  cases.

e) Gamma was set at 0,1.

The fo l lowing points should be noted:

a) The p r inc ip le  method of monitoring the performance of the

model should be by means of the track ing s ignal .  The 
closer the tracking signal is  to zero, the better  the 

model is  fo l lowing actual sales data.

b) Where demand spikes occur, judgement must be used in
determining i f  the smoothing fac to r  must be increased or 

i f  i t  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 fo r  a l l  'A' items.
This w i l l  enable the forecaster to f i t  his model to what 

is ac tua l ly  happening.

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

marketing fo r  inves t iga t ion .



The reasons should be c lea r ly  determined so that the 

o u t l ie rs  in the demand data can be discarded.

e ) The exception reports should show the items ranked in

th e i r  A-B-C rankings to that the most important items 

are investigated f i r s t .

Forecasting Of  'B' and ' C1 I tems

A sample 'B' item was chosen and the forecast ing resu l ts  are 
shown ir Appendix 9.4; Tables 28.1 and 28.2. There is  very 
l i t t l e  dif ference between the models. The inventory simulations 

show t  lat in a1 1 cases the same ending inventory is  produced.
This is ma^niy due to the large order quanti ty  of f i f t y  un i ts ,  
whi.n is accepcted as being the minimum factory  order quant i ty  
de s ra b le .  [A l te r in g  the order quant i ty  to the forecast quant i ty ,  
rounded to the nearest ten un i ts ,  reduces the f in a l  inventory 
(using model f i ve )  to seventy f i v e  u n i t s . This resu l ts  in a 
reduction in inventory of ten un i ts  - re fer  to Table 28.2].

For 'B' itmes, the adaptive forecast ing model of Trigg and 

Leach (model f iv e )  has d i s t i n c t  advantages. For these less 
important items, the use of an adaptive mudel allows more freedom 
fo r  the forecaster to spend time on 'A' items. As suggested by 
Lewis (7) , 'B' items car be forecasted in th is  manner and the 
only monitoring that is  done is  to  set an a rb i t ra ry  l i m i t  on the 
value of the tracking s ignal .  Exception reports are then prepared 

fo r  'B' items whose tracking signals exceed th is  value.
The demand fo r  'C  items is  h ighly  e r ra t ic  and i t  is  suggested 

V at these are handled s t r i c t l y  on a 'make to order'  basis. No 

stock of 'C  items should ever be held.



:

I

X
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8 . 6  Changes in customer (k mi from om- i te n  to another cause large
spikes in the dem u I | It < i n . These spikes are not conduci ve

to good stock conV o l . I v : y ('f f o r t  should be made to track
down the reasons to r  t spiI tin ouijh customer l ia is o n ,

to t r y  to minimise t i n ,.. Tin . nit o .afi ty stock carr ied

is d i r e c t l y  /  pendo.d o , 11 ’ la! i i i i v  in i l ia sales data.

8.7 Regular A-B-C anal s i s  should be ( a t r i  d out -o  determine when

the forecasting po licy  she id dm

8 . 8  The d e f in i t i o n  of a "si a i rd 1 pt u luce tu be based on some
cut o f f  point in th I C c l a s s i f i ( a t i  i .  Cer ta in ly  a l l  'A'
items should be con id i a 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



APPENDIX 1.1

GRAPHED SALES DATA



The sales h is to ry  fo r  the top six 'A' items, and one ' 6 ' item have 
been graphed. The select ion of these items comes from the A-B-C 

analysis in Appendix 2.1.

1.1 Demand For PI

This product exh ib i ts  an except ional ly  high peak in one period 

( f i v e  times the twenty four month average demand) and 8 6 % of 
the demand comes from one customer. The d is t r ib u t io n  is  highly 
skewed with more than 50% of the periods experiencing a demand 
of less than two hundred and f i f t y  un i ts .  C lear ly ,  from the 
graphed sales f igures in th is  appendix, h is to ry  provides no 

ind ica t ion of the sudden r ise  in demand and time series 
analysis cannot forecast th is  increase. Forecasting models 
can be chosen that w i l l  t r y  to fo l low the trend rap id ly  but 

some outside decision making is  required to:

a) Forecast the r ise  in demand sub ject ive ly .

b) Decide i f  i t  is  a real change of demand leve l ,  or purely 

a ' s p ik e ' .

c) Decide i f  the forecasting mo' 1 must be changed.

Demand v u ln e ra b i l i t y  is  e mely high because of:

a) High demand v a r i a b i l i t y  and skew d is t r ib u t io n ,  ( ie  very

few periods with high demand).

b) Customer dependency.

Stock po l ic ies  must therefore be determined taking these facts

in to  account.

1.2 Demand For P£

This product shows a rap id ly  r i s in g  demand towarcs the end of 
the twenty four month period under review. Time series fo re ­

casting cannot be used to predic t the r ise  in demand, i t  can 
only t r y  to fo l low the t rend . Demand v u ln e ra b i l i t y  is  f a i r l y



high because of the low number of customers and high v a r i a b i l i t y  

in demand.

Demand For P3

This product is  a good candidate fo r  forecast ing by time series 

analysis. Demand is  essen t ia l ly  horizontal with f luc tua t ions  
about a mean leve l .  There is a s l ig h t  s h i f t  in the mean during 
the second twelve month period. Demand v a r i a b i l i t y  is  low and 
v a r i a b i l i t y  is  lower than for  the previous items as four custo­

mers account fo r  most of the demand.

Demand For P4

Generally exh ib i ts  the same charac te r is t ics  as those discussed 
in 1 . 3  above, although demand is  more var iab le.

Demand For P5

Demand for th is  product is  f a l l i n g  continuously through the 
twenty four month period. Further invest igat ion might reveal 
that one customer's consumption was changing or being phased out, 
causing the drop in sales. Time series analysis cannot predict 
the s ta r t  or end of the drop, but can attempt to fo l low  i t .

Demand For P6

A horizontal demand pattern is apparent fo r  th is  product. 

Forecasting of demand should be possible using time series 
analysis. Demand v u ln e ra b i l i t y  is  extremely high as one ustomer 

accounts fo r  94 , of the demand fo r  th is  item. Stock holding 

po l ic ies  must take th is  in to  account.
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The re su lts  of the A-DC analysis fo r  the twenty four month period

are shown in I l ie  11.
In t in  ( .1} th 'A' level was set at 80 of the sales value 

and the 'A ' and T ‘ level , : 95 . The report shows tha t ju s t
seventeen out of i y seven l in e  items account fo r  80% of the
s;1ps v |Ul . M r  t shown both the arithn t i c  average of the

sales ov:d 1: y four month period as well as the mean absolute
(1 ia t i  ' i l i t y  in demand is  deter,; ued b the ra t io  of

mcufi absolu dev i t  ion to the t thmct i c a v f, a
Prom B, o • Vs d e f in i t io n  o f In pines . (section ? T . . . )  any i t e m  

with a v a r ia b i l  ty fac to r exc eding 80% can b- consider i  to  have 

lumpy d md.
In t l  is c. hot th t ) two 'A' items have lumpy 'demand.

dei md can c le a r ly  be seen in the graphs in

This . is i s  t f i r s t  stop in  det n 'n ing which items are 
i  b fc v ,s t .  Note th a t the 'C  items accoun.

y V d only 1 950 un its  per annum.
impor t  at ,
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TABU' 11.

A l  - i  rUHt VSJS 

s a l e s : MARCH ' 7 9  10 n  ! OARY '  1

L I M l  L'RAHIHG 11".

A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B

P I
R2
F' 3
P4
P5
P 6

I 0 T.O1 Y 
<C4 MON)

9601
7 2 0 0
6 6 7 8

1 1

1 4 09 

1631

1228
1761
1678
1 4 3 7

6 6 *

4 0 8

223

372 
252 
735 
1 14 
301 
212

n n  . v a i

< 4 MON)
AVE.01 

(MON)
HAD- VAR CUM % 

kTOT. '

—  ~ —  —
54 2 4 6 6 .  3 :c.97 11.48
404 379.4 93.96 21 .50
300
278

1 10. 1 
121.8

36. 69 
43. 79

30. 1 1 
37.07

130 76. 1 53.56 4 1 . 6

43 20. 2 46.97 4 5 . 7 9

142 102.9 72.21 4 9 . 8 0

171 89. 1 52.20 53.7-
136 76.9 56.51 57.1
131 67. 1 51. 2 9 61.H
59 
1 1 3

26. 4
1 3 4 . 4

44. 94 
113.91

64.44 
67. , ■

66 37.6 55. 35 69. t '•
92 63. 4 69. 10 72.31
4 4 14.7 3 3 .  2 1 74.64
30 16.2 5 3 .  8 9 76.8-:
51 23.5 4 5 . 9 8 78.79
7° 80.7 109.98 80.4 7
70 95.0 135.81 82 .  0 2
60 83.9 140 05 82.4-:
1 7 16.9 84.4:
28 29.2 105.77 8 5 . 4 3

39 62.3 158.33 86 .  ■

40 37. 3 93.75 8 7 . .  2
20 16.8 8 3 .  3 3 87.91
25 32. 3 126.79 88. ' 9
32 39.6 1 2 3 . 7 3 89. ^
17 16. 2 9 5 .  1 0 90.04
20 22. 7 113.04 90. v
25 32.9 134.18 91 . 27
1 0 13.2 128.37 91.

9 5 . 2 5 5 . 9 4 92. 2 '
1 3 14.0 1 0 9 . 3 1 92.63
16 23.5 151.88 9 3. I1-
! 1 9. c 3 0 . 0 8 93.57
31 46. 2 150.88 93 .  '4

5 6.2 130.7 0 94.2 -
1 3 22. 1 176.02 94. t

9 1 1 . 6 133.18 94.97

:



i a b le  12.1

Table 1 2 . 2  

Tc'ble 12.3 

1 able 12.4 

Table 12.5 

Table 1 2 . 6

February 1980 to  July 19c 

November 1979 to A p ri l  1. 

AuguSv 979 to January 1( 

May 1979 to October 1979
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TABU. 12.1

PARETO REPORT FOR SAl I '■ All IP V I 1 ' 1

rt-B-C ntv: >1

SALES: AUGUST '80 TO JANUARY d1

L. II,

A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
B
B
B
B
B
B
1
B
B
B
B
B
B
B
b
B
B
8
B
B
B

DRAWING NO. TOT.OTY TOT.VML MAD VAR %

< 6 MON) ( 6 HON > (MON)

P2
P3
P4

PI
P6

P5

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 
1 0 0  
1 1 1
81
98
60

1

104 1 3 9 9 . 2 38.  36
1 0 5 . 7

268 1 4 1. 0 5 0 . 0 0
6 0 . 2 24. 40

209 5 9 . 0 28.30
67 38 .  3 44.06

203 181.4 89.23
155 6 6 . 8 43.13
41 24.6 60.38
98 40.0 41. 03

128 9 7 , 7 76. 60
113 5 0 . 0 44.44

77 38 .  8 50.76
3?.0 38. 55
44. 1 56.31
24.8 64.64

22 13.8 64.34
4 0 34. 1 85.99
27 23.2 87.08

1 9 . 0 65.52
55.6 137.33
48. 9 133.33
32. 3 10.67

42 33. 7 81.12
10 6.8 67.21
31 29.6 96. 38
17 11.7 67.31
1 1 9.2 84.62
14 11.3 80.95

6 9 . 4
1 7 2 7 . 8 166.67
19 7 . 0 37.84
14 19.8 146.91
16 21. 8 133. 33
10 7 . 0 70.00
21 ; 7. 3 1 3 3 . 33

CUM 
(TOT.VMl ■

2 2 . 8 2
30. 71
37. 18
43. 42
43. 54
52.92
56. SO
60.63
64. 15
67.46
70.07
72.54
74.94
77.01
78.87
80.69 
82. 1 3 
63. 43
84. 75
85. 71
8 6 .  60
67.4 3 
8 8 . 21
89.05
89.70 
90. 30 
90. 89 
91.41 
91 . 88 
92. 33
92. 76
93. 19
93.60 
94.00 
94.4 1
94.60

total quantity: 23201
To I RL "Vru 1 IE : R 111 3004. 99





17 ;! r  12.3

f

r  i ( Mnfii.vi.is 

SALES: FEBRUARY ' 6 0  I'-1 -,UI 1 ' i  "

L I M | d r a w i n g  NO. TOT r QTY 
•: 6  MON >

TOT.VAL 
6 MCN> |

AVE.GlTY
MOM)

399
398 3 1 1 . 3 78.29
283 9 4 . 9 33.51
260 1 6 . 2 70 .  10
238 3 0 9 .  1 129.70
202 38.3 18. 98
50 16.  2 36.70
161 175.3 108.90
150 54.2 36.15
127 67. 3 52. 88

58 32 .  3 55. 75
i 38 61.7 44.58
82 38. 9 4 7 . 2 3

136 145. 9 107.53
80 36. 1 4 5 . 2 3
49 11.0 2 2 . 6 9

58 15.3 2 6 . 6 7

26 8 . 3 3 2 . 4 7
7 3 80. 8 1 1 1 . 4 9

6 9 7 1  . 9 1 0 4 . 0 2

4 6 2 1  . 3 4 6 . 7 2

3 4 2 1 . 3 6 3 .  3 7

6 6 6 3 . 5 9 6 . 9 5

2 0 1 0 . 2 5 2 .  1 4
4 6 7 6 . 4 1 6 6 . 6 7

30 2 3 . 2 7 7 . 6 5

2 1 1 1 . 8 57.72
1 0 12.7 1 2  9 . 3 8
1 7 1 6 . 7 1 0 0 . 0 0
2 6 2 4 .  2 Q 4 .  3 7

1 3 1 3 . 3 1 00.00
9 5 . 5 6 0 . 0 0

I 1 3 5 .  1

1 17 21.0 1 2 3 . 5 3

CUM 
■ TOT. VA. !

A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B

P 3
P I
P 4
P 2

P 6

P 5

2391

1699
1679
1430
1 2 1 2

099
764
348
836
494
8 1 4
479

345
1 5 4

415
2 7 4  
202 
3 9  3  
1 1 7
2 7 5  
1 7 9  
1 2 3

100
154

8 0
5 5
8 0

102

t o t a l q u a n t i t y: 21716
1 017363 . 94
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TABU 12.4

A E - C ANALV) l  

SALES: NOVEMBER 79 Tu APRIL 80

LIM

A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B

DRAWING NO.

PI
P3
P4
P5

P6

P 2

t o t.qty
C 6 MON)

6 1 6 6  
1 8 8 6  
1 7 9 3  

7 6 9  
1 1 5 0  
079 
21 1 
7 3 5  
594 
1 9 5  
2 7 1
2 3 8  
4 9 2  
3 3 7  
5 3 5  
31 P 
4 2 5  
4 0 1  
1 5 5
2 3 9  

7 3
1 4 7  
1 2 8  
1 5 5  
200 
1 4 5  

9 3  
1 0 4  
1 5 2  

5 8  
1 3 0  

8 0  
2 1 8  

6 2  
4 4  
6 3

TOT.VAL 
( b MON)

h  ‘ . 0 1 ' . M A D VAR H

• M O N  '

1 0  1 7 1 . 4 5
3 1 4 1 1 7 . 3 7 . 4 7
2 9 " ; 1 ?> - 4 0 . 4 4
1 2 8 i  3 . 6 6 5 .  4 1

1 . 75.  0 39 .  13
14 V 1 8 0 . 2 1 2 2 . 9 8

1 2 . 5 35 .  5 5

1 2 3 7 1 . 5 5 8 .  37
9 9 8 5 . 7 8 6 . 3 3

1 0 . 0 . 7 7
45 9 . 9 2 1 . 8 9

2 4 . 6 6 1 . 9 0
4 2 .  7 ' 2 . 0 3

56 1 8 . 6 3 3 . 0 4
1 3 6 . 9 1 5 3 . 5 8

5 3 2 0 . 7 38 .  9 9
9 4 .  4 1 3 3 . 3 3

67 6 9 .  1 1 0 3 . 4 1
2 3 . 2 8 9 . 6 8

40 3 4 . 8 8 7 . 4 5

12 12.  2 1 0 0 . 4 6
25 2 6 . 0 1 0 6 . 1 2

2 1 1 2 . 0 5 6 . 2 5

2 6 2 7 . 8 1 0 7 . 5 3

3 3 3 3 . 3 1 0 0 . 0 0
2 4 3 2 . 2 1 3 3 . 3 3

1 6 1 2 . 5 9 0 .  6 5

1 7 1 6 . 9 9 6 . 7 9

2 5 1 6 . 4 6 4 . 9 1

1 0 6 . 7
2 2 2 2 . 9 1 0 5 . 6 4

1 3 1 7 .  1 1 2 8 . 3 3
3 6 4 3 . 2 1 1 8 . 9 6

1 0 6 . 4 6 2 .  3 7
1 2 .  1 2G . 7 3

1 1 1 0 . 5 1 0 0 . 0 0

CUM '.
, TOT.VAL )

2 2 . 77 
32.05 
39. 99  
44.59 
49. 16 
53. .":3 
5 6 .  74 
60. 24 
63.04
65.56 
6 8 . 01 
76. 32 
72.62 
74.8 3 
77.01
80. 90
8 2 . 5 6  
83.58 
64.43 
85. 33 
86.27 
87.12
87.96 
83. 78
89.54 
90.26 
90. 90 
91.40 
92.05 
92.53
9 3 .  12
93.55
93.96
94. 37 
94. 77

TOTAL QUANT IT. : 20801
TOTAL "VAL i iE : P 919313. '-*5



TA'". E J  ? S

PARETO RlPOUI 1 0  ! ' I I  A!: >j V T( :r: ' Y

n l ■ ft HR l Y f .  

SALES: AUGUST ' 7 9  TO JAUUA /

L IM DRAWING NO. TOT.6 I V
< 6 MON

TOT. VAt 
< C MOW)

f. 'L . VT I' 
u ’.uN;

MAD VAR \ CUM ".
(TOT . VAl.

1 361
272 115.8 42.66 39.17
177 93. 8 53. 1 1 45. 92
198 44.7 22.61 51 . 87
192 61 . 1 31 . 88 56.71
35 10.1 29. 17 60. 35
1 10 62.8 5 7. 38 63. 63
34 11.8 34. 47 66.4 1
46 9.2 19.98 69.02
43 9.8 22.96 71.63
61 17.0 27.72 74. 1 9
58 29.6 51.20 76.45
83 104.4 125.33 73. 59
68 34.7 51.23 80. 60
47 21.7 46.10 82.58
54 43. 3 79.75 84. 35
48 27.7 57.64 85.76
42 39. 8 93.96 86. 99
47 42.3 91 .04 88. 1 1
42 27.7 66.67 89.20
32 52. 6 166.67 90. 14
25 4 1.7 166.67 9C. SO
16 19. 1 120.70 91.41
1 3 11.2 88.60 92.02
47 56.9 121.90 92.61
23 25. 9 113.73 93.15
20 13.2 66.67 93.64
8 2.0 25.00 94. 1 1
18 23.6 133.33 94.57

- —  -----

A
A
A
A
A
A
A
A
A
A
A
A
A
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B

PI
P4
P5
P3
P6

P2

8166 
1629 
1066 
1187 
1 150 
208 
657 
205 
277 
257 
368 
347  
500 
406 
282 
326 
288 
254 
279 
249
150
9‘
76

2(  i

119
48

in

TOTAl OJJNJH] 1 r ! 201.



TA
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A - I
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APPENDIX 2.3  

A-B-C ClASSIFICATIONS

T«ble 12.7 May 1979 to  end A p r i l  1980

Table 12.8 January 1980 to end January 1981
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T'.BLE 12.7
F ! TO Rl Pi FOR SALTS MAY 19^  10 ArRIL_2.9B0

h B C ANALYSIS

SALES: MAY .'9 TO A F r l l  L

L I M BhAUINC NO. T O ,  . ' M Y  

( 1  i i >
TOT.VAL 
< U  MUIU

lAVE.QTY
(MON)

MAD* VAR % CUM %
<TOI.VAL>

A FI 9655 293 121.9 41.66 2 7 . 4 5

A P3 3 31 109.0 32.97 3 6 . 2 0
A R4 1 60 75. 3 47.08
A P5 1 M3 184 77.5 42. 63 4 6 . 7 8
A 2210 15.6 42.02 f 3 .5 9

A P6 4 45 124 79. 7 64. 45 5 4 . 1 0
A 103 98. 1 90.51 57 .  1
A 1c 33 15.0 40. 60 6 u . 1< •
A 47 9.0 6 2 .7 4

A
A

5t
513 43

106
18.5
1 48. 7

43.37
140.46

6 5 .2 9
67 . 6 7

A \ 2 n
85 6 3 . 6 74.66 70. »

A 58 16.5 28.25 72. 6c
A 699 95 84. 5 69.23 75.  01
A P2 116 /

77 60.3 78.45 77.  17
A 922 79 6 6 . 8 85.07 79.  17
A 943 45 2 3 . 8 53.37 8 0 . 9 9

B
B

4 7
60

3 4 .  6  
30.6

73.64 
150.AO

8 2 . 7 5  
6 4 . 7 4

B 50 51 . 9 164.76 65.  44
B 43 5 6 . 3 117.07 6 6 . 5 6
B 5 / 7 31 3 4 . 2 1 1 0 . 2 2 h .5 ' "
B 1 7 19. 3 112.85
B 20 17.9 89.89 £ .-1
B 24 4 0 .  3 166.67 89 .  92

B 1 6 15.4 96. 68 90.57
B 191 9 9.2 1 0 1.85 9 1 . 0
B 108 14.7 65.92 9 1 . 5

B 40 5 1 . 0 126.0 9 2 .1 1
B 7 7.9 119.1, 9 2 . 6
a 18 1 4 .  ? 83. 33 9 3 .  1
B 21 1 8 3.2 3 8 .  3 8 93 .6 0
B 1 i 1 2 . 3 1 1 9 4 . 0 5

B 130 1 3 18.2 140. 8 6 9 4 .4 3
B 155

6 6 . 2 77. 08 94 .  8 T

TOTAL OMANI 1 : -V I to
t o t a l VAL Of : f i , o ; ■ 42
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I ABU 12 .8 

», 1 I i v i t

Sftl ESS JANUARY ' 80 10 JANUNU vi

LIM 1 LRAWINCi NO. 1 TOT.  01 '<
| < 1 3  I - N •

TOT, V I , L  
<1 I)H>

A P2
A P3
A PI
A P4
A
A
A P6
A
A
A
A
A
A P5
A
A
A
P
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B

78 4 
45  7 
4 7lC. 
3562  
2 5 1 0  
2 5 1 3  
575 

2225 
968 
1733 
1
1 159 
1211 
1477 
574 
333 
627 
685 
581 
281 
459 
687 
371 
546 
316 
4 95 
558 
400 
336 
183 
127 
161 
149 
1 40 

75  
6 6  
132

. 0 1 < I HAD VAR % CUM %

i:nH> I (TOT.VAL'

23. 4 393.7 28.35
362 329.7 91.08 3 0 . 5 7

274 115.2 42.06 37 .  07

193 77.9 40.36 42. It
193 54.3 28. 1 1 47. 18
44 21.1 4 7 . 6 0 51.19
171 195. 0 113.92
70 35.2 50.46 56.71
133 66. 8 50. 10 62. 17
143 72. 1 50.55 65. 36

89 37.9 42.54 68.52
93 50.5 54. 18 71.57
114 101.6 89.61 74,39
44 17.4 39.45 76. 37
26 13.4 52.21 78. 36
48 26. 1 54.18 80. 65
68 68.4 129.89 81. 48
45
22

41.2
16.0

92. 10 
73.97

82.65
83.77

. 35 28.6 80.95 84.86
53 43.6 82.57 85.83
;  ? 20. 3 71 . 83 86. 78
42 42.3 100.73 87.67
24 13.2 74.78 88.55
33 58.6 153.85 89.43
43 47.0 109.43 90.29
31 42.6 1 38.46 90.97
26 26.2 100.59 91. 56
1 4 9.3 69.53 92.03
10 7.0 71.47 92.52
12 12.2 98.23 92.94
1 I 12. 3 106.97 93 35
1 1 11.6 108.08 9 3.73
6 6.6 1 13.85 94. 12
5 5.6 106.11 94. 4'
10 12.9 126.57 94 . 62

TOfAl
TUTAl VAt Hi : '  2269% ' .

tit ■ - —





77



70

s m r  : m a r c h  79

TABLE 13

TO FIUPUHRV ' t i l

DRAW IM HO. ICUSTlTOT.OTY I TOT.VAL |AVE.OTT 1 TOT.VAL ITEM

PI 682 11259
1 ti 28. 3 161.30 10.28 89.5 3

685 4,0 1 4 2 2 . 6 166.67 10.57 92.02
749 325

1 1 
1 1g

18.2 162.21 10.81 94. 14
365 269 18.1 166.67 11.05 96.24
1199 261 8 . 3 166.67 11.16 97.22
199 128 54

7.9 158.33 11.27 98.19
912 120 6.  7 1 6 6.67 11.35 98.88
254 2 3.  4 183.33 11.39 99.21
819 45

1
1
1
0

2.  4 191.6. 11.42 99.44
729 1 . 4

6 . 9
191.67 11.43 99.59

875 16 1 8 3 . 3  : 11 .44 99 68
40 12 0. £• 1 9 1 . 6 7 1 1. <5 99.76

1135 10
0 6 . 5 1 9 1 . 6 7 11.46 99. 81

343 6 <3 0.4 1 9 1 . 6 7 11.46 99.84
1638 8 1 9 1 . 6 7 11.47 99.88
299 4 o 1 9 1 . 6 7 1 1.47 99.90
1058 3

6 i . 2 1 ) 1 . 6 7 11.47 99.92
1103 3 1 9 1 . 6 7 1 1 . 4 7 9 9 .  94
1287 2 Q C. 2 1 9 1 . 6 7 11.48 9 9 . 9 6
567 2

0 0.  2 1 9 1 . 6 7 11.48 9 9 . 9 7
995 2

0 0 , 2 1 9 1 . 6 7 i l . 4 8 99.98
1426 2 o 0.  1 1 9 1 . 6 7 1 1.48 9 9 . 9 9
1 136 1

0 0 . 1 1 9 1 . 6 ? 11.48 1 0 0 . 0 0
1289 1

F2 756 4901 204
66

2c ' . 2 1 1 . 8 4  
10 ' . . '  7

16.64
19.36

51. 48 
6 8 .  73

296 15 -4
43
34 L . 8

150. 1 . 3 3 78. 34
682 103 175.00 20 .  18 86.32
754 807 '■5 1 7 5 . 0 0 2 0 . 7 0 92.05
880 593 1 ( 6 . 6 7 21 • 08 95.81
1179 348 . 1 - 4 1 9 1 . 6 , 2 1 . 18 9 6 . 8 8
752 1 0 4 ( . 6 1 91 . i 21.29 97.94
758 100 3

2
1
1
l
o

4 .  7 17 5 . 0 0 21.  35 98.56
254 65

3 . 8 I) 3. 33 21.40 9 9 . 0 5
904 1 . 0 

1 . 9
1. 7

1C 3. 33 7 1 . 4 3 99.31
235 24 1 9 1 . 6 7 21 . 45 93, '4
84 24 1 8 3 , 3 3 21 . 47 9 9 . 7 4
310 22 0 . 0 11. 67 21 . 43 9 9 . 3 4
461 10 o 0 . 5 183. 3 21 . 49 99.91

2104 7 o 0.  4 183.33 21 . 49 99. 97
131 1

75
5
3 | 0 0 - 1 9 1 . 6 7 21.50 100.00

1 1 15
83

71.3
3 5 . 9

6 2 . 0 : 24.89 39.  35

P3 1961 2760 
3 321 1999 43. K 27.09 64. 3 3

i

 >•-------  tt



DRAWING

P4

NO. 1 u- 1 j UT.GTY I TOT.VAL w e .or i MAD VAR CUM '. ‘ 
rot. VAI

Utv.
ITEM

++ %
1
 Sv I — (MON •

1999 98.' 9
i  j 
2 1

32. 5 1 41.67 30.00
4,4 550 26. 3 126.33 30.65 IOC.30
685 500

1 1 
1 1

7.2 63. 44 31. 00 lit . 35
431 271 2 0 . 6 183.33 31.27 113.4

1 27v 7 6 . 1 87.65 31 . 45 115.
14/3 166 5 8.7 166.67 31.62 1 17.48
75 128 4 7. 7 175.00 31 . 74 118.92105 4.2 166.67 31 . 82 1 1 ? . 6 '
1951 2.5 150.00 31.87 120.46
1162 4 0 3. 1 183.33 31 . 93 121.07

75 . 2 3.0 158.33 31. 98 1 2 1 . 6 6
2192 2 . 6 175.00 32.02 122.15
930 1 2 . 2 175 30 32.06 122.61

i 2.4 191.67 32. 10 123.04
59 i 1. 8 183.33 32. 13 123.4 2

1925 24 i 1. 9 191.67 32.16 1. 3 . 7
702 24 j 1 . 6 175.00 32. 19 124.11

1 . 2  
1 . 0

191.67 32.21 124. >
15 i 183.33 32.22 124.5 3

1 103 13 j 1 . 0 191.67 32.24 124.71
1 v : 3 12

0 0 . 8 191.67 32. 25 17. 65
2259 10 0 0.7 183.33 32.26 1 2 ' .

997 9 0 6 . 8 191.67 32.27 1 2 5 . 1 1
1474 IP 0 0 . 6 191.67 32.29 1 2 5 . 3

0 6.5 191.67 32.29 1 2 -..
2190 6 o 6.5 191.67 32. 30 125.4 1

634 6
0 6.5 191.67 32.31 1 2 5 . 4 9

967 6 o 0. 4 183.33 32. 31 1 2 5 . 5 5
177 3 5

0 0 . 1 191.67 32.31 i :  >.57
1316 I 0 0 . 1 191.67 32. 32 1 2 5 . 5 0
919 1

1474 2487 104 
4 4

73. 0 
29.8

I 70.44 
67.36

34.73
35.93

34.  68 
5 1 . 9 4

605 1061 • 25 19.1 76. 33 36.60 6 1 . 54
471 600 37. 7 15 1 . ►" ? 37.20 70. 16
712 596

20 22.5 1 14.54 37.74 77.95
295 471 15 26. 7 183.33 38.04 82.22
1426 350 9 12.4 141.67 38.28 85.63
759 210 5 9.5 151.67 38. 43 87.8 7
254 150 5 8.  8 191.67 38.56 89.66

2 3 35 3 5.6 166.67 38.65 91 . 02
431 80 4 4 . 1 111 . 57 38.74 92.27

1 4 7: 89 32
5.6 166.6i 38.62 9 3.47

225- 80 3.6 175.01> 38.88 94. 30
1 1 3! 50
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table 13 (co

DRHWIMG NO, I LUST ITOT.OTY 
<24 MOli

TOT . Vi
( 2  1 MOM

fiVE , ' I Y

P5

685 1061
471 600
712 596
295 471
1426 350
75' 210
25 1 150

2335 110
431 80
1473 89
2259 80
1 135 50
1196 50
1510 33
280 30
183

1094 24
2190 22
922 20
634 11
752 15
135 1 1
930 10
1668 10
1 947 10
666 10

2192 10
366 6
997 6
514 6
245 6
2334 5
571 4
1 103 4
953 1
2259 1505
2012 428
21H 282
567 159
142t 158
842 121
321 80
486 72
72t 36

MAD VAR CUM % 
TOT.VAL

< i . 8 67.36 40. 08
19.  1 76. 33 40. 75

5 7 . 7 151.62 41 . 35
2 2 . 5 114.54 41. 89

5 2 6 . 7 183. 33 42. 19
1 2 . 4 141.67 42. 43

9 . 5 151.67 42.58
5 8 . 8 191.67 42.71

5.6 166.67 42.80
4 4. 1 111.52 42.89

5.6 166.67 42.97
3.6 175.00 43.03
4.0 191.67

l 2. 4 175.00 43. 12
1 2.3 189.33 43. 16
1 2 . 4 1 1.67 43. 19
1 1 . 8 183.33 43.22
1 183.33 43.25
t 1.6 191.67 43.27
1 1. 3 166.67 43.29
1 1 . 2 191.67 43.31
0 0. 9 191.67 43.32
0 0.3 191.67 43.34
0 191.67 43. 35
o 0 . 8 191.57 43. 36
0 0 . 8 191.67 43.37
o C. 191.67 43. 38
0 0 . 175.00 43. 39
0 0.5 191.67 43. 40

0 . 5 191.67 43.41
0 . 5 191.67 43. 41

(1 0 4 191.67 4 3.42
0 0 .  3 103.33 43.42
O 0.3 191.67 4 3.4
0 0. 1 191 67 43. 43

63 5 3. 7 85.57 45.56
19 2 0 . 8 1 16.67 46. 18
12 16.2 137.94 46.59

7 6 . 8 102.04 4 6.84
9 . 9 150.00 47.04

5 4.6 91.67 47.24
3 5. 3 158.3: 47.36

4.0 133.3: 47.47
2 2.6 |175.00| 47.52

CUM'.
ITEM
1 1 1 .?'* 
121.16 
129.78 
137.?7 
141.84 
145.2? 
147.49 
149.28
150.64 
151.89 
153.09 
153.92
154.69 
155.24 
155.74 
156.23
156.65
157.0 3 
157.38
157.70 
157.96 
158.13 
153.31 
153.48 
158.64
158.01 
158.95 
159.09 
159.20 
159.30 
159.39 
159.47 
159.54 
159.60 
159.62
46.30
60.56 
69.59 
75.15
79.56 
8 3.79 
66.4 9 
88. 91 
30.11

_____ up w ..15



OUST

2 t ' l 2
2114

36?
1426
84?
326
486
726
293

1214

424  
1118  
1853  
135/ 
1487  
1156 

873  
863  

1 0 4 3  
1 2 7 2  
1 1 9 6  

2 5 4  
4 8

TOT.  CITY 
( 2 4  M O M )

4 2 8  
2 8 2  
1 5 9  
1 5 8  
121 

6 8  
7 2  
36 
3 6  
2 8  
24 
2 3  
21 
20 
20 
20 
20 
1 4  
1 3  
11 
1 0  
10 
8 
5

TOT . vm  
<24 MON >

1 3 0 6 1
1 2 3 5  | 1

7 0 3 9 7 4
3 5 0 2 4
2 4 1 1 6

1 2 7 1 7
2 2 * 9 5
1 3 2 2 4

3 2 3

6 8 5 1 0 6 7
1 9 6 1 9 1 1

7 5 8 4 8 0
4 7 4 3 4 3

1 4 7 4 2 2 3
1 4 7 3 9 0

5 9 7 0
219, 6 4

5 1 4 5 6

. OTY 
ON)

MFD VhF ?. CUM % 
TOT.VAL

CUM'. 
1 Tf U

18 8 1 16 . 6 7 4 8 .  15 1 0 3 . 3 6

1 2 It . 2 1 3 7 . 9 4 48 .  56 1 1 2 . 9 0

7 6 . 8 1 0 2 . 0 4 4 8 . 8 1 1 1 3 . 4 6

7 ISO.' 4 9 . 0 1 1 2 2 . 8 7
5 4 . 6 91 . 07 4 9 . 2 1 :

3 1 . ' 3 49 .  33 1 2 9 . 7 4

3 4 . 0 1 3 3 . -1 4 9 .  4 t 1 3 2 . 2 2

2 175.  0 49 .  45 1 3 3 . 4 2
1 2 . 2 1 7 5 . 0 1 3 . 5 1
1 1 . 9 166 . f  ' 4 9 . 5 9 1 3 5 . 5 8
1 1 . 9 1 9 1 . f 4 9 . 6 3 1 3 6 . 4 9
1 1 . 1 1 1 6 . 6  | 4 9 . 6 7 1 3 / .  34
1 1 . 5 1 6 6 . 6 7 4 9 . 7 1 1 3 0 . 1 0
1 1. 3 1 5 8 . 3 3 4 9 .  74 1 3 8 . 8 1
1 1 . 6 1 9 1 . 6 7 4 9 . 7 7 1 3 9 . 4 9
1 1 . 5 163.3 3 4 9 . 8 0 1 4 0 . 1 7
1 1 . 6 1 9 1 . 6 7 4 83 1 4 0 . 83
1 1. 1 1 9 1 . 6 7 49 .  85 1 4 1 . 3 3

1 . 0 183.33 49.87 1 4 1 . 7 4

0 0.8 163.  3 . 4 9 . 8 9 1 4 2 . 1 3

0 0 . 8 1 9 1 . 6 7 4 9 . 9 1 1 4 2 . 4 9
0 0 . 8 1 9 1.67 4 9 . 9 2 1 4 2 . 8 2

0 0 . 6 1 9 1 . 6 ? 4 9 . 9 3 1 4 3 . 0 6

0 0 . 4 1 9 1 . 6 7 4 9 . 9 4 1 4 3 . 2 3

0 0 .  1 1 9 1 . 6 7 4 9 . 9 4 1 4 3 . 2 7

o. 0 .  1 1 9 1 . 6 7 4 9 . 9 4 1 4 3 . 3 1

4  1 1 9 . 2 4 7 . 4 2 5 3 .  8 3 9 4 .  2 9

1 1 . 8 1 8 3 . 3 3 5 3 . 9 2 9 6 . 5 8

1 1 . 2 1 7 5 . 0 0 5 3 . 9 9 9 8 .  16

0 0 . 5 1 8 3 . 3 3 5 4 . 0 2 9 8 .  8 7

0 0 . 4 1 8 3 . 3 3 5 4 .  0 4 9 9 .  30
o 0 .  3 1 9 1 . 6 7 5 4 . 0 5 9 9 .  ’ 6

0 0 . 2 1 9 1 . 6 7 5 4 . 0 7 100.00

44 5 1 . 0 1 1 4 . 6 8 5 5 .  37
38 3 3 . 5 8 6 .  1 3 5 6 .  4 1 5 8 . 3 3

2 0 2 6 .  7 1 3 3 . 3 3 5 6 . 9 9 7 2 . 9 2

1 5 2 4 .  2 1 6 6 . 6 7 5 7 . 4 1 8 3 . 3 4

9 1 0 . 8 1 1 6 . 6 7 5 7 . 6 4 8 9 . 0 6

4 4 . 7 1 2 5 . 5 6 5 7 . 7 3 4 1  . 4 0

i 5 . 3 1 6 3 . 3 3 5 7 . 8 1 9 3.49
3 4 . 2 1 5 3 . 3  3 5 7 . 3 8 95 .  1 3

2 4 .  3 1 8 3 . 3 3 5 7 . 9 5 9 6 . 3 0
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TABLE 13 ( C o n t im  ')

DRAWING NO. CUST TOT.OTY

1961 911
758 4 8 0
474
1474 223
147 3 9 0
59 7 0

2192 64
514 56
254 45
295 24
3 32 18

2190 1 0
1202 8
207 5
752 1650
6S5 1000
756 4 30
754 300
135
735 2
681 U
417 90

TOT.V h L
<24 MCI!

MVE.OTv 
(I,Or, <

•RU VAR CUM % 
TOT.VAL

CUM*.
ITEM

2335
295
685

1426
1474
712
634
254
960

2192
1094

280 
1058  
1 1 26 

887 
435  
967 

1259  
571

2750
60
70
80
60
59
4 6
35
24
24
16
1 0
10
5
4
3
3
2
2
1
1

2
1

e

4.
18
13
1

5

1 1 5

1
1

. 1 
1 
0  
0  
0  
0  
0 
0  
0  
0 
0  
0

33 .  5 
26 .  7 
2 4 . 2  
10 . 8  

4 . 7  
5.  3

4

,6
.4

88. 13
1 3 3 . 3 3
1 6 6 . 6 7  

1 6 . 6 7
1 2 5 , 5 6  
1 6 3 . 3  3
1 5 8 . 3 3

191 67
1 8 3 . 3 3
1 9 1 . 6 7
1 9 1 . 6 7
1 9 1 . 6 7
1 9 1 . 6 7

58.98
59.57
59.99 
60.21 
60. 31 
60.39 
60. 46 
66 52
60.57 
60. 60 
66. 62
60.64
60.65
60.65

122.60 
137.18 
147.61 
153.32 
155.67 
157.75
161.07 
162.31 
163.06 
163.55 
1 6 2 . 8 6  
164.11 
164.26

68 .  6 1 0 0 . 0 0 62. 28 4 1.09
5 9 . 0 1 1 . 6 7 63.24 65.49
2 9 . 9 1 6 6 . 6 7 63.66 76.15
2 1 . 9 1 7 5 . 0 0 63.96 83.68

1 9 1 . 6 7 64. 21 90.04
1 6 . 0 1 9 1 . 6 7 64.39 94.53

S . 5 1 8 3 .33 64.52 97.36
7 . 2 1 9 1 . 6 7 64.61 100.00

7 4 . 6 6 5 . 0 9 67.85 85.87
1 7 5 . 0 0 67.92 87.79

5 . 3 183.33 68.00 89.70
(  . 4 1 9 1 . 6 7 68. 06 91 . 35
4 . 6 1 9 1 . 6 7 68. 12 92.98
4 . 3 175.00 66. 18 94.54
2. 7 141.67 68.23 95.98
2.7 183.  33 68.27 96.91
1.9 1 9 1 . 6 7 68. 30 97.66
1.9 1 9 1 . 6 7 68. 32 98. 31

V I .  67 68. 34 98. 82
0 . 6 1 9 1 . 6 7 68.35 99. 10
0 . 8 191.67 68. 36 99. 36
0.4 191.67 68. 37 99.52
P. 3 1 8 3 . 33 63. 37 99.64
0 .  2 1 6 ! . 33 68. 37 99. "3
P . 2 1 9 1 . 6 7 68. 38 99. <2
i . 2 1 9 1 . 6 7 68 . 38 99. ? v
0. 2 191.67 68. 38 99.94
0 .  1 1 9 1 . 6 7 68. 38 99.97
0. 1 1 9 1 . 6 7 68. 38 100.00
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I

DRAW IN' ,  HO i  U T

f.

147< 
7 X 2  
f  •; '

9CK
2 X 9 2

366

1050  
1 126  

887  
435  
96 ' 

1259  
5 7 1

1 9 2 5
6 8 5
7 1 2
2 8 3

2 3 3 5

9 5 9  
756 
6 8 2  
6 5 6  
7 5 4  
1 9 9  
3 6 5  

2 1 9 8  
2 95 
5 1 4  
9 6 9  

1 1 6 6  
1 1 3 9  
1 1 6 6

958 
221 1

QTY 
MON '

TOT.VAL 
<24 MON

AVE.CT
(MON;

60 3
79 3

60 3
2
2
1

24 1
?4 1

1
0

• 0 0
0

4 0
} 0
3 0
2 6
2 0
1 0

1 0

2984 124
90 4
4 0 2
2 0 1

4 0

8 6 1 36
295 12

70 3
5 0 2
3 8 2
2 0 1
20 1
12 .  1
10 u

8 0
8 0
6 0
5 0
2 0
2 0
1 0
1 0

12 39 1 1 ’ 2

MAD VAR 7. CUM % 
TOT. vm

CUN'. 
1 IBM

4.4
5.3 16,.33 6 8 . 5 3 K  ; . 94
6.4 191.6 7 66.5> 11 . 48
4.8 191.67 6 8 .  6*' 10 7 . 1 2
4.3 175.00 68.71 10 . 67

1. 67 68. 77 1 1 0 . 1 1
2.7 1 8 3 . 3 3 6 8 . 8 0 1 1 1 . 0 4
1 . 9 191.67 6 8 . 8 3 1 1 1 . 7 9
1.9 1 9 1 . 6 7 6 8 .  6 5 1 1 2 . 44
1.3 1 9 1 . 6 7 6 8 .  6 7 1 1 2 . 9 5
0.8 1 9 1 . 6 7 68. 88 1 1 3 . 2 3
0 . 8 191.67 6 e , 8 9 1 1 3 . 4 9
0.4 191.6' 6 8 . 9 0 1 1 3 . 6 5
0.3 183.33 6 8 .  90 1 1 3 . 7 7
0.2 163.33 68.91 1 1 3 . 8 6
0.2 191.67 68. *1 1 1 3 . 9 5
0.2 191.67 68.51 1 1 4 . 0 2
0.2 191.67 6 6 . 9 2 114.07
0. 1 191.67 6 8 . 9 2 114.10
C. 1 191.67 6 8 . 9 2 11.13

64. 3 51.70 72,33 95. 25
7 . 2 191.67 72. 4 3 98. .1
3 . 2 191.67 7 . 47 9 9 . 3 3
1.6 191.67 72.49 99.87
0 . 3 1 9 1 . 6 7 7 2 . 5 0 1 0 0 . 0 0

1 6 . 3 4 5 .  4 1 7 4 . 5 5 61.59
1 7 . 6 1 4 3 . 2 2 7 5 .  2 6 8 2 . 8 3

4 . 6 1 5 6 . 3 3 7 5 . 4  1 97. 39
3 . 8 1 8 3 . 3 3 7 5 . 5 1 90,55
2 . 8 1 7 5 . 0 0 7 5 . 6 0 93.22
1 . 5 1 8  3 . 3 3 7 5 . 6 5 94 . 69
1 . 5 1 6 3 .  3 3 7 5 .  7 0 96.08
0 . 9 1 7 5 . 0 0 7 5 . 7 3 96. :-6
0.8 191.67 7 5 . 7 5 97.70
0 . 6 1 9 1 . 6 7 7 5 . 7 7 9 8 . 2 6

0 . 5 1 7 5 . 0 0 7 5 . 7 9 9 8 . 7 7

0 . 5 1 9 1 . 6 7 7 5 . 8 0 99. ̂ 1

0 . 4 1 9 1 . 6 7 > 5 . 8 1 9 9 . 5 3

0 . 2 1 8 3 . 3 3 7 5 . 8 2 99.7 3
0.2 1 9 1 . 6 7 7 5 . 8 2 99.86
0 .  1 1 9 1 . 6 7 7 5 . 8 3 99. 34
= •- 191.67 7 5 . 8 3 1 0 0 . 0 0

1 Bt  . 0 | 166.6. | 77.14 1 46. 5
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DRAW INC NO. COST TOT . 0 1 Y 
<24 11, ■

8R0 723
682 510
310 143

2104 99
365 60
904 20
971 19
465 10
254 4

1 0 1  . Vfll 
k. . 4 N O N  .

AVi . u r .•
U k.:.

HAD VAR % CUM '. CUM".
TOT.VAL ITEM

45.2 1 5 0 . 0 3
37. 2 1 7 5 . 0 0 7 8 . 2 9 87. 61
8.7 1 4 1 . 6 7 7 0 . 4 2 92. 24
7.5 1 8 1 . 3 1 7 8 . 5 3 96.05
4.8 1 9 1 . 6 7 7 8 . 5 9 98. 17
1 . 6 1 9 1 . 6 7 7 8 . 6 1 98.87
1.5 1 8 3 . 3 3 7 3 . 6 3 99.52
0.8 1 9 1 . 6 7 7 8 . 6 4 99. 88
0.3 191.67 7 8 .  64 100.00

3 0

b
4

1
1
0
0



APPE 'IX 4

CUSTOMER Rf IKING IN OR!' u -T dU R'



Th< report shows tha t only twenty seven customers account 

fo r  80 of the sales revenue in  th is  product group.
Of these customers, twelve have more than / b of th e ir  

account concentrated on one item.
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TABLE 14

SALES: MARCH "79 

D R A W I N G  N O .

CUSTOMER RANK INC BY A' COUNT ;Ht "t 
TO FEBRUARY '81

TOT.OTY 
|.24 MON)

TOT.VAL 
<24 MON)

C U M ' 1 1 . 8 %
—  — ------ -

A V E . O T . M A D V A R '/.B Y

( M O N ) V A L

4 8 9
4  3 € 4 . 8 1 5 0 . 0 0 8 .  1

2 1 3 7 . 2 1 7 5 . 0 0 4 .  3

4 6 . 8 1 7 0 . 8 3 1 .  3

3 4 . 6 1 5 8 . 3 3 1 . 3

5 8 . 7 1 8 3 . 3 3 1 . 0

1 1 . 6 1 3 1 . 6 7 . 2

0 0 . 8 1 9 1 . 6 7 . 1

P I 11259
P2 1 0 3 6
p 5 1 0
p 9 6
p 7 0
p 1 1 4

p 2 0

P 1 0

CUSTOMER: 756
DRAWING NO. TOT.QTY

F 2 4901
p 1239
p 831
p 295
p 500
P 430
F 180
CUSTOMER: 1961

DRAWING NO. ITOT.OTY

P3 2760
p 911
p 770
f 1 1 0

CUM V A L U E :

TUT.VAL 
<24 MON'

AVE.OTY 
< MON )

MAD
21 . O'.

VAR Xl'.BY 
V A L

20
92
35
12
21
18
3

TOT.VAL
f 24 MON)

AVE.OTY 
< MON )

115
38
32
5

86.0 166.67 1 4 . 4

64. 7 186.8 5 9 . 6
17.6 143.22 7 . 7
3 9 . 9 191.67 5 . 3
29.9 1 6 6 . 6 7 4 . 6
14.4 191.67 2 . 0

V ■ UE: 26 . 6%
-  w- - —-

MAD VAR '/. /.BY
I VAL

33 .  5 0 8 .  13 1 8 . 6
5 J . U H i .  15 12 .  3
4.9 106.62 3 . 8
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TABLE 14 (Contined)

DRAWING NO. TOT.QTV
( 2 4  MON)

P 45
P 20

P 2 +
P 15
CUSTOMER: 685 --------

DRAWING NO. TOT.QTV
(24 MON)

Pr 1067
P 4 1061
P 1000

P3 500
PI 420
p 145
P 90
P 66
P 70
P 45
P 100

CUSTOMER: 703

TOT.VAL 
(24 MON>

a v e .qty
(MON) 1

MAD VAR % j). i  V 
VAL

2 3.6
1 1. 4 166.67 .8
1 1 . 6 175.00 .6
1 1 . 0 158.33 .5

C U M  V VALUE: 31 . 6%
— — -  —

1AVE.QTY 
| (MON >

MAD VAR % 5. BY 
VAL

44
44 29. 8 67.36 23.8
42 59.0 141.67 19.1
21 26. 3 126.33 13.0
16 28. 3 161.90 7.5
6 10.6 175.00 3.5
4 7.2 191.67 2. 1
3 5. . i91.67 1 . 7
3 5. 3 183.33 1 . 4

3.6 191.67 1.2
4 8.0 191.67 . 8

TOT.VAL 
(24 MON)

[iPRWING NO, TOT.QTV 
I (24 MON,<

TOT.VAL 
(24 MON)

CUM
A V E . G T

(MON)

v a l u e: 35.6%

MAD I VAR -. I \B I VAL

Fb
P
P
F

974
•5
5
3

41
0 0 . 4
0 0 . 4
0 0 . 2

CUM . VALUE

47. 42
191.67
191.67
191.67

99. 3 
. 3
. 1

39. 3%

DRAWING NO. '
(24 MON ’

TOT.VAL 
(24 MON) 1

AVE.QT. 
(MON > !

MAD VAL

P5
P
P
P

1505
305
164
123

63
13
8
5

20.0
11.6
9.0

157.49
150.72
175.00

11.7
7.4
7.2

_k________- — > > .
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DRAWING N i.
( 2 4  I ' i ON )

TOT.VAL j AVE.QTi  
( 2 4  MON) I (MON)

M A D v a r  ;. .BY
VAL

3 . 8 1 . 9
1 . 5 1 7 5 . 0 0 1 . 6

1 . 6 1 9 1 . 6 7 1 . 5

2 . 8 1 8 3 . 3 3 1 . 5
3 . 2 1 9 1 . 6 7 1 . 5

3 . 0 1 9 1 . 6 7 1 . 4
1 . 6 1 9 1 . 6 7 . 8

1 . 0 1 7 5 . 0 O . 8

0 . 6 1 9 1 . 6 7 . 8
0 . 4 1 8 3 . 3 3 . 5
0 . 4 1 9 1 . 6 7 . 5
0 . 8 1 9 1 . 6 7 .  4
0 . 8 1 9 1  6 7 . 3

0 . 3 1 9 1 . 6 7 . 1

0 .  1 1 9 1 . 6 7 . 1

V A L U E : 4 2 . 7 %
-  -  — — -

M A D j V A R  % % B Y
V A L

1 . 8 1 8 3 . 3 3 . 9

1 . e 1 9 1 . 6 7 . 5

0 . 2 1 9 1 . 6 7 . 2

P 4
P
P
P
P
P
P
P
P
P
P b
P
P
P 3
P
P

C U i T O M E P : 1 9 : 5

d r a i  : h g  N O .

80 
5II 
21 
20
3 7  
4 5
3 8  
20 
1 4

8
5
5

10
10

4
1

T O T . Q T Y
( 2 4  M O N )

3
2
1
1
2
2
2
1
1
0
0
0
0
0
0
0

TOT.VAL lAVE.OTY 
( 2 4  M O N )  | ( M O N )

P
P 3
P
P

C U S T O M E R :  2 3  5

2 9 8 4
2 4
12

2

1 2 4
1
1
0

C U M A L O E : 4 b .  1%

D R A W I N G  N O . 1 T O T . Q T Y  j T O T . V A L  
< 2 4  M O N )

A V E . O T Y
( M O N )

M A D  • V A R  % ‘ . B Y
V A L

P
F 4  
P

2 7 5 0
1 1 0

4

1 1 5
5
0

8 . 8  
0 .  3

1 9 1 . 6 7
1 9 1 . 6 7

3 .  7  
.  1

C U S T O M E R : 1 4 7 4

D R A W I N G  NO.

C U M  ' .  v a l u e :

T O  T . 0 T I 
2 4 M O N )

T O T . V A L  
< 2 4  M O N )

| A V E . O T Y
I ( M O N )

M A D

4 8 . 9 %

V A R  V . b . B Y  
V A L

P 4 | 2487 | 1 0 4 | 7 3 . 0  | 7 0 . 4 4  | 8 6 . 9
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I ;  f V  C '  '' ' '  ),

DRHWIMG n o . T 0 T . Q 1 Y  
v24 MON )

TO i . Vi - 
(24 MON

P
P
P
P
P3

P
P

CUSTOM' R :  9 5 3

DRAWING NO

2 2 3
60
14
ia
10
10

2
2

tot. cm'
k24 MON)

TOT.VAL 
<24 MO'

1 i. -E . i T V M A D V A R  % .BY
< ' TO . ) VAL

1 0 . 8 1 lb.67 6.2
4 . 8 191.67 2 . 2
0 . 9 158. 3-3 1 . 0

1 1 . 4 191.67 .6
0.8 191.67 . 4

0 O. t i 191.67 . 4
0 . 2 191.67 . 2

0 . 2 191.67 . 1

: 5 1 . 6%

j A  ! . (  i Y M A D VAR % ‘.BY
| ( M O N ) VAL

36
20.3 9 3 . 4 1 2 2 . 0

2 4 . C 1 9 1 . 6 7 2 .  1
P
P
P

CUSTOMER: 1426

DRAWING NO.

8 6 1  
521 

50

TOT. OTY 
<24 MON>

cun % v a l u e: 5 4 . 3 %

TOT . V AL
<24 MON,

l A V E . O T Y MAD ! VAR %
(MON)  ! 1

13
15 2 3 . 8 1 5 8 . 3 3
15 2 6 . 7 1 3 3 . 3 3
1 1 2 0 . 6 18 3 . 3 3

8 1 3 . 2 1 6 6 . 6 7
7 9 . 9 1 5 0 . 0 0
5 7 . 2 1 5 8 . 3  3

5 9 . 5 1 7 5 . 0 0
1 2 . 0 1 5 8 . 1 3
4 7 . 0 1 8 3 . 3 3
3 6 . 4 1 9 1 . 6 7

1 1 . 5 1 9 1 . 6 7

1 2 . 0 1 1 1 . 6 7

1 2 . 0 1 9 1 . 6 7
1 1 . 4 1 8 3 . 3 3
1 1 . 6 1 9 1 . 6 7

0 0 . 2 1 9 1 . 6 7

’ .BY
VAL

P
P
P 4
P3
P
P5
P
P
P
P
P
P
P
P
P
P
P

308  
3 6 0  
3 5 0  
2 7 0  
190 
158 
109 
1 30 

31 
91 
80  
1 * 
25  
25 
18 
20 

2

2 0 . 9
1 6 . 5
1 1 . 1
1 0 . 1

9 . 4
7 . 5
7 . 4  
4 .  8 
2 . 7
2 . 4  
2. 3 
1 .

fk.
 
a> 

<x»
 
GO 

-4 
U*





Si

1  I I (: i t i n u c d )

DRAWING NO.
<5-4 li iH »

T O T . V O !  
< 2 4  I O H  >

f l V t . Q T

(MON)
MmL VAR •z.BY

VAL

C U S T O M E R :  1 7 7

D R A W I N G  N O .

3 I u  I 6 . - 2  | 1 9 1 . 0 7  I . 

C U M  •: V A L U E :  6 4 .  O ’ .

t o t . o r ?  
( 5  H O N

T O T . V O L  
< 2 4  I O

vr . QTY
( M O N )

MAD VAR */ I '.BY 
VAL

P
P 3

C U S T O M E R :  2 9 6

6  4  
5

27
0

14 . 1  I 5 7 . 6 4  9 9 . 7
0 . 4  1 8 3 . 3 3  | . 3

66 . 7%

D R A W I N G  N O . T O T . O T Y  
(  . 4  M O N )

T O T . V A L
( 2 4  M O N >

A V L . O T Y
( M O N )

M A D V A R  % % B Y
V A L

P2
P
P
P

1 5 9 4
1 5 0

4 0
1 0

6 6  1 
6  |

t ;

1 1 . 5  
3 .  1 
0 . 8

1 8 3 . 3 3  
1 d  3 .  3  3 
1 9 1 . 6 7

7 . 7
2 . 5

. 6

C U S T O M E R : 7 5 i

D R A W I N G  N O . T O T . Q T Y  
( 2 4  M O N  >

T O T . V A L  
< 2 4  M O N )

a v e . o t y

( M O N )
M A D

6 8 .  7 %

V A R  I ’ . B Y  
V A L

P
P 3  
P2 
P 4 
P 
P

1 6 5 0
1 2 5
100

1 5
5
1

365

6 9
5 8 . 7 1 6 6 . 6 7
4 8 . 0 1 9 1 . 6 7

1 1 . 2 1 9 1 . 6 "
0 0 . 4 1 9 1 . 6 7

0 0 .  1 1 9 1 . 6 7

C U M . V A L U E : 7 0 .

D R A W I N G  N O . T O T . Q T Y  
< 2 4  M O N ;

p 1 0 2 5

P I 2 6 9

P 1 4  7
P 4 6

P 60

T O T . V A l  
< 2 4  M O N  >

HVfc.QT7 
( M O N )

M A D

8 4 .  3  
6 . 5  
5.

. 8  

. 1

V A R  % ‘ . B Y  
V A L

4 3
1 1

6
1 8 . 2 1 6 2 . 2 1 1 4 . 9

6 .  7 1 4 1 . 6 7 1 0 . 0

2 3 . 5 1 8  3 .  3 3 4 .  3

3 4  • 9 1 9 1 . 6 7 3 . 7

JO 
ui



TABLE 14 ( C e n t ined)

I  r . a i  . i t" . t o t.OTV 
( .24 MON)

TGI. Vhi 
(24 MON)

r i V E . G T  , 
< MON >

hut! V:  P •.V Y
VAL

P
P
P
P

i u toi

DRAWING NO.

2 0
40
2 0
1 0

TOT.QTY 
<24 NON)

TOT.VAL 
( 2 4  I O' )

1
2
1
0

CUM
AVr.OTY 
(MON >

1 . b 
3.  2 
1 . 6 
0.3

VAi  I IP:

MAD

1 9 1 ,C7 

1 9 1 . 0 /  

71.1

VtiR :

2 . 8  
2 . 5  
1. 2

‘.BY
VAL

r
F

c i'STQi it;; 1 1 7 ; 

DRAWING NO.

577
20

TOT.QTY 
<24 MON)

2 4 1 5 . 3

TOT.VAL 
(24 I I)

A V E . Q T Y  
(M< ' >

cun ;• y-'G UE: 

Mr.D

9 5 . 4
1 9 1 . 6 7 4 . 6

7 3 . 0 * -

V A R
VAL

1 1 C . 6  7 29. 4
158.3? •4.2
183.33 7
1%3.33 6.4
1,5.00 2.3

P
P2
P
P
P
P
CUSTOMER: 474

495
348
107
92
47
18

21
15
4
4
2
1

36 .  1 
2 4 .  2 
7. 1 
7.0 
3. 6 
1.3

DRAWING NO. TOT.QTY 
<24 MON -

TOT.VAL 
<24 MON)

AVE.QTY
(MON)

MAD VAR % 7. BY
VAL

P3
P
P
P

550
348
52
10

23
15
2
0

32.5 
24. 2 
4.2 
0.8

166.67
191.67
191.67

34. 7
4.9
2.0

CUSTOMER: 1105
DRAWING NO.

75. 4%

TOT.QTY TOT.VAL 1AVE.QTY MAD VAR %
<24 mon -; <24 MON) 1 (MON)

7. BY
VAL

29 43.1 150.00 5 3.3





CL 
u. 

u
.

S3

DRAWING N'i. rOT.OTV 
(24 MON)

l 01 ,VmI. 
(24 ItOtD

i IVE . Cl 1 i' 
(MON)

MAD VHK % :.BY
VAL

0 0 .2 191.67 .6
0 0 .0 191.67 . 4

I 0 0. 191.67 . 4

c u s t o m e r :  t  M cum valu :: 78.6%

DRAWING NO. TOT.QTY 
<24 Mi ,i

P 450
P 300
P 40
P 46
P 20

CUSTOMER: 2012
DRAWING NO. TOT.OT r

(24 MON)
F5 428
P 134
P 37

TOT,VAL 
(21 ’ON)

,tVE. QT Y 
(MON)

MAD VAR % %BY
VAL

19 34. 4 18 3 .3 3 4 7 . 4
13 22. 1 176.67 38.9
2 3. 1 183.33 7.0
2 3.2 191.67 4 . 6
1 1.5 183.33 2.2

CUM % VALUE: 79. 4%

TOT.VAL AVE.QTY MAD VAR % ■ BY
(24 MON) (MON) VAL

18 20.8 116.67 71 . 7
6 8.4 150.80 22. 2
2 3.0 191.67 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 respective ly . 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 fo llow ing  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 s tock.

The figures in  Table 16.1 were used as a s ta r t in g  point fo r  the 
inventory simulation exercise in Section 7. This exerc.se 
goes through to  January 1981 where the resu lts  are compared with 

the actual stock f igu res  shown in Table 16.2.
Inventory savings (or increases) are computed on the oasis of 
the d iffe rence between the simulated figures and the actual 

January 1981 f igu res .
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TABLE 16.1 
INVENTORY STATUS AT 25 APRIL 1980

PRODUCT
Ending 

April '80 
.2 Month 
Sales

Sales
Ave M.A.D. Stock on 

Hand
Stock Turn- 
Over in Mths

Cum % 
Stock 
Value

PI 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

2 2 1 0 184 77 477 2,59 21,48

P6 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 , 1 2 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 , 8 8 48,28

943 79 67 108 1,37 48,77

Note: Cumulative percentage of stock value only calculated

fo r  'A' items.

Total number of l in e  items 
Total nunmber of un its

76
13 145
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TABLE 16.2 
INVENTORY STATUS AT 25 JANUARY 1981

PRODUCT

Ending 
Jan 1981 
12 Month 
Sales

Sales
Ave M.A.D. Stock on 

Hand
Stock Turn- 
Over in Mths

Cum % 
Stock 
Value

P2 7924 610 464 12 0 , 0 2 0,06

P3 4527 348 99 1706 4,90 12,61

PI 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

P6 575 44 21 117 2 , 6 6 31,91

2225 171 195 104 0,61 32,47

908 70 35 155 2 , 2 1 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 1 0 2 313 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

fo r  'A' items.

Number o f  item s 

Number o f u n i ts

69

13 842
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Exponential S m o o t M r V :  Models
105

The modi 1 is  based on equation 1 

Nf . ' I) a (1 -c<)0F

W here  NT n v f o r e c a s t
MV ti dm ind information

OP pn nous forecast
c< s hiny coeffic ien t Alpha

This model is  included purely fo r  reference purposes. 

I t  would not L used in p rac tica l applications 
unless monitored. I t  forms the basis o1 models two,

f iv e  and s ix .

1.2 Model 2 - Exponential SmooUi iiig _Wi ih Control

This model is  based on model 1 but is  c o n t r o l l e d  
by means of the tracking signal ( re fe r  to section 

4.3.2.41.

MADt

Control is  exercised in the fo llow ing manner:

a) The l im i t  fo r  the tracking signal is  determined 
from Table 2. I t  depends on the value of the 
smoothing fac to r and confidence level required.

In th is  w rk a confidence level of 95 has

be in used.

i 1 successive forecasts produce 
ignals th a t exceed the l im i t ,  i t  is  

a t def mi» trend has been detected
I , , f at i recalculated w ith  alpha

, t  o,r . i a n w track ing signal is  calcu lated



c) Alpha is maintained at 0,8 u n t i l  the tracking 
signal drops below the l i i  i t .  Alpha is thvn 

reset to the o r ig in a l sp-cil icd value.

d) The selected value of alph 1 1 to C . 8  ca-i
be varied to speed up or ' . k v  down tlm me 
response. The a l io  \ na >er of forecasts,
where the tracking s l y  il ' o ' of co n tro l,

can also be a lte red .

This method is  also based on t tu - lk  . 1 am ,h • 
track ing s igna l. In th is  inst ' th( valu of al|
is  reset, in  each time perio , eqi to the a >,ok.t

valu - of the track ing s ig n a l.
closely following the sales datr the trac ing signal 

w i l l  be very small and the forecast w i l l  be stable.  
When large forecast errors occur, the tracking signal 

w i l l  become large and the mode, w il l  respond quickly 

to any changes.

7.1.4 Model 6 - Exponent ia l  Smoothing -J u n J ^ e d J lo d e  1

This model is adequately explained in section 4 .3 .5 .

Start Up Cond it ionsJFor A11 Models

a) Forecast for period two equals demand in period one.

b) Alpha r 0,5 for periods one and two and is then rm et

to the specified value.

c) Gamma (the smoothing factor for mean absolute deviation

equals 0,3 for periods one and two!.



A . X 7.3

im m m
I ft I T

, , i t  results are she r, for a l l  four
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7 . 3 . 3  Prodo< t_ : P3

Notf tli ' fo l low ing  points:

a) T| • dr md v a r ia b i l i t y  is  37% (Ref Appendix 2 .1 ; Table 11)

b) A ll m o d e l s  f o l l o w  the sales data fa i r ly  w e ll.

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

level i '  c l tv ly  evident.



;18

7 . 3 . 3  P P3

I OI IOW1

IS  3 /  11 ndix 2 1; Table 11)

t o
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Product P4

Note the fo llow ing  po in ts:

a) The demand v a r ia b i l i t y  is  44 ( F Appendix 2 .1 ; Table 11)

b) A ll models fo llo w  the s b i U v *11.

c) A lo t  o f f i l t e r in g  of t l e h  m periods 
occurs due to t l  • s t . t op < i l k  of the 
model.
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TABLE 17.1 

I PRECAST INC. RESULTS FOR PI

Models Alpha fota l Forecast 
Error M.A.D.

Forecast 
Excei ds 
Total 
Demand

Tracking 
Signal at 
End of Run

1 0,2 -430 -3,3 -

2 * 0 , 2 979 294 7,5 0 , 0 2

5 - 1198 316 9,2 0,48

6 * 0 , 2
P=2 1661 339 12,7 0,44

0 , 1 932 285 7,1 0,05

2 0,3 43 301 0,3 0,3

6 0 , 1
P=2 2091 366 16,0 0,49

6 0,3
P- 2

1287 315 9,8 0,39

6 0 , 2
P=3 2184 373 16,7 0,52

6 0 . 2  
P 4 2037 365 15,6 0,52

* l M , i I s o l‘:cti 1 from in i t i a l  run fo r fu r th e r

! r t  is i l i t -  1 fo r  forecasting by time series 
: t • o f the sudden changes in demand.

I , r. p i iod considered, model 2 (alpha = 0 , 1 )

p o I1 t 1 r I ts.
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TABU U .?
ORFCASTING RESULTS USING MODI I ? WI TH ALPHA FQIIAI ,0 0,?

(I t IfiL Vrttul OF SMOl IIII HO F*C low 

tiit VfluUE OF G*MH*

. 9 8

. a 
a.oa .eo

. 9 8

.20
. 1 8

PI

Nf XI 
PERIOD

^ 2

1P8C*-s m o o t hncruHi
DtMMNl

< ILTER : ICMHLM . 8 .D HlFmhERW.'WUlSJMEifBrtLLLM
ee. a

- 25*

-691
2 1 0 . 6-;»»9 -33*
314.2

136.8

3 4 f  . 0-9*5
14  1 . 6-363

* 17 . !

. 9 4  2

fVALUATION WEFO«T
Ho OF FORECASTS MlUH 
AHOUHl F O R E C A S T E D  MICH

m e
2 * 3 9 . 6

MO OF F O R ECASTS LOU ie.e
4 6 5 3 . 0AMOUNT F O R E C A S T E D  LOW

M.A.D. AT END OF RUN 2 1 4 . 2



TABLE 17.3
FORECASTING RESULTS USING MODEI ? WITH ALPHA EQUAl U 0,1

I N [ t  1 * 1  V A l U l  O f  ShOOIHtllC f r t i ' O *  
s i u i > i iNC f  I o  • f u k  E f h u w  % n * u
N 1 o f  f - t H !  9 4  I t f u s i  t' ■»» „
f "H* V/il tit WHEN f tifiti T ! $ 001 or <0- ®<>i. 
I 'ICKIN-. SICNNt MUST H f-CCEB

r t VALUE Of G' •■"vT

.se
. jO>. »e 
. ee
.42

. 18 

.18

PI

r i v T f AC K  AL f t R 103
r  ERIC-1' a CMAND f  C A 4 T

233 233
2 8 128
1 17 4 t  7 14

ee 88 119
3 j 1 2 9 * 191

£ 441 792 184
7 t e t 9 « 226
e 964 I 127 280
♦ 969 2844 148

18 122 1994 1848

1 1 1 168 1100 189*

12 789 789 782
11 178 178 292
14 e 8 264

19 81 81 246

18 798 798 181
I f 82* 624 >11

1 18 72. 726 172
19 93 93 341
28 229 2 2 : 129
21 99 99 382
22 0 0 271

21 1*1 181 268

snotH
57*

60. 1
255 66.8
65 04.6

- 1 : 8 80.2
-111 1 1 2 . 5

422 1 4 1 . 4
- 5 3 8 1 8 2 . 1
- 69 2 3 3 . 2

87 9 7 .  3
- 52 2 7 2 . 0
385 2 8 4 . 0
612 3 1 6 . 3
284 3 11 . 5
103 1 *0 .  5
552 3 2 9 . 6

- 1 2 1 329.  4
- 1 9 1 312. I

111 *00. *
116 >89.  1
274 305.  9
182 305 . 4
118 2 0 9 . 4

EVALUATION eieOPT
No or f O ff  LASTS h u m  
amount roetcASTED m i ..h

n o  or roA:cA$Ts ,.ow
oum.ut t net , AS r t  L LOW

18*V«41.8
18. 0

«i»l.7
N .A .B . AT END or AUN i * 5 .  »
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APitNDIX 8.2

FORECASTING RESULTS FOR P2



BLE 18.1

14'

o,;
0,2

0,1

3494

2621

333
330
304

309

396
297

287

f  orecast 
■xceeds 
rotal 
Demand

-36,0
-36,0
-27,0

-19,0

■29,0

-18,0

IfdCK l n 
Signal a 
End of R

-0,69
-0,65

-0,48

-0,74 
-0,69

-0,47 

-0,46 

-0,57 

-0,71

fo r  fu

pe r iod ). 
ted as i t  best
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TABLE [ 8 . 3

I ORECASTING RESULTS USING MODE I ? WITH ALPHA EQUAL TOO,?

ITIAL VAvVl OF S M O OTHING FAC T08 • ? 'L

-H
$ZT~vm.ui of m f-ih , a

P2

SMOOTHPERIODACTUHIFILTfV
DEMAND 

280 
.

{ PRO*CUSUM

*8 8

5 8  . 6

118 1

1 8 3 . 8187. -
I23.«
12* . 5
151 . 5
i 8 ’ .;-1-87
1 8 0 *- I 754
2 8 7 .  4

. . 4 5
-3117

(WA. UATI O M  « F O i l

Me OF f o r e c a s t s  « l g o  
a m o u n t  f o r e c a s t e d  h i g h

1.8
1288.*

Me OF F O R ECASTS COM
a m o u n t  f o r e c a s t e d  COM

II 8 
-4863.5

H.A.D. AT END OF RUN
3 38 . *
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TABLE 19.1 
FORECASTING RESULTS FOR H

Models Alpha Total Forecast 
Er^or M.A.D.

Force. >t 
Exceeds 
Total

Tracking 
Signal At 
End of Run

1* 0,2 - 395 94 -

2* 0,2 405 94 5,6 0,18

5 - - 43 91 0,19

ti* 0,2
P-2 - 31 90 0,27

0,3 - 151 90 -2,0

2 0,1 407 92 5,6 0,26

2 0,2 462 91 6,4 0,2

6 0,1
P-2 - 79 91 -1,0 0,26

6 0,3
P=2 - 159 92 -2,2 0,19

6 0 , 2  
P 3 - 132 90 - 1 , 8 0,25

6 0 , 2
P=4 - 74 89 - 1 , 0 0,21

* This implies models selected from i n i t i a l  run fo r  fu r the r 

tes t ing .

The mean absolute deviations of a l l  the models are very 

s im ila r .
Model 6 , alpha = 0 , 2  and P = 2 was selected as i t  had the 

lowest to ta l forecast e rro r.



TABLE J9.2

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

ttMTtm . w tu  or f,NOi)»mN(. r n t r o *  
t mi n 1 - '  1  ̂'0• • < OWI il' SC

i i it or roHTrM
i > 1 1 1' 3

n  : f ic»ag» IL L d L tl

r  . e f  VflLUi Of C" >«

. 5 6

. 36 
i . h  

.69 

.56

.16

F I L T i '
FTRIOt MM'I-

1
2 
J 
4 
3 
« 
7 
9 
»

16 
I I 
12 
I 1
1 4
15 
It 
I 7
16 
19 
26 
21 
22 
23

219
242

313 176 
167 
156 
164 
167 
363 
2 19
314 
397 
443 
34S 
41 * 
362 
3 3 ,  
4 6 4  
2 7 *  
21*

93

ftCTUfli
219 
242 
366 
333 
1 4 7  
1 6 7  
136 
164 
197 
3 3 2  
2 1 9  
3 . 4  
*39 
445 
34*  
41 * 

6 .  
3 5  3 
4 6 4  
2 7 *  
2 1 *  

93

F£«IODf(fsr
! I 
7 11 
21* 
2 9 4  
1 9 3  
192 
163 
163 
1 8 3  
269 
211 
232  
263 
.89 
359 
46 
167 
366 
363 
3 * 3  
333 
283

e
6

- 7 6  
6 

123 
131 
173 
176 
173 

34 
44 

- 3 9  
- 22 3  

6 
6 
9 
*  

34 
- 91 

16 
1*3 
491

- 3 6  
-31 
- 7 *  
- 9 7  
123 

6 
43 

I

-126
- 1 6

- 1 6 3
-I**-199

*3
38
23
34

- 1 2 4
| 9 «
147
246

SMOOTH H.9.t. 
6 . 6  

I *  a 
2 6 . 2  
23.
3 2 . 9
4 1 . 9  36. 3
3 9 . 6
3 3 . 2  
31 .  * 
46 .  7
3 7 . 6  
44 . 2 
5 *  3 
* 6 . 7  
* 6 . 1 
* 7 .  I

6 
3

« .  3 
76.
7 9 . 2  
3 4 . 4

* 2 .
39.

AI.PH9
. 3 8  
. 2 6  
. 20  
. 6 6  
. 2 6  
. 2 6  
. 2 6  
. 2 0  
. 28  
. 2 6  
. 2 9  
. 28 
. 2 6  
. 6 6  
. 9 9  
. 6 9  
.  68 
. 2 8  
. 2 6  
. 2 6  
. 2 6  
. 2 8

EVALUATION 8I*2*1

.
No OF FOPCCASTS HIGH 
HMOUNT FOki l ASTF.D HIGH

16.6 
791 . 3

Mo OF F o e ri9STS LON 
RMOUNt F O e t C A S T E D  LOW

16.6
-936.6

M.A.e. AT (HD OF RUN 94.4

.rflfk-GN61
1.68

-l.kw-i.ee 
1 . 6 8  
- . 4 1  
- . 3 8  
- . 2 3  
- . 2 3  
- . 2 3  
- ,  45 
- . 4 7  
- . 5 9  
- . 7 1  
- . 7 9  
- . 6 2  
- . < «  
- . 3 9  
- . 3 1  
- . 6 8  
- . 3 3  
- .  18 

. 1 8

# * #  
• ••
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TABLE 20.2

FORECAST Hi RE SI l' 1 I 1'. ■ ' ODE 1 6 WITH ALPHA EQUAL TO 0,2

IN I  T i m  v m .u  of i f i m  r i m  ;
s n o o t '  INC l ' TO" E f t u F  « ' I " !
H OF f t  F Fi-Rl I > »V r 1

*£SE I v m  OF CAiinA

S tF H f t  VOLII WHIN F O * f  ‘ I r s OU’  OF CONTROL 
L f ^  TH OF ' 'O R .  ALPHA IS  *£SCT
ALPHA IS  R E S : I  TO

P4

M *100 
FCmST

T F fv .K ->hOJTHh ' rueifCM̂ hDFILTER
OEM AN I

219
2A.il

5-’ . 9-165-.97
- 1 6 0
- .1 .* t

65. 3
-lf.0

H '
96.<-204
9)6

t  t L U A T l O h  •

I. 01 FV ’
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TABLE 2J . 1 
FORECASTING RESULTS FOR P5

Models Alpha Total Forecast 
Error M.A.O.

Force st 
Exceeds 
Total 
Demand

Tracking 
Signal At 
End of Run

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

0,3
P 2

714 55 23,0 0,6

6 0,3
r=3 851 62 35,0 0,71

6 0 , 2  
P =4 1257 72 40,0 0,74

* This implies models selected from in i t i a l  run fo r  fu r th e r  
tes t ing .

Model 5 was selected having a low to ta l forecast e rro r and 
mean absolute deviation.
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TABLE 21.2

HI  1 | A t  V* .  ' ; Of i n c u t '  "G FAC t v *

• SET VAU 'E u

,9«
. I* 

i . e e

. 1 3  

. 18

P5

pi i ni

9? 
105 38

I

i n i ’

1 » 
CF

I

1*1 
9  J

IMS

ia i' ,1V

«.'b

n
9 3

I

I I

•12
to

* 
e > 
4) 161 160

2C13«

t ' A T I O - I  M .  " P T

■SMOOTH S MO O T H T F A f K -

J M . A .  6

3 3 .  3 4 1 . 8

3 7 . r 3 7 . 7 2 1 . 8 6

4 0 . 8 4 8 . 8 9 1 . 8 8 1 . 8 6

1 9 . 3 6 . 6 7 . 6 7

- 1 2 . 9 4 7 . 2 1 . 9 6 . 9 2

4 2 . 6 9 . 8 . 8 ?

1 6 . 3 9 4 . 3 7 . 3 4

9 9 . 0  ' . 4 1
6 9 . 6 6 . 7 8 . 9 8

7 9 . 1 3 . 3 2

e  i . i e . 4 4 . 1 4

4 9 . 4 9 6 . 1 7 . 5 1

38.  t ( . 1 . 1 7 .  9

8 6 . 8 3 . n l . 9 1

3 9 .  1 7 8 . 6 2 . 5 6

17.  6 7 3 .  1 2 . 91 . 9 1

2 7  « 7 2  V . 3 8 • 3 0

38.  6 78 . 9 * . 4 3 8 *■ i
2 6 . 9 6 4  97 . 4 2 . 4 2

2  i .  8 9 9 .  3 0 . 3 9 . 3 9

2 7 . 9 6 8 .  1 8 . 4 6 . * 6

2 6 . 9 9 8 . 3 3 . 5 0 . 9 8

H l Hlf "
An. ,T loeicniirtt HIGH

h o  or ro ' F c n s t e  sow 
nnotiNT r o * E r A i t £ o  sow

« r. r, AT H I D  OF RUN

I I . 8 
1842.8

9.8
-491.9

9 8 . 1
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TABLE 2 ?.3

FORECASTING RT.SUITS USING MO; I 2 VI 111 At R1A_ f I, 'A! it) 0,2

|N|T|*l VALUl Of S M O OTHING A A t TuA ':'

- i:

y  ! m u  ;j:
ac •_* r uCli iif OF CAMMA

P6

NlX 
Pi *100 
PCfisT

TK SCK-S » O O T h

l l ? V —
fKTUAl.
DEMAMt

FILTI* ALPHACUSl.'MDEMANDF' *101

I . .tyiHM OH n_'- •
He OF F O - I C A S T S  H lC H  firijUNT FOHtOAStlD Ml CM
N OF FO' TbTS i ON 
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TABLE 23.1

Models Alpha Total Forecast 
Error

M.A.D.

Forecast
Exceeds
Total
Demand

Tracking 
Signal At 
End of Run

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  
P I -4921 488 5,5 -0,21

6 0,3
P-2

367 6,8 -0,58

6 0 , 2  
P 3

5,0 -0,48

6 0,2 
r 4

5,3 -0,5

* This impli. < di'ls seler t fid from i n i t i a l  run fo r  fu rthe r 

tes t ing .

Modnl 2 wi tuph : 0 ,1 ;  0,? and 0,3 give the lowest,
forv ,-,i ( nr. Wi all t 0,2, the smoothest forecast

is  obtain' .
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TABU 2 3 . ?

MfSET VALUE OF

. 2 *  

. ie

H E * r
PERIOD
Ff AST

T R A C K -

H 3 r
SMOOTHACTUAL

DCMAHli
FILTERDF'I-V'afERIOD

2 1 4 62149
2)0?
2 :u 4 -.TO-0762 4 3*329/2 7 ja 129. 1-101124 7 2 164.9-4B3

21 &. 1- 6 1 8
-306319)31*9 2 1 6 .  1

2 4 6 .  V

3 9 1 4
3/04

1 30. 2
P A V. 0
5 2 9 .  /

3 19

440.3 3 7 9

l y A L U A T  10H « L f 1

Ho O' : f . P t C A o I S  H I  u M 
H H . r u f ^ T  F O R I  C A S  r t l »  M U  •*

Ho Of F O > ' r  AS  ̂ t OH  
f v . u u H T  F O # £ C A S T 6 0  L O W

1 f» • *> . /
II

- 0 2 1 3 . 0

M . A . D ,  AT k?.D OF RUN
446. 3
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TABU 24

Models Alpha
Total

Forecast
Error

!■ . A. D •

1 ore; ast 
Exceeds

Demand

Tracking 
Signal at 

End of Run

1 0 , 2 -65 -22,0 -

2 0 , 1 -25 8,2 - 8,5 0

2 0 , 2 -27 8 , 0 - 9,2 -0,03

2 0,3 -38 9,9 -12,9 -0,05

5 - - 2 2 8 , 6 -7,5 0,04

6 0 , 2

P=2

-34 8,7 - 1 1 , 6 -0,07
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Notes on the simulation exercise.

1. Lead times. A constant lead t i i  •? of eight weeks is  assumed 

fo r each order.

average Tor forecast) le ve l,  rounded to the nearest f i f t y  
un its , 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.

A _______  1 * '



TABLE 25.1
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------
OPINING QUANTITY QTY CLOSING

SALE S
MONTH FORECAST MAD DDL T SS OP STOCK RECt 1VED Ol" [1,0 STOCK

End A p r i l 821 544 1642 1419 3060 1800 1203

1203 800 1122 81
May

1121 1800 800 2124 798
June
July 398 311 1607 2124 800 - 2300 624

August 2300 800 3174 726

3174 . 3121 53September
October 418 298 1611 3121 2896 225

November 2896 - 2841 55

December 2841 2841 0

Jan 1981 202 181 878 2841 2675 161

TABLE 25.2
PERIODIC REVIEW, I NVENTORY SIMULATION FOR P2

fORECASt DOLT SS OP
OPENING
STOCK

QUANTITY
RECEIVED

QTY
ORDERED

CLOSING
STOCK SALES

95 85 411 734

743 100 311 43?
M-iy

311 400 ( 60) 371

196 1071 { 60) 100 600 (585)

Aui is! (585) 400 1800 (1400) 1215

(1400) 600 800 (1484)

t'r t ot - 1838 (1484) 1800 300 116

116 800 1500 (637) 1553

(637) 300 2000 (1794 146 '

1041 3122 (1794) 1500 (1430) 113'

 —
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TABLE 25.3
Pf RI op 1C mv i t w,  IN V E NIORY SIMULATION FOR P3

> NT NO QUANTITY

MONTH FORECAST HAD ODLT S T O C K R ( (  LIVED ORDERED

End A p r i l 293 12? 600 300

891 300
May

446 300
June

J u l y 399 106 400 600

400
August

201 600 400
September

Oc to ber 405 44 448 400

400 400
November

493 400
December

Jan 1981 301 101 878 677 400

CLOSING
STOCK

b-31
4

400

283

201

448

364

403

677

984

SALE"

445

445

346

417

382
353

484

271

216

93

TABLE 25.4
PERIODIC REVIEW, INVENTORY SIMULATION FOR P4

'A' ITEM

CLOSING
STOCK

QTY
ORDERED

QUANTITY

RECEIVED
OPENING
STOCK

SALESFORECAST NAD DOLTMONTH

1091
109331

2208713001091
122871

June
815300300283

172815
203740300300
720600740147279

300
600600December

258300951288

i __







181

T ABLE 2 6 . 1

MODFL ? Of 0 , 1

MONTH FORECAST MAD DOU
CNING

STOCK

QUANTITY

RECEIVED

QTY

ORDERED

CLOSING

STOCK
SALES

End A pr i  1 264 313 526 1344 250 1203

May 246 300 492 T r , 1?74 1203 1122 81

June 301 325 602 847 1449 1122 2 j O 900 574 798

J u l y 373 325 666 1513 5 74 600 ( 50) 624

A j g u s t 372 332 744 ( 50) 900 800 124 726

September 341 330 68? 154? 124 600 350 671 53

O c t o b e r 329 390 656 1463 671 800 1246 225

ficvciber 302 305 60 1246 1541 55

271 ’ 05 542 1541 1541 0

J n 198! 260 520 1541 1380 161

TABLEjf' 2
CONTINUOUS REVir V f. Y Sn  'TION FOR P2

MO 6 ( \  P 2

MONTH FORECAST HAD
OPENING OTY

ORDERED
CLOSING

STOCK
SALES

End A p r i l 165 33 * 549 743

218 436 70? 400 311 432

249 107 498 777 311 500 ( 60) 371

July 550 134 1100 144' ( 60) 400 750 ( 2 8 5 ) 625

952 170 1904 443 (786) 500 1650 ( 10 0 0 ) 1215

September 738 180 1476 750 1900 ( 93 4 ) 684

O c t o be r 630 216 (934) 1650 516 200

November 815 286 16 1 74r 2375 1900 1300 853 1553

December 943 372 1886 1600 (594) 1457

Jan 1981 987 1964 (6 ,( 1300 2000 ( 4 30 )
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TABLE 2 6 .3

CONTINUOUS REVIEW, INVENTORY S'" i^ATpiNJW I’3 
MODEL 6 K 0,2; I’

MONTH FORECAST MAO DOLT OP
OPENTV-.

STOCK

QI 'AU 11Y 

RECEIVED

QTY CLOSING
STOCK

ALES

End A p r i l 442 63 884 164 1048 450 891

May 444 57 148 1036 891 446 445

June 366 61 672 219 89! 446 5 5 0 346

J u l y 376 60 752 156 908 550 583 417

Au gu st 377 55 754 143 897 583 201 382

September 372 52 744 135 879 201 198 353

October 395 58 790 151 941 198 114 484

November 371 64 742 166 908 114 243 271

December 340 73 660 190 870 243 700 350 727 216

Jan 1981 291 90 582 234 816 727 - 634 93

TABLE 26.4

CONTINUOUS REVIEM̂  jNVENTORl SIMULATION FOR P4 

MODEL 2 K = 0,2

MONTH FORECAST MAD DOLT SS OP OPENING
STOCK

QUANTITY
RECEIVED

QTY
ORDERED

CLOSING
STOCK SALES

End April 314 92 628 240 868 - 1091 -

May 295 92 590 240 830 1091 300 871 220

June 260 t o o 520 261 781 871 300 749 122

July 255 93 510 243 753 749 300 815 234

August 238 92 476 240 716 815 300 94 3 172

September 231 86 462 224 686 94 3 740 203

October 296 110 592 287 879 740 750 20 720

November 281 106 562 276 838 20 300 (203) 223

December 256 109 512 284 796 (203) 750 300 395 152

Jan 1981 256 98 512 |?S4 766 395 300 "0 437 256
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TABLE 26.S

MODEL 5

MON 111 OP
OPENING

STOCK

O U A N l I i r

RECEIVED

QTY
ORDERED

CLOSING
STOCK

S A t t S

26? 724 466 150 450

May 87 178 227 460 150 422 38

184 390 422 150 476 94

J u l y 190 350 478 150 560 66

188 414 560 416 144

71 185 365 416 to o 363 63

93 186 356 363 266 97

196 154 350 266 100 100 261 105

261 100 231

257 231 100 301 30

TABLE 26 6 

i ;i~V1EW INVENTORY SI hi AT I ON FOR P6

M( TH
OPENING

STOCK

QUANTITY

RECEIVED ORDERED

( LOSING 
STOCK

GALE 1

113 50 67

13 124 87 50 71 16

119 71 50 24

138 97 50 100 69

126 69 69

171 69 100 100 59 110

24 161 59 23

N< - unbar 14 j 23 100 50 110 13

December 43 146 110 50 65 45

Jan 1981 71 139 65 50 60 75 40



APPENDIX 9.3

INVENTORY SIMULATION 
RECALCULATING THE ORDER POINT MONTHLY 

BASED ON EXPONENTIAL SMOOTHING WITH MODEL 2
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TABLE 27.1
CONTINUOUS REVIEW, INVENTORY SIMULATION FOR PJ 

MODE! ? pC - 0,?

MONTH FORECAST MAD
■:1 MNG 

STOCK
QUANTITY
RECEIVED

QTY

ORDERED

CIO TNG 
STOCK

SATES

End A p r i l 234 <37 250 1203

May 203 31R ( 2 0 3 ) 1122 81

June 322 34b 800 574 798

J u l y

G
O
ro 34? I  (-58 , 7 4 900 ( 5 0 ) 624

Aug us t 451 342 800 24 726

September 372 3 4 / 24 450 871 53

O c t o b e r 342 327 871 1446 225

November 285 323 1446 1896 55

December 225 1896 0

Jan 1981 214 189b 1735 161

I T! I ?7 .?

CONTINUOUS REVIEW, INVENTORY SI Ut H i FOR P2 

K . : ? e< = 0 ,?

MONTH EORE CAST MAD 0 0 1 T
R E C T M O ORDERED

CLOSING
STOCK

SATES

End Ap i 1 163 107 743

May 217 123 300 311 432

June 248 127 600 ( 60 ) 371

J u l y 323 152 ( r ) 750 ( 395) 625

August 437 193 1500 ( 10 0 0) 1215

September 486 199 1491 900 ( 93 4 ) 684

O c t o b e r 429 207 ( 9 3 4 ) 1500 500 366 200

November 565 264 366 900 1350 ( 28 7) 1553

December 759 325 2.1bC ( 287) 5 00 1800 ( 12 4 4) 1457

Jan 1981 834 330 , 529 ( 1 2 4 4 ) 1350 2250 ( 10 3 0) 1136

_k.... —̂



TABLE 27.3
\  H . rw, INVfNTO; Y SIMUL A : FOR : '

Mi f: V
I'f N!S . 

, ,

. ■■MI’ • 
h i ' t  i v f ;

9TY 

f-OERI''
I i  IN
j l

44b 445

100 346

350 (67 417

400 351

351 400 348

350 264 484

?6<. 400 400 393 271

350 529 216

529 350 834 93

TAI3L IJ ’ 1A

' I NIN - i ' A N I I U

RECEIVED
OTY

ORDERED
CIC I N)  

STOCK SALE

150 4 6 0

4 22

150 4 7 8 94

4 1 0 68

l o r 144

266 1 5 0 213
111 100 216

Nc v e t l  ■ i* 261

94 67 331
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HIM

TARl F ?8_. 1

( .v, V-UOUS REVIEW, INVENTORY SIMULATION LOR PL

USING MODEL 5 AND ORDER QUANTITY 50 UNITS

KAO 0 0 1 T
P E N I S .

SIOC-

QUANTITY

H E C t l V t D
QIY 

ORDE< f
( ' •  IN . 

r .
? ;

f . 8 2 1 , 3

Kay 3 7 , 0 39 21

5 7 , 0 21

,1 7 7 , 0 I  5 ) 50

' • , 7 7 4 . 0 ( 3 9 ) 60 50

4 9 , 0 50 30

Or to t ' 7 , 6 6 6 , 0 60 63

Novr ’ » : 7 ,1 6 3 , 0 63 50 43

16 7 . 8 5 2 , 0 43

Jan 1981 13 8 . 6 4 8 , 0 35 85

TABLE 28.2
CONTINUOUS REVIEW, INVENTORY SIMULATION FOR P6 

USING MODEL 5 WITH ORDER QUANTITY =- NEAREST 10 UNITS TO FORECAS~

MONTH fORECA"• k : DOLT 55 OP
OPENING

STOCK

QUANTITY

RECEIVED

OTV

ORDERED

CLOSING
STOCK

ALE

End A p r i l 21 39

K a y 14 37 21 19

June 23 47 21 SO ( 5 ) 26

J u l y 32 77 ( 5) 60 ( 3 9 ) 34

* i s t 31 74 ( 3 9 ) 50 60

' l ep t r ieber 17 49 60 40

Oc to ber 23 66 40 60 83 r

November 63 81 63

De1 ember 16 52 63 56

i in 1*81 48
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