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_ lnvemorias are produced, used’ {e. for raw matanals, supplies, spare parts, and so forth) or o

- distributed by every organisation, Moreover, inventories represent a major fnvestment from the
perspectives of both individua! firms. and entire national economies. In addition, enormous costs .
arg. Incurred - .in-. the . planning, - scheduling, controi _and actual canvmg Ollt Df o

replenishmsnt—(procuremenﬂ related activlties.

Interest in the subject “of inventory managamant is constanzly mcreasing, yet. Silver and e

Petersontt {Prefaces) found that “although inw Zory managenent - ‘has been studied i

considerablé depth from- a theorstical perspective, vet, those of us who, ‘through consulting - -
 work, come.into close contact with managerisl decision proceduras in this arer are repestedly - o
_surprised to find how limited, and ad hoe, many of the existing decision systéms actually are.

“The rate at. which theory has been daveloped has far outstripped the rate at which decision
" practices of firms have been successfully upgraded. A major gao has existed between the o
*haaretncal soiutlons, an the one hand and the real world problems, on the other®..

lnventorv ccntml is: tha smenca—based art oxf ansunng that ;ust enough mvantorv (or smckl s

 held by an organisation to meet both its internal and external demiand commitmenis < -
economucalry ‘There can be disadvantages in holding. sither tao much of teo littls inventory: o

Therefore; inventory control is primarily congarned with obtafnlng tha corract inventory \mth
comprom:se batween these two extrsmes. : . _

: The control and mamtenance of inventories is ¢ prablem commen to all enterpriSes 111 any sectcw _

~ of a given economy. The primary aim of this study is to identify what the inventory policy of a_
company should be to sacure a raductmn in inventorv—related costs whl[e marntainmg a high
leval of customar servive, : _ . _

Lewig!? defines two basie tvpes of mvantory puhcy. Thnse in Whlch declsions concernmg _
replenishment are based on the level of inventory held, are known as "fixed-order quantity
-models”™ or "re-order level policies™ and those in which such decisions are made on a time basis
gre known as “ixed-time period models® or "re-order tycls policies”. According to Naddert®
(7, 11) the basic distinstion between fixed-order quantity models and fixed-time period models
is that the former are "event-triggersd” whils the latter ars ™time-triggered”. That Is, a

~ fixed-order quantity model inftiates an order when the "event” of reaching a spetified re-order
- level ocours: This gvent may take place at any time, depending on the demand for the items
considered. In tontrast, the fixed-time period model Is limited to placing orders at the end of 2
predatarmmed time penod, hence, the passage of time alane "trlggers" the modsl. '

in thls thesis, wa shall digcuss both classical inventory modals and hsurist:c models. We shall

also conduct an investigation into the factors affecting high levels of Inventory - mainly lead .

times {supplier and internal leac times) in ralation to spare’ parts In the heavy-duty truck and bus
industry. The thesis also suggests guidelines for controlling stock of these types of commedities
ima practical environment, Thig will be done by sither rasearching the existing inventory models
or devsloping new inventory models or a combination of both, the inteéntion éing not to look for
absoluta optim:satioﬂ, but rather to achsave slgmflcant empruvements over current operatmns. ;
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\\SURVEY AND PRGPOSED IF.WENTGHY MODE&.S
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. QVERV[EW

'The Sou*h African based campaw used as the medel in -th:s thes;s s a a'*bsidlarv af._' |
‘one of the teading German companies in ‘the heavy-duty truek and bus industry. The

| company"s South African facilities sompriese an agsembly plent located it nurban S

e and warehouses th"oughaut the country, plus a head offlce in Johannesburg,

1.1.1

SRE

T"la ‘company- d;struhutes Iocally assembled trucka and buses as wall as spare parts to o
. bug and truck pwrers. 8 . S -

" Tha piant saurce.s componants for produ::tion from overseas tGarmanv) in- the fcrm of

CKD kits, a8 well as from local suppliers, The CKD kits are ordered through the
company™s head office, whereas local cumponents are ardered d;ractiv by the

: assambly plant. :

'lnventorv ftems hald bv the assembiv plant are characterISBd as ' "ltams with :

dependent demand”, i.a. if the demand for an enhd product {say. bug or truck) is

~ known, ‘then the dsmand for tompaonent items is also known. In contrast, invenm_ry

- items held by the Central Parts Department (CPD) and the branches {spare parts) are
- characterised as "iterns with indepandemt dermand”, i.¢. the demand for one :tem is
‘noi depanrient on the demand for anc:thar jtem. '

This study concarns itself wxm the inventory policy that s appropriate for

independent demand situations. Contral of the inventory of items wrth denendent

" demand is bayond the scope of this Investigation.

. THE INVENTORY $YSTEM

“of operating doctrine that should be used In controlling the system. By an operating

There are graat differences between exustmg mvantory systems They differ m size E
ang complexity, it the types of items thay camy, in the costs assoclated with -

operating the system, Tn the nature of the gtochasiic processes associated w'th the
systam, and in the nature of the information available to decision makers at any given
momaent, Al these differerices van bé considered to refigct varlations In the striefure
of the inventory system. These variations ¢an have an important bearing on the . 3

doctring, we simply mean. the rule which tells us when to order and ‘how. much to
urder. :

The mventorv system in thns urganisatmn has &' multi-echelon structura Tms maans

- that an item may be stocked in the inventory system at many physical Tocations.,

When there Is morg than 2 single stocking point, there exists 1:}’93 possabmty for manv_
forms of mteractlon between the stocking points.

-fn our studv the . form of interac‘uon involved is one. stocktng point (CPD} which

serves as a warehouse for other stockirig points, This leads to what is ealled a
"multi-achelon inventory systam". The type of multi-echelon system is illustrated in

. Figure 1. The arrows indicate the normal pattern for the flow of goods through the

BADZ




systam. “This rmght ke referred w0 .asa two-echelon svstem singe there are two tev.e!s. a

- in the system shown, vustomer demands . occur only at the stocklng points on level. .
4. - These . stocking poits . have their stocks replenished by shipments from - _
- warehouses gt lavel 2, which in turn receive réplenishments for their stock from the._'-_'.' L
_-._supplrers. Figura 1 represents only ong type- of multi-achelon’ systern.. In' other casas,' L

T S

- pustomer damands might oceur at all lavels, or stocking points &t any level might not'

Conly rgceive shipments from: the next. hughast Jevel {CPD)} but . might - also . get S
o replemshments front any highar lavel {from the source suppliar). It is aleo permissible,. - -
on.oceasion, 1o redistributs. of stocks among . various. stocking - points batween::: .

R ; i'blanches,_ Hawavar, branchas rarelv dlstribum among thamseives. S T

LEVELZ

LEVEL 1

IPP

FIGURI» 1

MULT!-ECHELON ﬂN“ ”ENTDRY SYSTEWE

Ou_t_sida sqppli_er_{s} _' i

| CENTRAL WAREHOUSE | -
e

BRANCHWAREHOUSE | | = DEALER WAREHOUSE _l

customens | [customens | |cusromens | [customers | . |ousvomena |- |cueromsrs |- leustomens |

The CPD Gurrently carries apbrbximétéw 25 560 étoékékeeping- u_nits fSl(Usi”tf’c.u'

supply twelve branches and six dealers with spare parts -as. required  for

maintenance purposes, emergericy repalrs, ove_rhaul-purposss and current services. .
throughout South Afrlca. Each branch carries hetween 2 500 and 4 000 SKUs;

“mainly fast mwioving items, and each branch sources its parte fram the- CPD onlv. 8
when the CPD doas not supply parts to custamers directlv.

LIsAB2)
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B THE PBGBLEM

o -The mvantory under mvest:gation compﬁses 25 660 SKUs with an annuai average
stock value of R48,2 million, of which. approxtmataly R3s, 2 mllﬁon are carned hy RIS
~ he CPD anl:l R13.8 million by the branches. - .

- At the single-;tem leval the mvantorv manawment objective can be fon'nulated 48

" minimising the total inventory-rélated cost pev unit of time with respect to such

restricrions as demand and desired service level ‘To measure the performance of an

inventory, management and ‘control systern, attention Is - usually shifted from.

individual ftemis to aggregates. Allen® indicates that costs, especially ordering and: -

T = )

shortage costs, are na longer as widely used to measure performance as s the

_ vatue of the inventory, The most common inventory measure, the inventory. .
" turnovar (i) rate, is normaliv used to meaaura invenwrv system perfnrmance. Tha

tate can ba definad 88 follows

.. . _ o
' average mventorv investmem {H} S - verage inventory (units) .
Tha' ir:wentury -turn_over rate ir_t_ t_his ca._. 3 1,48 times per vear, whare _ '

¢ annual usage- (R} = annual sales at cc_:st H67,7 million

s average annual invantorv invastmaﬁt Is R49,9 millmn‘ -

Obsoleta stock consists of 2 300 SiKUs, with 8% of the tutal number of SKUs in
the. inventory valued at R3,7 million, .of which 1 500 SKUs with a valug of R2,5

million were scrapped from the inventory, and 800 SKUs with a value of R1,2

“million were sent back to Germany. The inventory turnovar rate after excluding the'

obsolete stock suggests that

| T - 827 - 1,46 t’imes per_ vear.

{8A:02

462

. 48,9

The turnover rate tells how many tlmes, on average, the inventory is fﬂlad up and '

emptied during a year in order to satisfy the demand during the same perlod..If a-

compary can reduce its inventory and still maintain the same sales level, the
turnover rate wili increase. An increased r_wmber of turng is thereby a good t_rend
whereas a decreasing rate can causs alarm and trigger extra managerial attention. -

" There is, however, an inherent danger in telying too much an the turover ratio as a

goal variable. There are several reasons for this, One is that single items, or groups

of items, might have actual tumover rates that differ, and should differ,.
~ substantially from the set goal, it may therefore be bad policy to stipulate the same

rate for all materials. Another reason is that the inventory turnover rate is only &

-surrogate measure, indirectly related to the holding cost through the inventory

investrnent in the denominator. The measuré completely disregards - other
inventory-related costs, such as the ordering cost fincreased cost of ordering,

' because of increased turnover rate} and the cost of being out of stock.

In this case, however, the inven_torv turn_over ratio of 1,46 which Is stll considersd.

to be low since it suggests an average of 7,8 months until 'a spare pait is sold,

axceptions of 9 months.

“where the suppliers® lead timas vary between 1 month and 5 months, with a few -
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Othar pmblenri areas wera icn‘entifieg whan the inventory records wers analysed

° SKUs out of sioék tunﬁulf‘lled orcl'ars} fdr Novamher 1992 wera found to amnunt :

102 200 SKUS. This Is 1 ,2;5% of the total Sl(Us d.'."iared.

" Ii

- fast ‘movers) that can be solll by competitors, and therefors running out of -
stock of those parts represents a potentla! Ioss of, sales. : _
For the non—common spare parts and uruque parts, running aut of stock could‘ >
“Ipad to the Joss of sales of the final product, mamly trueks and buses because B
of tha Iow serv:ca Ievel to owners. S _ . A

' o A high rate of ohsniete stock which amountad to 10 2% of the total SKUs and

,9% af tﬂ}a stock valua. o

" . An ovp?-stuck satuation where 81,7% of tha total SKUs campnslng 64% of the

 stockivalue, are slow movers and dead stock ftesits, of which 38,1% of the

. 8KUs with & valte. of R18,7 million are slow movers, and 43,7% of the SKUs
.. with a-value of R18,5 milfion are dead stock items, {The. deﬂnitlons for slaw
.- movers and daad stock ttems are defined in Sectlon 3.2, ) -

" OBJEGTEVE

'_--Tha mairt ob}ectlve of the thes:s {and tharefore the main objactwa to solve the
: ='==problems indicated above) is to minimise inventary investments and to maximise

Ccustymer sarvice: levels by :ntroducmg and irnplemantzng an effectwe anvantory

T control policy.

Tha proposed inventnrv policv should saak answars to  the follow:ng two

ﬁandamental questions: -

@ When should tha inventory ba raplamshed?

. How much should be addad to the invéntory, or how rnuch should be arderad of

sach item. Were the time and quantity elements are the variables that arg
subjected to control In the Invantorv system? :

The proposed inventory system should also provide the managament and stock

" control personnel with the lnforrnatlon requwed 1o mamtam and measure

. {SAD2)

performance.

METHCDOLOGY

The investigation took the following form:
o . Evaluation of the current ihvéntbry systetn

- Characteristics of truck and bus rpare parts

Thﬂ*spara narts ihdustrv for heavv-dutv truch have common parts {main;y__ .
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"'Analysis of the stock: (ABC analysis}

- _-Deﬁmng fast, medium and slow~mavlng spare parts

'+"_"-"Study and- svaluation of current inuentorv pullcv, sumuiatmg thh chosen'---'

R _sample.

'.t

S lnvestigatmn into Important factara fcr inventary declsrons

* .- ._:;-, Custzfactors __{3 |

Replenlshment Iead tima reductmn

o '.tharaturs survav of mventury cantrol systems

- Type of Invantory control systems I

Estabiishment nf safety Stot‘.k

Studying avallable mventorv models

' Development and evalua‘non of aiternatwes- _—

Prograrnm:ng inventory control models '

. Simulating mventory comrol models on the computer, usmg data frnm a’

' chossn sample -

. Anatysis of the -résuits for the tri'al run'. :

- Advantagas and disadvantages of vanous models. o

Salection and recammendanans

. Choosing the best methods from the- mnde!s under iﬂvestigatxon 10 control '

fast, msd:um and s!ow— ovirg items

‘EVALUATE_GN OF cumam !NVENTGR‘? ESYST-EEM
GHAR&CTERlSTIGS OF TRUCK AND BUS SPAHE PARTS“‘

When we ta!k about truck and bos spere parts {or replacament parts);, we are raatiy

o -talking about any commodlty with partlcular supply and demand charactenstlca‘

. ts&nzi

In a paper pressntad at the Operatmnal Research Sociaw of South Afnca (ORSSA)
'conference 1 979) thsse characterlstics were identlfled as foltows: -
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o °‘f _: The rtem can be bcug‘\t frcm a Ilmlted number cf supphere

2“- 1.2 - n

2.2

. iSADa)

SUPF'L\’

-Thc fc,llcwmg are charaetensttcs cf supplv

"'The lead time is h',,nlv vanable and can range from. cf'f~the-shelf service. tc mne e

mcnths. A typical lead time wcu!d be between three and ﬁve mariths.

o

o

o

...Laad tirnes are more: dependent on the queue cf rtems wartlng fcr processmg .
_'than an actual manufacturing tlmes _ : TR

:.The set-up cest is cften a subsranﬁal prcpomon cf the finai sellmg pnce
-_'_The umt pr‘be vanes over a Wlde range |

.'__.Irems are ncrmallv manufactured in batches in a jcbbmg envlrcnment. -
. DEMAND |

{‘he fclllcwmg are :.haractenstlce m' dernancl

The :tam is not a raw rnaterial or if the main stream of the prcductien nrocess.
In other words the demand, in the short term, is not rélated 1o saies Co :

The dernand {excludmg fast mcvmg ’tems} tands to be unpredicteble and errat:c”: '
due to the follcmng factcrs'

- Demand dependent én }nfsequant randcm {truck or busl breakdown _

- Demand affected by the fade of a partlcuiar maintenance supervisor '

. Demand reduced by the use of recondit:cned spares |

. Elemand affected hy cptlcnal subst:tutlcn or techmcai obsolescence :

- 'Demancl affected by changes in tha pcllcv fcr pianned malmenance

- 'Demand affected by shn‘tmg to new truck and bus models. B

in the evant of 2 creakdown, urgent arders can be exped:ted cr alternatwe
sources of supply can be exploited ; o

There tends to bc a'long pipe l:ne via agencres between the source of supply and

‘the ult:mate user,

The abcve character:sucs are not relevant to truck and bus fast mcvmg :tems o

ABC CLASSiFlCATiON

Silver and Paterscn"" t_pﬁ?‘-_} made the feliowirig_ statement: -

"Many existing inventory managsment systems can be significantly improved on by

simply adopting decision rufes that do not treat ail SKUs or aﬂ categcnes of
aggregate mventcry mvebtment equwalently »




_ tm'nally ganarate mnst of the tumover of a campany.

o L e for categaﬁsrng}nventary itams

parcantage of the tota! SKU vaius and usaga ranga. '

! . R :._ .:_ e ] L ‘ - .

Cise . isADD

LAl e --_'The task ftha CPD managament team is i::: plan and cantrol the stockhold tesfa] T
SRR « | appmx:mateiy 20 123 8KUS {aftér excluding 2 300.5KUs, part of which"were - .
S0 s strapped, Tend A Gertain number were. sent “hack  to - Germany, and after . ..

"apprommatelv 3. 000" ofd . SKU: records were- deleted). Howaver, the relative . -
. importance. of the itams is not ﬁxadt and therefore it Is nevessary: fo differentiate -
. '_;bat‘ween them. and to apply more management redources 1o those items which have -~ .
- - a Hlgh ‘relative: importance. The method used is the: ABC inventory management . . |
appma@‘n Thé. theary . behind the ABC: approach is that L] smaﬂ graup of Sl(Us S

' From 4 contrél viewpolnt, the importance of an item can be et i 1 ‘tarms of its' e
~-annudl usage valug, This is ‘calculated by multiplying the quanﬁw"used mayearby -
,J';*hﬁ unit cost.of the item, The rand value af annua! usage |s th& common 'factor used AR

The compgny Manageman‘t lnfon-natmn Svstem (MISI generates # manthlv .ABC o
-:gvpntory analysis report. Table 1 shows the differant mventury categonea as &



TABIE1. o
ABC INVENTORY SUMMARY

CATEGORY | -_
| rower |
ot

AVERAGE USAGE :

 UPPER |-
umt |
1 rems

1R}

NUMBER ~

OF LINE

STOCK
VALUE
{R1.000)

. USAGE |

- VALUE

{R1 000} .

CFURN-
. OVER
RATE

MIONTHS

“sTOCK

. sTock |-
s groek ).

VALE |

DEAD

14435 |
2009

0

NONE -
- 14430 b

| - 2000

-

o977

1831

B80T
I 8714

17365
- 9 357

7620 |

15664 |

- 53000

11 300

 3.400
i

3,05 | o
0,45 |

0

: .:1:0.

2|

 Infinite

8%
8%
Ve

9%

1 15%

Sy

73% -
| 7%
5% | |

‘TOTAL -

20128 |

49900 |

67‘ o, .

PPT {SAD2)

A _ﬁictoﬁai representation of the ABC inventory is presented in Dﬁgﬁﬂ? 1.
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o ;_.'_-;_'_Aac: emssmcmcm BY THE su.u MWEMENT CATEGOHY

Anuthar wav tcx analyse the invantory [ by fclass:fvmg tha inventary |tems;f-:'-

CATEGGRY

.Er- .

'l.}ﬁpéﬁ?;ﬁfffﬂ.;f]"ﬁ*:*

o Madlum

“f7“e§§hﬂn?qﬁé,j;§;f“'”

K Lﬁmpy o .'

' .Deaﬁ

h ‘New '

Tha dﬁem}h; categuries af mouement ara a8 follows. _

New

':': _.'according to importance and: accordmg ta the ieval ﬁ‘f usaga, namelv the ltem S
" ;._rriovement thhin tha stock R - R _ . L

B 0 DEF!NITEON

. '..'.:_.More than 25{3 units s nationaily per..':_'.' _:-'j
L0 year, with mnvemem: (sates or. demand}
o every month S SR o

- ."'.More than 50 but Iess ‘than 250 uniits sofdﬁl-’_ v
- nationally per year, w:th movement fsales SRR
' oo damand) everv month o S

. Less than 80 unlts sold natmnally er vear,:"' L
© with movament (saies or. demand} every_'_ G
month o . o

 More than 50 units sold naticnaliv per yoar, .
- but without movement tsales or. demand] no
.'averv month _ o »

o '.__Lass than 50 umts sold nationaliy per year, e
. but without muvement (sales o demand} m_ :
o everv month '

‘No mo. wment {sales or demand) trl tha last
'amunths o

. _From creataon untxl 1.‘2 mnnths after ﬂrst'

race:p’c or ﬂrst sale

-Table 2 shows the different movament categories, the numhar of SKUs in‘each

catsgory, the percentage of total SKUs and their stock value within ‘the. different
classas and move st ‘categories, Dlagram 2 and 3 stlustrate the ABC mventory-
analyens by movemant categnries. o : : _ :

BsADS




TABLE 2

. ABGINVENTORY AWALYSIS
‘BY STOCK ITEM MOVEMENT CATEGORY

.‘.

cLASs

CLASS A

CLASS B ' B . tiasse TOTALSKU

PER CENT

STOCK VALUE

SToCKVAIUE - | - Tt sroekvAuE . BTRCKVALUE

- {R10po}

. PERCENT

NUMBRR | meteomnT . | womBen | PEveENT I S wumsin ) oemem b o o
coF 1 sk | meoom | psmeewt || of L 1. sku. i mroom | eERoenT | coF sy} wiooor | peRoeT

TEDILNA
ONTINUES -
umMBPY
LOW

IEALF

47,8
234

33
11.8

187 |

[rX:3

4611
27%
Bt

#8001
BE9E]
B}

-4
167
378

b3

62 sam} . wr
a3 | smsE]l ez
o8} essp 20
&8 | . emaf gyl
s | rwren)  amy |
a37l mass| - oma )
T2 | 22f o

ass! . w4l ear| s 28 17 w] . om [
an} 1wes | ssf ez | sas{ Zot. -]  og
34 { 22|  ma i . e oa  aal w2
8y ] saw w2 | rez| a4 [ ess} . 2

45e | seoo| s eam|  ssa | esss| . s

a7 =8| gs | sval eoa | wmsm| . ea |
o} - of " camy 28y . oz e}

ks

2883

OTAL

. a7

o

o17aes].

100

jsst| . w00 | esst| we [ arami o6 | zewae| -sen | 0} eeeso] e .} o

5§ A: 80% DETOTAL SALES
5% &: 16% OF TOTAL SALES
=5 C. B% OF TOTAL SALES .

(54D
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- Table 2 and Dlagrams 2 and 3 reveal the following ﬂndmgs' . '

° -Approxnmatelv 44% of the total SKUs 125% of the stock value) are c!asstﬁed as' o

" dead stock, where the majority of those SKUs belonging to-class € accounts for -
. 83% of total dead stock (24% of the total stock value), The ahove f'gureo alsa
.ind:cato that 24% of 1ha stook Value do not contribute 10 sales o . P

B ‘_“-. Th:rty elght percent of. the total SKUs, 8t 39% of stock value, are’ slow rmovars, - c
- Among these SKUs {3 003 SKUs) 29% dre. from Class A and Class B whlr.h o

: rafiects thetr high value.

A substantiai feduction of total m'ventorv value can be expacﬁed from. neariv C

.~ each moving category (fast, medium, - ete.) and espeo;aliv from tho B and C_. )
_ .classes ' o

| CURRENT INVENTORY POLICY

' STOGK REPLENISHMENT

A suggested order report is generated. by tho Msnagemant lnfonnation Svstem

{MISY once & manth, normally at the end of the month, The report cortalns a st of

" items per supplier with the suggested order quantntv It is split into two categories,

[ocal and overseas suppliers, and is passed to the inventory manager for evaluation.

- This ac'civlty takas approxlmately three to four. we-eks and antanla the foliowtng steps!:

~ © Manual checking of the trends m dernand lo. abnormai or pealc demand. dunng

the !ast six months

© . ° Checking whethar the suggested order quantlty I3 in Iine wnth the minimum_ _

supplier order guantity

® Evaluating the suggestod arder quant:tv from an economic order gquantity p'oiot'
_of viaw, e, order qua Jties which will entitle the company to a dleDUI‘lt

. The tevised sugpasted order quantity report is then passed hack for entry Into the .

computer. A new suggested order report js generated which is sent for evaluation

-rogarding cost and reasonableness, After it has bean authorised, orders are. placed '
withs the suppliers - most bv post, but some by telofax or courier. o _

-SUGGESTED OBDER SIZE OF SKUS

All stock records are kept on the oomputar Inventorv system, and for each SKU the
folfowmg records are atorod‘ o '

. Parts _numbor |
J Deécription
a Movemant categorv

S Unit cost

+ 18&D%
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Supphar Iaad tlme {ona f’ gure for all suppllers rtemsl

. _' 3 Vendorfsuppher

- Q ;;:__.,%, Ciassxfcauon Sl

L 9 Ouanﬁt\r in hand

Quantri\;onorder R

5 f"qﬂuantitv aliocatea:l {back urders quantltv} -
._.'0 Rouing movemant (tha last 12 manths usage hlstol'vl

""Tha computer system currant{v c:al;.ulates the suggssteﬂ ordar siza (SQSI, far aach -
'::'_&KU accnrdmg to the fnllowmg equatton’

_. ..:‘-:aGS Qf SKUS {m]
..: D% [I_T -

_‘_LT] + BO - s;-: - 80« ST

= suggested ordar size of SKUM {umtsi

. m ;
“

- A ) . NAD = new averaga ‘Demand of SKUM, {units)

I

: intemai lpompa_nvl ioad time {weeks}

RS LT, = suppfier lead tie {weeks)
‘BO = back order quantities {units)

o
=t
H

stock in hand {units}
" c* o . - 80 = Sto.ck on order {units)

stock in transit {units}

-1}

 Internal (company) Iaad time is determined by the company management to be ten o

weeks, mada up &8 follows,
o Order cpmpuatmn - 3 weeks -
~© Order receiving/binning and data capturing -3 weeks_

o Safety factor for suppliar Iead time - 4 waeks.

Supplier lead time is determmed by tha suppilar. The fl“lLlI'G of four weeks is hased on

the assumptlon that there are fnur waeks in the month

#F . (SAD2)
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e coinpute ﬂ-;e New A\rerage Demand {NADI

The NAD of SKUs {m) ls currentlv computed bv means of the followtnq St&PS H R

5 ¥y
. _l-i‘t -

Y “.= avaraga usage of SKUs (m) far tha Iast slx mnnths

: ";v_,- o= usageof Slms ) in month 1

. - oriterda, 1 Y > 2 Y, axtract tha momhiy average fram the new avarage to be
T cal&ulated S _ S _ L

-

Calculata ths new average x.

. U

%

W@t

M’.".

_.}g Tt

Whare
iin < 2Ythan x, = Yf

n = . Number of months that monthlv usage did not exceed twice the -
' - monthly avsrage : _

° Campute ﬁle i\ﬂean Average Deviatlnln (MAD}

s xexy]
< MAD = i=i
'Where' :

B | X~ X ,} = the absolute value obtained by subtractmg the mcnthly usaga-
from the ronthly average ' o

. Cnmputa the deviation (sigma) which should be added to the new average (X):
Ssgma = 1 .25 x MAD '
Where | _ : _ _ _ _
A correcting factor of 1,25 is aflowed to ad;ust the MAD to the value nf the :
. Standard Deviation of Samp!a (STDS}, assummg the demand is normally
- distributed, .
v __Cn’mput_a the New Average Demand (NAD)
NAD = = "X+ 'Sigma_' '

» BADZ)

Check wregu!antieu\ ;ri damand during the' Iast BiR months am.arding to ‘-‘h@



. Figures 1 and 2. present flow charts fcir the current method Df cnmputinq the-_-._ -
L suggested order size ' S S T

25

o ".._"'P'eear;-ésm 'ARE‘AS " cuﬁnm‘? --."mmm WAODEL

. ’The followmg problems ware sdentified in the current mventory medel

' The use of & readings fthe last six months” avarage demands) to caleulate ihﬂ"-"’-
.suggested arder size is net suitable in the spare parts anvironment, for the fnllewma
| reasonsi o o 2 S

o ._'Lnng Iead tlmes of a large portlon nf the atems {ranging betwaen 2 *to B monthsl

S _‘? Fnrty four per cent. of. SKUs are dead smck |tems, and itis statistlcallv mpossuble to :
- assess the NAD on the East six months‘ readmge only o .

o ."3_ .The same aplied

ln deal:ng with SKUs that hava slow and [umpy demand pattems. Six readmgs
are not stausucally suff’clant to draw cenclusions about the NAD :

e The computer program rounds off

2.6 |

Six months average demand

Maan Average ﬂavuatlon (mad}

_Sagma -

nad®

T

causing a cumulative 'errc'nr in cdrhnutih'g' the NAD®,

GURBENT INVENTOR‘( MODEL SIMULATION WITH VAR&OUS
DATA INPUTS

K -The approx:matlon of Siama used by the cuorrent inventory model 6 measure the

standard deviation of the sample does not a!ways carrelate with the standard- .
deviatton. _ _

A simulatien contammg the Iast six months' readings of 120 SKUs was rust on the -
. computer with the current inventory model, The values and variables, together with
their deflnlt:ons, which were calculated are as follows: . .

_Vanabie_s_deﬂ_ned and vslugs calculated in the simulation

L.

ey demand In month
oY ‘= ' lastsixmonths® average demand  fl.e. Y = lry) |
o ¥r = qound (¥)

WP . [BADE
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CURRENT aawmmw M@DEL
L .PRDGEDUB& FGR cﬂmw‘rma SUGGES‘TED GHBER 3125 TR

FGR SKU (ml

- Comptite monthly average -
demand for [ast six months Y.
' of SKU {m}

o .Che:é.k irre.gula_r_it? of

“Ignore irregular monthly |

- demand . -

 Compute manthly - |

average demand X

| Compute Mean Average Devistion

{MAD)

= Compute New Average Damancl I -

- AD)

Compute suggested
m‘der size for SKU {m)




CURRENT INVENTORY MODI

 PROCEDURE FOR COMPUTING THE |
~ NEW AVERAGE DEMAND(NAD) =

READ Y1—

.Q)2T(

| computE siema | COMPUTE NAD |

| s16MA=i25 x MAD [T | NADe SIGMA « X TN

gy~



o m‘ad* = mean Average l:!eviation

EIY] YI lei '

_.rna'd' = — _ e

T n -

'_ . MAD“ S round €madl ST _ o .
ey - monthlv average. demand that is lass than twice the average :
s xi'-_-g Y, LA 27 :

v X 0 = averaga of the months in which ths momhlv average damand d:d not
- exc.eed twice: the last six mmths averags mc:nthlv demand 3

_ 2 X,
noo= the number of months where monthly usage did not exoeed ‘I:WICG the Iast

six months monthlv avsrage. _

o X!' = round {X} .

g STDS = the standard dwlation of sample

sos =1y ov-ve

 In this case for siX months .

stos =1z ov-we

o ¢ = MADX1,25
S or = MADX1,25
~ Sigma - = .ruundr{_or'l'
°'.nad =X + 0
® nad, '-—-'}{--l- a‘,'
0 NAD = X, + sngma

% NAD, = _v+sms

~ * All varlables used with capital letters represent the rounded figures of the original variables.

W, SADH
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' 'S.udgested'ardec 'Size. '(SCS! :
. o SOS (riad} _==_ (nadXLT}M
{nad xLT}M .

e §0S (nad) =
v 508 {NAD,) ~ (NAD, xLT)4
~° s0s (NAD,) - .tNAb,x ;.Ti;fi"-@
- __'.Where R
“ :'L'I‘__ o companyand supplieriead trmee

: All SOS fi’gures are rounded to calculate the. relevant - SOS which is used with the
- relevant nad

_ The tead tlme used in this example is 22 week5°
| LT__ SR 22 weeks | _
" It was necessary to analyse tha suitability e_f the currént inventory model to predict
what the order size per SKU (m! should be and to quantify the error generated by
" rounding the variables computed during calculation of the NAD, as well as the
~closeness of the approximation (Sigma} to the standard deviation of . the sample
{STDS), The gcurrent inventory model was developad on the computer and data werg
. entered as. follows- _ _
% Data w:th random #tem demand pattems, where the last six manths average is
fixed and the coefficient of variance ranges between 0 and 2,4, {The coefficient of -
~ variance Is detérmined as the ratic between the standard dawatlon of the sample
and the average of the sample.) : _

o 'Data with randorn item demand patterns are categorlsed by ranging the coeff‘clent _
of vanances, as follows:

- .Range 1 - Low coefficient of variances, range bstween ¢ and 0,5
- Range 2 - Medium 'cdefﬁcient of variance; range--betwea:i 0,5and 1,6 -
- Range 3 - High coefficient of variance, range between 1,0 and 2 -1 .

' The input data, the calculation of variables and the correlation analys!s can be found
- in Appendices 1 1o 4.

27  CORRELATION ANALYSIS®

Levln“" (518) defines correlation analysﬂs as tha statistical tool that can be used pis)
describe the degree to which ong vanable is Iinearly re!ated 10 another.

The measures descrlbing tha corralation between two variab!as are

° the coelficlent of determination

PE ., ®AD2)



e

e the cosfﬁcient of correlatmn.

_The cosfficient of determmation is the primarv way in whnch we can measure the

extent, or strength, of the assoc:ataon that exists betwaen two: vanabres, X and Y.

_ it is reaso-zable to- express the vanataon of the Y values arourld the renressian Ime

wnth thzs equation:

Varnatlon of the Y values around tha regressibn Iine = z(‘( ?’iz where.? L3>

. The secorrd VBl'Iatll)l'i, that of the Y values arnund thelr own me‘an, is dﬁ*emmned by : -
thls equation' ' S

Vanation of ths Y values araund thelr own mean '_ : ZIY - ""7}2-"

. One minus. the ratio betwaen ‘these two var”atians is the sample coeﬁucient of
_ determir'ation, whlch is symboilsed by ,2. .

Sample coeﬁlcient of datermmatnon ,-z 1- &ﬂz‘

CEY- ‘?}2
o _:T'ha -coeﬁicini of _detemlinaﬁon
The coafficlent of dstermination r2 as defined by the above equation is a measure

- of the degree of linear asqocuatuon between X and Y The intuitive irltsrpretatlon of a
,2 is as follows T

'. When 2 =1, thara is perfect cnrreiatlon or the ragrassion Ilne s a perfect
'estlmatnr..

o Wha.. 2 0, there is no corzelation.
C 0 % .t 2, When ,2 is close to 1, thls indicates a strong correla"tion between

X wod Y, while when r is near O thare is I;ttla correlation. between these two
varlables. :

i The coefflclent of c:nrrelatmn

. isAD21

The coafﬂcnent of correlation Is used to describe how well cne variable is
explained by anothier and is expressed as- the stuare root of the coefﬁcient of
determination.

_fz

The sign & of r indlcatas the dtrection of the relatuonshlp bstween the two varlah!res
X and Y. :

For. our mvestjgatuon of the extent of fit of the current mvan'toriz miodel to. diﬂeranf
item pattern demands, we checked the currelatton batwe*n the variables cantalned in
the current mventory model, . _ -
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. The correlation analysis tarried out was based on tha assumption that thérs is a
~ lineal relationship between tha variables, (This assumption is appropriats. for itemns
_ that hava pattern demand charactansad bv & low coeffrcrent of varrance ) .

'_.T-he ra_grasslan line functron isin the form of

Y = AX+B

- where

A

R

X cosfficient.

B = constant

independent variable

n

X

LY o= 'dap_éndant variable,

" For example, ¥ vrra test the correlation betwesn two variables, STDS and MAD
- caleulated from a-given stream of numbers, *"e dependent variable is- the sratistica!

maasure of the sample standard davlation expressed as

$TDS . =P-im %

and the independent v:a'rlable Is the Mean 'Avera_ga Deviation (MAD) axpréssad.a's |

"1 S
MAD . TE|x-X]

The regrassion line is in the form of
STDS =AXMAD + B

where the regression analysis will jndicate the extent or strength of the assbcraﬂon

bstwsgen the variables STDS and MAD by calculating the value of r,

Secondly, If thera is a strong corralatiOn between the two varrables, rj're paramatar A
~will mdrcate the correctrng factor between STDS and MAD.

The standard error of Y is the estimated standard error of the ¥ {STDS) vaiuas and
represents the deviation of the ohsarved (MAD) values from the values of the Iinear
camblnatron. :

Table 3 presents the correlation analysis summary of the current inventory variables
computed with the approximation Sigma and using the irregularity checking criteria

Y} < 2Y ignore Y} compared with the wvariables using the Standard Deviation of
Sample {STDS), whila Diagrams 4 to © are pictorial representatrons of the correlation
analysis for the various input data,

The detalled breakdown of the pictonal reprasentaticn for a low, medium and high
coefticier+ pf variarrce are to be found in Appendlces 510 13. '

+ lBADZ}
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Frorn the correlatnen analySls summansed in Table 3 and frem the charts ehown in'_-- '
Diagrams 4 to B (and Appendlces 5 o 13}, the foliowlng findlrlgs ara re md, .

o The nerrelatlon between the current mventory varmblee calculated wuh Sigrria, and'

those calculated with STDS, 1s ae fo!lnwe.
. High when the coefficient of var:anee is low {range a to 0,51

s High when the coefficient of variance is medium. {range 0,5 to 'I.Q). However.
there is angrror with a correcting factor (A in the regression ling} of 6% and
" mediurn fluctuation {around 9%} of the values ce!culated wath Sigma, compared .
with those caiculated with STEJS : _

- High to madxum when the eeefﬂclent of ‘varlance: ranges betwaen 1 and 2.
However, the correcting factor A is 219% higher than thé orie in use and the
fluctuation of the current variables in use {computed with Sugma) is amund 15%
compared w:th those calcuiated with STDS : _

b Ueing the data input ot the tast six months, the average demand js fixed and the. .
coefficient of variance ranges between 0 and 2,4. Low corelation and high
fluctuation ure indicated among the variables calculetecl with sugma and those' :
caleulated with $TDS. S _ _ . _ -

The conclue:on to be drawn from the aboue' fi ndings Is that the cutrent mvehto’ry
rodel is.inadequate when dealing with items that arg sub]ect to an efratic type of

| - demand and for slow-moving itemns,

IMPORTANT FACTORS FOR INVENTORY DECISIONS

Through emplrical studies and deductive mathematical modelling, Silver and Petersont®

{61} have identified a number of important factors with respect 1o mventory dec:siens. '
These are discussed belew _

cost FACTORS

Prior to my Investigation, ‘there was no measuroment of the cost involved In the :
holding of stock and ordering of commodities, It was therefore considered important to.

“determine the real costs involved in ordering and holding: stock for future use in the

. i8AD3)

proposed Inventory models. A number of factors would be relevant.
UNIT VALUE OR UNIT VAHIABLE COSsT

The unit vaiue of an item (denoted by the symbol V) is expressed in rands per unit
{including freight) paid to the supplier. The unit value is important for two reasons:
Firstly, the total acquisition costs per year clearly depend on its value, and sacondlv,
the cost of carrying fems in w.ventory depends on V.
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S :

| _cos*r OF CABRYING ITEMS N mvsmonv

“The cost of carrying’ ltems in lnventorv mcludes the opportunitv cost ‘of the' monsv _ B _
invested, the expenses incurtad in running 8 warehouse, the costs of specaal storage

S requiraments, deterioration of stnck, obsolescence. msurance, and taxes.. ‘l’he rnost"" b

L

_ common formu!a for costmg is

Carrvmg cr.ssts per vaar = AOHO X V xr o

where AOHQ is the avaraga immmory on hand in unuts thsnca AOHQ %V is the
" ayerage inventory expressed in rands) and where. r is the carrying chargs,. i.a. tha :

cost in rands of t:arrymg ong rand’s. worth of mventory for one year.

: Carrymg costs can be regarded as a top managament pohcv variabla that can ba "

changed from timis to time, ift line with changes in the environment, A detailed cost
structure put to management to enable them to make better decislons concermiing the

- real costs. It was agreed that fixed costs are to sorne extent not relgvant 1o the -

number of orders or the level of stock, becausae if thére were no lnventorias and no -

- -orders, obvuously there would be no need for a procurement departmant and
therefors a!l cnsts {fixed and vanablel would be elummated :

- As far as var!abie costs arse concamed, it was agreed that the percentage of vanable '

costs. linked ta stock levéls and to the number of ordsrs placed, is 30%. _ .

The current costs of holdmg mventories (carrying charges tj are as foitows.

- Fixed costs © . .7 RI 426.000 parannum -

- V'a'r'i'abla costs | . Ri __475-000-per annum
+ Variabla costs sublest to stock levels (80%)  'R1 180.000 -

© Holding cost 8s a pér&e_ritage of average stock valua

- Variable costs Li8x1p0 =  24%
| 29,9 I
- Obsolets stock Ebudget percentage) . 2,5%
i Insurance - . L 1,0%
- Deterioration (budget percentage) | o 25%
- Cos_t.c!f cap‘ta.l o ' | .14:5%.
- TOTAL . 22,9% say ) - 23,0%
ORDERING COST o

The. symbol A denotes he fixed cost (independent of the extent of the -
replenishment) associated with a replenishment. This ordering cost includes the
cost of order forms, postage, telephone calls, authorisation, typing of ‘orders,
receiving, mspection, following up on unexpacted Situations, and dealing with-
vendor invoices. The cost of administrative time includes the buyer's time for
order preparation and the system control costs (computer, . software,
maintenance, ote). : ' o S

1BAD2}
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CLap.

- The costs involved in orderig and holding inventory are detailed in Appendix 14.

" Once the costs involved in ordering and holding inventories are known, the

problem transfer to what propertion of those costs related to- stock levels and

- what proportion to the number of orders placed. Two ways of lnoking at the
. ordering cost in relation to the number of orders placed are shown in Diagram 7.

In reality there is no linear relationship between the number of orders placed and
the ordering cost - onlv a certain reduction in‘the number of orders will bring

" about a reduction in the ordering ¢ost. Tha connection betwaen thes& two
B -factors should in fact be represented by & series af stops rather than 2 stralght. -
line, L

o Ordering cuét -

= Total fixed costs . R337 000 perannum

e -Tatal variable costs | o I _-"3559'000 per anﬁum'
Vanabla costs subject L] the volume - . | R
of orders (80%) - o - R442 800 per.annum
. Number or- orders placed - o o
'0ctnber1992 to Saptambar 1993 o 4 666 .
- Average cost per order - _ o R _HSG -

The average cost of R98 per ordar is mIsIaading since tha order siza varies In
& big rangs between 1 SKU per order to more than 1 000 SKUs per ordar.

Diagram & shows the order size dlst‘ﬂbuilﬂﬂ for bulk arders {placed once a
manth) and daily YOR {Vehicie of the Hoad) orders, Diagram 9 indicates the
order cost per SKU as a function of the order size for a current buyer .

~ utilisation of 45% and the expected order cost. per SKU a5 100% of buyer
utilisation.

Appendicas 15 and 16 contain' a detailed breakdown of the informaﬁdn
concerning buyer utilisation as well as the information shawn in Dfagrams 7
and 8. : _

DISGUSSION DETERMINING HEALISTIG COSTS

"Most inventory modals offer. optimal solutlons 50 Iang as the condiﬂons of tha

system meet the constraints of the modsl. While this is easy to state, It Is

difficiult to achieve. Obtaining actual figures for sarring, shortage and especially :

arder cost, is difficult. Part of tha problem firstly uccurs because the accounting
data are averages, whereas the cost required is the marginal cost. Segondly
thare is the difficulty of assigning tha exar* rost to the ovder {various order
sizes), and thirdly there Is o longer a direct reieaonship between the number of
orders and the cost of the orders. Ins othar. words, reducing the number of orders
will not necessarlly produce as reduction in the cost of orders {see Diagram 7).

Fourthly it is very difficult in pracuoe to implamant vanous arder costs for

varlous SKUs.

{SADZ)
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To illustrate the cost effects of changing ordering cost A, Table 4 preserits the
computed order quantity for an SKU with an annual demand of 1 000 units, 8 unit.
eost of RBO, a carring cost of 28% per annum, and various order costs per SKU as
indicated in Diagram 8. The model usad for the computation was the simple EOQ
madel without safety stock. If we assume that the average order cost is R26, then
the aptimal order quantity is 67,2 units. If order costs of R7 {a quarter as much)
and RBO (more than wwice the average) are used, the varlab!e cost would be
computed betwean ~48% and 52%

The total error range in using a guarter of and more than double the cost, makes 4
total annual difference of R773 in the average order cost. The total cost, however,
varies less than 1%, rang:ng from 0,73% low to 0,?9% high.

The above’ results with tha general assumption that inventory macdels normaliy
involve quadratic equations, suggest that even significant errors often have less
effect than one might expect. These commeants are not meant to cause the reader
1o reduce emphasis on computing order quantities, but rather to recognise where
invantory costs come from and where the emphasus must be piaced in order to
reduce costs gignificantly, .

Clearly then, If a company seeks to make significant redluctions in the total cost of
inventory, it must cut order Set-up times or raduce the existing level of inventory
wirnugh major lzad time reductions. No less important |s the reduction of forecast
errors via better mcdalling : : _

Tha appraach recommended therefore is to conduct the inventory analysis in terms
of Enventary investment and workload, rather than in terms of order cost (see
details in section 4.4},

Load time reduction and inventory models are discussed ir: Sections 3.2.2 and 5.



318 _SHURTAGE cos1'

' "fhe costs involved in. astablishm tha shortaga cost are all the costs lncul'red- U

o ___when stockouts take place. - | g
'-_:The manp shortage cost includes the followmg

'1_6_- _:.The attendant costs of expedinng ‘and fascheduimg. Higher Fates. afa pald for'_ "
| overtime of wremisny 1 pa:d to subcontractors (agents) in nrder ta axpadits -
' emergencv orders o : _ R

o P-'-'_The cnsts mcurrad when pafts have 1o be a:r-frelghted fmm uverseas -
o suppllers ingtaad of normal sea«fralght sh:pment. : '

e ‘The oost lncurred whan patts manufactured in Suuth _Afr:lca hava to be
o imported from thi parent company. ata higher unﬁ: cost. o _

© Tha costs Incurred “due to loss of sales, especia!b; of. parts suppifed bv' L
. competitors are hlgher than ths profit loss on the parts 'thﬁi' are. nut of stack,- I
o ginge the sustomer might cancal tha whoie nrder. : o .

an- addnﬂon tor the measurable costs thera ars some nsbulcus costs that cannot
‘be- measured In rands and gents. For example, the loss of goodwill ang
reputation and the loss of market shara %oth play a major role when deciding on
the company’s strategrc piannmg, and on the inventory uontro% system in
_ particular. - _ . _ .

: From the customer*s point. ot view, . shortage msts depend mam!v on time: Iost _
- for prnducﬂan in the event of a breakdown,

The cost mvolved in loss uf truckfbus runmng time !s approxlmataly R3 500 per L
day. - : _ _ '
The criteria“f'dr estaﬁlishirig shd'r'taga costs are as ollows: ]

0 Addmonal costs mcurred fm‘ freight

For overseas suppliers these costs are on avernge 15% of the SKU cost, but
for focal suppliers these cases are minor. . _

.9 For expeditmg tha manufacturlng process, there is an additianai cost of
between 10% and 20% of the SKUs value, 1.8, an avérage of 165%. For
- overseas suppliers thare are no charges.

® For loss of sals it Is recommended that 10% of the unlt cost for thosa SKUs :
: supplled by the competitors be added, i.e. a total of 25% of the unit cost
- {which is the average gross prefit margin on those SKUs). For nther SKUS the
total shortage gost wi!l remain the samg {1 5%}, - o

PP, [SADR -
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HE?LEN!SHMENT n.maj TEME
ovemaw

' A stonknut can only ocour duﬁng perlods when- the mventorv t‘m hand na luw. '

 The decision a5 1o when an order should be placed will always depend: on haw

* ow the inventory level siiould be allowed to fall, 86 that the expected number of

- BKUs demanded during 2 replenishment Jead time will not give rise to a stockout "~ -

" 'more oftan than a specified nymber of times, Replenishment lead tims is defined
<. a8 the time that elapses from the moment it is decided to place an order until the -
- ‘ordered  items ore physically on the shalf to meet customer damands. The

“symbol L7 will be used to denote replenishment lead time. As suggested by -
-7 Silver and Peterson' (65), it is tonvenient to thmk of tha laad time as haang

) B

: made up of four distmct t:ompmnents.

R

Admintstraﬁve ﬁme bt the stacktng point {order praparatirm tlmae)

o Thus is the tima that elapsas trom the murnant when it is decudvsd to place tha_ )
: jorder until the order is actuai(v transmitted from tha stockmg pcﬁnts '

“This stage includes the suggested ordar size evaluation and the order

. compliation, For bulk orders it takes from 3 to 4 weeks. Daily orders are
. compiled during an ausraga of two davs, and Vehicle of the ROad {(VOR}

orders ks one day.

: Transs:t tirne to the supblier

' This may be nsgtigibls if the order Is placed electronicallv or by teiephone, but

transit hme can be several davs if a mamng svstsm Is uged, .

For bulk ordors tha company uses the post. I the RSA this takes up fo vne

week and Overseas {mainly Germanv}, one to two weeks,
Supplier laad time '

This time constltutés the primary varigble component. Its duration is

‘materially infiuenced by the supplier*s stock situation when the ardet arrwes.'

- It also inciudes the transit time back to the stocking point, -

Dz -

-As alreadv mentioned, the company currently uses the tead time determined :
-bv the suppfier for camputing the suggesied order size. .

Time fre. 1 Ordar rsceipt until the stock & available on the sheif N Recelvmg

time.

his. time is often neglected whan it shauld not be. Contribuﬂng factors'
Inciude inspestion and cataioguemg.

Corapany policy allocates three weeks for recetvinq goods, with tha following
activities: _

. Chacking and géenerating a goorls received voucher {GRV)
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Data capturing.

" The records analysls for the peraod Januarv 1993 to November _ 1993 °°“°em'"9

3.2.2

3.2.2.1

the above activ:ties for buik ordera 53 summarised in T‘abla 6

TABLE 5 o
summm. r m= ENTEBNAL LEAD TIWIE Acnvmes L
D 'AVERABE _ smmnmb SRR |
AgTvITY - - [ TIME - | DEVIATION | TOTAL |
.. oaysi | pAys) [
Recelving and bmning o sa ] 28 | ez
. Data capturmg by computer 4,9 26 | 15

The abave ﬂndings mdicate that tha current Iead time allocated io tha abavae acttvitlas_
by management exceeds the actual average Iead time pius tha standard deviation by
33%. . .

The data-capturing actual lead time is too long and is not acceptabta in this tvpa of
environment. The above table suggests that entering the data in the computer s

) mote tlme-consummg than the physical receiving and binning of the parts.

The cumulative frequency -and fraquencv distrihutlon of lead- tlITIGS for  the
raceiving/blaning and data-captunng activitnes are representad in Disgrams 10 and 11.

REPLENISHMENT LEAD TIME FIEDUGTION

As statad under 3 1.4, the inventory cost cnuld ba significantly reducad ‘through Iead

time raduction, The replenishment lead time is combined from the sompany {mtarnall

lead time L and the supplier lead *ime L,

!NTERNAL ICDMPANYI LEAD TIME

The compa_nv lead tima L., c_ampr:ses -

°© order cpmﬁilatioh - 3 weeks:

° order recéiVmebfnning and data capture « 3 weeks '_

@ rgview period - 4 weeks,

it is recornmended that management r'ed'Ucé ths internat {ead time as follows:

PPy . (BARA
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o Ordet’ comgailatlon 1 weﬂk

. m»

,?..

through lmplemaniaiiun af the following racummendatwns*

. ...“

' 1mpnrtance {numbar o‘f iine items and valua of svtock supplied}

:échadulmg tﬂlght, trucksl and arfangement.. with suppl;ers.

o ﬁacawmgfbimmg and data-oapturlng Isaﬂ time “ 1 waek
S

e e TR

. ' R
A

~ butk orders by improviniy administratian:flows and procedurgs.. C‘urrentiv 90% of
the' orders receivad are bﬁmed and th dua captured on'the sama day.

datawcapturmg and binning

| ""-3;2;2.2 SUPPLIERS’ LEAD TIMES.

o Ta measura sUpphar Iead times. the foﬂnwmg shnuld be carrlad out: - |
o Dsf‘ne nrdermg (transmit) r.late pur S,KU '
o Dsfme receiving data per SKU :
The suppller's !ead time Is therefore the recsiving date minus the ordering date fear

- SKU, Since the company held records of orders for a largs number of SKUs per
order, it wag unfortuniately impossible to guantify the actual lead time per SKU per

- supplier. Therefora the following sfeps were carried out to calculata the suppher lead .

time per orders

A studv was carried out o' the lead umes uf tha mzin sunphers af the carrpanv '

which, according to the oruers placed during the last two. yozrs, suyphad BN% of tha
line items and 85% of the total stock vatua, o :

9 The supplier lead time data ware entered ln the comoiser in the invantury sactmn.
For each order, the transmifted date to the supplisr and the receiving date were:
resorded, The suppher lead ttme was than calculated as fallows:!

Supplisy lead 1me = receiving date ordsr transmlttad data to the subplu‘ér for the
: first two el verles made to the company under the sama order number.

The average and the standard dewations were caleulated for each deliverv.

IR L 1SADR)

'r‘ha suggme:i ordér renort is not- gonarated at onge {béglnning nf 1he month) .
- bt during the weel pef supplier according to. buyers® workload, ths supply .

YA alvsus of the comparw records tar :tha laSt twn years indicated a one-week Iaad

Tha intmducﬁan of a bar node w&t&m coulr'f furthar reduca tha tlme davoted ta- o

A ‘saving of-twa’ weeks on the trme allowsd for this aoﬁyitv can ba rachlaved R

:Spht the «repart betwean tha invantorv ﬁlerksfbuyers accordrﬁg tu suppliar;__-;__-l

Tma sifmt should be to r‘&\duca :ha data-ﬁwpmring Iead time to less that one. weak' for_ R
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. Tha suggested supplier Iead time was calculated as foilows

- Supgested suppllar losd time = lavaraga first. de!lvery Iead teme + a) X 0 75 +
. {averagé .. deiwery lead tame + o x0,28. .. S

.-_-_Whera e | | |
| o= STD lf STD O 3 of average delwerv lead time - .
g= 0 3 of avarage deliverw.r iaad tlme sf STD > avarage deiiuery Iead tlme. ) B
:: § :The fallow;ng points should be nated . _ B o
. 0 The above formula assumed avmlahuhty of the 100% items wtthir: two shlpments. 'f' 3

e Abncrmai lead times wsre excluded from tha straam nf data on whnch the avarage
anﬂ the STD WEIG calculawd ' _

_ _Table 5 summarises the. average suppllar Ieacl ﬂmes, the standard dawat:r.\n a_nd tha ' B |

| '-suggested supplier lead tlmes for the mam lncal and overseas suppliers

: : : ‘I"ABLE 6
SUGGESTED LEAD TINIES FOR USE IN PROPDSEEJ li\!\fENTORY MODEILS

. ACTUAL LEAD TIVE | PROPOSED LEAD TIME ~ SAVINGS
. SUPPUEB o mEs [ ;wasms; S| weeksy |
MAN I ' "_24- B 20 4
ADE : 14 1 7 7
ASTAS S 28 - 29 -8
DIESEL ELECTRIC : 16 . 8 7
SACHES BT R ; 33 3
KARL SCHMIDT 22 19 '3
BALTMAN INTERNATIONAL | - 22 - 19 3
| KNORR BREMSE - 20 14 6
| PROFOWER 24 - - 12 12
FAG . | N 17 g
“ZF OF SA | 14 7 7
| RFS | S 18 12 6
Givco . . | 22 8 8
ELERING GASKETS | 22 . | 18 3
| KILBER: e : 1 ] M 7
| REINZ . _ 22 " 11
DONALDSON e e 4 18 8
BOSAL S .22 - 13 8
GOETZE 1. 22 - 1% 11
OTHER - - 2 | 17 3

The abova table indicates the following:_

@ Substantial savings on supplier lead times can be achiaved.
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' _""_’:_Tha companv 5 slowest supphsr is ASTAS, whosa lead tima i far Ionger than .
- originally promised {43% longer). -Marsover, the deviatinn on: this lead- mme ls o

axtanswa, which Indicates low rellabilit\f.

?”Substantial savings are poss;ble on the lead times far the supphers Goetze {a o
- teduction of 50%) hecaug.e thev shipped by alr frsight and !ang lead titmes were . 0 -
' 'allocated to tham, _ . .

- _-'Tha quantified savmgs af the lead t!me reductfon are dfscussed in Sectin 8. W‘th
referenca to the lead time study results summarised in Table B, it was recommended _
%o managament that the company taka the following steps irl tha short to madcum' Lo
- term: _ _ P

o '_ Use the suggssted suppliars‘ lead times indlcated bv the study ln the proposad :
Inventorv modef . S .

B Mamtor aach order for each suppher as instslled on the camputsr in the invantory

. department

° Check the avaliablllty lsvel of fine itams in gach shtpmant

3 Update the. suggested lesd ‘times unce a year accordlng o actual suppllar

performance

- @ nvestigate anv wregulari'aes in tha lead timas of the rnam suppnars, ghe . ‘iEse

Qoour.

In the ana term the suppller Iead timeg shourd be moniton. par SKU Tha folluwing '

- data should be collected and processed as fo!!aws-

© Supplier lead time |

. Avarage Idays} _ _
. Avarage demand during lead time
. Standard deviation of demand during lead time.
This way of processing the data Is very smportam for future use in the proposed"
inventorv mndeis. '
DEMAND PATTERNS

Naddor"“ {21) regards demand cmmpcanent as the most impnrtant ot the proparties of

©oan Inventory svstem.

Inventories ara kept so that damands may be met, nrders filled, and requiramants
satisfled, Generally, demands ¢annot be.controlled dirsctly, and in many csses they

" cannot aven be controfled indirectly. Dernands usually depend on dacisions by penpile -

outaide the companv with inventnrv problems.

185:08)



o -_43...'..-: o

o Althaugh demands themselvas are generaliy not controllable, thesr pmperties mav ba_ =

:.';stud:ad Tha followmg questions regard!ng demand may. ba askeﬂ* AR

S When do customers place thelr orﬂers?
Cole What is the orﬂer s:za? : |
L “ Da we hava anformatnon for futura requlrsments?

Coe R The foﬂawmg are impnrtant factorsipropertins mlatmg 10 tha demand patzam fo. an s
o citemr S . o

e Variabihw
“’ S‘easnnallty
- _0 Abiﬂty toforacast . )
: __"._0 ’l‘he staga In the ln‘e cycle of the prnductfimm. =

Ths above uropemas are sigmﬂcant in the calculaﬂan of the invantorv paramatars'
S and therafora thay affect str:ck Iavels N

"~ The demand for SKU& and the salacth:m nf an appropnate inventarv model are' -
N diseusaed in Sac’clnn 4.3.5, : _

4 iNVENTGRY mm‘m&. svsmm LHTEHM‘URE suww

41 _ DIFFERENT DEF!NITIQNS QF STGCK LEVEL
o fis useful to categorise mventoriea cunceptually as follows'
o On-haud stock | _ _ |
* This is stock that Is physically on the shalf. lt catt never be negatwe, This quantiw'
is ralevant in determining whathnr a partlcular eustomar demand can be satisﬂed
_directlv from the shaif, - _
° et _stoc_k = fon hand) « (bacl& drdérs)z-_.
This quantity can become negative {if there are back ordersh. It is used in some
“mathematical derivations and s also a componant of the foltowing {impartant
definltion. S : . .
o Inventorv position (éo:hatlrh'eé also call‘a& ihe auailable 'stﬁckl_ _ L
The invantorv posiﬂon is deﬁned by the aquation

| Invanmry pn:.itmn = {nn hand} + {on order} (back urders} . {commrtted)

PRt {SAD2)
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. (Jn«ordar stuck is.that stock which has bean requisltuonad but nat vat received by

" the stocking point under consideration. The -inclusion of the "committad” quantity :

in the above equation is basad on not being able to borrow from such stock for =

~ other purposes in the short run. If a commitment is made farther than a

replanishment lead time in- advance of use, borrowing may be possible. The
: inventory pnsitlon is a kay quantitv in declding on when to rapienish N

.o __ Safatv stack

The safety (or buffer} stock is defined as the average level of the net stock just

* before replanishment. If it was planned to just run out, on average, at the moment

when the repienishment arrivad, the safety stock would be zers. A positive safety.

'on what happens to demands when there isa stﬂckout.

'CONT!NUQUS VEFISUS PERIOD%C REVIEW

_ -The fundamental purpose of a r_eptenishment uontrol svstem is to prowda answers 0

the fonowing three questions.

o How often should the Inventory status be determlned?

e When shouid 4 repianlshment order be placed?

° How Iarge shou!d the replenishment order be?

The snswer to the questlon How often should the inventory stafus be determined?,

" stock provides a cushion or huffer against greater-thar-average demand during tha = N
effective replonishiment lead time. The nurnarical value of the safety stock dapends'

specifies the review interval {M). This is the time that elapses between two -

conssoutive moments at which & is known what the stock level is. An extrems casa-

is where there is contmunus review, i.a, the stock status, s always known,

With periodic review, 8s the name implies, the stack status is determined only every
R time units, Bstween reviews thera may bs considerable uncsrtaintv as tu thg value

_ of the stock Iaval.

ADVANTAGES AND DISADVANTAGES OF CDNT!NUDUS AND PER!ODIG REViEW

SYSTEMS

ltems may ba produced on the same piece of equipmaent, purchasaﬂ from the same

supplier, or shipped In the same transportation mode, th any of these situations -

coordination of replenishmants may be attractive. In that case periodic review is
particularly appealing In that all tems in a coordinated group can be given the same

review interval {for exampls, all items purchased from a particular supplier might be -

scheduled for review every week). Periodic review also allows a reesonable prediction
of the lavel of the workload on the staff involved in issuing replenishmient orders. In

contrast, under continuous review, a replenishment decision' can bs made at

practically any time; hence the load is- iess pradictable. A rhythmrc ra?har than a

' random pattern usuahv appeals to staff

E!A:b:n
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Another disadvantage of contlnuous review is that it is generauv miore expanswe in -
terms. of reviewing costs and reviewing erors. This s particularly . trus for -
.fast-mavmg ltems whete there afe many transactions per unit of time. Moreover, for -

gxtramely slow-maving items, very fittle costs are incurred by continuous reviews

- because updates are only made when a transaction ocours, On tha other hand there

is the anomalous condition that periodic review may be more éffective. than

- continuous review in detecting spoilaga {or pitferage) of such slow-moving items, in
‘that petiodic. review forces an occaslonal review of the situation; whersas in
- transactions recording no automat:c raview wm take place w:thout a transactmn_

aecurring

_ ‘The ma;or advantaga of cont{nuous e w 15 that, 1o prawde the same leval af_- _
. ‘pustomer service, it requires less safaty .tock (hence lawer carrying' costs! than does
‘pariodic review, This Is because the period over which safety protaction is raquired s

langer urider periodic raview (the stock level has the opportunity to drop apprecleblv -

- betwean reviews without any reardering action belng posssble in the Interimj.

The currant inventory aystam employed by the companv ls a penadic revaew system _

- with g review pariod of four woaks. .

: The reasons fur the use of the perioduc raview svstem (apart fmm the perladrc rawew-

system advantages outlined above} are'
oA long tlme for evaluating and cornplhng orders - appraximatslv 4 weaks

% Some suppliers .accapt only-monthiy.'prdars.

“TYPES OF INVENTORY CONTPOL SYSTEMS

There are a number of possible control systems. The four most common ones and a

brief outline of the aﬂvantages and disadvantages of each of the systems are
discussed below. . :

- ORDER-POINT, anosn-aumﬂw ls. 0 SYSTEM

Thls systam invoives contmuuus review (Lo, 8 = O} A ﬂxed qusntxtv Qis orderad'

. whenever the inventory position drops to the reorder point s of lower. The inventory

position, and not the nat stock Is used to tripper an order, because it includes the

- an-order stock, not yst received from the supplier. In contrast, it the net stock was

used for ordering purposes another order fight unnecessarily be placed today while &
large shipment was due in tomorrow, To use the. system, it may be necessary to
adjust Q upward so that it is appreciably greater than the average demand durlng a

- {ead timse.

This is a simple sy'stenr'i; 'particuiarly in the two-bin form, for the stock clerk to

“understand, A fixed order quantity also has advantapes in terms of fess Jikelihood of
arror and also predictability of produgtion réequirements on the part of the supplier.

One disadvantage of an (s, Q) Is that in its unmodified form it may not be able to
cope affectively with the situation where individual transactions are of appreciable
magnitude, In particular, i the transaction that triggers the replenishment In an {s, Q) -

system is big encugh, a replenishment m‘ sive a will not even ralse the inventorv -
posltion above tha reorder pmnt. -

[sADd
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This is a3 simple systam, pamcularlv in the twa-bin form, for the stock clark tu' _
* undarstand, A fixed order quantity also has advantages in terms of less likelihood of

error and also preductabul:tv of praduction requirements on the part of the supplier,

" One dlsadvantage of an {5, Q) s that in its unmodified form it may not bé able to

effectively cope with: the situation where individual transactions are of apprecuabla.

magnatuda, in particular, if the transaction that triggers the replemshment inanis, O} =

system is large snough, then a replenishmeny of size a won | “t even ralse the

: mventorv pomtion above the reorder point.
| GRDER-PO!NT. oaam UP»TO-LE\!EL (s, & SYSTEM

::Thns system again involves cOnunuous raview and a replsmshment is made whenever
the inventory position rdrops to tha order point s or lower, However, in contrast to

the (s, Qi svstem, hére a variable replenishment quantity ie used, with snough being -
ordered 1o raise the- invantory position to the order-up-to-lavel S. )f all demand
transactions are unit-sized, the two systems are identical because the replamshmant-
raquisition will always be made when the inventory position is exactly at s i.e. in this.

. casa $. = § + O, As soon as transactions are bigger than unit size, the replanishrent

quantity in the {s, S) system becomes variable. Figure 4 fllustrates the difference in

the behaviour of the two systems. The {s, S) system is frequently roferred to as a
min-max system because the inventory position, except for & possible momentary
drop below -the reorder point, is always batwean a miniswm value of s #@nd a

maxlmum value of S.

“The best s, S} system zan be shown ta have total costs of rep;enlshment, carrvlng

inventory, and shortage no greater than those of the best {s, Q) system, However,

- the computational effort to find the best (s, S} pair is prohibitive, except perhaps
‘where we are dealing with an item where the potential savings in the aforementionsd

costs arg appreciable {l.e. an A item). A possible disadvantage of the {s, 8) system is
the uvanger of errors in _requisitioning, among others aperations, caused by tha
vanable ~der quantity. . _

'PERIODIL-REVIEW, ORDER-UP-TO-LEVEL (R, 8) SYSTEM

_'This system is also known as a replenishmant cycle systam, The control procedure is

that at every R units of time (l.¢. at each review) enough is ordered o raise the
inventory position to the level S. A typical behaviour of a periodic varsus a

~ continuous system is shown in Figura 5.

Because of the perlodlc review property, this svstam is much preferred to. order point
systems in terms of coordinating the replenishmants of related items. In addition, the
{R, S) system offers a regular opportunity levery R units of time) to adjust the
order-up-to-level S, a desirable property if the demand pattem is changing with time.
The main disadvantage of the (R, S) system is that’ the carrying costs are higher here
than in continuous review systems.

(R, 5, 5) SYSTEMS'

.' This iz » combination of the {s, S) and (R, ) svstarris. Thé idea is to check the -
inventory position gvery A units of time. If it is at or below the reorder point s,

enough Is ordered to raise it to S. If the position is above s, nothing Is done until the
next review, The {s, S) system Is the special case where B = O, and the {8} Is the
special case where § = S - 1, Alternatively one can think of the (R, &, S) system as
a pericdic version of the {s, S) system. Also, the (R, 8) situation can be viewed as a

periodic 1mplementatlon of {s, S) with s = .S‘ 7.

. SADZI
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St has hsan shown that, mm qtiite. genieral assumptions uoncern!ng ths demand

. pattern and the cost factors involved, the bast. (R, 5, -8) system produces a lower

© total of replamshment, carrying, and. shortage costs than does any other forny of =
_syster .. This ‘system js morg difficult for a clerk to understand than some of the

: :prswu'lsiv mentioned systems, (H, s S} svstems are found in practice whare R is;.;. -
salected Iargaiy for canvemence. L . _ .

a4 ._SELECTION OF. APPRDPRIATE lmvsm"ronv comam
. SYSTEM-DISCUSSION

| The appropnate inventorv control system far tha type nf operatnon of tha company s

© a periodic raview systemt of the order-up-todeval (B, S} typa ‘This system is: B
. advucated because it halds the fotiawmg advantages' : ' o '

_ Q. A periodsc revlew system allows cnurdmatlon of SKUs- that ‘ghare the same-"
-+ supplier and the samg wansportation mode by setting the same revieyy interval, -
' -“Thus empfaving the (R, S} system wifers the following penefits; . _ :

- _'-'EaSe of scheduliﬁg cnordmated handiing of a vendor group of n“ms facmtates '
- the scheduiing of buyers ‘time and the receiving {and mspaction} worklnad

- Savmgs on ordering cosns - extensive lists of cternq are placed on the same_
- 'order : _

o - Savings on unit transportatioﬂ COStS,

'_ 9 The R, §) system’ is famifiar to buvers wnd Intultwe!y understood In fact, by and
large manags’3 And purchasers alike tend to thmk and deal in terms of vendors or’
- suppllers rather tharl mdu dyal SKUs. . . .

- @ Net all the ¢irrent companv supplfars are gaared to handle orders ona continucms'
. -basm. oo _ . : o

© Continuyous review Iappllcable A7) fast-moving items) is more: expensive to run, and
perlodtc revigw offers savings in raview costs, :

% Periodic review is more eﬂ‘ective than contmuous review when deal!ng W|th

' slow—moving items, from the point of view of detecting spoifage (or pilferage).
This is because a periodic review system forcés an ccocasional review of the
sliuation, whereas with the wansaction reécording employed m continuous ravlew,- '

: no revlew takas piace unless a transaction ogeurs.

The main disadvantaga of a periodic review system s _t’ns Increass i average
Jnventory levels. In order to minimise this, it is suggested that the current review
period of four weeks be reduced to two waeks. Figure 8 shows that with a
two-weekly review system, the effect of holding more stock and the danger of
stockouts are very minor when the replenishment lead time is quite long (more than
sight weaks), Whlch is the casa wuth tha majority of Iina items.

_The notation to bg used isi s = Re order point; Q = Re order quantity; S = Order-up-to-lavel
{maximum on hand quantity} - - - ' '
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' "_Cutzing the review penod to two weeks is axpected to result m tha faliowmg.

o o :_The numbar of bulk orders will be doubled Therefore there w:l! be 1 502 orders"'-_'
L per annum nnstead of the 751 surrently complled .

® The number of daiiy and VOR orders will bé reduced by 25%. Therefore 75% X 3 o

916 =2 93? orders,. or in nther words onlv 2 937 ordars, wﬂl be compaled

i :_Moraover, 2 further reductzon I expected 10 nccur W|th better modeii{ng S
D _{prcposed inventqrv modals}‘ . L _ B

o ?’j’ _The current buik ordar size {number of Slf Us par ordar) d:smbutiun wu!! remam the S
game, .. - . _ _ SNSRI

. Tha handlmg of nnn-buik orders wnll reqmres an additlonal receive? when more than
o 4 000 orders are recewed per annum, R : _

. ® | Buver ut:lisatian cn 60% of the available buver tzma will bha around 71 %

_ The expecfed buver uul:saﬁon calculatlon fcsr a twn-weeidv re\uew svstem is o
- presanted in Append'x 17. ’

Smca the vaﬂable costs attributable 10 manpower rasources wnl! not incraasa C
{imainly due to the under—utﬂisauon of tha manpnwer resourcasl, no increase in ;

. urder cost is amected. :

Other var!able costs (transport, phonea. maui, etc] are expected to rernam the'_.'
same or to decrease snnce the number of daily and VOR ardors. will drnp. ; o

Moreover. the margmal cost of selectmg 8 continuous raview system will raquire an '

" additional buyer at an annual cost: of R70 000 while the marginal carrying charges of

the. periodic review system.{R = 2 waeks) amount to only R99 900 per annum. The
above lower cost favour the periodic review system, This is also indicated in o paper

presented by Donaldson®® jn which he states that when the supplier lgad time i

longer than the review period the permdic review svstam generates the Iowest totai
gosts. _ . '

- Diagram 12 depicts ordenng costs as a function of the numbar of arders p!acad with

the proposed two-waekly review system, The proposed overall cormpany lead time is
therefors three weeks, A detalled breakduwn of the tost involvad ig presented in

.Appendtces 18 and 19,

The recnnmandations set out above wilf rasult in an Internal Iead time reduct;on of
seven wegks. This does not mean that the total replenishment lead time wili be

* reduced by severn weeke, since thrae to four wesks of the ten waeks' company jead
. times currentiy in use are bulit in to cover for varinbility in demand patterns and

suppluer lead umes This vanabuhtv is addrassad in the prOpQSed inventurv modets

{6AD2)
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: -""_"Lumpv or sporadic demand patterns with highly skowed distrlbutlons sre common in .
parts and supplies types of stockholdings, and much of 3"3"5':"3 mventory cortrol” -

Si(U MOVEMEi\.T CATEGORY (‘LASS!F!CA’H@N AND ‘TS

APPROPR&ATE DEMANQ FHEQﬁENf‘Y D!STREBUTIUN

G methodology is not appropriate for such itams.

- 451

IFP-2 .

‘Where -

n .

-The followmg are two of the baa:c problems in inven*ory oontroi-- -

: 2 The olass;f{i:ation of SKUs - mto movement catagones namely. slow"moving,.'

fas *-movmg Ismooth demand). and sporadacnumpy domand patterns

o Fmdlng B frequenov dsstnbutlon that adequa’caiv rapresen‘ts tho frequencv"' '
distﬁbuﬂon of demami : _ _ . e

~3KU CLRSSIFIGATION

_ An intarestlng approach presented bv W‘IImrm;“*1 based on an- tdea by Donaldson is .. ._
cailed variance " part*ion, used to classify SKUs into movement categoriss. The - -

variance partition attempts to split the variance of demand during the raplenist nént

- fead time {var (X mto its oonstltuent ceusal parts. The varianoa part:tlon equatiorz is

as follows.

_ \_{gr fX_L] Co= XL Var{n} + n!_ Vartx! + n2x= Var {L> wh:ch cou!d a!so, lmprsclsaly,

bia axpressed as :

Var (X) = 'vananca due to n+ vanance dua to x + variance due 0 [.

i1 -

average nurnhor of ordors arrwing in suocessl\ro unnts of ﬁms {week.
. month)

. Varln) = varlance of n

X = average order size

Varix} = varlance of x

L '-—.-_avorag_ Jead time

Varll) = Gariance_’ of L

" The above equation is made dimensionless by 'wr_it_iog' it as

e,

cr

O, = e b e 0

L_.'-"nL

whers

€x = coefficient of varlation in the distribution of order size -

Cn. = cosfficlent of variation in the distribution of the number of orders

= '-'c_:oef'_ﬂciont of variation in the distribution of lead times

(ShD2!
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'_L‘xL coefflment ‘of varlatson m the dlstnbution of demand durlng the-' '

replenishment Iead time, -

. 'Assume the nmrnber of demands {orders) psr unit tlme {n,t is Pdisscm wutﬁ mean y.- BRI
_ Then the abave equation can he expressed as ' : o

TR

If th lsad tima is assumed to be constant, so-"th’at var(l} = O,I.thi_s"éimplifia'sﬁ-tD -

1 .c’-x'

'm-. - on

) The Sl(U cari now be classufled by the 3|ze of these two components. wh:ch are -
o both dnmensmnlass' :

1

: = reprasents tha average number of 1ead times betwesr: demands
ML : _ o . _ o
_ t:*x:’pL _'-= this ratio expressf.-s the "lumpiness” of the demand

Williamstet lndnca'ced in his paper that when ‘these paraineters were evaluatecl for -
sach of the SKUs, it was observed that the "non-sporadic™ products tended to hiave

" low parameters, the "jow-sporadic” products had a higher iul but st @ low C* N/
-and the "high-sporadic® products, while being more scattered, generally appeared ta

have = higher parameters. - This two-dtmensuorzal ~_measurement suggested  a
classiﬁcatian into five categories: ) : :

C’-xfu;_'
o 0B
- 0,7 L.
_ D
2,8 .
wherea: |

categorv A= “low—spuradicity SKle or BKUs with- a smooth“ demand. nurmailv
fast—mowng items: _

category B = a high ll,u;_ {mean number of Iead tlmes batween demands}, _
corresponding t0. slow~muwng SKUs : :

o BADG
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' .categorlas dre as fo!lows. S

s _'_catagories c and D, = SKUs with frequent demands of widelv vawmg sizes e

R __ cateporv I&, = highly sporadic’ SKUs namaly SKUs with vary faw damands but. wnth .'
~high size magnitude. The parameter rangas suggestacl bv Wil!!ams fnr the drfferent

E Some other sele;:ted deflmt?ons 0 ciassrfv SKUs into movement categones offered bv

© the literaturg, are listed b&low’ o

L .Fas_t-movmg SKUs

_ 'Archiba'ld, Silver and' Petai'son“’i suégest that SKUs be 'classﬂied Inta fast-moving
. category when the demand during. the replenishment lead tirme (X; , ) is greater
than 10 units, while Heyvaert and Hugghel suggast that X, . s should be greater

' than 15 umts. .

° Slow-moving SKUs

| cATEGORIES. | . PARAMETERRANGE =~ | CLASSGATEGORY |
Dz _. . 3 Sporadlc o
oot saes o Sxses |
g e
T e Slow-maving
fo - Ao
CALCD o, e ~* Smooth
1 eor . Srcos |

Other deﬂnmons offared at the Operational ‘Ressarch SOCIGW of South Afnca'
(ORSSA) Confarence of 19)9 : _ _

-« Nao usage for the Iast 12 to 24 months

- _The on—hand quanuty Is greater than twice the annual darnand

- The reorder. quantlty is1 and x,_ on =

- 'Monthly usage of les~ than two units -

= X,_,a <5 units
- 04 <X, <10

- 08 <R, <15

BAD
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'.semc*rrom oF aur.e m cu\st SKUs nmo mevemem cmmnmes .
DISGUSSION :

" The euthor pmposes to use the average demand durmg the rsplenlshment lead tlme'- SR
(S Bs ¥ criter;on to. clesslfv |tems inta movement cateqonea far the followmg e

. reesans.

A Iarge nhmber of mvemory models usg the avaraga demand and standard' E

“‘deviation of foracast srror during the replenishment lead Yime to calcuiata the |

: -_contro! parameters, namely the reorder peint, the reorder quantlt\r and safetv.

0 “x,_m ranges are adequate crrteria te classﬂy‘ uterns mte movement cetegcmee _' Ce
- lespecially when desling with slow—moving rtems) based on extanswe testing_ R

[ -_carried out by Archrbald“"

4.8

PR2 .

o The ehosen ranges of average demand durmg the replenashment Iead tlme im units) o
Cto classrfv SKUs into muvement categoraes, are 45 fntlows* e

0 Feet-moving SKUs }(,_m > 10

o Slew-moving BKUso 4 <K g 10-

o - Vary slow—mavrng SKUs XL,R = 0,

- The sporad‘ ¢ - nature of damand and the frequency of damand dunng the
- rep!enlshment lead tire are discuased below. _ S _

. FREQUENGCY E}!STRIBUTION OF DEMAND DUR[NG
| REPLEMISHIMENT LEAD TIME

One of the basic problems in mventerv'coht'foi is to find & frequenw disfrlbUtlon that
wnl adequatelv represent the cbserved frequency dlstrlhutlon of demend for ar item.

As mdrcated by Burs;un“*"'l in the field of mventury contml of flnlshed go::ds it was
found that the cbserved frequency dlstributlons crf dernand have the followlng general

; charactenstncs.

9 They exlst only for non—naaatwe values of derrand

% Asthe mean dgemand of rtems mcreases, tha observed dlstributions nhange from
' _- munotomc. decreasmg 1o | -
.- ummodal distributions heavr!y skewed. to the right, and finallv tu _

- norrnal typa distributions (truncated at zeroi

. A statistical frequencv dlstribution with these general characteristlcs therefore has to

be found.

8ADZ)
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S :A survev “of the iuteratura or: mvento;y centroi sho\ws that. of the continuous'__‘_'
< frequency distributions, the two that are mostly used ara the normal and negawe'_-; B
o _-_exponent!ai, and the Pmssan for the dlScrete frequsncy d:str:butiun : T

_ :-_The properues of somé of the freqdeney dlst!‘!bl..tlorl funct:ons and meir adequacy ta . |
represant the demand dunng the replenishment !ead time arg. d;scussed below, S

| NnRMAL msmlaunom

N -hNorrnal ddstributlon s undcubtedly the most |rnportant smgle prnbablllw distnbut;on in' B
- dncision rules ‘of production planning and invenfory ‘mianagement, as well as in -
" gonoral usags, of probability {particularly in the area of applied statistics). “The = ..
© . properties of normal’ dismbutlon, particularly . those needed for the decasuon rules
.-prasented m Section 4.6 are dlscussed baiow. _ '

. K Probablhty denslty functiun _'

The probablllty t‘iensitv functron (pdfl of a narmal variable X wnh mean X, and o
standard deviation a, s denoted by e

ot (x}-—' A expl- (x, - x)a!2a“j s ex < w @aT

«[2:7

A typlt:aI s’ketch is shown in Figuré 7A. This is the familiar bell-shaped cutve, As the
L mandard dawatlnn 05, decreases, the di strlbutmn tightens up around ‘Ii'lB mean vaiue R

e ﬂﬂomm

The mean E {x) and standard devlatmn o, are alsn prasented bv the average X and_
standard deviation 8TD of the data sat. o . :

STD = xeom% 83

A very ‘spsecial tase of normal distributron is the ong where the mean value I 0 and
the standard deviation is 1. We denote this variabla by u: :

f{u)—-'dz axp(-uem cu{u <§o "(54;_.6.41

. with"E'{u)" oru = O and o = 1. This pdf is shown ‘graphically in Figure 748, A

LY

quantity of frequent interest is the probability that u is at Ieast as Iarge as & certain o
value k3 o

b=l = prob m 2= kfu{u} ldu o ues

L exp (- u?/2)du,
-J2 n

. k..

i

v SRR
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_ _ _ FIGUHE m . SN
o ""-THE umrr (on smmmnm NORMAL msmmmom R

- There is no |ndafimte mtegral for 'exp{- x2/2)dx,
_ Therefore, Equation 4.6. 5 has to be numaricaliv irltagrated {The result represents the
. -hatched araa in Figure 7A). pfu = Kkl has been tabulated for a range of k valugs, Unly -
- positive values of k are shown in Appendix 21. If plu = ¥} is needed for a negatwe
o argument, itis claar from the symmetrv of Figure 7A tha't S
plu = K = 1-plu = kl |
. By differemlanng both s:das of 4 8.5 w;th respect to k, we abtain
dP, Widk =40 . @ee

A second quantity of iritarast reIative to productlan mventory decision rules, denoted
by G {Kk} is gnren by . .

GAR) S (u, - kit iy, S 14.6_.71 .
Using a speciai proparw of the umt normal distributmn, namety that .

{uf(u}du -—f{kl o o R 4.6.8]

L4

- {k} = Heplace bv p(u 2k
= {- k) = F{eplace by p{u > -kl .

IFP-2 . BADY)



S ;__:__equaﬂ‘on 4.6.8 can be expnassed as .

--':_.':'_:._3.6{k}-ftk) Kk BTN ‘4*69’

Appendu: 21 aiso shows G {k) asa function of k !t can also be shown that

G, G{k} ko {4610}

";__Diffarentuating hoth sndes of F‘-;uatuan. 46.7 w:th respect to k and agaln usmg ttte
- aforementianad thaurem, the result is o _ ST

The disadvantage of the normai d:stributmn wnth regard to the desured characterisﬁcs. o

S _menﬂoned above arg:

A is deﬁned for - e 5 X = o The ouncept of neganve demand is unreahstic in S
._'tha casg of inventory control - although a possible interpretation would be -~
- -gustomeér veturns. Truncating the distribution .8t zero to remove this dtﬁicultv'_
: *greatly incraases the mathematlcal complexity in subsequent work o

o Because it Is svmmetrma! it is only adequate for reprassnting the demand of w&ar\flr :
. __fast-morwng items. o o

Silver and Petersont indicate that it is adequate to use the normal’ dnstributlon to

represent demand during the repienishment lead time whan the coefficient of variarice

of the demand during lead time lcoef, ) is low, Empirically they recammend using -
the nurmal dlstributlon when coef,_m < 0/5. - _

48.2  POISSON msrmsu*now
° Prabab.luy mass function '

A Poisson variable is an exampla of a dlscrete r;andorn variabla. Tts probabllitv :
. mass Tunction glven by ' _ _

ch}=Prob(x—x1=axv'e-=;xl L X, =01, 2. (4612}

where ais the single parama‘ter of the dlstrlhutlon. That Is the parameter a is tha .
maan of the distrlbution whiie the standard deviation is given bv tlia reiatian '

o = a

- Empitically the Palsson dsStrTautlon has been fnund to provide a raaso'*lable fit for
the distribution of demand for stock items having low average demand rate. For

_ slow-moving items, it is important to be able to deal with discreta units and the
discrete nature of the Polsson distribution provides the tool to deal with such *

items as shown abové, The Poisson distribution has but a single parametar, .
namely the average demand in the context of inventory, Once the average demund
during a replenishment iead time (X, ) is specified, a value of the stan ydard
deviation of forecast error (STD,_,,“}F follows frorn the Poisson relation o

_STDLm “mun' o
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Therefcara, the Poisson dlstr‘butmn is appropﬁata 1o use onlv whan thﬁ actuallv_ﬁ"?' E
- obsatved §TD,,; for the Kem under consideration ls quite ciase to Xu,, An_ S

nperat:ona! deﬁnmon of quita close is within 10% of X,_m

SR 2 P mbabilny Of stoekout L |
B 'Z-. ; Tha prohabllnv (P} of nnt rurming out gf Stock Mth réar der laua{ s 'g S

f e % x,l / ;! | 1=01 23 | (46131 .

o o Mean pnten‘tial lnss of Sales . ' | |
| F“’ "e“"’“ ’3"3' Sthe po'zent:al !ossofsalesLSis gwen ?av
s E (i-s) P, a}
mulﬂplying Equatn:m 4 6 12 by i and dwudingw X We gst =
ﬁ) ] o™, Xoj/ﬁ o S '
: = ex“ Xo}/ﬂ 1)! -
= -"X P 0»1) |

|

O

E XoF’ ([1) SEP 0) _

.

X, ]ZP (11) SEP (,)

. . Ics.
=X EP 0 - i ) o= |
J=s~1 . -_ f_-=s - T L
: = ( ﬁ’ ﬂ) ( i'}P Q)) : '_ 146141

ez . {SADP.
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'“I’he author was ass:stad bv Prof s} Lubmskv from Applled Maths at the Umvarssty af o
__.:_._the Wtwatarsrand 0 deve!ap Equatmn 4, B 14 abovs, and Equation 4. 6.29 for the vy

483 commumn POISSEIN

- Feeney and Sher‘brookeﬂ" Ward"" isee iaefowl, Mltchell, Happiid and Faulkner““ as S
. well as Silver and Archibald"® tested the assumption of compound Polsson distribution = .
- of demhand during the replenishmant lead time. The Compound Poisson distribution is = .-
- the obvious generalisation of the simpie Pisson (i the Poisson case a customer ~
- always demands exactly one unit, but in tha compound Poisson case muftiple’ t:amands_'_._"'
- are possible, The distribution of the tirng i identical batwaen’ batches for the-'
o compound Paissun and betwean demands ﬂ -r the simple Po:sson) S .

o -Ward"” prssants a simple, easnly used regrassmn modal in hls paper, deriv&d fram tha -
.- compound . Poisson - distribution to  caleulaty order ‘points for lumpy items fram_--.
-knowledge of demanid narameters and the- desi red sarwca level.. CT e -
' Tha cbmpound Porssc‘fl is a two-paramater dusmbutsan. With a damand arrwaf rata of y_.'. -
. demards per unit of dme, the average numbel' of demands during an interval | is gl
- Lach demand upon arrival gonsists of ona or more units of the item, the amotnt bemg -
- given by the geometric distribution with- paramete: P The average batch size of the
demand magnltude i 1/(1 ~ p} units. The properties of the resuiting ccmpound P_mss,f.:n R
o distribunon of demand ovei' an Interval of fen "‘Jﬁ'l L are summarlsed as fo!!ows*
Se Mean value, m= pL/fi pl _ |
" ° Vanénce: y = ,uf. r; -l_-.p}/!!-'p}_? o
° -C:aéﬁ?'ﬁeﬂi‘ a?varfé-*fbeﬂ- C={ +'p)/.ut)'”3"
o Ratto of vartance 10 mean; C?m —'f? e p)/ﬂ .of
whera'y > 0 anda sp < !

: The probability R, that n umts ara demanded ina time imervai of Iangth {L) is shown in-
: .Equatlon {4.8, 16} ' :

R o= sl Lo (4.6._'1'51'"'

= {l- p]ff‘* }:_p!la,ﬂm L R X AL}

- tppez . isanat
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The patameters of the compound Polssoh model can be estimated from the mean a_hd
varianca of the observations and thev arg shown in Equatmns 4, &. 17 and 4, 6.18 -

b= tc*m 1mc=m+u A (4‘-6.17!

',u'=' - zmmc=m+1) R L {46181

_ 'Thase parameters can be used o praduce a Compound Poisscm dusmbuﬁon, giwng .
__the probabi!itles of demand occurrences durmg rapienishment lead time L._ _ o

I addmon to the probabihty d:stributnon R ~ Ward““ deﬁnes sevaral ralaled quantltles_ n

asfollows‘ _
T o fen : o o
K= & R=1- ER  a=01,23.. 14819

Iwn‘?i h Iwo- . . . o .

K, = the cumu!atwe probabmty that the demanf.i durmg Iaad ﬂme (L} is grsatar__ o
than n, . _ . .

For exarnple, glven a reorder point af n unlts, the probab:litv of 4 stockout in sach

- lead time is K, 8¢ determineéd from the lead time demand distribution. This. “measure
ignoras whethar the poss'b:b shortage is one unit only or rnarlv :

. An alternate service critarion congiders the amount by which availabla stock may ha o |
gk g ot fillmg requasts durmg the replanishment lead tlrne. : :

S, &  l-mR S 820

Jaunsd |

 The above equation can b rawritten as

lnn~ . ' . N o L
-s =menl-R) + Zfa- Jia : n =1 2,3, .. - {4821
_ S B .
and _Sj, =m
where

S, is the axpectsd value of dernand In excess of n, or aquwaiantly, ths averaqe
amount short each lead time for an order pmnt of i units, :

* As indicated above by many researchers, it is edequate to use the compound Poissori

to describs the frequeney distribution of demand when dealing: with: lumpy items.

‘Howaver, the author could not test its applicability for the current inventory system

since the magnitude of individugl demand ang the frequency were not recorded.

o sADE
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' GAMMA ﬁISTBIBUTION

- As stated bv Burg]n“ﬂ the gamma d;stnbutlon Is not encountarad as frequentlv as_
- one would expent" but its general t:haractenstlcs are as folluws' : S

[+]

. e

i is def'ned onlv for non~negatwe Vall.les

'_lt ranges aonordmg 1o tha valugg’ of a parameter of tha dtstnbutiun t.atiacl the- '

modulus - from a monotonlc decreasing function, through unimodal distributions

_skewed to the right, to normal type distrlbutions {in fact, it includes the nagative
- exponential and Weibult dlstnbutlons asa particular case and tenda to nom'(alttv as

the modulus tends o lnfmitv),

. It is easilv ccnmlvable.

The prabability lntegral of tha d:stributmn s well tabulated. 3

---The q*astributfon is general!y mathematlca!!y tractab!e in Its mventory cnntrol'-_'f -

p]ications. .

- Accord%ng 10 Burgm"s’ the reasons why it is not belng usad mure widelv include the
foilowmg' : _

B -

Unawareness of its exlstence it does nct hold such a central placa m statistical

theorv 88 Jues the nnrmal dlstributlon. :

The mathematical equation of the distribution mcludes an unfamnhar function n
‘the denominator {thi¢ may suggast a hughtv abstract distribution ha\nnu little

appllcatlon in reality}, -
The properties of me d:stribuﬁan 'are 'sbrnewhat 'écaﬁérad in "statistical-'Iit'erat’ura.

leﬂcultv ‘of calculatlon. especially in computer-operatad svstems of lnventorv _

. control,

Howevar,; the author bellaves that today, with easy. access;bi!ity o] modern
technologv, the calculation of the conwolling parametars (ROP, ROQ, MOHQ) of any

- inventory system according to the gamma distributlon is far less difficult than #t was
a few years ago {some software packages offer probability functions that tnclud. ths
gamma dsstnbutlon} _ .

o

Defmtﬁun of ths gamma distrlhution

A contunuous variable x _whlch is dlstributed w’ith'probgblli_t'y_densiw '

{SADL)

fah = aoverrll) . O, a> 0,k>0, (4622

is said to be a g G518 vanata and its frequency dustnbutmn a gamma dlsmbutmn.
it arises as a k-fo convaluhon of tha negahva exponentlai dlstributlon ae i -
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' The terim (k) in the denominator is the complate gamma function defined.as

/o
ensurlng thatq f[x}dx = 1 if k ;samnteger then {k] - k- 1}1

" The parameter a of the dtstr:butmn is'a scale parametér, W, 48 k is knowrn ‘as the .

= _-modulus and determmes the shapa of tha dlstnbutlon. .

ForO<k=1 tha dasmhuuon is monotanic decreasmg {or J-shaped} Fcr k 1 o

in, particular, the distribution is the famillar negative exponential. For k > 1 the -

. distribition s unimodal {with the mode at x = k- 2/0) and skewed to the right. - |

- As Kk approaches o ‘the distribution tends to normality. The- shape of the
: __dlstnhution for different vatues nf kis shown In Figura ?B. : '

- Moments of the gamma d:stnhuuon

The mean VA of the distrlbutlon is
._w _ | o
= L7 dy L

i‘le.()dx _ {:—I‘%—— x_ . B2y

8

s J.‘Madx = &
a

@ & K .I'(lc) - '_ {4“6"-24)._ |

The var:anca a’ of the dcstnbutmn is simi!arly obtalnad giving

o = k!a‘ s (4.625}

| _ The flttll'lg of a gamma dis‘mbutmn o observed damand data is as fallows.

a computation

The mean I’ and the var:ance a*“ from the data are dstarminad

' Than from 4. 6.24 and 4.8 ,25 ‘the modulus and scala parameter can be deterimed with _

3856.

' -k-—uz;aﬂ. a=,ufa~*

'-The data will bea that of demand per unit of time, 2, g. daily, weakly, or manthlv‘ in "
_classncal mventnrv control theory the distribution of damand in a lead time is requzred

IBADZ
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-:".'For a. ﬂxed lead ttms 1 time unrts, if tha damand!unit t:me ls gamma distribut&ti " :._
o modulus l, then the distribution of demand in- the- fixed lead time is gamma dlstr'buted S
S modulua Lk in othar words, gwen the damand!untt tlma = S

i . Maan of poiantial lost sales

: ..J' )

A --th:éh 'th%ii#iéiﬂbiiﬁn.ﬂ' of demand i fixed Lis

_o._. N

. L ° P:ohatﬂitv af stoa.kaut

. Tha pnssnbii-ty of nat running out of stock with raorder ievals Is

i

| ff_(x) = fa“ e -ﬂx(_,,{ o wean

For a reorder Ieve! s tha potenﬂal Inst sales LS is given by

T o

' Tlie author was assisted by Prof. D Lublnsky of Applisd Maths at the Universit: ~% .

the Witwatersrand to develop the loss of sale application for the use in the softwauu .

L S package {Excel) Equation 4.8 28 is solved as follows

s =

. BAD)

Lets ﬂxl = Fgu b‘}

Mulﬂplying Equation 4.6,27 by x gives

xf(x) “-_-=_ ot Q'ﬂz

I“(x)

. Muitiplying the &enominator anid the numeratﬁr by !‘{k x 1) and bya

) gives o= C@Myme T &1 .

i
o T+ T e
= s iz.u-1 (X) ' ' o
O.’

Equatinn 4 6,28 can now be wrltten as foilows

i t“. K+ (x) dx S f Fm + & (X) ) (4-6-29} :

R = .

P

{ -£.r: K+ X) dX) 8(1 -_IFW.x_(x) dx)

_ala
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o ;Ih éummary, fur deman& durmg replemshment lead tims, manv ramrchers have faund S

_":"_'__the garmm distribution: appealing and providing - empirical support. In the fatter case ..

7 vain JHayya® found ‘that the garmma “distribution pravided the best gocdnass-affit -

~ % model for demand durinig the replenishment iead ﬂme ina sample of B0 spara parts o
: j--_use& bv tha United States Au’ Force s _ L L

*-nTHEa FHEQUENOY ms'rmau'noms

" The abava dlstnhutions are of course nc.t tha onlv ones mermoned ir: tbe field of” : |
~* inventary congrol, The Log normal is, for example, occasionally pefarred to, but suffet‘s o
s '_Ipamcuiar!v an account of mtractaballtv and convoluﬂon d:ff‘cuﬂv e

. -'_The negaﬂve erxponential dustributlon ls defmed only for non- negatlve values and |s-'--'
© . ‘monaonic decreasing. it therefore meets the general requirements for presenﬂng the -
- demand of slaw—moving itams. Howa\mr, for- medium- and fast-moving iterns it as not a.- -

o tanable dlstrlbupan : : _ L s

PR

:Tadikamaliam’ shows that the Waih a9 distnbuﬂm can sffectively ba used to :
~ approximate the lead ¥me demand Aversl cases of distribution demand coupled -+
.~ -with distsibuted lead time, 4. when wwad time snd demand distributions are Gamma .
S and Pmsson of Hormal and Gamma distributions respectively. Bagehi and Hayys®®

. derived an exprassion for the density function of demand during lead tnme, whan tha_' o
R iaad time is dastr:lnuted Erlang and the dernand unit Ncsrmal. :

L -GENERAL APPROACH FOR csmausnme c;m:ven-up-vo-s.wes. s
1N A PERIODIC-REVIEW (R, S) SYSTEM

| -Racall thm in an (,S) svstem, evaw R units of time replamshmant order is placad of
: SUfflClel'lt magnituda to rame the lnvenwrv posltloa to the arder»up*to-levei 8

.' ."° Flev:ew Intemal (BI .

'ln computing the value of 8, we predeterminad the value of R. The nature of (R, S)

. control ls such that & replenishment order is placed every R units of time.

. Determination of R is squivalent to detarminauan of an seonomic order quantity -
. expressed as a time supply, In this case the review period R is two- weeics, and the
reorder quantity {(ROQ) is equal 1o :
R+ L,:n D:'EO :

where D = annual demand {umts} _
o Lb = mtarnai Iead tame for gonds recewed and data capture {ona weele.}.

Tharefore ROQ = -:?: xD

| The kev pariod 0\»’91' which nratactlon is reqmred, is for the duratlon R+, instaad of -
justa suppller lead time Lu {racall L= L, + HJ -

Ipp2 |, SADE



ATt cmmmom ASSUMFTIONsr AND mofm'rmm

' Tha assumpttons and notation daﬁnad by Sllvar and Pazerson“’ {292 m 2931 ir‘ciude':

thé followmg, SR

o 11 : Although demand is pmbabuhsﬁc the avaraga demand rate changes vsrv Istﬂai

Wﬁh time :

o 2] _- B There g naglugable chanca of rio demand between reviews Consaquanﬂy a" o
L rep!enishment order is placed at svery. review {for fast-moving itema}. = .

arllf two or. more replenishment orders for the sama itam are srmultaneausly'

"~ outstanding, they must be recsived in the same order in’ which they were placed, = -
- he. . crogsing of ordérs s not permntted A special case ls where the- o

e __ replemsbment lead tlme is acnnstant. -

4) " Unig s.hortage costs lexpllcit or lmplicit} are S0 higih that a practical Oparatlng

procadure will always keep the averags level of back orders. negiigiblv small ~ R

P compared to tha average level of on-hard stock,.

' ?Gi . _'Forecast errors have a nermal dlstrihutlon with no hias (XN tha average error is___

- -zar0) and a known standard deviation g, , for forecasts over a permd of -

duration R + L In fact. there is only ao estimated STD,_ NY
8 "The value of Ris assumed predaterminad |
) The costs of the contml system do not depend on ﬂme spaclfic value of :: used

o ® ulki = S - lug <K} ._'.__m_._.exn (- u*[ZI dug, & spec:al functlon of the unlt

normai (maan 0, standard damaﬂon ‘li variab!e :

3

- safety factor
L = replenlshmant Iead ti*'ne, in weeks

Puzlk = probabulity that a umt normal {mean 0, standard deviation ‘l) vaﬂabla .
- o takas ona value of k or Iarger S

D = demand rata, in units/vear o

* _ o= _lnvsntorv carrying charge, in RIHIvr =0, 23 -
R L= prespacified review lnterval 2 weeks

s . = orderhup-fto-level, in unlts '

55 - safety stock, n units |

v = upit variable cost; in Rfun &

Xiw = forecast or expected) demand over ‘8 veview mterval plus a
' - replenighment lead tirrls, In nnizs - L

. *Relevant when SKU demand pattern is normally dustributed '

P2, {BADI) .



R STD,,,,L 3'__;_7- standard deviatlon oF ‘sitor of forecasts wer a revlew interval pius &
raplamshment lead ﬂme, in umts - ' L L

o ° Order-up-tu-laual

Tha order—uu*to-leve! S ar max:mum an-hand Quanntv (MOHQ} s expresssﬁ as ;:

| follows' B S o S
S }(HB " lsafetystocki .. - {4.“} .
\...safgwstockmkaTDL*a _. A {472}

" where 'k is known as the safetv factor, Determ.natuon nf 3 k vakie Iaads directlv toa
_ ualua of s through uss of ‘these two ra!ations. v S _

- A genam togic used in nomputung the appropnaie va!ua of S {vla k} as proposgd by -
Silver and Petersont {272), is illustrated in Figura 8. OF particular note is the manuel
~ override. The user has the ‘option 'to ad;ust the. racrder pomt o r:ef!ect factors mt,'. o
' included in tha modei . _

HGUBE& o
GENERAL DEC!SION ILOGIG uSED IN COMPUTENG THE VM.UE 0F S

lrnplicit or axpllclt speci—
fication of value of relevant -
. policy variable; also speci- -
- fication of lawest allowable . : ' ;
valusof kK - . - .Any item charactersistics - L
s _ 1 “needad {for exampie, Q, r, stc.})

Measure of forecast efrors®, STD_,, S
Decnsion fule to TR _ ) - Forgcast
seiectk . ST e system

k- r .

58 = kSTD,,, |

adjusted to s -
- Integsr valus® - :
N = al Use STDM as an estimate of ‘71.+ q.
- s bl 1§ not sxactlv an integer,
~ Manual dvar_rlde- e ' ® ralse to the fext highest integer. ifa service |

constraint jsusaed

L Round 1o the nearest mteger, if & shortage cest is
usad, except raise to the next highest integer if
- the lowest allowable k is belng used.

| pea . isaDd)
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SAFETY STOCK, Pnommuw OF svocmuv mn ‘E’KPECTED snomme Pﬁa.__.g-_jﬂ

HEPLEN!SHMEN‘E‘ CYC!.E

R _-_'Bacause of a53umption 2 above {section 4.7‘11 we have |

o | _'(numbsr of reviaws per v’..ur) 1!R _'

and

e '-_(numher of replenlshment nrders plaoed’ ner vear) =R {4.? 31

' A stockuut can occur ina partlcular cw;la B the tntal demam:l in an Intervat of Eangth '_: _-

o H-I-L excaeds the order—up-to-level N

If the demand {x) in R+L has a probabihtv density functron f !x,) daf‘nad 50 that

o ;x,)dx = prob {Total deimard in R+L lies batwaen x, and x,+dx,}

Ippz

' _'than ths abuva raasoning laads tu the followmg three fmpartant resuits’ L

e Safetv stock gss) = E lnet stouk Iust befora en orclar arrivesl

{ (s-x,) (xu)dx
)o ) o :

- that is

ss=Sax%, R 7.4

o '_Prob {stnckout ina replenlshment wde} o o -
=Pmb{xa$} ) | _ _ . |
_j fg{xﬂldxg o | S t_e;.?.s}'

the probabshty that the total demand dunng a review mterva! plus lead time is at' '
least as exiensive as the arder-up-tu-lavei. o . S -

° 'Expectad Shortage Per Replenlshment cvcla. ESPRG _
ESPRC u( 1, - Slf{x,ldx, o e
_E (on-hand IOH) stock ;ust before a replenzshment arrives}

= gafety stuck SS

= 8- xml._

. Becausa there is a replemshment evary R onits of time, tha average size of a8
replenishment is DR, Therefore :

| E {OH just after a repienishment has arrived) &g xﬁﬂ + DR

BAD2




- Now, tha fnean rate of demand is constant wuth tlme. On average, tha QH leval ;s 5
"7 halfway batWeen these two eutremes Therefnre SR : U

- -'.'._'.EIOH} ~5- xﬁ.L wPRZ ;4-"1"<?')__'_- T

!t i t.onvemant m set

o f':-Up o thxs point tha results hold for anv probab:htv distnhutlon of !ead time demand e
- {orforecast.errors), To proceed furthar one has to specify the particular distribution; -
)t can be shown that i forecast. errors are normaliy dlstrlbuted than Equauon 4 7.4

" '_'--'and47bsimp!‘fvw | o N
. Prnb {stockout ina replamshment cycte} = P(u = k} o E S {4 7 91" e
andESPRC G {lc} STDM T - 14.7 10)

48

481

"The safetv factor dermstmns arh divarse based on. the parhcular shontage cnst or' -
. servige Ieval used lsee ‘thé varmuss methods o set safetv stocks in Sectnon 4. 81 '
_- CEITERIA FOR ESTABLBSHENG SAFEW STOCKS o
The most important parameter used to estsblush the  ve-order pnint s wlthin any':- -
" inventory model, i¢ the determination of the safety stock level, Thers are five possubie
‘mgthods to set safety stock levais, suggested by Silver and Feterson“«‘ {263} )
| SAFETY STOCKS ESTABLISHED THHOUGH THE USE OF A GOMMON FACTOH -

) The followmg ara the two most frequentlv used factors

3 Equal time supplies

~The safety stock of 3 broad group of {if not a!!) ii*ame in an musntory population is
set 1o ba equal to the time supply. For example, re-order any ikem when its
inventery -position minus the forecast lead time demand drops to a two-manth

supply or lower, THis approach is seriously in error because it fails to take account

of the diffarence in uncertainty of forecasts fram item to item. ‘The pollcv variable
hara is the commeon numbar of time pariods of supply :

° Equal safaw fat:'tors o

' The safetv stock S8 is defmad as thxa product of two factors, as foliows. '

88 . = kaTDun T SR ‘4-3-13 :
ROP = roarder point

k ‘= safety factor | R

| 5TO,.x -_- standard dwiation af the replen!shment lead tims L +R

X o '~__- tha demand durmq suppher lead time
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The at;ual safety facrors approach uses a cnmman Value k fur a bmad ranga of I

SAFETV STGCK BASED on THE COSTING OF suaa'mc‘ss o

' This approach ;nvo!ves specrfymg {explicuﬂy or imphclﬂvl a way of costmg a shartage =
. " once tertain characteristics of the shortage are known. The safsw stock of an item is
. then established to keep the expected overall shortage and carrymg tosts as low as
-. possibla._ _ : . - .

Silver and Pm‘erson“‘ (277 to 280} present three ilustrative cases

SPEC!I-II:Q FIXED COST B, PER STODI(OUT OCGASION

g .Here, K is assumad that the only cnst assuczated wlth a stockout occasion is a flxed '
‘valua B,, independent -of the magnitude or duration of tfie stockout. One possible

interpretation would be the co't of expemﬂng an action to avert an Impendtng-

 stockout,

°  The rule

B .St_e_b 1: Caiculaté the v_alue- T

DB, o o
VIFOQVSTD,r I CF X

where o _ _
- Tha ne-nrder quantltv Qis pradetermmed and equai to ‘thraa weaks' Supply 3[3150 _
' whlle the other vanables are as defined prewously.
- Stap 2 BT < Tthenk = 1 00 where 1 /00 is the iowest allewabie value of k
T > 1 thenk = zm - o 484
Step 3: Re—order point {ROP) .X,_ + KSTD,,, | '
° Discussion o

It Is seen from Equation 4.8.3 that k decreases as ST D,,5 OF v goes up, Intuitively

the behaviour of &k with v makes sense under the assumead stockout gosting -

mechanism. If there is only a fixed cost per stockout occasion which is the same
for alf items, it makes sanse to allocate a greater proportional safety stock 1o the
‘less expensive items where an adequate level of protection is achieved with
relatively little invastment, Furthermore it can be shown that k decieases as Dv
increases. This means that higher safety factors are prowded to the
slower~movmg Ltems.

The 'appearance of Q in th'e' declsion rule for finding the safety factor k Indicates
that a change in Q will affect the required value of the safatv stock. For B |tems
this turns out to be a2 reasonable approximation. .

There i3 no sojution to. Equation 4.8.4 when T < 1 ln such a situation, tha best
solutlon is to set the lowest aliowable value for .



4.8.23

B PR3

| 4.'3..'2.2'. '

SPECIF!ED FBACTIONAL CI-IARGE B PER UNIT SHDRT

o _'-.Hera it is assumed that a fraction B, uf unit valu is charged per unit short, i ¢. _ths S
o 'cost per unit short of rtem i is Bz“;a tha unit variable cost of the ftam, ' : k

_' .-_° 'l'ha rula

B | Step 1

"I Q_r_> 1 - _ | _. | {485] |

2 .

o -’Again a has been predeterrnined and is equa! 100} threa weeks supply 33!50‘

The aquahty could be wnttan as - o

_'{anrfso DB,} > 1

or _
@soB) > L wes

o yeé; go to step 2. _

' If no, contmua as follows. Salect k to satlsfv

Plu = 1) = smoR, : (4.37:

i tha use of Equation 4 8.7 gives a k va!ue of lower than the mimrnum allowahle _ '

. safety factor specified, then go 1o Step 2. Othemnse, move 1o Step 3
_Step 2: Set k at its Iowe_st allqwabla value, k = 1_,00_ ' '

' Step-_S: ﬂe—érdgr point |

"ROP = ¥+ kSTD,,,

@ Discussiorn

As cauld be expacted, safety factor k increases as B, !r mcraases Mmeover,
. with the use of economic order quantities, it is found that {arger safety factors
are given to the faster-rnovlng |tems. alt other thirigs bemg equal

The plu = k) va!ua represents a probability. Hence there is ne soutmn to
- Equation 4.8.7 when tha right-hand side of the squation exceads one, i.e. whan
Equation 4.8.6 is met.. Therefors, the Iowest permussible valug of the safaty -
factor (k = 1 ,00) shoufd be usad.

specmen FRACTIONAL CHAHGE B, PER UNIT suaa'r PER UNIT g o

. The assumpuon hera is that there is a charge E.%,.,J rand per unit shon' per unit tima An
" example would be when the item under consideration was a spare part and each unit
~ short results m a truck being idle for the duratlon of the shortage

. ighpn
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' LA The Rule f :_' ) = s o
i 'Step 1 Seiec‘[ the safaty faetur kthat meets . .

: f‘_f“G =) o
::-."_3'_where ﬁ. has been predetermmed, and equa! tn 3[3!50, o o
-amdB and raremﬁ!ﬁ!umttima‘ ST 5

i Set Q 30150 8. g 4 8 8 can ba wm'ten as fo!lows' - R

SRR R I o 50 smm Ba-l-f P (-0 U

' """'__-".'__--"SteIJ 3; F(a~nrdar point o o e

'--"'-’-}ROP XL+ksmL+a R

 BAFETY s-rocxs BASED ON SERVICE cowssoﬁmmms o

S T -_Becagnfslng the severe dlfﬁculﬂes assoclatad with costmg shortages, an altemative

S - approach is to introduce a control parameter known as tha service feve), This becomes

& constraint in establishing the safsty stock of an item. For example, the carrying costs .

N T ~of an item could be- l‘i'lll‘ﬂmISEd; sub?ect to satisfymg, routine!y from: stack 95 psr cent
LD ot demands ’ . _

o - _._'The fol!owmg are amang the more common me  Tes of service
. 4‘.8.3.'1' : SPECIF!ED PHOBABILJTY P OF NO STOGKOUT PER RIEPLENISHMENT GW,LE

o _ | Equwalently, this is the fractmn of cycles in wh!ch a stockout does not ocour, A -

S . stockaut is defined as an occasion when the on-hand stock drops to the 2ero lavel,

TR © . Using a common P1, across a group’ of items. is equwalent to using & common saf'aty_ '_

-_factork .

W management ha® pecified the pmbabubtv of no stockout ina cycie not to be lower -
“than.P, (conversely, the probability of a stockout should be no h:gher than 1 P }, then
We have the foilowing simple decislon rule: '

"~ ° The rule - _

_Step’- 1 Sel!'.lct the safety factor & to mest
C PumK=1-R; T ¥ R £
whars " |

P(u 2 k) = Prob {unit normal varlable lmean 0 standard deviation 1) takes on a
' - vaiug of k or greater} :

 JENERAL NOTE: Probability function P, (k) is the probability that variable u takes on the values &,
This can also be wricien as .P{u' = K}, Howevaer, !_would sugoest P{u = k}.is clear than P, {k).

I3 . SAD)
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. 4.8.3-1

)

o The Huia

: '-'_Step 1 $elect thie safatv factor k that meets

e, S = ﬂl‘/STDun (B + r] R~

| :whére (1 has bﬂen predetermlned, ancl aquai ta SDISO

"and B,s and f are in RIR/ unit tuma

_"Sat ﬁ 3&!50 a g. 4 8 8 can be wrlttan ag fuliows.

B S
- WSMHQHQ_.L N L2

_ _:Sfep 3' Fta—order poin‘r
| UROP =X, + kSTDL+H .

SAFE‘W STOGKS BASED ON SEFNIGE CONSIDERATIONS

Hscogpismg ths severs drfﬂculties assaclatad wnth costing shortages, an aiternativa

- approach ia 1o introduce a control parameter known as the serviee Jevel. This becomes.

a constraint in astablishing the safaty stock of an item. For example, the carrying costs
of an item could be mimm:sed, subject 0 satisfylng, rnutmefy from stnck, 98 per cent
of aH demands. _ P
Tha followmg are amcmg the more comman measures of sarwca

SPECIFIED PROBAB!LITV P, OF NQ ST OGKOUT PER REPLENISHNIENT CYGLE

' 'Eqawalantly, thns is the fraction of cvclas in wh:ch a stockout does nat u*cur, A

gtoclkout is defined as an ‘oecasion when the on-hang stock drops 10 the zeno level.

- Using a common P,, across a ‘proup of items is equivalant to usmg a ‘comines safatv'
factor k, _ _

it management has specifled the probabilitv of no stockout in a cvc!e not to ba lower -
than P, {conversely, the prabability of a stockout shou!d be w hngher than 1~ P ), then

‘we have the foﬂowir.g su'npie damslon rula'

e The rula

'3‘tep1 Select the safety factork St o _
'P(u =) =1-P; - A R 11
whare | | | | | .

Plu = k) = Prob {umt nprmal variable (mean 0, standard daviatnon 1) takes on a
' value of fc or greater} '

GENERAL NOTE Probabill“tv funct:on P, (k) is the piobability that vanable u takes on the values k.
This gan also be written as Plu = k). However, | would t:uggast Plu = ki ls clear than Pys ik

P, J9ADH.
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.pﬂ';,.;,

-_‘f ‘_ _Step 3 Re order pomt
| "}._'_RQP %+ ss
.-'_-'-é-f'nmmssian B

_ From Equation 4. 8,10 it is seen that the safety factor k dapands on the value of P, )
AN fems for which the same- service level, P, Is required, will have ldentical values

of tha safety fuctor k. There is therefore an equlvalence betwaen using a spamﬁad

o value of 4 and # epeclfied value of Py, 3

L -'Frmn Equatmn 4,8.10 plu - k] decreases as the desirad sewica Ievei P, goes up,”

whéreag & Increases as plu = k) decreases. Tharafore, wa hava tho desirable

béhaviour of the safety factor namelv k. increases a5 the’ requ:red servlce ievei_ o

mcraasas, which is |deai. o

' Because of the dlscrete natura uf the ra-order polnt, Itis lnlnkelv tha: the axant lavel
of service desired can be provided since this usually requires a non-integer vaiue of -

ROP. Therefore a hon-integer value of ROP found fn Equation 4.8.10 Is rounded up

. to the next higher mtegar, with the predlc:ted sarvics level then belng slightly higher
’ 'than required. _ e _

The fact that ‘the safaty factor ‘doss not depend oh- any indwldual item' '
characteristics may require a re-examination of the meaning of service. Conslder
two items; the first baing replenished twrenty times a year, the other once a year. If
" both are given the same safety factor so that both have a probability of 0,10 of
“'stockout per replenishment cycle, then 20 x (0,10} or two stockouts per yeéar could
 be expected for the first itam and only 1 stockout every ten years (0,1 per year) for

the sgeond. item. Tharefora the garie serviea on these two stems would in fact not. _

: he the same.

' SPECIFIED FRACTION P, OF DEMAND TO BE SATISFIED ROUTINELY FROIIH TI-IE y

SHELF (1. NOT LQST OR BACK-ORDEREDI

This service measure can be used when a slgmflcant pDrtIOl'l of ths replamshmant lead

time §§ unalterable {for exemple, dealing with items for which the major part of the lead

~ time is the transit time by raill. A generalisation is that the fraction P, must be met
‘within a spacified time interval rather than instantaneously, It cun also be shown that -

use of the B, shortage costing measure jeads to a decision rule equivalent to that for -
the LA serwca measura, wherg the equwalenca ig gwen by the relatlon

: B,

. B + I'

with r, a8 before, baing the carrying charge

"% The rula

Step 1: Select _the-safatv factor & 3't_hat_lmeats _

Glld =

aepy 4B
STDI.-!»H ' ' : R | o
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48.3.4

. ..73.. .

. where @ has bean pradetarmmad and ls equal to 30150.

: 'Tbe othar relevant varsablas are: def‘nad in Sectlon 4 6,1 ® k rs less than :ha lowest '
_allowab!e valua, than k = ’i 00. _ : .

.. Step 2: Ravordsr pmnt

_ROP = XL+kSTqm

Lo 'Discussion '

" I woulci be reasonabie m expect that tha requu’ed safety stock. wouid mcreasa if

Q dacreasad (more opportumtias for smckoutsi

) : "'-ln“l”#::‘,__m mcrsased {hlghar uncertamty of forecasts}

" P, increased {better service deslred) If any of the ahove—mentloned changas take _
place, G (k) decreases, but 8 decraase in G{k} imphas an mcreass ir &, i ie. exactly
the desired result. _

_ In addition, with this dacisuon ruls the fastar-movmg items get hzgher safaty factors _
than the slower—mowng mems. _

The P, value is usually quute closa to umty Therefora the valua of the safatv factur '.
is iittle  influencad by whether the model assumes complate back-orderung or
- complete lost sales {or anv mix of thasa WO BXtrames), _ .

In the case of completelv lost sales, Equation 4 7 11 is wntten as

_le} on P,ws*rnm S aean

SPEOIFIED HEADY RATE Pa

The ready rate is the' fraction of 'ame dursng which ths net stock Is nositwe, ia thers |
is some stock on the shelf. The ready rate finds common application in the case of

equipment used for emargency purposes. Under . £olsson demand, thls measura is

equwalent to the P, measure.

$PECIFIED AVERAGE TIME BETWEEN 'STOCKOUT OGCASIONS [T8S) -

TBS rabrasents the dasired avarage' number of stockout occasions. per'year If each

stockout occasion is deslt with by way of an expediting action, a Sneclﬁc TBS value
can be selacted to produce a toierab!e number of exped!ting actfons

e Tharule

Step f:ls - _
ommes) > 1 | o waay

whafe Q has been predetarminad and is equal to 39'!50. _

- IPP3 . 15AD2)
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- .lfves, go tc Stap 2, _ -

1 no, continue wlth the folluwing. Selact the safetv factnr kto meet )

© Puawe ooms . 481
When u*sing 0 - 3D/50 Equation 4.8, 13 can be written a8 L | _

-'__'P(uam azsorras:) e a4

1f the I‘esulﬂ""‘l k is lower than the minimum ailowable value Specif‘ed {k = LOO) go
to Step 2. {)therwise, move to Step 3. : _

_Step _2. Set kat lts_.lnmst allowable valu_e B
| Steb 3: Re-order bo‘int
._-.ROP e X, o+ kSTD,_m
e Discussion o o _
A comparlsun carried out’ bv Silvar and Peterson“' 1287) of ﬁqu..tions 4, 8 7 and

4.8,13 roveals that there is an squivalence bstween usmg tha B, costlng method :
_and using 'the TBS sarvice maasura

Spec_iﬁcally, wa have, for equivalonce, that :
N TBS = B,fr o |
4,84 SAFETY STOCKS BASED om AGGREGATE cumsmsmmna

. The idea of this general approach is to establlsh the safetv stocks of mdividual itams,
using a glvan available budget, to provide the bast possible aggregate sorvice across a
population of items. Equivalently, Individual ssfety stocks ave selected to keep the
ovarall investiisnt In stocks as low as possible while maating a dos!red agpregate
service lavel.

Two common aggregate conslderations

© Allogation of a given total safety stock among items 10 minim'se the expected total
stockout vceasions per year (ETSOPY)

Allocating a fixed total safetv stock amang several Items to minimise the. expected

total number of stockaut occasions per year leads to a decision rule for selacting

the safety factoi for gach item, which is identical to that obtained by assuming a

‘value (the same for all items) of the fixed cost B, and then selucting the safety

factor to keep the total of carrying and stockout costs a2s low as possible. {The

larter approach was discussed in Section 4.7.2.) This allocation interpratauon in -
. someg ¢ases appaal mors to manapement. _

6 Allocatlon of a gwen total safatv stock among Items to minimise the oxpected total
valug of shortages per year _

- pPS . BADZ)
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‘Allocating ‘a° fixed totai safety stock among group of items to minimise the -
“expéctad total value {in rands) of shortages per year leads: to a declslon rule for--__-

o selectmg the safety factor whuch is identical o either

T t*'aa one obtainsd by assuming & value {the same- for all ltems) of the factor B,
~and then selecting. the safety factor for each item o minirmse the to'ml of_-
carrying and shortaga costs, or . o _ _ :

~ the ong nbtamed bv spacrfving the same average tlme tTBS) between stockaut-i
occasions for avery Item in the group. : _ . DR

: 'The aggregate ‘view of allocating a limited resource may ba consrderably mora'-

appealing t& management than the micro-detall of attempting to . explicitly ascértain a -
vaiue from cost censideraﬂans or the somawhat arbntrary speclﬁcation of & TBS va!ue. -

_T!ME !NGREMENY GONTINGENCY FAGTOR (TICFI

A slgnif'cant phenemenon becernas apparent - whan same of tha elassic sta-tusticel

safety stock approaches described above are reviewed, The calculated safety stock is a -
fixed quantity applied to all future periods. Whan forecasts of future demand. tend
upward or downward; the fixed quantity does not react to this change. On the upside,
therefore, the safety stock does not increase i proportion to the demand, thus
providing the potential of inadequate coverage of demand variability, On the downside,
fallure to react can create GXposure o excess: inventory, especlally in the case of a

| _ product approaching the end of its product life cycle,

. To counteract thase potential problems, l(ru;:np‘*"*l expresses statistical variance of

demand in units of time rather than quantity by converting the deviation to a dacimal
factor of the incremental forecast per period. Krupp?*! distinguishes this approach from.
classical - applications, by designating the resuiting technigue tha fime increment

- contingency factor {TICF). The TIC* is derived by Incorparating the additional step of

dividing each deviation for a given pariod by the average usage lor forecast) for that
period. Exprassing the concept marhamatically, the equation Is

/ n {4.8.15)
The TICF is then used to determme the safew stock to be planned for each month.
bnsed on future forecasts: _

1 - Xf

=11

-TICF_,, = Iy—-rxll/n = i

SAFETY STOCK, = kX {TICF, xu,,) - '. - L (4.8.16)_

- where

u, = average demand or forecast in period i
¥, = actyal demand in period | :

II = absolute valup :

n = *ptal humber of occurrences considerad.

PRE , BADZ
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Tha calculations are based on a 12-monthi rolling history, with n fixed at 12, u,,, is
- used to ensure that the safatv stock exlstmg at the and of u, is piannec! to support the
: followmg month‘s forecast . _ S

-Therefore, as future forecast demand levels change, the plarmad safetv stock will N

E change praportmnatslv. _

: .4-_8'.5- 1 .

-Krupp'“‘ demonstrated in his paper that the TICF cuncept prowdes k] better tool for '

planned safety stock in'view. of the fact: that it is sel-adjusting in. relation 1o future

o trands, vet retams afl the mgredlents of classlr* statisticat safety stnck techniques.

FORECAST ERROR THACKING SIGNAL

One of tha basic assumptmns of stanstical techmques which has been crltm:sad_
occasionally is that the population of demands centres on the mean average of the

" demands. In 2 forecast anvironmert, however, the forecast demand is often not

4- 3-. 5: 2

- gonsistent with the mean averape, particularly where trend is involved, The bias of the
. forecast from the actual mean is sxprsssed mathematncallv hy using the furecast srror

tracking signal {FETS).

Tl‘l FETS ior th TICF W’O |d ¢] : 1 -
FETS, —  4.8.18)
. lntarpretatlon of the FETS° o | - . TIC, n

° FETS = 0 optimum total populatlon of deviations csntred around the furacast

° FETS <0 lndicatas ] skaw where actual dsmands ara graatar than forecast

® whan FETS = indicates that In all cases whers a dev:atm a‘xlsts, actual

demand is greater than foracast
o FET\: >0 -indicatas a skew where actual demands are fewer than fdre‘ca'st
° FETS = 1 indiéata?s that in all deviations forecasts are greater than actual demand.

CDMPENSAT!NG FOR OVEROPT[MISTIC FOREGASTING

When FETS > 0, it may be dasirable to suppress the level of safetv stock which the

applied stagstical technfque would vield. i the FETS is less than 1.0, an indication
exists that some portion of the actual demands exceeds the forecast. To abandon
safety stock totally is therefore inappropriate. One alternative is to consider only those
instances where demand exceeds forecast for the calculation. Whife this is a potentially
viable alternative, this coursa of action carries the disadvantage of reducing the total
popifation of variances on which the calculation s based and assigns dzsproportmnate
importance to the reduced population, A sacond heuristic alternative is a supprassion

factor which comes into play only when the FETS is greater than zero. This is used as

& multiplier for the culculated safety stock. Qne such suppressmn factor prowdes for a
stralght-fine reduction of safety stock

w=1-FETS (FETS > 0)

while & second model provides accelerated suppression

w = 1- FETS (FETS > 0)



-80-

jeuBig Bupoel) Joisg J5E98I0

g0 €0 YO €0 TG 4O O e TO- €0 ¥O

- iy

€0

. A - s . 5 N £ - A A & A,
e} G VS AT A, R AT Pemsarrarprrm et et T e — T

1o
€0

. .mn@ |
R __ B! @@ {y)loromg
N |} £'G voissaiddng
= B @@ |

m._ow@@u_ :om@a@.@@%m

1&!@%@@( @5@@> SulT Wbiensg

m @:nﬁ |

O r— e fkm.v 10 A



4853

- 8.1. -

Figurs Bis a graphic presentatton of the tmpat:t of stralght-«llne versus accelerated_
. suppression. The. supprassion factor is used as a compensating factar in safety stnck

calculat:ons for overoptimisttc furecastmu, as in the equation N

SS "W)CRX(TICF XVl _ . ._'ﬁ: o _--{_4'-3.'[7"'_. .

- DETERMINING TI-IE SERVICE MULTIPLIER k '

* e service multiplier k was reforred to above, In some cases, pafticularlv where -

_-high-value inventory is involved, the use of such an arbitrary heuristic approach may be

deemad inappropriate. Optimisation of k based on financial return and derived by mors
sczenuﬁc methods often prosants a better altemaﬁva.

- Thls approach involves the apptlcaﬁon of margmal raturn analysns to determme the -

optimum k factar.

. Tha mathematical model descnbing the. relatmnshnp batwsan the k factor and recoupecl._

* lost sales is ﬂDn-hﬂe&!} 1.e. elasticity changes along the curve.

A graphic axample of a mathematical model reiatmg last saies 1o the appllecl k factor |s'

. presented in Figure 10A: The curve follows a non-linear trend typical of the relationship:

Loet sales racdupst_:l = ak-bk? ._

where g, b are constants, a > b

' while k is defined as & linear function. The point at which the two curves cross defines

the level at which the safety stock investment equals the loss of sales recouped.

The objactive Is to conslder bottomvline retum, Krupp relates the fecoup'ed lost prdﬁt

. to the ecost of carrying the safety stock level relative to the applied k factor. This

analysis defines the true cost/benefit return which can be expected from carrying
safety stock inveniory. A graphic representation of this new relationship is presentad
in Figure 10B. The data tmes are descnbed by the generahsed mathematicai :
relationships

Lost profit recouped = plak -.bk*}-

where p = profit margin (expressed as a decimal)

and_

cost of carrying inventory = r x safety stock (in rands)

where r = inventory- carrying cost factor -

With the rolationship between racouped fost profit and cost of carrying séfetv stock

‘defined, an optimum k factor for each class of itsms can be determined on the basis

strategic general management considerations. If the purpose of the safety stock is to

- maximise service without incurring financial penalties, k would be défined by the

break-even paint, i.¢. the point at which recouped profit equals the cost of carrying the
safety stock level required, If the purpose is to maximise profit {without cunsideration
to service), then k would be defined by the point {prior to break~avan} at which the
maximum differential exists between the two curves, _ _

PP-3 ., (BADE)
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o 'Safety stock fs nacessary el in many erw:ronments. The safetv stock of ths companv_---_
" investigated was no exception, However, the creative approaches discussed above gan

' . mimrmse tha expusure 0 inventorv mbalances which wlit contnbuta 10 the bottcm lme. '
- '.In Sectmn 6 2 exchange curves ‘of- safetv stack ara prcmdad for some of “tha rutes_:_. o
. discussed abovs. These curves will famhtate dec:s;nns an tha rules o be salected 10
I._-determine safetv stock Iavels, '
a9 *mscussnom os WHETHER 10 srocac AN ITEM on m‘r |
| E Dne of tha mauor problsms concemed with s!ow-moving rtems, particularlv when the. -
Ctem i A spare part, is the decision on. whether or not to stock the spare pérk,
_ Sharmck“" indicates that'this aspect of stock eontrol is the most negiacted one. L
'_ln tha inventary under investigatlun, 8 739 stock-keepmg units. (44% ‘of tatal . stack}'
. account for R8,2 million in value (25% of total stock valuel had shown ngy mavement'-
: for at !east 12 months. _ _ o
_ The dsk of adding an item to stook that sright ba declared ohsnlete or that mught '.
bacome a very siow-movar at the current camring coat of 0,23 Rmfvear, shauld ba_ _
'mvesﬂgated Verv careful!v. _ _'
| Thara are assermally two pomts to be conaudered.

e Whether or not the item should be stocked to back up a particular maintenanca
' actwiw or sarwce to fleat owrrers :

o Whethar or not it would be cheaper to make an aconomrc quant‘fty and to hold ﬁ: in
stock rather than order directly against each requirement. o _ 5

‘Some papers on the suh;ect are discussad below.

Accordmn o Shormck““ the worth of stockfng deperds essentually o0 how manv
requirdments or calis per annum are mads for the item, If more than a critical number
of calls are received, it will be cheaper 10 stock the component. ' :

| mrrock"‘“ showa that tha eriticat number of cali‘s for an mem s given by the formu!a

_ Cntical number of caiis per annum = DA

' whers:-- _
~ D-annual demand

V. unit cost |

¢ - carring 'chargés percentdge |
A~ order cost._

A part is worth stccking if the number of calla fcr it per year exceeds the ctitical
: number of calls. - _ )

PR3 !5'A:D2'I



o Shorrocior pmvidas tables to simpilfy the calculatiun when using & manual system.
L ‘i'hg tabfe and example of how to usg them are presented in Appendix 20 o

- _ - o . slow-moving parts, relates his. decision to & cost function, aiming to find the valus of 8 _
oo ot istesk devel) that minimises tha cost function. Mitchali developed a diagrammadc -

o ¢ ' demands). For parts whose values of B/v and T correspond to @ point below CO = C1
L (!inaaH of Figure 11), no spares should be held. For those lying between H and the .

2
..:\\

o =Mr:q}?e!im in hls studies on enquneermg spares . stocks, parttcularly hlgh-value s

- methad to fid the optimum S, Thé curves CO = C1 and 1 =2 (Figure 11} ave '
~Hustrated in & graph of Biv {shoriage cost/unit cost] against T (average time batweeit

A ey "G = C2, corresponding with the appropriate aversge lead time, onhe spare .

LT, shie be held, Hold;r-g three slowﬁmavlng spares has not bean mccmmenclad in any
S 5ituatiun. o : o '

S L R _:“Bartakke“‘* nﬁers a rule 10 draw. management‘s aftention when thev have to de,c:de'
SR Whethar to stock ornot to stock. L : )
f_‘ ' - _'._where : -

- x,_ = average demnand durmg lead time

Vo l.!nit prlce.

6o

" Sliver and Peterson® {330 to 335] developed indifference curves for the re-nrder point

“under the B, cost measures (fractional change B, per unit short). tn the special case of
T .. - very slow-moving expensive items, it Is decidad not to stock when the proposed
P S - re-order point 8 = 0. {See detailed discussion of the model in Section §,3.2 under
e . --pmcedure1 )

A simple ruie based ot work by Popp®®, is presenten vorw, This rule is Valid unclar
‘the followmg assumpﬂons. _ .

.9 The umt variable cost |s the same for stockmg and nonstockn-.g
o 'The Tixed' set-up cOst ;s the same for stnckmg and nonsto::kmg
? tn denving the decision rufe to decide on whether o stock the iem or noY, o or
quantity is allowed to be a non-integer {of coursa, if the itern was actually siocked
- and demands wareg in integer umts, an inieger value would by uged for the order '
quantity} ' _

o The replemshment lead tlme is negllglble and cunsaquent[y thero is no back—ordarmg '
" tost. '

Some of the above assumptions are vary restrictive, sspeciaily the Ias* one. However

the author belioves that even. when these assumptions are violated, the rule should still
be useful as a guldalins. : :

PR3 . (BADS
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e 'l‘hedecumonru!e S

_ . _j--.Do not stock the u*em if either uf tbe fol!owing two condmons holds lothermse
.-_-._:._'_'.stuckthaltem,. o . : i S :

o -'f'Em w niE{a)le) wem c:1=l S ke

o whara

':' 'é,- ' = svstem :,ost m rands par unit time, nf Stockmg 1:119 |tern e
A o= fixed se‘tvup cost, n rands, assoclated W|th a replemshmem
"IE"“- = exPectad {car averaael lntrrval {or t:me} between demancl transactaons"__ -

: 'E'{ﬂ_' - expected (or average) size of a demand transactlon in units )

v _' = unit varnable #ost of tha item, in R!umt -

PR carry:ng charga, in RiR/unit tine.

' An axampie and a graphlcai rapresmtatmn of the abuve decision rule are
_presented in Appendix 22, . _

Crostont® has *weloped a der‘ision rule, incuding a graphica' aid,’ far the case of
a periodic~review, order-up-to-lavel (R, S} system. Hig model assumes a neglig:ble
repicnishirsn’ lead thme, at most one demand transaction in each review interval, -
~and’ a nermal distribution of transaction sizes. His paper reveals that it Js always
- unecononiic to keep stock of lsss than the averaga demand siza far any spare

parts. -

' Irz conclusion

Several models for deaiing with stack:ngmon-smcking ‘decision ru!es hava been_

discussed It is obvious that there are no hard and ¥agt rules about whether to -

gtock an item or not. Moresover, several other factors that have a bear:ng on the
- decision dre not taken into account in the above models. Their applicabllity is

therefora limited. A more elaborate manual method with relevant factors that

- influence the decision on whether to stock {and she extent of the inventory) ar not -

o stock, is dtscussmi in Sectiun 5 3.8

I8A:02)
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DEVEL@PMENT ANID SEILEQTEDN OF M@DELS USED HN THE
PROPOSED ENVENTGRY CONTR@L SYSTEM =

| Guzmm PRHNC]PLES

A prohlam diagnasis was presented irr Section 2. In Sr stion 3 Iw,mnam factors .
inventory detisions were discussed, with spsciar «ttention to replanishment lead time-

reduction, Section 4 presented 8 wida range of sarected Inventory models frorn the

- literature. -

The strategv ampiovad in tha selectlon and davalcapment of rnodela to be usad in the

proposed lnvantorv control svstem was direciad by tha following gulding principles: -

o A mathemaﬁcal model pérmits tha selaction of values in a limited set of varmb!es -

su that some raasonable measura of effectlveneas can be attainad.

o The modals used can be titled into the snvironment in which tl'ua “company
' operates: The selectedfdavaloped modeis to ald deciston-making Incorporate most _

of the tmportant factors

° The measures of affactiveness used in the modals are conmstant w‘th ¢ smpany
oblectives

% The raquired managerial time fur mairtenance of the models and thelr usy for tha :
detision-making, sult the current company staff complement {buyers and stock

cuntrollersi The system gcontrol cost is tharafore not incredsed,

@ Most of proposed models make use of analytical decision ruIes and can

thet‘efor_ Jplementad by using formulds, tebles and graphs

BFPPROPRIATE INVENTG \" CONTROL S‘»’STEM

Recall from Ssctton 4 4 that the mventorv control system whish was sa!ected is the

R, 9 typs ‘The guiding principles in this sefection is the system's appiicability to the

- company's type of operation, and other benefits such as lower costs due to better

coordination of transport mode and staff utiisation {thus reducing ordering cost).

. Thére are other non-quantifiable benefits such as. improved communication with o

suppllers. The main disadvantage of this system Is the higher carrylag charges
compared 1o continuous review systems. However, these had besn minimised by

introducing a reduced review period of two weeks instead of four weeks as hefore,

(See the detanled dlscuss!on on this issua in Sectnon 4.4.)

PROPOSED INVENTORY CONTROL SYSTEN

The proposed inventory contro) System doscribad in this section is a h?bﬂd ie.a
mathsmatical and manual procedure to estabilsh the Inventory control parameters, _

Tha properties of the proposad inventory contn:l svstem are prasant sd below,

sam2
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' IW\IN PHUCEDURE SKUS DEMAND PA'ITEHN CLASSIFICATI{JN

. §ame of the methcds presented In Sect!an 4, 5 10 classufv SKUs dre 61 the maln

procedure balow, Somg of the classification methods had baers rejectat! mainly

“ because. of .a physical constraint, namaly the way the currght system captures - "
" transactions,. This method. differs from the daa eritry required by thesa models. For -

this reason other criteris that have been tested empirically by several researchers

© were used. Refer to Sections 4 5.1 and 4.5.2 for a detaiied dnscussmn of SKU' L
_ ciasslfication methods. o

- 'Fha main procadura atgorithm tises the followmg vanablas.

X owm monthfv average ﬂamand (umts} for last 12 months _

'Qf[i = monthiy standard deviation of damand (umts} for iast 12 months '

. Xoow = forecast {or expectedl demand ‘over' & replamshment !ead tima (units}

_ Gf.mn’,ﬁ,,l = coefﬂc:ent af vatianice cwsr a replanishment load time

where Coeft,,ﬁ = STDuafxm

" The abuve variables are calculated on the basis of \he last 12 months' demand. The'

value range of X, , and coef, . wilt determing the procedure to bo used for the

*‘valculation of the controt parameters, i.e, raquited safety stock ang the re-ordar point.
‘As mentioried in Sacilon 4.7, the re-order quarrtity Is predatenmned and equal Ty

three wesks' supply.

The main procedure repr_esents a summary of the methodology for the SKU demand
pattern classification which will trigger the selection of the appropriate procedure, As
can be seen from the flow diagram of the maln. procedure, the dufferant ranges of
x,_m and coefm trigger different proceduras: - _ _

o X“ﬂ = 0,4 when the SKU demand during the replanlshmaut Ieacl time is Iass than

or equal to 0.4 units, and tha SKU is classified as a very siaw-moving Itam. The
8KU control parameters will be determined in procedure 1. :

© SKUs that fulfil both conditions X . > 10 and coef‘_ R = 0 5 are c!assrflad as'
SKUs with a normal distribution of demanﬁ {Procedurs 2}

. ® X“H>04and05:‘=coef‘_ms B

‘SKUs that fulfil these conditions are ciass;ﬂed as ttams that have an erratm Tumpy -
~ demand pattern {procedure 3}.

_ c-_0,4 < )(,_“ﬁ =10 and 4)(m STDM

W Xo,p s in the range of + 10% of the §TD, ., va{uel These itsms have a -
Poisson demand psttern {Procedurs 4), :

°© X_.p < 04 and coef,,, = 1,5 and unit cost > R3 000, These are very expensive
slow-moving items, with a very erratic/lumpy demand pattern, {procedure 5},

. BAD2
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PROCEDURE 1- INVENTOFW IVIGDEL FOFI VERY SLDW-MD\!]NG SKUS

. Items with extremeiv lowr salés may be minor vanat:rms of n-star—muwng products. n ...
- this case it could be attractive to eliminate . the slow-moving spacial ‘versions. Of

- course, decisions of this type as well as those where there is no substitute product,
go beyond the field of nventory management. Marketing considerations, including -

* customer relations {for gxarmple, the slow-mover may be carried as 2 service item for :
an important customer), are obviously relevant, Furthermore, the appropriatd course -

_of action may not be to discontinue selling the ftem, but rather to make or buy it fo

. crder BS opposed to stockIng it, an 155UB addressed in detail in Sactlon 4 B,

in vaaw of the decismn to satusfv custamer demands for a givan SKU the. question :

that now arises is Should we make & special purchase from the supplier to satisfy

‘each Individusl’ customer-temand trensaction. or should we purchése to stock?

" Normally a low demand rate favours nonstocking but there are a number of other.

- factors that also influence . the decision, and these factors -are’ dnscussed in
- procedura B, . . _ . :

| Procedure 1 balow dascrlbes the methudolony used 1o estabilsh control varlablas :
-This procedire Is activated when the unit cost exceads R3 000 or when ‘the SKU Is

a crrticai itemn to a ﬂeet owner {Procedurs 5-manual procedure}.

T the unit, cast is Iess than HS 000 and if the :tern is not crltlcal to a fieet ownar,

modei {s, 1) is used. In this model § is the maximum on-hend quantity and § = 1.
The re-order quantity is also one unit. The re-ordar point is zero umts, derived from
the relationshlp ROP = S~ FIOQ . _ _

-'_'Paocsnuns 5 . INVENTORY MODEL FOR §KUs WITH N(}RMAL
'DISTRIBUTION OF DEMAND

Section 4. 7 presents a wuds choice of crlterla for establishmg safety stocks, The

_choloe of a criterion is 2 strategic decision, diractly invalving senior management,
“Procadure 2 was designed to facilitate tha selection of tha criterion and the implied

associated deciston rule, Exehange curves that will be helpful in this regard dative

from this procedure and are prasanted in geption 6.

| Prucedure 2 below degls with ali tha 8KUs that have. 3 smooth demand pattern.. '

These SKUs are characterised by a low coefficlent of variation {Coef, ., i less than

“ 0.5}, Items with an average demand during a lead time that is equal of greater than
10 units, are ciassn‘:ed ag fast-moving items,

The ;followmg steps are described in Procedure__ 2 below: |

0. Specify fha _decisit_jn' rule to select safety factor k.

~© Compute the relevant k valug in actordanca with the selected decision rulé. (Refer

to Section 4.7 for a detailed explanation of the formulas presented i this
procedurel _ _

L the computed valug k is lower than the luwest allowab[é value (k- = 1,00} or.

cannot be computed from the formula, the value of k is salected as &k = 1,00,

sADy
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Use (8, 1) model
- BOP=D

O ROQ=L
MOHQ=1

. ROF =reorder poing -
ROQ = pe-order qrantity o

- MOHQ = maxinm on-hand quanticy

X+p  =average qﬁemmmﬂ during




5.3.4

P .

The values of G lk;, P, lkl are obtained from K, or ¢an ba Iooked up ina table. _A.

o table af the umt narmal dmtributron i5 presanted in :&ppandix 21.

0 When the value of the safety factor Kk has been ascertamed the foIIDng o

quantmes are cnmputed

Maximum on-hand quantitv lMOHG} Xion +'k STD,_ R

.

Average on—hanr} quantlty {AOHQ} x-ﬂfz + S_S_ -

3

Safetv stock ISS) = k ST D,_ in

Re~t:rder pmnt lHOP) = X, * SS _ s
_ Expected sho:*tage per: raplamshment cycle {ESPRCI STD, ., 4 Gukt

" The value of G A, Pt are obtained frnm k, or can be Iocked up m a table. __A '
tsble. c-f the unit normal distribution is’ presented m Appendlx 21, o .

% When the value of tha safetv factor k has bean ascertained the follnwmg_-_ '

quantities ate computed' '

- 'Maximum on—hand quantlty {MOHO) xuﬁ + kSTD,_,,a

B Average on-hand quant:tvt lAOHGl - X 4 SS |

- Safety stagk {88) = k STD,,,
- Ra*crdel point (ROP) = X_+ 88 "
Exwected anortage par réplenishment wcle (ESPRCI = .“:"i‘DMi G (,k]. '
PROCEDURE 3 - INVENTORY MODEL FOR SKUs WITH. :

_ ERRA‘I IOILUMPY DEMANB PATTERN

Reo?ﬂ from Section 4.5.3.4 many researchers have found the Gamma dlstributlon 1o

‘be a  ropriate for describing the ‘demand pattern during lead tire, wlth lntuitwe

appea. and empirical suppurt.

In ancﬂuure 3 helow the Gamma distribution s used ta caiculate ‘the relevant

~aantirus of SKUs with an errat:cflumpy demand pattern, ot for slow-moving items.
The following ,ruterm ware used to salect the items ta: be discussed under this
[n Qcadura; . _ .

¥ The demand during r’e‘p‘lenishmant lsad tim# is greater 'than 0,4 units (X . > 0,4,

% The coefﬁcient of variation of demand durmg lead tlme is-preater than 0,5

{coef, . > 0,5).

o Tha unit cost is Iass than’ R3 000 lv < R3 000}

Th:s procedure uses one declslnn rula orily o calculate the quantlties below,

sA0n
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""_The decision maker shouid spemfv the nrobablhtv P, of no stockout per L
_Yeplenishment cycle. Whan P, has been established, the Gamma distnbutlun_. S

_ parameters are calculated from the data as fqllows*

a

X, m’STD LR
(X W/STD, g2

 With the Gamma dlstnbutmn functjon paramaters a, I: and F‘ tha followmg -

L -'quantntles can be caicuiat\ad

535

R

o 'Maxlmum on—hand quantitles 5 EMOHQI Gamma mvért (F*'1 k, dl{Thé Gahiiﬁa" '

" invert is a builtsin function of the software package EXCEL, - This funetlnn"
-retums tha inverse of the Gamnia cumu#at:ve distnbution funct:on. .

e Safetv stoclc (SS) = MOHQ - X, P o -

' This relat{onship is darwed from Equatmn 4.6 4 in Sect:on 4 6 2.
°. Avarage on-hand quanuw {AOHC[) MOHQ - Xm + XRIZ |

- This re]at;onsh:p derl.ves from Equatlon 4.6.7 in .S_e_nction 4._6.2,

o Re- order point (ROP) = X, 88,

° Expectad shortage per repiemshmant cvcl’e (ESPRC) _
| ke s Gamma Dust {8, k+1, 0, TV - 8{1 Garnma Dist is, k, a. T}] |
| Gamma Dist retums the Gamma distr;bution tunct:on where _.

| s lROPl " :s the valua at whlch we want ta evajuate the dqstributmn.

k, a parameters of the drstnbutiun, T = returns the cumulatlve distn’butaon' .
function. _ o . :

PHOCEDUHE 4 - INVENTORY MODEL FOR SKUs WIT_H POISSDN

| DEMAND DISTBIBUTION {SLOW-MOVING: SKUs!

As mdicatad by manv researchars frefer o Sectlon 4.5.3) it i3 appropriaie to use the .
Poisson distribution 1o represent demand during the raplemshment lead time under
the fnllowing two mnditions. _ _

o Damand durmg lead time rangas betwean 0,4 umts and 10 units o

(BAD2I

{4 < X ;= 10N

® The standard daviation of. démand d‘u'lng the' replamshment {ead timc ranges n

+ 10% of the demand during the raplenlshment lead time
0.9 WX,.q < SO, = 1,1 »JX,_m} '

when the demand and. the "tandard deviation of demand fulfnl the above'
conditlons, Procedure 4 is applicable. . _ .
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' 'y Three decisiorx rules are’ offared 1o the dac:smn maker fnr cost avaiuatlon
L : cost 31 per stoskuut nccasion | |

It Is aswmsd that the cost B1 Is incurrad ontv if the derhand clurmg the lead -
time-exceads the re-order point 5. The expected total refavant costs {E‘I‘HCtsﬂ SR

S par. unit time assootated with us:ng a re-order pomt s are

._ ]u!

'_.'_':'_'-'_'-E'rac:(sl ot Z e P{om) * DB»P{NM}!Q | 2

. BAD2

~ '..and Pinl.ﬁjl = exp {*DLi {DLW' l

'.i.a. ’

o __;_whare

e P{m __j) _ prababillw that total demand durmg lean time ial

et

: F‘{m.:>sl = prohabulitv that demand durlng the Iead ﬂma excaeds re-urder
-.pomt s o . o . o o

- :_and.P_mwsl = %l Po )

a Equatlng ETHC {sl F.TRC {8+1) for md:fference betwaan s and s+? Ieads to '.
| P{ans+1}lP{m.ms} nvrms, |

As mdlcated in Procedure 4, the value of the ra~order point {s) is deterlmir*ed

by way of the followmg steps:

step 1 Caloulate T = - Qe PU T '(5'2'2)"

 Step 2 The calculated valua T carresponds. with valug in a table des:gned
: accordung to Equatinn 5 2.2 gbova. (See Appendix 23)

: ROP <slT

Stap 3 Ca!cuiate aii othar control narameters

' - maximum cm»hand quantlty

‘MOHQ = ROP + Q

_ 1{1 is predetermmed and aqual to SDISO}

- _Safatvstock SS MDHG )(,_+R .
e Average qn-hand quantltv |

. 'AOHQ = MOHQ X + xﬁfz

- Expacteﬂ total relevant cost per. !ead time "TRCisi is caleulated accardlng 1
_ -L\.uation 5 2.1 above. . _
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| B Fract:onal charge B pef umt shnrt am:l re-order quantity Q=1
. . The expecwd shortage costs per Iead ttme C : -

_ 'C = icost per shortage) % {expected demand par it tlme} x_-'
_ prob {a demand is not met} o

.:-"..Where'. . . L _ .
: -_c___ BVDP{m.zS} S B2 o
| _B,.l_s dgﬁne_d .abw_e. | | | |

DV = a'nnuaf défnaﬁd value (R)
-PmaSi = proba’bilitv that demand is not: mat
) _ 8= Max:mum nn hand quantltv -
The quantnties MOHO SS, AOHQ are- calculated as above |

The expectad totai relevant costs per replamshment iead tlm1 as a function of |
B are '

' r;rncts: AOHQW + C _
For the proposed control systsm (R, 8, the model under tha fractlonal charge

B, per unit short, an order for one umt is placed when the mvantorv pos:tion }
drops tolevel 5+ 1, - . S _ :

i-u

ETROIS) = vr & {S) Plaw=j) + Byv. xm PlouzS)

T

A convenient soluﬂon, as suggested by Sllver and Pet'erson'm {36{')}} is the use of
indifference curves, These are obtained by equation ETHC{S} 1o ETRC{S-:-T} for a
- gived value of S,
 After s:m_piiﬁcatlon._this gives
Ejm §t = [ N
le.sSi XonBa _
] Prohabiﬂw P of no stockout par replemshmant cvcle

Wlth the Polssan distribution functlon _parameters ){“,qi and P the followmg :
- Quantities can be caiculated . _

° maximum on<hand quantity (MOHQ) from foox up table (see Appendix'?.#}_
- safety stock {58), average on hand quantitv (AOHQI
' Be-arder point {(ROP) calculatad from the relation clescrnbed above

©IPRd . 1SADD
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e Expected shortage per rsplemshment iead tlme {or mean pc:tential lnst of sales)

. (ESPRC) =

__'Eseat:_".a :-.x;r-n 0- F P{n&ﬂj}!-S{l- 5 P(m.-l?

fmg bma -
:_{See our dematlon in Sectlcm 4 &. 2}
ESPFIC = Xisn {I Pulsson fs<2, L,b,;i‘l. : -8 (1 Pmsson (s-l X,_,,JJ
'Pousson {X, mear} - sturns the Possson probabiirty dsstribution

where

© X. = the number of events (S in our case)

Mean = the e:rpected nurheri’c \ralué (X._,,,J |
T . = cumulatwe Poussson prohab;l‘ty‘
PROCEDUHE 5 GR!TICAL RSSESSMENT OF SPARES

As_.disr:ussed i Section 2 wnder ABC inventory analysis, as".many as B2% of SKUs to -
the value of R35,3 milllon are classified as slow-moving/dead stock. This group of

items is tne main contributor 1o the high lnvastment tled up in inventory,

- The nurmai mathod uf assessing spares stockhoidmg raqurrement is either a "gut

fesl” estimate with spares. held by default, or some form of scientific judgment (a:

. discussed in the above proposed modsis) is made on the basis of statistical analysis.

of one or two variables. The "gut feel” approach tends to lead 10 a stocking situation

“for: safety's sake, and tha latter approach also has a number of problems.

% Detailled statistical data on the spares demand pattam are reguired. Normallv such _
data do not exist due to the slow movement of thesa items.

% |f some statistical data do exist, a high level of skill is required to applv the o

approprrate statistical analysis me?"lods. _

° The statistical methods saiected in most cases do not address alf of the factors _
that should ba consldered for decisions on stockmg versus nonstocking and the
quant''y that should be stocked.

Provedure 5 s based on a s;tuation appraisal technique and use loglstical
dacision-making Intelligence to astablish the triticality of the spare parts to fleet

' owners and other users by leading the stock controller through a series of guestions,
' -ans wers and chmces. .

" This, pmcedure ensures that the stock co. wller considers most of the factors that

contribute to the decision on whether *o stock or ngt to stock,

ALY
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- The .fgllo'wing factors ar_e-in'voiv'ad'in-dat:ismﬂ-mtaking:

L)

S m

oW

B -

A2

Planned use of the item
A!ternatnvss for the itam!comm( n part

Snurces for supplv

' -Duwntime to fleet ownar

'Pradlctabihtv and probabitlty of failure

Lead tima

Cost immlved Iaf salas negaﬂva rusk)
-' Whera itam 72 uSEd in_new truckfbus or in truckibus that s going ] phasa out _

.Usage h:storv if it exists.

. An rmportant advantage ln considering a .arge number of factors is that Iass seipntific
- accuracy is required because the importance of any single factor becomes relativaly -
_less. in view of the above circumstances a pre-set strycture of guestions and renge
- of answers to elicit the requarea information from the stock controlier were designed
as. descnbad balow. . _ _ :



| - PROCFDURE 5 e
SPARES cmmm.m ASSESSMENT PRGCEDURE o
| | APPLICATIGN FOH ALTE!\\ATIQM TG CONTRDL FIGURES " C
 GENERAL |
) .ASSESSMENT DATE
 sTock NUMBER
ITEM NAME
 ITEM DETAILS
| $TOCK ON HAND -
UNIT VALUE (R)
LEAD TIME (WEEKSI |
 ANNUAL USAGE (umrsr
'NUIUIBEB INSTALLED INAT!ONAL FL EET SIZE)
: ﬁ.VERAGF LIFE {MONTHSIYEARSI
SUFPLIER )
1.A ls.t'he itam nﬁade to order? What ia the léa& tima {days)?
1 B Is the itam supplied from stock? What is’ tha lead tlrne {daysi?
_ (Answer Ves or No, and number of daysl
1.C Whan had the supplier lead time been verlfied weth the supplaer? Can it be
* shortened? If the last order to the supplier for this item had been replaced more
than 18 months before the assessment date, the buyar should verify tha Iaad '
tlma with the supplier,
PRQBABILI'I’Y OF FAILURE
2. Is the iterﬁ likely to fall in servica? |
2.A  Failures are comimon with this type of item
- 2.B  item Is subjected to noticesble wesdr and tear

2.C item s robust and riot subjected o undue stress

{Answer 2A, 2B or 2C)

IPP4 . [8AR2)
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PROCEEURE 5 lcantmued)

' PRED]GTABILITY OF F 'L-JRE

3 1e fallure predlctable? -

3.A Very difﬂcuit or Impossnble no visibls or detectable symptoms
3.8 Moduerately difficult - requires special accuss/expertise :
3. C Relatively easy item shows obvious. symptams nf decay

{Answer Gﬁ, 3B or SC]

I(E_"( .IN_TERPRETATION OF ANSWERS TO QUESTIONS 2 AND 8

PROBABILITY

OF FAILURE

1)

L 3AX2C  3Bx2C | SCxZC
' 2 - (3) Lo

- 3Ax2B '. 38x28 - | 3cxam

28 T : _ .
{2 {3) (4]

o 24 x 3A 2Ax38 | 2Axac

| {0 | (2 @

an 3B s

PREDICTABIL!TY OF FAILURE

tam is fikely to fall and tha fallure ig hard to p:redict Thorafors it is !ike!v to be'

~ In the company's interests to hold spares in stock.

2)
3)
4)

Raducs stock levels if possible,
Question in more dstail. Doss the company really need this spare?
ltem is not likaiy to fail and ¥ it did, it would be sasy to predict that failure.

Under thesa cirra nstaﬂces spares availabifity may be coordinated. Therafora it
may.not be in trs company's mtarests 1o hold spares in stock, o

MOTE: This queatton!anawer system offers a guide to the criticality of nems
Decisions hava 1o be taken as tu the quantiﬁes that should be stocked,

PP . BAD2)
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PROGEDUI»?E B (mntmued)

BA("K-UP AND ALTERNATIVES

4 _Does the truck!‘bus contamlng the ltem bave a back*tip?
B, s there an alternative to the item? : _
: 6 . Dnes the stem have seasonal!nlanned maintenance usage? I so, whan |s piannsd
mamtenanceiseasonai demand due? N
_ _‘:"._ Is the itam rapairab!e wher I*am fal!ure occurs? lf so, what is tha rapair lead o
'--_"-tims? ' _ _
8. w.u the truckfbus contammg the item be phased out soon? o
9:. " W:tl fallure of the item stop the truckfbus?

10 What ls tha expected downtlme when falIure ooours (days}?

i tha answers to questions’ 4 to 8 are Ves, the crlticality of tha item ig reduced. -
Therafore & minimurn numbar of itarms showid be held for the case where )(“,a < 0,

' Re-urdar point F{OP =0
Ra—ordat quantltv ROQ =1

WX 5 > 0,4 the ROP shduld be astablished accdrdmg ta Procedure 3. Howevar i
the item is 1o he phased out sedn, the ROP showld iske into. account very high

~ canying charges, e.g. 40% to 50%. The ROQ W|II be establashed m consuitatmn wlth
the main custortiers {bin fleet owners) :

. AR

_ Smoothlng of damand

When demand -lstumpva the purchaser should check if high readings: (demands)
can be sliminated due to major one off maintenance activity by the flest owner
or a major technological change which-is 1ot going to be repeated, This activity
will raduce the standard deviation of demand during the fead time, which will
have an effect on the ROP and tl ® ROG vaiuas.
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e _'-.';CURRENT AND PROPOSED mwm@w
' MODEL SIMULATION

-'SAMN.E SE&.EC‘TED FOR smnummm

S ‘T‘he sample that ‘was selectsd for the simulation: of the current and prnposed_

-+ inventory models was taken from the current inventory file. Tha SKUs that were
- selected have the characteristics of the type of demarid discussed in Section 4.8.3, ©
- The selected samiple size was 188 SKUs with recorded usage for the past 12
" months, The annuat usage value of the chosen sample amounted to R8,34 million,
- The SKUs sampled protured both: Iocally and overseas with varying Iaad tirnas

R c‘-'.ranging betwaen 7 and 35 weeks.

PRy .

o880 .e-

' The follow;ng informatlon was avaliable fcr the 138 lterns :

: .Part number

- Description
Supplier lead time .
Unit cost '

Ro?lmg movémsnt (monthlv usage over a contmuous perlod of 12 monthsi

| CURHENT INVENTORY MODEL SIMULATEON HESULTS

" The cur:ant inventary modal descrtbed in Sectiou 2.4 had baen programmed bv the

uthor on zn Excel spreadshest.

The' currant inventory model excludes all monthly readings in excess of twice the
' _mnnthly average, to calculate the new monthly average. The number of SKUs with
irregular readings, to- be excluded in the calculation of the new average monthly

demand, are dnstnbuted as foilows

NUMBER OF SKUs NUMBER OF IRREGULAR % OF 'romg
- | READINGS - o
3 ) 18,5
35 1 18,8
a1 2 16,5
26 3 13,8
22 4 1,7
43 5 | 22,9
Total 188 | - o 100

The above distribution indicates that only 18,5% of the SKUs in the sélected sample
can be clagsified as items having a smooth demand pattern according to the current
classification criteria. Morsover, the incidence where three or more readings. are
excluded from the new monthly average is approximately 45% of the total S8KUs
sampled, That means that the control parameters (NAD, MADI arg basad on thres

" readings only, which is statistically meaninglass

The guantities below weta caloulated in accordance with the current Inventory model,
using the criteria to check liregularity in demand and without using it.

18A:2)
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o TABLET .
 GIMULATION SUMIMARY n&suu*s
| cunaem mvemonv MODEL

LAST SIX MONTHS READINGS b
-} ' RREGULARITY CRITERIA - | LAST TWELVE
QUANTITY — ] - MONTHS'
oI INCLUDE EXCLUDE -~ | - READINGS |
© 1000} | {R1000) (R1.000) -
© TMOHV: " 8E9,0 . | 64320 | 6408,0
Tssv- | -1381,0 41020 | 40790 | -
TAOHV | -1183,0 | 41100 40880
. Etvsey | awsoe b 89t 1940,0
© . ETSOPY ° 2700 | - 180 | 183
CbrotAaLcosT | 175 17191 | 17011

-‘The shortage cost is ca!culated at 258% of the expected total value short per yaar . '

{ETVSPY)} and ths canvlng charges at a rate of 23% of the toval average an hand
value {TAOHV': - _

~ The above uantities were calcula’t'ed in aCGcrdahca with the following equations:
6 Totl maximum on hand stock value {TMDHSV) TMOHV =Z V, MOHQ
MOHO, = NAD, LT, + LT,mim |
_ where _ .
NAD, LT, LT, as defined In Section 2.4.2
' LTG = gotmpany lead time is'te_n weeks u8 ft ié currently,
P Total Safety stack valus (TSS\?):_.
TS8V = V,88,
$8, = kSTD, .,
The safety gtock value Calculatad here assumed a normal distribution of demand
* with a probability P, =0,85 of no stockout per replenishment cycle for the selected
sample The current inventorv model assumes a nnrmal distribution of demand

o Tntal average on-hand stock value (TAOHSV)

TAOHSV = £V, (MOHQ, - X, , o, + Xoul2)

sahn



6.3
8.3.1

iPp-6

o Expected total va!ue short per yaar {TEVSPY}'

| E‘rvsw =5V, ESPRC
ESPRC G, sm“m

: where ro= 0 23 H:’R!annum :

By - f’acm‘“al charge B, = 25% ofunit cost '

: | o - Total cost = carryihg charges par armum + TEV3PY X h e

whera h = shortage rate Lo
AII other variablas are as defmed n Section 4.7,

The quantitses TADHV TSSV TEVSPY cannot be quantif:ed directlv from the current

" inventary model and since the curfsnt modal assumes a normal distribution of -
. dermand, the quant:ties for thls d:strlbutlon as defi ned in Sectmns 4, 6 1 and 472

warg used,

The _resuli:s fr.n' the above 'quan-tities Showthat wh_en the irregiul_'aritv criieria- is "usad,_".

the currént inventory formula generates negative wn-hand stock, and since nagative

- onhand stock is not possible {this is not a case of back-ordering) this indicates h
incidence of stockout. This suggests that buyers are in fact overriding the sug d

guantifes generated by the current formula using the lrregularity criter Jr

. purposes of comparison the author caIculatecl the above quanrtities by not using the

irregularity criteria. It is clear that the only cost that applies when using the

irregularity criteria is the shortags cost and the total expected shortage value per
annum is R1 718 millien. On the other hand, when use of this griteria Is. avoided, the
costs of both shortage and the catrying charge costs were R1 719 million per annum,

' Tha expected short total value short per- year is 11,6% of total usage value.

The results of the simulation using the current invrantow model for the se!ected
samp[a are presented in Appendtx 23 .

FHOPOSED INVENTORY MODELS SIMULATION

SKU CLASSIF[CATION

The number of SKUs in tha varlous SKU mavement categories actording to the
proposed classification ruls discussad in Section 4.5.2 and us shown in Procedure 1,
is as follows: .

MOVEMENT CATEGORY : No. “F s:{Us -~ %GF TOTA&. '_

Normal demand pattern - slow-moving . 18 - .80
: - fast-moving ' 6B - 34,8
Lumpy}erratlc demand pattern - slow-moving - B9 31.4
- fast-moving 14 LA
Slow-moving Si(Us wrth Poissan demand 28 14,8
pattern _ _
Very siow-moving/very arratic demand patterar 7 3,7
manual override: :
Tatal : : _ 188

C BADE



B 'Elevan SKUs from ths salected sampls ¢an be classiﬁed as SKUS hamﬂlg hoth Normal S
- .and Poisson demas< patterns during- the réplenishment lead time. Fast-moving SKUs =~

- -' __"'--are those iterns with demand of 10 units or more during repleristinent Jead time, -
S while thn gtaw movmg SKUs have B demand ranging between oneg and fBn uni’rs

EXCHANGE CURVES INVOLWNG SAFETY STOCKS FOR {R. Sl SYSTEM

s --___’:As was dnsc:ussed under "Guldmg prmmples" i SBcnon 5, 1 managmment should be' '
*primarily concerned with aggregate measures of. effectiveness. in  this section

. exehange curves showing the ‘aggregaie consequencss, In terms of twtal safety stock- .

- i rands) versus aggregata service will be developed. The exchange curves that will

" he. davelopad will represent the particular decision rule for establishing safety stocks

L whan it Is used across the population of itérns. As indicated in Section 4.8, there fs a
-~ policy variable for "each type of decision rule, Management's selection of an
“-aggregate opération point implies a value of the policy variable. The use of this

_.6_.'_'3-'12..1 B

* implicit value i the corresponding indivldual itern dec:slon rule will then Iaad 1:0 the
. des;red aggragate cansequences‘ . : A

DERIVATIQN OF THE EAFETY STOGK E){CHANGE CURVES

Chnoalt cases, for a given value of ‘the ratevant po!ucy variable. to sound the

s _cnrresponding point on each exchange curva the foliowing threa quantltlas ara- :

computed for each itam i

°_' Safaty stuck Iu‘l rands] of 1tem| = 88v," . | S - tﬁ.ﬂ.
. whers 55, = MOHQ - Ken = R

‘© Expected stockout accasions per vear =P, D!Qe for ﬁﬂmi B )

where: _
D 101 = number of raplemshment per vear for :tem i
P, = Prahabil:ty of stockout iri replenishment Iead time fer item P _
_a_gmex-__ | R X |
e - . o
© Expected value short per year = v,ESPRC D/,
where: o - |

ESPRU = t} {x=s)flxddx

_Equation 8.2 follows from multiplying the expected number of replenishment cycles

per yoar {DJQ) by the probabillty of a stockout per cycle. Similerly Equation 6.3 is a
rasult of the procluct of the expacted number of replenishment cycles per year and -
the expected shortage per rep!emshment tycle expressed in rands.

FRG ., 1SAD2)
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o NOW; each of the three quantities {Equat;on 6 1 6 2 am:l 6.31 is summed at:is all
. items- S R . S :

'_ Total safety stock in rarlds =E SS, Y IR e k {84} N
' .Expectad total stockout occaS|0ns per year {ETSQPY} = " {;ﬁ.:Ei_-'____';._ o
Exﬂscted total Value short per. year {ETVSPY] = .:'{'elsj_

= >: r:spﬁc, v mq

" The rasults of Equétions 6.4 and 8.5 Give & pomt on tha exchanga curves of safoty

PP

stocl versus expected stockout oceasions and those of Equations 8.4 and 6.8 give a
point on the exchange curves of safety Stocs versus wxpscted vajua short for. the -

. particular safety stock decision rule, Repeating the whole pracess for several values

of the policy variables generates a set of points for each ona of the four curves. {Sée
Figures 12 to 13 in Sectson 8,8.2.2, and Figure 14'in Secuon 8. 3 B3 - -

..SIMULATION rRESULTS“ SKUs WITH -NO RMAL DISTBIBUTION OF DEMN\ID :

" According to the proposed claas:‘r’catmn rule, 80 SKUs from the chosen sample

belong to the category of SKUs having a normal distribution: of demand during the
replenishment_ lead time. The annual usage of thosa SKUs is 4 944 million {68% of
the total usage vaiue of the chasen sample), For five of the methods presented in

- Section 4.8, a simulation run was completed with various palicy variables. A detailed

breakdown of tha simulation run Is prov;ded for the ﬁve decnsxon ruies W|th the

.fﬁllawing pol:cv varlable. .

P, = P'._. = 0,95, 'rss 2 years, s = 20%, = R180.
See Appendix 24, o |

Tables 8 to 12 below summarise the results of tha simulation run of five of the
Pscision rufes discussed in Section 4, 8. Anather stmulation rur was completed for
i eurrent company fead fime of ten weeks and for. the propnsed company lead time
of three weaks. The total costs gomprise two conjponan_ts,'.the holding costs {He He
= v TAOHV and the shortage costs (8 Sg = h ETVSPY, The ordering costs are
excluded from the total costs since they are considered to be fixed tosts that have

had to be added to the He and the Se. The nrdermg Tosts are f:xed and are not
affected bv changmg the pollcy vanable vafuaa, L :

- @At



TABLE 8

"'-Snmun.mnw summmv RESULTS

T SKUs WITH NORWAL DISTRIBUTION OF DEMAND PAYTERN

E PROBABILITY (Pﬂ OF NO STQGKQUT PER REPLEN!&HMENT CY{SLE

R0 PDLJCY
VARIABLE
il

TMOHV
(RWDO)

-TSS_V_-
iR‘[UOﬂ)

TROR
{monn)

(mo_no_; |

ETVSF'Y 'ETSOPY' FOTATCRSTS {m oun)

Sr-IORTAGi: RATEB {h}
1 3% .

20%

- Cnmmmv LEAD 'rmsE " 3 WEEKS

. 0.800

C0e70

| m'uo
- 0.750{
201831
- -.21004
0.800F 22126]
-0.930]
- 0.950 .

L me9of
' nsas_.

1933 SI'

2are3|
" 24878(

2682.1].

_2soee-

1865.1 a4

588.2

6773}
7549}

8e3.2f
‘10677

1182.2._

'-2411 7l
. '309.6: .

- 394.5]
478,71 -

B 333455: '
4553 _'

5403
621.4

.- .
- 823.4)

10082

: mm_
1327.9

000.7). .

 4D28
- aasf
2688]
20158 -
1343} -
B 94.-05

B7.2

~ 403f
134
87l

MY

- 233.9

2318

or93f
U 2s08]

224.2)
- 22848

R
3375

202.9]
- 26420
ey
nrsl
Y §
257
283.1|
307.81

25020

28440
307.9f

4802 FR .
ET I
CassH
C249.7

247.9}' i
264.7¢ -

| compsw_ LEAD -nme =10

WEEKS -

_ '25923 L
- 287485
| 2776.2)

2673.2)

30076

3114.2

-3208.9(

3336.4
53580.8

371??' '

L 475.2
198.1

81.3]
. 577
34,5

gsezl
- 2064| -

2851}

189

- 2416
2483
26815
2822
B304

28811
284,71
- 247.8%
240.4f

3482
cEIck:|
283.1)
265.7]
25700
250
- 268.3]
288,0
ik

2752l

3811

s

3620]
5184

e R

289,
3328

- 3601]

360.67

-7272

7407
757.3]
C . TraA
795,18
Bi25s

827.7
848.8{

LR
LR

.-33.56)

'-437
-38.4

-26.21

-18.2]

127
8.4

58]

-2.0

o -t

.25, sL:
4.8

2.9
8.5
17.4

287
20.8]

366

47,31

- 52.8]

-3’?7 o

-24.1
- 9.8

181
14.41

217

- 82,7

208] .
. a5.8 -
47.4)

-46.8f -
-33.6|
87|

1.3
19.8
273
35.1
488

- 528f




_ sms wiry NORRMAL DISTRIBUTION OF BEMAND PIWTERN
e FRACT?ON {PZ}, GF_ DEMAMD»“SATISF]EIJ DIREGTLY FROi‘fi SH-;:LF

'maLE
%EMUB.&T%@N SUW&M&RY RESLBLTS

(R‘! DGOJ

TAGHV
(moun}

ETVSPY

BEL 'Tom.. O {R1 unu)' —
fR‘!OﬂD) 1.

20%

..25

gggnpm LE&D TIME =3 WEEKS

| isags

ema]
Cheyale
'.:-.-207'94 W
| - 21568
R
_2327 7

'2556 4l

-

5.

2354 N
‘seaf ¢ 4817
508.3]
5726]
666,71
A

813.4)

365*7- -
- 4304
sos4)
00|
%
1723 E

g0

3101.01

.42'!?

> 9160

Cvasa] A7
12128 _' _
ogoay

7Ry
48404 .

£ 2424

146,50
111488
124381 -

. ABE

- 242 '_:3

- 2BB.0§ -
. 2824
. 4R
- 2284f
T R21.8p
R

J 28230
. 283.6%

- s4Bsg -
310 8| S

2rr2|-

oamal
2357
T-.238.5]
L gee ]

268.5

'f_!ﬂQMPNW LEAD‘I’IMEW' 10 WEEKS g

8| zser)

_280.8)

~2ez1f

gm0l
mneso

_2999E1 3945 o ada.ai-'
“789.00

. B0DASE
3176 2

.'c

871 8§

83471
101?4 _

. agsal -
- saa9f
g

28

30-

851

| ze78]
- aerof -
ar2|

el
- zaaa].

838}

Catraf
s
~ 2050] -

'--?'___".-hnevmnom rRom PROPQSED CDMPANY LEAD el

- edin
W]

0 9{}0
-.0.930

- 0.9‘5(_1 L

91 9.7. -
v |
248.5]

trog|
188.50 -
- 2003]

t7a8)
1918}
- 208.4)

1-0.7

5.8 -

' -530,0
-378.5

" 45,2F

287 5|

415

478

azab

456F
- aref

e

45,9
48.1}

a0l .o

#0825 o

3684

- atest
28]

. 2588F - 0
c24r8l o

2488}
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Ckmﬂ&

- ”-’*_-'-J.;-gﬁmum.mnm Suwmv RES@L‘E‘S |
SKis WITH i _RMAL nnsTRIBleeN OF BEMAN&:& PATTERN

15%

- 20%

ﬁspv ETSOPY TQTALCOSTS{R'! onu} —
| HbﬁﬁﬁaﬂﬁAIES{h 1

‘1. jons -

- '25%-._; :

. -235? s
o '_2492.5
| 24580}
.- 24878

2523

™ “aso38|
26668, -
- 26203]

262031 -

- 209240
) 26921 i

- 99004
1067.7

1087.7§

A UBT 7

“ssoe]
8B07) - &
7335
778.4]
| B8]

\ 863.2 '

«pog.6k 1

- 990.5| -

-842.8] -

oug.07

Cagra|

261,81

“185.7]-

1482

o oas|

e08f
CraTg
el
578l
R E:| B _
X | S

Cans
- 28 8

- 289

- oepb

- 1850

46330

775
-ﬁ\szo

443
344

31.0
25,8

18.4

70
_ 16.0)

'h'f_ 5

35'7 . ’

i

|

osaaf
283.1f

2258
LN

"230.1

234,40
a1y
2457 J

2515

4

-283.1

--'24?.'311'.-"- '
L 2are)
23043
2417 T
LU
- 2502k -
- 288A)
. 2548
268.8] -
2&&.65 .

261.9{
270.8
L 2r0T

- 2845) -
- 28450
284.5 :

__1.25 .
150
"2.00

w—-

32347 _
. 320868

. 8301
| “ gedof
sa7e8] 1

© 450

o 180
.'_'1'50 _

273.7

28 S| .
‘2040

" oezal

288.1]
- 208.4}

2911
2028
s02.8

- '.-.DE\!IM‘!ONFRDMPROPOSEDCC&MPANY LEAD'TEME

1.28¢
130

Cag0]

g2zl
ga2g|

: ass.s' :

152,03__
- 1625
AT

1520
4628
a7

285

1 |

444

—4?6
-~ 38,7

: 423.?

39.2

40,8}

: '4_2.5'

T

- 4ie)

o o

27
- 4408 -




F’OLIGY

VARIABLE
ko Bt

TﬁBLE 11

- smuwﬁ'aw Suwmmf RESULT@ e
© O SKUs WITH NORMAL DISTRIBUTION-OF DEMAND PA’TTERN
] -'_COST (8‘1} PER STOCKﬁUT GCCAS&ON 5

TMOI-W

(Rmcm)

12::3‘\3 =

(muoo)

mowr-wsw ETSGPY
(chm) j (mo:m) ;

1%‘%

TOTALCQSTS (m 000} SRS

o commmv LEAD ‘HME 3 wsﬁxs

20%

_ 2

TN

01 -;20843
| - 2088.7) -
o 2007.4%
0f #100.5)
0f 21188
Of 2124.1)
| 21385}
0] - 2148.9]
of - 2155.3)
00 2168.70
21784' '

A72.8

. 408
4643

- 485.1]
4943}
490.7]

6.30‘._95

514

5228

530.9)
542.3]
s

-876,7

605, eﬂ'f'
“g1011

840,08
- B45S)
. ng_!'gq'.._ -

86851

8e8.0¢.
699.8]

) ._asse.ﬂ _
earal
pari S
6068}
5020f
588,5]
556.4}

5437}
5318
. BO8SE
4980} 1

1488

. 2380

2353

23548
o 23550

2874
237.4]
2361

. 238.7]
2352)

| 26B.7

- 268.5]
- oesef
266.2]
263.4) -

2825

260.2|
260.3]

2704
- 269,81 -

s0aaf
RS B
“sog3)

- 20680
20828
29588

-2008)

28981
- 2888{ .
285581
285.2F -

T connmw EADT

!UEE 10

WEERS

Lo

o wm_a

150,08

200.0

N 2856;.4
2862.7

”28766‘"

- 551.8]

558.1

5721 '

7173

sorel 7807

703,91

TI0.4Y

739,18 -

i)
’ 'gdz.ei;_--
1883
170.2}

' 27?_;6 ':
L2774y

316.8]
L3158

sseel
354,41

09 -

BE\IIATION FROM PRO“OS

€D ccmm«v LEAD TH‘JIE

100._0
150,08

200.01

78?’7.

- 765,86

85.4

7674

'_ 87.5]

869

. 87.5{ 1%
854 . 1384]
132.3)

183.5(

=% :'. .
R X

4001
. 40.3%
38

46.8
47.3)

485

535'

B4z

:_:31 _.
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TABLE 12

Samumnm SU mm&w RESU u.;rs L
_ SKUS WITH NGR“MAL DISTRIBUTEON OF DENIANH PATTERN

o -_ch-ruomm. GHARGE (BE) PER um‘r saom

e cgmmﬂv LEAD TIME = a WEEKS

. [POOY THON TSV | TRORY ETVERYETR ot STRT000)
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The tables above reveai tha following.

o The expected total valua short per year’ (ETVSPY} is iawer for the currem _
company lead time. of ten weeks for lower vaiues of the policy varisbles P, and P, - .
{between 0,7 and 0,85). That can be éxplained by the h:gh safety stocks gwan by P

' the excassive companv lead time of ten waeks.

TAs the required policy variabls goes up, the ETV3PY and the tntar safety stock o

- valua {TSSV) are Inwer for the pmposed companv faad 'ams of threa waaks, S

IS0

Tha total cost for tha vaious dec;s:on rules and the pohcy vanablea operating '3

range is batwaen R224 0‘100 and, RZQG 000 per annum. .

. 'The rnml'mum total cost is’ nbtalned for the ful!awmg declsmn rules and the- '
: fqllowing values of the policy vanables‘ B _ :

- Pyre ¢ P, =090 h=16%

. P,rale ': = 0,93, h =15%

- TBSvule TBS =.0,75 vears, he 15%_-- |

. B, rulé : B ‘1’5% of SKU valug, b = ‘15%

As can be. seon, all the mirumum costs are achleved for the Iower tate of shortage. - B
{h) of 15%. That can be explained by the higher rate of cartying charges :

Ar = 23%) which dominates the tutal costs rather than the lower shortage rate

th 15%}, whlch has Iass influsnee on the total costs.

As tha s! ortage rate {h} goes up, total minimum casts are achieved for hlgher'

policy variables, which provide higher safety stocks dus to the %ncrease of

' _shortags rata th) compared to charges rate {r}

The pohcv variable range presentad undar comparw lead time of tan weeka is .
more appealing, The decision rule that provides the minimum total cost under this
policy variable range is the P, rule, with P, = 0,93, TSSV = RO,600 miflion, -
TAOHY = RO, 743 mlllmn, ETVSF"( “lO 339 million ‘and a tota! cost of RO,221
willion per anaum.

When comparing total costs for the various _decisi_o_n rules and. for the rangé of
policy variables, the total costs are Jower between 7% to 21% (depending on the -
zelected dacis:un rula) wiign using the prOpOSed company lead time of three

-weeks.

The total 'cosr When thé current_inventorv rodal is used for the SI(Us classified as
normally distributed, is REYE 300 par annum, The total cost reduction compared

- to the proposed decisron rules ranges between 52% and 62% of the total current

cOosts,
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_ SIMULATIQN HESULTS SKUS WI"H GAMMA DISTBlBUTION OF DEMAND

'Saventv-two SKUs of tha chosan sampie were: classlfiad as SKUs that have a Gamma' _
distrfbution of demand pattérn during the raplemshment lead time. _The total annual - .

. usage value is R2,759 million {33% of the toul annuai usaga sampled}

A sumulatuon run was cumpletad for the. grohabmty l‘-‘1 .o;F no S‘coc{(aut ner

'replemshmem: cycle. Table 13 summarises ‘the simulation run results for policy

~ “varigble P, ranging between 0,7 o 0,995 for the proposed company lsad time of
. thres weeks and the current company: lead: tima of tan weaks, and for tha duﬁerent-

shortaga rates {15%, 20%, 25%).

- .Table 13 |Ilustrates the foHow;ng performance of the Gamma d:stnbutmn mcdel. B |

© The tot. .Jst wheh shcrtage cates of 15% and 20% are usad, are 5,5% to 7,6%

. iower whan using the P, decision rule for the proposed company ieael_time of

' thnce weeks compared 1] the current company leau time of ten weeks.

.9 When deafing wi*h a higher shortage rate {h = 25%}, the Gamma model' utng &
company lead time of ten weeks {current} offers a lower total cost for tie P,

~ fange: up to 0,75 compared to the proposed company lead time of three weeks.

. That i8 due 10 the sxcessive safety stocks for the higher company lead time {an:
“extra seven weeksl. However, it is insignificant since it is not the desured
cumpany policy Vanable operating ranga (P between 0,9 10 0,97), -

° The mmlmum total costs for the proposed companv lead, tlme of three waaks and

the varlous shortage 18198, are as follows: -
h = 15% P, = 0,75 TC R139 600 pa
ho=20% P, = o,ao TC R164 500 pa
= 25% P, -035 TC = R182 100 pa "
.A!I the above P, values are nut of the compﬁny 's des:red operating. ranﬁe.
Therefare the company's desired minimum total costs for the various shortage
: ;a:ctes are achiaved for the poltcv variable P, = 0,9, with the mlmmum total costs
h = 15% TC = R1s4_ 800 pa
h = 20% TC = R176 400 pa
h = 75% TC = R188 200 pa.

A datailed breakdown of tha simu!ation run results for the pollcv variabla P, = 0 85

is 10 be found in Appendix 25,
SIMULATION SUMMAHY RESULTS SKUs WlTH POISSON DEMAND PAT‘I‘!:RN

'.This categurv ‘consists of 28 SKUs {15% of total nuimbar of Sl(Us) with an annual

usage value of R637 895 (7, 6% of the total annual usage valuee sampled)

The three decision rules are presanted in Procedure 4, A mmulat:on tun was
completed for the policy varlables P, B,, and B, and for varlous range values. The
simulation rasults far the var;ous dSCISIUﬂ rules are surimarised in Tables 14, 15 and
16. :

{8A:091
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- SHWHULM’HQN SUMMARY RESULTS
L SKUs WITH GAMIMA DISTRIBUTION OF DEMAND PM'TERN
s PRUBABIUTY (P'i) OF-' Nﬁ STOCKUU‘E‘ PER REPLENISHMENT CYCLE
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;SEMULA"E’H@N SUMMARY RE%ULTS
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L The performance of the quowing decnsmn rules is mdicated ln Tables 14, 15 and 1 6

- 8.3.%

PP,

o °_ The minimum tutal costs ara reailsed for the high palicv vanable P and varlous _

- 'shortage rates in a comuanson of the pruposed and current campanv Iead tlmes. :

@ Again the lower costs for lowar values of P {between 0.7 and 0 85) are achxeved

" whah the curfent company lead time of ten weeks s used. Again this can be_.

N _ ascmbed 10 the high safetv stock prowdad by the excessive Iead time. .

e ”Thﬂ minimur ‘ot costs for tha three different decision rules are ach:eved vihen

the B, rule is used, The tfotal costs for the compacy's desired policy vanabla_ )
'oparating range are Jess than the total cost of the other decision rulgs in the range
of 8% to 24%, dependmg on the decisuon rule and the policy varfable: that are .
selected. L : -

- smum*naw summmf nzsuus comamen monz:.s

. in Section . § the author of"ered the use of . hybnds of diﬁ’erent rnoc[els to o
'accummodata the various demand pateerns. _ .

: 'Table 17 summanses the s:mulat:an reaults of the flvs rnventorv muda.s proposed i

Procedures one to five. The simufation was carried out for the prnbabihtv P, of no -
stockaout per replenishment aycle, for the current and proposed companv Iead tlmes,

~and for various values of the pol:cy vanabha P, .

.The fullc:wing _performance af the combmad model is mducated wnth reference to the o

abovo table:

- Lower total costs are achiévéd wheh the current company lead tima.of tan WEeks

is used for lower values of policy variable P, (ranqmg betwean 0,7 o O,BEi and
for the cﬂfferent shortage rates. _

o The minimium total custs are realissd w:th the desrred company pollcv variab!e
_'range {P, baty sen. 0,9 and 0, 97} : . L

hy, = 1 5% P, = _0,9 TC =_R_449 900 pa
= 20% P, =08 TC= " R483 100 pa.
= 25% P = 0 93 TC = FIESU 600 pa
The total costs for thls desired company policy operating ranga {P j-ars between -
9% and 13% towsr when the combined models are compared and when the
proposeu company lead time {thres weeks] is com_p_arld with the. current company
iead tiine {ten waeks). The tables with the summiarised zimutation results {8 to' 17}

ars comparing the proposed inveniory models with the propossd and current
company lead times. They therefore indicate the effect of the excessive current

. company lead timeé of ten weeks, using the proposad inventoty models, Table 18

summarises the results of the simulation run, using the current inventory model
and the proposed combined modsls for the desired pollcy variable operaﬂng range
{P, between 0,9 and O, 97) :

15h:D%}
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" TABLE 18

| TOTAL SAMPLED STOCK SIMULATION SUMMARY RESULTS

7asof

. F : ' .'fom.-césrs@ﬁnm -II:IEVIA‘I‘IONFRCIM PRUFOSEEOOMBINEDMDDELS [ _
INVENTORY MODEL. . P1 | mmonv] 1ssv | THonv | ETvsPY| Ersory [sHoRTAGE RATES th) | Twionv] Tssv | TaoN¥ | ETvery | Ersory JroTAL COSTSRIO0N
: {mcom {1000} (R1000}§ (R1000}| Cocas- | ]  {RTCO0Y !muog} {R1000) | (R1M0D} }- Occas- SSRORTAGERATES fh)
: ] : . ons | 16% | Z0% | 2% § o i lons UF% ] Z0% [ 25%
~ |cURRENT MODEL _ SR
JLAST SIX MONTHS' READINGS : . i : - . 'l - i R B B "
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' _=_A s:mulatron Tan using the normal and gamma dlstrrbutions for the tntal sampied .

o smc:n was camed out for reference and purposes of cnmparason

C oW

.:The current mventurv mude! simulation run was oarned out w1th the vanable""

MAD. NAD and SO8 calculated as foliows,.
Accorﬂing 1o the Iast six months readmgs. usmg the irregu!atory crrtaraa - .
Accord mg to tha Iast sm munths readings, axclud.ng tha trregularity crltsria a

- According to the last twaive months' raadrngs.

The sm‘lulatiot‘l run Was. carried out usmg the current cnmpany Iead time of ten o

o 'weeks

Slmulation rt.ns for aII other mode!s used the pmpns ed companv lead tlme of three .
weaks S : -

'Table 18 mdicates the followrng performancesivariatior*.s fqr ti*a d:ﬂ‘erem modeI3° o

0

The current mvantory model using the fast six months' readmgs and. tha-" :
wragulatnry criteria; offers a higher average total shortage of R1 715 miilion, and ..

- negative safety stocks and average on-hand. stock. This clearly. indicates the

gADR

- inapplicability of this model in this environment, as well as the possible overndmg S

by buyers of the current control parameters IROP, RQQ) of the system,

_ _Usrng the last ssx manths_ read_mgs or twalve mo_nths readungs offers a_high- stock:
on hand, Howsver, the low sxpacted. stockout vccasions and shortages are mainly. -
due to the high safety stocks provided by the current inventorv modal and the

' 'exces.alve cormpany {ead time of ten weeks.

The combmed modsls offered the lowest total costs in'2 corparisan with. the
- current inventory mo.dal, the Gamma and the -1ormai drstnbutlon modais, for the =
“various shortage rates. : _ _

Tha total cost of the comb;ned modals for. policy vanabie Pr| = 0, 95 is 76% lower
than the current invéntory model, 22% lower than the mode! assuming Gamma

distribution of demand for all SKUs, and 1% lower than the madel assuming ail -

-_Si(Us have a normal d:stribunon of demand

__-Exchange curves for the total SKUs samp[ed and far the P1 decismn ruie Is
- presented in Figure 15 balow.
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| CONCLUSEON BENEFiTS AND FUTURE
- DBRECTION FOR RESEARCH |

comcwsrnws |
' As indieateﬁ in Secﬁon 2, the current inventory mnclel is not adequate for use in the '

- environment in which the company is operating. Models existing in the literature have .
" been surveyed and those that can be appl:ed in the anwrnnment in whach the '

eompany ls opereﬁng have been tested

- The. prapoeed models also have bean presented ina rnenner in whieh management -
~ can make better decisions on the required invertory: policy through a cornpansnn_

between the differant mventnrv models end varieus policy variahies.

. The step‘s taken to minimise - stock Ievels and to ineraase spare parts availabuhtv '
_fellow three dlmenenons

° {ead time recluctlon - lntenswe studv has been carried out to analvse the current' :
company lead time structure and the validity of current suppiler lead time in use, -
The resuits of the study are detaIIPd in Section 3 2 2 .

® Modelling “The. proposed models represent an’ :mpravement over the current_

inventorv model from the following two aspects.

. Usag o more readings {last twelva ‘months readings mstead of sis readmgsi'
whien hes greater statistical Vaiidity

- Usage of various probabiltty drstribu,:lon functtons o describe the various
demand patterns oo '

_ The effect of the ahove menﬁoned asr.:eets are.

- Reduemg the forecast error wh:ch affects the Jeve! of the safety stock requ:red
and therefore minimising holding costs {less stock is required).

Heduct:on of the incldent for ‘stock out thus reﬂucing the shortage COBAS.

Management attantmn ‘should be- d:rectad to the foIIOwmg pmnts concerning the_
" propased mventorv modals: - .

- Some of the proposnd Inventow' mndels are elaborated with. certeln 'eem'plexltv
: oh one hand, however with sigmficant beneﬁts on the ather hand {see
quam:if ed benefits be!owl L
The following is thus required:

«  Staff training '(Ihuyers and stock controllers) -

- Srron'g computational power to run the models and a sensitivity analysis, The - |

~ implementation of the pmposed mvantory models can be supponed by todays®
technology. S _

° Reonﬂe_rin_g'fr'equenc\'a . ehanging. currant campany- reordering f_min four WGeke-to .
~ twe weeks, raduce the average on hand quantity less safety stock by half.

{BAIDY



7.2

7.3

7.3.1

7.3.3

IFPB

_127-

- As already mdicated in Sectiort 4. 4 thers is no effect on ordermg cost due io the low
o staff ut:lisation‘ ) . _

BENEFITS

Tha ﬁnancial heneﬂts to he der:ved from :mplementmg the propasad mventory models '
are as follows: :

o Extrapolating the stock reduction achieved on the chosen sample onto the total

- stock will yield stock reduction of 30% of R15,16 million of total curvent stock on
_hand. This will vield savings in carrying charges of R3,49 mimon per. annurn, &t
durrent carrying charge rate of 23%

"Thess sa\nngs could be ascribed to the above three routes taken for stock
‘reduetion and increasa of availability,

¢ Lead time feductian - 35% of tatal savings or R1,22 million per annum,

o Bettar modalling - 50% of total savmgs or R1,75 million per annum.

°o Reducing reorder!ng frequency from four weske to two weeks - ‘!5% of tota!'

savings of F{O,52 illfion per annum,
Other beneflts:
® improved steck control-
o Iﬁcreas_sd stack ayaiiab.ilit_y _

° Peducton/elimination of obsolete stock In the futura,

FUTURE DIRECTION FOR FESEARCH
MODELS FOR NEW SKUs -

All proposad models discusy ad abova {excaept the model in Procedure 5} assume that
there is sufficnent historical Jata, in order to astablish the cantrol parameters. $KUs in
our environment that havt, Insufficlent historical data are the spars parts for new
vehicles, Future research should address the devalopment of new models to establish
the inventory control paré meters,

MODELS FOR SKUs HAVING TERMINAL. DEMAND

Models that are nearing the « of their life cycle should be researched or developed.
In Section 4.8.5 the Time inerement Contingency Factor {TICF) method has been
surveyed. The applicability and the effectiveness of this method to handla this type of
SKUs should ba simulated, _

ASSURANCE SPAHE PARTS
Procedura 5 in Section 5 has been developad to assist managemient to establish t.h'e

gontrol parameters for those SKUs that have no or very little demand. This procedure
has been tasted un very small number of SKUs (seven of tha chosen sample). Futura

- research should tast its aﬁecﬂveness on a wider scale.

wab2)
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CURRENT INVENTGRY VARIABLES CICULATIONS
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CORREL&T T0N ANALYSIS SUMM 1RY

TEM DEMAI\D PAT]ERN RANDO'W WiTH LAST SIX MONTHS AVERAGE FD(ED
CO:.FFICIENT OF VAR’IANCE RANGE : 0.0 — 2.4
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CURRENT INVENTORY MODEL SIMULATION |
TEM DEMAND PATTERN : LOW COEFFICENT OF VARIANCE
COEFFIGENT OF VARIANCE RANGE ¢ 0.0 — 0.5
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| CURRENT INVENTORY MODEL SIMULATION
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ITEM DEMAND PATTERN : HIGH COEFFICIENT OF VARIANCE
‘COEFFICIENT OF VARIANCE RANGE : 1.0 —~ 2.0
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CORRELATION ANALYSIS SUMMARY
{TEM DEMAND PATTERN : HIGH COEFFICENT OF VARIANCE
COEFFICIENT OF VARIANCE RANGE : 1.0 — 2.0
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142 S APPENDIXJ h

S‘TANDARD DEWATH@N OMPARES@N

ITEM DEMAN;PATTEHN W ITH E.OW .
COEFFHCEENT OF VAWANCE RANGE @ 0 @ 5

SIGMA FLUCTUATION AROUND STDS LiNE
'.%Gum-ra . o S . :

S ] S —

17

e

.......

*
..

8
UNITE

 STDS AND SIGMA CORRELATION AS
A FUNCTION OF THE COEF. OF VAR.

: 1aUNITS .
.14 f o ' +
1ok
a"'
8
-4 ,
0|_1'|?|r l.tj-ll‘l‘l!llll!llll!l
002 0,04 UDT 0.08 011 00 BIB 0.23 0.25 0.28 O3 034 ﬂl‘ 043 045

COEF, OF VAR,

- 8108 _'_-*-*s:_(mA g

~ 81GMA~ MEAN AVERAGE DEVIATION x 1.25
STDS = STANDARD DEVIATION OF SAMPLE

R e
- .
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NEW AVERAGE DEMAND CQMPARHSON

o ETEM DEMAN”PATTERN WETH LOW .
COEFFHG ENT OF VAREANCE HANGE 0 0 - 0 5

NADH FLUCTUATION AROUND NADS LINE

 wre -
T '

4]

B [ i

SR T| : - : i
p b= ' i l. . L e, " i .
a. 10 20 30 40 a0 &80 TO
~ unma | L

NADS AND NADR CORRELATION AS
A FUNGTION OF THE COEF. OF VAR.

uNITS

T
gol- X : _
sof © HIGH € RELATION

'Illlllfll’lli‘llfl.

c
0.02 .04 0,07 008 0N D8 D% 023 0,26 D28 0.3 (.34 0.4 0.43 B48

~ COEF. OF VAR

| —nNADS  ~—NADR |

NADR= NEW AVERAGE DEMAND CALGULATED WITH SIGMA
NADS =NEW AVERAGE DEMAND GALGULATED WITH 8TDS

© APPENDIX6 .
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SUGGESTED QRIER S| ZE
| T EM DEMAND PATTERN W ITH B.@W |
- COEFF ENT OF VAHEANCE RAN@E C. 0 -0 5

SOS(NADR) FLUGTP ‘TEON AROUND
| sos(NADS) LINE

Ty
a-ae"_"“ :

a0p -
2 e

200 e
RN

108 i

- B0
ﬁ —— . - i - 1 il | '.
Q 80 189 10 200 250 acg . 3a0
uNITE o

SOS(NADS) AND SOSINADR) CORRELATION
AS A 'FUNGTEON OF THE COEF. OF VAR.
UNITS

860

800

‘250l

200

180

joof !

50k

B

IllIlliill‘l“lll‘.rl.lllll]llll

o~
0.02 0.04 007 0,08 0.1 0B DJD D20 028 026 0.0 054 .4 0.43 45
COEF, OF VAH

| = SOS(NADS) *sos{mwm )

SOS(NADR)-SUGGESTED ORDER SIZE GALGULATED WITH SIGHMA
SOS(NADS)-SUGGESTED ORDER SIZE CALCULATED WITH §TDS
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STAI '_,-ARD DEW m" roa- | @MPAR SON
N ETEM DEMAND PATTERN : RANDOM WITH MEmu |
| COEFFICIENT OF VAR ANGE - RANGE 05 - ‘ﬂ-ﬁO 1

SIGMA FLUCTUATION AROUND STDS L!NE
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. Bop
70 |
. suf

AL prrmmnes
11
20
14

o - 1. e . Lo pmims -
8 10 20 a0 4o B0
: UNTE :

" STDS AND SIGMA CORRELATION AS
A FUNCTION OF THE COEF. OF VAR,
UNITS :

80 -

70 ' ' R
sol
GO HIGH « MEDIUM CORRELATION
 aof ' .
s0f
20|
10};

D!Illilll.llltl ||||| lllll]l.l"
0,6 050 0488 0,88 0,74 0.78 0.8 DB4 0'.35 088 080 091 094 0-33 089
COEF. OFVAR

| ——gTDS -'—sreMA'

SIGMA= MEAN AVERAGE DEVIATION x 1.26
~ BTDS - STANDARD DEVIATION OF SAMPLE
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- 'ﬂ EM DEMAND PATTERN : RANDOM WITH MEDIUM

:EMAND @@MPARBS

NEW AVERAGE
COEFFHCHENT OF VAHEANCE RANGE G 5 - 1@

NADR FLUCTUATION AROUND NADS LINE
R0 [t

T

. Bak r vy a panip Bpussipbassssstrtrranse TR §

o AR

. en s o rspmg o 0T

_p y I § o o
o 20 " 40 80 s wo -
UNiTE _

' NADS AND NADR CORRELATION AS
A FUNCTION OF THE COEF. OF VAR.

UNI‘I‘S
100

WIaH conRELATION : ' ian - MEI:IIUM CORRELATION '

platet s v b L !
. 0.5 D58 D.88 D.89 074 078 0,8 0.84 naaoaﬂmh& b-!" 0B84 0.08 01_99
COEF QF VAR

| —~NADS ——NADR

NADR= NEW AVERAGE DEMAND GALGULATED WITH BIGMA
NADS =NEW AVEHAGE DEMAND GALOULATED W[TH STDS




17 . APPENDIX 10

SUGGESTE" ORDER SHZE GMPAHHSON

ITEM DEMAND PATTERN RAN@M WITH MED!UM
G@EFF CEENT OF V’AREANOE RANGE @ 5 -1 ft .

sosmmm FLUCTUATION AROUND o
R SOS(NADS) LINE

4040

- 400 b

S R0

100

- SOS(NADS) AND SOSINADR) CORRELATION
"AS A FUNCTION OF THE COEF. OF VAR

unms o
800 :
~ soof .
. &+
400 p o
001
z00l-/ \ "~
) + . ¥
" 100 M e T o
Al SORRELAYIDN HIdH - MEDIVI COARAELATION
lIIIlIIlllllllll[._ll.lllllill :
IJE 0.5 0.86 0.80 0.74 6,78 0,8 D54 D.0G 0B8R 088 0.0 094 ond 0'9!1
. COEE, OF VAR,
> SOS(NADS) —— sbstmnn) '

SOS(NADR)-SUGGESTED ORDER SIZE GALGULATED WITH SIGMA
SOSINADS)*SUGGESTED ORDER SIZE CALCULATED WITH STDS

c




STANDARD DE HATEON CMPAR SON

" ITEM DEMAND PATTERN : RANDOM WITH HI GH__-'-'_ |
COEFF C!ENT OF VAHHANCE RANGE 1.0 -2.1

o SIGMA FLUGTUATION AROUND STDS LINE

!.INITE S

1 - L | 1 i 1 —
@8 86 48 11 8§ 75 85 8

STDS AND SIGMA CORRELATION AS
A FUNCTION OF THE COEF OF VAR.

UNITS .
100

. 'ﬁo_-'
60

40 bor

_'20-' o

pl N N TR TR N TN O T | I T T T | K I NN T RS R R |
1 108 112 18 121 1,22 ‘129 1.34 1.28 143 146 1.64 168 177 205
COEF.OF VAR C

—r §TDS  —+ SIGMA |

SIGMA« MEAN AVERAGE DEVIATION X 1.25
~ $TDS = STANDARD DEVIATION OF SAMPLE
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NEW éﬁ&lERA@E .EMAN COMPARESON

OOEFHC ENT OF VARHANCE RANGE m 21

NADR FLUCTUATiON AHOUND NADS LINE

S e unre
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RS R . o B} SRR O
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55 70 76 80 B 80 W5 WO 105 HO 45 120
' UNiTS

S NADS AND NADR COHRELAT!ON AS
\1 SR N A I‘UNCT{ON OF THE COEF OF VAR
R Cuwrs - |
- Mo NaaanE '- _ ERE—
120} ) S . .
BT S o ,.a.—k«_._.e‘-// '
B0k, ey Ay . , M""“

40 - ' HIGH = MEBAUM

HOF
N © oW
ool coam_awwn : : . 'oonrl"sc.mo'u
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' . COEF. GF ‘MFI :

-*-—Nws' —— NADR

M}‘-DH-l eiEW AVEHAGE DEMAND GALCULATED WITH SIGMJ“;
: NADS «NEW AVERAGE DEMAND GALCULJ\TED WITH STDS




SUGGESTED OHER SHZE o SOb
TEM DEMAND PATTERN RANDOM WHTH HHGH 1
| COEFHG&ENTQF.mmANCE . RANGE-W <21 |

B  SOSINADR) FLUGTUATION Anouwn -
S SESRA sos(mns) LNE

C uNirs
700

SOS(NADS) AND SOS(NADR) CORRELATION
~AS A FUNCTION OF THE COEF. OF VAR.

Um'rs '

: MERIOK - . _— ' ' :
T A - CORRELATION - : ' /ﬁ‘\/’—/ .
. / . . + . .

360

250
& 1 106 112 L8 121 122 129 1,54 135 148 140 168 1.85 1.1'2 19&05
: GGEI‘-’ OF VAR .

| ~—s0smADg) sostuwm :

| SOS{NADR)-SUGGESTED ORDER SIZE CALCULATED WITH SIGMA
 SOS(NADS)<SUGGESTED ORDER SIZE CALCULATED WITH STDS
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APPENDIX 14

ORDER COST

T . WAREHOUSE COST
'A/JCNUMBER . | DESCRIPTION FIXED| VAR. | TOTAL] | FIxED|{ VAR. | TOTAL

| 0015182111 " . RAJLAGE & CARTAGE - CUSTOMER o] 0
0015107112 ~ PACKING & STRIPPING - CUSTOMER [ . 0
| 001-5102-113 HANDLING CHARGES | 720000 72000 R

1 001105114 ‘EXCESS FREIGHT CHARGES . 22,000 24,000 0
" 0015102116 - ~ M90 DELIVERY VEHICLE - CUSTOMER - 0] [
Co -C"(.’) RS - ."‘_j*!":‘ I T

1 001-5202-201 DIRECT SALARIES & WAGES - SELLING - _ [ _ _ 0
- 001-5202-203 {NDIRECT SALARIES & WAGES | 1sop00 {153,000 305172 400,000 { By4o13 | 1294013
001-5202-204 INDYRECT OVERTIME 22000] 22000 | s7000]  4voon}
001-5202-205 __RENTPFAID ETC. B 9
001-5202-207 BONUS PROVISION 12700 [ 127001 25430 33200 | 74630] 107536
§01-5202-208 FRINGES & CONTRIBUTIONS 19300 | 19300] 38.757) 50,000 | 114340 | 164310

| oo1-s202-210° ._STAFF RELOCATION j ' g ?

1 sonsz02-213 TEMPORARY STAFF/PERF INC e 0] 12008} - 12000 |
. 01-S202-216 . STAFF RECRUITMFNT - 6000  6000] S
_Q01-3202:219 LEAVE PAY ON RESIGNATION 6000 6.000 | 6.000 6.000
001-5202-220 . COMMUTATION OF LEAVE 20001 2,000 4000 2000 zooo 4,000
001-5202-223 SERVERENCE PAY - 11.000 . ] ]
001-5202-228 CAR ALLOWANCES 14000 ] 14000]  23.000) 28.000 28,000
001-3302-301 -  MOTOR VEHICLE EXF. BELEES PR 23339 23000] 46330
Q015302302 _EMTERTAINMENT . .. S ' [
001.5302-303 ‘TRAVEL & SUBSISTENCE _ 1. ol _ 0
001-5302-304 FJF & C/C MAINTENANCE 90 901 1,800 900900 - 1.300
001-5302-305 PROTECTIVE CLOTHING ] 1.600 [ . 8.000 9.600
0015302306 - | - TRAINING & CONEERENCES 1000 1.000 0] 1000
OOL-5302-307 €0.CAR LEASE AGREEMENTS 9 1800001 60.000]  230.000
001-5302-308 ADVERTISING & PROMOTIONS 0 0
001-5302-309 - HANDOUTS e 9 D
D01-5302-310 HIRE Or EQUIPMENT 0 12000 12000}
0015302314}  P&MMAINTENANCE _ [ $1.0060 | 84.000
- 001-5302-316 OFF, MACH. MAINTENANCE 6.000 6.000 ' )
001-5302-344 LEASED EQUIPMENT 6,000 6,000 6000 6.000 1

{sM:D2)

PRA



| ACNUMBER |

DESCRIPTION

_ORDER COST

VAR. |

TOTAL |

WAREHOUSE COST

T oonsd0zs01

_ MAINTENANCE & REPAIRS

FIXED| VAR.|

TOTAL

1

© 001-5402-402

POWER, WATER & LIGHTS

20000}

60,000‘-

|- 601-5402-404

" PROPERTY RENTPD,

| so000

80,000

| 0001-5402405

 SECURITY |

400,000

L 001:3402:405 |

' _GROUND MAiN"i'ENANCE

2000 '

{ im0}

171,000

2,000 |

2,000 |

't ﬁm-.ssoz-st)? '

- 'i.ﬂT.TEREST PAm-PARTs-smf

4320000 2,320,000

" 001-5702-708

POSTAGES TE; BX, 'I'ELEGRAM' '

3,200

3200

1 001-5702-700

STAFF SERVICES & REFRESH

5000

1000

1,000

. 0L-5702710

" SUBSCRIPTIONS

5,000

10,000

11,000 | 24,000

35,0001

. 0015702712

50001

5,000

10,000 |

. Q01-5702-744

PRINTING & smrioma"
DEPRECIATION -

95,000

25,000

'_ 49;000

__TELEPHONE

60,000

20,000 | 20,000
160,000 N

__$0,000

0oL

TOTAL:-

24,000

336,900

36,000}

403,106 1

- 740,000 | |

160001  4006]

{1.426,010(5,313.870]

2000]

7274910




. ORDERCOMPILATIONTIMEASA ©
© FUNCTION OF THE ORDERSIZE

.| omoERSizE | comPiATION |  ORDERSIZE | COMPRATION |
T mUMBEROFSKUsy | TIME | (NUMBEROFSKUs} | . TIME |

158 18 82,2
o8 | 2 | sl ]
#46 1 S 21 B SR 1 X
63 | = | om0 |
_ 33,2 . ' 24 | . 78,8
Sl ser o 2. 825 .
i - ] 380 28 - 854
1 419 ' 27 | s3]
12 48 . 23 820
13 . 47,70 | st
14 5080 | . 3 {80
15 | s3s0 -} o3 | 99,9
6 56,40 SR 102,8

BULX ORDER

. Order size avaluation per SKU S 1.2 minutes

Data capturing pre SKU - ' . 0.5 minutes

Follow up/expediting per SKU S -~ 0,5 minutes

- Total s . 2,2 minutes -
Cnntlngency.'aﬁowanca'30% o - 0.Zminutes
Total per SKU S 2,9 minutss

WPRA . BWD2



&QPENDEX 16

T@T&L T!ME SFENT UN[ ORDER C@MF!LA‘HGN
- - AND THE ORDER COST FOR THE PER!OD |

- FEBRUARY 1992 TO MARCH 1983 =

AVERAGE | NUMBER |comPiATion | TowAL | TOTAL | %oOF | - omDEm
~ SKuUs/ |OF ORDERS| TIME/ORDER | TIMEPER | TYIMEPER | VARABLE | ~COST |
ORDER | - - | MINOTES |- MINUTE HOUR |  coOsT | W |
1 269 | . 128 | - 34685 678 co2000 1 60,00
2 627 . 168 | = 9907 186 | 8 | 7,00 |
4 926 218 |- 19988 | 333 -] 17 | 10300 |
7 79 80,3 2394 40 2 14200
12 18 448 | 8288 ) . s8- | . 44 20000 |
24 188 | 7,6 | 14964 2850 12,5 373,00 |.
80 18 243,0 3640 61 | - 1120,00
238 16 | 3670 . BS518 gg | 4,6.. - 1 644,00
1020 15 | 18540,0 23110 385 19 | 709300
TOTAL . 4869 1o82 |

For orders havirig_m_ore than 100 SKUs per order compilation time pahSKU '

Available time for order. 'corﬁpilat'lan 60% of annual ava'ila'.ble time.

230 day x 8 hours x 80% = 1 104 hnursfper afinum
~ Since theré are 4 buyers
4x1104 = 4416 hours!annum

Tntal tlme spent on ordar placing 1992 hours-'annum

'-...._zxwo 45%
4418

K Buyars utilisation =

Each Buyer can compiio 2 585 ordersiannum '
according to the current mix

~ 1104 avalfable hours for order compllation .
0,43 hourg - - average order campllatlon according to the currant mix.-

1—9-‘-’4 258..3 orderahnnurn

lea . SMBZ




&PPEND}X ‘!T
EXFE@TED BUVER UT!USATMN

e | 'éﬁﬁém_de'-time-l__that wit be. _snend-bri- brde.r _gqmpnation _a"cc'qrding_ to Weekl_y_inventnrv_reviaw_ R

om0 | CAUMBEROF C| - NUMBEROF | COMPILYTION'| TOTALTIME | TOTALTIME |
oo b T oRpER MInUTE|

o s rsee |- 1280 | 17848 - | o 208
el oz 1 aeee ) a8 ] 2828 | 42
o oY ol oase0 |0 ane. | 82400 | 540
| R A 20 ' 30,3 ; 605 | 10
IR R SR 448 | 1384 | 23
.80 -} B2 - 2420 | 12584 | - 210
288 f 0 82 {3870 i 19084 .| 318
1020 - B2 | 18400 | 80080 | 1335

- The expscted buver utlhsatm or ﬁo% avallabla time w:ll be:

L2141 100 = 71
4416 ®

e _'Avarage tima fnr nrder compilatmn accordmg to the pmposed twu weaklv ravxaw _
- 0,79 hours/order. _ _
Thus possible number of orders 1o be compltad
- Par annum per buyer is '
J_J% = 1 397 orders

Ay

A . MR

| SKUSIORDER | ORDERS | TIVEPER | WINUYES | - HOURS |



VARIABLE COSTS AFFECTING NUMBER OF ORDERS o

-OF
BUYERS

| NUMBER

" NUMBER |
oF
RECEIVERS

' CREDITORS |

" NUMBER OF |_
ORDERS!

- ANNUR

cAPACITY | -

COST FERANNUM (R)

- BUYERS

RECEIVERS

| CREDITORS |

-~ suB
. TOTAL

1 omem |-
- VARIABLE

(R}

 TOTAL

R

N o e e W N

@ o s s W N

W W W N

1 400 '_
-2 800
4200
5 600
7000
§400
. aaoo".

50 000 |
85000 |

120 000

- 155000 |
190000 -

246000 |
- 275 000

20000 |

40 000

60000 |

80 000

80 000

100000

- 12000

35000

70000

102 000
100 000

100 000’
135000 |

35000

105 000

155 000
250000 |
335000 |
370 000
440000
530 000 |

215000
| 215000 |-
230000 |

230 000

- 250000 |
250 000
20000 |

| 320000

370 000

480000

855000
620000 |
690000
| énu'pqo

Notes: 1 Buyer has 240 x 8 = 1 920 available hours per annum ) o
2z 40% of annual available time is devcmed to market research and meettng mnth users and supp!lers :

L !-
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APPENB!X 19

MERAGE ORDER ms*r PER sw
. FEBRUARV 1992 TO w«ﬁcﬁ 1993

R NUMBER OF % FROM | - ORDER COST AT (R} -
|| ORVERSIZE | - NUMBEROF | SKUs | "TOTAL | BUVERUTIISATION
1 SKUs/QRDER | . ORDERS HEPLEN[SH . 8Kus - | — B

o 2686 | - 2886 | 78 “60'-_. B 7

2y 827 o t284 | 37 . T 8
R S 926-_ 3704 ] 1080 0 103 ] 47
7o 7e ol 883 | a8 f 142 ] 64

c2a | 188 o 4812 | 182 | 819 | 1es
g0 .1 15 } 1200 '} 87 | 1120 | 504
ozas 40 s | ssroo | 107 | 1eas | 740
1020 | 16 | ‘15300 44,4 | 7088 | 3192 |

TotAL | | =a1ss

 Average order cost per SKU
- 45% buyer utilisation R18,00
100% buyer uﬁllsatian Ri 20

In other words the arder cost per SKU with current .buyer complemant Wlth mcreased number of .
- ofders placed according to currant ordar size wilx. from 4 400 orders per annum to 9 700 orders
-per annury Will pe result with an mcrease In order cost, tl‘erafura the recommendad oider cost ;
per SKU is FHG _ o o

WAL MDY

TR 138 | 1a1e ] ar | 208} :..'94-_'-_' 1
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TABLE 4

TABLE ﬁ OF ENDEX LETTFRS (ch USE wrm TABLE 21

RATIO OF
SET-UP COBT
TO UNIT cosr
felc) '

MARGINAL INVENTORY

- CHARGEPA.1Y |

10-11%} 1244% 16-18%] 10-30% |

- RATIO OF
BET-UP GOST
() IJ'NIT OOS'I'
Jw

- MARGINAL INVENTORY
- CHARGEPA M

- roa1s| 12145

15-18%] 19.23%

Under
1 0,008
0,008+
0,008 +
-] 0014
10,018+
0,018+
0,02+
W0Z5+
0,03+
0,04+
0,05+
0,064
0,084
0,19+
0,13+
10,16+
0,29+
0,2%+
0,3+
0,44
2,8+
0,65

FARLC——TILGBORNTMMOD GO @RS
ARG~ TTGRITOMIOTOO D>
xg,_u--_-::-:l:nn-n-n-mmua'o.c:'m'mhhbb

 ECE -~ X TOOMAMMUTIDOWTR> B> >

1.31. :

1,8+

20+

254
304
4,04
804

B0+
8,05
104+
13+
164
204

254 -

80+
. 40+
B0+
@+
B0
100+
1304
L1604
2004
A0D+ .
400 &
500+
CB00+

8004
| Bod+

_nuﬁg4xx§§<<cc44mmmsz1jpoﬁzggr_f

NNA XX REELLCCH-NNOTIOPTTIOOZZEE -
N LR AR ELSCCC AN NI IO I BOOTEEIEDrr=
XXX ECCCCA-NOBBIDP VTIODZREECr AR

T



TanLE 7 TADLE FOR DETERMINING IF A PART IS WORTH STOCKING. .

- Annual : : ; : : c e . Anseuf
- demand . Y . Endex letter C o T demand
Cy &g € ®» E. F 6. H { J K L M NOT PQRSTUYWXYZ - {4
2 —_ —_ = = . e = - FE T OT Ot} B rrrirroieio -
3 - — e = = = R DU S G SN 0 S S A A0 SO S N 0 S 3
4-5 — me e em — 5 4 3 3 2 2 1 -1 11tiPtU1L!LT 46
-9 - —_— - - 8 6 5. 4 -3 3 2 .02 1§ f1FtipifbULrELS 79
1015 — —_ - 2 W -3 6 5 4 3 3 2 2 ! rrrtliitililttyo- 1S
1524 — - 200 15 12 W 8§ 6§ 3 4 3 3 T I 11 riByoubrlObR 124
L33 — 023 20 13 2 W 3 6 5 4 3 3 2 2 L1iPOLbObpoloo B
=39 —_ % 3@ 25 .20 15 2 W % 6 5% 3 ¥ 2321411 b LI 059
699 — 6 % M 35 M B 120w % & § 4 5 3rzioltipi-fboUit 50-99 -
100-159 -— 50 6 4 30 23 X 5 B W % § 5 4 33 220 Lobl o1l 0008
160243 - 6 90 60 40 36 25- W 5 T 10 8 6 543322111 00§ 160249
. 250399 - 200 130 90 & 0 3¢ 22X W 15 P10 8 6 54332211111 LW
- 400599 i 300 2000 130 Y6 60 40 30 0 25 2 5 .12 0 3 6.5 4 3 3-2 2 011 ) 1 . 40059
§00-999 — 500 300 200 130 S 6 4 3 35 p 15 i2 100 $ 6 5 4.3 3210401 G009
" 10001599 - 830 500 330G 200 . 130 90 60 - 40 306 25 20 15 2 10 §.6 5 4.3 3% 2.1 1 kOIS
1600-2495 C— 1900 ®00 500 300 200 13 S0 &0 40 3 25 3D .35 (210 ¥ 6.5 4.3 32 2 1 1000-2409
2500-3999 —_ W 12007 £00 500 30 200 130 99 60 40 30 3520 J51210 X 65 4 33 % 2 2300-399%
40005999 — 3007 2000 1200 S00 500 300 200 130 $0 60 40 30 25 20151210 8 & 5 4 3 3 2 A0OD-59M
60009999 — S0 4 3000 2000 1200 300 500 300 200 130 90 60 40 0252045210 8§ 6 5 4 3 3 SN0
10.000-15,999 ' %5000 3000 2000 3200 800 500 300 200 130 90 60 40 02 W 5210 8 & 5 4.3 11000015999
16,000-24,99 —  P2000 2000 5000 3000 2000 1206 S00° 500 300 200 130 90 60 03I WISIZIC X 6:5 4 1600024999
. 25505339999 =~ 2000012000 B00C 5000 3000 2000 1200 KO0 500 300 200 130 % GOAGID IS0 IS 1210 §o6 5 -25000-39099
- 30.000-59,999 — 3000030000 12000 5000 5000 3000 2000 1200 800 500 3500 200 130 90604030 2530'15(310 3 6- 40000-39.9%
60.000-99.999 — 50,000 ,0,000 20000 12000 $000 5000 3000 2009 1 00 500 300 206 lmmmm-_zn-:s:o.r-s-xz o B .60.000-9%.99%
A part :s wsrth stocking if mc numlwr of az!ls far i por year cxcecds she m:m’bcr :.!unm. Stocking is never ecosomic if no mbcr is miven.

: Table 2 is based ooz full mw.n:ory charg,c {I,) Equal to twics the m:lq,lnul inventory charge (£ a0d. h-:na: (i+ =3, and

if order quantity = EOQ.
Qr- '

A
cr'umicnﬂsp.u.ﬂ.’y\i( —

. critival calls pa = 104

-

sinttal desftand \1;:3;::..! mvn.nwry charge pa. » Unit obsl)
e _ ' ~ Scl-up cost per order.

Annual demiand \iargr.:'sl m-'cmuryl.ll'lrj,cpa. X Uml !.‘ﬂ'it
in o S ."n:lmp cost per “onder

'DNDIOOLS HLHOM S LHVd ¥ 31 ONININNBLIQ 8Os o

* (Penupuod) 0 XIANIAAY




Exampra uaing Taﬁla 1 and 2

o -'__f-"'él o Calwlatetha ratm nf sat—up nost tS) over unit cost (c} for the compunent -

Bead‘ uff ﬁha mdax Istter cc:rrespondmg to tha relevant charge p a. from Tabia 5
8l AN w100} = 20% :
'_ - Indeft letter & U o

N Bead nff thB crwcat number of: calls p a. from Table ,6 ‘,’L

@ index lotter = IJ, armual demand = 100

Lo rigital calls = 1 R
B (i 6 if mora than one call p.a. us expacted it wil be chaaper 1o make for szock}.

PRA L EMDA



THE NORMAL -Pﬁt)BABiL;T? DSSTR‘!BUTEON{-

SOME FUNCTIGNS OF THE UNIT ﬁOBMAL DISTRIBUTITJN _
TABLE 1 {CONTINUED)
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THE NGRMAL PROBAB!LITY DISTRIBUTION
SOME FUNCTIONS OF THE UN!T NORMAL DlSTBlBUTION
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R srocma VERSUS NOW- STOCKING
AT A GRAPHICAL AID FOLLOWS POPP MODEL

A graphlcal rapresentatinn of the degision rule discussed under section 4.8 below. For a
tha eorrespandmg point falls to the left or above the curve, the item should not. be

-'_.I‘.‘.;-""'""_'-"_--stocked. if, o, tha othei hand the pomt falls to the right or belaw the curve, then the -
cL T 1tam shuuld be stocked. : _
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FIGURE 9.1 A Rule far it Sioek-No Stock Becision

-The behaviour rule. As the setup cost A goes up or as the expected time between
transactions decreases we move to the region where stocking is preferred. Caonsldering
the vertical axis, as v or r increase, we tend to the nonstocking sitution; it becomes too

" expensive to carry the tem in inventory. It Is seen tat as ¢, increases we are less likely to
prafer stocking of the item. '

Numerical llustration

Relavant parameter values for an item have been estimated as follows:

" given c, valus wa use the agsociated curve. |f the Eftjvr and AJE() values are ‘such that -

v = R4, 7040l
Eit) = 1,4 rolls
E¢i) = 10 waeks or 10/82 yzar
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TOTAL STOCK
SIMULATION SUMMARY RESULTS N@RMAL DHSTREBUTE@N

PROAB!LIW (P1) OF NO STGCKOUT PER REPLENISHMENT CYCLE

LTc =3 weeks

P1_

_ 0.700

0.750
8.800
0.850C

- 0.800

0.930

0.250
0.970
0.990
0.2e5

TMOHV TSSV TAOHV ETVSPY ETSOPY TOTAL
(R1,000) (R1,000) ###### (R1,000) occassion COST

2802.2
20494
31303
133024
3543.3

4129.8
4585.9

4810.1

a733.4
3808.8 .

513.3
660.2

. 8414

10144
1254.3
1444.5
1609.9
1840.9
2277.0
2521.2

7537
000.6
1081.8
1254.8
14947
1664.9

1850.%

2081.3
25174
27615

31676

2481.8
1708.4

1202.8
787.8

5152

3476

163.3

564

26.3

959
799
839
478
320
224
160

. 96

32
16

(R1000)
965.2
8278

608.4

&11.8
540.7
§6.3
5258
521.0:
593.1

641.7

ZTVSPY ETSOP TOTAL

(R‘.,uU) (R1000) acoassio COST

LT =10 weelts

TMOHV TSSV  TAOHVY
(R1,000) (R1000)
40558 6450 B854
42404 8206 10700
44881 - 10574 12977
48856 12748 15152
4987.1 15763 18167
52280 18153  2055.7
54340 20232 22636
57242 23134 25538
62722 28615 31019
65761 31664 34087

25208
1974.8
14311

6268 .
4009
2768

153.8
44.9
209

763

636
509

361
254

178 .

127

25
13

(R1 000)

8338
7398 -
856.2

8087

BT4E

572.3

. 589.8

e2c.s
1248

788.2

90z

ZWaNaedy



TOTAL STOCK

SIMULATION SUMMARY RESULTS :GAMMA DESTREBUTION

PROBABILITY (P'i) OF NO STOCKOUT
_EPER REPLENISHMENT CYCLE
LTc =3 weeks

P1

0.700

0.750
0.800
0.850
0.900
0.930

0.950.

0.970
-0.980

- TMOHYV TSSV
(R1,000) (R1,000)
2548.5 3082
| 2714.8 4744
20129 6725
3161.7 921.3
35031 12627
37967  1556.4
40683 . 1828.8
44765 22361
53324 30020

0.995 -

58620 -

36217

(R1,000)

57386
739.9

938.0

1186.8

1528.2

1821.8
2094.3
2501.5
33574

- 388741

LTc =10 weeks

TAOHV ETVSPY ETSCPY TOTAL -

(R1 ,000) nccassions COST

6625.0
5462.7
4323.2

- 3205.6

2109.9

1463.5

1037.8
617.0

2026
1006 -

918.0
765.0

6120

4590
306.0

2142

153.0

g1.8
308

15.3

(R1000) -
1667.2
1441.4

1034.0

B867.3

7824
7623
767.3
. 886.0
9949

1228.8

TMOHV TSSV -

. 3808.8 445.73 '140.6.9-
4018.1 655.00 1460.2
- 42640 90095 15520 .
45680 1204.96 17033
4977.8 161479 19614
5324.7 196167 22174
564289 2279.B2 24750
51125 274047 = 28847
70825 3719.42 37999
- 7673.8

4310.78

TAOHV ETVSPY ETSOPY TOTAL -
(R1000) (R1000) (R1000) ~(R1000)  ocaassion COST

43841

4580.3

- 3956.2
3227.1

2451,1

16499
11811

832.%

601.8 -

168.4

84.5

$09.00.
- 517,00

458.00
410,00

265.00
201,00
176.00 -

112,00
3400
12,00

R ooa; _
1405.2
1275.0

11302
989.6
."sss_a' _
8214

- 8102
836.6

9887

11155

_-9034"' . =

9% ICNIddY






Author: Azran Simon.

Name of thesis: Inventory policy planning for spare parts and its application in the heavy-duty truck and bus
industry.

PUBLISHER:
Unlversity of the Witwatersrand, Johannesburyg
©2015

LEGALNOTICES:

Copyright Notice: All materials on the University of the Witwatersrand, Johannesburg Library website
are protected by South African copyright law and may not be distributed, transmitted, displayed or otherwise published
in any format, without the prior written permission of the copyright owner.

Disclaimer and Terms of Use: Provided that you maintain all copyright and other notices contained therein, you
may download material (ocne machine readable copy and one print copy per page)for your personal and/or
educational non-commercial use only.

The University of the Witwatersrand, Johannesburg, is not responsible for any errors or omissions and excludes any
and all liability for any errors in or cmissions from the information on the Library website.



