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A STROCTURED AMALYSIS OF MRP SYSTEMS UNDER SUPFLY UNCERTAINTY
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ABSTRACT

One of the major Lssuas affecting the real life
performance of MAP is the exlscence of
uncertainties in che manufacturing environment.
Lead time uncercaincties arising from supplier
behavior and procass unprediccabllicy are
examples of such phanomena. This paper prasants
an analysis of the operation of MRP syscems in
the presence of supply and process
unceztaincties. A slmulation wodel is employed to
sxplore the influence of such uncertainriss and
their interaction with other factors. The shape
of che preduct structurs and ths loc-sizing
tachnique used are found to significantly ispact
parformance Ln the presence of supply
uncertaincies.

INTRODUCTION

HRF system lmplemantations in manufacturing have
often falled to meat expeaccations. Hany
explanacions have been offored for this Failure.
One of che major difflculties which hinders tha
successful operacion of HRP syscems is che
uncertain naturs of the manufacturing
environment. This uncercainty Ls dus co two
major sources, wiz., variabilicy Iin demand and
supply variabilicy,

The laplemsntation benefits of research directed
to complax manufacturing environmancs lnvolving
supply and demand uncertalntles has basn
recencly highlighted by Bahl ec. al.[1]. Nearly
all simularion studies fn tha literaturs focus
on demand variabllity. Supply varlabilicy, inm
terms of the production process, has been
relatively unstudied [13]. This paper addresses
the lattar,

The complicated nature of the general problea of
datermining optimal ordaring policles in a given
manufacturing environmsnt has lead many
researchers to use simulation tachnlques in
studying the performance of production control
systems. For sxample, Krajewski st. al,[15] have
used computer simulacion to study thae
performance fmpact of HRP, Just in Time and
reordar point systams,

Slmulatlon experiments allow ressarchars to
consider variablea common to the MRP system
(e.g. lot-sizing rules) as woll as those common
to the manufacturing enviromment (e.g. product
Structure) simultaneously, thus providing
realatively quick insighes inco MEP poerformance.
Thase studies havs tendad to focus on
datarministic lead times and demands
[ZI1E31(&][5] 16} L71110) [11]15](19].

Whybark and Williams [20] surlined a Framswork
for investigating uncectainty in MRP. This weork
compared the use of safecy stock and safety lead
tims to protect againsc uncartalnty in demand
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and supply for a single level product structure,
Other research [9][12][16])[18], has focused on
uncertainty Lo demand within an MEP aystem.
These efforcs focused on the lmpact thac
forecasting srror has on MRP system parformance
and how performance of lot sizing rules change
in the presence of uncercalncy, Delodc and
Wassenhove's work [12] fnvolved a single level
lor sizing study with lead times assumed fixed
(cercain) and equal to zero. They alsc
consldersd cthe (mpact of safecy stock in
alleviating the 111 effects of uncertaln demapd.
Lea and Everatt [16] note that inelusion of
Product structurs is not typlcal to MRP research
and included produst structure as a research
variable in their study. Lead time was assumed
to be fixed and egqual to 1 pariod., Chalmet
ec.al,[?] considered the {mpact of engineering
changes as well as demand uncertainty. A case
study was pressnted for a printed eircult heard
factory and a slmulation experiment was rum to
compars various lot sizing rules. Sridharan and
Berry [18] have invescigated the fmpact of
Haster Production Schedula freaszing sethods
under demand uncertainty.

Vary litctle atcention has been given to lead
time uncertalnty as a research variabls in MRP
Helnyck and Piper [17] scudied the effect that
cholce of lot sizing rule has on lead time srror
(the difference between the plannad and observed
lead clmes) In an MRP system,

ORJECTIVES

The general objective of this paper is to study
the bshavior of MRP in tha prasence of
variations in lead ctimes dus to unpradiccabilicy
In supplier behavior and/or process variabilicy.
Spacifically, an understanding of the effect on
HRP performance of a variety of probabi{listle
lead times scenarios i sought. An understanding
of this behavior can lead to tche developmenc of
atratagles to maximize MRP parformance in such
clrousstancas.

HETHODOLOGY

A sloulacion modal [8] incerporating several
reutines has been developed ro study tha effect
of the interaction of lead cime variabilicy wich
product structure, cholcs of lot slzing rules
and cost raties in a muleci-lewvel environment.
This model which i{a capable of evaluacing a
variety of scenarica (including uncertainty In
actual demand for end items and In actual
raplanishment lead tlmes), consiscas of the
following routines:

Input routine:

This roucine accepts the decails of the product
structure(s), inficial invencteries on hand,
scheduled recelpta [(Lf any), the paramstars of
tha demand discribution and lsad cimes.



MAP routine:

This routine accepts the detalls of the actual
demand for the present period (that is, forecast
demand for the present period plus guantities
that are past dus) and the forecast demands for
the next 19 perlods. It perforas an MRP
explosion and time phaslng exerelse for 20
perlods. Thus, the erders which need to ba
placed for tha various parts, subassemblies etc.
are obtained from this rouclne.

Lot slzing routines:

Ten different lot sizing techniques, (viz, loc
for lot, economic order quanclty, perled order
quantity, least unit cost, least total costc,
part perlod algerichm, Silver-Meal Algoritham,
econcaic order gquantity with shorcages, Gupta-
Brepnan algoritha, and Wagner-whitin Algoricha),
are available for order sizing [1l4].

Routine which checks the feasibllity of MRP
output and implements it aceordingly:

This routine takes the ordecs genaratad from MRP
and achedules chelr receipts based on ths lead
times and subject te tha avallabllicy of che
siblings,

Updating routine:

This routine provides ths desand data fer the
present period and also advances the simulatien
time by ona pearied,

Qutput routine;

This routine calculates pariod by perlod
staclsclics and end of slmulation run scatistics.
These scatistics cover service lavael, average
back-order and inventory levels, maxioum and
minisus back-order and lnventory levels, and the
number of pariods back-orders wers exparienced
during the simulaction run. Finally, the total
cost ls calculated based on the numbar of set
ups, the average lonventory and average shortage
lavals.

RESEARCH VARIABLES

A serles of milmulacion experimants wercse
conducted Incorperating the follewing research
variables and characteriscics:

Product structure;

Cne of the hypothesls consldered is that ctha
atcributes of the product structura(s) can
influsnce the performance of MEP. Product
structures sncompasses several atcributes, e.g..
number of unique componencs, nusbar of total
components, parent/sibling configuration and
shaps. In this study four product structures
wera considered [B]:

{. Reccangular Structure

il, Pyramid Structurs

{11. Triangular Structure

iv. DMlamond Structurs
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Each ons of cthese scructures had 21 diffecent
items (ncluding the end item and six levels
Including level 0. The major differsnce batween
these product structures is {n the discribution
of the 21 different items among warious levels.

To study the effect of parenc/albling
conflguration two varsions of each product
structure were usad, vizr. Chinesses (5 - slngle
eibling) and Wescern (M - multiple aibling). The
Chinese model represents a product sTructure
whars each parent icem has only one of each
sibling while the Wastern modal has two siblings
for sach parent item.

Coats:

Each product structure varianc ls cested using
threa sstup to holding cost ratlos, wiz. , 24,60
and 150, and a fixed shorcage cost of 2.

Lead Time Variabilicy:

Lead cime vartabilicy f{s applied

1. to sach level, individually,

ii. to all levels simultinecusly, and

1iL, to none of the levels (dacerminiscic casa).

This makes elght separate experiments for each
product structure varlant corresponding to
possible sources of lead time warlabilicy. For
example, when lesad cime wvariab{licy (s applied
to lavel six, this could represent supplier
varlabllicy. By contrasc, whan lead ctime
variabilicy fa applied to leavel one, this could
rapresent varlabilicy in the time to complete
tha final assembly process.

Furctheraore, six leoad time bias factors
(providing for various degress of latenass in
tha lead times) are used to generate different
pacterns of lead time varlabllicy. Lead cinme
variabilicy followvs a uniform diascributlon with
aach blas factor representing a different set of
paracza Cars.

Lot S{zing Rules:

Lot sizing is concerned with determining che
timing and magnituds of orders to satisfy
demand. The benchmark of cthe lot sizing
techniques, in the daterministic environment,
has long baen the Wagner-Yhicin algarichas.
Howsvar, because of ics complex solucion
procedure involving dynamlc prograssing, it has
not been widaly implemented im practice, Of the
mumerous lot sizing techniques developed for the
discrete demand situation the following moras
fasiliar ones have been included in this scudy;
. 8 LFL (Lot for lot)

it. EDQ (Economic Order Quanticy)

111, POQ (Period Ordar Quancicy)

Lw, LIC (Least Unit Coast)

V. LIC {(Least Total Coat)

wi. PPA (Part Pariod Algorichm)
vil, §-M (Silver-Meal Algorichm)
viil. W-¥ (Wagner-Whicin Algoricha)




Demand:

Demand was genecated sing a uniform distribution
betwaen 40 and 60. A planning horizon of 20
periods was employed, Demand uncertaloty was not
consldered In chias study, {.e., once the demands
were genarated thay were not altered.

EXPERIMENTATION

To investigace tha lapact of lead time
varlability in chas mulci-level anvironment with
daterministic damand, a toral of 9216 scenarics
vare lovestigated., Theses scenarios arlse from
the use of four product structures, Ewo
parent/sibling configurations, elght sources of
lead time variabilicy, three set up to holding
cost ractlos, eight loc-sizing rules, six lead
tlme blas Ffactors and ons shortags cost.

Each simulation experiment was tun for 500
pariods. Howevaer, in order te amtcaln steady
state conditloms, the results pressnted balow
are based on the last 500 periods’ simulacion
output. The output gensrated from che firsc 100
periods’ simulacion is discarded.

ISSUES EXPLORED

Yarious attribuces of product structure, lot
sizing rules and lead tima variabilicy are
explored for

Tatlos in a multi-level environment.

Speclflcally, che Lssues that ars studied
pertaining to these attributes include:

o The affect of the shape of the product
structure wvith no lead time variabilicy presenc,
¢ The effect of the loc sizing rule employed
with no lead cioce variability presenc.

o The affect of tha shape of the product
structure with lead cige variabilicy pressnc at
all levels of the product structurs.

o The affect of the lot sizing rule employsd
with lead time variabilicy present ac all levals
of tha product structurs,

o The effect of changing the discriburion of the
load time variability whan lead cime variabilicy
ils presenc ac all lsvels of ths producc
structurs,

o The sffect of tha shape of the producc
structure with lead cims varfabilicy present at
only one level of the product structurs at a
time,

o The effect of the level at which the lesd time
variabllity 1is preasant when lead tlme
variability exiscs at only one level of the
product structure at & cime.

@ The effect of ths loc sizing rula employsd
wicth lead time variability present at only one
level of the product structure at a tima,

© The effect of changing the distribution of tha
lead time variablilicy whan lead cima variabilicy
i3 present at only one level of ths product
StTUCture at & time.

RESULTS OF EXPERIMENTS

Data was collected an boch cost and sarvice
level performance for aach of the 3216
simulation scenarios, Since the maximus valus of
the servica level is ons (representing on time
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parformance) and is achiasvad by many of the
scenarlos considered, the sarvice level forms a
truncated discribution. Howsver since tha cost
data is noc Lnhibited by such an upper limic
(and hance the Normal distribution can ba
assumed), the analysis focuses on the cost
performance data. Further, the natural lag
transformation was urilized for the cost data ro
scabllize the variance (hetaroscedasticley).
This transformed value of cost was used as the
dependent variable In the analysis of variancs.

Instead of absolute cosc, & cost index was
utilized for the multipls comparison tescas, A
separate cost index bass was obtained from the
ragulcs of the experimencs for each of the three
cost racles in the determinlscic environment

The index base iz ser ac the minlmus cost
performance obtained In each case, wiz., W-W for
low to mid serup to holding cost ratios and PPA
for the high setup to holding cost raties. Fer
example, the mean cost obtalned in the
deterministic environment for the low setup to
holding cose racio, in the case of EOQ was
64915.5 while the lowestc mean cost in this same
environment was that of W-W whaose value vas
24000, Thus, EDQ's cost index s 44915 5/24000
or 1.871, The same indax bases are ucilized in
the non deterministle environmencs.

To lnvestigate the fssuas ralsed earlier, an
analysis of variance was performed for sach of
the chres cost ratios for determinisctic lead
time and both versions of lead cime varfabilicy,
viz., lead time varlabilicy presenc ac all
levels and lead time variabllicy present at only
one lavel at a time. For those facrors which are
found to significancly impact che performance,
Tukey's test for mulciple comparisons can be
parformed,

Based on the scatiscical analysls described
above, tha following conclusions were drawn In
telation to the lssues specified above.

o The shaps of thes produce structurs wvas found
to be insignificane with no lead ciae
varlabilicy presentc.

o The loc-sizing rula ezployed was found co be
slgnificant with no lead tine variabilicy
presanc,

o The shape of the produce structure was found
Eo bes slgnificant wich lead rime variabilicy
prasent at all levels of the product structure.
o The loc-siring rule eaployed was found to be
significant with lead rime variabllicy pressnt
at all levels,

@ The changs in the distribution of the lead
time variability was found Eo be significanc
vhan lesad ctime variabllicy was present at all
levels of the product structure.

o The ashape of the produce structurs was found
to be significant when lead time variabilicy was
presant &t only one lavel of the product
Structure At a tima.

o The lavel at which the
“as pressnt was found te ba significant when
laad cime variabilicy was applied at only cne
level of the productc BETucture at a tims,

o The lat sizing rule szployed was found to ba
significant when lead tima variabilicy was

lead time variabilicy




r—_

—

e

present at only ons lavel of thas product
STructure at a timae,

o The change in the distribution of the laad
time varlabllicy was found te be slgnificant
when lead time varfabilicy was present at only
one level of the product structure at a time.

CONCLUS IONS

Because of its structured nature, chis study
idencifles In a systematiec way,the impact of
lead cime variabillcy on MRP pecformance and its
interactive effects with ocher facrors.

The cholece of lot-sising rule lmpacts
performance under all condicions (L.s. with or
without lead ctlme varlability). The shape of che
product structure ls only significant in the
presence of lead time variabilicy. Changing che
discribucion of the lead cime variabilicy
signifleantly lmpacts performance. The lavel at
which the lead time varlabilicy occurs Is alse
signlficant when lead varlabllicy Ls applied to
z::: one level of the product structure ac a
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