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ABSTRACT 

In today’s global marketplace, the information associated 
with a product is fast   becoming a critical link in the 
supply chain. Especially in fast moving consumer goods 
(FMCGs) industry, there is more fierce competition and 
more unstable requirement. Most plants use Manufacturing 
Resource Planning (MRP-II) system to manage the process 
of production. But how to deal with the uncertain and 
imprecise requirement in the middle term production 
schedule and make a best plan for best profit is a main 
problem in this system. In this paper, we investigate the 
method named Fuzzy-MRP-II to deal with the uncertainty 
and imprecision. Fuzzy-MRP-II shows all of the 
information for the decision makers allowing them to 
consider all possibilities of the orders. 

1      INTRODUCTION 

Nowadays, market competition is fierce, especially in fast 
moving consumer goods industry. Specific properties of 
fast moving consumer goods industry lead to forecast 
requirement becoming more important. Firstly, in a fast 
moving customer goods company, the products are 
diversified. At the same time it means the inventory of raw 
materials and products carry a lot of cost. Secondly, 
consumers have many choices in the market; the level of 
customer satisfaction becomes a very important Key 
Performance Index (KPI) for a company. Delivering on 
time, correct demand and good quality are the main 
parameters for this KPI. It becomes an important element 
for the company’s existence. 

How to avoid shortage of goods in the market and 
decrease or keep the minimum level of inventory and 
optimize using production capability as well become the 
most important key issues in fast moving consumer goods 
industry. Unfortunately, company always can not wait for 
confirmed orders from their consumers. They still need 
time to prepare all of the resources for production. 

Based on this aim, how to make a correct mid-term 
production schedule when the decision maker faces the 
uncertain and imprecise requirement information becomes 
a very interesting point. 

There are three major ways for dealing with uncertainty 
used in manufacturing (Grabot et al. 2005): 

• Safety margins in the evaluation of quantities and 
delays, 

• Periodic refresh of the various production plans 
(rolling horizon plans) with time fences in order to 
freeze the production plan at a given time horizon 
in order to limit short term modifications, 

• Estimation of safety inventory levels to face 
unexpected demand increase or delivery problems 
(generally achieved according to probabilistic 
approaches).  

These techniques generally require statistical and 
probabilistic knowledge on the behaviour of the production 
system and of its providers and customers. However, when 
the products become diversified, the above methods may 
not be suitable (Orlicky and Plossl 1994). And also, if the 
decision maker is less experience, he can not make a 
correct plan. There is a method called Fuzzy-MRP-II 
supply a way to solve the problem. 

There are two main contributions of Fuzzy-MRP-II. 
Firstly, the produced information is richer semantically 
than the information used in a traditional MRP approach 
which is only an advantage if the information is made 
understandable to a user non-specialist of the possibility 
theory. Secondly, MRP-II engines are often in the core of 
the management and information exchange on the orders 
within SCM. The Fuzzy set can be integrated in a 
homogeneous way within this approach since the produced 
outputs of an F-MRP system can be taken as an input by 
another F-MRP system. 
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2       FUZZY MODELLING OF ORDERS 

In this context, the modelling progress following the steps 
(Efstathiou 1990) (Figure 1):  

List the input variables that affect the decision of 
production plan: 

• Determine the fuzzy membership values 
associated with the input variables 

• Determine the rules, which are to be fired in the 
rule base 

• Use FIS(Fuzzy Inference System) to determine 
appropriate output fuzzy  

• Choose method to determine the crisp value for 
the output variable 

• Defizzifier for the result 

 
In this paper, we use Matlab software to apply the 

method. Matlab is a menu driven software that allows the 
implementation of fuzzy constructs like membership 
functions and database of decision rules. The software is 
easy to use and it is user friendly. The face of the software 
showed in Figure 2. 

2.1      Fuzzification of the Input 

Firstly, it is important to define which factors are effective 
on the result as profit of production plan as the fuzzy set’s 
inputs: 

Normally, in FMCG industry, there are four main 
elements have to be considered when make a mid-term 
production plan: 

• Net requirement workload 
 

• Available production capacity operating factor  
• Inventory cost rate 
• Company’s special strategies 
The second step is to define the inputs’ possibility 

distribution membership functions and the weight of each 
one. In fuzzy set theory, trapezoidal functions were 
recommend as easily be applied on the obtained quantities.  

In the end, the boundaries of each input levels are base 
on the membership functions, such as low, medium, high 
different levels. 

Starting from the value of the gross requirement 
GR(P,T) and taking into account the inventory level of 
product P at Period T, Inv(P,T), the net requirement. 

 
),(),(),( TPInvTPGRTPNR Θ=              (1) 

 
 
The following calculations will be used as the basic 
operations on trapezoidal fuzzy set.  Because it is easy to 
be apply. They were defined in Dubois and Prade (1989). 
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Figure 1: Process of Fuzzy-MRP 
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An uncertain order can be represented with a union of 

trapezoids: ),0,0,0,0(),,,,( hhdcbaA ′′∪′=  
Let’s consider an illustrative example: 

=),( TPNR )8.0,20,10,160,120( ∪
)6.0,15,0,260,240()1,15,10,210,152( ∪ ,  

with a product P being manufactured by lots of 50 parts 
(Figure.3.). 

A workload includes set-up time (time for 
reconFigureuring the machine during a change of lot) and 
processing time (of one product on the machine for a 
manufacturing operation): 

 
WL (P,T)=set-up time⊕ LR(P,T)* process time     (4) 
 

Let’s suppose that these products are manufactured on 
the same machine or production line M, with respective 
set-up times of 10min and respective processing time per 
part of 20min. The result can be seen in Figure 4. 
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Figure 2: Fuzzy set model in Matlab 

Figure 3: Determination of the number of lots 
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                      Figure 4: Workload distribution  
 
As a matter of fact, Figure (4) shows the possibility 

distribution )(wπ of the workload. Let S be the 
successive possible values of the load. We can calculate 

 
 )( SR ≥π sup= )( wπ  for Sw ≥          (5) 
 
At the same time, the necessity that  
 

,0≥q  ))(1inf()0( qqN π−=≥  for 0≤q   (6) 
 
This is only the right part of the possibility 

distribution has been exploited. In order to get more 
comprehensive information (Grabot et al. 2005) 

From Figure 5, we can see three different levels of 
workload, the first level called fully necessary load, the 
second one is fully possible load, and the last one is 
maximum load. This is the first input of FIS (Fuzzy 
Inference System).  

The second input is available production capacit 
operating factor. We define three different levels: 
machine idle; normal; overtime.  

The third input is Inventory cost rate. We also can 
define three different levels as different prices in market: 
low; medium; high. 
In different company they can have different strategies 
which effect on the production plan. Such as some 
productions related the brand of company, then they 
become to very important. When decision-maker makes 

the decision of production plan they will prefer to 
choose maximum workload. 
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2.2       The Fuzzy Reasoning as Inferences 

Inferences are mapping processes from inputs to outputs. 
In manufacturing industry it includes the company’s 
strategies. 

An inference step (the evaluation of a rule) consists 
of three steps as follow: 

• Aggregation: aggregation is the calculation of 
the fulfillment of the whole rule, base on the 
fulfillments of the individual premises. This 
process is the computing of “IF” part, generally 
corresponds to the logical AND operator of the 
individual premise expressions. 

• Implication: Implication based on the certainty 
factors of the premises, calculates the 
corresponding degree of certainty for the 
conclusion. This is called the degree of 
fulfillment. This step represents the conclusion 
of the logic statement “IF…Then…” 

• Accumulation: The classical operators for these 
functions are: AND =min, OR = max, and NOT 
= additive complement. (Kahraman 2007) 

Base on the three inputs in this case, we can give 
rules to inference system.  

For an example in this case “IF the net requirement 
workload is maximum, AND the available capacity 
operating factor is low, THEN the profit is very low". 
This item of strategy explained as, if the decision maker 
made a decision as the maximum of workload, and 
means the company will take the risk of high inventory. 
The second condition is the available capacity operating  

Figure 5: Load planning of R on delivers time
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factor is low, which means there is idle capacity. So, the  

 
 
company will take two kinds of risks. Then, the profit as  
result will be defined as very low. 

The rules showed as above chart, which is expressed 
by Matlab Toolbox Fuzzy logic function. 

2.3       Defuzzification as an Output 

Defuzzification in Fuzzy theory means translation of the 
results of the inference process of a knowledge based 
system (membership of terms of the linguistic variables) 
into (crisp) values, or a recommendation of the action to 
take. (Rondeau et al. 1997) In this case, that will be an 
idiographic production plan (workload planning) which 
can get the best profit. In this paper, we just used a very 
simple example as simulating model; the result can be 
seen in Figure.7 and Figure.8.  

In this paper, we considered a simulated case to 
express Fuzzy-MRP model’s process. So we didn’t give 
much detail, such as weigh of each input. The further 
work will be put the model into a real MRP system and 

compare the results between traditional MRP and Fuzzy-
MRP. 

 

3       CONCLUSIONS 

This approach of an integrated management of uncertain 
orders in a MRP process and then get the best profit of 
production as aim leads us to formulate two conclusions. 

Firstly, fuzzy logic allows for set membership 
values to range (inclusively) between 0 and 1, and in its 
linguistic form, imprecise concepts like “poor”, 
“medium”, and “good”.  So, it is easy to be understood 
by user and applied.            

Specifically, in FMCGs manufacturing management, 
there are a lot of uncertain conditions. Fuzzy set model 
applied in this area can show status more clearly to the 
decision makers, how to make a good decision. 

Secondly, fuzzy set model can work with traditional 
MRP very well. In nowadays, MRP engines are often in 
the core of the management and information exchange 
on the orders within SCM (supply chain management)  
(G. Daria). So, fuzzy MRP is a developed MRP system. 
 
 

Figure 6: Inference rules in Fuzzy set
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Figure 7: The result of Fuzzy-MRP 

1944



 Niu and Dartnall 
 

 
 
REFERENCES 

 
Grabot, B., L. Geneste, G. R. Castillo and S. Verot. 2005. 

Integration of uncertain and imprecise orders in the 
MRP method. Intelligent Manufacturing 16:215-234. 

Dubois, D., and H. Prade. 1989. Processing Fuzzy 
Temporal Knowledge. IEEE Transactions on systems 
Man and Cybernetics 19:729-744. 

Efstathiou, J.. 1990. Applications of fuzzy set 
methodologies in industrial engineering. Fuzzy Sets 
and Systems 36:405-1532. 

Daria, G., V. C. Machado. Using Fuzzy Logic to Model 
MRP Systems under Uncertainty. 

Kahraman, C. 2007. Fuzzy set applications in industrial 
engineering. Information Sciences 177:1531-1532. 

Orlicky, J., and G. Plossl. 1994. Orlicky’s Material 
Requirement Planning. 2nd Edition, McGraw Hill 
Text. 

 Rondeau, L., R. Ruelas, L. Levrat, and M. Lamotte. 
 
 

 
1997. A defuzzification method respecting the 
fuzzification. Fuzzy Sets and Systems 86: 311-320. 

 
AUTHOR BIOGRAPHIES 
 
JIPING NIU is a Master research student of University 
of Technology, Sydney. She received her BSME from 
Beijing Technology & Business University. 
 
W. JOHN DARTNALL is a Lecturer of University of 
Technology, Sydney. He received his ME from 
University of Technology, Sydney. 

Figure 8: Result of Fuzzy-MRP 

1945



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


