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Abstract. The E-Marketplace Model Integrated with Logistics (EMMIL) is a
family of models that bring together three entity types — seller, buyer and third
party logistics service provider - in the same transaction optimising the total cost
and/or maximising the revenue. This article is focusing on the allocation
algorithms of the buyer oriented EMMIL. The line-haul model is analysed in
detail, the combinatorial model is solved for a major class of possible scenarios.
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1. Introduction

Ongoing researches in the fields of supply chain analysis and e-business have an
emerging interrelated area of investigation, seeking for new methods in supply
chain optimisation [1]. This paper is aimed at contributing to this interdisciplinary
research field.

Business-to-Business (B2B) e-marketplaces facilitating trade between businesses
are supply chain management (SCM) tools of high importance. Today a substantial
part of supply chains are managed across the Internet still they contain a
surprisingly high amount of inefficiencies [2].

Logistics services may be handled internally or outsourced to third party logistic
(3PL) providers. The standard B2B marketplace models today do not facilitate the
integration of logistical solutions into the negotiation between buyers and sellers
thus total cost optimisation is practically impossible. E-marketplaces selling goods
either do not offer logistical solutions at all or offer a single solution or 2-3
possibilities in different time-cost ranges. The so called integrated marketplaces
offer both goods and logistical services, but the goods must be selected first and
then logistics providers’ market can be reached with a click.

To address part of the SCM inefficiency problems a new model of B2B
marketplaces is introduced in [3]. This model integrates three sides of the business
into the same transaction - sellers, buyers and third party logistics service providers
(BPL) - creating the possibility of a higher level optimisation compared to the
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traditional e-marketplaces. The new model is called EMMIL, meaning e-market
place model integrated with logistics. This paper gives insight to the theory behind
the EMMIL model.

2. Related Research in Auction Theory

Auctions are widely used market mechanisms both in traditional and electronic
commerce. In the last two decades researchers of auction theory and practitioners
have made huge efforts in order to facilitate, support, optimise and standardise
electronic negotiations. The aim is to find incentive and computationally
manageable auction mechanisms for different business scenarios.

An auction is a resource allocation process, its main components according to [4]
are the following: resources, market structure, preference structure, bid structure,
matching supply with demand and information feedback.

Resources might be classified as single or multiple items with single or multiple
units each having single or multi-attribute specifications. In combinatorial auctions
resources are traded in bundles in which case the value of the goods is not equal to
the sum of the individual values.

The market structure determines both the number of buyers and sellers
participating in a transaction and the mechanism of negotiation. We can distinguish
between seller-oriented, buyer-oriented and intermediary marketplaces. Buyer-
oriented marketplaces run reverse auctions for an entity with strong buying
potential in order to minimise procurement cost.

The bid structure allows the bidders to show their preference structures. We have
designed a new bid structure that is much closer to the real world situations than
the bid structures discussed in the literature of auction theory.

Matching supply with demand — winner determination — is the crucial point in all
auctions. In simple cases is rather straightforward, but in case of general
combinatorial auctions is NP-complete so authors in the literature tend to address
particular circumstances and find solutions for restricted areas. Linear and integer
programming are natural tools for optimisation problems but as the number of
participants increases complexity causes difficulties in producing the results within
a business feasible duration. Applying metaheuristics, particularly branch and
bound algorithms seem to be a very promising direction for tackling these
problems [5],[6] that is why we are using a combination of integer programming
and branch and bound techniques.

3. General Scheme of EMMILs

In this we give an overview of the general architecture of the EMMIL family of
three-sided e-marketplace models that integrate logistics service providers to
goods’ markets.
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Third party logistics providers (3PLs) usually offer one or more of the following
services: transportation, warehousing, packaging, unit-load grouping and bulk-
breaking. By integrating logistics to goods’ marketplaces we mean that the logistics
providers are placing their offers step by step during the negotiation of buyers and
sellers then each time a combined proposal showing the total cost is created by the
marketplace. With this approach the business decisions can be based on the total
cost which opportunity has never been offered by any marketplaces.

The general structure of EMMIL can be seen on Figure 1. This framework serves
as a base for designing different type of models. In the centre there is the

Buyer's ERP Seller’'s ERP
system sysiem
A 4 1 [ h 4

Buyer’s front-end
program

Seller’s front-end
program

Marketplace
engine

3PL front-end
program

4

3PL’s scheduling
program

Figure 1. General structure of EMMIL

marketplace engine to which the entities from all the three sides — buyer, seller and
3PL - are joining with the help of front-end processors. It is assumed that all
participants have advanced resource planning and scheduling programs that can
provide the front-end processors with the relevant data within a short time.

The ratio of the number of buyers and sellers determines if the model is buyer-
oriented, seller-oriented or intermediary (exchange) type. All three kinds of
marketplaces need a different composite auction mechanism. Here we deal with
procurement auctions only since we focus on the buyer-oriented EMMIL models
(EMMIL/BM). We use a composite reverse auction with discrete rounds of open
bidding that alternate between sellers and 3PLs. The general bidding process is
independent from the bidding structure and can be outlined by the flowchart in
Figure 2.
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Publish request for quote
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Collect bids from sellers

Publish request for logistical services according to
sellers’ bids
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Allocate resources minimising the total cost
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Figure 2. Allocation algorithm for buyer-oriented EMMILs

It can be seen that the auction terminates if no new bids are placed from either
sides or a pre-set auction time is over. The auction fails if the set of optimal
combination of bids remains empty. In the following chapters we go into the details
of buyer oriented EMMIL models and the composite procurement auctions.

4. Formulation of EMMIL/BM

Participants of the marketplace are: a single buyer looking for a set of non-digital
goods in specified quantities, many sellers (suppliers) who wish to sell certain
quantities of some of the required goods and many third party logistics providers
that undertake transportation jobs and warehousing if needed. A seller may act as
3PL as well in case of having logistical capabilities, e.g. vehicles for the
transportation.

The products are assumed to be homogenous from the transportation point of view
which means they belong to the same transportation class and are packed
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uniformly. We assume that bulks will not be broken thus required quantities will be
integer numbers. We shell focus on road transport.

4.1. Cost Considerations

In order to create an incentive bid structure we are investigating the cost structure
of sellers and 3PLs since they have independent private values that is basically the
sum of their costs and their target profit margin. Cost structure of EMMIL models
are discussed in detail in [7], here only a short summary is given.

Cost accounting [8] classifies costs as variable or fixed according to how they react
to the changes in activity. Variable costs - like cost of material built into a product -
change linearly with the volume, fixed costs like building depreciation or
insurance - do not change for a longer period of time. There are also semi-fixed or
step-fixed costs that can be described by a step function. In practice total
production and service costs are always semi-variable, they contain both fixed and
variable components. We can say that economies of scale can be achieved if the
volume of an activity increases up to the limit that can be handled by the same
fixed cost value. What we are looking for is an appropriate price structure for the
seller side and the 3PL side that reflects the nature of their costs and can be handled
by the marketplace engine.

In case of goods the different cost ranges are usually realised by quantity discounts
according to pre-set volume ranges. There are several papers in auction literature
dealing with quantity discount models, e.g. [9], [10], [11]. In traditional commerce
we can also find discount rates based on overall spending on purchases. According
to these principles we shall introduce a complex bid structure for sellers in formula
(3) allowing any of these two discount types or the combination of them.

Costs of basic logistical activities include handling, transportation and
warehousing. Cost calculations should be based on processes but here we are going
to simplify the model and use an overall fix and variable cost structure related to a
particular tour of a truck regardless of the actual process that takes place between
loading the goods at the sellers’ plant and unloading them at the buyer.

The fix cost of a tour should cover the organisational overhead and the direct fixed
costs. Direct fixed costs of transportation are related partly to the operation of
terminals, communication and information systems applied for vehicle tracking,
partly to the type of the vehicles, their purchase costs, insurance and general
maintenance. Rights-of-way can also form fixed costs if they are pre-paid for a
longer period Variable costs relate directly to the movement of a particular load
from point A to point B. They include labour (driver’s wages), fuel and
depreciation of the vehicle as well as maintenance associated with the usage. They
depend on the type of the vehicle, the distance, the road conditions, and in case of
heavy cargo some of them like cost of fuel can be influenced by the weight of the
load as well. The measurement can be [EUR / km] or [EUR/ ton km]. We have to
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mention that this latter measurement can be misleading if the truck is not full since
the major part of fuel and similar costs do occur even if the truck is empty. We may
say that these are semi-fixed costs for a line-haul operation where the fix part refers
to the cost of moving the empty truck from A point to B and the variable part
depends on the weight of the freight - very often non-linearly.

In addition to these variable costs there can be several others that are not
proportional to the distance or weight such as casual highway tolls, detention
(delay) costs or accommodation costs of the driver in case of long distances.
Carriers very often have to cover the back-haul costs as well, i.e. moving back the
vehicle from B point to A, adding joint costs to the front-haul transportation. These
can only be avoided with back-haul freight or optimised vehicle routing. In case of
a consolidation or split-delivery every stop-off means extra costs because of the
detention.

Carriers usually apply rates and tariffs for pricing reflecting more or less the fixed
and variable costs. They usually set an initial sum that depends on the geographical
area and overall requirements of the transportation. Second part of the rate is a unit
price related to the distance and the weight or volume of the load, measured e.g. in
[EUR / pallet km]. In EMMIL marketplaces carriers should be able to bid for
certain routes (line-haul or consolidation tour) with uncertain quantities. A useful
cost structure can be given if we create a sum of the indirect and direct fixed cost
and the semi-fixed costs of moving the vehicle from starting point (a seller) to the
end point (the buyer). This will be the fixed cost of transportation in a bid. The
variable cost will be proportional to the volume transported where extra costs of
moving the load and handling can be accounted for.

Warehousing cost is composed of handling and storing costs. Handling cost is
proportional to the volume so it be aggregated with the previously discussed
handling costs. The problem is that storing is proportional with the volume and the
time. Still it can be incorporated into the variable cost structure since the time of
necessary storing can be calculated before placing thus it can be taken as a fix
factor. These considerations lead to the bid structure given in formula (4).

4.2. Bid Structure

First we introduce some basic notations then formulate the buyer’s request for
quotation (1).

N Number of items (products)
Item identifier

Number of suppliers
Supplier identifier

Number of 3PLs

h?rg"'-
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! 3PL identifier
/] type of unit-load
¢ class of product
R={W,0,® [Q, P,1E U)}i=12,..N (1)
/4 Target location (warehouse of the buyer)

0, required quantity of product i [unit]

P upper limit of price of product i [EUR/unit]
E earliest arrival time

U latest arrival time

According to the principles set in section 4.1. we shall introduce a complex bid
structure for sellers (2) allowing any of these two discount types or the
combination of them:

Bf={ W[ 0", P" 1, 10" )15 44, B U, )

ie {l,..N},v=1,..Vi.g=1,..G
B} bid of seller &

w* warehouse location of seller £
v Number of quantity discount categories used by seller & for item i
G Number of categories for overall discount at seller &

minimum quantity of item 7 in discount category v at seller k [unit]

-

B

maximum quantity of item i at seller £ [unit]

P”, unit price of item / in volume discount category v at seller k [EUR/unit]
E earliest shipping time at seller k

v latest shipping time at seller k (>=E")

.E*g lower limit of overall discount category g at seller £ [EUR]

4, discount factor of overall discount category g at seller k (>0, <1)

If V¥ =1 then no volume discount is given for product i. If no overall discount is
given then G* =1 and 5*,=4"=0 is set. If a seller does not have product i to sell
then sets V‘,- =1 and Q"", = Q"V,- =P"v,- =0.

To make further considerations easier we introduce some preliminary concepts. Let
A be the set of identifiers of sellers 4={1,2,...,M}. Denote P(4) the power set of A.
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Now we are going to formulate the bid structure of 3PLs as (3) shows.
B/={[ I}, F}, V,"T, "I}, j=1.2,...G, 3)
where
G=| B/ | number of routes specified in bid of 3PL /
I"J € P(4) route as a combination of sellers’ identifiers
F Fix cost of delivering a standard size truck of goods on route I",
V'j Variable cost of delivering goods on route F’, (cost/unit load) [EUR/unit]
’"T’J- Minimum time period needed for delivering all goods on route ﬁj [day]
"Tj Maximum time period needed for delivering all goods on route ﬂj [day]

This is a combinatorial bid, we allow 3PLs to bid for consolidation delivery
referring to certain combinations of sellers. This means that they are ready to
collect the goods from these sellers with as many trucks as it will be needed and it
does not mean that they are going to traverse all the sellers with one truck.

S. The Optimisation Problem

In this section we formulate the objective function (4) of the transactions for the
EMMIL/BM marketplaces in the most general way:

w3130t 1-8)- £ 54 | TSz T w
k=1\i=1 I=1 jes! kel i=1 ker't i=1

where:

oF Purchased quantity of product i from seller & [unit]

Pt Unit-price of product i at seller k as a step function of quantity [EUR/unit]
A Discount given as a step function of the total purchase cost at seller &

Z Standard truckload size [unit]

xj’ € {0,1} decision variable, xj' =1 < offerj of 3PL / is selected as winner.

There are several constraints that have to be formulated. First of all, the buyer
wants to buy the required quantity of each product as (5) expresses:

M
z Qf=90,, i=12,.,N. )
k=1
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We cannot buy any product from a seller in less quantity than the specified
minimum level or more than the maximum (6):

QM <QF<or vi=1,2,.N,Vk=12,.. M (6)

Time constraints in (7) state that the products must be available at the sellers early
enough for arriving at the buyer before the latest receiving time but must not arrive
too early:

(E*+'"T) <UYAU*+"T] 2 E)VIe{1,2..,L},Vje{1,2,.,G'},VkeT,. ()

Constraint (8) says that we select a bid I"jeD' of a 3PL for delivery only if we
purchase some goods from all the suppliers in that combination:

N
b< Sig’(;ka)’ Vike I“J’.. 8)

All sellers selected for the transaction — and only those- must be reached by one
and only route as (9) formulates:

L N
D x, =Sig) Q). V ke{l2..M}. )
1=1

i=1

We apply certain business policies as well. Constraint (10) expresses that the
number of suppliers of goods should be kept within specified limits in order to
reduce the additional costs of maintaining relationships with suppliers and avoid
exposure [9]:

L

S min Z rgn(Zx ) < S (10)

where
Smin  minimum number of suppliers allowed,
Smax  maximum number of suppliers allowed.

We have to determine the x(,— binary and (", integer variables to minimise the costs
and satisfy the constraints. In the following chapter we discuss the possible
solution methods.

6. Winner Determination Algorithms

The objective function formulated in (4) is nonlinear and it is not smooth, not even
continuous. In order to solve it easily in the following chapters we show a
linearisation algorithm. We start with models without discounts then we show how
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to deal with the discounts as well. We also disregard from the time constraints
since the inappropriate offers can be easily filtered first.

6.1. Line-haul Models without Discounts

In this scenario we exclude all the discounts so the objective function will be (11),
and constraint (8) will be replaced by (12)

M N

min| Y () PFOf + zL: x{{F/[(ZN; Q,")/z} + V‘.’ZN: Q,."])], (1)
=1 i=1 i=1

k=1 i=}
N
x, < Sign()_0F), Vke4 (12)
i=1

We would like to derive an equivalent problem with a piece-wise linear objective
function from (11) by determining the aggregated minimal logistical cost functions
for line-haul transportation from each seller. In order to do this we introduce
g/ (Q) in (13) which is the logistical cost function of purchasing from seller k and
using logistical services of 3PL /. This function has discontinuity at each multiple
of the truck capacity Z and it is linear between the jumps. Taking the minimum in/
we get gi(Q), the best logistical cost function for seller k. (14) This function
consists of concave, continuous polygons between nZ and (n+1)Z as is illustrated in
Figure 3.

g =F/o/Z]+v/0, (13)
g:(0) = Min, g, (0). (14)

! g (Q /
;T
T

L 2 —&- — L 4 »
z 2Z 3z Q

Figure 3. General scheme of the minimal logistical cost function from seller 4.



ALGORITHMS FOR E-MARKETPLACES INTEGRATED WITH LOGISTICS 13

Before introducing the algorithm for constructing g«(Q) we formulate a few
lemmas underpinning the method.

Lemma 6.1.1.

Ifj, 1€ {1,..,.L} j< and 3 b'eB;’, ¥ B, logistical bids from seller &, (¥, V") c b’
(F{.V{) c ¥ such that F! >FJ A V! 2V} , then g/(Q) = g¢(Q) if 0>0.

Remark: This means if both fix and variable costs are smaller in one of the two
bids than the same relation holds for the total costs always.

Proof

Matching the definition of costs and the conditions of the lemma we get:

g Q=F' Tz v/ Qandgl(Q=F!/ o/ ZW Vi 0=

g(D)-gl(Q)= (K- F¢ )l o/ZW (Vi - v/ )0 = 0. Thus the lemma is proved.

Consequently we can eliminate a logistical bid if we find another one with smaller
fix and variable costs. In case of equality we have to use business rules based on
previous experiences to find out which 3PL should be kept.

Lemma 6.1.2.

If Z>0 integer, 0>0 real number, then Q / |—Q/Z—| <Z.

Proof

According to divisibility by Z we can express Q = nZ + r, 0<r<Z, n>0 integer
If r=0, then Q=nZ, so O/ Q/Z\=nZim=2

If ¥>0,then [ O/Z l=n+1
Ol(n+D=n/(n+1)Z+r/(n+1)=Z-(Z-r)/(n+1)<Z since r<Z.

Lemma 6.1.3.

If the logistical bids of 3PLs and / are such that F}| >F/ A V! <V/{
and (F¢ -F/ )/ (Vi -Vi)=Z, then g/ (Q) > g/ (Q) for 0>0.

Proof

Using Lemma 6.1.2. we rearrange the outer sides of the following inequality to get
the statement.

(F-F{ )/ (Vi-Vi)2220/T/Z hence F/ TQizW v/ Q= F/ To/zl v{

From this lemma it follows that in such a case we can eliminate the bid of the 3PL /
from the offers referring to seller k since we have a better choice.

In all other cases the cost functions will intersect resulting in alternating minimal
offers. The following lemma shows that we do not have to compute the
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intersections of all pairs of functions since those that can not be eliminated can be
sorted in a way that only adjacent functions do intersect each other.

Lemma 6.1.4.

If Se={ g« (Q) I=1,2,....L; }is a set of logistical cost functions related to seller k that
cannot be eliminated from seeking the minimal function, i.e. ﬂEIj J’'Jj=’, such that
2(@ > gk/ (@ Q>01’ then the elements of S, can be sorted in a way that Fk
CSEH and Vi Vi 2 Vil

Proof

Let us suppose that the lemma is not true. Then 3 jj'e{1,..., L, },j#, F{ = >F{ A
V{' 2V{ but then lemma 6.1.1. causes gp’ Q) = g (), which contradicts the
conditions of the lemma. Hence the lemma is proved.

We introduce Q' for the total quantity required by the buyer:
N

0" Do, (15)
i=1
Now we describe the algorithm for the linearisation of the objective function (11).
Algorithm 6.1.
BEGIN
1. Let S={ g/(0), I=1,2,...L }
2.V [=1,.,L-1

IF 3je{1,...L}, jA, Fl >F{ A Vi 2V

THEN we eliminate the function from the set based on Lemma 6.1.1.
Se= S\ gl(Q)

ENDIF

3.V g/(Q) € S;

IF3g{(Q) €8¢, jA, (F-Fi )/ (VI-Vi)=zZ

THEN we eliminate the function from the set based on Lemma 6.1.3.
Se= 8\ gl(Q)

ENDIF

4. Sort the remaining elements of Sy by the fix costs in ascending order. Then based
on Lemma 6.1.4 we get

Fl<Fl<. <l and Vi > V2>, >V
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5. Determine the intersection points of the consecutive functions by solving (16).
Denote the number of intersections by 4, . The intersection points will form a
sequence of increasing real numbers. O<q1k<q2k< <q4 kk < Q" We also include
the multiple values of Z if they are not in the sequence. Taking the lower cost
values on each interval we get the minimal cost function g(Q). Denote l(q, ) the
identifier of the best 3PL at q,

FoIz1+v}o=F"[QIZ]+V/"Q
0<0<Q"

6. Associate an F,/, ¥}/ value pair with each g/ intersection point denoting the fix
and var1able cost valid from that point until the next one in the sequence.
Calculate C; = F lq; /Z] for each intersection point.

(16)

7. Let go* =0 and quH = 0" closing elements to the sequence with C;' =0.
END

After this process we can transform (12)to (17) ach1ev1ng the goal of linearisation.
We have Q" , integer, and y,’ binary variables where yi' decides weather the total
quantity purchased from seller k lays in the /th. interval of the aggregate minimal
cost function when buymg 0¥ quantity of product i from seller k. This problem
with the constraints given in (18)-(23) can be solved by any commercial integer
programming packages.

M’"ZZ(ZP oF +Clyl +v! ZQ"’) (17

k=1 I=l
yie{o (18)
g'>0 Vie{l,..,N} (19)
'<g® viell,...M (20)

iQu“Ify"kZO VIE(L...4}kell... .M} @)
igu-qf_lylﬁo Viefl,...4} kell,.. M} 22)

i=l
M 4 ;
2 9'=0 23)

k=1 1=



16 L. KACSUKNE BRUCKNER

Theorem 6.1.

If mmlmlsmg the objective function (17) with constraints (18)- (23) results in
{Q, , Y,, keA ie{l,...,N}, I'e{l,...,4;}}, then this solution can be transformed
into {QF, X ked, ie{1,.. NV}, le{1,..,L}}, the solution of (11) with constraints
(5), (6), (12).

Proof

Based on lemmas 6.1.1. - 6.1.4. and linearisation algorithm 6.1. the two solutions
can be converted into each other as it (24) and (25) show:

Ak
o => 0 24)
I'=1
X, {; ifAre{12...4), Yi =1 Allgh=1I (25)
, otherwise.

The constraints match as:

(23)=(5)

(19) A (20) = (6) as from excluding quantity discounts O }'=0 V ie {1,...,N}, ke A4
ChHAQR2)=(12)

Hence the theorem is proved.

The number of variables of the linear optimisation problem is expressed in (26) and
it is rather high comparing to the original M(N+L) variables. We give an estimate
to Ay, the number of linear pieces of the logistical cost function relevant to seller &
in order to keep control on the complexity of the problem.

(N+1)iAk <M -(N+1)- Max,(4,) (26)

The number of shipments from a seller cannot be higher then [ Q" /Z| which,
taking lemma 6.1.4. into consideration, results in the estimate (27):

Max,‘(A,c)s[ o /Z-’L. Q27

Theorem 6.2. will show that in case of normally distributed parameters L can be
replaced by a constant and hence A4, has an upper limit given in (28):

Max,((Ak)s6{ o7 /z}. (28)
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Theorem 6.2,

If the variable part of the logistical costs follows a normal distribution then the
mean of the maximum number of 3PLs contributing to the minimal cost function in
an interval [Q1, O2] is not more than 6, regardless of the number of bidding 3PLs.

Proof

Let £ be the random variable of the fix logistical costs and 7 the random variable of
the variable logistical costs where 7 follows a normal distribution. We sort the
3PLs according to their specified fix costs in ascending order this way determining
a random sort on their variable costs. (Figure 4) For any 4 random variable of
normal distribution it is true with confidence of. 0.99 that | F*- 9™ | <601 P
where o is the standard deviation of 9. Furthermore the mean of the distance
between any two values of this distribution can be estimated by or9), hence the
mean of the length of the longest monotone sequence cannot be larger than 6.
Along with Lemma 6.1.4. this gives the proof to the theorem.

Logistical costs specified by 3PLs

(54
L

30 - wesesetas
‘oo'
PO o

poet®

Figure 4. Monotone sequence in a random seguence of variable logistical costs

6.2. Line-haul Models with Quantity Discounts.

This scenario allows individual volume discounts on items but 3PLs can bid for
line-hauls only. Here the same solution can be applied as above but new variables
and constraints for discount categories should be added. Due to the limited space
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we only give some hints instead of the proper formulas. The linear optimisation
problem can be formulated similarly to (17) adding decision variables showing if
the quantity of product i/ purchased from seller & falls into discount category j. It is
also needed a set of a pre-computable constant showing the cost of the quantity
equal to the lower limit of this category j.

6.3 Models Allowing Consolidation Delivery

If we allow combinatorial bids on transportation then the linearisation might result
in an unmanageable high number of variables. To overcome this problem we
created a set of branch and bound solutions for different scenarios. Here we
describe a heuristic algorithm for the case when all suppliers have enough
quantities of all products, i.e. we release constraint (6). In the algorithm we
investigate the costs consequences of purchasing from different combination of
sellers exploiting constraint (10).

Let A4 be the set of identifiers of sellers A={1,2,...,M}. Denote PrA4) the power set of
A. An SeP(A) is linearly ordered since the elements are dlfferent natural numbers.
Denote Max (S) the highest element in S. We introduce 4™ < P(4), m € A, for
eaual size subsets of P(4). Denote A™'={§ | (Se P(A)) A( | S| =m) } We order each

™ lexicographically. We order sets of different sizes naturally, if Se4™ and
S eA""" then S >S§ < n>m. We introduce Parent(S) = S\ Max(S). It can be seen that
if | S|=1 then Parent(S)= ©. Denote Gen(S) the tree generated by S using the rule
Gen(S)={S": S’ eP(4), S>S}.

This way P(A4) consists of M disjoint trees as it is illustrated in Figure 6. The
ordering we introduced goes across the trees level by level.

{1,2} {13} {14} {23} {2,4}) {347~

e et B ettt

{1,2,3} {1,24} {134} 7{2.3‘,4}-\\

Figure 6. Traversing trees in P({1,2,3,4})

Denote Opt(S) the optimal solution of (4) in Se P(4) with C” 5 (S) total cost of
procurement from sellers in S, buying something from all of them:

Opt(S)={[Q*.Ix/]}, ie(1,...N}, keS, le{1...,.L}, I'cS

Denote w(s) the highest price vector for all item in Opt(S), W(S)=(wi(S),
Wa(S),.... Wn(S)) and Fop, V0 the logistical cost parameters in Opt(S) for keS. Let
P the best unit price of product 7 at seller .
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Lemma 6.3.1.

If S’, S € P(4) where S’=SU{k’} and V i€ {l,...N} PY>=wy(S) and F* 0 >= Fy,
V¥ op>= Vo ¥ keS then C¥' 5 (S)> C7' 5 (S).

Proof

The purchase cost of goods cannot be reduced since all prices are higher than in the
previous combination. We have to add an extra location where the transportation
costs are also higher according to the assumption. The only way of reducing the
cost could be replacing the transport of two or more partly loaded trucks from the
original sellers by one from the new seller but if we could do this then Opt(S)
would not be an optimal solution either. Hence the lemma is proved.

In the winner determination algorithm we create a domain set D first by pruning
the ordered set P(4) according to the constraints limiting the number of suppliers.
Then we traverse the nodes of D in the defined order and create a set of candidate
best solutions using a linearised model for the limited set of sellers. During this
process we keep pruning subtrees that cannot contain candidate solutions based on
Lemma 5.3.1. At the end we compare the candidate solutions at the remaining
nodes of D and choose a final solution with minimal total cost.

The speed of the algorithm depends on the size of subtrees that can be pruned.
Better result can be achieved if we order the suppliers first in descending order by
the total cost that would occur if we purchased everything from one supplier. We
can also pre-calculate a lower limit of the total cost and exit the algorithm if a
candidate solution reaches it within a given tolerance.

7. Summary and Further Research Plans

EMMIL E-Marketplace Model Integrated with Logistics is a triangular
marketplace based on the contribution of buyers, sellers and logistics service
providers in the same transaction. It aims at finding partners with minimising the
total purchase cost or maximising the revenue depending on the type of the
marketplace. This paper focused on the buyer-oriented model (EMMIL/BM) where
a buyer carries out procurement from many sellers. A composite reverse auction
mechanism was defined with discrete rounds of open bids that alternate between
sellers and 3PLs. The suggested bid structure was justified by cost considerations.
A few scenarios were examined from algorithmic point of view for line-haul and
consolidation deliveries.

The implementation process has been just started. Algorithms for line-haul models
were tested so far by a prototype implementation using the Solver program of MS
EXCEL [13]. Unfortunately this program can handle only 140 variables, but the
tests have underpinned the theoretical results perfectly. A full scale implementation
is currently being carried out. The problem is NP-complete but we believe that
applying realistic business constraints in the number of contracted sellers will keep
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the computational time within acceptable limits even for high number of variables.
A further stage of this research is the development of the distributed optimisation
algorithms according to principles already set in [12].
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Abstract. A novel method is proposed in this paper to handle the classification
uncertainty using decision tree classifiers. The algorithm presented here extends
the decision tree framework to give the ability of measuring the confidence of
the classification. Using this algorithm a certain number of the input samples are
rejected as “risky points” in order to obtain a smaller misclassification rate on
the remaining points. The algorithm is being integrated into a Medical Decision
Support System where a confindence number to every classification is required.

Keywords: decision tree, classification uncertainty, CART, misclassification,
medical decision support system

1. Introduction and Inspiration

Breast cancer is one of the most common form of cancer among women. Every
12th woman suffers from this disease at least once in her lifetime [1]. Since the
cause of breast cancer is unknown, early detection is very important. If detected
early, the five-year survival rate exceeds 95% [1].

Currently mammography (X-ray examination of the breast) is the most efficient
method for early detection. In a mammographic session usually two images are
taken of both breasts. Craniocaudal (CC) is a top view, mediolateral (ML) is
roughly a side view image of the breast. Radiologists typically notice suspicious-
looking structures in one view and then verify their suspicion by checking the
corresponding area of the other view of the same breast. The most important
mammographic symptoms of breast cancer can be divided into two main classes:
microcalcifications (a group of small white calcium spots) and masses (usually
approximately round object brighter than its surrounding tissue).
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If a global screening were done, a huge number of mammograms (approximately
one million images every year in Hungary) would require diagnostics. The main
goal is to create a tool that can ease the work of radiologists by filtering out the true
negative cases and draw attention to the suspicious ones. Such Medical Decision
Support System for Mammography is being developed in cooperation with
radiologists in the Budapest University of Technology [2].

In the system several detection algorithms are working parallel to each other,
looking for different kinds of abnormalities (e.g. microcalfications, masses) or
different kinds of features to detect the same type of abnormality. Since markings
(spots that show the location of an abnormality) created by the detection algorithms
cannot be 100% certain, a confidence value was introduced to the system. Each
marking is accompanied by this value, showing the diagnoses certainty. The higher
this value, the more possible is that the marking is a true abnormality. This value is
also used by post-processing algorithms to filter out the most likely false positive
markers (the ones with the lowest confidence value). Each algorithm is produces
this confidence value, although in different ways.

One of the methods uses decision trees to classify a certain number of features at a
location of the image [3]. The result of this classification can be normal tissue or
abnormality. If the features are classified as abnormal tissue a marking is
generated. To generate the confidence value the original decision tree algorithm
was modified to handle classification uncertainty.

This paper discusses a novel extension to the original Classification and Regression
Tree (CART) framework (proposed by Breiman et al, 1984) [4] to handle
classification uncertainty.

2. Extension of the Decision Trees

2.1. Basis of the Current Work

The origin of decision trees dates back to 1963, when the AID (Automatic
Interaction Detection) program [5] was developed at the Institute for Social
Research, University of Michigan, by Morgan and Sonquist. They proposed a
method for fitting trees to predict a quantitative variable. The AID algorithm
created regression trees. A modification to the AID was the THAID algorithm [6]
in 1973 by Morgan and Messenger which handled nominal or categorical
responses. The THAID program created classification trees. Now several decision
tree approaches exist, e.g.: CART, ID3, C4.5 [7], C5, THAID CHAID,
TREEDISC, etc.

One the most widespread used decision tree framework is the Classification and
Regression Trees (CART, 1984) [4] developed by Breiman et al. Their work is



HANDLING CLASSIFICATION UNCERTAINTY USING DECISION TREES 23

based on the original ideas of the AID and the THAID algorithms. We used their
work as basis for our enhancements to the decision tree methodology.

2.2. Decision Tree Basics

Decision trees can be used to predict values or classify cases. Because in our work
(mammographic image analysis) classification is the main issue; therefore from
now on we restrict our discussion to classification trees. Classification trees are
used to predict membership of cases or objects in the classes of a categorical
dependent variable from their measurements on one or more predictor variables.

Decision tree methods use supervised learning to recursively divide the
observations into subcategories in such a way that these subcategories differ from
each other as much as possible while each subcategory is as homogenous as
possible. The outcome of a decision tree building algorithm is a directional graph
connecting nodes. Each node of the graph represents a set of observations. There
are two kinds of nodes: “terminal” and “non terminal” Non terminal nodes are also
referred as “internal” nodes. These nodes incorporate a “splitting rule”, which is
used to split the observations into subcategories. Terminal nodes are also referred
as “leaf” nodes. These nodes represent the dependent variable — in our case — the
predicted class of the observations (figure 1).

Classification Tree
intermal nodes &

splitting rules
L
X1< 0.5174
b
X2 < 0.35585
2
1
A
X1 < 0.55825
A
: 2
leaf nodes & —
class labels L] L

Figure 1. Sample classification tree with 3 splits and 2 classes,

There are various ways to grow a decision tree. For example there are several
options to implement the splitting rule or the selection of the right sized tree. For
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our work we implemented CART algorithm [4] and used it as a basis for further
development. Properties of the tree growth algorithm:

e Splitting rule

A splitting rule deals with observations reaching that specific node. It is used to
divide that group of observations into subgroups. We use 2-way binary
(smaller / bigger) splits on one variable. At each node a single variable is tested
if bigger or smaller than a certain threshold value. At each node impurity is
defined to measure the homogeneousness of the node. The best split is the one
that creates the purest nodes. Given a node ¢ with estimated class probabilities

P(1), j=1..Nc, where Nc is the number of classes, a measure of node impurity
for given ¢

iKO=fp(1|f), ..., p(Nclt)] (22.1)

is defined and an exhaustive search is made to find the split that most reduces
tree impurity. This split maximizes the impurity gain

Ai(O)=i(f)-pLi(tL)-pRi(R), (2.2.2)

where pL and pR is portion of observations falling to left or right child.node
(L, tR) according to split. To measure node impurity the Gini diversity index
[4] was adopted, which has the form

i(0)y= p(i|NpGln (22.3)

J#i

and can be rewritten as
i =Q.pG10Y =Y P GIn=1-Xp (. (2.2.4)
J J J

The Gini index ensure that for any split s the impurity can only decrease:
Ai(s,£>0.

¢ Determining the right sized tree

In general, bigger trees having more splits, give better classification rate on the
training data. However they tend to overfit, giving worse classification rates on
the test data. To determine the right sized tree — that gives the best error rate
(R) on the test data and avoids overfitting — there are 2 options. The first is to
stop splitting according to a certain criterion. According Breiman’s [4] and our
experiments as well this is not recommended. The better way to determine the
right sized tree is to grow a tree that is much too large and than “prune” it
upwards iteratively until we reach the root node. After this test sample error
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estimates (R) are used to select best subtree that has minimal error on the test
data. We implemented the Minimal Cost Complexity (MCC) pruning
algorithm [4]. In MCC pruning a cost-complexity measure is introduced:

Ra(Tt)=R(Tt)+a|TH, (2.2.5)

where a is the cost-complexity parameter (real number), 7t is the subbranch
starting at node t (if =1, than T/=T the original tree) and |74 is number of
terminal nodes on the subbranch 7. The higher the value of the a parameter the
greater the cost of more complicated trees. In this sense the tree complexity is
defined by the number of its terminal or leaf nodes. To get a series of pruned
subtrees we start from the original tree and we perform a “weakest-link
cutting” This is done in the following way:

set

Ro({r})=R({t})+a (2.2.6)
and

Ro(Tty=R(Tt)+a|Tt. 2.2.7)

As long as Ra(Tr)< Ra({t}) the branch Tt has a smaller cost-complexity than
the single node {¢}. In other words it is “worth” to keep this node expanded. At
a critical value of a the two cost-complexities become equal, than keeping only
a single node {r} instead of an expanded branch 7t is preferable. To find this
critical a, the following equation must be solved:

R -Ra@n

e (2.2.8)

This critical a value has to be calculated for all internal nodes of the tree, and
than the smallest is the “weakest-link” This means that node is the one that — if
we increase a — has to be “closed” to get better cost-complexity value for the
entire tree 7. Closing means to prune the tree at that location, to replace the
branch Tt with the single node .

Using this method we get a series of smaller and smaller subtrees according to
the increasing value of a. To select the best tree we can use test sample or
cross-validation error estimates. We used 10-fold cross-validation [4] to
estimate the misclassification rate. In this sense the best tree is the smallest one
that has minimal cross-validation (or test sample) error (figure 2).
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Figure 2. The best tree is the one that has minimal cross-validation error.
Resubstitution error means the error on the learning data.

Decision trees produced by the CART algorithm have some favorable properties
compared to other methods. They are easily interpretable and can be used to
classify data very quickly. Another good property is that the decision boundary can
be easily identified. In the next sections we will introduce an algorithm to provide a
confidence value to the classification result of the tree. This algorithm makes use of

the clear structure of the decision trees and the explicitly defined decision
boundary.

23. Dealing with Classification Uncertainty

A classification tree divides the input space into a certain number of sections.
These sections have their class label according to the leaf that defines the actual
section. If the input vector of the predictor variables falls into a section, the
corresponding class label is returned. Dealing with the classification uncertainty or
classification confidence the main assumption is that the confidence of the
classification is proportional to the distance from the closest decision boundary that
splits between different class labels.

According to the previous assumption, to get a classification certainty value we
need to measure the shortest distance to the closest decision boundary that splits
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between different classes, or equally the shortest distance to the closest section

with different class label.

The proposed algorithm to measure the shortest distance from the closest decision

boundary that splits between different classes is the following:

1) First the actual data is classified using the decision tree: a leaf node is
reached, which defines a section in the input space and an output label.

2)

To get the distances to the other sections the input data point is projected to
all of the decision boundaries. The projection rules are calculated only
once (see 2.4 determining projection rules), right after the tree growth
process and stored together with the tree structure.

If the input space contains N variables than the decision boundaries of a
section are maximum N-1 dimensional hyper planes (figure 3, 4). A 0
dimensional boundary only exists if all variables in the input space exist in
the path from the root node to the leaf node.

2 dimensional input space

1 dimensional -
decision boundaries octed boint -
| fine projected points
08 (ine) pl: 02, p3
:
04r
o
*
02f
oF
0 dimensional /
=T decision boundary
(point)
_04 1 1 1 1 i 1 1 1 1
043 02 01 0 0.1 0.2 03 0.4 0.5 0.6
X1

Figure 3. Sample decision boundaries in 2 dimensional input space and the
projected points of the input data point.
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Figure 4. Sample decision boundaries in 3 dimensional input space.
The distance between the projected points and the input point is calculated.

Take out the projected point that has minimal distance from the input
point.

Check if that projected point is on a decision plane that splits between
different classes (see 2.5 checking projected points).

If yes, the output certainty value is the distance between the projected point
and the input data. If no, take out the next projected point with minimal
distance and repeat steps 5 and 6.

The algorithm described above returns the shortest distance to the closest decision
boundary that splits between different classes.

2.4. Determining the Projection Rules

A set of critical points that we call “projection rules” has to be determined for each
leaf node. These critical points will be the closest points on the boundary of the
actual input space section. We call these “projection rules” because most of these
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points are not fully defined, they are maximum N-1 dimensional hyper planes (the
input space is N dimensional).

To determine the projection points for a certain leaf the following algorithm is
proposed:

Initialize a boundary matrix that will contain the boundary values for the actual
input space section marked by the leaf node. This matrix has equal number of rows
to the number of input variables in the decision tree. The matrix has 2 columns,
because each variable can border the actual segment from above and from below.
Initialize the border matrix with infs (abbreviation for infinite) as if no border was
present to the actual segment to any direction. Than we go from the leaf node up to
the root node taking out the splitting variables and split values. When we take out a
split we also check if we came up from a smaller child or from a bigger child.
When a split value is taken out we insert it into the boundary matrix into the row
identified by the variable and into column 1 if it was a smaller child, and into
column 2 if it was a bigger child. If we encounter a split that already in the
boundary matrix we skip that because that is not a boundary to the section marked
by the leaf node.

Figure 5, Sample tree with an example node.
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The boundary matrix for the example node (figure 5.):

_ [0.504 0.370}

2.4.1)
0.778 0.447

Now the boundary matrix is extended with a column containing infs (referring to
infinites). The extended boundary matrix:

[0.504 0.370 inf}

BMe = (2.4.2)

0.778 0.447 inf

To get all the critical points we have to get all the permutations of the elements of
the extended boundary matrix, keeping the order of the variables. The points from
the matrix BMe:

PI1=(0.504, 0.778)
P2=(0.504, 0.447)
P3=(0.370, 0.778)
P4=(0.370, 0.447)
P5=(inf, 0.778)
P6=(inf, 0.447)
P7=(0.504, inf)
P8=(0.370, inf).

The first 4 critical points are fully defined, they are actual points (0 dimensional
hyper planes). The rest of them are not fully defined they are (in this case) 1
dimensional hyper planes: lines (figure 6).

(2.4.3)

These projection rules depend only on the decision tree and independent from the
input data. As a result they have to be calculated only once, which saves a
considerable amount of time.
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this seotion is marked 1]
by the example node 3

Figure 6. The 8 critical points (projection rules) for the example node.

We use these critical points (projection rules) to project the input data point to
section boundaries. The projection technically means to insert the coordinates of
the input point into the projection rules replacing the infs. We have to project the
input point with the rules from each leaf node. These projected points will be the
closest boundary points to the input point. However it can not be known if a
projected point on a section boundary that splits between different classes. This has
to be determined individually for each projected point (see 2.5 checking projected
points).

2.5. Checking Projected Points

A projected point is not necessarily on a boundary that splits between different
classes. Checking each side of a decision boundary in the worst case requires
2”N-1 points to be classified by the tree if we checked all sections around the
projected point. However we only have to determine the class of the section on the
other side of the boundary in the direction of the projection. We do not have to
check the surrounding points because those are not the closest border points to the
corresponding area. Figure 7 shows a simplified illustration.
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Figure 7. Checking projected points. The point marked does not have to be checked
because p2 is in the same section and is closer to the input point (using the algorithm given
in section 2.3 it is already checked by the time we get to checking p1).

Checking technically means to “push” the projected point further in the projection
direction to an € distance into the corresponding section and than use the tree to
classify the point (figure 7, p1 and p2).

3. Test Results and Conclusion
3.1. Test Result on 2 Dimensional Data

The algorithm is first demonstrated on a 2 dimensional dataset. The input data is
shown in figure 8. The input points are marked with an ‘x’ or ¢ * according to their
class label. After the decision tree is grown (using cross-validation and MCC
pruning), the input space is covered with a grid and the distance from the decision
boundaries are calculated in the grid’s points using the algorithm presented in
section 2.3. Figure 9 displays the distance from the decision boundaries.

There were N=1354 data points in the sample dataset, containing roughly equal
number of class 1 and class 2 members. 1248 points were correctly and 106 were
incorrectly classified by the tree. This gives 7.8% misclassification error rate.

Using the introduced algorithm we calculate the certainty value (the distance from
the decision boundaries) for each input point. We determine a certainty threshold
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such that if the certainty for a given input point is smaller than this threshold the
tree rejects the classification. For this application the threshold is defined to keep
76% of the correctly classified samples (figure 10). In this case 90% percent of the
incorrectly classified cases are filtered out (96 points out of 106). 960 cases are
classified out of the total 1354, which is around 71% of the total number of input
points. 29% percent (394) of the input samples are considered as risky, meaning
the calculated classification certainty value was under the threshold. From the
classified ones 10 are misclassified, which means 0.1% misclassification rate.
Visually this means the method filters out the risky cases inside a “safety lane”
around the decision boundaries (figure 11).
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Figure 8. A 2 dimensional sample dataset. The input points are marked with an ‘x’ or ©.
according to their class label.
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Figure 9. Distance from the decision boundaries.
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X IOCKXK KK HHXXHHK HKHX XK X XHU KX XHKK KK HKXXK K KKK KKK XXX KK

L EXOKOOCRKACHKIRHCK KRHNO XK XK IR KK X XXX KHRXAK

20X00XOCKKH XN HHHHHK XK XXX KKK IOCKNK KRHX KN XK KA
OO XXX HOCXHHCKHICKHKHHXR K XXX XK K IO XHXHKK
RAXHKIRHHK KXXK KK KHXHKK XHKHKXHKEX XK HHXKK K HKRKHHH XK XXX
DO6XHHKIHAXHH XAXH KK XHKHKK MK HHOKX KKK KK HHCXK KX HHKKHK KA X XK
HXXHHCHHHCKAK KX KHEHKK KKHK XK K I KKK KK XU HXXKHKN XHHEX
306K IR AKX MO XHXK XX KX KKK IO XHKHHKK HX KKK
HKMRHKXKAX KK HK XX KXHKHH X R EX AR HX UK - X XK K KXH KA HKAAX =X
KX MAKK. H X AXIKX KOO XKAX K AR HKF X+ 2 KX mMHH KKK 0 H XK EXX
BOCEK KNMU T 2 EXKHRN XHHXKN KA XKXK KKK | R KKK KO HRK 0 X XHRH KX
X1 XXXKM X KAKAHIOCHOOK o+ HRTRXRRHAX | X XXKRHUK IO 10 X XARNX
200K OOKAUH KKK KIOC HHHXHX XKIOKMK KHIHKK IR I KHHX KK MK KKK
OO MKHICK HEHIOCK IHOH X XHCHK IR IO KRHKKH XK XKK
3K XHOXXIK KX MK XHKIKX XHIHKEXK KHHXK K KHXK KK KXHXKK XKXX X
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Figure 11. The “safety lane” around the decision boundary.

3.2. Test Results on 9 D

imensional Data

The algorithm is now demonstrated on a 9 dimensional data set. This dataset is the
“breast-cancer-wisconsin” dataset downloaded from the UCI Machine Learning

Repository [8].

2 experiments were made with different trees. The database contained N=699 data

points.

In the first experiment the tree misclassifies 33 points out of the 699, which gives

4.9% misclassification rate. The certainty threshold is determined to keep 90%
percent of the correctly classified samples (figure 12). This case the tree rejects

12.7% of the input points but the misclassification rate on the remaining points

reduces to 1.5%.

In the second experiment the tree misclassifies 23 points out of the 699, which

gives

d to keep

93% percent of the correctly classified samples (figure 13). This case the tree

rejec

3.3% misclassification rate. The certainty threshold is determ

1mne

ts 8% of the input points and the misclassification rate on the remaining points

reduces to 2%.
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Figure 12. Defining the threshold value to keep 90% of the correctly classified
samples. 72% of the misclassified samples are filtered out.
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3.3. Conclusion and Future Work

A method was presented in this paper to extend the decision tree framework. The
proposed extension gives the possibility to determine classification certainty.

The method proposed was tested on two sample datasets. A certainty threshold was
determined to filter out the most “risky” classifications with low certainty values.
Results indicate that the proposed algorithm can significantly reduce the
misclassification error, in the cost of rejecting a portion of the input points,
considering them as “risky” points. The algorithm takes advantage of the clear
structure of the decision trees and the explicitly defined decision boundaries. The
projection rules have to be determined only once after the tree growth process.
Calculating the distance from the relevant decision boundaries involves projecting
the input point, than measuring the distance to these projection points (section 2.4)
and finally checking these points for class changes (section 2.5). This results in a
reasonably fast algorithm and gives accurate distance information.

The method is being integrated into the Medical Decision Support system that is
under development in the Budapest University of Technology. Currently results on
mammographic data are very preliminary and will be published during the next
year.

In the presented examples the key parameter when using the method is the value of
the classification certainty threshold. This parameter controls the balance between
the rejection rate and the classification certainty. In the demonstrative examples
above this threshold was determined manually. Current research focuses on finding
a method to automatically determine this threshold, which is optimal in certain
means.
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Abstract. Approximate fuzzy reasoning methods serves the task of inference in
case of fuzzy systems built on sparse rule bases. This paper is a part of a longer
survey that aims to provide a qualitative view through the various ideas and
characteristics of interpolation based fuzzy reasoning methods. It also aims to
define a general condition set for fuzzy rule interpolation methods brought
together from an application-oriented point of view. The methods being
presented also can be applied in the first level of systems built on hierarchical
fuzzy rule bases.

Keywords: interpolative fuzzy reasoning, general conditions on rule interpolation
methods, sparse fuzzy rule base

1. Introduction

Approximate reasoning methods play an important role in fuzzy logic inference
systems. They are required in the case of so-called sparse rule bases. The sparse
attribute denotes that the antecedent universes contain at least one partition that
according to [13] can be characterized by the formula (1.1):

supp[OAik);tXi, (1.1

k=1

where X; is the i input universe, A; is the k™ set of the partition of X; and supp is
the support.

With other words in the sparse case the rules do not cover all the input universes
whereupon for some observations no rule exists whose premise would overlap the
observation at least partially. Essentially a sparse rule-base takes its origin from
one of the three reasons specified below:


mailto:ohanyak.csaba@gamf.kefo.hu

40 Zs. Cs. JOHANYAK, Sz. KOVACS

1. The rules generated from information obtained from experts or from other
sources (e.g. neural network-based learning techniques) do not cover all the
possible observation values.

<. Gaps between the fuzzy sets can be arisen during the fine-tuning of the system
due to the modification of the shape and position of membership functions
(Fig. 1.).

x 'l X
Figure 1. Before and after the fine tuning

3. The number of the state variables is so high that even if all the possible rules
can be found out they could not be stored under the given hardware conditions.
Taking no notice of the conditions mentioned above the number of the rules
grows on. The great number of the rules increases the duration of the inference,
too. Thus the performance of the system is decreasing. Making a rule-base
sparse artificially [9] or/and transforming it into a hierarchical one (e.g. [26,
27]) could be a possible solution for such cases.

The classical inference methods (e.g. compositional rule of inference) methods are
not able to produce an output for the observations covered by none of the rules.
That is why the systems based on a sparse rule base should adopt inference
techniques, which can perform approximate reasoning taking into the consideration
the existing rules. The most applied used methods for this purpose are called
interpolative methods.

2. General Conditions on Rule Interpolation Methods

A unified condition system related to the interpolative methods would make the
evaluation and comparison of the different techniques based on the same
fundamentals possible. However, according to the existing literature (e.g. [1, 7, 20,
21, 22]) can be found only partly consistent conditions and condition groups, which
are put together taking different points of view into consideration. Therefore, as a
step towards the unification, the conditions considered to be the most relevant ones
from the application-oriented aspects are going to be reviewed and based on them,
some of the well known methods are going to be compared in the followings.

General conditions on rule interpolation methods:

1. Avoidance of the abnormal conclusion [1, 7, 20]. The estimated fuzzy set
should be a valid one. This condition can be described by the constraints (2.1)
and (2.2) according to [20].
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inf{B; }s sup{B:z }, Vae [O,l], 2.1
inf{B., }<inf{B., }<sup{B., }<sup{B., } Va, <a, <[01], 2.2)

where inf and sup are the lower and upper endpoints of the actual a-cut of the
fuzzy set.

The continuity of the mapping between the antecedent and consequent fuzzy
sets [1, 7]. This condition indicates that similar observations should lead to
similar results.

Preserving the “in between” [7]. If the antecedent sets of two neighbouring
rules surround an observation, the approximated conclusion should be
surrounded by the consequent sets of those rules, too.

Compatibility with the rule base [1, 7]. This means the condition on the
validity of the modus ponens, namely if an observation coincides with the
antecedent part of a rule, the conclusion produced by the method should
correspond to the consequent part of that rule.

The fuzziness of the approximated result. There are two opposite approaches in
the literature related to this topic [22]. According to the first subcondition (5.a),
the less uncertain the observation is the less fuzziness should have the
approximated consequent [1, 7]. With other words in case of a crisp
observation the method should produce a crisp consequence. The second
approach (5.b) originates the fuzziness of the estimated consequent from the
nature of the fuzzy rule base [20]. Thus, crisp conclusion can be expected only
if all the consequents of the rules taken into consideration during the
interpolation are singleton shaped, i.e. the knowledge base produces certain
information from fuzzy input data.

Approximation capability (stability [e.g. 21]). The estimated rule should
approximate with the possible highest degree the relation between the
antecedent and consequent universes. If the number of the measurement (knot)
points tends to infinite, the result should converge to the approximated function
independently from the position of the knot points.

Conserving the piece-wise linearity [1]. If the fuzzy sets of the rules taken into
consideration are piece-wise linear, the approximated sets should conserve this
feature.

Applicability in case of multidimensional antecedent universe.

Applicability without any constraint regarding to the shape of the fuzzy sets.
This condition can be lightened practically to the case of polygons, since piece-
wise linear sets are most frequently encountered in the applications.
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3. Surveying Some Interpolative Methods

The techniques being reviewed can be divided into two groups relating to their
conception. The members of the first group produce the approximated conclusion
from the observation directly. The second group contains methods that reach the
target in two steps. In the first step they interpolate a new rule that antecedent part
at least overlaps the observation. The estimated conclusion is determined in the

second step based on the similarity between the observation and the antecedent part
of the new rule.

Further on mostly the case of the one-dimensional antecedent universes are
presented for the sake of easy understanding of the key ideas of the methods. As
several methods need the existence of two or more rules flanking the observation,
therefore it is assumed that they exist and are known. The methods are not based on

the same principles, hence sometimes they approach the topic of the rule
interpolation from different viewpoints.

3.1. The Linear Interpolation Introduced by Kéczy and Hirota and the
Derived Methods

The first subset of the methods producing the approximated conclusion from the
observation directly contains the technique introduced by Koczy and Hirota and
those ones that have been derived from it aiming its extension and improvement.
First the most famous member of this group, the KH interpolation is reviewed.

3.1.1. KH Interpolation

The key idea of the method developed by Koczy and Hirota [9] is that the
approximated conclusion divides the distance between the consequent sets of the
used rules in the same proportion as the observation does the distance between the
antecedents of those rules (3.1). This is the fundamental equation of the fuzzy rule
interpolation [1] (FEFRI). The proportions are set up separately for the lower and
upper distances in the case of each a-cut.

The development of the KH method was made possible by the definition of the
fuzzy distance [8] and the fact that fuzzy sets can be decomposed into a-cuts, the
calculations can be made by the a-cuts and the conclusion sets can be composed
from the resulting a-cuts (resolution and extension principle).

d. (4,4 ):.d. (4", 4,)=d'(B,,B"):d.(B",B,) (3.1)

where A;, A, are the antecedent sets of the two flanking rules, A* is the
observation, B}, B, are the consequent sets of those rules, B* is the approximated
conclusion, i can be L or U depending on lower or upper type of the distance. The
technique adopted for the determination of the consequent is an extension of the
classic Shepard interpolation [16] for case of the fuzzy sets. The method requires
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the following preconditions to be fulfilled: the sets have to be convex and normal
with bounded support, and at least a partial ordering should exist between the
elements of the universes of discourses. The latter one is needed for the definition
of the fuzzy distance.

The most important advantage of the KH interpolation is its low computational
complexity that ensures the fastness required by real time applications. Its detailed
analysis e.g. [11, 12, 17] led to the conclusion that the result can not be interpreted
always as a fuzzy set, because by some a-cuts of the estimated consequent the
lower value can be higher than the upper one (Fig. 2.). The above listed
publications defined application conditions that enabled the avoidance of the
abnormal conclusion.

Hi

Figure 2. KH interpolation

Theoretically, an infinite number of a-cuts are needed for the exact result if there
are no conditions related to the shape of the sets. However, in practice driven by
need for efficiency mostly piece-wise linear generally triangle shaped or
trapezoidal sets can be found, because these can be easily described by a few
characteristic points. Thus supposing the method preserves the linearity completing
the calculations for a finite small number of a-cuts could be enough. Although the
preceding assumption is not fulfilled, in most of the applications it does not matter
because of the negligible amount of the deviation [11, 12, 20].

The KH method was developed for one-dimensional antecedent universes.
However, it can be applied in multi-dimensional case using distances calculated in
Minkowski sense. It can be simply proven that this technique fulfils conditions 3,
4, 5.b and 8. The stabilized (general) KH interpolation [21] also satisfies the
condition 6.

The recognition of the shortcomings of the KH interpolation has led to the
development of many techniques, which modified or improved the original one or
offered a solution for the task of the interpolation using very new approaches.
Further on some methods improving the KH technique are reviewed emphasizing
those properties which are considered by the authors to be the most important.
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3.1.2. Extended KH Interpolation

Several versions of the KH interpolations were developed which allow taking into
consideration more than two rules during the determination of the consequence.
Their common feature is that the approximation capability of the technique is
getting better with the growth of the number of the rules taken into consideration.

In [9] a technique is proposed that takes into consideration the rules weighted with
e.g. the reciprocal value of the square of the distance. This approach reflects that
the rules situated far away from the observation are not as important as those ones
in the neighbourhood of the observation.

The authors of [21] suggest using formulas for the calculation of endpoints of o-
cuts of the approximated consequence, which contain the distance on the n"™ power,
where n is number of the antecedent dimensions.

3.1.3. The VKK Method

The method developed by Vass, Kalmar and Kéczy [23] worked out the problem of
abnormal conclusion introducing modified distance measures, namely the central
distance and width ratio. However, it cannot be applied in case of some crisp sets.
Like the KH method it does not conserve the linearity, but the deviance can be
proven to be negligible [1].

3.1.4. Interpolation by the Conservation of Fuzziness (GK Method)

The starting point of the method introduced by Gedeon and Kéczy [3] is that in
many applications the supports of the antecedent sets are much more larger than
the support of the observation. In such cases the significant feature of the

observation is its distance from the nearest flanks of the neighbouring antecedent
sets [13].
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Figure 3. Distance and fuzziness measures [13]
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The method was developed for the case of convex normal trapezoidal (incl. triangle
shaped and crisp) fuzzy sets. It measures the distance of the sets by the Euclidean
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distances among the cores (d1(A1,A*) on Fig. 3.). In multidimensional case the
Euclidean sum of the distances measured in each dimension is considered. The
technique introduces the term of fuzziness of a set (f1U, f*L, F1U and F*L), which
is a quantity calculated separately for the left and right flank of the set as the
horizontal distance of the respective endpoint of the support and the respective
endpoint of the core.

During the interpolation of the conclusion (B*) the flanks are determined by
calculating their fuzziness (F*L and F*U). The applied formulas take into
consideration the fuzziness of the observation, the distances to the neighbouring
antecedent and consequent sets and the neighbouring fuzziness of those sets. The
farther sides of the flanking sets are not taken into consideration according to the
principle that the interpolated conclusion should be based on “nearby” information
[3]. The core points of the approximated conclusion are determined by simple
linear interpolation between the nearest core points of the flanking antecedent and
consequent sets.

Although the method is not an a-cut based one and has no direct connection with
the FEFRI still it is presented in this group of techniques because the way of
determining the estimated conclusion is in full accordance with the FEFRI [13].
The GK interpolation is conservative with respect to the degree of local fuzziness
in the rule base [3]. On the basis of the literatures [3, 13] it can be stated that the
method fulfils the conditions 1, 3, 5.a and 8.

3.1.5. Interpolation by the Conservation of Relative Fuzziness (KHG Method)

Kéczy, Hirota and Gedeon introduced a refined version of the GK method in [13].
This interpolation technique is in fully accordance with the FEFRI. It is also
applicable in case of arbitrary shaped convex and normal fuzzy sets and in such
crisp cases when the use of its ancestor is not possible [13]. It is extended for the
multiple dimensional cases, too.

W dIALA®) del(A‘ ) d I =
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Figure 4. Antecedent and consequent distances and core lengths [13]

The length of the core of the conclusion (C*) (Fig. 4.) is calculated by multiplying
the core length of the observation (c*) by the ratio of the distances of the
consequent (d1(B1,B2)) and antecedent sets (d1(A1,A2)). The position of the core
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is determined by the FEFRI introducing a so-called dissimilarity measure. The
latter characterises the relation between two lengths, namely a fuzziness value and
a distance between two fuzzy sets. The conservation of the relative fuzziness
means that the left (right) fuzziness of the approximated conclusion in proportion
to the flanking fuzziness of the neighbouring consequent should be the same as the
(left) right fuzziness of the observation in proportion to the flanking fuzziness of
the neighbouring antecedent. On the basis of the literatures [3, 13] it can be stated
that the method fulfils the conditions 1,3, 5.a and 8.

3.1.6. Modified a-cut based Interpolation

The modified a-cut based interpolation (MACI) [20] represents each fuzzy set by
two vectors describing the left (lower) and right (upper) flank using the technique
published by Yam [25]. The vectors contain the break points in case of piece-wise
linear membership functions or endpoints of predefined (usually uniform
distributed) a-cuts in case of smooth membership functions. The graphical
representation of the vectors describing the right flanks of the sets can be seen on
the figure 5. The antecedent and consequent sets are represented separately. The
result will fulfil the condition 1 if B* is situated inside of the rectangle and above
of the line 1. This goal is reached through a coordinate transformation where Z, is
substituted by the line /. The approximated conclusion will be crisp only if the
consequent sets of the rules taken into consideration are singletons, as well.

3

Figure S. Graphical representation of the vectors [22]

Although this method is not conserving the linearity, the deviance is smaller than in
the case of the KH interpolation [20] and the stability experienced at the KH
method [19] remains. The estimated conclusion always yields fuzziness if the
consequent sets of the rules taken into consideration have fuzziness [15]. The
method can be used in multi-dimensional case, too [20]. It can be proven that the
technique fulfils the conditions 1-4, 5.b, 6, 8 and 9 with the constraint that the sets
should be convex and normal. Its generalized version [18] can be used in case of
non-convex fuzzy sets, too.
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3.1.7. The Improved Multidimensional Modified a-cut based Interpolation

The improved multidimensional modified a-cut based interpolation (IMUL)
introduced by Wong, Gedeon and Tikk [24] combines the advantages of the MACI
and the fuzziness conservation technique proposed by Koczy and Gedeon in [3].
This method was developed for the case of multidimensional antecedent universe.
The fuzzy sets are described by vectors containing the characteristic points, and the
coordinate transformation introduced by MACI is used during the determination of
the core of the approximated consequent.

The fuzziness of the observation plays a decisive role in the calculation of the
flanking edges and beside this the relative fuzziness of the sets adjacent to the
observation and adjacent to the approximated consequent are taken into
consideration, as well. It can be proven that the technique fulfils the conditions 1-4,
5.a,6,8and9.

3.1.8. The HCL Interpolation

The interpolation developed by Hsiao, Chan and Lee (HCL) [4] for the case of
triangle shaped convex and normal fuzzy sets combines the KH method with the
interpolation of the slopes of the flanking edges.

The basic idea is that the slopes of the approximated conclusion can be calculated
with the same linear combination of the respective (left or right) slopes of the
consequents of the neighbouring rules as the linear combination which describes
the relation between the respective flanking edges of the antecedents of the same
rules and the flanking edges of the observation.

The method produces the estimated conclusion in three steps. First the two
endpoints of the support are determined by means of the KH interpolation. After
this the peak point of the triangle is calculated employing the relation between the
slopes presented above.

The HCL interpolation cannot be classified clearly as an a-cut based technique
because it is not based on the resolution and extension principles. It uses only one
(usually 0=0) a-cut during the calculations. Its advantage is that it results a valid
(interpretable) convex and normal fuzzy set having a little higher computational
complexity than the KH method.

As a disadvantage can be mentioned that it is applicable only for the case of
triangle shaped convex and normal fuzzy sets, not even crisp sets are allowed.
Another drawback is the restriction expressing that the same linear combination
have to describe on the left and the right side the relation between slopes of the
respective edges of the antecedent sets and the slope of the respective edge of the
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observation. It can be proven that the method satisfies the conditions 1, 3, 4 and
5.b.

3.2. Fuzzy Interpolation in the Vague Environment

The fuzzy interpolation in the vague environment (FIVE) introduced by Kovacs
and Koczy [e.g. 14] puts the problem of rule approximation in a virtual space in the
so-called vague environment whose conception is based on the similarity
(indistinguishability) of the objects. The similarity of two fuzzy sets in the vague
environment is defined by their distance weighted with the so-called scaling
function, which characterizes the vague environment. The scaling function
describes the shapes of all the terms in a fuzzy partition.

The challenge during the employment of this method is to find approximate scaling
functions for both the antecedent and the consequent universes, which give good
descriptions in case of non-Ruspini partitions, too. Scaling functions for the case of
triangle and trapezoid shaped fuzzy sets are given in [14]. In consequence of the
creation of the vague environments of the antecedent and consequent universes, the
vague environment of the rule base is established, as well. In this environment each
rule is represented by a point. If the observation is a crisp set, the conclusion,
which will be crisp, can be also determined employing any interpolative or
approximate technique.
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Figure 6. FIVE

The possibility of creation of the antecedent and consequent vague environments in

advance ensures the fastness and hereby the applicability of the method for real-

time tasks. Thus, only the interpolation of the points describing the rule base has to
be made during the functioning of the system. In case of fuzzy observations the



SURVEY ON VARIOUS INTERPOLATION BASED FUZZY REASONING METHODS 49

antecedent environment should be created taking into consideration the shape of
the set, which describes the input.

Figure 6. presents the partitions, the scaling function and the curve built from the
points defined by the existent two rules and the points interpolated for the case of a
one dimensional antecedent universe supposing crisp observations. It can be
proven that the method satisfies the conditions 1-4, 5.a, 6 and 8.

3.3. The Generalized Methodology

Baranyi, Kéczy and Gedeon proposed in [1] a generalized methodology for the
task of the fuzzy rule interpolation. In the centre of the methodology stands the
interpolation of the fuzzy relation. A reference point, which can be identical with
e.g. the centre point of the core, is used for the characterization of the position of
fuzzy sets. The distance of fuzzy sets is expressed by the distance of their reference
points. The interpolation consists of two steps.

In the first step an interpolated rule is produced, whose antecedent part has at least
a partial overlapping with the observation and whose reference point has the same
abscissa as the reference point of the observation. This task is divided into three
stages. First with the help of a set interpolation technique the antecedent of the new
rule is produced. Next the reference point of the conclusion is interpolated going
out from the position of the reference points of the observation and the reference
points of the sets involved in the rules taken into consideration. The applied
technique can be a non-linear one, too. Hereupon the consequent set is determined
similarly to the antecedent one. Several techniques are suggested in [1] for the task
of set interpolation (e.g. SCM, FPL, FVL, IS-I, IS-II). In this paper the solid cutting
method is presented in section 3.3.1. If A, denotes the ratio, in which the reference
point of the observation divides the distance between the reference points of the
neighbouring sets into two parts and A, denotes the similar ratio on the consequent
side, the function A.=f(A,) defines the position of the reference point of the
consequent set. Through the selection of the function f() a whole family of linear
(A=A.) and non-linear interpolation techniques can be derived. This is also a
possibility for parameterisation (tuning) of the methodology. which ensures the
adaptation to the nature of the modelled system.

The approximated rule is considered as part of the rule base in the second step. The
conclusion corresponding to the observation is produced by the help of this rule. As
the antecedent part of the estimated rule generally does not fit perfectly to the
observation, some kind of special single rule reasoning is needed. Several
techniques are suggested in [1] for this task (e.g. FPL, SRM-I, SRM-II). As a
precondition for all of these methods, it should be mentioned that the support of the
antecedent set has to coincide with the support of the observation. Generally this is
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not fulfilled. In such cases the fuzzy relation (rule) obtained in the previous step is
transformed first, in order to meet this condition. For this task, in section 3.3.2, a
solution is presented, which was originally suggested in [1].

Owing to the modular structure of the methodology in both of the steps one can
choose from many potential methods if some conventional elements (e.g. distance
measure) are used consequently. Based on the analysis in [1] and [15] the
methodology can be characterized as follows. Conditions 1-4, 5.a and 8 are
satisfied applying any of the suggested methods. In case of triangle shaped fuzzy
sets the condition 7 is also fulfilled by those techniques. Condition 9 is also
satisfied if SCM or FPL is used in the first step and FPL is used in the second step.

3.3.1. The Solid Cutting Method

The key idea of the solid cutting method (SCM) [2] developed by Baranyi et al. is
to define vertical axes at the reference points of the two antecedent sets (A; and A»)
that flank the observation (A*) and after that to rotate these sets by 90° around the
vertical axes. The virtual space created in such a manner is determined by the
orthogonal coordinate axes S, X and p. The rotated sets will be situated in parallel
plane to the plane uxS (Fig. 7.).

re=¢ d=f(a’b)

Figure 7. SCM [2]

In the next step a solid is generated fitting a surface on the contour and support of
the sets. After this the solid is cut by the reference point of the observation with a
plane parallel with pxS. Turning back the cross section by 90° one will obtain the
antecedent set (A") of the estimated rule. The consequence (B') of the new rule is
determined similarly by knowing the two consequent sets and the reference point.

3.3.2. Single Rule Reasoning Based on Transformation of the Fuzzy Relation and
the Fixed Point Law

As mentioned in section 3.3, the support of the antecedent set (A') of the
interpolated rule does not overlap generally with the observation (A*). Therefore,
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the second step of the generalized methodology breaks down into two stages
usually. First e.g. the technique “Transformation of the Fuzzy Relation” (TFR)
transforms (stretches or shrinks) the interrelation area [1] of the new rule
proportionally in order to ensure the needed coincidence of the supports. Secondly
the transformed rule is fired applying e.g. the “Fixed Point Law” (FPL).

The TFR transforms the antecedent (A') and consequent (Bi)'sets separately, but in
similar way. Further on only the transformation of the set A' is presented. First an
interrelation function [1] is generated between the observation and the antecedent
set in such manner that the endpoints of the support of A* are mapped to the
endpoints of the support of A' and the reference point of A' is mapped to the
reference point of A* (Fig. 8.). The rectangle defined by the endpoints of the
supports of the sets is called the interrelation area.

~ gonginal interrelation area

RP(AY)

na
extended intervelation area

Figure 8. The two interrelation functions

The interrelation function is considered piece-wise linear containing two lines that
connect the three characteristic points defined above. Next an interrelation function
is generated, which describes the mapping between the points of the two sets (A’
and B') participating in the interpolated rule. The aim of the first stage is to modify
proportionally the interrelation area of this mapping in such manner to reach the
coincidence between the support of the observation and the horizontal side of the
rectangle. So the support of the transformed set (A') is going to be the same as the
support of A* The membership value of each point in A' is equal to the
membership value of its interrelated point in A".

In the second stage an interrelation function is generated between A* and A'
similar to the interrelation function defined in the first stage. Next, following the
ideas of FPL the difference between the membership values of each interrelated
point pair is calculated. This deviation is used by the determination of the
approximated conclusion from the transformed consequent B' taking into
consideration the interrelation between A' and B'.
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3.4. Interpolation with Generalized Representative Values

The method IGRV proposed by Huang and Shen [6] follows an approach similar to
the generalized methodology. In the first phase, a representative value (RV) is
determined for each used set. Its task is the same as the function of the reference
point in the generalized methodology. It can be calculated by different formulas
depending on the demands of the application. The centre of gravity played this role
in the first variant of the method [5], which was developed for triangle shaped
fuzzy sets. In case of an arbitrary polygonal fuzzy set the weighted average of the x
coordinates of the node (break) points is suggested as RV The definition mode of
the RV influences only the position of the estimated rule, but not the shape of the
sets involved in the rule. Further on the Euclidean distance of the RVs of the sets
are considered as the distance of the sets.

The antecedent of the approximated rule is determined by its a-cuts in such a
manner that two conditions have to be satisfied. First its representative value has to
coincide with the RV of the observation. Secondly the endpoints of the a-cuts of
the observation have to divide the distance of the respective (left or right)
endpoints of the a-cuts of the neighbouring sets in such proportion as the
representative value of the observation divides the distance of the RVs of these
sets. Following the same proportionality principle the RV and the shape of the
consequent of the approximated rule are determined.

In the second phase, the similarity of the observation and the antecedent part of the
new rule is characterized by the scale and move transformations needed to
transform the antecedent set into the observation (Fig. 9.). The method was
developed primordially for the case of polygonal shaped fuzzy sets. It is applicable
in the case of multidimensional antecedent universes, too. In terms of
classification, it can be considered as an a-cut based technique, because the scale
and move transformation ratios are calculated for each level corresponding to node
(break) points of the shape of sets.

" }
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Figure 9. Scale and move transformations [6]
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The method is well applicable in case of polygonal shaped sets, but the checking
and constraint applications done at each a-level for the sake of the conservation of
convexity increase the computational complexity of the technique.

The method can be tuned at two points. First one can choose the formula for the
representative value. Secondly, the method for the calculation of the resulting
transformation ratios in the case of multidimensional antecedent universes can be
chosen. On the grounds of the analysis in [6] it can be stated that the method
satisfies the conditions 1,2,3,4,5.a, 8,and 9.

Conclusions

Inference systems based on conventional (compositional) fuzzy inference methods
in case of a sparse rule base cannot produce a result for all the possible
observations. In such cases, where the fuzzy rule base could turn to be sparse, the
system should adopt an approximate reasoning technique for the estimation of the
conclusion. The surveyed fuzzy interpolation methods can be classified into two
fundamental groups depending on whether they are producing the result in one or
two steps. The first part of this paper gives a brief application oriented survey
related to the condition structures can be expected to be fulfilled by the various
fuzzy interpolation methods. The second part of the paper enumerates some of the
main fuzzy interpolation methods emphasizing their basic ideas, significant
characteristics and the conditions they are fulfilling from the above condition
structure.

Table 1. Summary of the comparison

Method 1/2[3/4[5a]5b|l6]| 78] 9
KH X | x X X
Stabilized KH X | x X | X X
GK X X X X
KHG X X X X
MACI X[ XXX X [ X X | X
Generalized MACI X[ X[X|X X | X X | X
IMUL X[xX[Xix] X X X | x°
HCL X X | X X

FIVE X[X[x[Xx] X X X
GM with any techniques X[ X[X[X] X X' X
GM with SCM/FPL and FPL? | X | X | X [ X | X X' [ x| x
IGRV XIX|X[X] X X [ X3

" only for triangle shaped fuzzy sets
2 SCM or FPL in the first step and FPL in the second step
3 the sets should be convex and normal
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Table 1 contains the brief summary of the conditions that can be considered in
accordance with the literature as fulfilled by the studied methods, where the
columns represent the conditions, the rows indicate the methods and the cells
containing an “X” denote the fulfilled conditions.

This paper has not aimed the presentation of the methods developed especially for
hierarchical fuzzy rule bases although they could be very important in case of
several practical application types. This topic will be covered by the next part of
the survey.
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Abstract. The growth of Internet services during the past few years has
increased the demand for scalable distributed computing systems. E-
commerce systems concurrently serve many clients that transmit a large,
number of requests. An increasingly popular and cost effective technique to
improve server performance is Jload balancing, where hardware and/or
software mechanisms decide which server will execute the client request.
Load balancing mechanisms distribute client workload among server nodes
to improve overall system responsiveness. Load balancers have emerged as a
powerful new technology to solve this.

This paper focuses on a new generation of adaptive/intelligent dynamic load
balancing technique, which based on J2EE technology and can be practical in
J2EE application servers. The paper discusses in detail both the theoretical
model of load balancing and its practical realization. The effectiveness of the
new balancing method will be demonstrated through exact measurement
results compared with former traditional non-adaptive methods.

Keywords: Distributed systems, Adaptive Load Balancing, J2EE Application
server, JBoss

1. Introduction

As the number of concurrent requests is increased on a standalone server, so the
application exceeds the pre-estimated respond time, because the work load is too
much on the server machine. At this time, there are two options to solve this
problem: using faster machines or using multiple machines parallel. The first
solution can be expensive and limited by the speed of a standalone machine. The
second choice is more straightforward: deploy the same application on several
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machines and redirect client requests to those machines. The system is transparent
from outside, which means that client applications perceive a standalone very-fast
server with one accessible IP address (see Figure 1). To achieve the performance
and transparency, load balancing algorithms must be utilized.

Load balancing can improve system performance by providing better utilization of
all resources in the whole system, which consists of computers connected by local
area networks. The main objective of load balancing is to reduce the mean response
time of requests by distributing the workload [5].

1.1. Theoretical possibilities of realizing load balancing on OSI Layers

The OSI model was developed as a framework for developing protocols and
applications that could interact seamlessly. The OSI model consists of seven layers
and is referred to as the 7-Layer Networking Model [2]. Each layer represents a
separate abstraction layer and interacts only with its adjoining layers. Load
balancing mechanism can be realized on the Layer 3 - 7. OSI levels 3 and 4 can be
supported balancing mechanisms via network router devices. On layers 5 and 7,
‘URL Load Balancing’ can be achieved. A lively example of ‘URL Load
Balancing’ can be the following: the URL may be static (such as
http.//'www.xxx.net/home) or may be a cookie embedded into a user session. An
example of URL load  balancing is  directing  traffic to
http://'www.xxx.net/documents through one group of servers, while sending
http://www.xxx.net/images to another group. URL load balancing can also set
persistence based on the "cookie" negotiated between the client and the server.

1.2. Network-based load balancing

This type of load balancing is provided by network router devices and domain
name servers (DNS) that service a cluster of host machines. For example, when a
client resolves a hostname, the DNS can assign a different IP address to each
request dynamically based on current load conditions. The client then contacts the
designated server. Next time a different server could be selected for its next DNS
resolution. Routers can also be used to bind a TCP flow to any back-end server
based on the current load conditions and then use that binding for the duration of
the flow. High volume Web sites often use network-based load balancing at the
network layer (layer 3) and transport layer (layer 4). Layer 3 and 4 load balancing
(referred to as “switching” [1]), use the IP address/hostname and port, respectively,
to determine where to forward packets. Load balancing at these layers is limited,
however, by the fact that they do not take into account the content of client
requests. Higher-layer mechanisms  such as the so-called layer 5 switching
described above  perform load balancing in accordance with the content of
requests, such as pathname information within a URL.
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1.3. Operating System - based load balancing

This type of load balancing is provided by distributed operating systems via
clustering, load sharing, or process migration mechanisms. For instance Microsoft
provides a new clustering possibility: Microsoft Cluster Server (MSCS) This
special Microsoft software provides services such as failure detection, recovery,
and the ability to manage the servers as a single system. Clustering is a cost
effective way to achieve high-availability and high-performance by combining
many commodity computers to improve overall system processing power.
Processes can then be distributed transparently among computers in the cluster.
Clusters generally employ load sharing and process migration. Balancing load
across processors — or more generally across network nodes — can be achieved via
process migration mechanisms, where the state of a process is transferred between
nodes. Transferring process state requires significant platform infrastructure
support to handle platform differences between nodes. It may also limit
applicability to programming languages based on virtual machines, such as Java.

1.4. Middleware-based load balancing

This type of load balancing is performed in middleware products, often on a per-
session or per-request basis. For example, layer 5 switching has become a popular
technique to determine which Web server should receive a client request for a
particular URL. This strategy also allows the detection of “hot spots,” i.e.,
frequently accessed URLs, so that additional resources can be allocated to handle

the large number of requests for such URLs.
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Figure 1. Horizontal load balancing

Middleware-based load balancing can be used in conjunction with the specialized
network-based and OS-based load balancing mechanisms outlined above. It can
also be applied on top of consumer level (COTS) networks and operating systems,
which helps reduce cost. In addition, middleware-based load balancing can provide
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semantically rich customization possibilities to perform load balancing based on a
wide range of application-specific load balancing conditions, such as run-time I/0O
vs. CPU overhead conditions.

2. The practical approach of balancing problems

After we have surveyed the theoretical bases of load balancing, we direct our
attention to a more practical scope of the problem.

A dynamic load balancing can be either preemptive or non-preemptive. A non-
preemptive mechanism transfers only jobs that have just arrived, while a
preemptive mechanism transfers jobs at any time, even when the jobs are in
execution. Because preemptive mechanism are more costly than non-preemptive
one and most of the benefit that can potentially be achieved through dynamic load
balancing can be achieved using non-preemptive transfer only, non-preemptive
transfers are usually used. Various proposed dynamic balancing methods are based
on several policies. Three important ones among them are the transfer policy, the
location policy and the selection policy, which decide when, where and what jobs
should be transferred respectively. Much work [2][4] has been published on the
design of transfer and location policy but very few on the selection policy.

Balancing policy: When designing a load balancing service it is important to select
an appropriate algorithm that decides which server node will process each
incoming request. For example, applications where all requests generate nearly
identical amounts of load can use a simple Round-Robin algorithm, while
applications where load generated by each request cannot be predicted in advance
may require more advanced algorithms. In general, load balancing policies can be
classified into the following categories:

® Non-adaptive — A load balancer can use non-adaptive policies, such as a
simple Round-Robin algorithm or a randomized algorithm, to select which
node will handle a particular request.

® Adaptive — A load balancer can use adaptive policies that utilize run-time
information, such as CPU and disk I/O utilization, network loading.

This paper presents a new adaptive load balancing method, which efficiency are
verified with help of many simulations.

2.1. Problem of real-time load balancing

Client requests arrive over the network and start a new process in memory. Each
process runs separated from one another and rivals in gaining available resources.
The objective of load balancers is to distribute these processes among the
individual server instances in such a way that response time of processes will be
minimal. Because the characteristic of the running tasks can be very various, so it
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is essential to use an adaptive load balancing algorithm, which tries to distribute
tasks in an intelligent way using load information of the nodes. This is a very
difficult objective, because balancer must conform to the given job. If it could be
known in advance what type of task will be arrive, then the scheduling algorithm
could easily choose the most suitable server for the task. However, the type of tasks
knows in general only the client. So the traditional algorithms like Round-Robin or
Random access can be usable only with a certain type of tasks.

Leland and Ott [4] analyzed 9.5 million UNIX processes and found that there are
three type of processes: CPU intensive processes use great amount of CPU cycles
but do a little I/O operations; I/O intensive processes do a great deal of I/O but use
a little CPU cycles; canonical processes do a little I/O and use a little CPU cycles.
The amount of processes using great amount of CPU cycles and doing a great deal
of I/O is extremely small.

Cabrera[5] analyzed 122 thousand processes running on VAX11/785 and found
that mean lifetime of processes is 400 ms, the lifetime of 78% of processes is
shorter than one second, 97% of processes terminate within 8 seconds. The author
concluded that only long live jobs should be candidates for load balancing due to
the overhead costs involved. If the running time of the job is rather short, then load
balancing can loose its importance.

3. Concept of an Intelligent Load Balancer

Creating an efficient Load Balancer is a very difficult objective. Of course, there
are many theoretical load balancing methods, but many times the practical model
does not make these implementation and efficiency possible. Finding suitable and
optimal method for balancing, it is essential to have the deepest knowledge of the
specific system. Our aim was to develop a new load balancer for JBoss application
servers, because only three types of load balancers are available in JBoss cluster:
Round Robin, First Available, and Random balancer.

Before we examine the theoretical model of the new Load Balancer, we make a
short overview of JBoss cluster.

3.1. The JBoss cluster

JBoss is an extensible, dynamically configurable Java based application server
which includes a set of J2EE compliant components. JBoss is an open source
middleware, in the sense that users can extend middleware services by dynamically
deploying new components into a running server.

A cluster is a set of nodes. These nodes generally have a common goal. A node can
be a computer or, more simply, a server instance (if it hosts several instances). In
JBoss, nodes in a cluster have two common goals: achieving Fault Tolerance and



62 P. MILEFF, K. NEHEZ

Load Balancing through replication. These concepts are often mixed. JBoss
currently supports the following clustering features [9]:

Automatic discovery. JBoss cluster nodes automatically discover each other
when they boot up with no additional configuration. Nodes that join the
cluster at a later time have their state automatically initialized and
synchronized by the rest of the group.

Fail-over and load-balancing features for:
= JNDI,
= RMI (can be used to implement your own clustered services),
= Entity Beans,
= Stateful Session Beans with in memory state replication,
= Stateless Session Beans
- HTTP Session replication with Tomcat (3.0) and Jetty (CVS HEAD)

Dynamic JNDI discovery. With its JMX-based Microkernel architecture
INDI clients can automatically discover the JNDI context.

- Cluster-wide replicated JNDI tree. It is replicated across the entire cluster.
It requires no additional configuration and boots up with a cluster-enabled
JBoss configuration. Remote JBoss JNDI clients can also implicitly use
multicast to discover the JNDI tree.

Farming. JBoss farming takes this hot-deployment feature cluster-wide.
Copying a deployable component to just one node's deployment directory
causes it to be deployed (or re-deployed) across the entire cluster.
Removing a component from just one node's deployment directory causes
it to be undeployed across the entire cluster.

- Pluggable RMI load-balance policies. We used this feature to develop our
load balancer.

JBoss uses an abstraction framework to isolate communication layers like
JavaGroups. This was done so that other third-party group communication
frameworks could be incorporated into JBoss seamlessly and easily. This
framework also provides the tools and interfaces to write own clusterable services
and components to plug into the JBoss JMX backbone.

Utilizing these flexibilities of the JBoss system we developed a new load balancer,
which will be presented in details.
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3.2. Architecture of the balancer

Before going into the details, first we examine the theoretical model, which is
shown in Figure 2:
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Figure 2. JBoss Load Balancer Architecture

The theoretical functionality of the balancer is the following: Standalone clients
initiate requests over the network through HTTP protocol or RMI to the JBoss
cluster. The JBoss cluster can be a complex of homogeneous or inhomogeneous
computers [9]. JBoss application server runs on these in cluster mode. Of course,
more clients can initiate a request at the same time to the cluster, so the cluster
must fulfill more than one request parallel. Incoming requests are received and
directed to the compliant node by the intelligent load balancer. So its objective is to
choose the most ideal node, based on the collected load information by the
Dispatcher MBean. To choose the ideal node is not an easy task. The main
objective of the balancer is to realize a more effective task-division, which
response time can be better than former algorithms. In the following, we show a
detailed explanation of the practical realization.
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3.3. Components of the Balancer

The architecture of our Balancer essentially can be divided into three individual
components: the Statistics Service, the Dispatcher, and the Scheduler as well. The
individual units are in close communication with one another (within one JVM),
none of them can operate without the others. At present, component connections
work on the concept of Remote Method Invocation (RMI), but the further objective
is to change the entire communication or part of it to a new TreeCache method of
JBoss [7]. Utilizing TreeCache response time may be shorter because it uses
multicasting.

3.3.1. Statistics Service

We can consider from the description above, that Statistics Service is responsible
for load information. Naturally, this unit has to be started on each node. When a
new node joins the cluster, Statistics Service starts immediately on it, because the
JBoss cluster deploys this MBean [9][1] automatically. This service attempts to
find the Dispatcher and provides data to it. Figure 3 shows the architecture of the
Statistics Service and the Dispatcher:
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Figure 3. Elements of Statistics Service

Figure 3 shows that Statistics Service consists of three subcomponents: CPU -, I/0
Statistics and Fuzzy Engine. The functionality of these arises from those names:
CPU Statistics provides CPU usage and 1/0 Statistics provides information about
I/O usage of a specific node. CPU Statistics and Fuzzy Logic components are
represented collectively an MBean (Managed Bean), however 1/0 Statistics is an
another separate MBean. In JBoss system, each MBean can be considered as
services. The sufficient node-information is essential to the compliant operating of
the balancer. In fact, Java classes are running in a virtual machine on each host,
therefore it does not make it possible to query the load information directly from
the operating system. For this reason we had to evolve individual methods and had
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to utilize operating system specific resources. Nevertheless these resources are
operating system dependent.

The current version of the balancer works on MS Windows Systems, but further
objective is to create Linux/Unix version too. Since Java 1.5 appeared on the
market, it become possible to measure CPU average usage with Java Management
Extension technology, using the built in OperatingSystemMXBean class. It has a
function called getProcessCpuTime(), which can query the CPU time of the
specific JVM in nanoseconds, from which the average CPU usage can be
computed. The CPU usage can be query direct from the operating system as well,
but in this case the efficiency of the balancer can degrade to a great extent. The
reason of this is that: MS Windows operating system updates the data of the
Performance Monitor every 1000 milliseconds (one second), which makes
impossible to schedule short tasks. JBoss system can work with 50 ms sample time,
but in this instance data acquisition is fulfilled in every 100 ms.

Acquiring I/0O information is much harder task. Getting the required information
we need to call operating system level methods via JNI (Java Native Interfaces)
technology, which makes possible to merge the C/C++ and the Java programming
language. However operating system is a limiting factor again, because data are
only updated in every 1000 milliseconds. If client I/O requests are not so frequent,
this limit is enough in practice.

Before we change to the consideration of the Fuzzy Engine, it is necessary to make
a mention of a relevant feature of the statistics collector MBeans. All the nodes
send information to the Fuzzy Engine, when the average usage of these, is smaller
than 100%. This is the most essential condition of the operating of the balancer that
will be detailed below.

The Fuzzy Engine is responsible for the part of adaptivity of the balancer. It is
integrated in the Statistics Service and gathers information sent by I/O and CPU
services and deducts a fuzzy value between 0 and 1 supported by a preset Fuzzy
Engine. This fuzzy value will be sent to the Dispatcher that stores it in a hashtable.
Current version of Balancer use three fuzzy linguistic variables: one for I/O and an
other for CPU utilization and the third one indicates the service capability of a
server node. First two variables are considered as input variables and third one as
output variable. Both input variables are defined with three membership functions.
Output server capability is defined with six membership functions. Further aim is
to fine the shape of membership functions using a fuzzy-neuro engine. In Figure 4,
all membership functions of fuzzy variables can be seen.
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Figure 4. The Linguistic Variables of the Fuzzy Engine

3.3.2. The Dispatcher

The Dispatcher is the second most important part of the Load Balancer. It is also
realized by MBean. Its objective is to store status information sent by the nodes in
hashtable structure. Figure 3 shows the architecture of the Dispatcher. The sent and
forwarded information consist of two parts: fuzzy values and the IP address of the
specific node. IP address is essential to identify the nodes. The information gets
into a hashtable entry as a vector, together with the time of arrival (time stamp). As
Figure 3 shows, the key of the hashtable is the IP address, because it is always
individual. By the discussion of the Statistics Service we have mentioned, that
there is a condition, whereas a node only send information to the Dispatcher, when
its load is fewer than 100%. This effects in Dispatcher that, the belonging stored
information of the hashtable entry will not be updated. The balancer will make a
decision based on the timestamp value, which information is current and which is
not.

The Dispatcher is deployed only on one node in the cluster. It makes no difference
on which one, but starting on the fastest node is the best. The connection between
the Statistics Services and the Dispatcher is dynamic. At startup time, each node
finds and stores the network address of the node, on which the Dispatcher runs.
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3.3.3. The Balancer

After preparation of data, the work of the balancer is no more so difficult. However
we have to pay attention at the optimal implementation, because the least mistake
can also cause big response time decrease. The balancer is a java class
implemented a CustomLoadBalancePolicy interface, which is functionally part of
the JBoss base interfaces.

Its theoretical workflow is the following: The balancer makes decision on the bases
of the status information collected from the server nodes. It considers those
information valid, which arrived within 150 ms. The highly loaded nodes do not
send any information to the Dispatcher, so naturally the balancer does not give to
one of them a new task. The balancer will choose the node with the best fuzzy
engine value. However in case of a big loaded cluster it can often occur that all of
the nodes are loaded fully and none of them makes a sign. Nevertheless, at this
time the balancer have to choose one of them, but the question is which one.

Many solution methods have sprung up, because this case needs more
consideration. Such method is needed, which can efficiently distribute the work
among the highly loaded nodes. The first solution is the random distribution. It can
be good, or can be very bad because of the random distribution. For instance if
random balancer gives the work to a node, which is slower than the others, and of
course also loaded on 100%, the response time of the system will be very low. We
implemented this method as Random Intelligent Balancer, the results can be seen
in Table 1. The method is proved a little better, which gives the work to that node,
which average non-response time is the least, if every node are out of time
constraint (Average Intelligent Balancer).

A very important element of the balancer is the following: in current version of the
balancer a node can only get a work twice one after the other, if its CPU usage does
not correspond to the stored value at the giving out of the previous work and also
this value is more little, than the value of all the nodes. This condition came into
the balancer therefore, because when almost more clients all at ones give their
requests parallel, then without this condition the same node receive the request of
more clients, because the requests are so close to one another, that the data of the
balancer could not update so quickly.

4. Test and results

The testing process has been carried out on a JBoss cluster, consisting 7
homogeneous PC-s. Each machine had Pentium III 733 MHz CPU with 256 MByte
RAM. Machines were connected via 100Mbps Ethernet network. Utilized
operation system was Windows 2000 SP5. Application server version was JBoss
3.2.5 ‘WonderLand’.
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Simulated client requests were carried out with a generic professional simulation
environment: Apache JMeter [8]. During testing process, server machines where
slowed-down randomly with a special Loader-MBean emulating 1/O or CPU load.
Loader-MBean is used for emulating other client requests and other applications
that are parallel launching on the server nodes.

We have started simulations with one client and then we increased the number of

clients to seven. In the course of all simulation we have tested all algorithms three

times then we represented these average results in Figure 5. The diagram shows

properly that the results of the Round-Robin in every case fell short of the results
200
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Figure 5. Test results

If we examine the results, we can see that the value of the Throughput is raised
with the increasing number of the clients, although it is not in direct ratio. The
more clients initiate request to the cluster, the more clients share the CPU. Exactly,
for this reason there is no point about increasing the number of clients like
number of nodes in the course of simulations, because at this time scheduling
loses its importance.

Of course, it depends on the type of the tasks requested the clients and on that, in
what extent they require the resources. In the course of seven homogeneous nodes
the optimal distribution is, if all of them get one task. Artificial loads run in random
time on the nodes independently from the client requests, which load the nodes for
a period of time and to a certain extent. It is possible, if there are many client
requests at the same time, then the cluster will be overloaded. At that time every
node are at maximum load. Whereas at such time scheduling is impossible,
therefore the best solution is that, if we distribute the tasks optimal among the
nodes till then, while scheduling will be become possible. The Balancer does it in
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two ways: with random node-choosing (Random Intelligent Balancer) and with
using average response time. One node could not get two tasks one after another.

The Figure 5 shows the results both of the algorithms. It is easy to see that
increasing the number of clients - which means that more task get into the system —
the response time of Round-Robin and the Intelligent Balancer approach better and
better approximate the theoretical maximum.

In case of inhomogeneous nodes certainly we can reach much better response time,
but of course it depends on the inhomogenity of the nodes. The following table
summarizes, how much speed increase can be achieved utilizing the new Balancer
compared with Round-Robin algorithm. Results highly depend on the type of tasks:
a task to what extend claims the capacity of a node. In our test environment,
execution time of a task was 500 ms on a non-loaded server node. Client requests
followed each other within 500ms time interval and plus-minus 200ms uniform
random time. The aim of random interval is to simulate realistic non-predicted
client requests. Based on the test results, it is clear that our intelligent balancer
algorithm has better performance than Round-Robin algorithm.

Table 1. Balancing Algorithms comparison

Speed Improvement / client

Balancer Type 1. 2. 3. 4. 5. 6. 7.
client | client | client | client | client | client | client

Random Intelligent

25% | 23% | 20% 16% 10% 10% 7%
Balancer

Average Intelligent

30% | 23% | 21% 18% 14% 9% 4%
Balancer

During tests intelligent load balancer and only Round-Robin algorithm was
compared, because we experienced that in our simulations Round-Robin algorithm
was definitely better than other classic methods like: First Available and Random
balancer algorithms. Thus our aim was to outstrip this traditional non-adaptive
method.

5. Conclusion

An intelligent fuzzy-based Load Balancer Application and its test results have been
presented in this paper. Continuing work will focus on further developing and
implementing more flexible XML based configuration possibilities and redesign
communication between server nodes and the dispatched session bean utilizing the
new JBoss TreeCache introduced by the latest JBoss version 4.0.
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Abstract. The inventory control is a critical problem of the management of
supplier companies for several decades. In recent years numerous new supply
chain and inventory control models have been developed to support
management decisions. In this paper, we investigate the classical one-customer
and one-supplier problem with an analytical, event oriented model. Our basic
aim is to determine an optimal inventory holding and production policy for
suppliers, which means determining of an optimal and a critical inventory stock-
level. The expected (average) cost of supplier using the optimal policy will be
minimized under stochastic customer demands. We examine this problem by
means of an own simulation method and analysis of the results will also be
discussed.

Keywords: Inventory Control (IC), Supply Chain Management (SCM),
Stochastic Demand

1. Introduction

Since the early 90’s, the business environment of companies on the field of mass
production has importantly altered. The demand rate for their products remained on
high level but a lot of new requirements appear on the market. The lifecycle of
products have become shorter. Customer needs for new forms, designs, special
packing or better product properties have greatly increased. Generally these
companies assemble and bundle their products from components originated from
suppliers. This development process caused changes in the business, engineering and
logistic relations. The former, simple buying-selling (named “cool”) relation has
become more and more “warm” This means that, the cooperative and collaborative
methods and activities have become the main object in SCM development. The fast
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evolution of the IT technology plays an important role in this process. Independent in
many aspects, locally-separated companies real-time, network-similar collaboration is
not realizable without effective computer network information system.

The whole productive-marketing chain of the mass production is fairly long. The
customer demands appear in shopping centres, which give orders to supply (logistics)
centres. The centres transmit these demands to end-product manufacturers. OEM
companies forward orders to dozen suppliers in the supply chain. This process
initiates inside orders, start lots and order raw material from their own suppliers.
These multi-stage information, decision and physical (producing and transporting)
chains have not eliminable delay, which leads to delays and instabilities, back orders,
overstocks and become source of unusable loss. These large, collaborative supply
systems necessitate the more increased information technology support of business
and technical process. There are complex ERP systems and auxiliary SCM modules
and standalone SCM applications are available on the market, which support the
above mentioned planning, decision, executive and information processes.

Relation of the marketing organizations, OEM and the supplier companies can be very
various in practices. This motivates widely examination of the available models and
further investigation of effective decision supporting and planning methods.

If we analyse barely the relation between the end-manufacturer and suppliers, even if
strategy, tactical and operative collaborative areas can be separated. The stochastic
market demands greatly influence activity of the mass production companies. In this
paper we examine the possibility of the supplier inventory policy in case of non-
deterministic demands.

We assume that the estimations concerning to future (forecasts) are solved,
furthermore orders, acknowledgements, demands of delivery and the organization of
the transport operation, synchronization of the planning process are also solved on the
tactical level. We suppose that the supplier network on the strategy level is complete
and the contracted as well as the computerized communication conditions are given to
the realization of the business processes.

In the near past, based on the demand of a significant Hungarian mass production
company we have examined the model of the supplying inventory respondent for
stochastic demands with an event oriented analytical method. This stochastic model is
the first step in the process of making the whole supply chain performance better. The
attained results have been verified by simulation.

2. Related Studies

In the last few years many publications and studies have been published in the
inventory control area, which validates the up-to-dateness of the subject. The most
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important events related to the evolution of inventory control models are fully
summarized in the paper of Hans-Joachim Girlich and Attila Chikan [1999]. In the
late 1950’s, the Optimal Inventory Policy problem was analyzed by two important
economists: Arrow [Arrow et al., 1951] and Marschak [Arrow et al, 1951, Chikan
1999]. Karlin’s presentations solved this problem with her dynamic programming
method (,,The Structure of Dynamic Programing Models”) [Karlin, 1955]. Thirty-six
years later, Alistair Milne [Milne, 1966] emphasized that one of the best papers in the
area of production decisions and inventory analysis area was the study of Arrow,
Karlin and Scarf entitled “Studies in the Mathematical Theory of Inventory and
Production” [Karlin, 1958].

E. Schneider’s mathematical models deal with uncertainty-loaded problems of
inventory control. E. Shaw in the “Elements of a Theory of Inventory” [Chikan, 1999]
created a two-period uncertainty loaded model. In the 90°s (S,s) type dynamic
inventory control policies were published. The mathematician A. Markov laid strong
foundations for the mathematical background for these models. In the meantime, John
von Neumann and Oskar Morgenster’s famous book, the “Theory of Games and
Economic Behavior” [Neumann, 1940] became known, which gave a new direction to
the approach of inventory problems. The paper of Dvoretzky, Kiefer and Wolfowitz
[Dvoretzky et al., 1953] examined the (S,s) type policy in the case of a fixed time
interval and penalty cost. Nowadays the analysis of inventory-holding problems has
become an important part of the management of supply chains. Many excellent
publications have been published related to this theme [Lal and Staelin (1984),
Monohan (1984), Lee and Rosenblatt (1986), Dada and Srikanth (1987) and Weng
(1995)], which work with the deterministic demand model [Girlich and Chikan,
1999].

In recent years further models have been published in the area of collaborative
planning (Aviv, DATE), forecast and Vendor Management [Aviv and Federgruen,
1998], and information sharing within the supply chain [Gavirneni et al., 1999].
Nowadays in the explanation of the supply chain problems, the most prominent results
are linked with the name of G.P. Cachon [Cachon, 1999, 2003]. For laying the
foundation of the inventory policies, successful game theory results have sprung up.
Stockpiling in the management of supply chains plays an important role nowadays.
With the rapid evolution of information technology, ERP (Enterprise Resource
Planning) and SCM (Supply Chain Management) applications systems are gaining in
significance. Dynamic systems with many products are manageable with operations
research models or constraint programming methods. However, solutions based on
analytical results and heuristics have a great part in “what if” type investigations and
in the case of quick decisions.
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3. Analytical Approaching Method to the Solution of the Problem

In successful inventory control models, critical inventory and cost-optimal inventory
policy are realized by decisions. In the course of these, decisions are made about the
starting time and the quantity of the production. Naturally the individual decisions
involve many responsibilities which consequences are appeared in producing,
logistical and business costs.

In the course of non-reusable and overstock product producing stock finance and
inventory holding costs and in case of non-sufficient product producing penalty (back-
order) costs are appeared. Modelling these latter is very difficult. Of course, the
different models can possess different objective functions, and by means of this
common interest can be realized between the end-product manufacturer and the
supplier (common cost function). As constraint the strict non-admittance of the ,,lack”
(e.g. short cycle JIT) can be appeared. In this paper we consider a model, which in
general allows the risk of the back-order, but the frequency of these can be reduced to
an optional small level by increasing with the penalty costs.

The literature decomposes the explanation of the penalty costs into three areas.
According to the first explanation the supplier pays penalty cost in the course of back-
orders, which means lost business. This case can be noticed by the simple ,,cool”
buying-selling relation. The second explanation of the penalty cost shows that in the
course of the back-order at the supplier there are not lost business, only penalty cost.

This approach supposes already some kind of ,,warm” relation between the business
partners. The third area of the explanation possesses the feature of the first two
explanations. In case of unsatisfied order, the big back-order volumes lead not only to
penalty costs, but to losing business too. This relation of the business partners is
likewise between the ,cool” and ,,warm” relation. In this paper we refer the
explanation of the penalty cost of the model to the second type. We have chosen an
event-oriented model for solving the inventory control problem of the supplier, which
is based on cyclic demand of delivery and transport. The optimal stockpiling policy
holds the supplier related costs at the minimal level on a long view. By minimizing
the costs the profit maximization can be attained [Hayriye Ayhan].

We suppose the demand in the model is known as a random probability variable with
its distribution function (in the simplest cases it is uniform distribution between a pre-
defined Dy, és Dyq, values). The model can be applied for other distributions too. The
demands arrive as pre-known, fixed periodicity to the supplier. The knowledge of the
distribution function is needed for the first step of the method. At this step in respect
of a well-defined time interval we determine an optimal inventory level retailed on a
long view in terms of the costs. In the later as the second step, we aim a less inventory
level than this, using the information of the demand of delivery. To achieve this, a
critical inventory level was determined, where the production and the non-production
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costs respecting to one time interval are equal. The third important step of the method
is the decision, when a decision is born about starting a production run. If the current
inventory level is less than the critical level, than production must be started,
otherwise nothing has to do.

Our model examines the problem from the side of supplier. After the solution of the
model we make known the steps performing the optimal policy.
3.1. The Cost Function

On the basis of the problem outlined in the model the supplier cost function regarding
one time period can be formulated as a function of the parameters in the following
manner:

K(@)=c, +c,(q-x)+ pE[max(D - q,0 )|+ hE[max(g - D,0)). (1)

Where the individual parameters are the following:

o — fix cost. This cost is always exist, when the producing of one series are
started. [Ft / production]

Cy — variable cost: This cost type means the production cost of one product. [Ft /
product]

p — penalty cost (or back order cost). If there is less raw material in the

inventory then as much as satisfy the demands, this is the penalty cost of
the unsatisfied orders. [Ft / product]

h — inventory and stock holding cost. [Ft / product]

D — It means that the demand from the receiver for the product, which is an
optional probability variable. [number / period]

Efx] - Expected value of the x stochastic variable.

q — The product quantity in the inventory. The decision of the inventory control
policy concerns the product quantity being in the inventory after the product
decision. This parameter includes the initial inventory as well. If we don’t
produce anything, then this quantity equals with the initial, i.e. concerning
the existing inventory.

x — Initial inventory. We assume that the supplier possesses x product in the
inventory at the beginning of the demand of delivery period.

m — It means the effective producing quantity in the current time period. Its

value is the difference between the optimal and the remained quantity in the
last time period.
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VA — Summarized average manufactured product referred to a given time period.

The first part of the equation expresses, that starting the production of every series
carry some fixed costs, which expresses the starting cost of a new production run. The
second part shows the variable costs of the products, which will be produced. Because
we assume that x product is available in the inventory, therefore one technologic
decision will result producing of m=¢-x product.

The third part of the cost function is the so-called penalty cost (back-order), which
symbolizes the costs issuing from unsatisfied demands. The max(x,0) function
performing in the cost function will be different from zero, if the demand is bigger
than the quantity in the inventory. Of course it is possible events, when back-order is
not allowable. This can be considered such as the p parameter of the model gets a high
value. The last part of the equation gives the holding cost, which is arisen at that time
when the demand was less than the quantity of the end-product in the inventory. If the
demand is more than the produced quantity of the end-product, then of course there
are no additional charges, because the inventory will be empty after filling the orders.

3.2. Determining of Optimal Stock Level

On the basis of the above mentioned cost function the determination of the optimal
inventory level is a minimization problem.
dK@q) d

— = —(c,.+ ¢,(q - x)+ pE[max(D - 4,0 )]+ hE[max(q -D,0 )])= 0 ()
dq dg -

From the upper relation for the ¢ = S optimal value (after a long derivation) we got an
indirect solution. The complication rises from the handling of the operators of E
expected value and max function. On a long view the amount of cost-optimal end-
product can be calculated on the basis of the following relation:

F§=£=—, 3)
p+h

where F(D) is the distribution function of the demand.

The value of S expresses the amount of the end-product should be in the inventory
when the demand appears. It is easy to see, if there are not available the demand
meeting amount, then necessarily should not be started a production, because this
process carries such fixed cost, which makes the production of the small volume
expensive. Consequently it is conceivable, that there certainly exist a critical amount,
which is smaller then the optimal (S) amount, but choosing this quantity it is more
profitable to sustain the risk of the back-order. The name of that point, where the cost
of the decision about producing and the decision about non-producing and the
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decisimn wher we rathe undertal the risk of the back-orde is equal is the criticd
inventory level

After these the objectiw is to determire the critica level, which is probaby smalle
than the long-tem cost-optima inventor level If the producs in the inventoy are
less then this, only than is it profitable to increae the stodk in hard to the optimd
level. In the following we shav how this levd can be determined

Let us introdue with nomination L(q) the truncated risk cog function which is sum
of the back-orde ard the inventoy cost

L(g) = pE[max(D - q,0)] + hE[max(q - D,0 )]. 4

Suppos tha the initial inventoly levd is less then the optimum level namey x < S. If
we increae this levd to the optimum then the totd cog is:

K(S)=G+c\(S-X) +L(S) ©)
If the producirg is nat started then on the othe hard we hawe to calculaée with only
the initial inventoy (JC), so with L(x). If the L(x)< K(S —x) conditin is realized
then we dont hawe to produce becaus the fix ard the variabe coss would increas

the supplie cost Determinatio of the criticd inventol levd can be attainel with the
connectim as follows:

L(x)<cr+cy(S-X) + L(S),
L(x)<ci+c,S-6x + L(S), (6)
L(x) +cx <& +cS + L(S)
Let sthe critica inventoy level Our equatia is modified as follows:
L(s) + as = g+c,S  +L(S), (7

from where s can be determined Understandig this solution consequenyl if the
inventory levd of the supplie decreaseunde the critica levd (s),then m = S-x of
quantiy produ¢ mug be produced Otherwi® it mug not be produced becaus the
cog of the productia is higher, than the cog of non-production

4. Simulation Method for Checking the Policy

Henceforh we verified the solved work with help of 52 weels simulation We assure
tha the relatin of the supplie ard the custome is collaborative in the model It
mears tha in ca® of emergimy of ladk the supplie is liable for supplyirg the defed of
the previows periad in the next technologt cycle Of this sanctim ard risk sharirg are



78 P. MILEFF, K. NEHEZ

expressd by the contractig of clientek in the value of p. We applied MAPLE
mathematich softwae packag completion the simulation The startirg dat of the
illustrating exampé simulation are the following:

The demaumnl of the produd follows uniform distribution in 10 number/wek ard 20
number/wek interval The back-orde cog isp = 60 unit in ca® of evely element
ard the variabk cog isc, = 10unit. The holding cog ish = 5 unit/period The fix pat
of the productian cog is cj = 30 unit/series The following figure shows the resuls of
the simulation

cost x, D
[cu] [nu] [nul

incoming demand
inventory level
cost
manufactured product
Figure 1. The simulatian resuls of the supplie problem
Lack ard with this penaly cog occu tha time, when the supplie inventoy levd is
negative which mears back-orde quantity too. This happes when the stok is

betwea the optimd ard the critical inventoy level becaus a tha momen the
productian is not started If the incomirng demamnl is bigge at this time, than the
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inventor level, therefoe of coure lad is arisen At the red tak the lad is not, or
minimd allowabk for one pat of products This can be built into the mode| if we se
a high value top. The figure 2shows how decreasgthe frequeng of paying penaly
cog to zerg while the penaly cog is increased

Back-orde r as functio n as penalty

35
30

25

Bemm= z3 :Eps“ omy— gw 00 oF
® win &
e O
[6)] o

Penalty cost [$] 300

Figure 2. Back-ordes and the penaly cog

We formed the resuls from average of sever& simulations where the demand
accordane with uniform distribution randomy was changed It can be sea tha
increasingthe penaly cog there are sud caseswhetre the frequeng of the ladk does
not decreaseThe reasa of this is the values of the demand accordirg to uniform
distribution which are change randomy within the deman bounds The othe
consequere of increasiig the penaly coss - which we justified with help of further
simulatiors - is tha the weekly avera@ of the produce product (m) approximag
asymptotic-wig to the weekly averag of demandsin ca® of the sane demand ard
parametes we investigatd to wha value approximate the averag@ value of the

numbe of producs producel by the supplier The nex figure shows the resuls of the
150 weeks simulation
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16
15
14

13

PULE LT b I v bl
20 40 60 60 100 120 140

time period [weeks]
averag e manufacture d produc t

average demand
Figure 3. Average of the supplie productio

On the y-axis of the figure we presentd the averag of the produce producs as a
function of full of weels (Z). Well can be sea tha progressig in time, the full of
week averag of the producel produd bette and bette approximats to the averag of
the demandsxaminel to the complee time interval while it does not attain that Of
cour® with changimy the penaly cog othe transiem processgcan be realized too.

5. Conclusiors

In the preseh pape we examing the problen in ca® of the collaboratie relatian of
one supplie ard one customer Improving the well-known modes from the literatue
we optimized the cog function of the supplie as a function of the parameterswhich
does na eliminae the possibility of back-order Understandig the problen as a non
linear optimization problem we determind the optimd inventor level To apply the
corre¢ inventoy policy we introducel ard definad the criticd quantiy of the
inventory. To contrd the resuls we verified the correctnes of the modé with a 52
weels simulation With the help of this simulaticn we presentd tha the mode with
changimy the parametes can be mack suitabk for attainirg an optiond low value of
the ladk respectivel for transiem observatio of the changig inventoy level The
modé runs quickly on the simulator therefoe it is suitabk for fag testirg of differert
policies ard decisi alternatives Henceforh we aim a the expansio of decisi;m
work to the more periods The objective of comma investigatimn of severa weels is:
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determinimg all those week-pairswhete the aggregate production codg is less than the
separatgl production cost Thus with help of the receival week-pairs the totd cod of
the producirg becoms still smaller Furthe aim is to creae a gane theoy modé for
the problem which simulatian resuls we would compae the obtainel effects

It belongs to our aim to integrae the forecas information of the expectd deman into
the mode| as well as to examire how historicd dat ard uncertan forecas influences
in time the conformatiam of inventoy level
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Abstract The pape examine a warehous systen which is including some
storag buildings and divided into storag zones basel on produd groups in case
of changirg structue ard volume of orde picked products The product of a
commissim are collected from different zones of different storag buildings
Warehousse are through-storesloading in is completel on one side and only the
order picking is completel on the othe side The inner structue of warehouss
and types of producs provide the possibility of relocatim and conversim of
different zones in ca® of changimg structue and volume of commissios to
redue orde picking work amd cost and improve productivity. This study
presens a mathematich descriptim of an orde picking systen taking the
structue of commissions location of zones conversim possibilities of different
product-zons and deterministt and stochast changirg orde picking demand
into consideration The pape presens an optimisatim proces to determire
location of different storag zones

Keywords: storing conversim of resourcesoptimisation of orde picking systen
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1. Introduction

Today in the world of globalization nat only the production but the sourcirg ard
distribution is gettig globalised Distribution warehouse ard logistic servie
centres with significart storag capaciy are coming alive in large number The
profitability of operatimm of the® big warehouse are greaty influencel by ther
capaciy ard the enhancd delively lead time of the orders One featue of the
globalisation is the dynamt chang@ in volume ard structue of the transt
commodities The competitivenes of distribution warehousg are predominant}
influenced by ther flexibility to the dynamicaly alternatiy requirements The
authos tried to elabora¢ a generh mathematicamodé ard methal for a comma
appeard storag problem

The purpo® of this study isto point a the efficiency of storag activity to maintan
the mog advantageaicod levd i.e. the profitability in ca® of changim structue
ard volume of orde picked commodities

With othe words to achiee the following targets
to assue the requiral volume of producs be stored
to maximise the orde picking capability,
to minimise the orde picking lead time ard labou demand

We hawe nat found ary theoretich basis mathematick modek ard method for
theoretich problens of resoure conversim of orde picking distribution stores
during our literatuile mining. But lot of authos focuseal on the importane of the
utilization of differert dynamicaly changimy logistics resourceschangimg in time
ard in spae (A. Chikan, 1994 R. Cooper, R. Kaplem, 1991 W. Domschke, A.
Scholl, 1993 B. Gubenko, 1996 R. Jinemann, 1989 B. Kulcsar, 1998 H.-Chr.
Pfohl, 1996 P. Schonsleben,1998 P. Michelberger., L. Szeidl, P. Varlaki, 200%;
D. Simchi-Levi, X. Chen,J. Bramel, 1997)

In the abowe mentione literatule there are not availabe mathematick modek ard
method which can be appliad in ca® of orde picking stores Virtual enterprie
ard virtua logistics compaly can provide a new ard goad opportuniy for
conversiom ard utilization of logistics resource (Camarinha-MatosL. M., 2004)
The solution of the problen requires the knowledg of flexibility improving
method amd procedure for flexible ard integratel production systens ard
integratel logistics systens (CIL) (J. Cselényi, T. Banyai, 2002 J. Cselényi, B.
lllés, 2004)

The researh activity was basel on the abowe mentionel literature ard accordimg to
the demam of Hungarim enterprise (mosty mechatronick companies and
servie companies Researh topics for determinatioa and conversatia of optimd
logistics resourcs were definad for PHD studens of the "J6zsé Hatvany Doctord
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Schod for Information Science Engineerig ard Technolog at the University of
Miskolc. Resuls of this researh activity were publishel in papes of R. Balint, J.
Cselényi, 2002 J. Cselényi, K. Dunai, A. Guban, R. Balint, 2003

2. The Limitation s of the Examined Objective

At the distribution warehousig systens the optimd tackling methodolog of the
variability of structue ard volume is greaty depend on how the orde picking
systen can be modelled

The stud/ taken into accoun the possibilities provided by the virtual enterpriss
detailed in pape of Camarinha-Matos, L. M. Warehousg joined into a virtua
logistics netwok provide the conversim possibilities of resources becaus the
utilization of different warehouse amd storag@ zones is known in given time
intervals Study of J. Cselényi,B. lllés discus the integration of CIM-CIL which
is nat only relatimg to technologich processesactivities completel at one work
place but relatig to storag activities of cooperatig enterprise ard companis
using comma convertibke resources

In the studs we wish to analyz thoe modek of storag systens which are highly
productive ard the beg known in practice

The features of the examinel modé of distribution warehous orde picking
systen are

the warehousig systen contairs severa buildings sone of them a systen of
isolatal pavilions othes are block lay-out

ead building has severé input and outpu loading docks

the storag proces in ead building is implementd in zones separatd by
longitudind passagewhich may be block or lined installations

orde picking proces is implemente in the passages

loading units of the sane size are deposité in eah in eadh storag zone
loading unit is homogenousbut in a given zore differert type of commodities
can be stora / eath type of commodities which can be storal in loading unit
forming equipmen tha istypicd in the given zore/,

wherea the storag implemente in sever& buildings ard within a building in
severd zone it may well occu tha a given type of loading unit forming
equipmen can be found in more than one zones consequenyl the sane sott of
commodity may be found in sever& zones

the warehousg can be heal or transt stores the orde picking proces may be
performel manu& or powered

the modé assiss$ in preparimg strategt decisiors by the mathematich analyss
of historic dat of the previows To periad ard taking into accoun the long tem
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predictel dat resultirg the conversim of the existing logistic resource ard
orde picking strategies
the modd is suitable in cag of a given storag@ capaciy and lay-ou
respectivey to reali® a comma orde picking tak with regard the variation
in structue ard volume of commodities to be orde picked and to define the
optimd conversim possibilities comprising
« the selectiom of orde picking passages
* the re-storag of commodities

» into anothe storag zore within the sane building,

» from one building into anothe building's certan storag zone
» tackling of variation in capaciy requiremen/ increase-decread of a certan

commodity,

« the structue ard volume of orde picked goods in the outgoirg shipments

The nex st is the mathematiclhdescriptim of the data mode| which is necessar
to solve the abowe outlined problem
3. Mathematical Description of the Data Model

The analyss is limited to
n = n+ny+ns Q)

storag@ zone in 3 buildings This limitation does not mean ary theoretich
restriction merey is given in the interes of a les extensie ard easie
mathematich description

Given the stora@ capaciy of the individud storag zones in LU / loading units /:

fu = }_r °J }(y:I- -n) storag zones 2)

The matrix, which expressge the possibiliy the placemetn of individud
commodities in the storag zones

N / I ANAN

L 'JJ(/=] -p) type of commodities
wheref,j= 1or 0.

If7y=0, then the i-th commodiy can nat be placel in thej-th storag@ zone becaus
there a different kind of loading unit forming equipmetn is applied

Iff;;= 1, then the i-th commodiy can be placa into thej-th storag zone

In the forthcomirg periad / let say in 1yea / the following orde picked varieties
mug be composed
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[ks\SFYau)) (4)

where k$ is the numbe of i-th commodiy in the kind of orde picked varieties
The numbe of annué requiremen from the different kind of orde picked varieties
is:

(%)

where _ pes
year

The numbe of annué requiremen for the orde picked varieties from the i-th
commodit is:

(6)
H-p)

In the previows periad the requiremenrd for orde picked varieties were K*,z*, a*
respectively The commodities in the store were deposité in the light of the abowe
ard expressé by the matrix R:

1. 1. (7
R =i
o
where
j = leee/i, Zones in stoe No. I.
j =(« +1) --(« +«) Zonesin stoe No. Il
j=(n, + Ny + Neee(«, +n, Zones in stoe No. Ill.

r* isthe numbe of the loading units containirg the i-th commodiy in the j-th
storag zone

In the previous perid it was valid, that
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A

The availabk free storag capaciy in the individud storag zones is:

K=%~ILR0 (9)
&l

The numbe of commodities in the homogenos loading units is:

E = [eiM]lﬂ_z_P<O (10)
where e, isthe numbe of the i-th commodiy in the fj-th loading unit forming
equipment

The featue of the E matrix is, tha evely row shoutl contah only elements those
differ from 0.

In thosej zones in the i-th row of the F matrix, where f;=\ eveiywhee identicd
loading unit forming equipmenh can be found in addition in the i-th row of the E
matrix e- >0.

The annu&d numbe of the i-th commodiy in the stora@ zone a the curren
placemenis:

ti=tf] (i =\...p), (11)
where
n
"=TioVV> (12)
7=1

ard c* isthe circulating velocity of the i-th commodiy in the previows period

An important elemen of the dat mode is the matrix B, tha describs the
composition from orde picked commodities in the outgoirg particula freights:

B = [l (13)
where

k=\ ...u:freight type
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d=\...w. type of commissim variety,
bks :the numbe of 5type commissim variely in the k-th freight type

The numbe of annu# outgoirg freight types is:

y =[yd> (14)
where k= 1.. u,

Y the annua outgoiry numbe of the k-th freight , | f'9ht
year

Different kind of analyss can be dore basel on the availabke data model
4. A Couple of Analysis Baseal on the Data Model

It can be analyzed if the required quantiy of commodities to be orde picked in the
forthcomirg periad can be storel in the availabk transt warehousg or the missirg
capaciy ned to be replacel with regard the followings:
temporay capaciy mug be established
capaciy neal to be hired,
if the anticipatel increag in store capaciy requiremeh may be predictal for a
long tem periad the feasibility of building new stores or extendig the existing
buildings shout be analyzed

The availabk storag capaciy for the (i-th loading unit forming equipmen is
sufficient if:

(15)

where
M = i—0),
©”" isthe sd of the thoej-th storag zones wher the (i-th type loading unit
forming equipmen can be stored

Vy: the sd of those i-th commodities which can be stora in the (i-th type of
loading unit forming equipment
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It is eay to see if the (15) condition does nat exist the (15) conditin can easily be
restorel by the circulation velocity of the c] commodities

If the (15) condition is satisfied tha makes outthe availabk free capaciy of the n-
th type loading unit forming equipmen measurd in "loading unit' number

(16)

Basal on the availabk data modd it is also can be analyzed tha howv mary annua
orde picked varieties can be completa in the individud storag@ zones

The outpu of the orde picking proces can be increasedthe delivery lead time
and labou demam ard cost can be reduce by increasilg the numbe of orde
picked varieties in one particula passageThe requiremen of it is the availability
of commodities in the given volume

Within a given periad the sub-proportio of the annua orde picked varieties can
also be analyzel with regard the i-th commodiy from the 8-th commissio
varieties to be placal into thej-th zone

where r; ard c, are correspondig to dat of the forthcomirg period Last but
not leas we will refe to the principles ard methodolog of the
modification of ry to r*

In thej-th storag zore the <>’ orde picking varieties sub proporticm matrix can
be generated

(18)

where

Analyzing the matrix, if:
<Pg <1, then in the j-th zore the i-th commodiy for the 8-th commissim
variely is fully availabke / 100 %/,
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<p# > 1, then in thej-th storag zore only afragmern of the i-th commodiy for

the 5-th commissim variely is available i.e. the S-thcommissim variety may
be complete& only in fragment

(p’s =00 may occur, if ry-0 i.e. in thej-th zore the i-th commodiy is nat
available

The O matrix may contribug to the solution of conversim tak to be describe in
the nex chapte providing importart dat or information

5. Conversion Strategies Applying the Data Model

If the K matrix the z amd a vectos relating to the previows periad alter to K
matrix ard z ard a vectos for the next periad then the conversim of the existing
logistic resource ard orde picking strategis becone necessaryThe conversio
may include
the alteration of the R* matrix, comprising
 the alteration of the commodities and storag@ capaciy in the individud
storag zones tha may be createl by,
» relocatian of the given volume storag capaciy of acommodiy existing
in the previows period
» in the consequereof increag of the volume of a given commodity
» in the consequereof decreas of the volume of a given commodity
« the relocatin of the particula storag zones into an othe building,
« the selectim of the optimd passag for orde picking process
« the definition of the optimd loading entries/ channes /.

Furthe on - in consequere of the availabk limited volume we provide only
strategc principles to selet¢ the optimd orde picking passages

The selectim of the optimd orde picking passage/storag zoneg$ may be defined
in some consequtie steps

Step 1
Analyzing thoe rows of O matrix, a al elemens whee k> 1, the
following is true

1>7>0, (19

0-1eef>), ' * P, if kg = O,
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then neglectd the requiremerg of the identicd commodities in othe
commissia varieties the 5-th commissim variety can be complete from the |-
th zone but further investigatian is required

If the (19) relation is valid only in one row of matrix, i.e. valid only for
one type loadirg unit, then mug be analyzed tha
o if
ro<rl> (20)
(1=1...1>),

then in the previous periad providal availabk place in thej-th zore for the /-
th commodiy is adequate
o if

r,j>rl, (21
0=1 ee¢/?), but
K +70j >r.j, (22)

then the requirel stora@ capaciy surpls a r; can be stora into the free
places of thej-th zone

In the® case all the requiral conditiors are given in thej-th zore to complet all
numbe of the 5-type commissio variety.

If exisk even one type of commodity in which ca® no one condition of the abowe
is satisfied then the &type commissim variely can only partly be completed

Step 2.

If (19) relatin is valid in more rows of <D (N;, defines the sd of thos
commissim varieties whete (19) existg then shoutl be satisfied

(23)

in addition eithe (20) or (21) ard (22) shoul be exist
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If for the whole sé¢ of N, the (23) ard the relating conditiors are not
satisfied then the sd shoull be reducel to N*, sqg tha a the requirel
conditiors let
Yy zsaMax. 24
AN (24)
be true
If for the whole sd of Nj; the (23) ard the relating conditiors are nat
satisfied then we analyz how big is the defiane@ in the whole sd& of
commissia variety:.
-<PIl (25
The (25 als refers to, if the reduction of Nj, sd is advisabé by principles
governe othe than (23) wha kind of latitude is available
Steps 3. 4, 5.

In the referral pars we hawe analyzel tha completirg the 75% 50% ard 25% of
the annu# orde picked varieties requiremen (e=0.75 0.5Q 0.25 in which cases
satisfied the

g(e |N Shs

¢ it

<1 (26)

and relatel conditions
Step 6.

Types of £commissia varieties in thej-th storag zore shoud be analyzel which
can nat be completd at all in ladk of one or more kind of commodities

M’ represerttha subseé in the © commissim variety-sef which ore can nat be
completa in ladk of i-th commodity

MJSJ- subse includes those i-th kind of commodities which satisfies the following
conditions

kseO ard r;j=0. (27)
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It can be calculated tha in thej-th passag which maximum proportian of the 5-th
commissim variety can be completed

(28)

Step 7.

In this stgp we summarie the resuls of the previows 6 steps It is necessar to do
sq to point a& how to tackle exacty the optimum orde picking proces of a
commissim variety se which isrequiral for the application of an opportuniy set

The summay includes the breakdow pe zones relatig to the individud
commissim varieties
which kind of commissim varieties can be complete without limits,
which kind of commissim varieties can be complete with limits:
» which kind of commissio varieties - membes of thos subset - which can
be completel in maximum number
» how big is the requirel storag capaciy to be freed by relocatirg the nat
involved commodities to complee the whole set
identifies those commissim varieties of which the 75% 50% ard 25% of the
annua requiremeh may be completed
identifies thosee commissia types of which no one commissim variety can be
completel in the given storag zore ard in wha percentag of the commissio
variety can be completed

Step 8,

This step describs the optimizatian of the individud orde picking varieties i.e. in
which zore or zones shoutl be complete the commissio varieties sg tha we fix
up the next two relations describé in chapte 1:

minimising the P labou requirement let

P —> min.

s, tha the required orde picking performane requiremen let be balanced
the performane requiremenh of orde picking let minimum be wha we wish
to be limited to:

» the movemenm of commodities betwea the zones

« converte transportatia from the individud zones

+ vehicle loadirg only by the orde picking proces governd by the freights

The algorithm of optimization will be providel in the nex scheduld study on this
topic.
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6. Conclusion

The stud/ present the rearrangemen of orde picking strategis ard logistic
resource which frequently may occu in distribution warehouse in the
consequene of alteration structue ard volume of orde picked varieties With
othe words how to rearrang the task-compl& in the intere$ to find the optimd
solution

We hawe summarizd the requirel dal for the optimd decisim making the
methodolog of daté collecting elaboratd the mathematich connexiom tha is
requirel to provide an adequat dat model We haw expoundd thos
investigatiors ard examinatios which help to creae an algorithm of optimisatin
with regard the functions conditiors ard parametes to be optimised
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Abstract In the realization of maintenane processesa vital role is played by
logisticd activities i.e. maintenane logisticd processesThe way in which the
maintenane proces is carried out has a bastc influence on purchase
satisfaction Maintenane as an influencing factar of custome satisfactim
appeas in three bast areas the producticn and servie processthe maintenane
and servicirg of the produd¢ for the customer and the administration of
maintenane services
Dominart activities of maintenane logistics are

- supplyirg the materials componentstools and services

- operatirg the supply chan of maintenane logistics

- storag@ managemetnof the maintenane logistics

- maintenane inverse logistics
In the field of maintenane logistics the time factors and importan parametes
are explorad and mathematicall formulated and the optimd time for startirg
the maintenane procedue is determine by the transt time.

Keywords: logistics maintenane logistics maintenane processtime factor

1. Introduction

For customes expectation the maintenane is an important respect During the
maintenane activity the logistics has gat a determine importane [1], [2], From
the totd transt time of the maintenane approximatet 90% goes on the logisticd
type activities The scientific literature does nat ded particulary with their topic. In
the first stgp my intention is to compog a modd by which the time parametes of
the maintenane can be given After tha the specifc parametes will be determine
on which thes time factors are dependent

The transt time of the maintenane activity is primarily determind by the
completiom of the maintenane logisticd proces ard by the logisticd strategis
applied This transt time has a substantih effed on custome satisfaction The
autha investigatd which time parametes haw an importart influence on
determinirg the maintenane transt time.
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The bast condition for initiating the maintenane activity is the existene of the
following for the item to be maintained

the necessar type of materiab in suitabk quality ard quality,
the necessar type of part in suitabk quantiy ard quality,

the necessar type of equipmen in suitabk quantiyy and quality,
the services needd for maintenane ard the necessai staff.

The assurane of the abowe conditiors isthe tak of maintenane logistics

2. Time Factors

For the time parametes of maintenane logistics two main factors are considered
as can be sea in (2.1)

ta=tw+ty (2-H
where

tw - transt time for the orde proces of the necessar items ard

ty - time to fulfilment of order, i.e. the totd time of the logisticd activities relatel
to the item to be maintained

The orderirg proces of the necessar items (materials parts equipment service
staff) can be sea in Figure 1

3. Proces of Order of the Maintenance Necessitis

On ba® of Figure 1the activities ard time necessitie of the orderirg proces are
the followings:
failure occurral a agiven moment
after time Ai, on orderirg demanl is occurrirg for a given constituent
after At, time the ordea has bee written,
the orde judged by the responsibilitis for which A/; is needed
decisian isbom abou the orde istime At,
« if it isnegative then no maintenane activity,
reques for price offersto be concernd for which time A/s is needed
evaluatio of the offers, time necessit Atg,
necessar time for selectio of the optimd price offer is Aty
time necessit for proceedig of the orde Aty ,
- handlirg time of prove of getting the orde is Atg.
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Figure 1 The orde proces for necessgr maintenane items
Transt time of the ordering proces of the necessitie can be understod on bas of

for the materiab necessay for the maintenane (a)

for the constituens necessayr for maintenane (b)

for the facilities necessar for the maintenane (c)
- for the services necessay for the maintenane (d)

c =1x7e, 0.1
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where
d= {ab,c,d}
‘e identifier of the transporter
h identifier of the produd or service to be purchased
ke identifier of the time incremen of the ordering
process
maximum numbe of time incremen elemens$ taken
"e into account i.e. the numbe of activity elemens in

the order process
a index regardirg materials
index regardirg constituents

c index regardirg facilities,
d index regardirg services

By using (3.1) the transt time can be given for the materials parts equipmen and
services which are necessay for the ordering of maintenance It is advisabé to
specify the following:

0]

*m 2>£7°% >« (3.2
V-1

4. Logistical Features of Order Fulfilment in Maintenance

In the following sectio the time factors connecte with the fulfilment of the order
for the necessay item are investigated Time factors are related to the place where
the need can be satisfied and to the item needirg maintenanceand include

time for carrying out logisticd activities
waiting time for the necessar equipment

Types of logisticd activities in the field of maintenane logistics can include

different kind of storag activities
activities in connectim with stores (adding and removing)
activities in connectim with breakdow and forming of unit packages
order picking,
transport
loading and unloading
- classificatio into:
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e parts re-usabé after overhauling
e parts for recycling
e pieces to be treatal as waste

The time factors for order fulfilment of maintenane are given in Figure 2, taking
these types of activities into account

Figure 2. Logisticd feature of orde fulfilment necessar for maintenane

In the systen of order fulfilment for maintenance the delivery of new materiak
and equipmen is always taken into account becaug for exampk necessar
materiab suc as oil or glue cannd be re-used and equipmen needel is considere
not to have to be overhaule becausg of the maintenane demand

The neda for parts can be satisfiel from the viewpoint of logistics in three
fundamentaly different ways
transpot of eithe new or overhaula parts from the transporters
warehouse
manufactue of the part, then transport or
removd of a given pan from its origina place and its replacemen after
repair,
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If the transpot is from storag (a new or overhaul@& parf) then the time to

fulfilment of the orde is:

in the case of paralld activities

'HRY™A{'HR\}

and in the cas of serid activities

where

*HR\ - / JHR\.
'>1

biry = B * i+

time for orde fulfilment for a given
maintenane task in cas of delivery from
storage

time to order fulfilment of a transporte part for
transporte i, for the given maintenane activity,
storage time need@ in case of supply betwee
transporte i, and the item to be maintained
time needad for forming and breakirg down unit
package in ca® of supply betwee transporte
i, and the item to be maintained

time needa for order picking in cas of supply
between transporte i and the item to be

maintained
the time needa@ for loading and unloadirg in

ca®e of supply betwee transporte ii and the
item to be maintained .

the time needa for transpot in cas of supply
between transporte i, and the item to be

maintained

The time neede to carry out logisticd activities

(4.1)

(4.2)

v (4.3



104 B. ILLES

I - S i i
7,=
(4.4
i,=|,2...nir
P= {T,EKR,S),
where
i identifier of the supplier,
Ny maximd numbe of suppliers
j index regardirg necessities
rij maximd numbea of necessities
Kp index regardirg logistics services
Nkss maximd numbe of given logistics service
j index regardirg storag activity,
g index regardirg loading unit formation and
disassembling
K index regardirg order picking,
r index regardirg loading in,
$ index regardimg transportation
Summarizirg the contert of (4.4):
(irCr) ".(rdn) ">() ».(0.d)
We=maxt o %y E 1 Yy
\]r v ! 7,= «,=1
) % [ n oo (4.5
Y,0  »*('rd,) ir('r) 7)) @ (') "es(,3D)

7,-1 Kk -t 7,-1 7r=I %<1
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It cen be prescribé as an objed function tha (4.5 shoutl be minimal:

f»/A'r) "oO'rdr) "r(r) _O'rd,)
Z vz Z

ll,r(lr
nax\ "z E vV, *©
Ji1 4 vt K&t At !
(4.6)
4 Z v Z Z
i 1 k1 71 Kel

On ba® (4.6) it can be stated tha the objective function in ca® of constituem
suppy from maintenane transpot storag is dependenon:

the numbe of appliad transporters? ),
the numbe of the type of constituerns to be transportd i

» on the numbe of the stocking («x(),
e on the numbe of the constructim ard re-assemiyl of unit
consignmerg {n;),

« on the numbe of the applied orde picked units [ng |,

* on the numbe of applied loadings [nkk),

per transportes ard type of constituens beirg involved in the supply,
the time demam for eat logisticd activity for agiven transporte ard part

The actud time needéd for logisticd activities is composd of two parts

the actud technologichtime of the logisticd activity,
the waiting times for equipmen tha is necessar for the given logisticd
activity ard perhap also the waiting time for the objed to be maintained

Ead of the elemens in (4.3 can be written as
(rdr %Jr . (Xe (4.7

where

is the actua time for a given maintenane
activity for logisticd activity a for produd |,
from transporte /,,

I is the technologich time for a given
a maintenane activity for logisticd activity a for
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produd j, from transporte i,

is the waiting time for a given maintenane
activity for logisticd activity a for produd |,
from transporte i,.

ta

The following equatiols can be associatd with equatio (4.6).

1= i';l +¢" —>emin (4-8)
tha is, if
>0 (4-9
then
t- —»min )

The bast principles of the optimd selectim of the maintenane logisticd services
shown in (4.9 ard (4.10)

the waiting time for logisticd activities shoutl be zem as possible
the logisticd technolog time for given constitueh ard transporte shoud
be minimal

If a pat needd for the maintenane activity is supplie by the overhall of a
removal pat a a different location then when determining the time to orde
fulfilment, the following times shoul be taken into account

the time needd for the logisticd activity betwea the objed to be
maintaing ard the location of the overhat (tz (i;, jr)),

the actua overhalitime (t=  (in,jr)),
In this cas the time to orde fulfilment is:
tyR2= +h (Ur)+h {Jr)e *t Y

If the maintenane activity is proceedd by the manufactue of the necessar part
the totd manufacturig time [t. (/,,y")), shoull be taken into consideration

(-12)

The necessar times of demam for the materiab and equipmenm can also be written
in asimilar way to (2.1
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Let us denote using (1), the points in time related to maintenane activities at
which the necessay items are available

for

s “'m*1ha’ materials (4.13
to, =<mr +hr for parts (4.19
tar = 'me +'hk; for equipmen (4.15

ta ;the point in time at which the servicee is available

Let us denoe the point in time when the demand for maintenane is initiated by t .
Then, a possibe point for initiation of maintenane activity for the item to be
maintainel is:

tino = teemax{bataritas;tas) -9

On foundation of the time necessiy the logisticd proces modd of the
maintenane activity has been worked out in the paper Using the modd it turns
out,
what kind of time parts are involved by the maintenane logisticd activity,
what kind of connectiomm is between the unique time parts and the main
logisticd parameters
that different transt times might be occurred on bas of the different
logisticd parameters
that the determinatimm of the optima transt time can be done by using a
multi-paramete solution mass

The problem for searchim the optimd variation is not be objed of this paper but
the time parametes which have to be investigate by which approximatey 90% of
the total time necessiy can be influenced are given.
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Abstract Nowaday the growing demand are the dominan concep in mog
parts of life. To satisfy thee demands plannirg of more complex and flexible
problem-solvirg systens is required In the las decads mary new technoloy
and techniqe were develope to handke the growing demand [6][7][8][9].
Apparenty the object-orientd modelling methodolog was the mog efficient
between them However nowadayp the growing demand of the markea
gradualy outgrov the abilities of the pure object-orientd concepts One of the
main reasos of this is tha the decompositioa technique can not handk
efficiently the numeros sub-system with varying objective functions and
constraints The comma problens appea in the unbeatabd complexiyy and the
missal deadlines The use of artificial intelligene mears new conceps$ in the
field the developmeh processes The agern basel programmim gives the
possibility to descrile the functionality of the required systen not only by using
actions-reactios but by defining the goak and constraing in the system The
machine-learnig helps to determire the connections relatiors and logicd
behaviou in the dynamisn of the modelladl systen amd helps to reved the
effects of the non-modelle systens into the modelled system This pape shows
a methal for revealirg and handlig the effects of a non-modelle systen
accordirg to the observel behaviou of the modellal system

Keywords: learnirg systems partly-observald systems identification cause
effect relatiors

1. Modelling the Observable-Systers

The bastc concep of the machire learning is basa on the observatios of a
functioning system and the knowledge gatherirg from the observel data The
observel systens accordirg to their perceptibiliy can be categorizel as observabé
and partly-observabd systens [1]. In the learning system develop& at the
University of Miskolc, the observel systan can be modellad using the object
oriented concept The objects modd the main and separa¢ elemens of the
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observe system The attributes descrite the properties of the objecs ard the
values represeh the concreé case of the attributes The activities mode the
connectios betwea the objecs of the system In this systen ead objed has to
hawe ore or more attributes ard zelo or more activities ard ead attribue has to
hawe two or more values [2]. The structue of the connectios betwea the objects
attributes values and activities cen be describe by a tree model Ead elemen
represerg a noce of the tree

Figure 1. Structue of the connectios betwee the objects attributes values and activities
of the observe systen

The activities ard the values in this concep hawe no sub-elemerst therefoe thes
are nama leaf-nodes Ead leaf-nod has one parent-node The parent-nod of a
leaf-nock represerd the noce the actua leaf-nock belong to directly. The parent
noce of a value is the attribue the value belong to ard the parent-noéd of an
activity is the objed the activity belong to. Ead attribuie has one markeal value
amory its values a ead time moment This markel value represert the state of
that attribue a tha time moment So the markel value is namal active-value The
stak of the observe systen a time t can be describé by the se of its active
values & time t.

The observe systen has ore markel activity amorg its activities a eah time
moment This activity represert the evert in the observe systen of tha time
moment The markel activity isnamel active-activity

In the practice the samplirg frequeng of the observim systen is mud highe
than the frequeng of the change of states of the observe system Therefoe thoe
complex evens tha generag changs of stak can be separatd into the sequene of
single events The evert which occus at time t, represert the transien signd for
the t, chan@ of stak proces ard after reachimy the ty stak of the observe
systen the active-eveh becoms inactive again

Ead leaf-noc has one super-parent-nodetoo. The super-parent-nad of a leaf
nock represert the node whos ore possibé value the actua leaf-nock represents
The super-parent-nad of a value represergt a possibe value of the attribue the
actua value belongs to; therefoe the super-parenof eat value is the attribute the
actua value belong to. The super-parent-nadof an activity represerd a possibé
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value of the evenst in the observe system therefowe the super-parent-noa of eac
activity isthe observel system itself.

Figure 2. Structue of the super-parenard the leaf-node elemens

The stat of the observel system at time t can be describe by the s& of active
values at time t and the evert which occurs at time t can be describel by the active
activity at time t. The dynamic behaviou of the observel systen can be modellad
by its change of state The t chang of stak contairs three parts

1, the stak of the observel systean at time t (source-stag of the chang of state)

2, the evert at time t,

3, the stat of the observel systen at time t+1 (destination-stat of the chang of
state)

The change of stae are stored in a history databas in chronologicé order The t-
th entry of the history contairs the stae of the observel systen at time t, and the
event which occurra at time t.

2. Meaning of inconsistene in the changes of state processs

Denote ead stae of the observel systan with uppercas letters and ead evernt of
the observe systen with lowerca® letters of the alphabet Denot sane letters the
states with the same se of active-valus and the same event and denot different
letters the states with different se& of active-valus and the different events
According to this a possibk stat of the history can be as follows:
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Table 1. Exampk of a possibé patten of the histoly databas

time history
sequene
k A, a
k+1 B,c
k+2 C,a
k+3 A, b
k+4 B

Fou types of change of stak can be distinguished

Table 2. The main different types of the changs of stae

1. 2.
same source-stat ard sane sane source-sta ard sane
evert resut the sane evert resut different
destination-stat destination-stat
3. 4,
different source-stat or different sour@ stae or
different ever resut the different evert resut
sane destination-stat different destination-stat

In the changs of stat of types1, 3 ard 4 the source-stat ard the evert determire
unambiguoust the destination-state The change of stat of the® types are
consistent In the changs of stat of type 2 the source-stat ard the evert do not
determire unambiguousg! the destination-stateThe change of stae of the® types
are inconsistent

If an observe systen contairs inconsisteh changs of stae then the cause-effet
relatiors in the observe systen can na be revealel unambiguously This ca®
indicates tha the observe systen is partly observalg only.

3. Properties of the inconsistert changes of states

If in the changs of stak processeg of the observe systen two changs of states
becone inconsisteh then this proves tha the observe systen contairs non
modelled elements Modelling of thee non-modelle elemens can distinguis the
sane soure states or the sane evens of the change of states of type 2. Therefoe
thee change of states could be convertel into the changs of states of type 4.
According to the behaviou of the non-modelle elemens the inconsisteh changs
of states cen be divided into two main groups namey the Non-Observable-State
Spae (NOSS base ard the sequentib characteristi baseé inconsisteh changs
of states For exampé if the observe systen is a logicd gate-circui with an
existing but non-modelld enablirg input [3][10] then the observe changs of
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states contan NOSS-baseé inconsistence If the observe systen is a containe
filling-emptying systen which has one input ard one outpu tap and three sensos
which indicates the levd of liquid at full, haf ard empy states then the observe
changs of states contan Sequential-Characteristi bas&l inconsistence To
eliminate the different types of inconsistene two elimination method was
developed

To eliminake the NOSS-baseé inconsistence an automaticaly generatd state
spae with objects attributes values ard activities is needed The dynamt
behaviouw of this NOSS-basé systen can be determind indirectly accordimg to
the observal® changs of state The corred statt structue ard dynamt behaviou
of the NOSS-baseé systen can nat be determine correcty at ary time. The only
thing the learnirg systen can do isto determire the NOSS-base systen in orde to
eliminate the inconsistene of the change of states until the actua stae of the
system Ead newly observe chang of stae may modify the complee structue
and behaviou of the automaticaly generatd NOSS-base system

To eliminae the sequentih base inconsistene retrospectia is requira in the
sequene of the observe change of states For exampé regardimg to the containe
filling-emptying systen the destinatim stae of the change of states can be
determinel unambiguousl taking into consideratia nat only the actua stat of the
systen but some sequene of state in the pag from the actua state This methd is
nameal n-steps-deep-retrospection. In the previows containe filling-emptying
exampe only one retrospectia step is sufficient to eliminat the inconsistene in
the changs of states

{empty, half) => full Apn
(full, half) => emty

Detailed analyss is requirel to determire which methal gives the beg
performane for eliminatig the inconsisteh change of states of the actua
observel system This kind of researb gives the developimg possibilities of this
systen today According to the lated resuls both method can eliminat both types
of inconsistene but they are differernt from ead othe accordimg to ther neel for
additiond information

4. The inconsistene elimination ability of The NOSS-basd methad

The NOSS-base elimination methal assume tha the inconsistene in the changs
of states is basel on non-modellé objects attributes values or activities of the
observel system According to this concep the actud stat of the systen contairs
an observald ard a non-observald part In this point of view two states are
equivalen with eadh othe if na only ther observabd but also their non
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observabd pars are equivalen with ead other Using this concep gives the
possibility to distingui$ the equivalem source-state of the change of states of
type 2 with non-equivaleh non-observald stak spa® pars associaté to ther
soure states Therefoe the changs of states of type 2 can be convertel into the
changs of states of type 4.

There is adominan differene betwea the observald ard non-observal@ parts of
the states accordimy to their knowablenessReachig the i-th stat of the observe
systen the observal#® part of this stak defines correcty ard invariably the
observel state On the otha hand generatig the non-observald pat for the t,
stak gives nothirg else than the change of states will be consisten until the t
state However mary othe non-observald stae spae combinatios can give the
sane result Choosimg betwe@ them mears an optimization tak after ead chang
of stak step of the observe system The constrai of this optimizatian isto define
a non-observald stae spae for eah stat of the observe systen in orde to
eliminate the inconsistene of the changs of states The objective function of this
optimizatian isto minimize the additiond informatian neal for the definition of the
non-observald stae space To satisfy the constrain of this optimization the
forbidden states of the non-observald stat spae has to be definad for eah state
of the observe system The forbidden states representhe permaneh information
abou the behaviou of the non-observald pars of the states The forbidden states
for ead stak are definal in the Non-Observable-State-Space-ConstrafNOSSQ
of ead state

Denot with // in the NOSSC associate to they'-th stat of the observe systen
tha the non-observald pat of they'-th stae can nat be equivalen with the non
observabt pat of the zZ-h state

Similarly to the observal# pat of the observe system the statc structue of the
non-observald pat is modellel by objects attributes values ard activities These
elemens may be attache to an observal# or a non-observald elemen of the
modelled system To determire the concreé nea for ead type of thee elemens
ard to reved ther necessar connectios with eah othe requires deepe analyss
in the statt structue ard dynamt behaviou of the observe system At this time
the non-observald pat of ead stak is modellel using only one objed (namely
NOObjec}, ore attribue (namely NOAttribute) ard as mary values (namely O, 1,
*) as mary non-equivalehstates of the non-observald pars require

5. The forbidden equivalences of the Non-Observabk Parts

The elimination of the inconsisteh change of states of the observe systen usirg
the NOSS-base methal mears tha in the change of states with equivalen
source-sta ard even but with non-equivalet destination-stat the equivalene of
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the source-statehas to be eliminated The source-stateof the inconsisteh changs
of states are in forbidden equivalence Becaug the observabd pat of eah stae
holds permanet information and can not be modified, therefoe a non-observald
pat is needd for eliminating the equivalene of the®e source-statesFigure 3
shows an exampe of the NOSS-base inconsistene elimination

time observabt stak spae

i A, a
i+1 B,?

Qi C
A—3 "B
A_ il _»C

3.a Exampk of inconsisteh changs of states

time observabd stak spa@ NOSSC non-observald stae spae

i A a ? 0
i+1 B,? ? ?
i A, a li 1
Qi c
AO—
Al-A->C

3.b. Exampk of the elimination of the inconsisteh change of states
Figure 3. Exampk of NOSS-baseé inconsistene elimination

In this exampé the changs of states (/-th ard they'-th are inconsisteh with eath
othe ard the properly generatd non-observald pat eliminates their inconsistene
by taking their soure states different The ? sign denote the unimportan elemens
of the stae accordimg to this example

Becaug the destinatiom stak of eat changs of stak is the soure stak of the nex
changes of stat simultaneously therefoe eati NOSS-baseé inconsistene
elimination stgp may cau® a side effect A side effed appeas ead time if the
previows states of the modified states are equivalem with ead other. If the states /-
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1 ardj-1 are equivalen with eah othe then before the non-observald part of
states / andj becone modified the type of thes previows change of states were of
type 1. After the non-observald@ patt of states i ardj will be modified the type of
thes previows change of states becone of type 2. Thee mean tha thes previows
change of states inconsisteh with ead other To eliminae the occurrel side
effect the equivalene of states i-1 ardj-1 has to be eliminatel too. This step may
cau® a new side effed too, if the previows states of the modified states are
equivalenn with ead other To eliminae all of the side effects occurred the
equivalene elimination methal has to be performel until eithe the previows states
of the modified states are non-equivaleh with ead othe or one of the modified
states is the first stake of the observe system Table 3. shows an exampeé of side
effectselimination steps

Table 3. Exampk for eliminating the inconsistene and its side effects

time observabd NOSSC

stak spae

0 ? ?

1 ? ?
i-k-1 B, a ?
i-k-1 C,? ?

i-k F,? ?

i-2 D,c ?

i-1 B, a ?

i A, a ?
i+1 B,? ?

10
j-k-1 B, a li-k-1
-4 A,? li-k-1
i-k E,? li-k
i-2 D,c -2
i-i B, a li-1

i A a li

i c,? ?

Becaug the statj-k (which belong to the A-th inconsistene elimination step is
not equivalem with the stae I-k no more side effecs occu and the inconsistene
elimination steps could be finished If the stakj-k-1 (which belong to the k-1
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inconsistene elimination step is equivalen with the stae I-k-1 then it resuls no
side effect becaue the inconsistene of these change of states and their side
effects havwe been eliminated when the stagj-k-1+1  appears

6. Applicability of the results

Nowadays the markea has gradualy growing demand againg automatio
processes In order to satisfy theee demand more complex developirg tools are
required [7]. When planning acomplex controlle systen the developes have to do
two things Firstly the static structue of the controlled system has to be modellad
by defining its object-attribute-value-activyt elements secondy the caus effect
relations giving the dynamic propery of the controlled systen has to be revealda
[4] [5] [6]. Regardée the controlled systen as a black-box to reved the cause-effet
relations is an identification tak where the sequene of matchirg inputs and
outputs are given. In the red environmens the stae of the output are not defined
by the stat of its matching inputs only. The caus of this lays on the sequentih
behaviou of the controlled systen on the one hand and the wrongly defined static
structure on the other To divide the modelling of the controlled systan into an
observabé and a non-observald part can give the possibility to reved and handke
the logica and the sequentih parts of the modelled systan and to corred the
structurd deficiencies Figure 4 shows some screenshat of this implementa
modelling tool.

fiKj

Date T Tap In:Stream j TapOutiStream | Contaner: Level of liquid |~ Activity |

0 Off Off Empty Tap In:Run

1 On Off Empty Tap IniRun

2 On off Half Tsp ImRun

3 Off FJ Tap IniStop

4 @ff Off FJ TapOutiRun

5 Off On Fl1 Tap Out ;Run

6 off On Half TapOut:R"Ji

7 Off On E*tr Tap Out:Stop

8 Off Off Errpty NaN

oK'

Tap In:Stream:On (Tap In:Run)
Tap In;Stream:Off (Tap Ojt:5tream:Gn) + (Container :Leve) of LiqutdiFull)
Tap Ojt:Stream:On (TapOUt:Run)
Tap Out:Stream:Off (Tap In:Stream:On) + (Contamer:level of LigtjdiEmpty)

ContaineriLevel of Liquid:Empty (Tap In:Stream:Off*Contanw:Level of Liquid:Eiri>ty) + (Tap Out:Stream:0n*ContaineT :Levd of LKjuidiHaJf)
Container Level of liqu»d:Haf (Tap In:Stream:On*Conl«nef :Levef ol LiquidiEmpty) + (Tap Out:StrMm:On""Contaner:Levelof LiquidiFdO
ContanerrLevelof Liquid:FJ (Conta*ier:Levet of Liqutd FufTTap OtitrStreamrOff) + (Containerlevd of Liqud:Half*Tap Ir.:.Sbeam:On)

4.3 Logicd functions of the controlled systen contairs no non-observalg elemens
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1

a'|

Date | Tap In:Stream  Tap Out:Strearmn  Container: Level of Liquid Unknown Object:Unknown Attrfcute | Activity |

0 Off Off Empty Tap In:Run

1 On Off Empty Tap In:Run

2 on off Haf Tap In:Rin

3 On off Ful Tap In:Stop

4 C« Off Ful Tap OutiRun

5 off on Ful Tap OutRun

6 Off On Half Tap Out;Run

7 off On Empty Tap Out:Stop

6 Off off Empty Tap In:Run

9 Off off Empty NaN NaN

W)

Values [ Functions
Tap !n:Stream:On (Tap In:Run*Unknown Obtect: Unknown Attributed)
Tap In:Stream:Off (Tap Out:Stream:On) + (Contaner:level of Liquid:Fui) + (Unknown Object:Unknown AttrtxXe: 1)
Tap Out:Strean>:0n (Tap OutiRun)
Tap Out:Stream:Off (TaplIn:Stream:On) + (Container:level of Uquid:Empty)
CootamenLevd of Liquid:Empty (Tap In:Stream:Off*Contener:Level of L<iuid:Empty) + (Tap Out:Stream:On*Conta«ier:Level of Itiucd:Half)
Container :Levet of Ln?jtd:hai (Tap In:Stream:On*Contemer;Level of Ggmd;Empty) + (Tap Out:5tream;On*Contarier :Level of lc>jtd:Full)
Container level of liquid:Ful (Container:Level of tiquid:FUPTap Out:Stre«n:Off) + (Container:level of Ligmd:Half*Tap In:Stream:On)
Unknown Obiect;Unknown Attréute:0 (Tap Out:Strearn:Off) + (Container :Level of Liquid:Half) + (Contamer:Level of Liquid:Fui)
Unknown Object:Unknown Attribute: 1 (Tap Out.Stop)

4.b, Logicd functions of the controlled systen contairs non-observal® elemens

Figure 4. The revealea logicd functiors of the systen identification methal

7. Conclusiors

The use of the NOSSC-bas# methal for eliminating the inconsisteh changs of
states of the observe systen resuls in an NOSSC for ead state The NOSSC of a
stak contairs the states from which the equivaleng of the actud stat has to be
eliminated To determire the non-observald pat of a stat accordim to its
NOSSC mears the determinatio of the less value of the NOAttribute which is nat
the value of the NOAttribute of eithe stat containel by the NOSSC of the actua
state This inconsistene elimination methal gives a helpfu tod for the modelle
for determinirg the cause-effecrelatiors from the modellel behaviou of the
systen ard takes propositiors for the modificatiors of its statc structue if the
cause-effecrelatiors becone inconsistent
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Abstract. This pape discusse the production contrd problens of customizel
mass production which can be describel as combinirg make to stok and make
to orde type production a the sane time. In orde to solve schedulig and
resource allocatin issues a new compute modd for customizel mas
producticn will be presented The focus has been sdé to determire alternatie
routes ard machine allocation for feasibke scheduling We hawe developé a
compute framewok to che& different approximaé heuristc algorithms the
resut of which will be summarizd in this paper

Keywords', sh floor schedulig (assigning sequencingsimulation) alternative
routes parallé machining constraint due date

1. Introduction

In essene there are two kinds of manufacturing male to orde (MTO) ard make
to stok (MTS). The producti;n of unique or complex goods falls into the first
category MTO productim can be characterizé by individud or custome
specified producs usualy designd from a se of firm levd componentsard smal
batch productian on universa machines atjob-sh@g environment

Make to stok manufacturig is usel in mas production wher the finished
product are deliveral from a warehous when custome request ard purchase
them Mass productiom technoloy usualy has automatd manufacturig and/a
assemb} lines highly skilled or specialized workers big lot sizes automatd

quality checking automatd packirg operations ard relatively high materid stodk
level.
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Certan manufactures may use both procedures in addition to satisfying their
accepte orders they can utilize their manufacturing resource for producirg goods
for stock In this customizel mas producticn paradign the firms plan their
production partially for externd dired orders arriving from logistic or shoppirg
centes but to read bette delivery dates they mug make forecas for
manufacturiig semi-finisha producs and buying materiak with long externa lead
time [5]. In this busines environmen there are lots of uncertaintie originated
from incoming orderss and unavailabiliy of machines equipmen or human
resources For this reason red time producticn data collection fast interactivwe
information managemen and effective scheduling of tasks are the mog importart
tools to achiew producticn goals Thes are the main functions of Manufacturirg
Execution Systens [7],

2. Scheduling Problems in Customized Mass Production

2.1 Classification of Shop Floor Scheduling Models

Schedulig is the allocation of a sd& of well-defined resource to a se of given
tasks subjet¢ to some pre-determind constraints in orde to satisfy a specific
objective In order to formulate a schedulig problem the specification a/pl is
typically usda [1], where

a machire environment
3 processig characteristis and constraints and
y objective functions

Productio of parts is carried out in batches The batdc size may vaiy from one patrt
(manufacturd injob shopg to millions of parts (manufacturd in productia lines).
Dependig on how the jobs are executel at the sho floor (i.e. the sequence in
which jobs visit machines) we can classify manufacturig systens as one of:

. serid systens (also called flow shopg or

. non-serid systens (job shops)

The following figures (Figure 1 and Figure 2) summariz sonme typica flow types

(NRREE 2 m M
Figure 1. Flow Sha Schene

In flow shq structure there are machines (m 1,.. M) in sequence Unlimited
intermediae storag betwee two successie machine isusualy assumed All jobs
have the sane routing Ead job has to be processd on ead one of the m
machines Permutatiom flow shg mears tha the queue in front of each machire
operat accordirg to FIFO (First In First Out discipline)
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SK

Figure 2. Flexible Flow Shg Schene

The flexible flow shag environmen has stages at stage S\ (k=I, ..., K) there are M
identicd machine in parallel There is usualy unlimited intermediaé storag
between two successie stages Ead job has to be processd at ead stage on any
of the machines

In this paper we are focusing on extendea flexible flow sho machire
environmens with alternative routes paralld machine and unlimited intermediaé
storages The following sectiors will ded with an extende flow shg environmen
with four stage (see Figure 3).

2.2 Extended Flexible Flow Shop Scheduling Problem

The problem is inspired by a red ca® study concernirg a Hungarian firm
specialize in lighting products It is a customizel mass producticn approad so
that an order-bod for a given time period correspond to different producs to be
produce in required quantity We concentra¢ on generatig short-tem productim
schedué of the manufacturig processes

This secticn covers the schedulig problen in detail, the related entities of the
system and how they relat to ead other The whole schedulig modd can be
describel as follows. We presem the machire environmen (a), the processig
characteristie and constrains (p) and the objective functions (y).

Product Type: The produd type can be defined as the combinati;m of componens
that a machire is capabé of handling The combinaticn uses the AND operatao and
the OR operato to combire various lists of components

Production Orders: There are producticn orders A producticn orde includes the
type of the final produd to be manufacturedthe required quantity and the defined
due date In order to satisfy a productian order, the componensg are taken through
various processe before finally becomirg the final product Manufacturirg
includes a se of steps that involve the actud productian of the final product
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Produ¢ 1 - - >e

Produd p w

Technoloy Step TS
ExecutionStep ES
Machire Growp MG

Figure 3. Extendel Flexible Flow Shag Schene

Technology Steps: The stes unde the technology processge are termel as
technoloy steps Typically, in manufacturig we hawe four technoloy stefs like
preparation assembly quality checking ard packaging Preparatia is the first step
of the technolog processewhen defined properties of certan componerg hawe to
be modified Assemby is the technoloy ste in which the componerd are
assembld together quality checkirg has two parts a forced wait time when the
quality of the produd is observe ard ascertaing before going throudh packagimg
finally. A technolog step may include some operations but we suppog tha no
pre-emptio is allowed a the levd of the technolog steps

Execution Steps, Execution Routes: There is a very importart concep namey
execution step in this environment The executiom ste is a well-defined se ard
sequene of technoloy stes (Figure 4). It describs which technoloy sters to be
processd on the same production line. If the executim st includes two
technoloy steps (i.e. TSI ard TS4) it has to include all technolog steps which
are betwea the® two stes (TSI, TS2 TS3 TS4) as well. Moreover the
sequene of executimm steps is called executimm route So ead executimm route
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includes all technoloy step required in orde tha the final produd can be
produced An executi;m route can include one or more executiom steps but the
commam par of included execution steps which is a se of technoloy steps has to
be an empty se& (Figure 5).

Machine Technology Steps
Groups TS1 TS2 TS3 TS4 Execution Execution Steps
MG1 Routes
MG2 R1
MG3 R2
MG4 R3
MG5 R4
MG6 R5
MG7 R6
MG8 R7
MG9 R8
MG10
Figure 4. Executio Sters Figure 5. Execution Routes

Pallets: Eadh produd is normally package on standad sized pallets Each pallet
consist of apre-definel numbe of the finished products Even though the physicd
pallets come into existen@ only after packagim is over, for conveniene reasons
we statt looking at the logicd pallets right from the beginning Hence we schedué
pallets (j°b)- A productin orde is first identified to be consistig of a particula
numbe of pallets and the production order will be closed when all of thes pallets
have gone through all the technoloy steps

Machines: In our schedulig model a machire is a production line that consiss of
a group of workplaces which are lined in a sequence the outpu of the first
workplace become the input of the secom one and so on. Typically thes
productin lines are inseparabd unites Hence when it comes to scheduling then
the productin line shoud be considere as one unit and not the individual
workplace

Production Rate and Machine Capacity: During manufacturing we hawe to
schedué units (pallet9 on productimn lines (machines) In order to estimae the
proces time taken by a pallet on a machine we nea to know the production rate
and the capaciy of tha machire to proces tha pallet Production rate is normally
specified as quantities producibk per time unit on that machine The capaciy of a
machire could vary base upon what isthe final produd it is producirg and what is
the effective shift time in the calendar

Process Time: The productian rate of the machire is required while computing the
proces time of a pallet on the machine Proces Time mears the processig time of
a pallet spendilg on amachire (in time unites)
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Proces Time = Schedule Quantity /Producticn Rate (1)

Setup Time: This is one of the mos important propertis of the machire
(productian line). This does not affect the producibility of a final produd directly.
By definition, a setyp time (changeove time) gives the time delay to changeove
from one produd type to anothe produd type. In our currert model the setyp is
required if and only if the produd type of the lag pallet different from the next one
We can s& that the setyp time value only depend on the produd type to be
processed so it is allowed to define multiple value sety time for one machine
Setwp time is specifiad in time units.

Machine Group: Ead machire has an associatd list. It shows all technoloy steps
can be executel on a machine In othe words a machire could be potentially
capabé of executirg an executiomm step A machire group is a sé of machine that
can execue the same executiom step (Figure 4). The machine in the sanme group
are paralld machine with different production rate setyp time and capacity

Alternative Execution Routes: A given final produd can be producea differently,
becaue there are different execution routes on which the requirad componens are
taken through before becomimg the final product Thes alternatiwe routes differ in
the execution steps In addition ead executim route may include paralld
machine assigné to one or more executiom step In our model there isa dynami
list which describes the availabk executiom routes at a given time period for ead
final product

Component availability: In this issule we use a simplification of the origind
problem It mears that we do not focus on all componens availability; insteal we
suppo® all of the required materid availabk in the need@ quantity from the CST
(Constraing Stat Time) of the pallets on the machine CST of the pallet specifies
the earlieg time when the first executio step of the pallet can stat from the aspet
of the componemn (materia) availability.

Objectives: A scheduliy objective is a measue to evaluat the quality of a certan
schedule In real-life situations there are many (delivery capability machire
utilization rate stodk or WIP level, they are usually conflicting) objectives For
delivery capability, one can distinguish two types of objectives

. due date related objectives and
. non due date related objectives

For due date related objectives we assune that there are jobs J) (i=l,...,Nj). Eadc
job Ji has due date d, and relea® date r,. The due date represend the commitmen
of the compary with a customer The releag date implies the availability of
componens from the beginning We denot the finishing time of job J, by C,. The
following definitions may be defined for ead job:
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Latenes of ajob: L =C, - d. 2
Tardines of ajob: 71 = max(Q Z,) 3
Earlines of ajob: = max(0,-Z,) 4

With ead of the® functiors F, we ge sone possibé objectives So the mod
importart objectives may be as follows:

Maximun y =max(F,) (5)

Total: r=vY,". )

Average y =— @)
n

Numbe of latejobs y =|{{1T, >0} ]. (8)

Usually, nat all of the jobs are equaly important Weighs w, can be assignd to
ead job representig the relative importane of thejobs Sone measurs tha take
into accoun the differert weight of thejobs are as follows:

Weighted maximum y = max(w;Fj). 9

Weighted total y=",.F, (10

Weightad average y =— (11
n

The mod comma objective functions which are non due dake related are as
follows:

Makespan y - max(C,) (12
Totd flow time: y="C (13
I
Weightal totd flow time: y = (19

It is well known, tha the optimd solution can be quite differert if the chose
objective changes Dependig on the fixed objectives ead decisim make wans
to minimize a given criterion On ore hand the commercia manage is intereste
in satisfyirg ordess by minimizing the lateness On the othe hard the productio
manage wishes to minimize the work in proces by minimizing the maximun flow
time.
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3. Solution of the Scheduling Problem

In this secticm we outline our approad to solve problem describe in sectim 2.2
We show the developel data modd and the basc step of our methods Then we
presem acompute applicatian of this solution

3.1 Basic Data Structures

In our model we use indexal arrays in order to accelera¢ the calculation In thes
arrays there are no full lengt identifiers and attributes of entities (i.e.. jobs,
machines routes and so on), insteal there are indexes which are non-negatie
intege values assigné to the entities to point to the position of the targe objed in
the base array. Therefore in any of indexes of a given array, we can use any value
of the sanme array or anothe array In orde to indicatt an elemen of one
dimension& or two-dimensioné array, we use the following formulations
ARRAY_NAME[ROW_INDEX]
ARRAY_NAME[ROW_INDEX][COLUMN_INDEX]

If an array elemen is a data structue made up of fields, we use the dot operats to

refer to a specified data field by using the field name
ARRAY_NAME[ROW_INDEX].FIELD_NAME
ARRAY_NAME[ROWJINDEX][COLUMN_INDEX].FIELD_NAME

NAME1_NAME 2

0 | NI
NAME1[1] . NI NAME2[x] NAME2[y]

0 1 NK
NAME1[K ] i NK NAME2[u] NAME2[v]

Reference to the value of agiven element
NAME1_NAME2[ROW_INDEX][COLUMN_INDEX ]

where

ROW INDEX = (1,.., K)

COLUMNJINDE X =(0,..., NAME1_NAME2[ROW_1NDEX][0])

Figure 6. Genera Structue of two-dimensionh arrays

Generd structue of two-dimension& arrays with variable numbe of row elemens
can be see on Figure 6. It shows the associatio of two different type arrays
(NAME1 and NAME2). The actud array can be specializel from the genera
structue in such a way that basic array correspond to NAME1 and related array
correspond to NAME?2.
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3.2 Data Model

Using the abowe formulations we can descrilke the entities of the schedulip modd
detailed in sectio 2.2 as follows:

In the system there are different final producs p (p l,....,. Np) which may be
produced There is an order book for a given time period It has productian orders o
(o /,..., No). Eadc producticm orde o includes the type of the final produdad
O[o].P, the requirad quantiy 0[0].Q and the defined end time O[0].ET{due date)

At the shop floor, pallets can be moved Eacd pallet consist of a pre-determind
numbe NPfp] (p = 1,..., Np) of the finished producsp. Each production order o is
identified to be consistirg of a particula numbea of pallets We schedué pallets
one pallet mears one job. So we have jobs i (i = /,..., Nj) altogether Eac job has
four attributes JfiJ.P mears the final produd p, J[i].Q mears the quantity of the
products JfiJ.CST mears the constraine stat time and J[i].CET mears the
constrainel end time.

Each job i has to visit four technoloy steps TS[t] (t=l...., 4) inthe same sequence
The worksh@ contairs ten possibe machire groups mg (mg = 1,..., 10) connecte
to each other in a given configuratian (Figure 3.). Each machire group mg contairs
a pre-definel numbea of machines There is atwo-dimension& array namel MG_M
which describes the list of machire groups with the machine which belong to
them. The structue of MG_M is inherited from the gener& structue shown on
Figure 6. Machine group correspond to NAME1 and machire correspond to
NAME2.

In a given machire group mg, eadh machire can proces the sane executi;m step
which is one of the well defined executiom steps es (es 1,..., 10). We hawe
machines m (m=l,..., Nm) altogether Each machire m may hawe N, different
production rate M_PR[m][p]] (m =1,..., Ny and p 1,..., Np). Similarly, ead
machire m may have Np different setyp time M STfmJfpJ (m =1,.., Ny andp =
/,..., Np), accordirg to the definitions of the sety time and producticn rate in
sectin 2.2

Jobs can be moved on eight possibk executia routesr (r = 1,..., 8) (see Figure 5.).
Eadh route r includes a sequene of machire groups Thes assignmerd are
defined in an array namal R_MG, which is a specializatim of the structue shown
on Figure 6. Machine group correspond to NAME1l and machire group
correspond to NAME?2.

In our model utilizing what has gone before we can determire an array P R which
describes the availabke executiom routes in the actud time period for ead final
produd p. The array P R can also be specializel from the gener& structue in suc
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a way that final produa correspond to NAME1 and execution route correspond
to NAME2.

We suppoe the shop floor has already been loaded so the actud state of the
systan has to be known in order to calculat statt time and end time of eac job on
ead assigne@ machine It mears that the effect of the las confirmed schedué has
to be available Thes data can be obtaina from array MENGAGED which shows
the earlieg time of each machire when the machire is available MENGAGEDfmJ
(m=1,..,Nm).

Additional arrays have been defined to store the resut of the scheduling There is a
specid array nameal J_A which includes the route and machine assigné tojobs in
the following way: JAfiJfam] (i = 1,..., N,andam = 0,..., RMGJ[J_A[i][0]][0J).
Where

. / mears ajob,

e J Ali][0] mears the assigné route

e RMGIA[I][0]][0] mears the numbe of machine in the assigné route
o JAfiJfam] (am=l,..., RMGfIAfiJfOJIfOJ) mears the sequene of assignd
machines

There is an array name MWLOAD which shows the sequene of jobs on

machines This structue MWLOAD[m][ai] (m= 1,...Ng and ai

1,...,MWLOAD[m][O]) is a specializatim of the generd structue (Figure 6.). In

this case machire correspond to NAME1 and job correspond to NAME?2.

. m mears a machine

. MWLOADfmJfOJ mears the numbe of jobs on machire m,

*  MWLOADfmJfaid (ai = J,..., MWLOAD[m][O]) mears the sequene of jobs to
be processd on machire m.

Finally, we have defined an array namel MSTET which stores the calculate times
which are as follows: ST stat time, SetT sety time, PT proces time and ET end
time of the jobs MWLOADfmJfaiJ (ai 1,..., MWLOADfmJfOJ) on ead machire
m(m= 1,...,Nm).

3.4. Calculation Model

The calculaticm mears numericd simulation of the productian to calculat the time
data of the operations Inputs are jobs /, machines m, their assignmerg J A,
sequence of jobs on machines MWLOAD, abilities of machines M_PR, M_ST and
availabilities of machines M ENGAGED. Simulation of job i on an intermediaé
machire requires amorg othe things the end time of job i on the previous
machire and the shop floor environmen has lots of junctions of the possibk routes
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So we have to define the machire group sequene in which the calculation can be
performed

Figure 7. Precedene constrains between machire groups

Precedene constrains can be presentd as a simple directed graph (Figure 7), in
which the vertices are the machire groups and the edges show the requira
sequence of machire groups For eadr machire group (MG), indegre and
outdegre can be defined Indegree mears the numbea of inward directed edges
from a given vertex and outdegre mears the numbe of outward directad edges
from a given vertex At ead machire group, the maximum of indegre and
outdegre shows the numbea of possibk routes which can include the given
machire group. Possibe sequene of the machire groups have been obtainad by
using the non-increasig indegres order of the machire groups

Z)1w(4)>-Dw(3)>2)m(7) >/"(6)>Z)w(9)>"(1)>7(5)>Z)w(8) >"(1Q. (19

The sequene is fixed in PRI MG array which includes the priority of ead
machire group. The priorities are as follows:

Priority: {1,2,3,4,5,6,7,8,9,19

Machine Group {4,3,7,2,6,9, 15, 8 10}

The main steps of calculaticmm metha can be seen on the flow chartt (Figure 8.).
The metha goes in non-increasig priority order of the machire groups and it
calculates time data (ST, SetT, ProcT, ET) of jobs on each machire which is in the
machire group. Start time data of jobs play the main role in calculation This value
of agivenjob ion an assignel machire m is determine by the following values
¢ the constrain start time of thejob (J[i]. CST),
. end time of thejob on the previous machire

(MSTETfprevmJfion _prev_m].ET),
. end time of the previousjob on the machire (MSTETfm]fai-1]),
. setyp time of thejob on the machire (M_ST[m][ J[i].PJ) and
¢ the availability of the machire (M ENGAGED[m]).
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Start

pri = 10;

Figure 8. Flow Chat of Simulatinn

In point of view of statt time and setip time four cases can be distinguished
Blockl: first job on first machine

MSTET[m][ai].Set T = M_ST[m][prod] ;

MSTET[m][ai].S T = max( J[i].CST, M_ENGAGED[m]) ;

Block2: non first job on first machine

if (prod !=JIMWLOAD[m][a i -1]].P) MSTET[m][ai].Set T = M_ST[m][prod] ;
else MSTET[m][ai].Set T = 0;

MSTET[m][ai].S T = max( MSTET[m][ai -1].ET, J[i].CST) ;

Blocka3: first job on non first machine

MSTETIm][ai].Set T = M_ST[m][prod] ;
MSTET[m][ai].S T = max( MSTET[prev_m][i_on_prev_m].E T - MSTETIm][ai].SetT ,
M_ENGAGED[m]);
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Block4: non firstjob on non first machine

if (prod != JJIMWLOAD[m][a i -1]].P ) MSTET[m][ai].Set T = M_STIm][prod] ;

else MSTET[m][ai].Set T =0;

if (MSTET[prev_m][i_on_prev_m].E T <= MSTETIm][ai -1].ET) MSTET[m][ai].S T = MSTET[m][ai -1].ET;
else MSTET[m][ai].S T = max( MSTET[prev_m][i_on_prev_m].E T - MSTET[m][ai].SetT ,

MSTET[m][ai -1].ET);

Typical examles of working Block 4 can be seen on the Figure 9.

Machine Machire Gant

Time
Figure 9. Working Block4

The outpus of the time calculation are MSTET array, which includes fixed times
and OBJ VALUE, which stores the evaluatel value of the chosen objective
function.

3.5. Heuristic Algorithm s

Our schedulig problem is difficult to solve becaug of its combinatorid nature In
order to define a schedué for the production of ead job, it is necessar for each

job (i

1

= |,...,Nj\

to assigq to one of the possibk routes J_A[i][0] = P_R[JJi]P][ar] (are {
1,....,  P_R[J[iIP]O],

to assigq to one of the possibe machine at ead possibe machire group
accordirg to selecté route J_A[ilamg] = MG_M[amg]lam] (amg =1,...,
R_MG[J_A[i][0]][0] ardam e {1, ..., MG_M[amg][O]}),

to fix its position in the quew of ead selected machine
MWLOADI[JA[il[amg]][ai] (amg =1,..., J_A[]0] ard ai 1
MWLOADI[JA [i]J[amg]JfOJd),

to fix its startirg time on ead selectel machine MSTET[J_A[i][amg]][ai]
(amg=1 J AJ[i][0] ard ai = 1,..., MWLOADI[J_AJi][amg]][0J).
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Different heuristt procedurs hawe been developé to solve the problem Thes
procedurs are integratel into the schedulilg engire (SE). At present SE includes
two kinds of classs of heuristt algorithms which are as follows:

« Constructie algorithms

» lterative improvemeh algorithms

The bast approab of our heuristt algorithrs consiss of tree steps
1. Assigning SE creats the J_A.
2. SequencingSE creats the MWLOAD.
3. Simulation SE calculats the MSTET.

The algorithns differ from ead othes in the decisimm making in issue of
assignig and sequencig ard the integration degree of steps

The pape outlines ore of the® schedulilg algorithms basel on heuristc insertim
technique The algorithm uses the abow detailel calculation metha to evaluae
the time dat of the operatios ard the value of the chos@& objective function by
simulatirg the production

Heuristc Insertirg Algorithm (HIA) integrate the assignig ard sequencig
problem It consiss of the following steps

Stegp 1 Orde the sequene of production ordes accordirg to the Earlies Due Date
(EDD) rule, then in this sequene let the secondar consideratia be the
numbe of jobs of the productian orders Creat the list of the jobs

Step 2. Ge the nextjob from the list.

Step 3: Enumerat all possibé routes ard machine for the job. Assign the job to
ead possibé route in increasilg orde of the numbe of machire groups
Assign thejobs to ead possibé combinatim of availabe machine at eath
machire growp of the route in decreasig orde of productio rates

Stegp 4: On ead first machineg inset the job into ead position which is betwea
two different batches (On a maching a batdh mears a sequene of jobs
which is relatel to the sane production order)

Step 5. On the furthe machina of the route the jobs flow throudh the systen in
orde of arrivd (First In First Out, FIFO).

Step 6: In eath ca® use the calculation method

Step 7: After simulation sele¢ the beg solutin accordimg to the chose objective
function

Step 8: Updat data If the list is empty the algorithm is finished else go to Step 2.
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3.6. Computer Application

We develope a compute applicatioo which consiss of a problen generator
production simulator schedulilg engire and a databas system The main god of
this framewok is tha it can be an extremey usefu tod supportig future studies
of alternative schedulig algorithms

The application uses sampé daf set createl by problen generator The generato
producs randan problem instances with sizes ard characteristis specifie by use
and then it writes them into the database The generatd dat are well-defined
randam values but the use can directly chang certan data

Sef) Cortj Machine GarB Job Gantt {Mrioad_Conf ] J A Corf | Jcb.Conf | M_Engaged Corf |

Objective function: -j Number of Late Jobs~ ~J
1. \EDD & AFO Combinaio
Seap, “dependent s Pro [PRAVG [M0; RIMG MoM ORIVE |m.sT)

[Machine GraupNot PMja 1 Ic P le F s H F U"

Figure 10. Use Interfae of Schedule Engine



Figure 11 Resut of Schedulimgy

4, Conclusiors

Customizel mas production requires advancd functiors of Manufacturimg
Execution Systens (MES). The conventionh flow sh@ modé has to be extende
to anew modé which suppors alternatie technologich routes parallé machines
and where setp ard job characteristis are al considered

In this paper sone possibé extensios of flow shg modé for customize mas
productiom hawe been described A new scheduliig approab base on heuristt
method to solve extendd flexible flow sh@ schedulig problens has been
introduced A compute progran developée for this problen has been outlined

Future researb work will be carried out on investigatig heuristt procedures
which can be applied to our schedulig problen ard studyirg effed of chang in
the machire environment
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Abstract Machine-par groupirg problens arise in a production plant when
forming a new productin system or reorganizimg an existing one Application of
Group Technoloy principles can help in finding the optimd layou amnd
manufacturig system In orde to satisfy the bast principle similar things
should be done similarly part are assignd to different families basel on their
processig requiremerd and machines are separatd into groups to proces
specific pat families The machine-par cel formation problem is a widely
researcheé area and numerows algorithms havwe been developéd to solve it. This
pape provides a survey of the lates resuls relatal to clusterig methods
artificial intelligene approache ard sonme mathematichtechniques In addition
an abstrat algebra¢ methal basel on the theoly of concep lattices is alo
outlined

Keywords growp technology cel formation problem similarity coefficients
genett algorithms mathematick programming concep lattices

1. Introduction

The philosoply of group technoloy (GT) plays an importart role in the design of
manufacturig cells The basit concep of GT is to identify and exploit the
similarity between parts machines and manufacturig processes GT is a
disciplined approat to grouping items by their attributes Pars having similar
processimg requiremens are arrange into parn familiess and the machines
processig them are groupel into cells The advantage of applying group
technology principles are reduceal setyp time, queuirg time and materid handling
time, shorte lead times reducal tool requiremens and improved produd quality.
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The adopticm of GT conceps yields an efficient production systemn and a
significant reductian can be expecta in overal manufacturimg costs

Cellular manufacturig (CM) can be regardel as one of the major applicatiors of
group technology CM requires the identification of groups of similar parts and the
associatd machines which form cells. The determinatim of part families and
machire cells is called the cell formation (CF) problem

During the lag three decades the CF problen has been widely researché and
numerols method hawe been develope for solving it. Thee method are
classified by severd review papers we follow the taxonony propose by Shafe
[16]. The main aspet of his classification is the methodoloy the cell formation
procedurs are basel on. From studying thee methodologies cel formation
technique can be arrangel into the following six groups

manud methods

classification and coding approaches

algorithms for sorting machire componen matrix,
statisticd clustea analysis

artificial intelligene methods

mathematich techniques

In this pape we give a shot survey of the lated resuls in solving CF problems
Some of thee method can be regardel as new approache and others are
improved versiors of an older technique We focus on the last three group of
Shafers taxonomy and in the next three sectiors the main aspec$ and the lated
resuls from thes fields are reviewed In Sectim 5 a new mathematich approad is
described This metha is basal on Formd Concep Analysis which is a prosperim
field of applied lattice theory.

2. Statistica Cluster Analysis

Application of a clusterig techniqwe requires the developmen of a measue
quantifying the similarity or dissimilarity between two objects (parts or machines)
Using the appropriaé similarity measue the necessay producticn data can be
incorporatel in the early stages of the machine-par grouping procedure Some of
these factors are operation sequenceswithin-cell machire sequences processig
requiremens of parts producticn volumes unit operatio time, alternative proces
routings etc. A numbe of similarity coefficients have been develope for taking
into consideratia the different production factors and goalk during the CF process
The calculation of thes coefficients combineal with a clusterirg algorithm is called
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a similarity coefficient base clusterig metha (SCM) and generaly it consiss of
the following three steps

a) Form the initial machine-patr incidene matrix [ay], where an entry "1"

("0") indicates that machire i isusal (not used to proces pattj. (Here / is
the machire index (/=1,2,...,m), andj isthe pan index (/=1,2,...,«)

b) Choo% a similarity coefficient and calculae for ead pair of parts or
machine the correspondig values These numbes are storad in a
similarity matrix whose elemens represeh the samenes between two
parts or machines

c) Basa on the values of the similarity matrix a clusterirg algorithm expand
the hierarcty of similarities amorg all pairs of parts (machines) Using the
obtained tree or dendogran the part families (machire group9 can be
identified.

Before applying some clusterirg technigwe we have to seled¢ a similarity
coefficient which indicates the degree of similarity between objed pairs The mogs
frequently employal coefficient is the Jaccad similarity coefficient which is
defined for parts / and k in the following way:

Nik
J K .
Ni« Ni-Nig

where Ny is the numbe of machine that parts i and k have in commam in their
production and N,, N¢ mean the numbe of machine processig part i and k
respectively Besides the Jaccad similarity coefficiert numerows othe similarity
coefficients have been proposa in the literature One of the mos comprehensig
reviews of the topic is given by Yin and Yasuda [21], who develop& a new
taxonony to classify the various similarity and dissimilarity coefficients Besides
this classification they attemptel to explain why similarity coefficien basal
method are more flexible than othe approaches First, similarity coefficien
method apply cluste analyss to CF procedures Clusterirg technique are
fundamenth methods in group technology being a basc approad for estimatirg
similarities Fitting well to the main idea of GT, a similarity coefficien basa
methad can be a more effective way to solve CF problems Another reasm for the
preferene of SCM method is that they are more suitabke for certan principles
which are generaly acceptéd in solving complex problems

(i) decompositia of the problem into smal conquerabé problens and

(ii) decompositia of the solution into smal tractabk stages

These principles are satisfied by a clusterig methal becaug it consiss of three
steps as mentiona in the beginnirg of this section Thes steps are independeh of
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eadth other which makes it possibk to reselet the similarity coefficients when
extendirg the problem to incorporae additiond productin factors

It isworth mentionirg that the use of similarity coefficients is often combinel with
other techniques mostly artificial intelligene method for solving machine-pat
grouping problems For exampk To6th and Molnar [17] have develop& two
algorithms for forming part-group and inserting new parts in existing groups
Starting from the similarity matrix of the parts they usel fuzzy classification to
solve the problems In [10], Jemm and Leep propose a new similarity coefficient
which consides alternatiwe routes and basal on thes coefficientsthe part families
are identified by using genett algorithm Adenso-Dia et al. in [1] suggestd
weighted similarity coefficiensand Tabu seard for determinirg machire cells.

3. Artificia | Intelligence Methods

With the increasigp speel and capaciy of todays computers researchey
frequently apply artificial intelligence method to solve the CF problem The mog
commonl useal technique are patten recognition fuzzy reasoning neurd
networks and genett algorithms Another reasm for successfu application of
these method isthe NP-completenes of the cell formation problem i.e. there is no
algorithm of polynomid complexity to solve it. This mears that method using
heuristic can be more suitabk to solve the CF problem than othe exad
approaches

In this secticm we focus on the method using genetc algorithms The basic ideas
of thee method are discussd and some recen resuls are referral to.

Genetc algorithm (GA) is a heuristc seard techniqwe which was introduced by
Holland in 1975 [9], It is basal on an analog to naturd selectiom and Darwin's
evolution concepts First a chromosone structue is to be defined to represen the
solutions of the optimisatim problem After generatig an initial solution
populaticn (which is done mostly randomly) some membes of the population are
selecte to be parens to produe offspring. The selectim is basel on the so-calld
fitness function: the higher an individual's fithess value the more likely that
individual is to be selected satisfying the principle of survivd of the fittest. The
less fit membes are replacal by new ones who are producel by the parent using
genett operators crossove and mutation Crossove combines the bed parts of
parert chromosome in order to exploit promising areas of the seart place
Mutation is a smal randan modification of the chromosone that increase the
diversity of the population and explores new regiors of the seart place The
proces isrepeate until atermination criterion is reached

The main questiors before implementirg genett algorithm are the following:
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how to encoce the structue of the chromosome for representig solutions
how to genera¢ the initial population

how to choo® a goad fithess function,

how to define the genett operators

how to choos the parametes accordirg to the crossove and mutation
operator the populatiom size rate of individuals to be selected and
maximum numbe of iterations

There are sever& possibilities for encodirg chromosomesMost of the studies use
an intege codification to represeh solutions For exampk in a machire cel
formation problem the following chain

W; in2 m my g

1 2 1 2 1

represend a solution where two cells are formed, the first contairs the machine
mi, ms, ms while machines m, m, belong to the secor cell. The main drawbad&
of this representatio that it induces redundang since the cell indices can be
permuted so the chromosone

m-om m m m
2 1 2 1 2

represend the sane solution as the previouws one The redundang grows very
quickly with the numbe of cells, making the seart for good solutiors even more
difficult. Boulif and Atif [2] avoidd this difficulty by choosirmg binary coding for
the chromosome This metha is basa on the graph theory modd of the CF
problem where the nodes represeh machines and an edge of the graph indicates
whethe there is inter-machire traffic between the two vertices of this edge An
edge is encodd by O if the traffic between its two vertices is intracellula
(expressig that the machine correspondig to the two vertices are in the sane
cell). The intercellula edges are denotel by 1. Using this reducea alphabé the GA
algorithm can be implemente in an efficient way, and the seart for good
solutions become easier

Although genett algorithm is one the mos popula method for solving CF
problems we have to mention some disadvantage of this technique The main
problem with the standad GA approad is its weaknesswhich mears that it does
not incorporae problem-specifct knowledge The othe drawbadk is related to the
standad encodirg schene (both with intege and binary coding) which can cause
unexpectd effects when applying GA operators To overcone thes problems De
Lit, Falkenaue and Delchambe propo® a grouping genett algorithm (GGA) to
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solve the cel formation problen [6]. GGAs are a specid clas of genetc
algorithns introducel by Falkenaue in 19 [7] modifying the standad GAs to
bette matd the structue of groupirg problems Ther are two main differences
between GGA ard the classt genetc algorithm GGA use a growp oriented
encodirg schene ard specia genetc operatos suitabk for the chromosomesFor
solving a machine-par cel formation problen the GGA applies the following
chromosome representation

P\PiPi-Pp  \™\™{™{-T™Mm |  ,003...0

where p; is the groy to which pat / is assigned rtij is the growp to which
machirej is assignd ard g is an existing groyp number P denots the numbe
of parts M denote the numbe of machina in the problen ard G is the numbe of
grougs in the solution The main characteristi of the genetc operatos of the GGA
is tha they work with the grouwp patt of the chromosome rathe than items [6]. In
[3], Brown ard Sumichras compare the performane of a GGA again$ the
performane of a standad GA approab in three different groupirg problems
Their secom problen was the machine-parcel formation problen ard they usel
groupirg efficacy to compae solution quality. Groupirg efficacy can be compute
by the following formula

e+eg

whetre e is the totd numbe of ones in the origind machine-parinciden® matrix,
e, is the numbe of voids ard & is the numbe of exceptionh elemens in the
solution (Voids occu when a pat does na require one of the machina in its
grouwp ard exceptionh elemens arise when a pat requires a machire from anothe
group) Using this performane measue the authos testel both solution technique
and they concludel tha GGA outperforme the standad genetc algorithm in
solving the machine-pdar cel formation problem ard is indeel an efficient
technigle even for large-size problems

4. Mathematical Techniques

Mathematich technique include method relatel to grapgh theory combinatorih
analyss and mathematick programming One of the widely researché exad
method is the integer programmiig approachlin grouwp technology Kusiak was the
first who adoptel alinea programmimg methal for part-family formation [12]. The
suggestd p-media modé uses n* decisia variables as follows:
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1, if patt i belongs to part family j
yu
0, otherwise

i=1,2,...,n, where n is the numbea of parts Denot the desiradl numbea of part
families by p and compue the similarity coefficients s, betwee parts i andj in

the following way:

Ap)

k=\
5<P)=Q i=1,2,...,n.

Here a; is the elemen of the Mi row and ith column of the machine-patr
incidene matrix and 8 isthe Kronecke function S(a,.ag) =1if ay =a; and 0

otherwise

The objective isto maximize the sum

nn
VAVAN
E =1
satisfying the following conditions
n
a) Y >j=1 forall
=
(2 )teym=P,
7-
(3) yy <yp foral i=I..n, j=\..n

Condition (1) ensurs that eac par belong to exactly one part family, and (2)
specifies the required numbe of part families. Constrain (3) ensure that part i is
groupd into the part family representé byj, if this family exists

The par family formation methal describel here can be readiy adapte to form
machire cells first. In this casee we hawe to compute similarity coefficients betwee
machines for exampk we can use the definition suggestd by Wei and Kern [19]:
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r n-1 ifag=ay=\,
n

4"} =H Y(a>k- ajk)-where "K . a]k) - < if % = =0,
k=1

0 if a,-kiajk.

Thes coefficiens are applied by Won ard Lee [20], who suggesté two modified
versiors of the /*-median model They startel from an extende /7-mediam model
where the decisia variables are the following:

1, if machire i is clusterel into cel j

0 otherwise
mm
vy max,
ard the objectiwe function is M s » x

subjer%to

(4) J X =1 forall j = I..m,
=1

(5)Y, m=P>
m

(6) Y]xlj _LxM forall / = l>_>W>

F

m
(7) YjXV/\Uij forall "=
J=1

Conditiors (4) ard (5), similarly to the origind formulation ensue tha ead
machire is assignd exacty to one cel ard the numbe of machire cells is
prescribed In constraing (6) ard (7) the numbe of machine groupel into cel i is
limited: a leag L machine shoutl be assignd to cel i only if cel i isformed ard
U isthe maximun numbe of machine allowed in eat cell.

Since in mog practica problens pars outnumbe machins (n>m), the extende
formulation with its m? binay variables leads to a smalle linea intege
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programmirg problem compare to Kusiak's model In spite of this reductian the
extendel modd need further improvemen becaug of the difficulties in its
implementation The problem is how to choo® the optimd median numbe p. In
order to avoid this problem the entire modd is testel for p=2,..,m, and then the
beg solution is selected This type of implementatiem can hardly be carried out,
becaug running the entire modd for varying values of p causes too much
computation time even on a mediun sized CF problem To overcone thes
difficulties Won and Lee introducedl a specid s& of machine tha have a high
probability of serving as mediars or seal machine for clustering They develope
an algorithm for determinirg the candidaé s& of median machines and after this
with the modification of constraints speedie implementatim was achieva by
excluding a large amourt of binary variables

In addition Won and Lee propose anothe modified formulation of the modd
which makes further reductim of the numbe of variables possibe and they
presentd remarkabé teg results applying their methad on large-sizel CF
problems (The applicatiors of intege programmimg approache in CF problens
containirg 40 or more machine are rarely reportal in the literature because thes
method have so far required enormots computation time.)

Another opportuniy to modify the origina /(-median modd is the linear
assignmeh modd proposel by Wang [18]. The basi idea of the group formation
algorithm is the selectimm of the p mog dissimila parts or machines Thes items
probably will be assigné to different groups since they have dissimilar design or
manufacturing features Thes group representative can be determine@ recursivey
by using the similarity coefficients With the knowledge of the group
representative the modd can be formulated both for pan family and machire cell
formation and it contairs far fewer decisian variables compare with the p-median
modd (pn insteal of n® or pm insteal of nf). The reductim in numbe of
variables encouragd Wang to teg his metha on mediun sized CF problens (the
maximd numbea of machines was 40) and it proved an efficient metha in a
comparatiwe study [18].

5. Solving Cell Formation Problems with Concep Lattices

In this sectim a new mathematich approat for solving machine-patr cell
formation problem is presented The metha has been developea at the University
of Miskolc, in a collaborativ projed between the Departmen of Information
Engineerig and the Institute of Mathematics This abstrat algebrac metha is
related to Formd Concep Analysis which can be regarde as a field of applied
lattice theory. For the sake of completenes the basic elemens of Formd Concep
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Analysis are briefly introduced for details see the fundamentawork of Gante and
Wille [8].

The theoly of Formd Concep Analysis is basal on the theoly of complee lattices
An orderad seé L = (L<) is called a lattice if for any two elemens x and y the
supremum xv y and the infimum x Ay always exist L is called a complete
lattice if the supremum V S and the infimum AS exig for any subsé¢ S of L.
Every complee lattice has a larges (unit) elemen and a smalle$ (zero element
The elemens a and b are neighbours if a<b and there is no elemen c
fulfillinga<c <b This relation is denotel by a<b The neighbous of the zero
elemens are called the atoms of the latticee A complege lattice in which evely
elemen isthe supremun of atomns is called an atomistic lattice.

One of the basic notions of forma concep analyss is the term of formal context A
formal context K=(G,M,I) consiss of two sets G and M and a relation | betwee
them. The elemens of G are called the object and the elemens of Mare called the
attributes of the contex (thes traditiond notatiors come from the Germar words
Gegenstand and Merkmal). The binaty relation /¢ G xM is defined as follows:
(g.,m)El if and only if the objed ge G has the attribue m e MA smal contex can
be representd by a cross table

Obserwe that a machine-patr incidene matrix can be considere as an analogows
structue to the forma context A given machine-par grouping problem
correspond to the forma contex (G,M,l) where G is the s& of machines M
contairs the parts and | is determinel by the incidene matrix with the following
relation (g,m)e | if the part m visits the machine g (Table 1).

For a s& AcG we define the s&¢ of the commm attributes for the objecs
belongigtoA: A'- {me M |(g,w)e/, Vg e A}. Corresponding} for a s& ficw
we define the se& of the objecs possessig all the attributes in B:
B'={geG\{g,m)el, VmeB).

Let AcG be ase of objecsand B ci M be a sé of attributes The pair C=(A,B)
is called aformal concept of the contex (G,M,I) if the conditiors A' =B and B'=A
hold true. In this case A is called the extent and B is called the intent of the concep
C with the notation A =Ext(C) and B=Int(C). For exampk ({1,4,5,10}, {a,b,c,0,p)
isaconcep of the contex K representd in Table 1
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Table 1. A machine-parincidene matrix with 11 machine and 22 parts It correspond to
the formd contex K= (G,M, 1), where G contairs 11 objects M contairs 22 attributes and /
is determinel by the 1-sin the table

K P a r t s
abcdef ghij k1lmnO0 rrst uwv
1 111 1 11 111
2 1 1 11 1
Vi3 1 11 1
0 4 11 1 1 11 1 11
s 5 111 1 11 111
6 1 1 1
s 7 11 1 1 11
UI8 1 11 1 11 1 11
9 1 1 1 11
]
10 1 11 11 11 11 1
£11 1 11 11

Denote by L(G,M,l) the sa of all conceps of the contex (G,M,l)and introduce a
partid orde betwee the elemens of it: (Ax,5,) < (A2,By) if and only if A ¢ A

(then B, C 5, also holds true). It can be verified that the lattice (L(G,MJ), is a
complee lattice and it is called the concept lattice of the contex (G,M,1)s The
lattice L(G,M,l) can be representéd by a Hase diagram using the notion of
neighbourhood The elemens of the lattice are depictal by circles in the plane If x
and y are conceps with x<y, the circle correspondig to x and the circle
representig y are joined by a line segment >From sudc a diagran the order
relation can be read off as follows: x <y if and only if the circle representigy can
be reache& by an ascendig path from the circle representig x. The diagran of the
concep lattice originating from the contex K is presentd in Fig. 1. The concep
¢, = {G,0} represend the unit elemen of the concep lattice, its extert is equd to
the full se of the objects while the zero elemen is ¢ = {0,A/}.
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Figure 1. The concep lattice of the context K

A classification system S of the concep lattice L(G,M,1) can be defined as a system
of conceps where the extent of the conceps$ give a partition of the objed sa& G.
Formulating this definition we obtain

s ={(4,2?,) 1€/ }
wher (4. B) e Lie, M,), G=LU,, AV[A= 0 if 1* j.

For exampk the conceps ({2,3,6,8},{e,l,s}), ({l.4,5,10},{a,b,c,0,p}), ({7,9,11},
{d,i,q,r}) form aclassification system of the concep lattice in Fig. 1.

The sé of all classificatimm systens of L(G,M,I) is denota by CIs(L). We define an
ordering relation betweea classification systems 5, <& if the partition induce
by 5, refines the partition induced by S. It can be proved that the pair (Cls(L), <)
is a complee lattice which is called the classification lattice of L(G,M,l)- The O-
elemen of CIs{L) isdenotal by §, thais § - a{S: S e

If the initial contex consist of too mary objects and attributes we obtain a large
sized conceqt lattice and it is not simple to seled¢ those conceps from it that form a
classificaticm system In this cas using the resuls of Radeleczk [14] we can
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determire the classificatiom systens by mears of a box lattice, which is a simpler
structure than the origina concep lattice.

The 0-elemen of L(G,M,l) and any elemens of a classificatim systen are called
box elements of L(G,M,l). The s& of the box elemens are denotel briefly by B(L).
Restrictirg the partid order given on L(G,M,l) to the s& B(L) we obtain a lattice
again the box lattice of L(G,M,l)- It can be verified that (B(L), <) is an atomistic
complee lattice, and its atoms are the elemens of the finest classification system
S. The box lattice originating from contex K is shown in Fig 2.

The determinatim of the classificatiom systens is carried out by mears of box
lattices in the following steps (more detailed discussim can be found in [11]).

a) Having starta from the given contex we determire the atoms of the box
lattice.

b) We generaé the further box elemens using the observatim that in a box
lattice evely elemen isasupremum of atoms

c¢) Choosig the maximd disjoint systens of the box lattice we get the
requirad classificatiom systens (a maximd disjoint systen cannd be
extende by further box elemens$ saving the propery that the intersectio
of any two elemens isthe zero element)

Note that the determinatiam of the classification systens gives a bass for formation
of machire cells. The elemens of a machire cell are usualy characterizd by the
common parts processd by them This means using the notion of formal concep
analysis that G"=G, for evey iel, where the ses G, give a partition of the
machire se¢ G. In this ca® evely block G, isthe extert of some concep of the
concep lattice L{G,M,l), because the pairs (G,, G,') satisfy the equatiors defining
a concept In other words the formation of machire cells can be solved by finding
the suitabk classification systens of L(G,M,I).

Following the steps describel abow we have determine all of the classificatim
systens of the concep lattice representd in Fig. 1. After applying step a) the
following 7 atoms are obtaina (the conceps are identified by their extents)

a,= {1,4}, & = {5}, az= {2,6}, 4= {3,8}, a5 = {7,9}, &&= {10}, a; = {11}
The further box elemens were determinel by step b):

d,

{1,4,5,10}, d, = {7,9,11}, ds = {2,3,6,8,10}, da ={5,10}, ds ={2,6,10},

dé = {1,4,10}, d; = {2,3,6,8}, ds ={1,4,5}.



Figure 2. The box lattice of the context K. Atoms are represente by blad circles the
further box elemens are white. This lattice is much simple than the concep lattice

Using step c) all of the classificatimm systens were generatedIn orde to avod
uninterestiig partitiors two restrictiors are assumed evely machire cel has to
consig of a lead three elemens and the maximum numbe of bottlene& machine
(i.e. machines processig pars from more than one family) is one With the®
constraing four classification systens are formed (Table 2).

Table 2. Machire cells with the box lattice methal

Machire cells Br?]t;g?i?e(k
{7,9,11} {2,3,6,8 {1,4,5,10
{7,9,11} {2,3,6,8,10¢ {1,4,5}
{7,9,11 {2,3,6,8 {1,4,5} {10}

{7,911 {2,3,6,8 {1,4,10} 5) 1



NEW APPROACHES IN SOLVING MACHINE-PAR T GROUPING PROBLEMS 153

The contex in Tablke 1is borrowal from Chengs study [5], where 12 algorithns
for forming machire grous were compared At the erd of the examinatio there
were three method left yielding satisfactoy results The® algorithns are the
following: avera@ linkage clusterig (ALC) basel on similarity coefficiens [15],
ZODIAC algorithm develope by Chandrasekhamaand Rajagopala [4] ard a
brand ard bourd algoritm (B&B) by Kusiak Boe ard Cherg [13]. The resultirg
machire cells are listed in Table 3.

Table 3. The resuls of three machire cell formation method from Chengs comparatie

study

Methaod Machire cells Bottlene&k machins

ALC (7911 {2368 {14510
ZODIAC {7,89,11 {2,36}. {1,4,510
B&B {79113  {2,3.,6 {1,4,5 8} {10}

It can be sea tha the® resuls are vely similar to the decompositios obtainel by
the box lattice method ard our approab offers severa opportunities to form the
machire cells The nex step in improving the box lattice methal is to solve the
problen of constraints namey how to build reasonald restrictiors into the
algorithm in orde nat to determire uninterestig classificatiom systems
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