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Abstract

In this paper we study the multi-product lot streaming problem in a permutation flow shop.
The problem involves splitting given order quantities of different products into sublots and
determining their optimal sequence. Each sublot has to be processed successively on all
machines. The sublots of the particular products are allowed to intermingle, that is sublots of
different jobs may be interleaved. A mixed integer programming formulation is presented
which enables us to find optimal sublot sizes as well as the optimal sequence simultaneously.
With this formulation small and medium sized instances can be solved in a reasonable time.
The model is further extended to deal with different settings and objectives. As no lot
streaming instances are available in the literature, LSGen, a problem generator is presented,
facilitating valid and reproducible instances. First results about average benefit of lot
streaming with multiple products are presented, which are based on a computational study
with 160 small and medium sized instances.
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1. Introduction and literature review

The term "lot streaming" denotes techniques of splitting given jobs, each consisting of

identical items, into sublots to allow their overlapping processing on successive machines in a

multi-stage production system. While traditional scheduling problems assume that jobs or

lotsizes are fixed, lot streaming problems can be considered as sequencing problems with the

characteristic that the magnitude of each sublot is a decision variable. In line with Allahverdi

et al. (1999), these techniques are part of job floor control, where the master production

schedule has to be realized. Lot or batch sizes are specified by the production planning and

control system, but regularly these targets turn out to be unfeasible during execution. One

option to dealing with this problem is the application of lot streaming procedures, i.e. items

are rearranged and allocated in sublots. If these sublots are produced in an overlapping

fashion, remarkable reduction of makespan and improved timeliness are within reach

(Kalir/Sarin, 2000). Due to its high relevance, Lee et al. (1997) classify lot streaming as one of

the current trends in deterministic scheduling. They point out the necessity to extend classical

algorithms to models which are more closely related to real world problems.

The first formal results on lot streaming are obtained by dealing with the one-product-case in a

flow shop with two and three stages (Potts/Baker, 1989). In the concluding part of their paper

Potts/Baker address the problem of lot streaming with two products on two stages. They give

a small example to show that sequential decisions –first sequencing the jobs without lot

streaming and afterward applying lot streaming individually to each job– may lead to

suboptimal schedules. However, Potts/Baker (1989) did not present a general solution

procedure for streaming with multiple products, as well as the vast majority of research in lot

streaming has been concerned with the one-product-case only. A comprehensive and excellent

review of well solved variants in lot streaming is given by Trietsch/Baker (1993) – for more

recent literature reviews see Biskup/Feldmann (2005), Chang/Chiu (2005) and Feldmann

(2005).

Generally, the goal in lot streaming is to determine the number of sublots for each product, the

size of each sublot and the sequence for processing the sublots so that a given objective is

optimized (Zhang et al., 2005). As the general problem remains unsolved, research typically

tackles less general versions of the general lot streaming problem. The following terms

summarize different directions of lot streaming research, see Potts/Van Wassenhove (1992),

Trietsch/Baker (1993), Kalir/Sarin (2001) and Zhang et al. (2005):
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• Single product / multiple products: Either a single product or multiple products are

considered.

• Fix / equal / consistent / variable sublots: Fix sublots means that all sublots for all

products consist of the identical number of items on all stages. Equal sublots means

that sublot sizes are fix for each product. The differentiation between fix and equal

sublots is only necessary for multiple products. A sublot is called consistent if it does

not alter its size over the stages of processing. For variable sublots no restrictions are

given.

• Non-idling / intermitted idling: For non-idling the sublots on a particular stage have

to be processed directly one after the other. For intermitted idling on the other hand,

idle times between sublots may occur.

• No-wait / wait schedules: In no-wait schedules, each sublot has to be transferred to

and processed on the next stage immediately after it has been finished on the preceding

stage. In a wait schedule, a sublot may wait for processing between consecutive stages.

• Attached setups / detached setups / no setups: If attached setups are required the

setup can not start until the sublot is available at the particular stage. In a detached

setup the setup is independent from the availability of the sublot. And sometimes setup

times are neglected or do not occur.

• Discrete / continuous sublots: For discrete sublots, the number of items of a sublot

has to be an integer. For continuous sublots no such restriction exists.

• Intermingling / non-intermingling sublots: If in a multi-product setting inter-

mingling sublots are allowed, the sequence of sublots of product j may be interrupted

by sublots of produkt k. For non-intermingling sublots no interruption in the sequence

of sublots of a product is allowed, which is obviously always given in one-product

settings and can be forced in multi-product settings.
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In the following, we survey research on multi-product lot streaming problems and focus on

flow shop environments, and consider consistent or variable sublots results in a magnitude of

related problems. Figure 1 highlights interdependencies in flow shop lot streaming research.

Figure 1: Hierarchy of flow shop lot streaming problems

The general problem –which has not been addressed so far– has no limitations: sublots may

intermingle and vary their size and sequence over the stages. This problem is depicted by the

outer box in Figure 1.

Sublots might be restricted to be consistent. Potts/Baker (1989) prove that independent from

the number of products, streaming with consistent sublots does not exclude minimal

makespan solutions in two- or three-stage settings. Additionally they show by example that

variable sublots can be advantageous in multi-stage settings. A formal approach to solve this

problem was recently given by Biskup/Feldmann (2005). They restrict their research to deal

with the one-product-case and find that variable sublots should be particularly used if

significant setups have to be regarded. In other settings, switching to variable sublots shows

little effect, thus consistent sublots are recommendable due to their ease of implementation

and tracing. Nevertheless, we have to conjecture that in some instances streaming with

variable sublots in multi-product, multi-stage settings can be advantageous.

In a permutation flow shop, some well known results from flow shop scheduling (without

streaming) can be applied: For two- and three-stages, flow shop problems with an arbitrary

number of jobs can be solved to optimality, if only permutation schedules are considered

(Conway et al. 1967). This property directly holds for lot streaming problems, even if the

consistent sublots

permutation flow-shop

non-intermingling

no-wait

equal or fixed sublots

general problem, i.e. variable and intermingling sublots
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number of sublots varies over the products. Nevertheless, restricting a lot streaming problem

to yield permutation schedules, can exclude optimal solutions, if more than three stages are

given.

The non-intermingling requirement might be fulfilled in permutation flow shops or for

consistent sublots, but both are not a necessary condition for non-intermingling. For that

reason non-intermingling is neither a subset of permutation flow shops nor of consistent

sublots.

If no-wait is a requirement, feasibility requires consistent sublots (Hall et al., 2003, p. 340).

Additionally –as sublots may not change their sequence over the stages– feasibility of no-wait

schedules enforces permutation schedules (Hall et al., 2003). Therefore, no-wait lot streaming

schedules are a subset of both permutation and consistent sublot lot streaming schedules. This

does not hold vice versa, see Figure 2. If no-wait schedules and non-intermingling consistent

sublots are jointly required, the problem is to find the optimal product sequence for a vector of

sublot sizes for each product, which can be formulated as a generalized TSP (compare e.g.

Hall. et al. 2003, p. 344).

Sublot sizes can be further restricted to equal or fix sublot sizes (Kalir/Sarin 2001,

Kalir/Sarin 2003). In both cases their schedules are a subset of schedules with consistent

sublots.

Vickson/Alfredsson (1992) consider multiple products on two and three stages with unit-sized

sublots, i.e. every item has to be transferred separately. If setup and transfer times are

negligible and regular measures of performance are used, unit-sized sublots are proved to be

optimal. Moreover, but restricted to the two-stage setting, it can be shown that optimal

schedules exist with non-intermingling sublots, but if the number of stages increases, optimal

solutions may require intermingling sublots (Vickson/Alfredsson, 1992, p. 1564). Vickson

(1995) considers non-intermingling sublots on two stages and investigates the question of how

to solve lot streaming problems with job or sublot detached setups and attached setups for

discrete and consistent sublots, respectively. He presents some close form solutions for

continuous sublots and a fast polynominally bounded search algorithm for discrete sublots.

Baker (1995) continues the analytic work of Vickson/Alfredsson (1992) by incorporating

sublot-attached setup times into the model. He exploits some theoretical results of scheduling

with time lags, but his findings strongly rely on the fact that in two-stage settings, permutation

schedules are known to be optimal. For more than two stages, optimality is no longer

guaranteed.
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Lot streaming with multiple products and fix sublot sizes, is intensively discussed by Kalir

(1999). In case of continuous and fix sublots, closed forms can be given for the optimal

number of sublots and sublots-sizes, respectively. Kalir/Sarin (2001) present the BMI

heuristic to sequence fix sublots in multi-stage flow shops, if sublots are not allowed to

intermingle. This heuristic constructs a schedule which attempts to minimize idle time on the

bottleneck machine. Kalir/Sarin (2003) deal with sublot-attached setups, while equal and non-

intermingling sublots are assumed. They present a solution procedure which find optimal

solutions if one product is streamed on two stages. They further propose procedures to gain

near optimal solutions with equal, non-intermingling sublots for multiple products on two

stages by applying Johnson’s rule (Johnson, 1954). Moreover, they discuss an extension of

their approach to the multi stage setting, modifying the BMI heuristic.

Lee et al. (1993) minimize makespan in a multi-stage lotsizing and scheduling problem with

significant and sequence depending setup times. The total lot size of each product is assumed

to be given and items are allowed to be produced in an overlapping fashion – so their problem

is equivalent to lot streaming with consistent and intermingling sublots in a permutation flow

shop. They develop a genetic algorithm and focus their research on the effect of an evolving

chromosome structure, where building blocks are directly interpreted as lot-sizes: In the

beginning, a randomly generated sequence of fix and minimal lot sizes (e.g. 5 items per

sublot) for all products is given. During the search, positions of sublots are interchanged and

consecutive sublots of the same product are aggregated if and only if this aggregation is

advantageous. As re-splitting of aggregated sublots is not modelled, sublot sizes are only

allowed to increase. Nevertheless, sequencing and lot sizing are decided simultaneously,

sublots are allowed to intermingle and finally the number of sublots for every product is

adjusted by the genetic algorithm. However, sublot sizes are restricted to be multiples of the

given minimal fix sublot size and the approach does not guarantee to find optimal solutions.

Kumar et al. (2000) consider the multi-product multi-stage no-wait flow shop with non-

intermingling discrete sublots. Their solution procedure consists of three-steps: First optimal

consistent and continuous sublots are calculated separately for every product by linear

programming. Secondly the sublots are rounded, as discrete sublots are required. In the third

step the remaining sequencing problem among the products is reformulated as a TSP and

solved heuristically. The approach of Kumar et al. (2000) generalizes the procedure of

Sriskandarajah/Wagneur (1999), which is restricted to two-stage settings, detached setups and

consistent (continuous as well as discrete) lot sizes. In addition Kumar et al. (2000) present
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two genetic algorithms to solve the sublot size or the product sequencing task. They further

develop some hybrid heuristic approaches (combinations of genetic search, linear

programming and heuristical TSP procedures) and allow the number of sublots to be adjusted

during the search. Hall et al. (2003) study the problem of Sriskandarajah/Wagneur (1999) with

attached setups and develop an efficient heuristic to solve the multi-stage no-wait lot

streaming problem with multiple products, if consistent non-intermingling but integer sublot

sizes are assumed.

Only few studies on production environments other then flow shops are available:

- Zhang et al. (2005) deal with lot streaming in m-1 hybrid flow shops to minimize mean

completion time. On the first stage m identical and parallel machines are given, while the

following stages are arranged like a traditional flow shop. In their study only two stages

are investigated: two parallel machines are given on the first stage and one machine on the

second stage. Each sublot requires a setup. Similar to the paper of Kumar et al. (2000) the

number of sublots is a decision variable and sublot sizes are restricted to be larger than a

fixed minimal sublot size. They present two heuristical approaches and a MIP model, but

again sublots are not allowed to intermingle.

- Lot streaming in job shop environments is dealt with by Dauzère-Pérès/Lasserre (1997).

They propose an iterative procedure, where first lot streaming with consistent sublots is

executed and in a second step the scheduling decisions are regarded. As job shop

scheduling is NP-hard, Dauzère-Pérès/Lasserre apply the shifting bottleneck heuristic

(Adams et al., 1988).

- Lot streaming in open shops was first considered by ����Benli (1999). They present some

results for scheduling a single job in multi-stage open shops, considering single or

multiple routing for each sublot. Furthermore they focus on the multiple-job lot streaming

problem with two stages and show that lot streaming will only improve makespan if there

is a job with large processing times. Close form solutions are given to calculate optimal

sublot sizes and their sequences. Hall et al. (2005) study the problem of minimizing

makespan in no-wait two-machine open shops with consistent and non-intermingling

sublots by modifying the procedures given in Hall et al. (2003). As the problem

additionally requires a machine sequence for each product, the study is restricted to two

stage settings. A dynamic programming algorithm is used to generate all dominant

schedule profiles for each product. These profiles are required to formulate the open shop
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problem as a generalized traveling salesman problem. A computationally efficient

heuristic is presented and it is shown that good solutions can quickly be found for two

machine open shops with up to 50 products.

Recapitulating the solution status of lot streaming problems, one important aspect – already

highlighted by Potts/Baker (1989) – is still open. It is the question of how to find optimal

solutions in a multi-stage multi-product flow shop if sublots are allowed to intermingle. In

line with the studies mentioned above, we consider a permutation flow shop to let the

sequencing decision only occur once, and restrict sublot sizes to consistent sublots. In contrast

to the studies mentioned above, our mixed integer programming formulation simultaneously

determines the lot sizes and the sequence of sublots to guarantee overall optimal solutions. To

the best of our knowledge the complexity status of the lot streaming problem considered in

this paper is still open - but as makespan minimization in permutations flow-shop scheduling

is known to be NP-hard for three and more machines (Garey, et al. 1976), the problem under

study is most probably NP hard (Trietsch/Baker, 1993, Sriskandarajah/Wagneur, 1999), too.

The remainder of the paper is organized as follows: In the next section we introduce a model

formulation for the multi-stage multi-product flow shop problem with sublots that are allowed

to intermingle. This model formulation is afterwards extended to some settings that seem to

be very interesting from a practical point of view. In the third section we discuss the benefits

of lot streaming by introducing a problem generator and solving 1,760 problems to optimality.

The paper concludes with some final remarks in section four.
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2. Model Formulation and Extensions

Let:

S := number of sublots

s,t := indices for the sublots, s, t = 1, …, S

M := number of machines

m := index for the machines, m = 1, …, M

J := number of products

j,k := indices for the products, j, k = 1, ..., J

rjm := processing time for one unit of product j on machine m

ujs := number of units produced in sublot s of product j

pjsm := processing time of sublot s of product j on machine m

Lj := number of identical items of product j to be produced

R := sufficiently large number

bjsm := starting time of the sublot s of product j on machine m

xjskt := binary variable, which takes the value 1 if sublot s of product j is sequenced

prior to sublot t of product k, 0 otherwise

The multi-stage multi-product flow shop problem with sublots that are allowed to intermingle

can now be formulated. With the following model formulation, generally speaking, the two

inherent goals of the problem, namely determining the sequence among the sublots and the

size of the individual sublots, are solved simultaneously:

Minimize Z

subject to

(1)
�

�

�� �
�

� �
�

�� j = 1, ..., J

(2) pjsm = ujs rjm j = 1, ..., J; s = 1, ..., S; m = 1, ..., M

(3.1) �� �
��� ��� ��� ����
� � � � �� � � � j, k = 1, ..., J; � �� ; s, t = 1, ..., S; m = 1, ..., M

(3.2)
������ ��� ����

� � � � �� � � j, k = 1, ..., J; � �� ; s, t = 1, ..., S; m = 1, ..., M

(4)
� � � ���� �� � �� �

� � �
� �

� � j = 1, ..., J; s = 1, ..., S; m = 2, ..., M

(5)
�� ����� �� � �� �

� � �
� �

� � j = 1, ..., J; s = 2, ..., S; m = 1, ..., M

(6)
� ���� � ����

� �
�

� j, k = 1, ..., J, � �� ; s = 1, ..., S; t = 1, ..., S-1
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(7)
��� ���

	 � �� � j = 1, ..., J

(8) � 	���
����

� 
 j, k = 1, ..., J, � �� ; s, t = 1, ..., S

(9) � �
�� ���

� � � j = 1, ... J, s = 1, ..., S, m = 1, ..., M

Restrictions (1) ensure that in sum Lj items are processed of product j. With (2) the processing

times of the sublots are calculated. Restrictions (3.1) and (3.2) determine the sequence of

sublots. As a permutation flow shop is regarded, no machine index is needed for x. (3.1) is

binding, if (and only if) xjskt takes the value 1. In this case sublot s of product j is scheduled

prior to sublot t of product k on machine m and the processing of sublot t of product k is

forced to start after sublot s of product j has been finished. If, on the other hand, xjskt takes the

value zero, (3.1) are not binding, as R is added on the right hand side. The disjunctive

counterpart is reflected by restrictions (3.2). These restrictions are only binding, if xjskt takes

the value 0. The restrictions (4) and (5) assure that the sublots of the same product do not

overlap: With restrictions (4) sublot s on machine m is not allowed to start before sublot s on

machine m - 1 has been finished. Restrictions (5) prevent that two sublots, s and s – 1, are

processed simultaneously on one machine. From a computational point of view, is it

advantageous to decrease the number of possible permutations of the binary variables. As

stated in (6), an inherent structure among the variables xjskt is known: If sublot s of product j is

scheduled prior to sublot t of product k, sublot s must also be scheduled prior to sublot t + 1, t

+ 2, ..., S of product k. With the restrictions (6) the number of iterations (LINGO 7.0 is used)

could be reduced to approx. 60% compared to the model without them. In (7) the completion

time of the last sublot S on the last machine M are used to define the makespan Z. Discrete

sublots can generated by non negative integer requirements for ujs, j = 1, …, J, s = 1, …, S in

(9).

From the perspective of intermingling especially the following settings seem to be of interest:

All sublots of one (or more) of the J products are produced one after the other and are not

allowed to intermingle with the other products. This setting might be advantageous if the set-

up costs for one or more products are high. Let us assume product three is not allowed to

intermingle (and J = 3, S = 3). A possible sequence on the machines might be: (1_1, 1_2, 2_1,

1_3, 3_1, 3_2, 3_3, 2_2, 2_3). The first number indicates the product, the second number the

sublot. To formulate a situation like this we can use the restrictions (3.1) and (3.2) of the

above model formulation for all products j and k that are allowed to intermingle. We assume
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that Ji contains all products that are allowed to intermingle and the subset Jn containing the

products that are not allowed to intermingle, i.e. J ={Ji, Jn}:

(3.1) �� �
��� ��� ��� ����
� � � � �� � � �

j, k ∈Ji; � �� ; s, t = 1, ..., S; m = 1, ..., M

(3.2)
������ ��� ����

� � � � �� � �

j, k ∈Ji; � ��  s, t = 1, ..., S; m = 1, ..., M

For the products l ∈ Jn we make use of the following binary variables:

xjsl := binary variable, which takes the value 1 if sublot s of product j ∈ Ji is

sequenced prior to product l ∈ Jn, 0 otherwise

(3.3)
�

�� �
��� ��� � � ���
� � � � �� � � �

j ∈ Ji; l ∈ Jn; s = 1, ..., S; m = 1, ..., M

(3.4)
������ ��� ���

� � � � �� � �

j ∈ Ji; l ∈ Jn; s = 1, ..., S; m = 1, ..., M

Furthermore the definition of the binary variables in (9) has to be adjusted. All other

restrictions of the above model formulation apply for both intermingling and non-

intermingling products. Another “quick and dirty” approach for this setting was to use the

model formulation (1) to (9) and equate the binary variables for the sublots of the product(s)

that is (are) not allowed to intermingle. For the above example this would be xjs31 = xjs32 =

xjs33, j = 1, 2 and s = 1, 2, 3.

A model without intermingling would only make use of the restrictions (3.3) and (3.4). In this

case the sequencing part of the problem reduces to finding a sequence among the products

(instead of among the sublots).

From a practical point of view a second interesting setting is as follows: The overall number

of sublots is given but not the number of sublots per product. For example it might, from an

logistical perspective, be advantageous to have at most 8 sublots (among J = 3 products). Now

the task is to find the optimal number of sublots per product, the optimal sequence among the

sublots and the optimal size of the sublots. To formulate a setting like this we make use of

position related binary variables.
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Let

P := overall number of sublots allowed, p = 1, …, P

xpj := binary variable which takes the value 1 if at the p-th position product j is

produced, 0 otherwise

upj := number of units produced of product j in position p

ppjm := processing time of product j in position p on machine m

bpm := starting time of the product in position p on machine m

The model formulation is as follows:

Minimize Z

subject to

(1’)
�

�

�� �
�

� �
�

�� j = 1, ..., J

(2’) ppjm = upj rjm p = 1, …, P; j = 1, ..., J; m = 1, ..., M

(3’)
�

�
�

��
�

�
�

�� p = 1, …, P

(4’) pjm pjp x R≤ p = 1, …, P; j = 1, ..., J; m = 1, ..., M

(5’) 1,
1

J

pm pjm p m
j

b p b +
=

+ ≤∑  p = 1, …, P - 1; j = 1, ..., J; m = 1, ..., M

(6’) , 1
1

J

pm pjm p m
j

b p b +
=

+ ≤∑ p = 1, …, P; j = 1, ..., J; m = 1, ..., M - 1

(7’)
�

�

�� ���
�

	 � �
�

� �� j = 1, ..., J

(8’) � 	���
��

� 
 p = 1, …, P; j = 1, ..., J

(9’) � �����
� � � p = 1, …, P; j = 1, ... J; m = 1, ..., M

The restriction (3’) allow exactly one product being produced at each of the P positions. This

of course means that a positive production time may only occur if the particular binary

variable takes the value 1 (4’). All other restrictions are obvious and similar to the model

formulation (1) to (9).

The multi-stage multi-product flow shop problem with sublots that are allowed to intermingle

can easily be formulated with position related binary variables as well. At first glance the

model formulation (1’) to (9’) seems to be very compact and easy to solve and the model
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formulation with sequence dependent binary variables (1) to (9) looks more complex.

However, it turned out to be far easier to solve (1) to (9) than (1’) to (9’). To demonstrate this

attribute of the two models, the number of sublots used for every product is restricted by (10’),

so both models become comparable.

(10’)
1

P

pj
p

P
x

J=

=∑ j = 1, ..., J

In Table 1 the number of branch and bound iterations for both models are given. We solved

lot streaming instances with 2, 3 and 4 products. The notation (taken from our problem

generator introduced in the following section) indicates the number of products, number of

stages and number of instance. For example in instance 2_5_1 two products are streamed over

five stages, while instance number 1 is investigated.

instance
sublots per

product
model (1) to (9) model (1’) to (10’) %

2_5_1 7 190,450 330,637 173.6

2_5_2 7 155,086 233,450 150.5

2_5_3 7 168,308 320,189 190.2

3_5_1 4 3,229,003 3,990,200 123.6

3_5_2 4 2,133,996 4,066,437 190.6

3_5_3 4 3,714,000 4,122,178 111.0

4_4_1 3 8,918,934 14,807,426 166.0

4_4_2 3 17,678,258 28,017,556 158.5

4_4_3 3 5,318,975 14,550,500 273.6
Table 1: Comparison of the computational effort of the two models

Considering the instances given in Table 1, the model with position related binary variables

(1’) to (10’) needs on average significantly more iterations than the model with sequence

related binary variables. We decided not to analyze the difference between the two models

further, but to present the formulation (1) to (9) for the multi-stage multi-product flow shop

problem with sublots that are allowed to intermingle. If only an overall number of sublots is

given, sequence dependent binary variables cannot be applied with reasonable effort.

Therefore we decided to present the model formulation (1’) to (9’) making use of position

related binary variables for this extension. This model formulation furthermore has the

advantage that no-wait an no-idling schedules can be required by formulating (5’) or (6’) as

equations, respectively.
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3. Benefit of lot streaming and computational experiments

Studies to evaluate the potential benefit of lot streaming are rare. To the best of our

knowledge just two papers tackle this issue:

• Baker/Jia (1993) present a comparative study of over 6,000 test-problems to evaluate the

effect of lot streaming in a three stage one-product setting, if non-idling is assumed or

consistent sublots or equal sublots and non-idling are given. They found diminishing

improvements in makespan reduction for an increasing number of sublots. For every

solution procedure, more than half of the potential makespan reduction from ten sublots is

obtained with just two sublots, while 80% of the benefit of ten sublots is already obtained

with three sublots (Baker/Jia, 1993, p. 565).

• Kalir/Sarin (2000) present some approximation forms for the evaluation of the potential

consequences, if one or multiple products are streamed in a flow shop. If equal sublot

sizes are assumed, it becomes possible to gain upper-bounds for makespan, mean flow

time and work-in process in the single product case. Regarding multiple products, the

problem is approachable only, if an identical, i.e. product-unspecific, bottleneck machine

exists and non-intermingling and unit sized sublots are used. Solely for this limited setting

approximative upper-bounds on the benefit of lot streaming are derived.

We are not aware of any results on the benefit of lot streaming with multiple products in a

multi-stage setting for consistent sublots. Moreover, no reproducible instances exist in the

literature. Along with our computational results we decided to develop a problem generator –

called LSGen– to make our computational results reproducible. Furthermore the possibility to

replicate benchmark instances may serve as a base for future research on “larger” problems.

LSGen can easily be downloaded via the following link: http://www.wiwi.uni-

bielefeld.de/%7Ekistner/mitarbeiter/feldmann/lsgen.exe 1. Within LSGen it is just necessary to

appoint the number of products J, the number of stages M and the number of the instance N,

to receive the reproducible instance J_M_N. LSGen calculates rjm and Lj, as uniformly

distributed integers within the following ranges: rjm = {1, ..., 12}; Lj = {10, ..., 40}.

Additionally a J×J matrix with cjk = {0, ..., 30} is given, if sequence dependent setup times

are applied. The pseudo-random numbers used in LSGen are initialized with a seed, calculated

as a function in S, M, N to assure that all instances are calculated independent to other

instances and that bigger and smaller instances do not systematically share common

                                                          
1 We will gladly distribute LSGen or the collection of instances, used in this paper by mail.
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properties: seed = 3,965,481 + 1,000*J + 100*N + M . In the following the data of instance

3_4_10 (three jobs: J = 3, four stages: M = 4, tenth instance: N = 10) are given:
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In Figure 2 the Gantt Chart of instance 3_4_10 depicting an optimal solution with four

discrete, intermingling and consistent sublots (no setups) is given. The optimal makespan is

Z* = 909.

Figure 2: Optimal solution of instance 3_4_10 with S = 4 intermingling discrete sublots

In this solution the four sublots of job 3 are scheduled first. Then the first sublot of job 2

(named 2_1) follows, but job 2 is intermingled by sublots of job 1. The following sequence

and sublot-sizes are found to be optimal: u31 = 3; u32 = 4; u33 = 6; u34 = 5; u21 = 10; u11 = 7;

u22 = 11; u12 = 9; u23 = 4, u24 = 13; u13 = 9; u14 = 7. The optimal makespan without

intermingling sublots is 1,071, which equates to a disadvantage of 17.8 %.

Overall we generated and solved 160 instances (J = {2, 3}; M = {3, 4,... , 10} N = {1, 2,... ,

10}). The number of sublots S was set to be in the interval {1, 2,... , 7} for J = 2 and S = {1, 2,

..., 4} for those instances with J = 3. Consequently 880 lot-streaming problems were solved.

Additionally all calculations are repeated for the non-intermingle case, so in total 1,760

optimal schedules form the basis for the statistical evaluation. For these settings solutions with

and without intermingling can be found within a second and up to 45 minutes applying

LINGO 7.0 on a standard PC (Pentium 4, 1.8 GHz, Windows 2000). In the following we

survey average results. The details are given in the Appendix 2.
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First, we investigate whether an increase in S will show a slope that corresponds to the

findings given by Baker/Jia (1993) and whether the problem size will show any effect on the

benefit of lot streaming. In Figure 3 the averaged marginal benefit of additional sublots is

shown. The marginal benefit mbS is calculated by: mbS = (ZS – ZS+1) / ZS where ZS denotes the

optimal makespan for lot streaming with S consistent sublots. Hence, mbS denotes the

percentage reduction of ZS if one additional sublot (ZS+1) is allowed. All data of Figure 3 are

averaged over 10 instances. For example, among the first ten benchmark problems with J = 2

and 6 stages, i.e. 2_6_1, 2_6_2, …, 2_6_10, allowing two sublots, reduces the makespan by

34.69% compared to the situation without sublots (i.e. one production lot). Allowing three

sublots reduces the makespan by an additional 17.21% compared to the situation with two

sublots.

Figure 3: Marginal benefit of lot streaming with consistent intermingling sublots and J = 2, M

= {3,..., 10}, S = {1,.., 7}

The benefit of lot streaming in multi-stage settings increases not only with the number of

sublots but also with a growing number of stages, see Figure 3. This pattern holds across all

numbers of sublots, i.e. the effect of the 4th additional sublot in an eight stage setting is on

average higher than the effect of the 4th sublot in a three stage setting. This finding gives

important advice to production managers if they have to decide which of the production lines
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should be accelerated by lot streaming. Considering 10 stage settings, streaming of two

products in two sublots reduces makespan compared to the situation without lot streaming by

39% on average while in three stage settings an improvement of only 28% can be realized.

The results for lot streaming with three products show the same pattern, thus we decided to

omit them.

The averaged total benefit of lot streaming is given in Table 2. The total benefit tbS is

calculated by: tbS = (Z1 – ZS) / Z1. Again, all data of Table 2 are averaged over 10 instances.

For example: among our benchmark problems with J = 2 and 6 stages allowing 5 sublots,

reduces the makespan to 54.76% compared to the situation if lot streaming is not applied.

         Sublots

Stages

2 3 4 5 6 7

3 25.44% 33.33% 36.77% 38.44% 39.37% 39.94%

4 29.38% 38.88% 43.42% 46.05% 47.71% 48.78%

5 33.19% 43.75% 48.57% 51.27% 53.30% 54.50%

6 34.69% 45.93% 51.48% 54.76% 56.89% 58.38%

7 35.57% 47.24% 53.11% 56.59% 58.82% 60.36%

8 36.52% 49.03% 55.18% 58.79% 61.18% 62.83%

9 38.81% 51.61% 57.92% 61.62% 64.05% 65.75%

10 39.04% 52.13% 58.60% 62.46% 65.01% 66.85%
Table 2: Total benefit of lot streaming with consistent intermingling sublots and J = 2, M =

{3,..., 10}, S = {2,..., 7}

If the situation of multi product lot streaming with versus without intermingling sublots is

considered, we found the following averaged percentage results (over 100 benchmark

instances):

S 2 3 4 5 6 7

Mean 1.39 2.49 3.37 4.05 4.60 5.01

2.51 3.57 4.71 5.71 6.39 6.97

Range: Min 0.00 0.00 0.00 0.00 0.00 0.00

Max 10.22 15.59 21.65 27.39 31.61 34.92
Table 3: Comparison of intermingling versus non-intermingling sublots and J = 2, M = (3,...,
10), S = (2,..., 7)

On average, over 100 benchmark instances of lot streaming with intermingling is 5.01% better

than lot streaming without intermingling, if seven sublots are allowed for each product. The
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standard deviation, �� ���	
��
�������������
���������������������������������������maximal

deviation is 34.92%. This means that for at least one of the benchmark instances identical

optimal schedules for lot streaming with and without intermingling exist. On the other hand

there is a benchmark instance (2_6_4) where lot streaming with intermingling sublots gives an

advantage of 34.92% over lot streaming without intermingling; the optimal makespan with

and without intermingling is 435.74 and 587.93, respectively. Again the results for J = 3 are

omitted here, as they show a similar pattern. The maximum deviation was found to increase

with an increasing number of sublots, which is independent on the number of stages. As the

mean deviation seems to be quite small, the application of non-intermingling sublots is a good

recommendation for many instances, especially if setups have to be considered. Nevertheless,

approaches to calculate solutions with intermingling sublots are valuable, as in some settings

they may offer remarkable improvements; up to 34.92% for our benchmark instances.

4 Summary

Chang/Chiu (2005, p. 1532) recommend to tackle multiple product lot streaming problems not

by hierarchical approaches but by simultaneous solution procedures. We have been able to

present a model formulation to simultaneously solve the multi-stage multi-product flow shop

problem with sublots that are allowed to intermingle by standard optimization software. The

applicability of the model formulation is due to the alleged complexity status of the problem

and the subsequent use of binary variables somehow limited. However, we have been able to

solve problems with 2 or 3 products and up to 7 sublots per product to optimality in a

reasonable time. The number of stages hardly influences the effort to solving the problem; for

instance solving a problem with 40 stages and 7 sublots per product takes less than 15

minutes.

From the computational results it became obvious that it is, at least for some instances, very

beneficial to allow the sublots to intermingle in a multi-stage multi-product flow shop

environment. Thus future research might be directed towards the development of meta

heuristical solution approaches to solve larger instances of multiple product lot streaming

problems; the application of meta heuristics for example is recommendable for integer lot

sizes especially.
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Appendix

number of sublots S
instance 1 2 3 4 5 6 7
2_3_1 418 283 255.52 242.05 234.95 231.81 229.92
2_3_2 501 348.53 297.94 273.67 263.59 259.12 256.61
2_3_3 394 298.75 269.64 256.85 250.35 246.81 244.81
2_3_4 468 341.68 305.34 297.62 295.4 294.57 294.24
2_3_5 333 266.45 246.29 238.05 234.49 232.78 231.94
2_3_6 471 364.38 324.48 306.55 295.95 289.05 284.56
2_3_7 709 519.61 451.54 419.17 406.49 398.75 393.76
2_3_8 596 436 383.54 357.95 343.09 333.58 327.11
2_3_9 772 589.83 527.89 498.97 482.41 471.99 465.05
2_3_10 526 416.8 387.77 377.26 373.05 371.29 370.55

2_4_1 1142 828.5 724 670.45 635.55 615.08 604.57
2_4_2 792 541.53 460.01 420.68 398.16 384 374.55
2_4_3 1007 677.83 579.13 534.47 510.04 495.28 485.82
2_4_4 1146 811.31 697.07 640.91 608.43 585.96 570.52
2_4_5 540 402 351.88 331.36 319.64 312.7 308.74
2_4_6 638 446.17 391.66 361.11 344.01 332.67 325.69
2_4_7 1020 684.67 573.83 524.93 495.84 477.62 465.17
2_4_8 333 237 205 189 179.4 173 168.43
2_4_9 1221 897.25 798.07 754.33 732.15 719.96 712.99
2_4_10 974 691.3 603.7 560.06 535.37 519.07 508.06

2_5_1 1020 686.39 591.78 540 507 491.74 479.13
2_5_2 897 586.33 492.63 444.54 417.73 398.2 385.75
2_5_3 793 545.31 462.88 420.73 396.64 381.2 370.56
2_5_4 1476 948.48 756.95 687.25 658.5 639.67 626.39
2_5_5 889 611.33 537.12 512.74 503.76 500.09 498.47
2_5_6 1434 931.06 747.78 660.43 605.57 569.57 544.52
2_5_7 856 586.41 497.59 472.15 453.72 409.87 397.69
2_5_8 1077 705.03 612.65 566.62 539.27 521.11 508.21
2_5_9 1251 847 710.5 642.37 606.06 579.75 563.47
2_5_10 1026 687.95 572.11 512.95 482.14 466.34 456.54

2_6_1 1246 801.68 679.83 617.04 582.82 557.98 542.25
2_6_2 1967 1315.27 1099.47 992.2 929.23 886.52 857.51
2_6_3 1140 785.09 674.08 619.6 589.32 570.87 558.98
2_6_4 1008 682.68 568.23 510.16 475.22 452.69 435.74
2_6_5 1432 922.36 758.26 676.39 629.33 599.85 579.37
2_6_6 838 533.26 434.22 391.35 366.57 352.22 341.74
2_6_7 2257 1472.25 1218.37 1093.24 1019.43 970.43 935.69
2_6_8 1827 1114 876.25 756.02 684.34 636.15 600.47
2_6_9 1219 772.6 624.3 550.51 503.31 473.73 454.17
2_6_10 1406 951.22 804.02 732.54 689.54 662.92 643.32

Table 4: Optimal makespan of 2-job lot streaming instances with intermingling (Part I)
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number of sublots S
instance 1 2 3 4 5 6 7
2_7_1 1458 927.44 790.38 729.27 697.28 680.01 668.9
2_7_2 1291 864.11 712.89 633.43 585.08 552.61 529.35
2_7_3 2508 1626.25 1334.89 1189.2 1100.89 1042.49 1000.96
2_7_4 1994 1244.96 994.43 867.18 791.17 741.24 705.97
2_7_5 1372 923.55 769.69 699.16 659.1 633.66 617.45
2_7_6 1436 923.24 753.01 661.02 609.28 576.68 558.01
2_7_7 619 402.78 331.09 293.18 271.86 257.7 247.27
2_7_8 1653 1049.38 849.96 751.57 693.58 655.77 629.46
2_7_9 1680 1103.74 912.45 815.93 757.1 718.51 691.23
2_7_10 1023 620.59 486.49 419.46 377.11 351.15 333.49

2_8_1 1525 917.5 715 619.12 561.76 523.93 498.87
2_8_2 1879 1168.95 913.51 783 707.7 659.66 624.98
2_8_3 2030 1266.97 1014.18 886.49 810.03 759.5 723.12
2_8_4 783 529.35 441.04 398.94 375.83 361.11 351.51
2_8_5 1158 762.78 623.62 557.7 517.79 491.99 475.19
2_8_6 2900 1792.75 1423.93 1236.24 1127.85 1058.7 1011.56
2_8_7 1400 872 700.57 617.8 569.19 537.16 514.56
2_8_8 2668 1727.48 1389.47 1224.37 1132.64 1069.15 1024.52
2_8_9 2421 1493.82 1170.27 1020.68 930.72 868.53 826.88
2_8_10 1096 722.86 601.3 538.43 499.55 473.15 453.93

2_9_1 1494 878.1 672.85 579 524.52 488.96 463.87
2_9_2 2427 1473.68 1157.67 998.1 907.42 845.73 801.93
2_9_3 1606 982.48 782.99 681.96 618.93 579.41 552.12
2_9_4 1974 1230.42 983.28 850.68 770.87 719.58 683.62
2_9_5 1892 1160.85 918.54 799.6 729.11 683.14 649.69
2_9_6 1363 870.56 705.06 625.26 576.84 545.8 523.33
2_9_7 2488 1467.29 1130.7 974.06 890.17 835.21 796.68
2_9_8 1681 1058.01 830.42 724.01 661.36 620.9 592.93
2_9_9 2507 1580.96 1270.18 1115.74 1023.31 961.15 918.27
2_9_10 2616 1535.25 1227.97 1067.02 974.48 907.92 866.99

2_10_1 1842 1079.37 826.14 700.94 627.52 578.26 543.75
2_10_2 2030 1253.7 994.22 852.9 771.21 718.17 679.92
2_10_3 1672 1022.32 807.64 698.57 632.74 589.28 558.12
2_10_4 2682 1641.01 1260.95 1075.11 968.64 897.58 844.17
2_10_5 1460 906.09 721.8 639.58 592.93 563.23 541.74
2_10_6 2216 1412.04 1119.6 980.59 892.99 835.95 795.11
2_10_7 2396 1460.21 1143.42 985.12 885.88 820.42 772.61
2_10_8 2348 1415.16 1085.75 925.64 827.91 763.47 717.63
2_10_9 1248 740.27 592.1 519.59 476.12 447.16 426.54

2_10_10 1754 1063.24 847.1 737.75 673.17 630.79 600.01
Table 5: Optimal makespan of 2-job lot streaming instances with intermingling (Part II)
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number of sublots S
instance 1 2 3 4
3_3_1 636 540 512.57 501.6
3_3_2 537 454.06 433.29 425.9
3_3_3 1102 782.58 744.65 742.48
3_3_4 769 620.2 573.21 551.52
3_3_5 976 838.22 806.29 797.81
3_3_6 949 838.85 819.71 816.78
3_3_7 713 596 572.73 566.62
3_3_8 1039 875.67 840.78 832.27
3_3_9 640 571.31 561.53 560.25
3_3_10 1202 981.15 920.75 894.74

3_4_1 1213 896.38 808.94 772.79
3_4_2 1210 951.02 879.98 849.04
3_4_3 686 495 470.76 465.31
3_4_4 920 728.61 666.85 639.31
3_4_5 1086 831.49 739.76 693.89
3_4_6 833 622.97 555.54 526.18
3_4_7 1885 1412.63 1271.98 1209.12
3_4_8 1634 1114.38 941.23 854.7
3_4_9 792 611.57 554.81 531.88
3_4_10 1512 1082.37 955.59 901.55

3_5_1 2148 1489.69 1271.7 1158.93
3_5_2 1515 1035.11 886.65 818.14
3_5_3 1744 1190.64 1001.56 910.72
3_5_4 1325 892.27 748.21 675.62
3_5_5 1770 1251.66 1128.19 1073.24
3_5_6 1953 1342.54 1174.18 1114.82
3_5_7 1244 884.53 778.17 727.23
3_5_8 2256 1675.08 1491.59 1412.51
3_5_9 1277 921.67 808.39 753.78
3_5_10 640 449.6 387.63 357.73

3_6_1 1459 974.03 825.72 753.72
3_6_2 1756 1184.41 993.02 915.23
3_6_3 966 716.14 636.67 600.51
3_6_4 1590 1089.87 927.98 843.58
3_6_5 1516 1070.02 925.67 853.74
3_6_6 1346 901.4 763.4 694.81
3_6_7 2003 1308.52 1095.55 989.2
3_6_8 1169 803.38 685.52 625.91
3_6_9 1885 1285.34 1081.89 989.45
3_6_10 1415 983.52 833.81 764.21

Table 6: Optimal makespan of 3-job lot streaming instances with intermingling (Part I)
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number of sublots S
instance 1 2 3 4
3_7_1 1730 1196.96 999.83 899.28
3_7_2 1989 1233.87 993.9 888.42
3_7_3 919 635.77 546.17 505.62
3_7_4 2145 1415.86 1187.77 1077.98
3_7_5 1524 1046.44 888.26 808.77
3_7_6 1029 693.08 582.07 526.29
3_7_7 2222 1419.97 1152.69 1019.09
3_7_8 1792 1364.78 1172.42 1079.66
3_7_9 1130 764.02 642.96 588.16
3_7_10 1518 970.44 810.68 751.17

3_8_1 1962 1190.82 945.43 822.84
3_8_2 2003 1274.17 1027.31 905.64
3_8_3 1670 1031 819.18 713.06
3_8_4 2610 1692.11 1386.23 1240.26
3_8_5 1154 700.6 562.08 497.47
3_8_6 2057 1297.82 1044.9 918.54
3_8_7 2360 1576.63 1311.92 1178.54
3_8_8 2170 1310.77 1106.95 1029.69
3_8_9 2110 1449.55 1243.06 1143.97
3_8_10 1571 1048.5 866.32 784

3_9_1 1363 887.72 725.36 699.06
3_9_2 1184 759.17 614.74 542.68
3_9_3 2239 1465.72 1202.65 1074.49
3_9_4 1602 1013.8 824.98 730.04
3_9_5 2772 1692 1335.23 1165.02
3_9_6 1276 829.98 687.86 620.6
3_9_7 2209 1548.39 1322.92 1201.34
3_9_8 2053 1242.35 991.18 871.11
3_9_9 2161 1317.55 1045.38 908.45
3_9_10 2320 1420.93 1112.43 962.84

3_10_1 3087 1916.54 1570.87 1408.19
3_10_2 1864 1125.92 909.03 796.77
3_10_3 2325 1412.87 1100.29 959.9
3_10_4 2865 1806.4 1457.62 1281.24
3_10_5 2540 1621.28 1306.11 1145.8
3_10_6 3288 1919.44 1460.06 1232.45
3_10_7 2218 1413.33 1141.84 1013.7
3_10_8 2500 1613.81 1314.8 1179.46
3_10_9 1419 830.54 651.45 566.29

3_10_10 2303 1433.23 1142.21 995.99

Table 7: Optimal makespan of 3-job lot streaming instances with intermingling (Part II)



Diskussionspapiere der Fakultät für Wirtschaftswissenschaften seit 1998

377. Dirk Biskup Single-Machine Scheduling with
Learning Considerations
Januar 1998

378. Hermann Jahnke Produktionswirtschaftliche Steuer-
größen, Unicherheit und die Folgen
Januar 1998

379. Willi Semmler/
Malte Sieveking

The Use of Vector Field Analysis for
Studying Debt Dynamics
Januar 1998

380. Dirk Biskup/
Dirk Simons

Game Theoretic Approaches to Cost
Allocation in the Dynamic Total
Tardiness Problem
Januar 1998

381. Eckart Jäger Exchange Rates and Bertrand-
Oligopoly
Januar 1998

382. Michael J. Fallgatter/
Lambert T. Koch

Zur Rezeption des radikalen Kon-
struktivismus in der betriebswirt-
schaftlichen Organisationsforschung
Januar 1998

383. Reinhold Decker/
Ralf Wagner

Log-lineare Modelle in der
Marktforschung
Januar 1998

384. Willi Semmler/
Malte Sieveking

External Debt Dynamics and Debt
Cycles: The Role of the Discount
Rate
Februar 1998

385. Rolf König/
Michael Wosnitza

Zur Problematik der Besteuerung
privater Aktienkursgewinne - Eine
ökonomische Analyse
März 1998

386. Joachim Frohn Zum Nutzen struktureller makro-
ökonometrischer Modelle
April 1998

387. K. R. Schenk-Hoppé/
Björn Schmalfuß

Random Fixed Points in a Stochastic
Solow Growth Model, April 1998

388. Sandra Güth Evolution of Trading Strategies
April 1998

389. Hermann Jahnke Losgrößentheorie und betriebliche
Produktionsplanung
April 1998

390. Ralf-M. Marquardt Geldmengenkonzept für die EZB?
- Ein Mythos als Vorbild
April 1998

391. Anne Chwolka Delegation of Planning Activities
and the Assignment of Decision
Rights
April 1998

392. Thorsten Spitta Schnittstellengestaltung in
modularen Unternehmen
Mai 1998

393. Notburga Ott Zur Konzeption eines Familien-
lastenausgleichs
Mai 1998

394. Röhle, M./
Wagner, U./
Decker, R.

Zur methodengestützten Validierung
stochastischer Kaufverhaltensmodel-
le
Mai 1998

395. Frank Laß Der neue § 50 c Abs. 11 EStG indu-
ziert keine Besteuerung privater Ver-
äußerungsgewinne von Anteilen an
Kapitalgesellschaften
Mai 1998

396. Dirk Simons Optimale Ausübungszeitpunkte für
Optionen aus Aktienoptionspro-
grammen unter Einbeziehung
steuerlicher Liquiditätswirkungen
August 1998

397. Dirk Biskup/
Martin Feldmann

Benchmarks for scheduling on a
single-machine against restrictive
and unrestrictive common due dates
August 1998

398. Anton Stiefenhofer Chaos in Cobweb Models Due to
Price Uncertainty
September 1998

399. Volker Böhm Macroeconomic Dynamics with
Sequencial Trading
September 1998

400. Volker Böhm/
K. R. Schenk-Hoppé

MACRODYN - A User’s Guide
August 1998

401. Thorsten Spitta Data Collection of Development and
Maintenance Effort - Data Model
and Experiences
August 1998

402. Hermann Jahnke/
Anne Chwolka

Preis- und Kapazitätsplanung mit
Hilfe kostenorientierter Entschei-
dungsregeln
September 1998

403. Reinhold Decker/
Thorsten Temme

Einsatzmöglichkeiten der Diskrimi-
nanzanalyse in der Marktforschung
September 1998

404. Thorsten Spitta Grundlagen der Betriebsinformatik
- Ein Versuch dsziplinübergreifender
  Lehre –
Oktober 1998

405. Michael J. Fallgatter Leistungsbeurteilungstheorie und
-praxis: Zur „Rationalität“ der
Ignorierung theoretischer Empfeh-
lungen
Oktober 1998

406. K.R. Schenk-Hoppé Bounds on Sample Paths of
Stochastic Nonlinear Systems - A
Lyapunov Function Approach
Dezember 1998

407. Hans Peter Wolf Ein wiederbelebbares Buch zur
Statistik, Dezember 1998

408. Claudia Bornemeyer/
Thorsten Temme/
Reinhold Decker

Erfolgsfaktorenforschung im
Stadtmerkating unter besonderer
Berücksichtigung multivariater
Analysemethoden
Dezember 1998



409. Hans Peter Wolf Datenanalysen mit algorithmischen
Erfordernissen exemplarisch demon-
striert anhand einer Untersuchung
des Leistungsstands von Studieren-
den
Januar 1999

410. Klaus-Peter Kistner Lot Sizing and Queueing Models
Some Remarks on KARMARKAR’S
Model
Januar 1999

411. Dirk Simons Die Koexistenz von Rechnungsle-
gungsnormen betreffend F&E-Pro-
jekte innerhalb der EU und ihr Ein-
fluß auf die Investitionstätigkeit von
Eigenkapitalgebern
Februar 1999

412. Anne Chwolka/
Matthias G. Raith

Group Preference Aggregation with
the AHP - Implications for Multiple-
issue Agendas
Februar 1999

413. Jürgen Krüll Literate System-Administration
(LiSA) - Konzept und Erprobung
dokumentenbasierten System-
managements -
März 1999

414. Jürgen Krüll/
Ha-Binh Ly

Literate System-Administration
(LiSA) - Konzept und Realisierung
einer Arbeitsumgebung für den
Systemadministrator -
März 1999

415. Hans Peter Wolf RREVIVE - Funktionen zur Arbeit
mit wiederbelebbaren Papieren unter
R

416. Volker Böhm Stochastische Wachstumszyklen aus
dynamischer Sicht
März 1999

417. Hermann Jahnke/
Dirk Biskup/
Dirk Simons

The Effect of Capital Lockup and
Customer Trade Credits on the
Optimal Lot Size – A Confirmation
of the EOQ
März 1999

418. Peter Naeve,
Hans Peter Wolf,
Lars Hartke,
Ulrich Kirchhoff,
Dirk Tigler

Portierung des REVBOOK nach R
für die Digitale Bibliothek NRW
– ein Projektbericht
April 1999

419. Thorsten Temme,
Reinhold Decker

Analyse a priori definierter Gruppen
in der angewandten Marktforschung
März 1999

420. Klaus Reiner
Schenk-Hoppé

Is There A Golden Rule For The
Stochastic Solow Growth Model?
März 1999

421. Gang Gong,
Willi Semmler,
Peter Flaschel

A Macroeconomertric Study on the
Labor Market and Monetary Policy:
Germany and the EMU
Januar 1999

422. Peter Flaschel,
Gang Gong,
Willi Semmler

A Keynesian Based Econometric
Framework for Studying Monetary
Policy Rules, März 1998

423. Carl Chiarella,
Willi Semmler,
Stefan Mittnik

Stock Market, Interest Rate and
Output: A Model and Estimation for
US Time Series Data
Dezember 1998

424. Martin Feldmann A Development Framework for
Nature Analogic Heuristics
Mai 1999

425. Dirk Biskup,
Martin Feldmann

Single-machine scheduling for mini-
mizing earliness and tardiness penal-
ties by meta-heuristic approaches
Juni 1999

426. Anne Chwolka Choice of Information Systems for
Decision and Control Problems
August 1999

427. Joachim Frohn Macroeconometric Models versus
Vectorautoregressive Models
August 1999

428. Caren Sureth,
Rolf König

General investment neutral tax
systems and real options
März 1999

429. Imre Dobos,
Klaus-Peter Kistner

Optimal Production-Inventory
Strategies for a Reverse Logistics
System
Oktober 1999

430. Dirk Biskup,
Hermann Jahnke

Common Due Date Assignment for
Scheduling on a Single Machine
With Jointly Reducible Processing
Times
Oktober 1999

431. Imre Dobos Production-inventory strategies for a
linear reverse
logistics system,
Oktober 1999

432. Jan Wenzelburger Convergence of Adaptive Learning
in Models of Pure Exchange
October 1999

433. Imre Dobos, Klaus-
Peter Kistner:

Production-inventory control in a
reverse logistics system
November 1999

434. Joachim Frohn The Foundation of the China-
Europe-International-Business-
School (CEIBS)
November 1999

435. Pu Chen,
Joachim Frohn

Goodness of Fit Measures and
Model Selection for Qualitative
Response Models
November 1999

436. Rolf König,
Caren Sureth

Some new aspects of neoclassical
investment theory with taxes,
Dezember 1999

437. Rolf König,
Elke Ohrem

The Effects of Taxation on the
Dividend Behaviour of
Corporations: Empirical Tests
Dezember 1999

438. Jens-Ulrich Peter,
K. R. Schenk-
Hoppé

Business Cycle Phenomena in
Overlapping Generations Economies
with Stochastic Production
November 1999



439. Thorsten Temme,
Reinhold Decker

CHAID als Instrument des Data
Mining in der Marketingforschung
Dezember 1999

440. Nicole Deutscher Stock Market Equilibrium in OLG
Economies with Heterogeneous
Consumers
Dezember 1999

441 Anne Chwolka,
Dirk Simons

Impacts of Revenue Sharing, Profit
Sharing, and Transfer Pricing on
Quality-Improving Investments
Januar 2000

442. Carsten Köper,
Peter Flaschel

Real-Financial Interaction:
A Keynes-Metzler-Goodwin
Portfolio Approach
Januar 2000

443. Th. Spitta, R.
Decker, A. Sigge, P.
Wolf,
V. Tiemann

Erste Bilanz des Kreditpunkte-
systems der Fakultät für Wirt-
schaftswissenschaften
Januar 2000

444. Imre Dobos A dynamic theory of production:
flow or stock-flow production
Functions
Februar 2000

445. Carl Chiarella,
Peter Flaschel

Applying Disequilibrium Growth
Theory: I. Investment, Debt and
Debt Deflation
January 2000

446. Imre Dobos A Dynamic Environmental Theory
of Production
Maerz 2000

447. Anne Chwolka "Marktorientierte Zielkostenvor-
gaben als Instrument der Verhaltens-
steuerung im Kostenmanagement",
März 2000

448. Volker Böhm,
Carl Chiarella

Mean Variance Preferences,
Expectations Formation, and the
Dynamics of Random Asset Prices
April 2000

449. Beate Pilgrim Non-equivalence of uniqueness of
equilibria in complete and in
incomplete market models,
March 2000

450. Beate Pilgrim A Brief Note on Mas-Colell's First
Observation on Sunspots,
March 2000

451. Thorsten Temme An Integrated Approach for the Use
of CHAID in Applied Marketing
Research,
May 2000

452. Reinhold Decker,
Claudia Bornemeyer

Ausgewählte Ansätze zur Entschei-
dungsunterstützung im Rahmen der
Produktliniengestaltung,
Mai 2000

453. Martin Feldmann Threshold Accepting with a Back
Step. Excellent results with a hybrid
variant of Threshold Accepting,
Mai 2000

454. Willi Semmler,
Malte Sieveking

Credit Risk and Sustainable Debt:
A Model and Estimations for
Euroland
November 1999

455. Alexander Krüger,
Ralf-Michael
Marquardt

Der Euro - eine schwache Währung?
Mai 2000

456. Veith Tiemann Symmetrische/klassische Krypto-
graphie - Ein interaktiver Überblick,
Mai 2000

457. Imre Dobos Umweltbewusste Produktionspla-
nung auf Grundlage einer dynami-
schen umweltorientierten Produk-
tionstheorie: Eine Projektbeschrei-
bung
Juni 2000

458. Imre Dobos Optimal production-inventory
strategies for a HMMS-type reverse
logistics system
Juli 2000

459. Joachim Frohn Ein Marktmodell zur Erfassung von
Wanderungen (revidierte Fassung)
Juli 2000

460. Klaus-Peter Kistner
Imre Dobos

Ansaetze einer umweltorientierten
Produktionsplanung:
Ergebnisse eines Seminars
Juli 2000

461. Reinhold Decker Instrumentelle Entscheidungsunter-
stützung im Marketing am Beispiel
der Verbundproblematik,
September 2000

462. Caren Sureth The influence of taxation on
partially irreversible investment
decisions - A real option approach,
April 2000

463. Veith Tiemann Asymmetrische/moderne Krypto-
graphie - Ein interaktiver Überblick
Oktober 2000

464. Carsten Köper Stability Analysis of an Extended
KMG Growth Dynamics
December 2000

465. Stefan Kardekewitz Analyse der unilateralen
Maßnahmen zur Vermeidung der
Doppelbesteue-rung im deutschen
Erbschaftsteuer-recht
Februar 2001

466. Werner Glastetter Zur Kontroverse über das angemes-
sene wirtschafts- und konjunktur-
politische Paradigma –
Einige Akzente der gesamtwirt-
schaftlichen Entwicklung West-
deutschlands von 1950 bis 1993
März 2001

467. Thomas Braun,
Ariane Reiss

Benchmarkorientierte Portfolio-
Strategien
Mai 2001

468. Martin Feldmann,
Stephanie Müller

An incentive scheme for true
information providing in SUPPLY
CHAINS,
Juni 2001



469. Wolf-Jürgen Beyn,
Thorsten Pampel,
Willi Semmler

Dynamic optimization and Skiba
sets in economic examples,
August 2001

470. Werner Glastetter Zur Kontroverse über das angemes-
sene wirtschafts- und konjunktur-
politische Paradigma (II) – Einige
Akzente der gesamtwirtschaftlichen
Entwicklung der Bundesrepublik
Deutschland von 1991-1999,
September 2001

471. Hermann Jahnke,
Anne Chwolka,
Dirk Simons

Coordinating demand and capacity
by adaptive decision making
September 2001

472. Thorsten Pampel Approximation of generalized
connecting orbits with asymptotic
rate,
September 2001

473. Reinhold Decker
Heiko
Schimmelpfennig

Assoziationskoeffizienten und
Assoziationsregeln als Instrumente
der Verbundmessung - Eine ver-
gleichende Betrachtung,
September 2001

474. Peter Naeve Virtuelle Tabellensammlung,
September 2001

475. Heinz-J. Bontrup
Ralf-Michael
Marquardt

Germany’s Reform of the Pension
System: Choice between „Scylla and
Charybdis“
Oktober 2001

476. Alexander M. Krüger Wechselkurszielzonen zwischen
Euro, Dollar und Yen -- nur eine
Illusion?
Oktober 2001

477. Jan Wenzelburger Learning to predict rationally when
beliefs are heterogeneous.
October 2001

478. Jan Wenzelburger Learning in linear models with
expectational leads
October 2001

479. Claudia Bornemeyer,
Reinhold Decker

Key Success Factors in City
Marketing – Some Empirical
Evidence -
October 2001

Fred Becker
Michael Tölle

Personalentwicklung für Nach-
wuchswissenschaftler an der Uni-
versität Bielefeld: Eine explorative
Studie
Oktober 2001

480. Dirk Biskup,
Martin Feldmann

On scheduling around large
restrictive common due windows
December 2001

481. Dirk Biskup A mixed-integer programming
formulation for the ELSP with
sequence-dependent setup-costs and
setup-times
December 2001

482. Lars Grüne,
Willi Semmler,
Malte Sieveking

Thresholds in a Credit Market
Model with Multiple Equilibria
August 2001

483. Toichiro Asada Price Flexibility and Instability in a
Macrodynamic Model with Debt
Effect, February 2002

484. Rolf König,
Caren Sureth

Die ökonomische Analyse der Aus-
wirkungen der Unternehmenssteuer-
reform auf Sachinvestitionsentschei-
dungen vor dem Hintergrund von
Vorteilhaftigkeits- und Neutralitäts-
überlegungen
- diskreter und stetiger Fall -
März 2002

485. Fred G. Becker,
Helge Probst

Personaleinführung für Universitäts-
professoren: Eine explorative Studie
an den Universitäten in Nordrhein-
Westfalen zum Angebot und an der
Universität Bielefeld zum Bedarf
März 2002

486. Volker Böhm,
Tomoo Kikuchi

Dynamics of Endogenous Business
Cycles and Exchange Rate Volatility
April 2002

487. Caren Sureth Die Besteuerun g von Beteiligungs-
veräußerungen - eine ökonomische
Analyse der Interdependenzen von
laufender und einmaliger
Besteuerung vor dem Hintergrund
der Forderung
nach Rechtsformneutralität -
Juli 2002

488. Reinhold Decker Data Mining und Datenexploration
in der Betriebswirtschaft
Juli 2002

489. Ralf Wagner,
Kai-Stefan Beinke,
Michael Wendling

Good Odd Prices and Better Odd
Prices - An Empirical Investigation
September 2002

490. Hans Gersbach,
Jan Wenzelburger

The Workout of Banking Crises: A
Macroeconomic Perspective
September 2002

491. Dirk Biskup,
Dirk Simons

Common due date scheduling with
autonomous and induced learning
September 2002

492. Martin Feldmann,
Ralf Wagner

Navigation in Hypermedia: Neue
Wege für Kunden und Mitarbeiter
September 2002

493. Volker Böhm,
Jan Wenzelburger

On the Performance of Efficient
Portfolios
November 2002

494. J. Frohn, P. Chen,
W. Lemke,
Th. Archontakis,
Th. Domeratzki,
C. Flöttmann,
M. Hillebrand,
J. Kitanovic,
R. Rucha, M. Pullen

Empirische Analysen von
Finanzmarktdaten
November 2002

495. Volker Böhm CAPM Basics
December 2002

496. Susanne Kalinowski ,
Stefan Kardekewitz

Betriebstätte vs. Kapitalgesellschaft
im Ausland -
eine ökonomische Analyse
März 2003



497. Jochen Jungeilges On Chaotic Consistent Expectations
Equilibria
March 2003

498. Volker Böhm MACRODYN
- The Handbook -
March 2003

499. Jochen A. Jungeilges Sequential Computation of Sample
Moments and Sample Quantiles
– A Tool for MACRODYN -
April 2003

500. Fred G. Becker,
Vera Brenner

Personalfreisetzung in Familien-
unternehmen:
Eine explorative Studie zur Proble-
matik
Juni 2003

501. Michael J. Fallgatter,
Dirk Simons.

"Zum Überwachungsgefüge
deutscher Kapitalgesellschaften -
Eine anreiz-theoretische Analyse der
Vergütung, Haftung und
Selbstverpflichtung des
Aufsichtsrates"
Juni 2003

502. Pu Chen Weak exogeneity in simultaneous
equations models
Juli 2003

503. Pu Chen Testing weak exogeneity in VECM
Juli 2003

504. Fred G. Becker,
Carmen Schröder

Personalentwicklung von
Nachwuchs-wissenschaftlern: Eine
empirische Studie bei Habilitanden
des Fachs "Betriebswirtschaftslehre"
Juli 2003

505. Caren Sureth Die Wirkungen gesetzlicher und
theoretischer Übergangsregelungen
bei Steuerreformen – eine
ökonomische Analyse
steuerinduzierter Verzerrungen am
Beispiel der Reform der Be-
steuerung von Beteiligungserträgen -
August 2003

506. Jan Wenzelburger Learning to play best response in
duopoly games"
August 2003

507. Dirk Simons Quasirentenansätze und Lerneffekte
September 2003

508. Dirk Simons
Dirk Biskup

Besteht ein Bedarf nach Dritthaftung
des gesetzlichen Jahresabschluss-
prüfers?
September 2003

509. Tomoo Kikuchi A Note on Symmetry Breaking in a
World Economy with an
International Financial Market.,
October 2003

510. Fred G. Becker
Oliver Krah

Explorative Studie zur Personalein-
führung bei Unternehmen in OWL:
Ergebnisübersicht
Oktober 2003

511. Martin Feldmann
Stephanie Müller

Simulation von Reentrant Lines mit
ARENA: Ergebnisse eines Projektes
zur Betriebsinformatik
Januar 2004

512. Xuemin Zhao
Reinhold Decker

Choice of Foreign Market Entry
Mode
Cognitions from Empirical and
Theoretical Studies
January 2004

513. Volker Böhm
Jochen Jungeilges

Estimating Affine Economic Models
With Discrete Random Perturbations
January 2004

514. Ralf Wagner Mining Promising Qualification
Patterns
February 2004

515. Ralf Wagner Contemporary Marketing Practices
in Russia
February 2004

516. Reinhold Decker
Ralf Wagner
Sören Scholz

Environmental Scanning in
Marketing Planning
– An Internet-Based Approach –

517. Dirk Biskup
Martin Feldmann

 Lot streaming with variable sublots:
an integer programming formulation
April 2004

518. Andreas Scholze Folgebewertung des Geschäfts- oder
Firmenswerts aus Sicht der Meß-
bzw. Informationsgehaltsperspektive
April 2004

519. Hans Gersbach
Jan Wenzelburger

Do risk premia protect  from
banking crises?
May 2004

520. Marten Hillebrand
Jan Wenzelburger

The impact of multiperiod planning
horizons on portfolios and asset
prices in a dynamic CAPM
May 2004

521. Stefan Wielenberg Bedingte Zahlungsversprechen in
der Unternehmenssanierung
Juni 2004

522. Sören Scholz,
Ralf Wagner

The Quality of Prior Information
Structure in Business Planning
- An Experiment in Environmental
Scanning -
August 2004

523. Jan Thomas Martini
Claus-Jochen Haake

Negotiated Transfer Pricing in a
Team-Investment Setting
October 2004

524. Reinhold Decker Market basket analysis by means of
a growing neural network
November 2004

525. Reinhold Decker
Sören Scholz

Wie viel darf guter Service kosten?
Einkaufsstättenbedingte Preiswahr-
nehmung im
Selbstmedikationsmarkt
November 2004

526. Fred G. Becker
Roman Bobrichtchev
Natascha Henseler

Ältere Arbeitnehmer und alternde
Belegschaften: Eine empirische
Studie bei den 100 größten
deutschen Unternehmen
Dezember 2004



527. Jan Wenzelburger
Hans Gersbach

Risk Premia in Banking and the
Macroeconomy"
December 2004

528. Joachim Frohn,
Chen Pu

Alternative ökonometrische
Zeitverwendungsmodelle
Dezember 2004

529. Stefan Niermann
Joachim Frohn

Standortfaktoren und ihre
Bedeutung für das Abwandern von
Unternehmen

530. Christoph Wöster Constructing Arbitrage-free
Binomial Models
December 2004

531. Fred G. Becker,
Natascha Henseler
u.a.

Fremdmanagement in
Familienunternehmen
Januar 2005

532. Andreas Scholze Die Bestimmung des Fortführungs-
werts in der
Unternehmensbewertung mithilfe
des Residualgewinnmodells
Februar 2005

533. Marten Hillebrand
Jan Wenzelburger

On the Dynamics of Asset Prices
and Portfolios in a Multiperiod
CAPM"
February 2005

534. Jan Thomas Martini Transfer Pricing for Coordination
and Profit Determination: An
Analysis
of Alternative Schemes
February 2005

535. Klaus Wersching Innovation and Knowledge Spillover
with Geographical and
Technological Distance in an
Agentbased Simulation Model
May 2005

536. Anne Chwolka
Jan Thomas Martini
Dirk Simons

Accounting-Data-Based Transfer
Prices in a Team-Investment Setting
May 2005

537. Sören W. Scholz
Ralf Wagner

Autonomous Environmental
Scanning on the World Wide Web
June 2005

538. Thorsten Pampel On the convergence of balanced
growth in continous time
July 2005

539. Fred G. Becker
Michael K. Ruppel

Karrierestau - Ein Problem von
Führungskräften wie Organisationen
Juli 2005

540. Li Xihao
Jan Wenzelburger

Auction Prices and Asset
Allocations of the Electronic Equity
Trading System Xetra
August 2005

541. Volker Böhm
Luca Colombo

Technology Choice with
Externalities - A General
Equilibrium Approach
August 2005

542. Martin Feldmann
Dirk Biskup

On lot streaming with multiple
products
August 2005



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


