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Abstract: This paper describes a methodology for the choice of a pull production-control strategy. The
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1. INTRODUCTION

These last decades, much research has focused on finding ways to improve production control. The

Kanban technique has been a kind of revolution. It aims at reducing lead-times and work-in-progress

levels in the factory through a pull (instead ofa push) strategy. However, the restricted applicability of
Kanban has motivated researchers to find alternatives to this control strategy. Therefore, new pull

strategies have been developed recently; examples are Conwip (Spearman et al., 1990) and a Kan-

banlConwip hybrid (Bonvik et al., 1997). Obviously, the availability of alternatives creates the problem

of how to choose a pull wntrol strategy: given a manufacturing system, should its manager decide to

implement Kanban, Conwip or Hybrid? The goal of this paper is to propose a novel general approach

that incorporates the benefits of Kanban, Conwip, and Hybrid.

This paper is organized as follows. First, this paper introduces Kanban, Conwip, and Hybrid, and

reviews studies that compare these strategies. Second, a methodology for selecting one of these systems

is derived; this methodology is based on the optimization of a generic model. Third, [he approach is

illustrated with an applicatíon, namely a ten-stage production line model, for which the generic control

strategy is optimized; this optimization uses Response Surface Methodology (RSM) and simulation
modeling. Finally, advantages of the approach are discussed.

2. PRODUCTION CONTROL STRATEGIES

This paper focuses on pull production-control strategies, applied to production lines. In these pro-
duction lines, a work station is allowed to produce, only when it receives a request from a downstream

station: see figure 1. Thus, only the last machine in the production line has a production schedute (in the
usual push systems, a station produces as long as parts are available in its input inventory).

This pull principle has been implemented in several production control strategies: Kanban, Conwip,

and Hybrid KanbanlConwip. The classical pull system is Kanban, where information flows betwcen
each pair of stages. Conwip stands for Constant Work In Progress, and is a PushlPull hybrid. Hybrid

KanbanlConwip combines the characteristics of Kanban and Conwip. These three systems will be fur-

ther discussed next.

Raw
matcnals

Request Request

Fiist ~
stage

Request

Last
stage

Imentory Imentory ~ Finished goods
Pmduct tlow inventory

- - - - - - - Information flow

Fig. I Pull system
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Fig. 2. Kanban syst~Rn

1 I Kanban

The Kanban strategy has been developed by Dr. Taiichi Ohno, manager at the Toyota Motors com-

pany. The principle is to limit the inventory level at each stage of a process, through the use of cards (in

Japanese: Kanbans): the number of cards that circulate between two stages detertnines the level of thc

Work In Process (WIP) allowed between these two stages (see figure 2).

There are many implementation fomts of Kanban: several papers propose adaptations of the original

strategy. These adaptations are studied in a number of reviews. Berkley (1992) proposes a classification

of the Kanban system models; he uses operational design criteria, such as the blocking mechanism, the

withdrawal strategy, and the type of Kanban cards. Huang and Kusiak (1996) gives an overview of

various Kanban systems and altematives, and classifies the previous studies. Chu and Shih (1992) re-

views and compares numerous simulation studies on Just-In-Time (JIT) production systems. Price et a!.

(1994) reviews optimiration models of Kanban systems.

1.1 Conwip

Conwip has been originally proposed by Speamtan et a1. (1990). The objective of Conwip is to de-

velop a control strategy that better fits the Western environment In fact, Kanban tumed out to bc less

efficient than expected: Kanban requires a perfect JIT environment to perfortn well (Finch and Cox,

1986). Thus, much work and much timc is needed to improve the environment, before successfully im-

plementing the Kanban method (Goldratt and Fox, 1986). Thcrefore, there is a need for more flexible

systems that are at least as efficient as Kanban.

As said above, the principle of Kanban control is to impose an upper bound on the inventory size

between cach pair of stages. Then, each resource works in order to raise the inventory level up to this

limit, i.e., to replace the withdrawn parts- The main goal of Kanban is to decrease WIP, whereas

throughput is favored by Push (Amin and Altiok, 1997). The objective of Conwip is to combine the low

inventory Icvels of Kanban with the high throughput of Push. One way to achieve the Conwip objective

is to consider a Push system that at the same time allows only a limited number of parts: raw materials

can be released into the system only when the last stage asks for it (Pull principle). This limitation can

be implemented through the use of cards, as in Kanban. Within the Conwip system, each stage can pro-
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Fig. 3. Conwip system

duce as fast as it can (Push principle). Figure 3 shows that the implemeniation of Conwip is much sim-
pler than the implementation of Kanban: a single set of cards is needed. Actually, a Conwip system can
be viewed as a Kanban system with a single card loop that controls the whole production line.

Despite the originaliry of the Conwip strategy, it has not been studied in much detail. A few studies
have focused on discovering relationships for throughput estimation (Duenyas er al., 1993).

2. 3 Hybrid Kanban~Conwip

Recently, Bonvik er al. (1997) proposcd a new control strategy. The idea is to combine the advan-
tages of Conwip (high throughput with low overall WIP) with those of Kanban (control of invcntory
levels at each stage). This Hybrid KanbanlConwip strategy is implemented by adding Kanban loops to
Conwip: sce figure 4. The last stage dces not need a Kanban control, since any part that has progressed
to this stage will replace a delivered finished good part: Conwip principle. The resulting stratcgy be-
haves most of the time as Conwip, but at a lower overall WIP level in case of a disruption (such as a
machine breakdown). Hybrid, however, is much more complicated than Conwip.

Thc literature on Hybrid is very limited because this strategy appeared only recently. Bonvik et al.
(1997) compares Hybrid with Kanban, Conwip, minimal blocking, and Basestock, using simulation
experiments. More details on wmparison studies will be given in the next section.

2.4 Comparisons among Kanban, Canwip, and Hybrid

Researchers have tried to compare the Kanban method with classical methods such as Materials Re-

............. C......................., ------------ --------- -- ........
: ,... Kl ... K K~....?.. .. ... ,---.......

Raw Pnst
malenals stage `

Invenlory Invenlory - Inventory Finished goods
Product flow inventory

-----. Information flow

Pig. 4. Hybrid KanbanlConwip system
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quirements Planning (MRP), order point systems, and push-type systems. These studies agree on one
fact: a Kanban system is very efficient in an ideal environment (low process and demand variabiliry, few
breakdowns, etc.). In a typical Western environment, however, the Kanban method is much less effi-
cient. Some studies even conclude that push systems perform better than pull systems in a Western envi-
ronment. Gupta and Gupta (1989) and Huang et al. (1983) conclude that high production rates can be
realized, only when the number of Kanbans is chosen optimally. Thus, even in unfavorable environ-
ments, optimized Kanban systems may perform almost as well as push systems, in terms of output; its
WIP level always shows a lower mean and a lower variability.

All comparisons of Conwip with other strategies have used simulation models only; for example,
Roderick et al. (1992) simulates Conwip and three order-release strategies. AIl these studies conclude
that Conwip gives the best performance, measured in mean WIP, mean [hroughput, and proportion of
tardy jobs. Thus, Roderick et al. (1992) rewmmends Conwip as a'strategy that should be senously
considered by practitioners for implementation in actual shop environments'. Bonvik et al. (1997) per-
forms many simulation studies on a short flow line that makes a single part type. That study concludes
that Hybrid outperforms Kanban: Hybrid achieves a high service level target with minimal inventory.
However, that study also notices that the results of Conwip and Hybrid are very close.

This short review shows that only a few studies have compared Kanban, Conwip, and Hybrid.
Moreover, the choice ofa pull strategy scems to depend on the configuration of the production system.
Furthermore, it might be azgued that comparisons of production control strategies make sense, only
when optimal configurations are compazed.

3. A GENERIC CONTROL SYSTEM

It is not simple to choose a production control system for a given production system configuration:
there are many possible configurations for each control system, as the numbers of card can be set to
many integer values. In the previous section it was argued that optimized control systems should bc
compared. Duri (1997), for example, used this method to compare Kanban, Generatized Kanban, and
Base Stock. Hence, in the study of Kanban, Conwip, and Hybrid it would be necessary to optimize three
control systems, and then compare them. This paper, however, introduces an altemative: design a ge-
neric control system that integrates the characteristics of each pull strategy; that is, this generic control
system can model a Kanban, a Conwip or a Hybrid KanbarJConwip system. Table I explains how to
set the pazameters C and K, (i - I,..., n) in figure 5, in order to obtain a specific control system.
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Table t. Generic system for Ihree strategies
(Kanban, Conwip, Hybrid)

Strategy Numbers of cards
C K~ KZ K„.~ K„

Kanban oo k~ kZ k,,. i k„

Conwip c w co co 00
Hybrid c k~ k2 k,,. t o0

Using this generic system, a single optimization procedure suffices: the optimal values of the generic

control system parameters show which type of control system is best. For example, suppose n- 4 and

the optimization procedure leads to C- 64, K~ - 5, KZ - 3, K3 - 4, and Ka - 4. Then the best control

system is a Kanban system, because the Conwip cards arc not a binding constraint (hence they do not

have an important effect on the production): C~~ K, t KZ t K3 t Ka. Sometimes, however, statistical

tests may be necessary to determine whether the optimal generic control system is indeed a Hybrid Kan-

banlConwip system (not a pure Kanban system or a pure Conwip system). Indeed, the issue is to know

when a number of cards may be considered as infinite. If it is not possible to find a known strategy that

matches the optimal solution, then a new type of hybrid control sVategy has been found!

Various optimization procedures can be used to solve this problcm: evolutionary algorithms (Paris et

al., 1996), RSM (see next section), analytical techniques (Duri, 1997). Moreover, to model the control

systems, different modeling techniques can be used: simulation (Paris et al., 1996), queuing networks

(Duri, 1997). This paper uses RSM and simulation.

4. EXAMPLE A TEN-STAGE LINE

In this section, an example with a ten-stagc production line is presented. Simulation and RSM are
used to optimize the numbers of cards in the generic production-control model for that system.

-t. ! Simulation modeljor a production system with ten stages

Let the simulation model represent a balanced line with ten machines that produces a single part



type. The process is assumed to be perfectly reliable (no machine breakdowns); the supply of raw mate-

rials is continuous and infinite; the probability of a defective product is negligible; and the withdrawal

of cards and parts between stages is instantaneous. Processing times at each stage have a lognormal

distribution with a mean of one unit of time (minutes) and a coefficient of variation of 0.6. The times

between demands follow a uniform distribution. Its ccefficient of variation is 0.5. The mean is such that

thc ratio of demand rate to line capacity is 0.8, which implies that the production line is reasonably

loaded. The line capacity is determined by making a pilot simulation of the line, controlled through a
Push strategy; this stratcgy leads to the highest throughput. The line capacity is one part per minute.
Thus, Ihe times between demands are uniform on the interval (0. l7; 2.33).

Many performance measures have been used in the Kanban literature. Chu and Shih (1992) classi-
fies these measures into three categories: overall, inventory related, and due~ate related. Three cnteria

have been used frequently: facility utilization, output rate, and WIP. But facility utihzation may be ir-
relevant in many cases, because the goal of lIT is not to keep workers and machines busy; see Goldratt

and Fox (1986). Thus, as the most important criteria remain WIP and output rate. However, output rate

should be measured relative to demand rate: a system should meet demand very fast, but should not

overproduce. Hence, a good indicator of system performance is the proportion of demand actually met

from stock: service level or fill rate. Thus, the optimization problem is to minimize the WIP level, under
the constraint of a prespecified service level. In this paper, the target will be a servicc level of 99"~0. This
kind of constrained objective is typical of what a manager would ask (see Pierreval and Mahey, 1996).

4 1 Response Surface Melhodoloj;y (RSA4J accountingfar consnaints

RSM is a heuristic, sequential optimization technique based on regression (meta)modeling, design of

experiments (DOE), and steepest ascent; see Kleijnen (1998). An algorithm explaining the RSM steps is
sho~~n in table 2.

Table 2. S[eps in Response Surface Methodology

Stea 1. Select a starting area in the search space, either randomly or using prior knowledge about the system td
be op[imized.

Steo 2. Within the selected area, build a first-order regression (meta)model to get an approximation of the sys~
tem's local inpuVoutput tmnsformation.
If the (meta)model is valid, then I

Steo 3. Use the regression model to estimate the gradient vector. This vector indicates the direction of [hc~
steepest ascent pa[h.
Steo 4. Select a staning point within the area defined in 1. Move from this point, along thc stcepest ascen(
path, into the direction that improves the system performance, until no improvement is obtained.
Then, select a new area. Go to step 2.

Else
Steo 5. Build a secondorder regression model, within the selected area.
Steo 6. Use the model of step 5 to find analytically the input combination(s) [hat leads to an optimum
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The steps in this table deserve the following comments.

Stcp I: The hcuristic nature of RSM is demonstrated by step 1. Repeating the whole procedure with a

different starting area may show whether the final solution found by the algonthm is a true global opti-

mum.

Step 2: To estimate the regression (meta)model with minimal variance, DOE (for example, 2~` ' designs)

is needed.

Step 3: The gradient is completely determined by the estimated regression coefficients (or factor effects;

examples of these 'factors' are the numbers of cards in Table l).

Step 4: The optimal siep size ( to be taken along the stcepest ascent path) is not known. Again, heuris-

tics are needed.

Step 5: Second-order regression models involve more effects (quadratic effects and interactions, besides

main effects or first-order effects), so the need for DOE is even greater.

Step 6: Straightforward differcnuation givcs a unique optimum, a saddle point or a ridge.

In the production control example the goal is to minimize WIP, while keeping the service level at

990~0. Classic RSM assumes a single response, so RSM must be adapted. A second-0rder regression

model might not be required anymore, as figure 6 illustrates. This figure is a simple case: a single input

parametcr is considered. The two performance measures may conflict: the decrease of the WIP level to a

very low value leads to a major deterioration of the service level; see shaded area. Hence the optimal

solution will be a compromise: the optimal generic system will certainly not coincide with the minimal

WIP. Thus, there might never be a need to build a secondorder regression modcl, which would be nec-

essary for modeling WIP's behavior around its minimum.

As the performance measure to be minimized (namely, WIP) conflicts with the constrained perform-

ancc measure (namely, service level or fill rate), we may not follow the steepest ascent path all the way:

f ww s~rv~~~t
P t.~~i I

i9t!e,o

~lw~ s~rv~~~
1 `cvcl
t
~ T dS

optimum:
wtan~~i~...a...

arpctc . rnice

--1
lnpui

F'ig. 6. RSM wilh a wnstraint
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this path may endanger the fill rate, whereas another path may decrease the WIP level while keeping the

fill rate at an acceptable level. This heuristic adaptation of classic RSM with a constraint is suggested in

Klcijnen (1993).

4.3 Simulation ezperiments

In this paper, simulation is used to model the production system's inpudoutput behavior. SIMAN is

selected as the simulation language. The simulation's inputs are the various numbers of cards; the out-

put variables are WIP and service levels. The numbers of cards used in the simulation experiments are

selected according to DOE; that is, a 2~`-o design with k- I 1 and p- 7 is used.

This study focuses on the steady-state behavior of the generic system. Therefore, non-terminating

simulation is chosen. A run length of 400,000 time units (416 days of production) is used to get narrow

95"~a confidence intervals for the estimated perforniance measures: the length of the intervals should be

less than 5"~0 of the midpoint. Moreover, the transient period (of 10,560 time units or 1 1 days of pro-

duction) is estimated through plots of the moving average of the performance measures. This start-up

period is eliminated. Analysis of all remaining simulation outputs is done [hrough the output processor

included in S[MAN. A`batch' policy is used: the run length is partitioned into days of production; these

days are assumed to give independent identically distributed output So daily performance measures and

statistics aze computed per simulation run.

4.3 Results of the optimized simulated system

The statistical analysis software SPSS has been used for the computation of all the estimated regres-

sion ( meta)models. After three stages (i.e., three regression models), RSM led to a configuration of the

generic system that could not be further improved. Table 3 gives the various numbers of cards (K„ C)

corresponding to the best configuration obtained in this way. The performance of this optimized con-

figuration of the generic system is given by the following 950~o confidence intervals: average fill rate is

99.01 t 0.34 0~0, and average WIP level is 32.8 t 0.1 units.

Table 3. Best generic configura4on estimated through RSM

Number of Kanban cards a[ each stage Number of

K, K~ K, K, K, K, K, K, K, K,o Conwip cards

3 5 6 5 5 6 6 5 8 10 34

Models of the other pull strategies were also simulatcd, in order to answer the following three ques-

tions, which wcre raised in the description of the generic approach.
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(i) Is the optimal generic system a Kanban system?

Table 3 shows that in the optimized generic system the sum of the Kanbans (59) is much larger than

the number of Conwip cards (34). So practically speaking, the WIP level is controlled by the Conwip

constraint. Thus, the optimal generic system is not equivalent to a Kanban system.

(ii) Is the optimal generic system a Conwip system using 34 cards?

The performance of an optimized Conwip control strategy is also simulated. It gives an average

service level of 99.34 t 0.26 "~o and an average WIP of 34 units. We compared the optimal generic sys-

tem with this Conwip system, using statistical tests (namely, paired t-test with a 950~o confidence inter-

val). The result is that there is a significant difference between the WIP levels of the two systems. How-

ever, this difference is only about 1.2 (- 34 - 32.8) units of WIP, which is 3.6 "~o of the average W[P

level in the generic system. Conceming the fill rate, statistical tests did not show a significant difference

between the two systems.

(iii) Is the optimal genenc system equivalent to the Hybrid system defined in table 4(no inventory limit

at the last stage)?

Table 4 Hybrid system

Number oC Kanban cards at each stege Number of

K, Ki K, K, K~ K, K, K, K, Conwip cards

3 5 6 5 5 6 6 5 8 34

The performance of the system in table 4 is as follows: the average fill rate is 99.06 f 0.36"~o and the

average WIP level is 32.9 f 0. I units. Statistical [ests did not show any significant difference between
the performances of this Hybrid system and the generic optimal system.

In summary, for [he line wnfiguration under study, the optimal generic system is statistically
cquivalent to a Hybrid system but not to a Conwip system. However, the WIP difference between Con-
wip and the generic system is only 3.6 0~0. Thus, an important issue arises: is it practical to implement a
more complicated control strategy such as Hybrid KanbanlConwip if the gain is so small? Actually, it
depends on whether this implementation would be a first implementation ofa Pull strategy, or whether it
would be a replacement of an existing Kanban strategy. In the first case, Conwip might bc preferred. In
the second case, Hybrid may be chosen because the transformation of Kanban into Hybrid dces not
require much effort, whereas gains may be significant.
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5. CONCLUSION

This paper presented a methodology for the optimal configuration ofa pull production-control strat-

egy. The main advantages of this methodology are: it requires a single optimization, and it is very flexi-

ble in terms of optimization and modeling techniques. In the example, RSM and simulation were used

for the study of a ten-stage production line with highly variable processing times and times between

demands. The results showed that, for this production system, Hybrid leads to the best performance.

However, as Conwip performs almost as well, Conwip may be preferred to Hybnd in practical cases.

Obviously, these conclusions cannot be generalized to all production lines. Fortunately, for a given pro-

duction system, the methodology proposed in this paper allows the analysts to optimally configure a pull

production-control strategy, using a single optimization procedure.

REFERENCES

Amin, M and T. Altiok (1997), Control policies for multi-product multi-stage manufacturing systems:

an experimental approach, Inrernational JournalofProduction Research, 35, I, 201-223.

Berkley, B.J. (1992). A review of the Kanban production control research literature, Production and

Operations Management, 1, 4, 393-411.

Bonvik, A.M., C.E. Couch, and S.B. Gershwin (1997). A comparison of production-line control

meehanisms, International JournalofProduction Research, 35, 3, 789-804.

Chu, C.-H. and W.-L. Shih ( 1992). Simulation s[udies in JIT production, International Journal oj

Production Research, 30, 11, 2573-2586.

Duenyas, 1., W.1. Hopp and M.L. Spearman ( 1993). Characterizing the output process of a Conwip line

with deterministic processing and random outages, Management Science, 39, 8, 975-988.

Duri, C. (1997). Etude comparative des gestions à flux tiré, Thèse de doctorat de 17nstitut National

Polytechnique de Grenoble, Laboratoire d'Automatique de Grenoble, France.

Finch, B.J. and 1.F. Cox (1986). An exarnination of just-in-time management for the small
manufacturer: with an illustration, Inlernational Journa!of Production Research, 24, 2, 329-342.

Goldratt, E.M. and R.E. Fox (1986). The race, N.Y. North River Press.

Gupta, P.Y. and C.M. Gupta ( 1989). A system dynamic model for multi-stage multi-line dual-card JIT-
Kanban system, International JournalofProduction Research, 27, 309-352.

Huang, C.-C. and A- Kusiak (1996). Overview of Kanban systems, International Journalof Computer

Integrated Manufacturing, 9, 3, 169-189.

Huang, P.Y., L.P. Rees and B.W. Taylor (1983). A simulation analysis of the lapanese Just-In-Time

technique (with Kanbans) for a multiline, multistage production system, Decision Sciences, 14, 3,
326-344.



iz

Kleijnen, J.P.C. (1998). Experimental design for sensitivity analysis, optimization, and validation of

simula[ion models. In Handbook ojSimulation (ed. J. Banks), Wiley, New York.

Klcijncn, 1.P.C. (1993). Simulation and optimization in production planning, Decision Supporf

Systems, 9, 269-280.

Paris, 1.L., H. Pierreval and L. Tautou (1996). Une méthode d'optimisation évolutionnistc et son

application à la gestion de production en juste-à-temps, Journa!Européen des Systèmes Automarisés

(1ESA), 30, 7, 929-944.

Pierreval, H. and P. Mahey (1996). Design of manufacturing systems through simulation optimization:

a new approach based on mathematical programming, Proceedings ojthe Sth European Simulation

Symposium, re Simulation in Industry v, Vol. I, pp 246-247.

Price, W., M. Gravel and A.L. Nsakanda (1994). A review of optimization models of Kanban-based

production systems, European JournalojOperationa! Research, 75, 1-12.

Roderick, L.M., D.T Philipps, and G.L. Hogg (1992). A comparison of order release strategies m

production control systems, Internationa! JournalojProduction Research, 30, 3, 611-626.

Spearman, M.L., Woodruff and J.H. Wallace (1990). CONWIP: a pull altemative to Kanban,

InlernationalJournaf ojProduction Research, 28, 5, 879-894.



No. Author(s)

9713 H. Uhlig

9714 E. Charlicr, B. Melenberg and
A. van Scest

9715 E. Charlier, B. Melenberg and
A. van Scest

9716 J.P. Choi and S.-S. Yi

9717 J.P. Choi

9718 H.Degryse and A. Irmen

9719 A. PossajenniF:ov

9720 J.Jansen

9721 J. ter Horst and M. Verbeek

9722 G. Bekaert and S.F. Gray

9723 M. Slikker and
A. van den Nouweland

9724 T.ten Raa

972i R. Euwals, B. Melenberg and
A. van Soest

9726 C. Fershtman and U. Gneery

9727 J. Potters, R. Sloof and
F. van Winden

9728 F.H. Page, Jr.

Title

Long Tertn Debt and the Political Support for a Monetary Union

An Analysis of Housing Expenditure Using Semiparametric
Models and Panel Data

An Analysis of Housing Expendituro Using Semiparametric
Cross-Section Models

Vertical Foreclosure with the Choice oC Input Specifications

Patent Litigation as an Information Transmission Mechanism

Attribute Dependcnce and the Provision of Quality

An Analysis of a Simple Reinforcing Dynamics: Leaming to
Play an "Egalitarian" Equilibrium

Regulating Complementary Input Supply: Cost Correlation and
Limited Liability

Estimating Short-Run Persistence in Mutual Fund Perfonmance

Target Zones and Exchange Rates: An Empirical Investigation

A One-Stage Model of Link Fonnation and Payoff Division

Club Efficiency and Lindahl Equilibrium

Testing the Predictive Value of Subjective Labour Supply Data

Strategic Delegation: An Experiment

Campaign Expendilures, Contributions and Direct
Endorsements: The Strategic Use of Information and Money to
Iniluence Voter Behavior

Existence oC Optimal Auctions in Gcneral Environments

9729 M. Berliant and F.H. Page, Jr. Optimal Budget Balancing Income Tax Mechanisms and the
Provision of Public Goods

9730 S.C.W. Eijffnger and
Willem H. Verhagen

9731 A. Riddcr, E. can der Laan
and M. Salomon

9732 K. Kuhti

9733 J. Ashayeri, R. Hcuts and
B. Tammel

The Advnntage of Hiding Both Hands: Foreign Exchange
[ntervention, Ambiguity and Private Information

How Larger Demand Variabiliry may Lead to Lower Costs
in the Newsvendor Problem

A Model of Random Matching and Price Formation

Applications of P-Median Techniques to Facilities Design
Problems: an Improved Heuristic



No. Author(s)

9734 M. Dufwenberg, H. Norde,
H. Reijnierse, and S. Tijs

9735 P.P. Wakker, R.H. Thaler
and A. Tversky

9736 T. Offerman and ]. Sonnemans

9737 R. Kabir

9738 M. Das and B. Donkcrs

9739 R.J.M. Alessie, A. Kapteyn
and F. Klijn

9740 W. Guth

9741 1. Woittiez and A. Kapteyn

9742 E. Canton and H. Uhlig

9743 T. Feenstra, P. Kort and
A. de Zeeuw

9744 A. De Waegenaere and
P. Wakker

9745 M. Das, ]. Dominitz and
A. van Soest

9746 T. Aldershof, R. Alessie and
A. Kapteyn

Title

The Consistency Principle for Set-valued Solutions and a
New Direction for the Theory of Equilibrium Refinements

Probabilistic Insurance

What's Causing Overreaction? An Experimental Investigation of
Recency and the Hot Hand Effect

New Evidence on Price and Volatiliry Effects of Stock Option
[nVoductions

How Certain are Dutch Households about Future Income? An
Empirical Analysis

Mandatory Pensions and Personal Savings in the Netherlands

Ultimatum Proposals - How Do Decisions Emerge? -

Social [nteractions and Habit Formation in a Model of Female
Labour Supply

Growth and the Cycle: Creative Destruction Versus
EnVenchment

Environmental Policy in an Intemational Duopoly: An Analysis
of Feedback Investment Strategies

Choquet Integrals with Respect to Non-Monotonic Set Functions

Comparing Predicitions and Outcomes: Theory and Application
to Income Changes

Female Labor Supply and the Demand for Housing

9747 S.C.W. Eijffinger, Why Money Talks and Wealth Whispers: Monetary Uncertainty
M. Hoeberichts and E. Schaling and Mystique

9748 W. Guth

9749 M. Lettau

9750 M.O. Ravn and H. Uhlig

9751 Th. v.d. Klundert and
S. Smulders

97~2 J.P.C. Klcijnen

Boundedly Rational Decision Emergence -A General Perspective
and Some Selective lllustrations-

Comment on `The Spirit of Capitalism and Stock-Market Prices'
by G.S. Bakshi and Z. Chen (AER, 1996)

On Adjusting the HP-Filter for the Frequency of Observations

Catching-Up and Regulation in a Two-Sector Small Open
Economy

Experimental Design for Sensitivity Analysis, Optimization, and
Validation of Simulation Models



No. Author(s) Title

9753 A.B.T.M. van Schaik and Productivity and Unemployment in a Two-Country Model with
H.L.F. de Groot Endogenous Growth

9754 H.L.F. de Groot and R. Nahuis Optimal Product Variety, Scale Etfects, and Growth

9755 S. Hochguertel Precautionary Motives and Portfolio Decisions

975G K. Kultti Price Formation by Bargaining and Posted Prices

9757 K. Kultti Equivalence of Auctions and Posted Prices

9758 R. Kabir The Value Relevance of Dutch Financial Statement Numbers for
Stock Market Investors

9759 R.M.W.J. Beetsma and H. Uhlig An Analysis of the "Stability Pact"

9760 M. Lettau and H. Uhlig Preferences, Consumption Smoothing, and Risk Premia

9761 F. Janssen and T. de Kok The Optimal Number of Suppliers in an (s,Q) Inventory System
with CKder Splitting

9762 F. Janssen and T. de Kok The Fill Rate Service Measure in an (s,Q) lnventory System with
Order Splitting

9763 E. Canton Fiscal Policy in a Stochastic Model of Endogenous Growth

9764 R. Euwals Hours Constraints within and bctwccn Jobs

9765 A. Blume Fast Learning in Organizations

9766 A. Blume lnformation Transmission and Preference Similarity

9767 B. van der Genut,~ten Canonical Partitions in the Restricted Linear Model

9768 W. Guth and B. Peleg When Will lhe Fittest Survive? -An lndirect Evolutionary
Analysis-

9769 E. Rebers, R. Beetsma and When to Fire Bad Managers: The Role of Collusion Between
H. Peters Management and Board of Directors

9770 B. Donkers and A. van Scest Subjective Measures of Household Preferences and Financial
Decisions

9771 K. Kultti Scale Retums of a Random Matching Model

9772 H. Huizinga and S.B. Nielsen A Welfare Comparison oC Intemational Tax Regimes with
Cross-Ownership of Firtns

9773 H. Huizinga and S.B. Nielsen The Taxation of Inlerest in Europe: A Minimum Withholding
Tax?

9774 E. Charlier Equivalence Scales for the Former West Germarry

9775 M. Berliant and T. tcn Raa Increasing Returns and Pcrfect Competition: The Role of Land



No. Author(s)

9776 A. Kalwij, R. Alessic and
P. Fontein

9777 P.J.J. Herings

9778 G. Gurkan, A.Y. dzge
and S.M. Robinson

9779 S. Smuldcrs

9780 B.J. Heijdra and L. Meijdam

9781 E.G.F. Stancanelli

9782 J.C. Engwerda and
R.C. Douven

9783 1.C. Engwerda

9784 J.C. Engwerda, B. van Aarle
J.E.J. Plasmans

9785 J. Osiewalski, G. Koop and
M.F.J. Steel

9786 F. de ]ong

9787 G. Gurkan, A.Y. ~zge
and S.M. Robinson

9788 A.N. Banerjee

9789 G. Brennan, W. Guth and
H. Kliemt

9790 A.N. Banerjee and
J.R. Magnus

9791 A. Cukierman and
M. Tommasi

9792 A. Cukicrman, P. Rodriguez
and S.B. Webb

9793 B.G.C. Dellaert,
M. Prodigalidad and
J.J. Louvriere

Title

Household Commodity Demand and Demographics in the
Netherlands: a Microeconometric Analysis

Two Simple Proofs of the Feasibility of the Linear Tracing
Procedure

Sample-Path Solutions for Simulation Optimization Problems
and Stochastic Variational Inequalities

Should Environmental Standards be Tighter if Technological
Change is Endogenous7

Public Investment in a Small Open Economy

Do the Rich Stay Unemployed Longer? An Empirical Study for
the UK

Local Strong d-Monotonicity of the Kalai-Smorodinsky and
Nash Bargaining Solution

Computational Aspects of the Open-Loop Nash Equilibrium
in Linear Quadratic Games

The (In)Finite Horizon Open-Loop Nash LQ-Game: An
Application to EMU

A Stochastic Frontier Analysis of Output Level and Growth
in Poland and Westem Economies

Time-Series and Cross-Section Information in Affine Term
Swcture Modcls

Sample-Path Solution of Stochastic Variational Inequalities

Sensitivity ofUnivariate AR(1) Time-Series Forecasts Near
the Unit Root

Trust in the Shadow of the Courts

On the Sensitivity of the usual t- and F-tests to AR(1)
misspecitcation

When does it take a Ni~on to go to China?

CenVal Bank Autonomy and Exchange Rate Regimes - Their
Effects on Monetary Accommodation and Activism

Family Members' Projections of Each Other's Preference and
Intluence: A Two-Stage Conjoint Approach



No. Author(s)

9794 B. Dcllaert, T. Arentze,
M. Bierlaire, A. Borgers
and H. Timmermans

979i A. Belke and D. Gros

9796 H. Daniëls, B. Kamp and
W. Verkooijen

9797 G. Gurkan

Title

[nvestigating Consumers' Tendency to Combine Multiple
Shopping Purposes and Destinations

Estimating the Costs and Benefits of EMU: The Impact of
Extemal Shocks on Labour Markets

Application of Neural Networks to House Pricing and Bond
Rating

Simulation Optimization of Buffer Allocations in Production
Lines with Unreliable Machines

9798 V. Bhaskar and E. van Damme Moral Hazard and Private Monitoring

9799 F. Palomino Relative Perfortnance Equilibrium in Financial Markets

97100 G. Gurkan and A.Y. Ozge Functional Properties of Throughput in Tandem Lines with
Unreliable Servers and Finite Buffers

97101 E.G.A. Gaury, J.P.C. Kleijnen Configuring a Pull Production-Control Strategy Through a
and H. Pierreval Generic Model



P.O. BOX 9n~ ~~ ~nnn i F Tu R~ ~Rr TLJC n~CTU~qLANDS
Bibliotheek K. U. Brabant

~ i im i ~ i a i u i i ~ ~ I~I~
1 7 000 O 1 402 ~ 22 5

P


	page 1
	page 2
	page 3
	page 4
	page 5
	page 6
	page 7
	page 8
	page 9
	page 10
	page 11
	page 12
	page 13
	page 14
	page 15
	page 16
	page 17
	page 18
	page 19
	page 20

