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Abstract. Organizational decision making often involves two decision levels. When the leader at the upper
level attempts to optimize his/her objective, the follower at the lower level tries to find an optimized strategy
according to each of possible decisions made by the leader. Furthermore, such bilevel decision making may
involve uncertain parameters which appear either in the objective functions or constraints of the leader or the
follower. Following our previous work on fuzzy bilevel decision making, this study proposes a solution concept
llI1drel~t~t~~:~.~~ ..E~:.e~~~l"lI1:!l!23Y:l:\llmp~!P!~g!!!;/;~..Pl!~<;~~!]~Qgrammlng:proOIems::rnnen'
devettlj>san approximation Branch-and-bound algorithm to solve the proposed problem.
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1 Introduction

Bilevel decision making (also called bilevel programming, BLP) techniques, first introduced by Von Stackel-
berg [18], have been developed for mainly solving decentralized planning problems with decision makers in a
hierarchical organization [3,4,7,8,19]. Decision maker at the upper level is termed as the leader, and at the lower
level, the follower. Each decision maker (leader or follower) tries to optimize his/her own objective function, but
the decision of each level affects the objective value of the other level [12].

Bilevel decision making theory and technology have been applied with remarkable success in different do-
mains, for example, decentralized resource planning, electric power market, logistics, civil engineering, chemical
engineering and road network management [1-3, 11, 12]. The majority of research on BLP has centered on the
linear version of the problem, i.e., linear BLP problems. A set of approaches and algorithms have been well
developed such as well known Kuhn-Tucker approach [4], Kth-best approach [6] and Branch-and-bound algo-
rithm [5,9]. However, existing BLP approaches mainly suppose the situation in which the objective functions
and constraints are characterized with precise parameters. Therefore, the parameters are required to be fixed at
the some values in an experimental and/or subjective manner through the experts' understanding of the nature of
the parameters in the problem-formulation process. It has been observed that, in most real-world situations, for
example, power market, the possible values of these parameters are often only imprecisely or ambiguously known
to the experts who establish this model. With this observation, it would be certainly more appropriate to interpret
the experts' understanding of the parameters as fuzzy numerical data which can be represented by means of fuzzy
sets [20]. A BLP problem in which the parameters, either in objective functions or in constrains of the leader or the
follower, are described by fuzzy values is called a fuzzy bilevel programming (FBLP) or a fuzzy bilevel decision
making (FBLDM) problem in the study.

Based on the definitions given by Bard et al. [4,5] and Lai et al [10,17] BLP problems can be described into
two situations: cooperative and noncooperative. The cooperative BLP proposed by Lai assumes the leader and the
follower making their decisions under a cooperative relationship, while a noncooperative BLP problem proposed
by Bard assumes that the follower reacts the leader's decision in a totally personally optimal way. Both situations
can be happened in real-world decision-making practice. The FBLP problem was first researched by Sakawa et al,
in 2000 [13]. Sakawa et al, formulated cooperative FBLP problem and proposed a fuzzy programming approach
for solving the problem. In the approach, Sakawa introduced the concepts of o-bilevel programming based on
the basis of fuzzy number a-level sets. Our research deals with noncooperative FBLP problems. Based on the
extended solution concept and related theorems ofBLP [14-16], we first solve FBLP problem with a specialized
forms of membership functions, triangular form, in the fuzzy parameters [21,22]. However, this may restrict the
use of other forms of membership functions to describe the parameters in modeling an FBLP problem. This paper
extends our previous research by allowing any form of membership functions to describe the fuzzy parameters in
a FBLP model. It develops an approximation Branch-and-bound algorithm to solve the general FBLP problem in
an uncooperative environment.
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Following the introduction, Section Section 2 reviews related the model and theorems for fuzzy linear bilevel
programming. A general-fuzzy-number based approximation Branch-and-bound algorithm for solving FBLP prob-
lems are presented in Section 3. Conclusions and further study are discussed in Section 4.

2 A Fuzzy Linear Bilevel Programming Model

This section gives related definitions and theories for general-fuzzy-number based FBLP model.
Consider the following fuzzy linear bilevel programming problem: Forx E X c B", y EYe B", F : X X Y ~

F*(R), and f : X X Y ~ F*(R),

min F(x,y) = CIX + dlYxEX
subject to Alx + 8lY ;;:;bl

minf(x,y) = czx + dzy
yeY

subject to Azx + 8zy ;;:;bz

(la)

(lb)

(lc)

(ld)

where C1>Cz E F*(Rn), dt. dz E F*(Rm), bl E F*(RP), bz E F*(Rq), A1 = (au) , au E F*(R), 81 = (bjj) ,
pxn pxm

bi)' E F*(R),;\" = (ejj) , eU E F*(R), 8z = (Sij) , Su E F*(R).
- qxn qxm

Associated with the (FLBLP) problem, we now consider the following (MLBLP) problem:
For x E X c B", Y EYe B", F : X x Y ~ F*(R), and f: X x Y ~ F*(R),

min (F(x,y»~ = CI~X + dlb,xEX
min (F(x,y»1 = cI1x+dI1Y,
xeX

subject to AI~X + BIb ~bl~,AI1x + Bl1y ~ b11, A E [0,1]

min (f(x,y»~ = cz~x + dz~y, A E [0,1]
yeY

min (f(x, yM = cz1x + dz1Y, A E [0, 1]
yeY

subjectto Az~x + B2~y ~ b2~,A21x + B21y;;;; b21, A E [0,1]

A E [0,1]

A E [0,1] (2a)

(2b)

(2c)

(2d)

Theorem 1. [23] Let (x*,y*) be the solution of the (MLBLP) problem (2). Then it is also a solution of the (FLBLP)
problem defined by (1).

Theorem 2. [23] Forx E X eRn, y EYe Rm, If all the fuzzy coefficients aij, bU' eij, Sij, Cjand djhave trapezoidal
membership functions of the (MLBLP) problem (1).

o
J=~k(t - ~ ) + ,8

j1:i.(t) = a
f~(-t +Z;) +,8
o

t<~
z~;;;;t<Z;;
t,;;;;;t<~,
~;;;;t ;;;;Z;
Z; Y < t

(3)

where z denotes aij, bij' eij, Sij, Cj and dj respectively. Then, it is the solution of the problem (1) that (x", yO) E
~ X Rm satisfying

min (F(x, y»; = CI~X + dl;y,
xeX
min (F(x, y»~ = CI~X + dl~y,xEX
min (F(x, y»~ = CI~X + d1~y,xEX
min (F(x, y»Z = ClpRx + dlZy,xEX
subject to AI~X + BI~y ~ bl;,

AI~X + BI~Y ~ bl~'
AI~X + BI~y s bl~.
AIZX + BIZY ;;;;bIZ,

(4a)

(4b)
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min (f(x, y))~ =:; C2~X+ d2~y,
yEY

min (f(x, y))~ =:; C2~X+ d2~y,
yEY

min (f(x, y))~ =:; C2~X+ d2~y,
yEY

min (f(x, y)); =:; C2;X + d2;y,
yEY

subject to A2~X + B2~Y ~ b2~,
A2~X + B2~Y ~ b2~,
A2ix + B2~Y ~ b2~'
A2;X + B2;Y ~ b2;'

(4c)

(4d)

Theorem 3. [23 J For x E X c R", Y EYe Rm, If all the fuzzy coefficients ajj, bij, eij, Sij, Cj and dj have
trapezoidal membership functions of the (MLBLP) problem (1).

J1i.(t) =:; a ~n ~ t <~. 'zt-~zt(-t + ~n-I)+ an-l ~. ~ t < ~"_I
-I

t <~o
",L s,t<.L
"ao - zal

~t ~t<~2

(5)

an-at ( _R )~ -t+:<::"o +ao
o

~t ~t~~o
~o <t

where z denotes aij, bij, ejj, Sjj, Cjand djrespectively. Then, it is the solution ofthe problem (1) that (x·, y") E RnxRm

satisfying

(6a)

min(F(x,y)t =:; CI~ x + dl~ y,xEX · •.•.n '""n •.•./1

subject to AI~X + BI~oY ~ bl~o'

(6b)
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(6c)

min (f(x,Y)la = e2Rax +dlay,
yeY I'l 11 "

(6d)

We note

Alx + BIY s hI
A2x + B2Y ~ h2

(6b')
(6d')

where

AI~ A2~ Bl~ B2~o

Al = AI~" ,A2 = A2~ ,BI= BI~ ,B2 = B2~"R" R" ,Alao A2ao Blot> B2ao

AI~" A2~" BI~" B2~"

bI~ b2~

b1 = bI~ ,b2 = b2~
If R"bino b2ot>

bl~" b2~"
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Then we can re-write (6) by using

min (F(x,Y))aL = ClaLX + dIaLV,
xEX n n 11#

min (F(x, y))~" = Cl~"X+ dl~ Y,xEX v ~ 0

(6a')

min (F(x, y))~ = CIRaX + dlaRy,
xEXn n n

subject toA1x + BIY ~ bi.
min (f(x,y))~o = C2~oX+ d2~Y'
yeY

(6b')

min (f(x,y»~ = C2~ X + d2~ y,yeY Ifll n

min (f(x, y))~o = C2~"X+ d2~ y,
~Y ~ 0

(6c')

min (f(x,y))~ = C2~ x + d2~ y,
yeY n n n

subject to A2X + B2Y ~ bz. (6d')

To solve the problem (7), we can use the method of weighting to this problem, such that it is the following problem:

n

~p (F(x,y) = I ((Cl~iX + dl~iY) + (Cl~iX + dl~iY))
i=O

subject to A-x» Bty s bi.

(7a)

(7b)
n

Inlye'p(f(x,y)) = I ((C2~iX+ d2~iY) + (C2~iX+ d2~iY))
i=O

subject to A2X + B2Y s b2•

(7c)

(7d)

Theorem 4. [23] For x E X c R", Y EYe Rm, If all the fuzzy coefficients aij, bij, eij, Sij, Ci and di have
trapezoidal membership functions of the (MLBLP) problem (1).

J1z(t) = a z~" ~ t <~" '
J:~" (-t+~nJ+an-l ~n ~t<~~l

o
J:=t (t-~)+ao

:t='l (t - ~J+ al
• 1

t <~o
z~o ~t<~l

~, ~t<~z

(8)

~~=~(-t +~o) + ao
o

where z denotes aij , bij , eij , sij , Ci and djrespectively. Then a necessary and sufficient condition that (x", yO)
solves the fuzzy linear BLP problem (1) is that there exist (row) vectors u', v'and w" such that (r", y', u", v",w")
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solves:

n n

~Jl(F(x,y» = L(Cl;;X + dl;;y) + L(Cl~iX + dl~;Y)
i=O i=O

subject to AIX + Bly ~ bj,
A2X + B2Y s b2,

U (.f Bl;; + .f Bl~;)+ v (t B2~i + f B2~i) - W
1=0 1=0 1=0 1=0

= - (.f d2~; + f d2~;)
1=0 1=0

U((f bl~i + f bl~i) - (f Al~; + f Al~i) X
1=0 1=0 1=0 1=0

- (f BI~i + f BI~;lY)+ v((.f b2;; + f b2~;)

(

'~O L'~ R (nl=O nl=O))
- .L:A2ai + L: A2ai X - L: B2~i + L: B2~; Y

,=0 ,=0 1=0 ,=0
+wy=O

(9a)

(9b)

(9c)

(9d)

(ge)

x ;;l; 0, Y ;;l; 0, U ;;l; 0, v ;;l; 0, w ;;l; o. (9f)

Based on Theorem 3, we present an approximation Branch-and-bound approach for solving the fuzzy linear
bilevel programming shown in (1).

3 An Approximation Branch-and-Bound Algorithm

We first write all the inequalities (except of the leader's variables) of (7a)-(7d) as gi(X, y) ;;l; 0, i = 1, ... , p + q + m,
and note that complementary slackness simply means uigi(X,y) = O(i = 1, ... , P + q + m). Now we suppress the
complementary term and solve the resulted linear sub-problem. At each time of iteration the condition (ge) is
checked. If it is satisfied, the corresponding point is in the inducible region and hence a potential solution to (7).
Otherwise, a Branch-and-bound scheme is used to implicitly examine all combinations of the complementarities
slackness, A flowchart of the basic idea is shown in Figure 3.1 to describe the approximation Branch-and-bound
algorithm.

Based on this flowchart, we give some notations for describing the details of the approximation Branch-and-
bound algorithm.

Let W = [I, ... ,p + q + m} be the index set for the terms in (9), F be the incumbent upper bound on the
objective function of the leader. At the k-th level of an search tree we define a subset of indicesWk C W, and a path
Pk corresponding to an assignment of either u; = 0 or gi = 0 for i E Wk. Now let

s; = [i : i E WhUi = O}

S; = [r : i E Wk,gi = O}

S~ = {i : if/. Wk}.

For i E S~, the variables Ui or gi are free to assume any nonnegative value in the solution of (9) with (ge)
omitted, so complementary slackness will not necessarily be satisfied.

By using these notations we give all steps of the approximation Branch-to-bound algorithm.
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Let the Interval [0. 1] be decomposed Int02/-1 mean sub-intervals and a range of errors I': > 0

set 1=1, then solve (MLBLP);. l.e., (6) by using Branch approach \VIen p = 0 and a = 1 • \VIe obtain
optiml2ation soIlution (x,y)2'

Solve (9) >Mthout (ge)

Yes

No

~ateltof+1

Fig.L A flowchart for the main ideas of the extend branch-and-bound algorithm

No
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Step 1 The problem (2.1) is transferred to the problem (6)
Step 2 Let the interval [0, 1] be decomposed into 21-1 mean sub-intervals with

(21-1+1) nodes Ai (i = 0, .. · ,21-1) which are arranged in the order ofO =
Ao < Al < ... < AZI-I= 1 and a range of errors s > O.

Step 3 Set I = 1, then solve (MLBLP)~, i.e. (6) by using Branch approach when
1ft = 0 and a = 1, we obtain optimization solution(x,Y)zl.

Step 4 The problem (6) is transferred to the following linear BLP problem (7) by
using method of weighting

Step 5 To solve the problem (7)
Step 5.0 (!nitialization) Set k = 0, S; = ¢, Sk = ¢, S~ = {l, ... ,p + q + m}, and

F= 00.

Step 5.1 (Iteration k) Set Ui = 0 for i E S; and gi = 0 for i E S;. It first attempts to
solve (9) without (ge).1f the resultant problem is infeasible, go to Step 5.5;
otherwise, put k f-. k + 1 and label the solution (xk,!, uk).

Step 5.2 (Fathoming) If F(X',~) ~ F, then go to Step 5.5.
Step 5.3 (Branching) If!l;gi(X', yK) = 0, i = 1, ... , p + q + m, then go to Step 5.4.

Otherwise select i for which Ufgi(xk,!) =I:- 0 is the largest and label itil.
PutS; to- S; U (ill, S2 to- S2WIl, S; to- S;, append i1 to Pk, and go to
Step 5.1.

Step 5.4 (Updating) LetF to- F(X', ~).
Step 5.5 (Backtracking) If no live node exists, go to Step 5.6. Otherwise branch to

the newest live vertex and updateS;,S;,s2 and Pk as discussed below. Go
back to Step 5.1.

Step 5.6 (Termination) IfF = 00, there is not feasible solution to (MLBLP)~. Oth-
erwise, declare the feasible point associated with Fwhich is the optimal
solution to (MLBLP)~.

Step 6 Solve (MLBLP)~+1by Step 5.1 to Step 5.6 and we obtain optimization so-
lution (x'Y)ZI,I.

Step 7 I~I(x,Y}zI'1- (x,Y}z11l< e, then the solution(x*,y*)of the fuzzy linear bilevel
problem is (x, Y}zI,lOtherwise, update 1 to 21 and go back to Step 6.

Step 8 Show the result of problem (1).

We give some explanations for these steps and their working process as follows.
After initialization, Step 5.1 is designed to find a new point which is potentially bilevel feasible. Ifno solution

exists, or the solution does not offer an improvement over the incumbent (Step 5.2), the algorithm goes to Step 5.5
and backtracks.

Step 5.3 checks the value of Ufgi(xk,!)to determine if the complementary slackness conditions are satisfied.
In practice, if IUfgil < 10-6 it is considered to be zero. Confirmation indicates that a feasible solution of a bilevel
program has been found and at Step 5.4 the upper bound on the leader's objective function is updated. Alterna-
tively, if the complementary slackness conditions are not satisfied, the term with the largest product is used at Step
5.3 to provide a branching variable. Branching is always completed on the Kuhn-Tucker multiplier [4].

At Step 5.5, the backtracking operation is performed. Note that a live node is one associated with a sub-problem
that has not yet been fathomed at either Step 5.1 due to infeasibility or at Step 5.2 due to bounding, and whose
solution violates at least one complementary slackness condition. To facilitate bookkeeping, the path Pk in the
Branch-and-bound tree is represented by a vector, its dimension is the current depth of the tree. The order of the
components of Pk is determined by their level in the tree. Indices only appear in Pk if they are in either S; or S;
with the entries underlined if they are in Sk . Because the algorithm always branches on a Kuhn-Tucker multiplier
first, backtracking is accomplished by finding the rightmost non-underlined component if Pk, underlining it, and
erasing all entries to the right. The erased entries are deleted from S; and added to S2.

4 Conclusions and Further Study

Uncertainty often occurs in bilevel decision making practice. Therefore, a BLP model often has fuzzy parame-
ters in both its objective and constraint. An important issue involved in this situation is how to derive an opti-
mal solution for the upper level's decision maker. This paper proposes a fuzzy number based the approximation
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Branch-and-bound algorithm to solve such fuzzy bilevel decision problems. A cased based example is then given
to illustrate the proposed approximation Branch-and-bound algorithm.

Further study on this topic includes the development of models and approaches for fuzzy bilevel multi-follower
programming problems. In such a kind of problems, multiple followers are involved. The leader's decision will
be affected not only by those followers' individual reactions but also by the relationships among these followers.
As uncertain information could occur in the objectives and constraints of both the leader and his/her multiple
followers, one of the challenges is how to get an optimal solution for the leader in the complex environment.
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• Neural Network Combining Classifier Based on
Dempster-Shafer Theory
Benmokhtar Rachid, Huet Benoit, pages 3 - 10. Show abstract

• V-Detector algorithm with tree-based structures
Chmielewski Andrzej, Wierzchon Slawomir T., pages 11 - 16.
Show abstract

• Local search and nature based metaheuristics: a case of
flowshop scheduling problem
Duda Jerry, pages 17- 24. Show abstract

• BRILl, an English-Spanish Cross-Lingual Question
Answering System
Ferrande: Sergio, F'erranndez Antonio, Roger Sandra,
Lopez-Moreno Pilar and Peral Jesus, pages 25 - 31. Show
abstract

• Creating and Application of Maps of Concepts for DL
Ontologies
Goczyla Krzysno], Waloszek Wojciech, Zawadzka Teresa,
Zawadzki Michal, pages 33 - 39. Show abstract

• Implementation and Tests of Clustering over Vertically
Distributed Data without Sharing their Value
Gorawski Marcin, Slabinski Lukasz; pages 41 - 50. Show
abstract

• Text Normalization as a Special Case of Machi~ Translation
Gralinski Filip, Jassem Krzysziof, Wagner Agnieszka; Wypych
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Mikolaj, pages 51- 56. Show abstract
• A Data Clustering Algorithm Based On Single Hidden

Markov Model
Hassan Md. Rafiul, Nath Baikunth, Kirley Michael, pages 57-
66. Show abstract

• An Algorithm for Extracting Translation Rules from Scarce
Bilingual Corpora
Jassem Krzysztof, Kowalski Tomasz, pages 67 -73. Show
abstract

• Fault Modeling for Nonlinear Systems Using ANFIS
Khosravi Abbas, Lu Jie, pages 75 - 83.Show abstract

• Image Classification with Customized Associative Classifiers
Kobylinski Lukasz; Walczak Krzysztof, pages 85 - 91. Show
abstract

• On evolutionary approach for determining defuzzyfication
operator
Kosinski Witold, Markawska-Kaczmar Urszula, pages 93 -101.
Show abstract

• Linear Ordering of Observation Space for Pattern
Recognition
Kulikowski Iulisz Lech, pages 103-109. Show abstract

• EMOT-Evolutionary Approach to 3D Computer Animation
Kwasnicka Halina, Wozniak Piotr, pages 111-121. Show
abstract

• Documents clustering method based on Ants Algorithms
Machnik Lukasz, pages 123- 130.Show abstract

• A Data Quality Assessment Algorithm with Applications in
Predictive Toxicology
Malazizi Ladan, Neagu Daniel, Chaudhry Qasim, pages 131-
140.Show abstract

• GA-Based Rule Extraction from Neural Networks for
Approximation
Mularczyk Krystyna, Markowska-Kaczmar Urszula, pages 141-
148.Show abstract

• Universal Method for Solving Timetabling Problems Based
on Evolutionary Approach
Norberciak Maciej, pages 149-157. Show abstract

• General Structure of T-Lymphocyte Applied to
Immune-Based Event Detection in Financial Time Series
Pelech-Pilichowski Tomasi; Duda Jan T., pages 159 167.
Show abstract

• Multiclassifier Approach to Tagging of Polish
Piasecki Maciej, Wardynski Adam, pages 169- 178.Show
abstract

• Credibility Coefficients Based on Decision Rules
Podraza Roman, Walkiewicz Mariusz; Dominik Andrzej, pages
179- 187.Show abstract

• Applications of Graph Neural Networks to Large-Scale
Recommender Systems, Some Results
Pucci Augusto, Gori Marco, Scarselli Franco, Hagenbuchner
Markus, Tsoi Ah Chung, pages 189-195. Show abstract
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• Neural modeling of steam turbines
Sobanska Paulina, Szczepaniak Piotr, pages 197 - 205. Show
abstract

• Differential Evolution: Competitive Setting of Control
Parameters
Tvrdik Josef, pages 207 - 213. Show abstract

• Generating New Styles of Chinese Stroke Based on Statistic
Model
Xu Miao, Dong Jun. pages 215 - 222. Show abstract

• An Approximation Branch-and-Bound Algorithm for Fuzzy
BilevelDecision Making Problems
Zhang Guangquan, Lu Jie, Dillon Tharam, pages 223 - 231.
Show abstract

• JABAT-an implementation of the A-Team Concept
Barbucha Dariusz; Czarnowski lreneusz, Jedrzejowic: Piotr,
Ratajczak-Ropel Ewa, Wierzbowska Izabela, pages 235 - 241.
Show abstract

• Spatial Telemetric Data Warehouse and Software Agents as
Environment to Distributed Execute SQL Queries
Gorawski Marcin, Pluciennik Ewa, pages 243 - 252. Show
abstract

• Simple Reputation Metrics for Mobile Agent in Open
Environment
Klopotek Mieczyslaw A., Wolski Michal, pages 253 - 261. Show
abstract

• An Agent-based Approach to Group Decision Simulation
using Argumentation
Marreiros Goreti, Novais Paulo, Machado Jose, Ramos Carlos,
Neves Jose, pages 263 - 270. Show abstract

• Introducing fault tolerance and responsiveness in web
applications using SREFTIA
Niazi Muaz, Ahmed H. Farooq, Ali Arshad pages 271 - 278.
Show abstract

• 6th International Interdisciplinary Conference on Electronic
Commerce

• Towards an Open eBusiness Collaboration Community
Campelo F. Eulalia G., Stucky Wolffried, pages 281 - 288.
Show abstract

• An uncertain problem of caching dynamic content for a web
e-commerce
Gil Waldemar, Orski Donat, pages 289 - 296. Show abstract

eRelationship between IT Security and users' needs
Kapczynski Adrian, pages 297 - 302. Show abstract

e No Trust, No Transaction-The Implications For The Internet
Suppliers
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Kossecki Pawel, Swierczynska-Kaczor Urszula, pages 303 - 309.
Show abstract

• Relationship Between IT Technology and the User Needs
Michalski Andrzej M., pages 311- 316. Show abstract

• Long-term Preservation of Digital Information
Styblinska Maria, pages 317 - 324. Show abstract

• Efficient Matchmaking in an Agent-based Grid Resource
Brokering System
Dominiak Mateusz; Kuranowski Wojciech, Gawinecki Maciej,
Ganzha Maria, Paprzycki Marcin, pages 327 - 335. Show
abstract

• The Software Agents in a Database Grid
Gorawski Marcin, Bankowski Slawomir, Gorawski Michal, pages
337 - 344. Show abstract

• Selection of Indexing Structures in Grid Data Warehouses
Gorawski Marcin, Gorawski Michal, Bankowski Slawomir, pages
345 - 354. Show abstract

• Parallel Program Execution Anomalies
Kwiatkowski Jan, Pawlik Marcin, Konieczny Dariusz; pages 355
- 362. Show abstract

• Performance Prediction Methods
Szymanska-Kwiecien Agnieszka, Kwiatkowski Jan, Pawlik
Marcin, Konieczny Dariusz, pages 363 - 370. Show abstract

• 'Workshop on Real-Time Safety-Critical Software

• RT-UML in modeling of multimedia applications
Cichon Pawel, pages 373 - 382. Show abstract

• Automated Code Generation for Safety-Related
Applications: A Case Study
Gluch David, Komecki Andrew J., pages 383 - 391. Show
abstract

• Code Generation for CSMlECSM Models in COSMA
Environment
Grabski Waldemar, Nowacki Michal, pages 393 - 400. Show
abstract

• FPGA as a part of MS Windows control environment
Kolek Krzysnof, Turnau Andrzej, pages 401- 406. Show
abstract

• EMLAN: a framework for model checking of reactive
systems software
Krystosik Artur, pages 407 - 413. Show abstract

• Hardware and software architectures for reconfigurable
time-critical control tasks
Pilat Adam, Grega Wojciech, pages 415 - 424. Show abstract

• Task-Oriented Real- Time Execution without Asynchronous
Interrupts combined with Runtime State Restoration
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Skambraks Martin, Halang Wolfgang, pages 425 - 431. Show
abstract

• Numerical Assessment of Software Development Tools in
Real-Time Safety-Critical Systems using Bayesian Belief
Networks
Zalewski Janusz, Kornecki Andrew J., Pfister Henry L., pages
433 - 442. Show abstract

1st International Werkshop on Secure Information Systems

• Public Key Management Scheme with Certificate
Management Node for Wireless Ad Hoc Networks
Funabiki Shunsuke, !sohara Takamasa, Takemori Keisuke,
Sasase Iwao, pages 445 - 451. Show abstract

• Parity-based Detection of Multiple Errors in S-boxes
ldzikawska Ewa, Bucholc Krzysziof, pages 453 - 457. Show
abstract

• Personal Identification Techniques Based on Operational
Habit of Cellular Phone
lsohara Takamasa, Takemori Keisuke, Sasase Iwao, pages 459-
465. Show abstract

• TLS handshake method based on SIP
Kaji Tadashi, Hoshino Kazuyoshi, Fujishiro Takahiro, Takata
Osamu, Yato Akifumi, Takeuchi Keisuke, Tezuka Satoru, pages
467 - 475. Show abstract

• Modem access control based on eye movement analysis and
keystroke dynamics
Kopczynski Adrian, Kasprowski Pawel, Kuiniacki Piotr, pages
477 - 483. Show abstract

• The OCT A VE methodology as a risk analysis tool for
business resources
Pyka Marek, Januszkiewic: Paulina, pages 485 - 497. Show
abstract

• A Workflow Instance-based Model-checking Approach to
Analysing Organisational Controls in a Loan Origination
Process
Schaad Andreas, Sohr Karsten, pages 499 - 517. Show abstract

• Secure Distributed Processing of Context-A ware
Authorization
Shim Young-Chul, pages 519 - 526. Show abstract

• Implementation of Behaviour-Based Temporally Aware
Behaviour- Based Security in Smart Cards
William G. Sirett, Markantonakis Konstantinos and Mayes Keith,
pages 527 - 533. Show abstract

• First International Multiconference on Computer Science and
Information Technology

• Timed Concurrent State Machines
Daszczuk Wiktor B., pages 537 - 547. Show abstract
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• Unified Automatic Testing of a GUI Applications' Family on
an Example of RSS Aggregators
Derezinska Anna, Malek Tomas; pages 549 - 559. Show
abstract

• From Simulation to Execution: on a Certain Programming
Paradigm for Reactive Systems
Dobosiewic: Wlodek, Gburzynski Pawel, pages 561 - 568. Show
abstract

• Reducing the Overhead Cost in Fixed & Low Mobility
AODV Based MANETs
Kawisb Babar, Aslam Baber, Khan Shoaib, pages 569 - 578.
Show abstract

• Parallel Performance of a 3D Elliptic Solver
Lirkov Ivan, Vutov favor, pages 579 - 590. Show abstract

• Comparative analysis of PCG solvers for voxel FEM systems
Margenov Svetozar, Vutov favor, pages 591 - 598. Show
abstract

• Experimental dependability evaluation of memory manager
in the real-time operating system
Pisarczyk Pawel, pages 599 - 605. Show abstract
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