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EDITORIAL

In this third edition of 2010, we bring forward issues from various dynamic computer science
areas ranging from system performance, computer vision, artificial intelligence, software
engineering, multimedia , pattern recognition, information retrieval, databases, security and
networking among others.

As always we thank all our reviewers for providing constructive comments on papers sent to
them for review. This helps enormously in improving the quality of papers published in this
issue.

1JCSI will maintain its policy of sending print copies of the journal to all corresponding authors
worldwide free of charge. Apart from availability of the full-texts from the journal website, all
published papers are deposited in open-access repositories to make access easier and ensure
continuous availability of its proceedings.

The transition from the 2" issue to the 3™ one has been marked with an agreement signed
between IJCSI and ProQuest and EBSCOHOST, two leading directories to help in the
dissemination of our published papers. We believe further indexing and more dissemination will
definitely lead to further citations of our authors’ articles.

We are pleased to present IJCSI Volume 7, Issue 3, May 2010, split in eleven numbers (1JCSI
Vol. 7, Issue 3, No. 1). The acceptance rate for this issue is 37.88%.

We wish you a happy reading!
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Distributed Maximality based CTL Model Checking

Djamel Eddine Saidouni' ,Zine EL Abidine Bouneb’

! Department of Computer Science , University Mentouri
Constantine, 25000, Algeria

2 Department of Computer Science , University EI Arbi Ben Mehidi
Oum EIl Bouaghi, 04000, Algeria

Abstract
In this paper we investigate an approach to perform a distributed
CTL Model checker algorithm on a network of workstations
using Kleen three value logic, the state spaces is partitioned
among the network nodes, We represent the incomplete state
spaces as a Maximality labeled Transition System MLTS which
are able to express true concurrency. we execute in parallel the
same algorithm in each node, for a certain property f on an
incomplete MLTS , this last compute the set of states which
satisfy f or which if they fail f are assigned the value

L .The third value L mean unknown whether true or false
because the partial state space lacks sufficient information
needed for a precise answer concerning the complete state
space .To solve this problem each node exchange the information
needed to conclude the result about the complete state space. The
experimental version of the algorithm is currently being
implemented using the functional programming language Erlang.
Keywords: Author Guide, Article, True concurrency semantics;
State space explosion problem; Distributed model checking;
three value logic.

1. Introduction

Model checking is powerful technique for verifying
reactive systems able to find subtle errors in real
commercial designs, it is gaining wide industrial
acceptance. Compared to other formal verification (e.g
theorem proving ) Model checking is largely
automatic[1][2].In our approach the application to be
verified is firstly specified by means of the formal
description technique LOTOS[3][4] . This specification is
translated, using the maximality based operational
semantics, to a graph called Maximality-based Labeled
Transition System (MLTS)[5] . This graph is used for the
properties verification.

The main limiting factor of Model checking
technique is the so called explosion problem where
translation from the specification of the application to a

state transition graph usually involves an exponential
blow-up. State space does not fit into memory or state
space fits in memory, but is too large for being explored
entirely (e.g., access to hash table becomes slower as the
number of states grows).

Three approaches has been proposed in the literature
for tackling this problem, the first one uses some
equivalence relation to reduce the number of states and
transitions in the model (bisimulation relations, alpha
reduction relation, partial order based relations,
..)[6][7]1[8]. The second approach consists of coding the
model in an efficient representation like binary decision
diagram (BDD) [9][10][11].

To overcome hardware limitations, a third approach
is deeply investigated currently. This approach consists of
using a cluster or a network of workstations. This last
technique has showed its efficiency since it can preserve
the result of the first and second approach with increasing
performance[12][13] [14].

In this paper we continue our work for the
parallelization of the model checking based on the
maximality semantics the first step for the parallelization
of the construction of the state space, which is modeled as
Maximality Labeled Transition System has achieved with
success, for more information we refer the reader to [14],
in this paper we present the second step which is the
parallelization of the Model checking verification
algorithm discussed in [1].

First the state graph is partitioned among the network
nodes, i.e. each network node owns a subset of the state
space. Each node executes an instance of the parallel
generation algorithm which computes partial MLTS[14].

Secondly we execute in parallel the same CTL
Model checker algorithm in each node on these
incomplete structure, this last use three value logic of
Kleen [15][16] and return L only when the partial state
space lacks information needed for a defined answer about
the complete state space. The algorithm exchange
information about Border States which is not present in

1JCSI
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the node to conclude the result about the complete state
space; if an arbitrary node has new information he need to
make a re-computation.To the best of our knowledge our
Algorithm of verification is the first fix point algorithm of
model checker which can be executed in parallel on
Maximality Labeled Transition System.

2. Maximality Semantics

We assume that the reader is familiar with
behavioural part of LOTOS and its interleaving semantics.

2.1 Maximality based Labeled Transition System

M being a countable set of events names, a
maximality-based labeled transition system of support

M s a quintuplet (Q, A, 1,&,w ) with :
Q=(S,T,a, ) isatransition system such that :

S the countable set of states in which the system can be.

T : the countable set of transitions indicating the change
of system states.

o and B are two functions from T to S such that : for
any transition teT ; «a(t) denotes the origin of the
transition and A (t) its goal.

(Q, A) is a transition system labeled by an alphabet A.

w .S — 2™ :is a function which associates to every state
a finite set of maximal event names present at this state.
1.T — 2™ :is a function which associates to every

transition a finite set of event names corresponding to
actions that have start their execution such that their
terminations allow the start of this transition.

&:T—>M :is a function which associates to its

transition an event name identifying its occurrence. Such
that for any transiton (€T u(®) ey (a(t) ,

£(t) ¢ v (a(t) - u(t) | .
() = (v (a(t)) - u(t) VD).

2.2 The intuition behind the Maximality semantics

The semantics of a concurrent system can be
characterized by the set of states of the system and
transitions by which the system passes a state to another.
In the approach based on the maximality, transitions are
events that only represent the beginning of the execution
of actions. Consequently, the concurrent execution of
several actions becomes possible; hence we can
distinguish sequential executions and parallel executions

of actions. Being given that several actions have the same
name can be executed in parallel (auto concurrency), we
associate, to distinguish the executions of each action, an
identifier to every beginning of the execution of that
action. In a state, an event is said maximal if it
corresponds to the beginning of the execution of an action
that can be possibly always executing in this state. In order
to illustrate this semantics let us consider the following
example :

F=a;b;stop[]b;a;stopE=a;stop]|||b;stop

()
/Ao

{x} v}
\ v 9z

by \
3’}' Xy

{

Fig.1 F=a;b;stop[]b;a;stop.

(]
=/ \
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—
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Fig.2 E=a;stop ”l b ; stop

Fig.1 represents the MLTS of the LOTOS behavioral
expression F and Fig.2 represents the MLTS of the

LOTOS behavioral expression E . Itis clear that in states
2 and 4 of Fig.2 actions a and b are currently executed
in parallel this fact is represented by the presence of the
two event names X and Y in each states . However, in

states 2 and 4 of Fig.1, only one action may be in
execution, this fact is captured by the presence of one
event name in each state. A detailed presentation of the
maximality semantics can be found in .

The maximality based operational semantics of
LOTOS is defined on configurations associated to
behavior expressions. For illustration, let us reconsider the

1JCSI
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behavioral expressions E and F . In the initial state, no
action has been executed again, therefore the sets of
maximal event names associated to the initial states are
empty, hence the initial configurations associated to the

behavior expressions E and F are ,[E] and ,[F].

So a configuration represents a state. When applying the
maximality base operational semantics, the following
derivations are possible :

@by

el LIstopl|ll, [b;stop] e m
,[stop]|ll, [stop] (1)

X (respectively Yy ) being the name of the event
identifying the beginning of the action "a ™ (respectively
"b ™). Note that nothing can be concluded on the

termination of the two actions a and b in the
configuration :

«stop]|ll, [stop] (2)
X and Yy are said maximal in this configuration. Let's

note that X is also maximal in the intermediate state
represented by the configuration:

«[stop]|ll; [b;stop] (3)

For the implementation we can implement events as
integer.

Definition 1 . A Kripke structure M is a tuple
(S,L,R,l) , where S is a finite set of states,
L:Sx AP — {true, false} is an interpretation that
associates a truth value in {true, false} with each
atomic proposition P e AP the set of all atomic
proposition, for each state in S, RcSxS is a
transition relation on S, and | = S is a set of initial
states.

3. Maximality Labeled Transition System as
Kripke Structure

let M=( Q,A &y ) be an MLTS such that
Q=(S,T,a,p) and let K=(S,L,R, 1) be a kripke

structure, it is clear to see that if we take from M the
maximal events as atomic proposition we can consider M

as a kripke structure defined by : (S,w,T,1).

Example 1. : we take the example of the MLTS in Fig.2
this MLTS can be seen as kripke structure like this :

o YN :
\@/’

Fig.3 The MLTS of E=a; stop ||| b ; stop as Kripke structure

The atomic propositions are based on the content of states,
since we can define each state as a function:

This function answer the question: "is the arbitrary action
"a" currently executed in the state i?" to make an idea let
consider the MLTS of Fig 2:

state,(a) = True; state, (b) = True
Whereas:
state, (a) = True; state, (b) = False

for example if "a" = A-InCriticalSection and "b" = B-
InCriticalSection we can see that the state 2 violate the
principle of mutual exclusion ( safety property : some
thing bad never happen ) . We make the remark that the
model of MLTS is very rich of information and also can
be used for the scheduling in multiprocessor platform,
since it represent also the dependence between action. The
main advantage is that this graph can be generated
automatically by a compiler. Our use of MLTS here as
logical Model for verification is very simple than
scheduling since we don't need all the information
contained in it.

Definition 2. Let M =(S,L,R, 1) a Kripke structure,

the set of border states in M is
border(M) ={seS|—3s.(s,s ) € R}.[19]

Definition3 . Let M =(S,L,R,I) be a Kripke
structure, T < S . We define the partial kirpke structure
@ ,(T)=(5; L;,R;, I7) as follows:

S, ={s|seTords eT:(s,s)eR}
Ry ={(s,s,) eR[s, €T s, €5}
I; ={seS;|sel}

L, :S; x P — {false, L, true}

1JCSI
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We call the partial Kripke structure @ |, (T) a
fragment of M , the states in the set T are all present in
the Node and S; —T is the set of border states of
® ,(T) ie border (® ,,(T) ) . From the definition
of R; we can see that the fragment ® ,, (T) know all
the immediate successors of the states present in the node
i.ein T [19]. The truth function L; for the fragment of
M and a CTL formula ¢ is a total function

L; :Sx¢p —>{True, L, False}.
L, (s,p) =True iff M,sllp and L, (S,¢) = False

iff M,sl/lp we use L;(S,¢) =L if we don't know the

truth value at certain stage of computation of the truth
function for example in the start of computation of the
truth on border states.

The truth function on the complete Kripke structure M is
a total function L:Sx¢@ —{True, False}. since all
the information for the computation needed are available
we don't need the third value unknown represented by L .
Definitions 4 Let M =(S,L,R,1) be a Kripke

structure,and @ |, (Z) afragmentof M we define :
T(p) ={seS|L(s, p) =true}
U(p)={seS|L(s, p)=1}
F(p)={seS|L(s, p) = false}

for seT,InT(s) =(1,s)
for seU,inU(s) =(L,s)
for se F,inF(s) =(0,s)

T7(p) ={inT(s)| Vs eT(p)}

U™(p)={inU(s)|vseU(p)}

F*(p) ={inF(s)| Vs e F(p)}

S'(p) =T (p)wU"(p)wF"(p)

Ve, e, €S" wehave &Be, iff snd(e,) = snd(e,)
We Interpret the logical operators A and V on

partial kripke structure using Kleene's three value logic .

An accurate and compatible interpretation of Kleene's

connectives was given by Korner [15].Korner defined the

notion of an inexact class of a given non-empty domain A
generated by a partial definition D(P ) of a property P of

elements of A as a three-valued "characteristic function'

X, A—>{-1,011}

X, (@)=
—1 wherP (a)accordinpD(P) is false
0 wherP(a)isD(P)—undecidadl
1 wherP (a)according D(P) istrue

Any family of inexact classes of a given domain A is a de
Morgan lattice, the algebraic operations U, and — :

(XwY)(a)=max{X(a),Y(a)}
(X nY)(@) =min{X (a),Y (a)}
(—=X)(a) =-X(a)

being counterparts of the Kleene connectives[15]. We now
consider our theory based on the theory mentioned above :

Let B | ={false, L, true}.
Let (B |, <) beatotal order such that :
false << true

Ve ,e, € S” inthe case when €Be, we have :

e, A€, =(min(fste, fste,),snd e)
e, ve, =(max(fste, fste,),snd e )
Let ScS" and G < S* we define:

S(G ={e, ne, | Ve, €8S,Ve, €G suchthat e,Be,}
S/ G ={e, | Ve, € S and Ze, € G such that e Be,}
v {e,| Ve, eGand Ae €S suchthateBe,} U
{e,ve,|Ve €S,3e, € Gsuchthat eBe,}

Let succC be a function defined as follow :
succ: St — 2%
succ(e) ={e " |(snd(e),snd(e)) € R}

4. CTL model checking on fragments

Theorem.1 Given M =(S,L,R,lI) a fragment of
Kripke structure and a CTL formula, the following
recursive algorithm compute the set of states H(f) < S

which satisfy f or it may satisfy f and exclude all
states which not satisfy f .

1JCSI
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«H(p)=T"(p)wU "(p) suchthat p is an atomic
proposition
* H(-) ={inT(s) | s (S—maygsnd H(f)) } " (f)
*H(fAg)=H(f)H(g)
- H(fvg)=H(f) H(g)

H(AXf) =
({InT(snd(e))| Vee S*(f).succ(e)=T*(f)c H(f)}
w{inU(snd(e))| Ve e S (f).succ(e) (T (f)uU™(f))
and Je esucc(e) such that e (f)})

{inU(s)|s eborder(M)}

H (EXf ) = ({InT (snd (e)) | Ve e S*(f).3e e succ (e) and e *(f)}
U

{inU (snd (e)) | Vee S*(f).succ(e)c U (f)c H(f)}

[

{inU (s)|s e border (M)}

« H(AGF) = vZ.(H(f) [AXZ)

« H(AFf) = 1Z.(H(f)] AXZ)

-H(A(fUG)) = 1Z.(H(g)l (H(f)(AXZ))
After the application of the above recursive algorithm we
have Vs¢ H(f) = L(s, f)= false . The other

operators like EG can be all deduced from the operators
cited above, for example H(EGf) = H (—(AF-f))
for more information we refer the reader to [2].

proof

« For the atomic proposition we can see that H(p) is the
set of states where the formula hold or where the formula
may hold i.e where we are not sure that the formula is
false

« For the case of H(AXf) : The set
({InT(snd(e))| VeeS"(f).succ(e) =T " (f)cH(f)}
represent the set of states where all of there successors are
states where the formula f holds, and the set
{inUsnde))| veeS*(f)suc) (T (f) ' (f)) and e

e succ(e)such that e (f)} represent the set of

states where there successors may satisfy f , hence this
set is the set of states where H (AXf) may be satisfied.

Furthermore because we don't know the successors of the
border states we add this sates to the result of computation

{inU(s)|s eborder(M)} because this states may

satisfy the formula H (AXf) .

« We will prove the fix point characterization of the
operators AGf , the fix point characterization for the
remaining CTL operators can be established in similar

S .
manner. The set 2 of all subset of S form a lattice

under the set inclusion ordering. Each element S of the
lattice can also be thought of as a predicate on S where
the predicate is viewed as being true or may be true L for

exactly the states in S . The least element in the lattice is
the empty set, which we also refer to as False , and the
greatest element in the lattice is the whole set S , Which
. . . S
we sometimes write as True. A function that maps 2° to

2° will be called a predicate transformer. We follow the
same manner as in [2] first we can see that
7(Z) = H(f) [AXZ is monotonic, and [ -continuous
by the theorem of Tarski and Knaster we can conclude that
AGH is the great fix point of. 7(Z) = H(f) [AXZ

proposition 1:The predicate transformer
7(Z) = H(f) [AXZ is monotonic
proof

let P, € P, To show that 7(P,) = 7(P,), consider

an arbitrary sate sez(R) Then S satisfy f or it may
satisfy fie(L(s, f)=true or L(s, f)=1) ,4

for all states S such that (S’S)ER and S EPl.

Because 1S 2,5 € P aswielithus s e 7(P,)

proposition 2:The  predicate transformer
7(Z) = H(f) [AXZ is [ continuous

proof

We want to proof that 7( (P = [,z(P).

first we can see that (P rPZ)gPl because 7 is
monotonic we have 7(P, (Pz)gr(F’l) the same for
(R R) c7(R,) which mean that
(P, (P,) < (z(P) (7(P,))) more generale we have
t((;P)c (;z(P) . Furthermore we have for an
arbitrary state S € (z7(P)) rr(Pz) r...r(Pn)) this mean

that : .- - .., and Sez(PR,)..sez(P,) this mean
that: (ser(P) < s, f and Vs such that
1JCSI
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(ss)eR implies  that S € Pl) and
(se T(P”) < SDmayf and Vs such that (s,s)eR
impliesthat S € P,).

Hence sez(PR,)..sez(P,) implies s . f and

may
s e(P, er...(Pn) which mean that S e 7( (,PI) i.e

(iz(P)cz([[P)Q

With an informal way we can see that at the first iteration
we have all the state which satisfy f or it may satisfy f ,

lets said that this set is Z,, at the second iteration we
compute the set of states which is in Z, and there
successor satisfied f or it may satisfied f i.e there

successor is in Z,, we forward the computation on the
successors until we reach a fix point. Hence we
understand that we have giving to the operators AGf the

semantics, that we look for the states S, which has the
property that all the states of the paths stemming from S

satisfy f or it may satisfy f . 2

Example 2 lets take the fragment of the Kripke
Structure M shown on Figure 8 in node 1, and the property

to be checked on this fragment is AG(a v C) :

H(@)=T"(awU"(a) T'(a)={(1.2)}

U™ (a) ={(L.3),(L4)}

H(a) ={(1,2),(L,3),(L.4)}

H(c) ={(L3),(L4)} H(avc)=H(a)JH(c)
H(avec) ={(1,2) A4 (L3)Vv(L3),(L4)v (L4}
H(avc)={(1,2),(L3),(L,4)}

H(AG(avc)) = oZ.({(1,2),(L,3),(L4)}[AXZ)
Z,={(1,1),(1,2),(1,3),(1,.4)}

AXZ, ={(1,1),(1,2),(1.3), 1.4} {(L.3).(L4)}
AXZ, ={(1,1),(1,2),(1,3),(1,4)}

Z, ={(1,2),(L,3), (L4)}(AXZ,
Z,={(1,2),(L.3), (L4}

AXZ, ={(1,1),(L,2)¥ {(L,3),(L4)}

AXZ, ={(1,1),(L,2),(L,3),(L,4)}

Z, ={(1,2)(L3)(LAHAXZ ={(L,2)(L3) (LA}
Z; ={(L1.2),(L.3),(L4)}

ZS = ZZ

Fix point reached, the algorithm stop the computation,
from the precedent theorem. we conclude that,

L(1,AG(avc)) = false so the final result of

computation on the fragment in node 1 is :
{(0,1),(1.2),(L.3),(L4)}

5. Distributed CTL Model checking

The main idea of the distributed verification algorithm is

that if we want to check some formula % in some state S
see figure 4, it is clear that the truth of formula depend on

the truth of this formula in S which is in node II. Hence
L(s,p) =L

we start the computation in node | with i.e

we consider that the formula ¢ may hold in S . when the

node 11 finish the computation, if the formula hold in S |
the node number | make a recomputation and found that

the formula hold in S for example in the case of
o <{EGf, AGf, AFf ,EFf, A(fUg), E(fUg)}

the result of the first computation in node I is L 1f the

and

formula don't hold in S and the result of the first

computation in node | is L this mean that the formula
don't hold in S . The main difference between the
reasoning algorithm on fragments and the distributed
Algorithm is that in the case of

¢ {EGf, AGf, AFf ,EFf, A(fUg), E(fUg)} we
consider in the fragments algorithm that f may hold in
border states, but in the distributed version we consider
the whole formula ¢ not only f may hold in border

states and the truth on border states is parameter passed to
the predicate transformer as follow :

CAFP =AY Z.(pvY v AXZ)
CEFp=AY.uZ.(pvY vEXZ)
CAGP= AYWZ.(pvY A AXZ)
_EGp=AY.WZ.(pvY AEXZ)
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JA(pu) =AY Z.(gvY v(p A AXZ))
JE(pu)=AY.uZ.(qvY v(pAEXZ))

where

Y ={s eborde(M)| L(s,p) =True or L(s,p)=1}

and ? is an arbitrary formula represented by one of the

six operator described above respectively, here Y
represent the missing part of information in border sates ,if
some one give us the set of border sates where the formula
to be verified is valid we can conclude the truth of the
formula on the whole Kripke structure, this fact can be
represented as the application of model checking function
to the given information.

s
4 |
™~ e
\\\ I \(P |~ ,‘f
\ wf fogny " /)
\ \ o s >
- \_T/ ///
e
b / .
i N\
s Node I ‘,’
&
S hY
~ Ay
\Q I~ N
i eyl | -
s Pl
B I~ k:
= AN AT |
14N
s
I
v
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Theorem.2 Given M =(S,L,R,l) a fragment of
Kripke structure , a CTL formula ¢(f) and
Y =H,o(f) the set seborder(M) which satisfy
o(f) or it may satisfy @(f) , the following recursive
algorithm compute the set of states H(@(f))< S
which satisfy ¢(f) or it may satisfy ¢(f) and exclude
all states which not satisfy ¢( ).

« H(p)=AY. T (p)uU"(p) such that p is an
atomic proposition

o H(H) =AY {InT(s)|se(S—magsnd H(f)) x U™ (f)
«H(f AQ)=AY.H(f)[H(g)

« H(fvg)=AY.H(f) H(g)

H (AXF) = AY.({InT (snd (e)) | Ve € S* (f).succ(e) = T* (f) = H(f)}u

{inU (snd(e)) | Ve e S*(f).succ(e) = (T *(f)uwU " (f))
and Je' esucc(e) such that e (f)})]
{inU (s)|s e border (M)}
H (EXf) = AY.({InT (snd (e)) |
Vee S*(f).3e esucc(e)and e*(f)}u
{inU (snd (e)) | Ve e S*(f).succ(e) cU* (f)c H(F)}I
{inU (s) | s € border (M )}
H(AGF) = AY WZ.(H, ()] Y) [AXZ)

- H(AFf) = AY 2Z.(H, (F)] Y)] AXZ)
- HA(FUG) = AY.Z.(H,(9)] Y) (H,(f) (AX2)

Note : H(f) = Hp(f)fY where H () is the set
of state S¢ border(M) which satisfy f or it may
satisfy T Q

Lemma .1

The result of the above recursive algorithm can be
influenced only by the truth value of formula to be verified
on border states thus we need a recomputation only when
the truth value on border states change.

proof
The proof is easy, we can see that the model checking

algorithm is a function depend only on Y the truth value
of the formula to be checked on border states. O

Lemma .2

The distributed termination is reached when no change of
the information on all border states.
proof

using lemma.1 we can see that if there is no change in all
border states, each instance of the distributed algorithm
don't need to make a new computation , a hence the

distributed algorithm reach a fix point and terminate. {2
Lemma .3

When the termination is detected and still some value has
undefined truth on some sates S ie L(s,f)=1,
example in the case of cycle, this implies that :

1. Inthecase of f = AG¢ , L(s, f) =true
2. Inthecase of T = AF¢ , L(s, f) = false

1JCSI
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3. In the case of f =A(gUg,) , L(s, f)= false
proof

The proof is easy, we can see that the transition relation is
a partial order, in the example of figure 5 we have
1<2<3<1i.e that the truth of the formula in state 1
depend on the truth of the formula in sate 2 and so on,
since we know the truth of the immediate component of
our formula (in the example is just atomic proposition P )
in the state present in the node, which must be true for
arriving to this situation, we conclude the result about the
whole Kripke. €2

a5 /
(i) (:3p gL )

I o

L
12
S

Fig .5 The Fragments of M distributed over Nodes

ol

Fd
A \
/ 13y

P

Fig .6 The Kripke structure M with cycle

Example 3.
Structure M shown in Figure 7, property to be checked on

Mis AG(avec) :

1/"_"“:‘ 2 N 2 s 5 PN
(b} “pla} bl  ~ [ T lug
S e ST N ™

M '
\\ \\\ P e \\\\
---x_:“;\-‘—'-\f’
‘b.c} 4
Lo

Fig .7The Kripke structure M

S={1,2,3,4% AP={ab,c},
R={(1.2)(2,3)(3,5)(5,5)(5,1)(2,4)(4.2)(1,4)(3,4)]
. LA L2)-{a L3)-{a.b.c L(4)={b.ct L5 -{c

The partitioning of the system on three network nodes
using the following partition function h is shown in
figure 8 :

h:{s,.s,,S;,S,,S.} = {node ,node,, node,}

h(1) = h(2) =1,h(4) = 2,h(3) = h(5) = 3

Fig .8 The Fragments of M distributed over Nodes

The application of the Algorithm on the complete M give
the same result as in [2], H (AG a v ¢) ={2,3,4}, since
all the information needed for the computation is
available. We make the remark that in the case of the
application of the algorithm in the complete Kripke, our
Algorithm can be simplified to the Algorithm in [1],

because Y ={} and the operations [ ,] will be N, U
respectively .

iteration 1:

Node I :

H,(a)={(1,2)}

H,(c)={}

H,(avec)={(12)}

Y =Hg(AG(avc)) ={(L,3),(L4)}

H(avec) =Y/ H, (avc)={(1,2),(L3),(L4)}
H(AG(avc)) = vZ.({(1,2),(L,3), (L4} (AXZ)
Z,={(1,1),(1,2),(1,3),(1L,.4)}

AXZ, ={(1,1),(1,2),(1,3), 1.4} {(L.3),(L4)}
AXZ, ={(1,1),(1,2),(1,3),(1,4)}

Z, ={(1,2),(L,3), (LA} AXZ,
Z,={(1,2),(L.3), (L4}

AXZ, ={(1,1),(L.2)¥ {(L.3).(L4)}

AXZ, ={(1,1),(L,2),(L3),(L4)}

Z, ={(1,2),(1,3), (LA} AXZ, ={(L,2),(L.3), (L4)}

Zy ={(L1.2),(L.3),(L4)}
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ZS = ZZ
Fix point reached, the algorithm stop the computation and

wait new information, if possible, about his border states,
from the theorem 2.  we conclude that,

L(1,AG(avc)) = false so the final result of
computation on the iteration 1 in node 1 is :

{(0.1),(L.2),(L.3),(L.4)}
Node II :

H,(avc)={(14)}
Y = H,(AG(avc)) ={(L.2)}
H(ave)=YIH, (ave)={(L2),(14)}
H(AG(avc)) = vZ.({(L,2),(1,4)} (AXZ)
Z,={(1,2),(1.4)}

AXZ, ={(L,2),(L,4)}

Z, ={(L.2),(L4)}

AXZ, ={(L,2),(L4)}

Z, ={(L.2),(L.4)}

Z,=2,

Node IIT :
H,(avec) ={(1,3),(1,5)}
Y =H;(AG(avc)) ={(L,1),(L4)}

H(@ave) =Y H, (ave) ={(1,3),(15),(L1),(L4)}
H(AG(av ¢)) = vZ.({(1,3),(1,5),(L,1),(L4)} [AXZ)

Z,={(1,1),(1,3),(1,4),(1,5)}

AXZO ={(1,1),(1,3),(1,4),(1,5)}

Z, ={(L,1),(1,3), (L4),(L.5)}

AXZ, ={(L3),(L5)Y {(L.1),(L4)}

AXZ, ={(L,1),(L,3),(L,4),(L5)}

Z, ={(L,1),(L,3),(L.4),(L.5)}

Z; ={(L,1),(L,3),(L,4),(L,9)}

Z, = Z, Fix point reached .

iteration 2:

Node III : we can make recomputing only in node 111
since from Lemma 1. only in node 3 we have a change in
the truth of border states, because the truth value in sate 1

is changed:
H(avc)={(1,3),(1,5),(L,4)}

Z, ={(1,1),(1.3),(1,4).(1.9)}
AXZ, ={(1,1),(1,3),(1,4),(1,5)}

Z,={(1.3),(L,4).(1,5)}

AXZ, ={(L1,3),(L,4),(L1)}

Z, ={(L.3),(L.4)}

Z,=27,={(L3).(L4)}

from theorem 2. we conclude that

L(5,AG(a v c)) = false so the final result is in node

m:{(L,3),(L,4),(0,5)}
using Lemma 2. because no change will happen in border
states, the computation terminate , and the distributed
algorithm halt in the iteration number 2.

using Lemma 3 . we conclude that :

L(2,AG(avc)) =true L(3,AG(avc))=true
L(4, AG(a v c)) =true. The final result of the whole
computation on the three node is : {(1,2),(1,3),(1,4)}

6. Conclusions and related work

We have developing a theory of reasoning on fragments of
MLTS using a three value logic as a base for a parallel
model checker and presenting a natural approach for
distributed model checking on MLTS, to the best of our
knowledge, our algorithm is the first algorithm that use fix
point model checking with three value logic on
maximality labeled transition system. Closest to our work
is the work of [19].In fact, the main problem of the
distributed verification discussed here has been treated in
their work, using the notion of Assumption, which is not a
natural and easy approach for treating the problem , since
they present there idea using an imperative paradigm
which make the proof difficult . Furthermore they don’t
show how to get fragments of the system to be verified,
for that reason I think it is not easy to apply their result
directly to the industry. Our approach has several
advantages, First we have showing how to get the
fragments from a standard language and with a semantic
model which allow the design of systems by action
refinement, second we have making a little change to the
approach of verification, all this make our idea easy to
apply it for industry. Another work similar to our work in
the principle of using three value logic of Kleen on partial
Kripke structure was introduced by [16] but our algorithm
is different from their Algorithm since they use a two pass
, the first one is optimistic which consider the L as true,
the second pessimistic which consider the 1 as false,
hence the result of the Algorithm have four results (false,
false) <(true, false) < (false, true) < (true, true), for that
reason we think that our approach is the best since it is
easy to adapt it for distributed Model checking. another
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interesting work is the work of [20] which define a multi
valued model checking , which is more general than our
work, this work miss an application, our work can be
considered as an application with special case using three
value logic.
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Abstract
Software testing is an activity which is aimed for evaluating an
attribute or capability of a program and ensures that it meets
the required result. There are many approaches to software
testing, but effective testing of complex product is essentially a
process of investigation, not merely a matter of creating and
following route procedure. It is often impossible to find all the
errors in the program. This fundamental problem in testing
thus throws open question, as to what would be the strategy
that we should adopt for testing. Thus, the selection of right
strategy at the right time will make the software testing
efficient and effective. In this paper | have described software
testing techniques which are classified by purpose.
Keywords: Correctness Testing, Performance Testing,
Reliability Testing, Security Testing

1. Introduction

Software testing is a set of activities conducted with the
intent of finding errors in software. It also verifies and
validate whether the program is working correctly with
no bugs or not. It analyzes the software for finding bugs.
Software testing is not just used for finding and fixing of
bugs but it also ensures that the system is working
according to the specifications. Software testing is a
series of process which is designed to make sure that the
computer code does what it was designed to do.
Software testing is a destructive process of trying to find
the errors. The main purpose of testing can be quality
assurance, reliability  estimation, validation or
verification. The other objectives or software testing
includes. [6][7][8]

» The better it works the more efficiently it can
be tested.

> Better the software can be controlled more the
testing can be automated and optimized.

» The fewer the changes, the fewer the disruption
to testing.

» A successful test is the one that uncovers an
undiscovered error.

» Testing is a process to identify the correctness
and completeness of the software.

» The general objective of software testing is to
affirm the quality of software system by
systematically exercising the software in
carefully controlled circumstances.

Classified by purpose software testing can be divided
into [4]

Correctness Testing
Performance Testing
Reliability Testing
Security Testing

o

2. Software Testing Techniques

Software testing is a process which is used to measure
the quality of software developed. It is also a process of
uncovering errors in a program and makes it a feasible
task. It is useful process of executing program with the
intent of finding bugs. The diagram below represents
some of the most prevalent techniques of software
testing which are classified by purpose. [4]

SOFTWARE
TESTING

A4

Correctness
Testing

Security
Testing

Performance
Testing

Reliability
Testing

Fig. 1 Represent different software testing techniques which are
classified by purpose
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2.1 Correctness Testing

The most essential purpose of testing is correctness
which is also the minimum requirement of software.
Correctness testing tells the right behavior of system
from the wrong one for which it will need some type of
Oracle. Either a white box point of view or black box
point of view can be taken in testing software as a tester
may or may not know the inside detail of the software
module under test. For e.g. Data flow, Control flow etc.
The ideas of white box, black box or grey box testing are
not limited to correctness testing only. [4]

CORRECTNESS
TETSING

White Box Black Box
Testing Testing
T |
\ I
\ /
"\' 7
N\, GREY 7

BOX
TESTING

Fig. 2 Represent various form of correctness testing

2.1.1 White Box Testing

White box testing based on an analysis of internal
working and structure of a piece of software. White box
testing is the process of giving the input to the system
and checking how the system processes that input to
generate the required output. It is necessary for a tester
to have the full knowledge of the source code. White
box testing is applicable at integration, unit and system
levels of the software testing process. In white box
testing one can be sure that all parts through the test
objects are properly executed. [2][10]

Analyze
INPU PROCES Internal OUTPUT
Working

Fig. 3 Represent working process of White Box Testing
Some synonyms of white box testing are [5]

e Logic Driven Testing

Design Based Testing
Open Box Testing
Transparent Box Testing
Clear Box Testing

Glass Box Testing
Structural Testing

Some important types of white box testing techniques
are:

Control Flow Testing
Branch Testing

Path Testing

Data flow Testing
Loop Testing

agrwdE

There are some pros & cons of white box testing-
Pros-

1. Side effects are beneficial.

2. Errors in hidden codes are revealed.

3. Approximate the partitioning done by execution
equivalence.

4. Developer carefully gives reason about

implementation.

Cons-
1. Itis very expensive.
2. Missed out the cases omitted in the code.

2.1.2 Black Box Testing

Basically Black box testing is an integral part of
‘Correctness testing’ but its ideas are not limited to
correctness testing only. Correctness testing is a method
which is classified by purpose in software testing.

Black box testing is based on the analysis of the
specifications of a piece of software without reference to
its internal working. The goal is to test how well the
component conforms to the published requirement for
the component. Black box testing have little or no regard
to the internal logical structure of the system, it only
examines the fundamental aspect of the system. It makes
sure that input is properly accepted and output is
correctly produced. In black box testing, the integrity of
external information is maintained. The black box
testing methods in which user involvement is not
required are functional testing, stress testing, load
testing, ad-hoc testing, exploratory testing, usability
testing, smoke testing, recovery testing and volume
testing, and the black box testing techniques where user
involvement is required are user acceptance testing,
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alpha testing and beta testing. Other types of Black box
testing methods includes graph based testing method,
equivalence partitioning, boundary value analysis,
comparison testing, orthogonal array testing, specialized
testing, fuzz testing, and traceability metrics. [2]

Analyze only
fundamental

INPU PROCES,
aspects

OUTPUT
—

Fig. 4 Represent working process of Black Box Testing

There are various pros and cons of black box testing- [5]

Pros-
1. Black box tester has no “bond” with the code.
2. Tester perception is very simple.
3. Programmer and tester both are independent of
each other.
4. More effective on larger units of code than
clear box testing.
Cons-

1. Test cases are hard to design without clear
specifications.

2. Only small numbers of possible input can
actually be tested.

3. Some parts of the back end are not tested at all.
2.1.3 Grey Box Testing

Grey box testing techniques combined the testing
methodology of white box and black box. Grey box
testing technique is used for testing a piece of software
against its specifications but using some knowledge of
its internal working as well. [2]

Grey box testing may also include reverse engineering to
determine, for instance, boundary values or error
messages. Grey box testing is a process which involves
testing software while already having some knowledge
of its underline code or logic. The understanding of
internals of the program in grey box testing is more than
black box testing, but less than clear box testing. [11]

2.2 Performance Testing

'‘Performance Testing' involve all the phases as the
mainstream testing life cycle as an independent
discipline which involve strategy such as plan, design,

execution, analysis and reporting. This testing is
conducted to evaluate the compliance of a system or
component with specified performance requirement. [2]
Evaluation of a performance of any software system
includes resource usage, throughput and stimulus
response time.

By performance testing we can measure the
characteristics of performance of any applications. One
of the most important objectives of performance testing
is to maintain a low latency of a website, high
throughput and low utilization. [5]

PERFORMANCE
TESTING

Load Stress
Testing Testing

Fig. 5 Represent two types of performance testing
Some of the main goals of performance testing are: [5]

» Measuring response time of end to end
transactions.

» Measurement of the delay of network between
client and server.

» Monitoring of system resources which are
under various loads.

Some of the common mistakes which happen during
performance testing are: [5]

Ignoring of errors in input.
Analysis is too complex.
Erroneous analysis.

Level of details is inappropriate.
Ignore significant factors.

Incorrect Performance matrix.
Important parameter is overlooked.
Approach is not systematic.

YVVVVVYVYYVYY

There are seven different phases in performance testing
process: [5]

Phase 1 — Requirement Study
Phase 2 — Test plan

Phase 3 — Test Design

Phase 4 — Scripting

Phase 5 — Test Execution
Phase 6 — Test Analysis

ASANENRNENRN
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Fig. 6 Represent Performance Testing Process

Typically to debug applications, developers would
execute their applications using different execution
stream. Which are completely exercised the applications
in an attempt to find errors. Performance testing is
secondary issue when looking for errors in the
applications but, however, it is still an issue.

There are two kinds of performance testing:

2.2.1 Load Testing

Load Testing is an industry term for the effort of
performance testing. The main feature of the load testing
is to determine whether the given system is able to

handle the anticipated no. of users or not. This can be
done by making the virtual user to exhibit as real user so
that it will be easy to perform load testing. It is carried
only to check whether the system is performing well or
not. The main objective of load testing is to check
whether the system can perform well for specified user
or not. Load testing increases the up time for critical
web applications by helping us to spot the bottle necks
in the system which is under large user stress.

Load testing is also used for checking an application
against heavy load or inputs such as testing of website in
order to find out at what point the website or
applications fails or at what point its performance
degrades. [2][5]

Two ways for implementing load testing are

1. Manual Testing: It is not a very practical option as it
is very iterative in nature and it involves [5]
e Measure response time
e  Compare results

2. Automated Testing: As compared to manual load
testing the automated load testing tools provide
more efficient and cost effective solutions. Because
with automated load testing, tools test can easily be
rerun any number of times and decreases the
chances of human error during testing. [5]

2.2.2 Stress Testing

We can define stress testing as performing random
operational sequence, at larger than normal volume, at
faster than normal speed and for longer than normal
periods of time, as a method to accelerate the rate of
finding defects and verify the robustness of our product,
or we can say stress testing is a testing, which is
conducted to evaluate a system or component at or
beyond the limits of its specified requirements to
determine the load under which it fails and how. Stress
testing also determines the behaviour of the system as
user base increases. In stress testing the application is
tested against heavy loads such as large no. of inputs,
large no. of queries, etc. [2] [5]

There are some weak and strong points of stress testing.
Weak Points

1. Not able to test the correctness of a system.

2. Defects are reproducible.

3. Not representing real world situation.
Strong Points

1. No other type of test can find defect as stress

testing.
2. Robustness of application is tested.
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3. Very helpful in finding deadlocks.
2.3 Reliability Testing

Robustness
Testing

Reliability
Testing

Fig. 7 Represent Reliability testing

‘Reliability Testing’ is very important, as it discover all
the failures of a system and removes them before the
system is deployed. Reliability testing is related to many
aspects of software in which testing process is included;
this testing process is an effective sampling method to
measure software reliability. Estimation model is
prepared in reliability testing which is used to analyze
the data to estimate the present and predict future
reliability of software. [4][2]

Depending on that estimation, the developers can decide
whether to release the software or not and the end user
will decide whether to adopt that software or not.

Based on reliability information, the risk of using
software can also be assessed. Robustness testing and
stress testing are the variances of reliability testing. By
Robustness we mean how software component works
under stressful environmental conditions. Robustness
testing only watches the robustness problem such as
machine crashes, abnormal terminations etc. Robustness
testing is very portable and scalable. [4]

2.4 Security Testing

Security Testing: ‘Security testing’ makes sure that only
the authorized personnel can access the program and
only the authorized personnel can access the functions
available to their security level. Security testing of any
developed system or (system under development) is all
about finding the major loopholes and weaknesses of a
system which can cause major harm to the system by an
authorized user. [1][2]

Security testing is very helpful for the tester for finding
and fixing of problems. It ensures that the system will
run for a ling time without any major problem. It also
ensures that the systems used by any organization are
secured from any unauthorized attack. In this way,
security testing is beneficial for the organization in all
aspects. [1][2]

Five major concepts which are covered by security
testing are

e Confidentiality: By security testing, we will ensure

the confidentiality of the system i.e. no disclosure of
the information to the unknown party other than
intended recipient.

e Integrity: By security testing, we will maintain the

integrity of the system by allowing the receiver to
determine that the information which he is getting is
correct.

e Authentication: Security testing maintains the

authentications of the system and WPA, WPAZ2,
WEP are several forms of authentication.

e Availability: Information is always kept available

for the authorized personnel whenever they needed
and assures that information services will be ready
for use whenever expected.

e Authorization: Security testing ensures that only the
authorized user can access the information or
particular service. Access control is an example of
authorization.

SECURITY
TESTING
Security Ethical
Auditing Hacking
Security Penetration
Scanning Testing
v
Vulnerability Posture Risk
Scanning Assessment Assessment
& Security
Testing

Fig. 8 Represent various type of security testing

Different types of security testing in any organization
are as follows: [3]

1. Security Auditing and Scanning: Security
Auditing includes direct inspection of the
operating system and of the system on which
it is developed. In Security Scanning the
auditor scan the operating system and then
tries to find out the weaknesses in the
operating and network.
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2. Vulnerability Scanning: Various vulnerability
scanning software performs Vulnerability
Scanning, which involves the scanning of the
program for all known vulnerability.

3. Risk Assessment: Risk Assessment is a
method in which the auditors analyze the risk
involved with any system and all the
probability of loss which occurs because of
that risk. It is analyzed through interviews,
discussions, etc.

4. Posture Assessment and Security Testing:
Posture Assessment and Security Testing help
the organization to know where it stands in
context of security by combining the features
of security scanning, risk assessment and
ethical hacking.

5. Penetration Testing: Penetration Testing is an
effective way to find out the potential
loopholes in system and it is done by a tester
which forcibly enters into the application
under test. A tester enters into the system with
the help of combination of loopholes that the
application has kept open unknowingly.

6. Ethical Hacking: Ethical Hacking involves
large no. of penetration test on a system under
test. To stop the forced entry of any external
elements into a system which is under security
testing.

3. Conclusion

Software testing is an important technique for the
improvement and measurement of a software system
quality. But it is really not possible to find out all the
errors in the program. So, the fundamental question
arises, which strategy we would adopt to test. In my
paper, | have described some of the most prevalent and
commonly used strategies of software testing which are
classified by purpose and they are classified into [5]

1. Correctness testing, which is used to test the
right behavior of the system and it is further
divided into black box, white box and grey box
testing techniques (combines the features of
black box and white box testing).

2. Performance testing, which is an independent
discipline and involves all the phases as the
main stream testing life cycle i.e. strategy, plan,
design, execution, analysis and reporting.
Performance testing is further divided into load
testing and stress testing.

3. Reliability testing, which discovers all the failure of
the system and removes them before the system
deployed.

4. Security testing makes sure that only the authorized
personnel can access the system and is further
divided into Security Auditing and Scanning,
Vulnerability Scanning, Risk Assessment, Posture
Assessment and Security Testing, Penetration
Testing and Ethical Hacking.

The successful use of these techniques in industrial
software development will validate the results of the
research and drive future research. [8]
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Abstract

This intensive and extensive study as the relevance and impact of
self-service technology to consumers in general and especially to
passengers since they have many uses in international airports,
Therefore | have prepared a model that includes all applications of
self-service technology in all international airports and specifically
focused on the Common Use self-service technology (CUSS) and
compared with a corresponding system in the function is called
Common User Terminal Equipment (CUTE) This comparison shows
the difference between them and proves that self-service technology
help to raise the efficiency and performance of airports and airlines.
Also this technology help to reduce costs in terms of staff and the
provision of time and effort, etc., as well as the study shows the
feasibility of replacing the CUTE system with the CUSS system or
not in the near future, this has already been used in some
international airports and | hope to apply it in Cairo International
Airport and all this supported the output of the case study that | made
this research and the output will be the beginning of the development
or to change the current model of the traditional check-in and this is
the objective of the research, when completed, namely, re-
engineering or restructuring of the traditional check-in model which
uses the CUTE system and so by replacing this system with CUSS
system.

Keywords: Self Service and CUSS Kiosk.

1. Introduction

Self-service in general is most definitely "in". From
supermarket checkout to airline check-in kiosks, self service is
proven to be a very large benefit to business, and more
importantly their customers. These days the question is not
whether we should, but more "when will we". [1]

The use of self-service is not a new concept; banks have been
using it for a long time now. The banking industry adopted the
ATM concept for reducing costs and providing better services
for the customers. The first ATM was installed in the early
1967 by Barclays Bank in London, UK The banks started
installing ATM machines in the bank buildings first and where
a cash dispensing machine was not linked to the account
directly. With the spread of internet connectivity the ATM
machines have become a part of the urban landscape and
available at parks, shopping malls or airports with many more
services on offer than just cash dispensing. The adoption of

self-service is gaining importance in other industries for two
main reasons, increased efficiency and reduced costs and labor.
Self-service puts control into hands of the customers. It has
been observed that customers are now more open to
experiment with kiosks [2]. Other industries like retail, finance,
hotels, etc. are considering using of self-service kiosks. Even
libraries are trying out self-service technologies to issue books.
The customers are now ready to make bigger transactions with
kiosks and many models for self-service have been put to the
test [3] After all this we have a new technology called self
service Technology (SST). A self service Technology (SST) is
an object which allows customers to interact with self service
software (SSS). Such kiosks can be found in a variety of
locations, and they typically include a computer loaded with
the software and housed inside a protective case, although a
self service kiosk (SSK) can also consist of a computer placed
at a table or desk in an accessible area for customers to use. An
internet-based  self-service access must meet specific
requirements of information technology as well as general
requirements of the access system architecture. Only the
integration of different functions, e.g. electronic payment,
digital signature etc., can enable electronic transactions which
allow 'one-, stop-non-stop-services'. [4]. Customers can opt to
use a self service kiosk to meet a need, rather than interacting
with an employee of a company, and in some cases, customers
may be required to use the kiosk.

Fig.1 The Classification of Self-Service Technology

From the consumer angle, time and cost savings is use of
self-service technology biggest benefit, reduce waiting time,
more efficient, flexible and convenient to use, make consumers
to customize the customization - more high-level [5], in
addition, the convenient of location, and the use of IT services
feelings of the Fun [6], and even some scholars have pointed
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out: when consumers used self-service transaction process,
they can feel spontaneous delight of spontaneous. However,
another group of consumers, the service technology transfer
process has brought their anxiety and not the smooth operation
of doubts; so that consumers will consider the cost size of use
new technologies, whether it is worthwhile to transfer or not
[7]. There are many studies of self-service technology [2],
mostly focused on self-service technology attributes of the
service quality performance, the impact of service providers,
and the perspective is service a supplier to discuss impact
factors of Self-Service Technologies (SSTs) performance. This
study is based on the consumer s point of view, and analysis
services innovative model of self-service technology attitudes
impact factors. The result will provide the best service and
business in the industry. The purpose of this study was to
discuss service innovation to Self-Service Technologies
attitude impact factors. The purpose of the study is to establish
the key parameters that affect the self-service and traditional
check-in process and the factors that influence them, All these
factors will comes to live case study from experimental
research at Cairo International Airport, to develop generic
model which could be used to determine the efficiency and
estimate the resources, to develop a simulation model with the
understanding gained for estimating resources for the whole
check-in system for any airport ,The model should be simple
enough to understand and should use commonly available
software, so that it is accessible to all and to add value to the
industry understanding of the self-service and traditional
check-in process in a tangible way for future use.

In recent years the airlines have started using innovative
Check-in technologies. The dedicated Self-service Check-in
kiosks are now an integral part of the airport facility and the
new e-ticket also allows the use of the internet for check-in.
These processes enable airlines to reduce the time and number
of staff required, thus saving substantial costs in operations.
These changes in the process have allowed airports to handle
more passengers in the same space [8] by reducing queues.
Further to this, IATA is advocating CUSS- Common Use Self
Service, similar to standardized ATMs- Automated Trailer
Machines at banks. New CUSS standards will allow the
sharing of kiosks among airlines similar to CUTE- Common
User Terminal Equipment, and also give access to the
technology for the smaller airlines. The advantages of adopting
CUSS have been discussed in many papers and conferences
alike and will be discussed later in detail. The impacts these
new check-in technologies have the design and operation of the
airports and how far it has been successful in reducing queues
is not quite evident. There is a need to understand the process
and its implication on the effects that it will have on operations
and implementation. Also it is essential to study what kind of
changes will be required for moving from one technology to
another. Also, there are no set standards for installing the
system at the airports. Because technology is new, IATA does
not have any standard procedures or thumb rules to estimate
the requirements. There are many sophisticated simulation
tools available that need a lot of inputs and are costly for an
airport to acquire.

In this section, describes the passenger check-in at the
airport. This includes conventional check-in and self-service
check-in, the history of self service technology, the importance
of the self-service technology and the workforce is reviewed.
In section 2, | collected all types of self —service kiosks at
international airports as a model; | focused on the steps of
CUSS Kiosk. In section 3 comparisons between the traditional
check-in (CUTE System) & self-service check-in (CUSS
Kiosk) and the best practices of CUSS kiosk in the
International Airports. Section 4, will provide the analysis of
Egypt Air self-service check-in process at Cairo International
Airport. This analysis is based on observational studies
conducted during 2009 to 2010; additionally this section
focuses on the acceptance of the technology by both the
workers and the passengers. Data collected from passenger and
agent surveys is provided, summarizes the findings from an in-
depth station case study. | was deducing the generic model
from the result of the survey of case study, The purpose of this
case study was to raise performance and to help airlines to
reduce their costs in employee staff, time and to identify best
practices both operationally and organizationally in the
eService process in an attempt to gain operational efficiency
across the Egypt Air network.

In section 5, | was presented the case studies about all types
of the airport kiosk in the international Airports with in the
common factor of them. In section 6, describes the future work
about using the generic model to make simulation model
within the result of the survey of Cairo International Airport.

2.0verview Of Airport SST

All previous studies focused only on one type of these kiosks
and this is why we can deduce a general model for all the
kiosks at the airports “Fig.5” also attached to this framework a
comprehensive study of all types of kiosks not only at airports
but also in life in Section 5. Airport kiosk is a standalone desk
or an interactive computer terminal that provides information,
goods, or services (Information Kiosk). In many airports,
individuals can purchase tickets, check baggage, and monitor
the status of arriving and departing flights at a specific airline's
computerized kiosks (Ticketing Kiosk). Several airlines rely on
kiosks to ease congestion and prevent long lines at check-in
counters (CUSS KIOSK). An airport kiosk may also be a booth
where people can purchase food, magazines, or souvenirs from
a salesperson before or after a flight (Retail Kiosk).

Emaeion Kia' (c«sﬁng ng lnetail Kiosa' Euss Kioa

- o

Fig.2 Classification for all kiosks of International Airport
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customers and airline employees. Computerized terminals
allow customers to avoid long lines at ticket counters and
check in for their flights at their own convenience. Customer
service agents are relieved of the burden of manually entering
information and checking in large numbers of passengers
before flights. Instead, they are able to help people who have
difficulties with kiosks and those who need to discuss special
accommodations. The self-service model reduces or in some
instances eliminates the requirement for airline personnel to
“interface” for passengers, repetitively performing tasks that
passengers often are willing and able to do for themselves. At
least half-dozen vendors provide kiosk products to the air-
travel industry. Many airlines are challenged in keeping a large
force of ticket agents on standby 24/7 to handle surges in
passenger traffic, whereas almost any airline can maintain
dozens or even hundreds of kiosks at the ready to issue tickets,
baggage tags, seat assignments, and boarding passes. Adopters
of the technology assert that kiosks eliminate tedious repetitive
work and free airline agents to deliver “real customer service.”

2.1 Information Kiosk

The Info Kiosk provides passengers with information on
Airport facilities a number of information kiosks will be
planned. Information Kiosks will consist of freestanding
column-type, or wall mounted, workstations consisting of an
industrial PC with touch screen interface. The kiosks will have
an easy graphical interface with multilingual support (Arabic,
English and other languages as required) and provides the
traveling public with information on airport facilities
(restaurants, shops, lounge, flight details, etc.). Moreover, the
kiosks can be used by the passengers and airport operator to
provide (sponsored) information on hotels, car rentals, tours
and other services that might be of interest to the public.

2.2 Ticketing Kiosk

Automated ticketing kiosks (frequently called self-service
kiosks) are a subset of the more encompassing category of
information technology known as Interactive Transaction
Machines (ITMs). Automated teller machines (ATMs),
patented in 1973 and extensively adopted by commercial
banking in the mid-1980s, now number over 350 thousand in
the U.S. alone and are one of the most widely used forms of
ITM technology. Unlike some forms of ITMs, however, kiosks
employed by the banking and airline industries do not function
as standalone devices (such as self-service gas pumps). Rather,
teller and ticketing machines are networked peripheral 1T
devices whose interfaces give consumers direct access to
companies’ centralized customer-service systems.
Computerized, self-service kiosks are found near the check-in
counters for many large airlines. At these terminals, individuals
can review prices and flight times, and either purchase or
confirm reservations. A self-service kiosk is able to confirm a
traveler's identity by prompting him or her to input a
confirmation number and insert the credit card used to
purchase tickets. The kiosk has access to an airline's
information database, and is able to immediately access
profiles and payment information. If the terminal is unable to

confirm a purchase or a customer does not have his or her
credit card handy, the screen usually directs the traveler to a
manned ticked counter so that he or she can speak with a
customer service agent; the features and benefits as follows:

o Self-service Kkiosks reduce costs by lowering employee
headcount.

e Improves customer retention rate.
e Reduced costs for basic service levels.
e Reduces waiting in line by customer.

o Virtual sales assistant increases sales. [9,10,11,12]

2.3 Retail Kiosk

The Retail kiosks contain the largest segment of deployed
kiosk applications. Analysts estimate that retail kiosks
comprise at least 30% of the entire self-service kiosk market.
Locations include Department Stores, Grocery Stores, Big Box
Specialty Retailers and Convenience Stores. Retail kiosks
provide convenient services to customers such as bridal and
gift registry, non-stock product ordering, way finding
directories, employment, product lookup, company information
and targeted offers. These services increase consumer
awareness and offer new channels for retailers to grow their
business. That Includes loyalty, product information, store
directory and many more Studies show an average of 7%
increase in incremental sales when kiosks are added. More
compelling investment returns are as follows:

e Loyalty cards reward frequent customers, increasing
brand loyalty.

e Self-service kiosks reduce costs by lowering employee
headcount.

e Reduction in inventory overhead and warehousing costs.

e Increased customer satisfaction = increased sales. [13]

2.4 CUSS Kiosk

This evolving pattern will enable passengers to obtain
boarding passes, check baggage, and conduct other transactions
at times and places of their convenience. Passenger check in
procedures will gradually shift from check in procedures
performed at check in counters, to check in procedures
performed at home from the internet, by mobile phone, or
through self service check in facilities at the airport such as
CUSS. The trend is towards common use equipment which
may consist of free standing column type or counter type
workstations with built-in Automated Ticket and Boarding pass
(ATB) printer. The CUSS will provide ticketed passengers the
ability to perform many tasks, not limited to, check-in for
flights, select or change a seat assignment, and obtain a
boarding pass for their departures. The CUSS will be used by
self-service passengers to check-in, seat allocation, boarding
pass printing, and baggage check-in in a common use
environment. Self-service is becoming the common check-in
mechanism in Europe, US and in many airports. In the MEA-
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Middle East Area region it started as a dedicated self-service
and the first CUSS kiosks have been installed at Cairo
International Airport TB3. The CUSS will be designed for the
use of different types of passengers with or without luggage
where passengers with luggage could use the new use facility
of the Common Use Baggage System-described in the above
Industry Development section. The CUSS platform software
will be responsible for managing the entire Kiosks System, The
final configuration of the CUSS kiosk will very much depend
on airport operational and security requirements. The
equipment required for CUSS consists of two redundant
servers (usually the same servers used for CUTE system),
located in the main equipment room MER — Main Equipment
Room and self service kiosks.

The stand alone kiosks are placed in a group of 10 kiosks
and the location of kiosks is horizontal to its success. With so
many kiosk types available and with the changing requirements
the configuration of the check-in kiosks depends on a large
number of factors. The main aspects to be considered in the
placement of kiosks are:

e Visibility.
e Accessibility and movement of passenger traffic.
e  Comfort and privacy of the passenger.[14]

Fig.3 CUSS Kiosk Machine

There are many possible solutions for the layout of kiosks
and it has been observed that for the efficient use of kiosks it is
essential to have some roving agents to help the customers
increase their transaction speed .These are steps the procedures
of travel using self-service technology at international airports,
The new concept of self-service kiosks has divided the check-
in process in two parts:

e  Getting the boarding pass.

e  Getting the bag-tag to dropping the bags at bag drop-off .
The passenger arrives at the airport and proceeds to the kiosk,
which issues the boarding pass based on the information
provided by the passenger .The passenger then proceeds to the
fast baggage drop-off if he/she has any baggage otherwise can
move to the security check .The main steps in the check-in
process through kiosk are shown in “Fig. 3”.

Fig.4 How to make check-In procedures through common use self-service

It is easy to follow the instructions on the kiosk and very
direct in most of the cases. The speed of checking in depends
on the familiarity of the passenger with the kiosks and on the
speed of the machine itself in processing the request. The
kiosks are also equipped with the passport reader to enable
international passenger check-in.

All this will take us to make a survey to compare between
the CUTE System and CUSS Kiosk in (dis/advantage, benefits)
depend on the common factor between them.

3.CUTE Vs. CUSS

In the Conventional type of check-in environment, the
overall throughput of the system can be constrained by a
number of factors. The most likely causes of throughput
limitation are the productivity of the ticket agents, the staffing
levels established by the airline management, or the total ticket
counter positions available to the airline. [15]

=t Passenper wails in Apent calls
Passengeramival L[ Passemgeremiens Ll oo immilcaliod f——t{ passngerio
at airpon check:in queve
by agent ticketing position
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Fig.5 The Conventional Check-In Process
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CUTE- Common User Terminal Equipment, the facilities
at the airports are shared between the airlines to reduce the
space and resources required. CUTE was first implemented in
1984 for the Los Angeles Summer Olympic Games. It was at
this point that IATA first created the recommended practice
(RP) 1797 defining CUTE. It should be noted that ATA does
not have a similar standard for common use. From 1984 until
the present, approximately 400 airports worldwide have
installed some level of CUTE. CUTE systems allow an airport
to make gates and ticket counters common use. These systems
are known as “agent- facing” systems, because they are used
by the airline agents to manage the passenger check-in and
boarding process. Whenever an airline agent logs onto the
CUTE system, the terminal is reconfigured and connected to
the airline’s host system. From an agent’s point of view, the
agent is now working within his or her airline’s information
technology (IT) network.

In the Recent Model of check-in the airport passenger
processing is a systematic process and the airport capacity is as
good as the weakest link .The traditional passenger processing
is shown in the” Fig. 4” in yellow .The passenger arrives at the
airport and approaches the check-in counter .The check-in
process is a one-step process where he/she can interact with the
check-in agent and decide on seats and drop bags .After check-
in, the passenger proceeds to the security check where the hand
baggage and personal belongings are scanned .The check-in
baggage in most of the European airports is scanned in-line
unlike the new security requirement at US airports and Cairo
International Airport where the bags need to be scanned before
taking them to check-in .Passengers are now in secured area
and can shop and relax .Prior to boarding the aircraft they
queue up in boarding lounge where the identity of the person is
verified once again .If the flight is international, passengers
will have to go through the Immigration process.In that case,
the passenger without baggage can directly move to the
security check and board the aircraft without any hassles at the
airports .The passengers with baggage can drop the bags at the
baggage drop-off and proceed to the security check; this is
represented in “Fig. 5” .CUSS Kiosk Check-in has seen a rise
in passenger acceptance as it gives them a higher comfort level.
It is believed that both the CUSS Kiosk check-in will cater for
most of the passengers in the near future.
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Fig.6 The Proposed Model for Recent Check-In Process Flow

CUSS- Common Use Self-service kiosks were first
introduced by Continental Airlines in 1995 at US airports [15] .
Since then the CUSS has become an integral part of providing
services for passengers .Most schedule airlines now provide the
option for Common Use self-service kiosk check-in at major
airports .The cost of check-in through kiosks is just $0.16 as
against $3.68 with normal check-in with an agent [8]. There are
only 8% airports planning to deploy dedicated kiosks as against
60% to implement CUSS. The airports and airlines have
understood the importance of the shared facilities [16]. | was
converted the interactive map in the IATA website to the
statistics more easily to read (The airports have realized the
benefits of the kiosks and IATA is now promoting the
installation of CUSS instead of dedicated check-in at all
International Airports In The world.) [17]
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Fig.7 This statistics shows the current numbers Of CUSS Kiosk around
the world

Ly Duwslupinmink CUSG Hicek

S UF CUSS Kiosk

|

Ewntineit

Fig.8 This statistics shows the current numbers of CUSS in future Kiosk
around the world

4.Reasearch Validation

In order to achieve the stated objectives (discussed at
section 3.0), | conducted case studies at Cairo International
Airport to understand the process and also collect the primary
data to be used in the simulation model. The purpose of visiting
Cairo International Airport is to understand the variations in the
process that exist at Cairo International Airport, gather as
much data as possible and to appear the advantage of using
self-service kiosks is that the check-in process can be divided
intwo steps and it can process 40 to 50 passengers per
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hour. The location of kiosks decides the passenger flow pattern
and convenience. The two steps include printing a boarding
pass and dropping the bags along with bag tags at
baggage drop off. The baggage drop off are manned and the
agents print the tag and attach it to bags. This is more
convenient as the passengers tend to make errors in attaching
tags, which might prove costly in overall operations. This
system has a larger throughput as the passengers without bags
can be filtered and need less processing time.

The method of data collection will basically include
observing the passenger in the process and other key issues at
Cairo International Airport. The data collected will be analyzed
to understand the differences and various factors that might
affect the check-in process at Cairo International Airport. The
collected data will also help in establishing key parameters for
the simulation model.

For the research in Cairo International Airport TB3, this
was useful for the exploration of attitudes and experiences with
check-in technologies as the technique “uncovers specific
events and behaviors that underlie service encounter
dis/satisfaction” [18].

While following the questionnaire crafted below, good use
of the technique requires that | adjust, modify and adapt the
tool as the need arises in order to elicit the most data rich
conversations [19]. The criteria of inclusion mean require
respondents were selected on based on their familiarity [20]
with self service check-in technologies.

Following [19] an incident will be required to meet the
following 4 criteria:

1. Involve technology-customer interaction.

2. Be very satisfying or dissatisfying from the passenger's
point of view.

3. Be a specific and preferably recent episode

4. Have sufficient detail to be visualized by the interviewer.

I had the opportunity to witness the use of traditional check
in as well as those who used or attempted to use the kiosks.
Also, there may be some opportunity to glean the response of
various parties to the presentation of a boarding pass printed at
home after checking in on-line. Formally, | followed noted the
observation data sought by [15] in his airport SST research:

e Agents per position (Queue Manager, Station Manager,
Bag Handler).

e Passenger in line.
e Passenger arrivals per 3 minute interval.

4.1 Expermint Description

The research was initiated with an understanding that
there is a need for a tool to estimate the resources
required to see can we convert from CUTE system to CUSS
Kiosk System at Terminal Building 2 or not necessary .The
CUSS kiosk are seen as a positive move and it has been
believed that it improves the check-in process and reduces
queues at airports.

In total 210 interviews. Before having the approval from
Executive Director of Cairo International Airport efforts were
made to connect with Cairo International Airport residents,
away from the airport, who had previously used the kiosk.

Two passenger interview forms were created to address the
variation between those checking in at the counter and those
using CUSS kiosks and | did another interview forms with two
manger (1st Executive Director of Cairo International Airport,
2nd Station Director of Egypt Air at Cairo International
Airport) to know the importance scope of CUSS kiosk They
were both translated into Arabic as an additional visual aid to
facilitate the interview process. Keeping to the standards of
case study, the sample size is limited at such point as there is
significant redundancy in the amount of new information being
collected [19,20]. The model is kept simple and users need to
input all the parameters in the first sheet and can see various
results like waiting times, processing times, usage of resources,
etc.

CUSS Kiosk Queue

1 4 Passengers Walt in oo
€ Queue front Bag Drop-Off ‘ . 4

Passengers Arriving %
To Airport o)

Passongors Wait In Queue
front Chack-in Counter

Fig.9 Description Model of Survey

Rush-hour passengers at the airport are determined and are
the key input for the model. The passengers using each type of
check-in technology are assumed and the appropriate type of
passenger profile is selected. The passengers arrive at the
airport. There are two different queues in the system. The
model is developed with three different bank queues serving
the multiple servers for check-in counters and bag drop-off.
The passengers separated for each process join the required
queue. The passenger has to wait in the queue till the server is
available to process him/her. The different processing times
are assigned to each check-in methods. Passengers from the
self-service kiosks required to check baggage join the same
bank queue for bag drop-off. After finishing the process the
passenger leaves the system for a further process required to
board the aircraft.

In experimental research validity | collected and compared
additional sources of information, including the research study,
“the main idea is to triangulate or establish convergence lines
of evidence to make findings as robust as possible” [21]. Data
Triangulation in this research is done using existing
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aeronautical manager's anticipation and SST Industry and
Passenger impressions.

Before | begin this survey I'm doing a field study of all
places of Check-In (CUSS, Counters), | had personal
interviews with passengers in order to know what is being
conducted at the airport to provide comfort and also I've done
interviews with some airport leaders to know what they want to
add Check-In systems at Cairo International Airport after all
that | was able to draw these questions, which was as follows:

I've done passenger questions in a manner (clo sed-ended)
1- because | do not know how their culture and level of
education so that the questions must be simple and easy.
2 - most of the passengers be too hasty in ending the travel
procedures because they came late to the airport.

I've done questions to the leadership at Cairo International
Airport in a ma nner (open-ended)
1- | expect they will speak about the Common Use Self
Service system with other angle than passengers because the
airport is renting premises and equipment of Counters of
Check-In and Common Use self-service for airlines, and also
has a supervisory role and work of periodic maintenance to
each period.

I've d one qu estions to lead ers an d wor kers of Egyp t A ir
Company i na manner (open-ended)
1 - Because the CUSS system part of the tools that helps them
in the procedures for passengers, one of the cores of their work.
2- Provide all the amenities and improve services for
passengers to improve the quality of Egypt Air because if the
passengers did not feel the comfort and safety will change the
airline.

3 - So Egypt Air sensed that they really care about the area of
Common Use Self-Service because it provides them a lot of
time, effort and staff, particularly after the recent global
financial crisis.
4 - Egypt Air leaders have found of that the CUSS kiosk helps
to reduce expenditures and to increase the income of the
company.

In all, I conducted interviews, each with an average length
of one hour. After framing the interview and clarifying process
issues, core questions were focused on in these structured
interviews and included:

. What are the benefit do kiosks, self-service check-in
offer passengers?

e  How does self-service check-in technology benefit the
airlines and airports?

e  What are the limitations of self-service check-in for
passengers?

e What in Egyptian culture may make Egyptians
passengers resistant to self-service check-in?

e  What are the obstacles of CUSS Kiosk that perceived by
passenger offer related to their experience with kiosks?

e  What are the obstacles of counters of check-in Flights
that perceived by passenger offer related to their
experience with kiosks?

. How do we encourage travelers to use the CUSS kiosk?

4.2 Hypothesis and Expermint Variables

The research was initiated with an understanding that
there is a need for a tool to estimate the resources
required for the changing technology of counter or not. The
passenger surveys showed some positive results and it was
seen that self-service is a positive move by passengers. The
passengers were ready to take control of the process and more
than happy to check-in themselves. Most of the passengers also
showed the inclination to use the self-service rather than
normal check-in if both took the same time.

In order to change or redesign the check-in process at Cairo
International Airport, an experiment or trial period of the new
process needs to occur .This experiment is the first phase of the
research effort .An experimental plan was designed to test a
number of parameters of the new process. These included the
impact of queue management agent presence on Kkiosk
utilization, agent to machine ratio impact on system
throughput, and queuing style impact on machine load
balancing .The proposed timeframe to conduct these
experiments was in November and December of 2009. The
sections that follow will provide an analysis of the case study
conducted.

Table 1: Independent and Dependent Variables.

Independent The System being used (CUTE System &
Variable CUSS Kiosk System)
1.Convenience of Usage
Dependent 2.Change/Select seat at Flight
Variables 3. Processing Time
4. Queuing Time
4.3 Results

The interviews produced one set of rich data. This survey is
being conducted in an effort to assess the overall satisfaction
and /or concerns over the self-service kiosk and processes
being deployed by Egypt Air Airlines. The results of the case
study regarding the passenger satisfaction, processing times
and queuing time were particularly interesting it is evident
from the table that the total processing time for the kiosk plus
bag drop is far more than the normal check-in process.

I will measure in this survey the passenger satisfaction,
time processing and queuing time.

Table 2: All times are in Minutes per Passenger for Egypt Air Airlines, MSR
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customer. This human element causes significant variations in
check-in times. Passengers without bags were processed faster
and took 22 to 34 seconds to complete the transaction.

4.3.1 Convenience Of Usage

That is means the passenger satisfies with the process of
self-service check-in using CUSS Kiosk, which is faster,
accurate and easier to understand. As was mentioned at section
1, self-service puts control into the hands of the customer.In the
airline industry, this control comes in the form of enabling the
customer to select their own seat, request an upgrade, or
change flights. As Table 2 shows, an overwhelming majority of
the customers either strongly agreed or agreed with the
statement.

4.3.2 Processing Time

These passengers using kiosks need to go to baggage drop-
off if required to check in bags. The processing time for each
process is shown in Table 2.  The characteristics for each
method are discussed in detail in this section. The average
processing time per passenger at the kiosk was 2.24
minutes with a standard deviation of 1.31 minutes, while
the average processing time at the bag drop-off was 2.23
minutes with a standard deviation of 1.11 minutes.

As seen from Table 2 the processing time for the kiosk is
1.24 minute with standard deviation of 0.86 minute per
passenger against the belief that it takes less than a
minute for the kiosk. Further to this, the following was
observed at the airport

e The minimum time was 0.43 minutes and on average it
took at least a minute to complete a transaction and print a
boarding pass.

» The processing times for the passenger who had some
experience of using a kiosk was significantly less than average.

» Most of the passengers needed assistance in completing
the process and there were two roving agents helping
passengers.

« The location of the kiosks made them very accessible and
easily visible before the passengers could see the check-in
counters.

It could be seen that the average processing time is smaller
than kiosks but has a huge standard deviation. This is a result
of the efficiency of the check-in agent .This human element
causes significant variations in check-in times. Passengers
without bags were processed faster and took 30 to 45 seconds
to complete the transaction.

4.3.3 Queuing Time

The other important aspect that was observed in the process
is the waiting times for each passenger. The maximum and
average queuing times for each techniques of check-in are
shown in Table 2.

The results of the observations are shown in Table 2. It was
observed that there were no queues for the use of the kiosks on
the day of the observation. There were some queues at the bag

drop-off but not significantly long and the average wait time
per passenger was 2.27 minutes, Further to this, the following
was observed at the airport:

* It is quite evident from the comparisons that the kiosks
though processing a greater number of passengers wait times
are lower.

e The maximum number of passengers waiting for the
services is 0 for kiosks against 5 in the case of check-in
counters.

Thus, the passenger using both needs to spend more
time in the system for two reasons: more processing time
and more waiting time in the queues for two processes. To
maintain passenger comfort it will be necessary to maintain
lower wait times at both the services, implying the need for
Mmore resources.

From this survey | deduced the results of Usage of CUTE
75, 2%, Usage of CUSS 23, 8% and other 1.0% is shown in
“Fig. 97, doubtless contributing to the preference is that nearly
95% reported high to very high satisfaction about select or
change a seat location with self-service kiosks. But 93% of
those studies thought self-service kiosks would be faster, and
would shorten lines. 60 % believed self-check-in would be
more queues free. 52% liked the greater control of the process;
about the same number liked the privacy. [7]

/— othaer

Usage of

T CUSS Kiosk

g Usage of
| )/ CUTE Systam

Fig.10 The Usage Of all check-In techniques at this case study in Cairo
International Airport

5. Related works

This Case Studies all Types of Self Service Kiosk at Airports:
Vancouver Airport has increased throughput by 250% by
installing CUSS. The airport has seen now employs 30% fewer
check-in staff. Thus has been able to postpone the expansion
plans until 2012 [16]. Another example is Las Vegas McCarran
Airport, which has installed 100 CUSS kiosks at the airport and
installed some off airport as well [8]. McCarran airport claims
to be a 100% common use airport. It has invested $1-2 million
in CUSS, which saves the airport from a building expansion of
$20 million [16]. And this table which appears all advantages
of different case studies of All Types of Self Service Kiosk at
Airports. | had chosen these factors based on all types of kiosk
are involved in all self-service technology and almost the
differences between these systems and some very small.

All Factors of Kiosk Comparison:
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e Financial Cost

e Temporary Cost

e Increasing accuracy

e Return on Investment

e Easy To Manage

o  Flexible payment options

This is due to business rules that are created from the
design of the system which is compatible to work in different
environments such as airports environment or stores or in
banks or other environments that use various self-service
technology.

Table 3: Sample of Self-Service Airport Kiosk
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6. Conclusion and future work

While the plans for this experiment have been outlined and
passed on to Cairo International Airport for future
implementation, it was agreed that another valuable research
focus would be an in-depth station comparison. The intent of
the station comparison would be to look at both operational and
organizational metrics and determine what impacts if any of
these have on the acceptance of self-service at the stations. This
learning could then be combined with the, observations,
surveys, and eventually the experiment to ensure that all
aspects of the changing or re-engineering effort are in place to
ensure success.

The research focused on the feedback from both Egypt Air
agents and the passengers utilizing self-service. The survey
results reviewed that the passengers are responding positively
to self-service deployment and generally understand the
process. However, the acceptance of this relatively new
technology within Egypt Air’s own workforce depends to a

large extent on the type of station at which the employee
works. Thus the sample size (210) of passengers observed was
small and the results could not be accepted confidently, so in
future 1 will present more credible result within a big number
of passengers but | believe that the self-service will cater for
most of the passengers in the near future; so the case studies
show that there are significant variations in the results
depending on the profile or operations of the airport. It can be
observed that the queuing at the airport is affected by three
aspects namely.

* Schedule of Flights (Departure)
* Processing Times
* Queuing Time

The key parameters will be used as inputs for the
simulation model to be developed. The simulation model will
be validated against the existing situation and industry
standards wherever they exist. This validated simulation model
can be used for various experiments to explain the behavior of
the check-in system as a whole and provide the airport planners
with a tool to estimate requirements for check-in systems.
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Abstract

In this paper, we reviewed of several portable parallel
programming paradigms for use in a distributed programming
environment. The Techniques reviewed here are portable. These
are mainly distributing computing using MPI pure java based,
MPI native java based (JNI) and PVM. We will discuss
architecture and utilities of each technique based on our literature
review. We explored these portable distributed techniques in four
important characteristics scalability, fault tolerance, load
balancing and performance. We have identified the various
factors and issues for improving these four important
characteristics.

Keywords: Message Passing Interface (MPI), Java Native
Interface (INI), Parallel Virtual Machine (PVM), Component
Object Model (COM), Distributed Component Object Model
(DCOM).

1. Introduction

Computing power of idle hosts is utilized by distributed
computing. There are certain strong reasons that justify
using distributed computing in comparison than
mainframes. Distributed systems offer a better price and
performance than mainframes. A distributed system has
more total computing power than a mainframe. If one
machine crashes, the system as a whole can still survive in
distributed system. Thus distributed system provides better
reliability. Computing power can be added in small
increments in distributed systems. In this way Incremental
growth can be achieved. Distributed systems allow many
users to access a common database thus provides data
sharing. It also allows many users to share expensive
peripherals. It makes human-to-human communication
easier. It has flexibility, because workload is spread over
available machines in most cost effective way. On
distributed computing, various heterogeneous devices
communicate with each other with different ways.

One of the ways in which Distributing computing
can be classified is based on portability; Portable

Distributed Computing v/s Non-portable Distributed
computing. Within each type, there may be several
techniques considered. The basis of the selection a
techniques in a group was that these techniques were most
prevailing existing distributing computing technique. The
other basis of choice for selecting a technique in each
group was that these techniques individually represent
their group having a distinguished feature. Various
distributed computing techniques are:

(1) Distributed Computing through Message Passing
without using Java: In this Plain MPI, PVM may be
analyzed

(2) Distributed Computing Through Middleware such
as COM-DCOM CORBA.

(3) Distributed Computing through .NET Remoting.

(4) IJNI: Wrapper: C and C++ codes are interfaced with
Java codes using MPI

(5) Pure Java using socket programming and RMI and
using these techniques in MPI.

Among these distributing computing techniques, some
are portable and some are not portable. In this paper, we
have discussed portable techniques mainly distributed
computing using pure java based MPI, native java based
MPI and PVM.

2. Portable Distributed Techniques

A technique is portable if it applies to different versions of
the same operating system (e.g., past and future versions
of Operating System) and to different operating system

2.1 Distributed Computing using Pure Java Based
MPI

The Message Passing Interface (MPI) provides a
powerful programming paradigm for high performance
computing. It is based on the interchange of messages
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between processes. MPI can be implemented in any
programming language because MPI is language
independent. Earlier MPI was implemented in C and
FORTAN. Performance of C and FORTAN based MPI is
high but portability is major drawback. Researchers are
devoting efforts to overcome the problem of portability.
Portability problem is solved by implementing the MPI
with a portable high level language like JAVA. MPI
implementation in java has overcome the problem of
portability but on the cost of performance [1]. For the last
few years, both researchers and practitioners have been
concerned with the improving the performance of java
based MPI.

MPI can be implemented using java in two ways; pure
java and impure java implementation. Researchers are
trying to solve many issues related to pure java
implementation of MPI. These issues are efficient and
lightweight distributed computing implementation, design
and development of user centric interface for
administrator to configure environments, performance
evaluation techniques, performance improvements, system
interoperatability across a diverse range of devices,
efficient implementation, flexibility, fault-tolerance,
scalability, transparency, performance with portability,
efficient access control, easy to access, high degree of
abstraction to ease the programming , load balancing,
heterogeneity, malleability(the capability to handle
changes in the resources used during a computation)
etc[2].

Java is object oriented language with an attractive
feature of portability. Hence practitioners are trying to
implement a high performance implementation of MPI
with different approaches based on MPI standard. In order
to implement MPI using java, MPJ is developed. MPJ is a
MPI specification for java. It works with impure as well as
with pure java [3]. Pure java implementations of MPI are
two types, Socket based and RMI based. Socket based are
flexible but its programming is complex. Programming
with RMI is very easy and efficient. Programmers with
RMI can make easily distributed application as compared
with socket. Another problem with socket is errors.
Distributed programming using socket is very difficult as
compare to RMI. Hence programming with socket is
tough. Programmer can not make distributed system easily
with socket [4].

Performance is measured through latency, bandwidth,
and total processing time mainly. Performance can further
be improved. In our literature we find several java based
MPI with specific shortcoming, but no one can full fill all
basic requirements. Researchers are also trying to
implement “one size fit all”. Reason for “one size fit all” is
that for some main concern could be portability while for
other high bandwidth or low latency. Portability and high
performance are contradictory requirements. There is

much scope to manage these contradictory requirements.
There have been various efforts made by researchers to
improve the performance of pure java based MPI, and
maintaining the portability. Some researchers implemented
MPJ with layered architecture. In this layered architecture
java, java new 1/O (NIO) based device, a shared memory
device are implemented. It brings ability to swap devices
at run time and thus manage the contradictory
requirements [5].In this layered architecture, one of layer
is of native MPI so it adds overheads and the performance
improvement is not so significant. There is a strong need
to identify the factors affecting performance and explore
the ways to improve the performance of pure java based
MPI.

JMPI is designed with remote method invocation with
object serialization. JMPI is written purely in java. JMPI
can be run on any host where java virtual machine (jvm) is
available. As compare to mpiJava it is more stable and
reliable. Performance is very low as compare to Sun’s
RMI or KaRMI [6]. It has a good interface tool which can
further be improved. Time to time researcher evaluate the
performance of all main techniques of distributed
paradigm. In their evaluation they found that the Java RMI
has higher round trip latency, when compared with MPI
and PVM. The reason for higher latency is, in JavaRMI
communication is done in terms of objects. When
communication is done over the network using Java RMI,
the objects are converted into bytes and then these bytes
are transmitted over the network. The conversion of
objects into bytes is a time consuming job. For this reason,
the Java RMI has the highest latency among all paradigms.
Java RMI gives the least performance with respect to
bandwidth [7]. There is a lot of scope to identify the
factors, to improve the performance. There is a strong
need to make a framework of these critical factors. This
framework can provide a better understanding to
developers, designers and programmer managers to design
and develop the high performance portable distributed
system using pure java. Researcher designed JMPI using
both RMI and socket [4]. There are further research areas
to implement multiple process of an MPI application on
same machine as a separate thread which can improve the
performance. Best performance is obtained by increasing
the number of computers. However latency is not
measured for JMPI which can be a research problem for
our research work.

2.2 Distributed Computing using
Implementation of MPI

Impure Java

Java native interface implementation of MPI is
basically wrapping existing native MPI libraries with the
Java. Java Native Interface (JNI) specifies the transition
between java code running within the java virtual machine
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(JVM) and native, system-dependent C or FORTRAN
code. One of the first attempts was Bryan Carpenter's
mpiJava. mpiJava is an essentially a collection of JNI
wrappers to a local C MPI library[8]. It is a hybrid
implementation with limited portability. It has to be
recompiled against the specific MPI library being used.
Researcher developed HPJava to overcome the problem of
compiling again [9].

The major research problem s efficient
cooperation between java and native codes [10]. JNI also
introduce a time overhead and affect the performance.
Researcher devoted to measure the time overhead. The
overall native method invocation overhead turned out to
be about 3-5 times bigger than for ordinary methods [11].
Researcher also worked for a better understanding of JNI-
related performance issues that might help developers to
make more informed decisions during the software design
phase. Still there is much scope to work in same.

JNI performs poorly because most of the data
transferred between the virtual machine and the native
space must be copied [12]. Researcher avoided the JNI
overhead by tightly integrating mpiJava with a version of
Hyperion[13].Some researcher suggested direct buffering
mechanism to improve the overhead of copying the
data[14][ 15].Still performance of native java interface is
an issue that need a systematic investigation. There is a
need to design a better understanding of all techniques to
overcome the shortcomings like performance, limited
portability, efficient and effective coordination among
native and java codes.

Beside these issues, the mpiJava library is not
thread-safe partly because it depends on an underlying
native MPI library. Even if the native MPI library was
thread-safe, some additional work would be needed to
make the mpiJava wrappers thread-safe. There is a
tremendous scope to address various issues related with
JNI to improve the performance, fault-tolerance,
scalability, transparency, load balancing, resource tracking
etc. javaMpi is another wrapper around C MPI Library.
JNI has another problem of limited portability [3].

With our literature survey we find some key areas
related to java native interface. These key areas are
distribution of load over different computers, managing
resources and scheduling user jobs, fault tolerance
techniques improvements, dynamic load balancing
[17].There is a tremendous scope to identify the factor and
their improvement in stated above.

2.3 Distributed Computing using PVM

PVM system is a distributed programming
environment. PVM support heterogeneous distributed
computing. PVM is a portable distributed computing. It
supports certain forms of error detection and recovery.

The PVM (Parallel Virtual Machine) provides a unified
framework .Large systems can be developed in a
straightforward and efficient manner. PVM permit a
collection of heterogeneous machines on a network to be
viewed as a general purpose concurrent computation
resource [18]. With our literature survey we found that
there are several areas of PVM in which substantial efforts
have been done by various researchers. These areas are
better technique for dividing and distributing the big task,
performance measurement, performance improvement,
analysis, load balancing, dynamic resource allocation and
utilization, support for the automatic compilation of
different object modules for different architectures, fault
detection and tolerance, data access, develop software
environments that will automatically find a near-optimal
mapping for an high computing(HC) program expressed in
a machine-independent high-level language.

With PVM, There is a need to divide
and distribute a complex big task among various
computers. To address this issue, researcher suggested the
heterogeneous network computing environment (HeNCE)
as a tool. This tool decomposes their application into
subtasks. HeNCE also distribute these subtasks to the
machines currently available in the HC system [16].
HeNCE allows the programmer to explicitly specify the
parallelism for an application by creating a directed graph.
HeNCE also has four types of control constructs:
conditional, looping, fan out, and pipelining [19].However
there is still need for improvement in dynamic
environment for task divide and allocation. There is a
strong need for dynamic self-adjustment of task
deployment and other aspects of self-management. Still
there is need to investigate systematically.

From time to time, researchers have been
devoted efforts to measure the performance of PVM and
compare it with others techniques of distributed
computing. PVM has high latency. It is due to daemon. In
case of PVM, the daemon is responsible for all
communications. It provides flexibility but it eats up the
processing power of the machine. Due to this reason the
PVM and Java RMI take more time to pass the message
(high latency). PVM performance is 2 to 3 times slower
than RPC [7]. There is research scope to work to
investigate the critical factors and their improvements with
respect to performance of PVM.

Researcher also
compares PVM with MPI. The total time of execution of
the PVM version is about 20% longer than the MPI
implementation of the algorithm. PVM environment is
built on the concept of virtual machine, which secures
three levels of heterogeneity. First, the network level:
different networks can create common virtual machine.
Second, the machine level: computers with different
architecture, operating systems and data formats can create
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virtual machine. Third, the application level: the
architecture of the virtual machine can be matched to the
form of a subtask [25]. The PVM environment was created
with heterogeneity over performance, while the principal
idea of MPI standard is performance and portability over
flexibility. There is much scope to explore the ways to
make PVM for data parallel application and to improve the
performance of PVM.

Performance improvement can also be
achieved by reducing the message transmission time.
There is much scope to investigate the reasons and factor
to reduce message transmission time. Another reason for
performance degradation is buffer access time. There is a
strong need to make more effort to reduce PVM based
memory allocation time, and improve access protocols to
reduce overall message buffering time.

PVM does not offer some functionality such as
thread safety, multiple communication end-points per task,
and default-case direct message routing. In order to solve
these issue researchers developed JPVM.JPVM is a java
implementation of PVM [26]. JPVM uses direct task-to-
task message delivery instead of  daemon-to-daemon
routed communications. JPVVM is based on TCP. However
UDP/IP implementation is yet to be suggested and
implemented. When performance of PVM, JPVM is
compared, we found that performance become worst and
bandwidth is also lost [27].There is much scope to address
these issues such as thread safety, multiple communication
end-points per task, and default-case direct message
routing differently rather than implementing in java.

Performance is measured by simulation elapsed time,
speedup and bandwidth [7]. Performance may be different
for light and heavy traffic. There is much scope to identify
the main causes and relationship between load amounts
with performance. Researchers have evaluated the
significance of reducing buffer access time and message
transit time in order to improve the runtime performance.
There is a common belief that to reduce the elapsed time
of a parallel program, the workload distribution among the
processors must be balanced [20]. So there is a research
scope in load balancing and distribution among the
various computers connected in a distributed network.
Many researchers observed that other factors such as inter-
processor communication overheads may also cause poor
performance. So there is a scope to improve the
interprocess communication to improve performance.

By load balancing, performance
of PVM can be improved significantly. PVM round robin
load balancing is not the correct approach in a
heterogeneous industrial environment where different
machines have dissimilar performance. As a result, the
Applied Research and Technology Lab has developed a
new load balancing sub system ,which has the ability to
manage PVM spawn taking into account both current CPU

load and CPU performance altogether. Tests have been
conducted on the new load balance subsystem which
results in an increase of PVM performances in a heavy
heterogeneous (in terms of workload/performances)
environment [21].Results stated there is improvement in
performance but there is a need for reasonable
improvements. Hence there is a lot of scope to correct the
load balancing. There is also need to distribute the load
among various machines in order to maximize the usage of
machine and minimize the task execution. There is a still
need of “intelligent distribution of load”.

The main reason for low performance of
PVM is daemon thread. It provides the flexibility but eats
up all resources. Researcher are also trying to use one of
the new general purpose transport protocol called SCTP
(Stream Control Transmission Protocol) for direct
communications among the tasks [22]. SCTP has been
recently standardized by the IETF (Internet Engineering
Task Force) and, compared it with TCP (Transmission
Control Protocol). It has new interesting characteristics
that could be more suitable for parallel applications.
Hence there is a lot of scope to explore the ways for this
[23].

Fault-tolerance becomes an important requirement in
distributed systems. Many researchers are devoting their
efforts in development of a fault-tolerant PVM.
Researcher presents a transparent, non-blocking check
pointing protocol to support fault-tolerance for PVM
applications. Even if the applications have dynamic
number of processes, the protocol can be implemented as a
user-level library and, therefore, the changes in PVM
library and operating system is not necessary[24].However
due to check point, an overhead is introduced that could
make it unsuitable for many application. So there is a need
for a low overhead fault-tolerance technique for PVM.

From our extensive literature
survey, there is a lot of research scope in improving the
overall utilization of resource. It will consequences
improvements in performance of PVM.

3. Conclusions

Based on our discussion in section two, we derive the
several findings about the portable distributed techniques.

Performance of java based MPI is low as compared to
plain  MPI on cost of portability. Portability and
performance are contradictory requirement. Performance
can be further improved by improving the factors affecting
the performance. Conversion of byte codes to machine
codes adds an extra overhead on the performance. In case
of JNI, by improving the coordination between the java to
native code and vice-versa performance can be improved.
Daemon eats up all processing power of computing nodes
in PVM. Thus by use of the new general purpose protocol,
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performance of PVM can improved. More adaptive
improved and fuzzy algorithm is required to make load
balancing more efficient.
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Abstract

Corrosion is a natural process that seeks to reduce the binding
energy in metals. The end result of corrosion involves a metal
atom being oxidized. Surface corrosion on aluminum aircraft
skins, near joints and around fasteners, is often an indicator of
buried structural corrosion and cracking In this paper we proposed
a new method on which we are moving towards designing a
method to detect the corrosion within the metals, the new method
has defined texture analysis as the main method for this approach,
the proposed enhancement shows less false positive and less false
negative. The main functions used in this approach beside texture
analysis are Edge detection, structure element and image dilation.
The new approach has designed to detect a part of the image that
has been affected by the corrosion, the tested images has showed a
good result lying on detecting the corrosion part from the image.

Keyword - Corrosion, Object Detection, Texture Analysis, Edge
Detection

1. Introduction

Corrosion is a physicochemical interaction between a metal
and its environment which results in changes in the
properties of the metal and which may often lead to
impairment of the function of the metal, the environment
[12], [5], [4]. The corrosion resistance of metals and alloys
is a basic property related to the easiness with which these
materials react with a given environment. Today, aircraft
paints are routinely removed to reveal corrosion on metal
surfaces, and the aircraft must be repainted following
repairs. Both expensive and time-consuming, that process
can also generate air pollution and waste resources. A
method is therefore needed to detect the early onset of
corrosion on metal substrates covered by protective

coatings, so that aircraft primers and need not be stripped
[13]. Concrete and structural steel. Both materials decay in
predictable ways, and bridges and over- passes made from
them deteriorate to a level where the structures must be
rehabilitated or replaced the cost of rehabilitating these
bridges or replacing them with new ones is staggering,
approximately $90 billion a year. Texture analysis is
important in many applications of computer image analysis
for classification [7], [8].

In new simple methodology for the assessment of the
crown corrosion in concrete sewer pipes was developed
based upon the principle that the surface roughness
increases when concrete corrodes [9]. The roughness was
quantified by correlating the depths of the surface pits to
the lengths of shadows produced in a single source of
incident light. A computer program was used to reconstruct
a pseudo three-dimensional concrete exterior and obtain the
averaged corrosion rate [2]. In this paper that the use of
non-parametric classifiers based on learning algorithm
enables the proposed approach to be used in small robots
and portable devices for corrosion diagnosis. As the neural
network classifiers store the knowledge in the neurons
weights, there is no need to store all data as in the
parametric methods

2. Why Texture Analysis

Texture analysis methods have been utilized in a variety of
application domains. In some of the mature domains (such
as remote sensing) texture already has played a major role,
while in other disciplines (such as surface inspection) new
applications of texture are being found [14].Texture
analysis will play an important role in detecting this
isolated data and reducing the error and improving the
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classification results [1]. Segmentation can be done by
finding the pixels that lie on a region boundary. These
pixels, called edges, can be found by looking at
neighbouring pixels. Since edge pixels are on the boundary
and regions on either side of the boundary may have
different gray values, a region boundary may be found by
measuring the difference between neighbouring pixels.
Most of edge detectors (local operators) use only intensity
characteristics as the basis for edge detection. Such
methods take advantage of gray level discontinuities that
are considered relevant features of the image [6].

And thus texture analysis with edge detection may use to
retrivel the objects that have a different texture
characteristic from the image. In this paper we are moving
towerds implemnting an accurate method to detect the
corrosion, in fact, edge detection, texture analysis and other
factors has been embeded on this paper for the purpose of
tuning the system to have better result.

3. Methodology

In this approach we will design and implement a method to
detect the corrosion within the metals, the new method will
define texture analysis as the main method for this
approach, texture analysis normally implement to segment
a special objects, however texture analysis can not stand
alone without enhancing the images, whereby, the object
will be easy to detect. The main assistance functions will be
edge detection, create structure elements and finally dilate
the edge of the structured objects. The expected result will
be a system can detect the corrosion.. This texture filter has
been invented originally to calculate the local range of an
image. These statistics can characterize the texture of an
image because they provide information about the local
variability of the intensity values of pixels in an image. For
example, in areas with smooth texture, the range of values
in the neighborhood around a pixel will be a small value; in
areas of rough texture, the range will be larger, The stdfilt
and entropyfilt functions operate similarly, defining a
neighborhood around the pixel of interest and calculating
the statistic for the neighborhood to determine the pixel
value in the output image. The stdfilt function calculates
the standard deviation of all the values in the neighborhood.
The entropyfilt function calculates the entropy of the
neighborhood and assigns that value to the output pixel.
Note that, by default, the entropyfilt function defines a 9-
by-9 neighborhood around the pixel of interest. To
calculate the entropy of an entire image, use the entropy
function.

Edge detection is the process of finding sharp contrasts in
intensities in an image [10]. This process significantly
reduces the amount of data in the image, while preserving
the most important structural features of that image. Canny
edge detection operator was developed by John F. Canny in
1986 and uses a multi-stage algorithm to detect a wide
range of edges in images, Edge detection methods such as
the canny detector [3] were widely applied for this task.

Edge detection methods utilize intensity gradients to detect
the boundaries of objects [11].

Figure 1. Example of Canny Edge Detection.

4. Testing Result

Below the output figures include a tables, these table has
five fields, sequentially, a, b, ¢, d and e, where (a) is the
original image, (b) is the gray level image, (c) is the texture
filter, (d) is the Edge detection, and finally (e) is the final
enhanced image.

Other test in figure 2 shows more complex corrosion, in
figure 2. The caption was for image that has two parts, one
part affected by corrosion and other part was not.

The output shows a good accuracy of using the new
approach to detect the corrosion on the image
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Figure 2. Other Corrosion Detect by the System

5. Conclusions

Texture segmentation is a significant and primary issue in
texture analysis. It is concerned with automatically
determining the boundaries between various textured
regions in an image detection approaches has been widely
used in the image processing. It has represented less time
consuming and inexpensive alternative. Many techniques
and functions were involve on the image processing to
achieve an accurate methods on detect, recognize and
classify the target, the most popular methods on these area
are, texture analysis, image segmentation and many other
functions. Texture analysis is one of the most important

characteristics in the image processing; in this paper texture
analysis through stdfilt filter has been proposed to detect
the corrosion within the plates. The proposed solution has
focused on the rough texture of the corrosion areas, and
identifies the simple texture as non-corrosion area. The test
has shows a good result in term of detecting visible
corrosion, as well, we assumed the new approach may do
the job successfully with the under-paint corrosion.
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Abstract
The paper introduces a situational approach for Web applications
design. We, first, define development situations and identify their
specific characteristics through situational factors in projects.
Using these situational factors, the most appropriate design
process-model is selected. A meta-modeling technique is
proposed that integrates the Map formalism for modeling
existing design process-models.
Based on COMET meta-model we have redefined most proven
existing web applications development methods into method
components that we have stored in a components base to be
selected. Finally, a new method of useful method fragments is
assembled.
The approach provides three types of guidance: (1) guidance in
the selection of the most appropriate design process-model, (2)
guidance in the selection of the most appropriate method
components and (3) guidance in the application of selected
method components. The method developed was validated in a
case study and proposed tool was validated empirically.
Keywords: web application, web development method, method

engineering, situational method, web-oriented situational method.

1. Introduction

The Web has very rapidly evolved into a global
environment for delivering different kinds of applications
ranging from small-scale to large scale applications.
However, most applications often fail since their
development is often on an ad-hoc basis, without the
support of appropriate methodologies able to manage the
high  complexity of information. Consequently,
considerable attention has been given to Web engineering.
This discipline is concerned with the establishment and the
use of engineering and management principles and
disciplined and systematic approaches to the successful
development, deployment and maintenance of high quality
web-based applications.

In order to manage the overall complexity of development,

several methodologies and approaches have been proposed.

They should provide guidelines for performing activities
and suitable models for expressing the results.

The development of a web application should not be an
event, but a process. This process will consist of a set of
manageable activities. In fact, it is important to be guided
by a sequence of steps to be performed, to know how the
different steps co-operate and how they fit into the
development process as a whole. Each design activity
should address different concerns at the proper stage and
at the proper level of abstraction.

However, we have concluded that there are a number of
gaps in existing modeling approaches, particular with
regard to the level of guidance provided. Some approaches
do not provide real guidance during design. In this context,
some do not consider one or more basic dimensions of
web design. We mention, for instance, the method
proposed by [28] for the web information systems
development which does not include presentation design in
its life cycle, in spite of, the importance of aesthetic aspect
in web design. For those which do, they do not explain
steps to achieve them, as in the case of RMM [12] that
includes a requirements analysis phase in its life cycle
without explaining how a designer should do to achieve
this activity.

However, as stressed above, some engineering activities
should be carefully guided in order to maximize quality of
result. The second issue addressed in this work is the need
for better web design approaches being more specific to
particular kinds of web applications. Most of proposed
approaches consider design in the same way for all web
applications. They propose only one process that should be
followed during design of all applications. However, some
particularities in term of complexity of the application,
potential users and others should be considered.

More specifically, the work in this paper is partially
motivated by conclusions derived in both Method
Engineering discipline and Web Engineering discipline [4].
It was observed that there is no existing full-featured
approach that one can use to develop different kinds of
applications with different requirements. Consequently, if
one wants to develop more than one application, he might
need to use more than one methodology.

In this research, we propose an approach that covers
existing methodologies transparently. It takes as input the
application requirements and decides which process to
follow. It provides web designer with the ability to move
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through the basic design steps. We have adopted the meta-
model MAP as modeling formalism, offering different
ways to guide achievement of design activities. The MAP
provides guidance to a lower level abstraction through
associated guidelines.

Before advancing in the description of the approach, we
judge important to define the notion of method since it will
be frequently used throughout this paper. One of the
results obtained by the meta-modeling community is the
definition of any method as composed of a product model
and a process model [21]. A product model defines a set of
concepts, their properties and relationships that are needed
to express the outcome of a process. A process model
comprises a set of goals, activities and guidelines to
support the process goal achievement and the action
execution. Therefore, method construction following the
meta-modeling technique is centered on the definition of
these two models.

The remainder of the paper is organized as follow. We
present, first, motivation and our contribution. Second, we
give an overview of the proposed approach. Finally, we
describe how the approach provides guidance in (1)
selection of the most appropriate design process-model, (2)
selection of the most appropriate method components and
(3) application of selected method components.

2. Motivation and Contribution

To understand deeply the discipline of Web engineering,
we have established a Web Engineering Framework. To
outline limits of existing methods we have proceeded to
the evaluation of seven methods among the most
referenced ones in literature RMM [6], UWE [16], WSDM
[5], OOHDM [11], Takahashi Method [28], WebML [2]
and HFPM [20] according to the different views of the
framework. This evaluation revealed three limits in
particular.

¢ Informational aspect dominates the process design. We
have noticed that the majority of methods do not consider
all aspects having to be considered during design process.
Let us mention, for instance, the method proposed by
Takahashi [28] and WSDM method for the design of
respectively web information systems and kiosk
applications. Both approaches do not include a
presentation design step in their life cycle, despite the
importance of aesthetic aspects in web development.

e All existing methods are prescriptive (except HFPM).
In fact, they prescribe a list of tasks to be done without
considering (n) either the development situation at hand (n)
or designer experience.

e Some methods are lack of guidance. They prescribe
phases in their life cycle without describing how to
achieve them. This is the case of RMM method, which

includes both requirements analysis and User-interface
screen design phases without explaining what a designer
should do to achieve these activities.

Considering all these issues, we propose to relax the
prescription of web design process model and cover all
aspects that should be considered during web applications
design. Situational Method Engineering responds to this
need by offering techniques to construct methods by
assembling reusable method components stored in a
method repository. Brinkkemper [1] has defined the
Situational Method Engineering as "the discipline to build
project-specific methods, called situational methods, from
parts of existing methods, called methods fragments".

We talk, henceforth, about Web oriented Situational
Method Engineering that proposes to support construction
of web development methods based on a reuse strategy.
By assembling reusable method components originating
from different web development methods, a new method
can be tailored to the project situation at hand. New
methods can, thus, be constructed by selecting the most
appropriate components to a given situation from the
method repository. Web oriented Situational Methods
discipline favors the construction of modular web
development methods that can be modified and augmented
to meet the requirements of a given situation.

3. Overview of the Approach

When the web designer, who is the end user of our
approach, decides to begin the design of a web application,
he/she is invited to characterize the current situation of its
web application to be developed by a set of situational
factors. Based on introduced situational factors, the most
appropriate design process-model is selected at different
levels of abstraction.

The selected process-model comprises several steps
delivering each of which delivers a particular product
model. In fact, we have adopted this principle
conformingly to existing methodologies which often
advocate a model-driven approach, inspired by the
separation-of-concerns principle. In order to tackle the
complexity of the problem, each model in the system
focuses on a different aspect of the design and often also a
different level of abstraction.

The different steps which constitute the selected process-
model are achieved by method components. The latter are
defined accordingly to the meta-model for modular
methods [22] and stored in a method repository in order to
be selected.

To be able to select the most appropriate method
components, we have fixed a set of selection criteria for
each product model involved. We have used the multi-
criteria analysis approach to select the most appropriate
method components.

1JCSI
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Selected components are, then, assembled and
transformations from instances of one model into instances
of the next model are taken place to, ultimately, reaching
the final result in the form of a Web situational method.

In this sense, our solution is based on the following
aspects which were be further detailed in this paper: (1) a
list of classified product models [26], (2) a set of
situational factors characterizing the current situation, (3) a
web applications design process model providing required
guidance during design [26], (4) a set of selection criteria
for each product model and (5) a tool supporting the
proposed approach.

We propose a multi-process approach offering panoply of
web applications design process-models. We adopted the
meta-modeling technique for abstracting all these process-
models in a common process meta-model which is based
on a set of product models each concerning a particular
aspect of design.

To achieve this task, we need to adopt process model
formalism. As our solution provides many alternatives and
paths, strategic oriented process models seem to be the
solution. In particular, the MAP formalism belonging to
this class can be employed to model the design process as
we intend to do; that is why we keep it for our solution.

In the following, we present first, a list of classified
product models. Second, we describe the different
situational factors characterizing the current situation of
development we give a brief description of the MAP
formalism.

3.1 The Typical Phases of Web Applications Design
and their classification

Existing Web development methods consider the design
phase as a phase of product models delivery, addressing
each one a particular concern of design. A typical web
application development method has the following phases
(71 [9]:

e Conceptual design: describes the organization of the
information managed by the application, in terms of pieces
of content that constitute its information base and their
semantic relationships. Modeling aims to construct a
conceptual domain model without commitment to any
specific detail for navigation paths, presentation and
interaction aspects.

o Navigation design: concerns the facilities for accessing
information and for moving across the application content.
The navigation structure should be carefully designed
through a navigation model by providing the web designer
with the comfortable navigation spaces.

e Presentation design: affects the way in which the
application content and the navigation commands are

presented to the user. This is described in a presentation
model.

e Requirements analysis: gathering and forming the
specification of users and/or stakeholder requirements.
This step delivers a requirements analysis model.

o Adaptation modeling: the success of web applications is
largely dependent on user satisfaction which is achieved
by, for example, easy-to-use interface and well structured
navigational architectures. The most effective technique to
leverage these features is adaptation. It consists on
delivering them to the right user at the right time in the
right format. This phase presents the objects that
participate in the adaptive functionality and describes how
this adaptation is performed [16]. It aims to construct an
adaptation model which is based on a user model.

e User modeling: aims to construct a user model which
contains information that represents the view the system
has of the knowledge, goals and/or individual features of
user.

o Business process modeling: apart from simple web sites,
web applications are derived from conventional
transaction processing systems. These applications support
critical business processes and workflows that are
important part of the organization's core business model.
These business functions must be supported and
consequently web design methods need to provide the
ability to represent these functions and their related design
artifacts. It is an important activity in particular for the e-
business applications design.

e Business modeling: deals with identifying and
understanding the relevant elements in a specific domain
and their relationships [29]. An important part of
enterprise business modeling is the creation of a high-level
domain model that depicts the main business entities and
their relationships that are of interest to an organization.
This model does not need to be very detailed. It provides a
basis from which to begin more detailed modeling efforts.

The first four phases could be supported during the design
of any web application. However, others are specific to
some web applications types. In fact, adaptation modeling
and user modeling phases are both performed when
designing adaptive applications. User modeling phase can
be also performed when designing a user-model based
application. Web designer, in such case, intends to adopt a
user-centered approach focusing on user requirements and
characteristics. This has the advantage to solve
disorientation and cognitive overload problems.

Although existing web development methods recommend
achievement of the aforementioned phases and
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consequently to deliver associated product models, we
have noted that they do not consider them with the same
degree of importance. In fact, they focus on the
informational aspect by delivering: conceptual model,
navigation model and presentation model. This is can be
justified by two reasons: (1) at the early beginning of the
web, web applications have primarily the role of
disseminating information to users. This made methods
privilege information dimension and derived aspects such
as navigation and presentation; (2) informational
dimension is recognized as fundamental in the design of
any web application type [7] [13].

However, web applications are evolving from simple web
sites to more and more complex and sophisticated
applications. Consequently, others aspects besides the
informational dimension should be considered during their
design.

Based on this analysis, we have classified these models in
two classes: Common models class and Features models
class. The first class comprises conceptual model,
navigation model and presentation model. The second
class contains requirements analysis model, adaptation
model, user model, business model and business process
model.

As the proposed approach proposes panoply of web design
process models, we have adopted the MAP as modeling
formalism. In the following, we present an overview of the
MAP and its associated guidelines.

3.2 The MAP Formalism

A MARP is a process model which allows designing several
processes under a single representation. It is a labeled
directed graph with intentions as nodes and strategies as
edges between intentions [24]. The directed nature of the
graph shows which intentions can follow which ones.
According to the meta-model illustrated in Figure 1, a
MAP is composed of one or more sections. A section is a
triplet <source intention I, target intention J, strategy Sij>
that captures the specific manner to achieve the intention J
starting from the intention | with the strategy Sij.

Error! Re ference source not found.An intention is
expressed in natural language and is composed of a verb
followed by parameters. Each MAP has two special
intentions "Start" and "Stop” to begin and end the
navigation in the MAP. Each intention can only appear
once in a given MAP. For more details see [24].

4. Guidance in the Selection of the Most
Appropriate Design Process Model

The process meta-model for the web applications design
formalized using MAP is shown in

(s

Business-
Guided

Requirements-
Centred

User -

Centred Define

Features Models

N
Informational-
Guided

Validation
strategy

Patterns-

Informational-

Guided Gulded

Define
Commun hModel

Fig 1. It contains two core intentions "Define Common
models" and "Define Features models" in addition to
"Start" and "Stop" intentions.

To allow designer going through the different intentions of
the MAP, the approach provides a set of factors called
Situational Factors. They guide designer during navigation
in the design process model. The next subsection describes
the proposed situational factors.

4.1 Situational Factors

The first step in the approach is to analyze the projects,
categorize them in situations, and identify their specific
requirements. The categorization of situations is based on
their distinguishing characteristics. According to [1] and
[17] stressed the importance of distinguishing
development situations.

Karlsson [15] defines a characteristic of a development
situation as: «a delimited part of a development situation,
focusing on a certain problem or aspect which the method
configuration aims to solve or handle». To achieve this
purpose, we have proposed a list of situational factors
characterizing current development situation. They help
designer to choose the appropriate strategy among those
presented in the MAP.
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Fig 1. The Web Design Process Model

We have identified the following factors [27]:

e Application type: {kiosk application, Web

Information System, Adaptive application, e-commerce

application}.

All aforementioned types are obviously web applications;
however they are different in term of deliverable models
during design process.

e Service complexity: {Low, Medium, High}
Application complexity is measured through the
complexity of services offered by application. Being more
complex than kiosk applications, Web Information
Systems should be designed differently, by giving more
attention to services modeling dimension.

e Similarity with others applications: {Low, Medium,

High}

The similarity with others applications factor specifies if
the designer has already participated in the development of
similar applications belonging to the same domain. It is to
notice that web applications belonging to a same domain
have similar structures and provide similar services. Thus,
during design process, proposed approach considers
designer profile by offering to him the possibility to reuse
their past experiences.

e User-application adaptation: {Low, Medium, High}
This factor determines the adaptation degree of the
application to users. A user-application adaptation having
a high degree is specific to adaptive applications. When
designer consider user aspect during design process a user-
centered approach, this factor will take Medium value. In
other cases, this factor will be of a low degree

e Problem clarification: {Low, Medium, High}

This factor reveals either the problem description of the
current project is well defined and clarified or not.

o Designer Experience: {Low, Medium, High}

The approach considers the different profiles of designers
such those having long experiences. In fact, they can

exploit the different design patterns collected and stored to
be employed.

Situational factors guide designer during the navigation in
the design process model. We show, in the following
section, how the proposed approach employs these
aforementioned factors during the design process.

4.2 Selection of the Most Appropriate Web Design
Process-Model

The choice of a particular path among those of the Map

presented in
T
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User -
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AN
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Pattarns-
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Fig 1 depends largely on purpose of designer in terms of
web application type to be designed. A more in- depth
analysis of the process MAP shows that designer is guided
deeply and in flexible ways. Associated sections are
refined to a lower level of abstraction proposing various
techniques available to achieve the corresponding
intentions.
From the "Start™" intention, the designer is faced to a choice
of two alternatives. He can either progress to achieve the
"Define Features Model" intention or the "Define
Common Model" intention.
When designing a simple web site (kiosk application)
which problem description is well identified and
requirements are well defined, designer should progress to
"Define Common Model" intention. In others cases,
designer should progress to "Define Features Model"
intention.
When progressing to "Define Common Model" intention,
designer can perform only one strategy named
Informational-guided strategy. However, if he/she intends
to progress to "Define Features Model" intention, he/she is
faced to three alternatives. These strategies can be
performed in parallel or alternatively depending on given
situation:
e Business-guided strategy is followed when designer
intends to develop an e-commerce application. In this
case, he/she needs to conceptualize both Business Model
and Business Process Model. Also, it is followed when
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current application is a Web Information System (WIS)
which is characterized by a high complexity of service.
In such case, we provide designer with the ability to
design a Business Process Model.

This strategy will be refined with a strategic guideline: a
MAP at a lower level of abstraction. This latter contains
two intentions: "Define Business Model" and "Define
Services Model".

e User-centered strategy can be performed when
designing an adaptive application. In this case, designer
needs to consider users aspects and/or adaptation
techniques through a user model and/or an adaptation
model.

e  Requirements-centered strategy helps to gather and
form specification of users and stakeholder requirements.

All aforementioned guidelines associated to these
strategies are refined through a MAP at lower level of
abstraction. We have to stress that these three strategies
can be performed alternatively or together. Let's take the
example of an e-commerce application where
requirements are all the time different and several. In fact,
such application is characterized by both a high
complexity of services and heterogeneity of clients.
Consequently, all strategies Requirements-centered, User-
centered and Business-guided strategy must be followed
and achieved in this case.

Once "Define Features Model" intention is achieved,
designer should progress to the "Define Common Model"
intention either following informational-guided strategy or
patterns-based strategy. We should recall that he/she can
design a kiosk application and in this case, he/she follows
also informational-guided strategy from "Start" intention.
Being in one or other situation and at a lower level of
granularity, refinement of this strategy is done through a
MAP providing panoply of paths and strategies from
"Start" and "Stop" intentions. It contains three core
intentions:  "Define  Conceptual Model", "Define
Navigation Model™" and "Define Presentation Model" as it

is shown by
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Fig 2. Refinement of the Informational-Guided Section at a lower level
of abstraction.

Beginning from the "Start" intention, designer is faced to
two strategies to achieve "Define Conceptual Model"
intention. The modeling techniques-based strategy is
applied when designer decides to start from scratch and to
adopt a well known conceptual data-model like ER model
or any Object-Oriented technique to define conceptual
model.

By applying web design framework-guided strategy,
designer has experience in current domain and has, already,
designed similar applications in similar domain. Designer
can reuse conceptual schemas already elaborated during
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similar past projects. He should only personalize and adapt
hot-spots according to specificities of the project at hand.
While defining the conceptual model, Service-guided
strategy and/or Content adaptation-based strategy can be
followed respectively when designer intends to enrich
model with concepts associated to business process
modeling and/or application being designed is an adaptive
one.

Once the "Define Conceptual model” intention is achieved,
designer progresses to achieve "Define navigation model”
intention either by following web design framework-
guided strategy or process-guided strategy. The process-
guided strategy allows to be guided by a particular method
selected as the most appropriate one from method
components repository. The same strategies are, also,
proposed to achieve "Define Presentation Model" intention
oriented, here, presentation dimension. Navigation in the
MAP is stopped by the validation strategy aiming to
validate the different product models defined.

Once the most appropriate design process-model is
selected, we proceed to the selection of method
components which are stored in a method repository. The
selection process is based on a list of criteria employed by
a multi-criteria method.

5. Guidance in Method Components
Selection

We describe in this section how the approach allows
selection of the most appropriate method components
given a selected design process. The selection step is
realized based on a set of selection criteria associated to
each defined product model. Designer is invited to
attribute values to these criteria every time process-guided
strategy is selected.

5.1 The Proposed Selection Criteria

We have fixed a set of selection criteria characterizing the
following product models: user model, adaptation model,
navigation model and presentation model.

a) The selection criteria of user model

Based on literature study [14] [16] [19] [30], we have
listed the following criteria (Table 1):

- Granularity describes the level at which users are
represented.

- Acquisition Technique expresses how users’ information
are collected.

- Characteristics specific to domain indicates if domain
specific knowledge of users is modeled in the user model
or not.

- Characteristics independent from domain indicates if
other knowledge of users are modeled in the user model.

- Preference indicates if user can express his preference at
a content dimension, navigation dimension and
presentation dimension.

Table 1. User Model Criteria and their Values

Criteria Possible Values

Granularity
Acquisition Technique

Group, User, Group/User
Explicit, Implicit,
Explicit/Implicit

Characteristics
Domain Specific
Domain Independent

Yes, Partially, No
Yes, Partially, No

Preferences
Content Yes, Partially, No
Navigation Yes, Partially, No

Presentation Yes, Partially, No

b) The selection criteria of Adaptation Model

Web applications should henceforth satisfy various
requirements such as the need to be accessible from
everywhere, at every time and from every platform. This
leads to characterize an application by ubiquitous [3]. In
order to cover all these aspects, we have identified a set of
criteria [18] [13] [16] [30] [8] which their possible values
are presented in Table 2:

- Adaptation Dimensions indicates dimensions of the
application that are object of adaptation: Content,
Navigation, Presentation, Functionalities.

- Adaptation Degree that are expected from the web
application. It can take one of the following values:
Minimal, Adaptive and Adaptable.

- Environment Context determines if the web application
can be adapted according to these attributes: Location,
Time, Device and Network.

Table 2. Adaptation Model Crteria and their Values

Criteria Possible Values

Adaptation Dimensions
Content (DC)
Navigation (DN)
Presentation (DP)
Functionalities (DF)

Yes, Partially, No
Yes, Partially, No
Yes, Partially, No
Yes, Partially, No

Adaptation Capabilities
Minimal (CMin)
Adaptativity (CAdav)
Adaptability (CAdab)

Yes, Partially, No
Yes, Partially, No
Yes, Partially, No
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Context related to Environment
Location (C.L.Location)  Yes, Partially, No
Time (C.L.Time) Yes, Partially, No
Material (C.L.Material)  Yes, Partially, No
Network(C.L.Network)  Yes, Partially, No

MultiMedia Support
Synchronization of interface
objects

Yes, Partially, No
Bottom-up, Top-down,
Mixed

¢) The selection criteria of Navigation Model

As for navigation model we have identified the following
selection criteria. Table 3 presents possible values of these
criteria.

- Notation (NOT) indicates the standardization degree of
the notation.

- Implicated Dimensions (DIM) indicates dimensions
considered during design.

- Adopted approach (APP) to define the navigation model
can be either Bottom-up or Top-down or Mixed.

- Access Structures (StrAc) are additional navigation
nodes allowing access to navigation objects.

Table 3. Navigation Model Criteria and their Values

Criteria Possible Values

Notation (NOT) Standard, Mixed, Proper
Implicated Dimensions  Static, Dynamic, Static/
(DIM) Dynamic

Access Structures (StrAc)  Yes, Partially, No

Adopted approach (APP) Bottom-up , Top-down,

Mixed

d) The selection criteria of Presentation Model

We have identified the following selection criteria for the
presentation model which their possible values are
presented in Table 4:

- Notation indicates with which notation presentation
model will be defined.

- Implicated Dimensions: this attribute indicates

dimensions considered during design.

- Multimedia Support determines if method takes in
consideration multimedia dimension.

- Synchronization of interface objects indicates if
method describes temporal relations between different
Medias in particular when dynamic media such as video
and audio are implicated.

Table 4. Presentation Model Criteria and their Values

Criteria Possible Values

Notation
Implicated Dimensions

Standard, Mixed, Proper
Static, Dynamic, Static/
Dynamic

Once the most appropriate design process is selected, we
proceed to the selection of method components based on
aforementioned criteria by employing the AHP multi-
criteria method.

5.2 The Analytic Hierarchy Process Method

To achieve selection of most appropriate components we
propose to employ a multi-criteria method such as the
Analytic Hierarchy Process (AHP) method [25].

AHP allows both quantitative and qualitative criteria to
be compared using informed judgments to derive
weights and priorities.

The first step of AHP consists in determining analysis
criteria, in our case, selection criteria associated to
product models. Next step aims to elaborate binary
comparison, in order, in one hand, to identify importance
of one criterion relatively to others, and in the other hand,
evaluate method components relatively to every criterion.
Introduced values during evaluation should be
conformed to the AHP table [25].

5.3 The Components Selection Process

To achieve intentions included in the selected design

process, designer is invited to introduce his preferences

by giving priorities between selection criteria as

illustrated in
NOT DIM StrAc APP

NOT 1/1  3/1  3/1 7/l g;};i
MC=| DIM 1/3  1/1  5/1  5/1 |Vee= |7 0
StrAc  1/3  1/5 1/1 3/1 0'053;
APP  1/7 1/5  1/3 1)1 o
Fig 3.
NOT DIM StrAc APP —
NOT 1/1  3/1  3/1 71 03154
MC=|DIM 1/3 11 5/1  5/1 |Vpe=| 7100
StrAc 1/3  1/5  1/1 3/l e
! ! ! ! 0.0535

APP 17 1/5 1/3 1)1

Fig 3. Evaluation Matrix of selection criteria corresponding to
Navigation Model and its eigen vector

For instance, the value 7/1 evaluated between notation
(NOT) and Adopted Approach (APP) indicates that
designer judges that the first criterion (NOT) is much
more important than the second criterion (APP).

In another side, methods such as OOHDM, WebML,
WSDM and UWE, examples of web development
methods allowing the production of navigation model are
evaluated in method repository.

1JCSI
www.lJCSl.org



1JCSI International Journal of Computer Science Issues, Vol. 7, Issue 3, No 1, May 2010 45

www.1JCSl.org

The method expert has the responsibility to compare
methods according to every criterion of all product
models as illustrated by Fig 4.

OOHDM WSDM UWE WebML

OOHDM 1/1 5/1 1/5 2/1
MM1=| WSDM 1/5 1/1 1/7 1/3
UWE 5/1 7/1 1/1 7/1
WebMT. 1/2 3/1 1/7 1/1
0.2057
Vs — | 0:0718
: 0.5791
0.1109

Fig 4. Methods Evaluation matrix / Notation (NOT) Criteriom and its
eigen vector

Recall that existing methods do not support product
models definition with the same degree of importance.
For employed notation, most of methods except UWE
method based on UML standard employ mix notation.
OOHDM, for example, combines OO technique with its
proper notation (context, etc.) and WebML integrates
content units with XML. Evaluation matrix and
associated eigen vector are shown in Fig 4. For instance,
the value 7/1 between UWE and WSDM means that the
component of UWE method associated to the navigation
model definition is much more important that WSDM
component relatively to Notation criterion. This is due to
the fact that UWE is entirely based on the standard UML

language.
Vemi\ [Vemz\ (Vems\ (Vs Vpe Vanp
0.2057 0.4646 0.22 0.0769 0.4837 0.2947

0.0718 | | 0.0611 | | 0.1641 | | 0.0760 | | x | 03582 | = | 0.0788
0.5701 | {03313 | | 0.3008 | | 0.0769 01174 ] | 0.4381
\0.1109 \0.06.59} 0.1633 \0.0769} \0.0406} 0.0095

Fig 5. The most appropriate method calculated by AHP vector

The same principle of evaluation is taken for all criteria
of a particular product model. All eigen vectors obtained
from evaluation matrix (in this case 4 vectors) form a
matrix which will be multiplied by the eigen vector
obtained from designer comparison matrix. As shown in
Vema\ [Vemz\ [Vema\ [Vewma Vpc Vanp
0.2057 | | 0.4646 0.22 0.0769 0.4837 0.2947
0.0718 | [ 0.0611 | | 0.1641 | | 0.0769 | | = | 0.3582 [ = | 0.0788
0.5791 1 1 0.3313 1 1 0.3008 | 1 0.0769 0.1174 0.4381
\ 0.1109 \0.06.59} 0.1633 \0.0769} \0.0406} 0.0995

Fig 5, the highest value in the AHP vector corresponds to
the most adequate method that is UWE in this example.
At this level, proposed approach continues to guide
designer during application and employment of the
selected components as they are stored in a method
repository and redefined according to NATURE [10].

6. Guidance in Method Component
Application

We propose to still continue guiding designer in the
application  of  selected method components.
Consequently, designer is not obliged to look for
published documentation about the selected method to
achieve his goal. It deals with formalizing the method
process model through a set of different steps and
activities to execute.

The Method Base stores the components of the methods.
The base is organized in two levels: method knowledge
level and method meta-knowledge level [22]. Method
knowledge level stores the content of the method
components, which are the components themselves,
whereas the meta-knowledge level describes the reuse
context of every component in its descriptor. Therefore,
every method component in the method base has a
descriptor represented in the meta-knowledge level.

Our approach for assembly-based Situational Method
Engineering aims at constructing a method in order to
match as well as possible the situation of the project at
hand. It consists in the selection of method components
from existing methods that satisfy some situational
requirements and their assembly. Our approach is
requirements-driven, meaning that user must start by
eliciting requirements for the method. Next, the method
components matching these requirements can be
retrieved from the method base. And finally, the selected
components are assembled in order to compose a new
method or to enhance an existing one.

A method is a set of coupled method components
expressed at different levels of granularity. A method
component is autonomous and coherent method part
supporting the realization of some specific activities.
This view permits to reuse components of a given
method in the construction of new ones.

Based on the observation that any method has two
interrelated aspects, product and process, we integrate
these two aspects in the same module [22].

In our approach, the selected component represents the
step of a product model definition [27].

The interface of the method component captures the
reuse context in which the method component can be
applied. It is formalized by a couple <situation,
intention>, which characterizes the situation that is the
input of the component process and the intention that the
component achieves.

Besides, a descriptor is associated to every method
component. It defines the context in which the
component can be reused.
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Fig 6 shows the meta-model for modular methods.
According to this meta-model, a method is also viewed as
a method component of a highest level of granularity. The
body of the method component captured a part of method
process model called guideline that can be considered as
reusable and a part of its product model needed to perform
the process encapsulated in this guideline. A guideline
embodies the method knowledge to guide the user in
achieving an intention in a given situation. Three types of
guideline are distinguished: simple, tactical and strategic.

e A simple guideline may have an informal content
describing the manner to proceed to handle the situation in
a narrative form. It can be an executable plan of actions
leading to some transformations of product under
construction.

e A tactical guideline is a complex guideline which uses a
tree structure to relate its sub-guidelines with others. This
guideline follows the NATURE process modeling
formalism [10].

o A strategic guideline is a MAP [24].

We have chosen to conform to the component structure
proposed by [22] for the advantage to combine at the
same time strategic and contextual approaches
(NATURE) [10].

When a method provides different manners and
alternatives to achieve the set of activities of its process
model and they can be refined at a lower level of
abstraction by another type of guideline, we should
formalize process model through the strategic guideline.
In other case, it is possible to use NATURE formalism.
The study of the state of the art that we have conducted
on web development methods has revealed that methods
are prescriptive. They propose a set of sequential steps
delivering each one a specific product model. The next
step is based on the product model delivered in the
previous step. From the linear aspect characterizing web
applications development methods, we have represented
them through a tactical guideline.

7. The Proposed Tool: WISDAp

WISDAp tool is developed to support web design phases
as suggested by our approach. It consists of three
subsystems: (1) guidance in the selection of the most
appropriate web design process-model, (2) guidance in
the selection of the most appropriate method components
and (3) guidance in the application of selected method
components. The overall architecture of WISDAp tool is
depicted in

¢ Guidance in Design
Process Model Selection

Guidance in
Components Selection

! 1
! 1
! 1
! 1
! 1
1
: 4 !
1
I Guidance in :
: Components Application 1
1

Management of Management of Management of
Components Base Trace Base Process Model Base

Fig7.
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J
S
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Management of ] Management of ]

Fig 7. Architecture of WISDAp tool.

7.1 Architecture of WISDAp

To ensure success of use of our developed tool, main

actors implied are:
e Administrator is charged with the administration of
the environment. It is responsible for the attribution of
the passwords and logins to the other users. Indeed,
method engineer and design engineer cannot respectively
handle the base of methods and the base of design
process models that afterwards being authenticated.

e Design engineer can add new process models of
design with all the details associated in the base process
models.

e Method engineer can, for example, add new methods
in the base of methods and/or proceed to comparisons of
one method to the others.

e Web designer is the end user of the web design
environment. At the time of its first access, he/she is
invited to register to be able to authenticate later on. The
web designer starts by defining a new project while
specifying the name of its project and a description.
Thereafter, he/she will be guided during the stages
process while starting by allotting values to the list
situational factors allowing characterizing the current
situation.

The web designer can, also, consult the base of methods
to be informed about the list of the stored components.

To achieve aims of our approach, we have created the
three following databases (see

Guidance in
Components Selection

! 1
! 1
! 1
! 1
! 1
1
. 1] :
1
I Guidance in :
: Components Application 1
1

Management of
Components Base

J
S

Guidance in Design
Process Model Selection

Management of ]

Management of
Trace Base

Process Model Base

S
)

Fig 7):
e Base of process models containing all possible paths
and alternatives to guide web designer in to the choice to
most appropriate web design process model.

¢ Base of method components storing the set of method
components. It permits the selection of the most
appropriate component in each web design step.

e Base of Trace which stores the different projects
previously achieved.

7.2 Example of Interfaces

Once authenticated, web designer should characterize
current development situation through the proposed list of
situational factors as illustrated by Figure 9.

Fig 8. List of situational factors.

Fig 8. List of situational factors.

Introduced situational factors help web designer in
choosing the appropriate strategy among those presented

in the MAP.
Global Web Design Process Model

<Progress from (Start). to (Define Featuire Model), using (Requirements-Centred) =

<Progress from (Define Feature Model). to (Define Commun Model), using

(Informational guided) =

<Progress from (Define Commun Model). to (Stop). using (Completeness Strategv) =

Fige 9 shows the most appropriate design process model
according to introduced situational factors. Each link
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displayed shows the most appropriate design process

model at a low level of abstraction.
Global Web Design Process Nodel

Requirements
o Tetred

-
LS e Difine Featare
wContred (" Model

Patterns-|

Proces
d gusded

puided

" Define
. Comumun Model _

<Progress from (Start), to (Define Feature Model), using (Requirements-Centred) =

<Progress from (Define Feature Model), to (Define Commun Model), using

(Informational guided) >

<Progress from (Define Commun Model). to (Stop), using (Completeness Strategy) =

Fige 9. The appropriate design process model according to introduced
situational factors.

For instance, web page of

Common Model

Web design Servicn
< fram 3l
t

adsptationgsded
<Progress from (Start), to (Define Conceptual Model), using (Modeling Techniques-based) =
<Progress from (Conceptual Model) | to (Navigation Model), using (Process-guided) =
<Progress from (Navigation Model). to (Presentation Model), using (Process-guided)>
=Progress from (Presentation Model), to (Stop), using (Validation Strategv) =

Fig 10 displays the MAP corresponding to "Informational-
guided" strategy of the process meta-model.

Common Model

Webdesign

. . Service
T Ty 1= - © peded
St \ T

et Content
Define Conceptual}  dapation
b

Define
Presentation Model

(_ Presentation
adaplationgeided

=<Progress from (Start), to (Define Conceptual Model), using (Modeling Techniques-based) >

=Progress from (Conceptual Model) | to (Navigation Model), using (Process-guided) =
<Progress from (Navigation Model), to (Presentation Model), using (Process-guided)=
<Progress from (Presentation Model), to (Stop), using (Validation Strategy) =

Fig 10. The appropriate design process model refinement of
"Informational-guided" strategy.

When web designer intends to define Presentation Model,
he/she is invited to introduce his preferences according to
presentation model criteria as illustrated by Fig 11.

r Presentation Model Criteria
. Evolved _ Multimedia Synchronisation of
Criteria N . Notation . .
Dimentions Support interface objects
Evolved Dimentions |1 3 12 12
Notation 12 1 14 14
Multimedia Support 2 4 1 2
Synchronisation of |, 4 5 1
interface objects |~ -

Fig 11. The AHP matrix of presentation model criteria.

Once web designer validates introduced values in
displayed matrix, AHP method is amerced to get out the
most appropriate method component. Consequently, web
design has to follow given guidelines of selected method
component to achieve his goal that is, here, the definition
of presentation model.

7.3 Empirical Study and Results

To validate our proposed approach, an empirical
evaluation was completed. The evaluation method for
assessing the effectiveness of the methodology was
defined on the basis of the Diffusion Theory [23] which
examines the rate and the motivations of adoption of a
technological innovation by a group of potential users. The
Diffusion Theory demonstrates that a technological
innovation has chances to be successful if its quality is
appreciated by the community of adopters.

The Diffusion Theory defines five perceived quality
attributes of an innovative product, which can be also
considered the five characteristics of a successful
innovation: Triability, Observability, Relative Advantage,
Complexity, and Compatibility. The quality of the
document presenting the proposed approach was also
assessed by means of three other attributes: Consistency,
Effectiveness of the examples and Structure Clarity.

We have, at the beginning, worked with two classes of
about 60 students in master: students specialized in
multimedia that we classified as "Expert" and others who
follow "computer security” discipline classified as
"Novice". We have let them know in detail the proposed
approach. We have provided students with a document
presenting an in-depth explanation of the approach with
examples and were then asked to provide structured
feedback. Obviously, the number of sample users is not
representative of the community of web designers.
However, it gives an initial interesting feedback on how
such a systematic approach to requirements is considered
by web professionals. On the basis of the perceived quality
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criteria, an online questionnaire with eight key questions
was designed. For each question the evaluators could
choose among the following options to express their level
of agreement: Strongly Agree / Agree / Disagree.

In general, students consider proposed approach as a good-

quality and effective proposal for designing Web
Applications (see

il ah il

Fig 12).

Fig 12. Synopsis of students’ responses.

e Relative Advantage: No "Novice" student has
expressed his non satisfactory relatively to this criteria.
This is explained by the different types of guidance that
the approach proposes and the coverage of the most web
design aspects.

76% of “Expert” students have strongly agreed or agreed.

This denotes the expected advantage of the proposed
approach. However, 24% have expressed their non
satisfactory. After having discussion with them, they
have explained that they are used to use a simple web
page editor for developing their web sites.

e Compatibility: 39% of "Expert" students have
expressed that the approach is not compatible with their
manner of developing web applications. This percentage
was explained by two reasons: (1) they are used to
develop web applications without any modeling and in
ad-hoc manner and (2) they didn't have any idea about
the MAP formalism.

e Complexity: only 30% of "Novice" students and 30%
of "Expert" students have disagreed about this criterion.
This denotes the usability of the proposed approach
making it possible its adoption by a large number of end
users.

e Triability: 33% of "Expert" students have disagreed.
They have criticized the limited number of web
development methods adopted in the approach.

e Observability: more than 60% of "Expert" and
"Novice" students were persuaded of results and benefits
of the approach.

In general, besides a general positive appreciation of the
approach, students made also suggestions for
improvements, such as detailing a process guide that might
lead in the components assembly. This is part of future
work to be done.

Although approach is finalized, we have observed that to
be efficient, we have to store, in method repository,
components issues from different web development
methods. At present, besides to OOHDM and UWE
methods, we are working at method re-engineering of
others methods.

8. Conclusions

The paper has presented our proposed approach
subscribing in the context of Web oriented Situational
Method Engineering discipline. The advantage of this
method is that we can reuse relevant, established method
components of existing methods. In this way, an optimized
method for every development situation is being
developed.

We have begun by describing the web design process
model which is formalized with MAP formalism. It guides
web designer in the design of his/her web application at
different levels of abstraction. We have focused, after that,
in describing how the approach guides during selection of
the most appropriate components through fixed criteria.
The approach provides, also, guidance in the application of
selected method components. In the last section, we have
presented some interfaces of the developed tool supporting
the approach.

At present, we are actually focusing on developing
guidelines to assemble and integrate method components
to constitute a web oriented situational method. We are
working on a model-driven approach based on MDA
technique. We have achieved assembly of product models
through a set of defined rules. The process models
assembly is under development.
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