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Abstract: In order to analyze and test the component-based web
application and decide when to stop the testing process, the
concept of coverage criteria and test requirement reduction
approach are proposed. First, four adequacy criteria are defined
and subsumption relationships among them are proved. Then, a
translation algorithm is presented to transfer the test model into a
web application decision-to-decision graph( WADDGraph) which
is used to reduce testing requirements. Finally, different sets of
test requirements can be generated from WADDGraph by
analyzing subsumption and equivalence relationships among
edges based on different coverage criteria, and testers can select
different test requirements according to different testing
environments. The case study indicates that coverage criteria
follow linear subsumption relationships in real web applications.
Test requirements can be reduced more than 55% on average
based on different coverage criteria and the size of test
requirements increases with the increase in the complexity of the
coverage criteria.
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omponent-based web application is a multi-tier archi-
Ctecture containing a variety of components, dynamic
pages and static pages. The most popular architecture is
three-tier, which contains three types of server components,
i. e., the web server component, the application server
component and the database server component. The web
server component is composed of web pages such as ASP,
JSP and HTML. It receives HTTP requests and returns HT-
TP responses. The application server component contains
logical components which process business logics and com-
plete user requests. The database server component acts as
the data warehouse of component-based web applications,
including large-scale databases, files, XML documents and
SO on.
In Ref. [1], we analyzed component-based web applica-
tions from the view of white-box testing. We constructed
three kinds of dependency graphs: PCDG, CCDG and MC-
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DG, and proposed an extended MM-Path approach to gener-
ate testing paths by extending MM-Path testing in software
integration testing.

This paper focuses on when to stop the testing process;
i.e., how many extended MM-Paths are required? The rea-
son why we consider such a question is as follows.

First, web application testing activity is a time- and labor-
consuming process. Test requirements can be used as a
well-accepted measure for selecting test cases, reducing test
suites and deciding when to stop testing. In this paper, ex-
tended MM-Paths based on different coverage criteria can be
regarded as test requirements. So if we can answer how
many extended MM-Paths are required, the costs for testing
the component-based web application will be reduced.

Secondly, the selection of test cases should guarantee that
each test requirement is satisfied by at least one test case.
Thus, test requirement reduction can help to reduce the
number of test cases and avoid redundant test cases.

So, we first propose four kinds of coverage criteria, and
subsumption relationships among them are analyzed. Then
based on the two of the coverage criteria, we propose an al-
gorithm to transfer our test model in previous work to a de-
cision-to-decision graph, WADDGraph, and generate a
spanning set of component-based web applications from
WADDGraph to find the smallest test requirements.

1 Related Work

Current researches on structure testing for web application
mainly focus on the construction of the static model and au-
tomated testing'””'. However, only a few of them have
considered test criteria.

Ricca and Tonella ' proposed a UML-based model for
web application and described several static coverage criteria
derived from traditional program-based criteria. However,
the control flow within server pages is not considered in the
UML model.

Sampath et al. """ defined a set of novel coverage criteria
called dynamic coverage criteria based on URL requests.
However, these criteria cannot judge the adequacy of a sin-
gle test suite with respect to how it satisfies a criterion and
they can be used only when there are vast amounts of user
sessions in web application.

Cai et al. "™ described a kind of test criteria based on page
coverage sequences only navigated by web application.
They also considered the test criteria based on page coverage
sequences made by interactions in web application. To
avoid ambiguity of natural language, these coverage criteria
are depicted using Z formal language.

Test reduction includes test requirement reduction and test
case reduction. Many researches have been conducted in
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software testing”"”'. To the best of our knowledge, howev-

er, test requirement reduction for web application has never
been proposed, and we will do some discussion of that in
this paper.

2 Coverage Criteria of Component-Based Web
Applications

An extended MM-Path can be formalized as

emmp =ep-(mp-ep) *

[T3REL)
.

where is the connection between the execution path and
the message path; ““ * ”means that the sub-path expression
(mp-ep) does not occur or occurs at least once. If all the
extended MM-Paths ( denoted as emmps) generated by an
extended MM-Path algorithm are taken as test requirements
and are covered by a test suite 7, we say these test require-
ments are satisfied by 7. However, if all the execution
paths or all the message paths in these extended MM-Paths
are covered by 7, the emmps generated by the extended
MM-Path algorithm will lead one execution path or one
message path to be covered many times, which will cause a
high cost of testing activity. Thus more sophisticated cover-
age criteria should be defined so as to reduce a high testing
cost.

2.1 Four coverage criteria

Definition 1 (P, T, TC)is a triple where 1) P = { web-
pagel, webpage2), where webpagel and webpage2 € a set
of web pages of component-based web applications, and the

operation

relationship between them is webpagel ——webpage2, op-
eration = { page redirection, form submission}; 2) TC e
{ALL _EMMP, ALL _S_EMMP, ALL_EP, ALL_MP} is
a coverage criteria set; 3) T is a test suite satisfying TC of
p.

We presently define four coverage criteria for component-
based web application. MCDG, in the following definitions
represents the MCDG model of P, and EMMP(¢) means ex-
tended MM-Paths set covered by the test suite 7.

1) ALL_ EMMP ALL_EMMP coverage criterion re-
quires every extended MM-Path to be covered by T.

A triple (P, T, TC) satisties TC = ALL _EMMP iff
VY emmp e MCDG,, at least one test case f e T such that
emmp € EMMP(¢).

2)ALL _S_EMMP ALL_S_EMMP coverage criterion
requires every simple extended MM-Path to be covered by
test case 7. “simple” means a restriction of ALL _ EMMP
by limiting loop iterations to zero and once in an extended
MM-Path. Extended MM-Paths generated by the extended
MM-Path algorithm satisfy this kind of coverage criterion.

A triple( P, T, TC) satisfies TC = ALL _ S _ EMMP iff
VY emmp e MCDG,, 3 at least one test case f e T such that
emmp € EMMP( ) and no loop is iterated more than once.

3)ALL _EP ALL _EP coverage criterion requires every
execution path in MCDG to be covered by T.

A triple( P, T, TC) satisfies TC = ALL _EP iff YVep e

MCDG,, Fat least one test case t € T such that ep e
EMMP(7).
4)ALL _MP ALL _MP coverage criterion requires every

message path in MCDG to be covered by the test case 7.

A triple(P, T, TC) satisfies TC = ALL _MP iff Vmp e
MCDG,, Jat least one test case t € T such that mp e
EMMP(7).

Fig. 1 gives an MCDG model example which contains
Update. jsp and UpdateResult. jsp. Two functions up-
dateltem( ) and ItemExist( ) in a logical component Cart-
Bean. java will be called by the two pages. The correspond-
ing source code is presented in Ref. [1].

msgl CartBe: 9 msg3
.java

10 16
@pdateltem (D GtemEx:ist (D
11 17

S
()

Retum (msgl) Retum (msg3)
Fig.1 MCDG model

Nodes in the MCDG model are labeled with id, and the
type attribute of each node represents control information. If
the type attribute is redirect, action or call, the node also
has a condition attribute representing the page to be redirec-
ted or the component to be called. Detailed information is
listed in Tab. 1. Edges are divided into three kinds. Real
lines labeled with msgi or return(msgi) (i =1, 2, ...) are
message edges. Real lines with no label are control flow ed-
ges. Dashed lines are control flow edges in PCDG and
CCDG, but do not belong to MCDG.

Tab.1 Node information in MCDG model

Id Type Condition Id Type Condition
1 classDef 14 branchfinal
2 sequence 15 final
3 branch 16 methodDef
4 call [temExist() 17 branch
5 action Updalé?— 18 sequence
Result. jsp
6 sequence 19 branchfinal
7 branchfinal 20 final
8 final 21 classDef
9 classDef 22 sequence
10 methodDef 23 branch
11 branch 24 call updateltem( )
12 sequence 25 branchfinal
13 sequence 26 final

The extended MM-Path algorithm generates nine extended
MM-Paths based on the MCDG model, which satisfies
ALL _S _EMMP coverage criterion:

{1, 2, 3,7, 8);

2)(1, 2, 3, 4, msgl, 9, 16, 17, 18, 19, 20, return
(msgl), 5, msg2, 21, 22, 23, 24, msg3, 9, 10, 11, 12,
13, 14, 15, return(msg3), 25, 26);

3)(1, 2, 3, 4, msgl, 9, 16, 17, 18, 19, 20, return
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(msgl), 5, msg2, 21, 22, 23, 25, 26);

4){1, 2, 3, 4, msgl, 9, 16, 17, 18, 19, 20, return
(msgl), 5, msg2, 21, 22, 23, 24, msg3, 9, 10, 11, 14,
15, return(msg3), 25, 26);

5) (1, 2, 3, 4, msgl, 9, 16, 17, 19, 20, return
(msgl), 5, msg2, 21, 22, 23, 24, msg3, 9, 10, 11, 12,
13, 14, 15, return(msg3), 25, 26);

6) {1, 2, 3, 4, msgl, 9, 16, 17, 19, 20, return
(msgl), 5, msg2, 21, 22, 23, 24, msg3, 9, 10, 11, 14,
15, return(msg3), 25, 26);

7)1, 2, 3, 4, msgl, 9, 16, 17, 19, 20, return
(msgl), 5, msg2, 21, 22, 23, 25, 26);

8) (1, 2, 3, 4, msgl, 9, 16, 17, 18, 19, 20, return
(msgl), 5, 6, 7, 8);

9) {1, 2, 3, 4, msgl, 9, 16, 17, 19, 20, return
(msgl), 5, 6, 7, 8).

The same set of the extended MM-Paths can be given sat-
isfying ALL _ EMMP, for no loop existing in the source
code. The ALL _EP criterion requires 11 execution paths to
be covered by test cases: (1, 2, 3, 4), (1, 2, 3, 7, 8),
(5), (5,6,7,8), (9, 10, 11, 12, 13, 14, 15), (9,
10, 11, 14, 15), (9, 16, 17, 19, 20), (9, 16, 17, 18,
19, 20), (21, 22, 23, 24y, (21, 22, 23, 25, 26), and
(25, 26). The ALL_MP criterion requires five message
paths to be covered by test cases: msgl, return( msgl),
msg2, msg3, and return(msg3).

2. 2 Subsumption relationships among coverage criteria

Four coverage criteria have subsumption relationships
among them, which can be represented by a mathematical
symbol 2. A test coverage criterion TC, 2 another criterion
TC, iff a triple (P, T, TC,)can also satisfy another triple
(P, T, TC,)for the same P and 7. So the subsumption re-
lationships among four coverage criteria are ALL._ EMMP 2
ALL_S_EMMP2OALL _EP2 ALL_MP.

Theorem 1 ALL EMMP2OALL _S_EMMP

Proof According to the description of ALL EMMP, a
triple (P, T, TC) satisfies TC = ALL _ EMMP for a page
pair P iff there exists a test suite 7, T covering a set of ex-
tended MM-Paths that loops in every emmp iterate zero time
and once, and a test suite 7, C T covering a set of extended
MM-Paths that loops in every emmp iterate more than once,
where T=T,UT,.

On the other hand, a triple(P, 7', TC’) satisfies TC' =
ALL _S _EMMP for the same page pair P iff there exists a
test suite 7" covering a set of extended MM-Paths, where
loop iterations in every emmp are limited to zero and one.
So T" and T, are equivalent on covering all the simple ex-
tended MM-Paths and triple (P, T,, TC’) satisfies TC =
ALL _S _EMMP.

In sum, the test suite 7T that satisfies ALL EMMP cover-
age criterion can also satisfy ALL _S_EMMP, i.e., ALL_
EMMP O ALL_S_EMMP.

Theorem 2 ALL S EMMPOALL EP

Proof The ALL _S_EMMP coverage criterion is satis-
fied by the extended MM-Path algorithm, which traverses
every execution path ep in webpagel and connects all the

possible message paths and execution paths in terms of the
type attribute of the last node of ep.

According to the definitions about the execution path in
Ref. [1], the type attribute of the last node of ep can point
to the first node of other execution paths, or the type attrib-
ute of the last node of other execution paths can point to ep.
Thus, Vepe MCDG, is not isolated and can be included in
extended MM-Paths by the extended MM-Path algorithm. If
a test suite 7 can satisfy ALL _S_EMMP, it will also cover
all the execution paths. So ALL_S_EMMP 2 ALL _EP is
held.

Theorem 3 ALL EPDALL MP

Proof Based on the formalization emmp = ep - (mp -
ep) ©, each mp must connect an ep, which means test suite
T that covers all the execution paths( ALL _ EP) also covers
all the message paths( ALL_MP). So ALL _EP 2D ALL _
MP.

Each criterion defined above has advantages and disad-
vantages. The test capability of the ALL _ EMMP criterion is
the strongest. But it is useless in practice because it is im-
possible to find such a test suite for the infinite loops. The
ALL _S_ EMMP criterion is practical, but it may produce
infeasible paths which confuse testers. Additionally, many
execution paths and message paths will be covered repeated-
ly to increase testing costs. The ALL _EP criterion and the
ALL _ MP criterion are easy to be satisfied. But their test ca-
pabilities are weaker.

3 Test Requirement Reduction for Component-
Based Web Application

Now we return to the question: how many extended MM-
Paths are required? Obviously, a set of test paths satisfying
ALL _S_EMMP is unsuitable for execution paths and mes-
sage paths covered too many times and infeasible paths.
How about reducing the number of extended MM-Paths but
satisfying the ALL _EP criterion or the ALL _ MP criterion?
That sounds great. Then how to generate extended MM-
Paths satisfying the ALL _EP criterion or the ALL _MP cri-
terion?

In an MCDG model, we can find subsumption and equiv-
alence relationships among eps and mps. For example, ac-
cording to the form of ep+(mp-ep) *, a test case passing by
a mp must pass by an ep and thus the mp and the ep are
equivalent. So if all the subsumption and equivalence rela-
tionships are found based on one criterion, we can reduce
test requirements into a smaller size.

3.1 Transferring algorithm

The MCDG model contains subsumption and equivalence
relationships among eps and mps, but it cannot be directly
used because: 1) An MCDG model may have multi-exits,
while a DDGraph used for generating a spanning set to re-
duce test requirements in traditional software testing requires
a unique entry and a unique exit; 2) A DDGraph is a di-
graph that a node is associated with a decision and an edge
is associated with a program segment. But nodes and edges
in an MCDG are all associated with decisions and program
segments. Algorithm 1 gives an algorithm to transfer an
MCDG to a new digraph called WADDGraph.
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Definition 2 (WADDGraph) A WADDGraph is a graph
G yasagrapn = (Vatagrapns E ) with two virtual edges e, and
e, representing the unique entry and the unique exit. Ve =
(TAIL(e), HEAD(e)) e E reached by e, and reach-
ing e,, represents an execution path or a message path in the
MCDG model; Vv eV, yum» €xcept for HEAD(e,) and
TAIL(e,), represents a branch or a junction of an execution
path; (indegree(v) + outdegree(v)) > 2, while indegree
(TAIL(e,)) =0 and outdegree( TAIL(e,)) =1, or indegree
(HEAD(e,)) =1 and outdegree (HEAD(e,)) =0.

Algorithm 1 TransferMCDG(EP, EP’, G, )
ConstructWADDGraph(EP, EP’, G, ) {

TAIL(e,) =@; HEAD(e,) =s,; TAIL(e,) =s,; HEAD
(e) =0;

while(EP ! = @) {

EP =EP -ep; E waddraph — Ewaddraph Uep;
ConstructSubsequence(ep, EP, G, uuapn) >
1}
ConstructSubsequence( ep, EP, Gwaddgmph) {

Accumulate other execution paths( oep)in EP’ in which
the last node of oep is identical with the predecessor of the
first node of ep.

if(the accumulated number is zero) TAIL(ep) =s,;

else if(the accumulated number is more than one) {

Create a node s,(i=1,2,...); TAIL(ep) =s,;

Vwaddraph = Vwaddraph Us;;
foreach(oep in E

}

Accumulate other execution paths(oep’) in EP’ in which
the first node of oep’ is identical with the subsequence of the
last node of ep.

if(the accumulated number is zero) HEAD(ep) =s,;

else if(the accumulated number is one) {

EP = EP - oep’; TAIL(oep’) = ep; HEAD(ep) =
oep’;

E s sirapn = Evadarapn U oep’;

ConstructSubsequence(oep’, EP, Gy \ppeepm) 5

}else{

Create a node s,(j =1, 2,...); TAIL(ep) =s;;

Vvadarapn =V, nUS;

foreach(oep”) {
EP = EP - oep’; TAIL(oep’) =s;; E
oep’;

ConstructSubsequence(oep’, EP, Gy pngm) s
1

Algorithm 1 accepts EP, EP’ and G,y s input. EP is
a set of execution paths in MCDG and EP’ is initialized by
EP. G,z 18 @ digraph that stores nodes and edges trans-
ferred from the MCDG model. Initially, it has two virtual
edges e, and e,, and two nodes s, and s,.

Algorithm 1 first traverses all the execution paths in EP.
It selects one execution path ep, adds it to E,, gy, and re-
moves it from EP. Next, ConstructSubsequence will be
called to construct the predecessor and the successor of ep.
Algorithm 1 accumulates oep numbers in EP’ pointing to
ep. If the number is zero, ep is the first execution path in
the MCDG model. Otherwise, ep is the successor of oep.
So the algorithm creates a node s, to connect every oep with

waddgraph

waddraph *

)HEAD(oep) =s;;

waddraph

waddrapl

waddraph = Ewaddraph U

ep and ConstructSubsequence will be called recursively.
Then algorithm 1 accumulates oep’ numbers in EP’ pointed
from ep. If the number is zero, ep is the last execution path
in the MCDG model. If the number is one, oep’ is the
unique successor of ep and will be added t0 G, yyp- If the
number is more than one, oep’ is the successor of ep. So
the algorithm creates a node s; to connect ep with every oep’
and ConstructSubsequence will be called recursively.

After processing all the eps in EP, algorithm 1 outputs
G uaagapn-  The left part of Fig.2 shows the WADDGraph
transferred from the MCDG model of Fig. 1. It is composed
Of V,tgrapn @4 Egiaraon- VY, is a set of nodes from s, to
57, while E ... 18 @ set of 11 execution paths. The corre-
sponding relationship between edges of E,, .., and eps of
the MCDG is shown in Tab. 2.

waddgraph

@

retum (msgl )

1y €05 €12

€10 e1 , msgl , retumn(msgl )

< N X

e e en ey ,msg
vV ~
es ,msg3, retum(msg3)’, eg €6
O\

& s

Fig.2 WADDGraph and its edges relations

Tab. 2 Relationship between E,,, gz a0d Eyiepg

eckE waddgraph e’ € Eyepg
€y Unique virtual edge of G ,qdgraph
e, (1, 2, 3, 4)
e, (9, 16, 17, 18, 19, 20)
e (9, 16, 17, 19, 20)
€y (5)
es (21, 22, 23, 24)
e (21, 22, 23, 25, 26)
ey (9, 10, 11, 12, 13, 14, 15)
eg (9, 10, 11, 14, 15)
ey (25, 26)
30 (1, 2,3,7, 8)
e (5, 6,7, 8)
e Unique virtual edge of G,qdgraph

Suppose that the number of EP is e. Function Construct-
Subsequence is called recursively to process each ep in EP.
So the execution number of this function is e. When a re-
cursive call executes, algorithm 1 will do two accumulation
operations to calculate the number of other execution paths
associated with the current ep. So function ConstructSubse-
quence requires O(e) time. To sum up, the time complexi-
ty of algorithm 1 is O(¢’).

3.2 Spanning set generation and test requirement re-
duction

Next, we can analyze subsumption and equivalence rela-
tionships among edges in G,,y,,,and obtain a spanning set
according to the approach in Refs. [9 —10]. For example,

e, is an edge of G, 440~ NO matter which edge, e, or e,
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that the control flow chooses to execute, it always passes by
msgl and return(msgl), and exits from e,. So e;, msgl
and return ( msgl ) are equivalent. When the control flow
passes node s;, e, or e, can be chosen to execute. So the re-
lationship between msg3 and e, or between msg3 and e, is
subsumption. Detail relationships are shown in the right part
in Fig. 2.

€, €, €5, €, €, €;, and e, in the right part in Fig. 2
compose a spanning set U. If all the edges in U are covered
by a test suite, other edges in the WADDGraph will also be
covered, which satisfies the ALL EP criterion. Therefore,
nine extended MM-Paths listed in section 2.1 can be re-
duced into five based on the ALL EP criterion. That is: the
first path which covers e, in U; the second path which cov-
ers e,, e, in U; the sixth path which covers e; e, in U; the
seventh path which covers e;, ¢, in U and the ninth path
which covers e,, e, in U.

For the ALL _ MP coverage criterion, only one extended
MM-Path which covers e, or e, is required. Because the
path covering e, or e, will also cover all the message paths
by the relationships shown in Fig. 2. The second path, the
fourth path and the sixth path in the previous nine paths cov-
er all the message paths, so any one can be selected to satis-
fy the ALL MP criterion.

4 Case Study

In this section, test requirements and their reductions will
be examined based on different coverage criteria.

CWAT is a tool which we have developed to support
analysis and testing of JSP-based web applications. It stati-
cally analyzes web application programs. The main func-
tions of this tool are constructing test models proposed in
Ref. [1], generating extended MM-Paths, generating differ-

ent sets of test requirements based on different coverage cri-
teria, and reducing test requirements. Next we will use this
tool to examine whether the proposed expectations in the
following are right.

We expect the trend in ALL_S_EMMP, ALL _EP and
ALL _MP to follow linear subsumption relationships in real
web applications, i. e., ALL_S_EMMP 2 ALL_EP 2
ALL _MP. We also expect the approaches proposed in this
paper can help to reduce test requirements in real web appli-
cations, and the more complex coverage criterion will lead
to smaller reduction ratios and stronger test capabilities.
Here “complex” means stronger subsumption capabilities
proved in section 2.

4.1 Subject web application

An e-commerce website called online CD shop( http: //
www. cdshop09. com/), which has typical three-tier archi-
tecture, is used as a case study. This website has 26 pages,
14 components and 13 servlets, which allows common users
to visit and allows administrators to manage this website.
The characteristics of 25 dynamic pages are shown in
Tab. 3.

4.2 Subsumption relationships among different criteria

Subsumption relationships among three cover criteria for
25 dynamic pages are shown in Tab. 3 generated by CWAT.
Columns 2 and 3 represent the number of functions to be
called and the number of pages to be redirected by each
page. Column 4 refers to emmp numbers and ep numbers of
all the emmps based on the ALL _S _EMMP criterion. Col-
umn 5 refers to ep numbers and mp numbers of all the eps
based on the ALL _ EP criterion. Column 6 refers to mp
numbers based on ALL _MP.

Tab.3 Subject program characteristics and subsumption relationships among three criteria

Pages Function Redirection emmp/ mp ep/mp mp
userdetail _ jsp 13 1 3/33 33/30 30
ShowUserPoint _ jsp 3 1 3/15 15/12 12
usermodify _ jsp 29 2 8/135 135/129 129
showSaleStatistics _ jsp 1 1 4/6 6/2 2
shopcar _ jsp 20 2 130/645 645/545 545
orderdetail _ jsp 40 2 26/115 115/107 107
logout _ jsp 0 172 2/1 1
regsuccess _ jsp 2 0 2/6 6/4 4
admed _ jsp 39 3 47/209 209/193 193
login _ jsp 33 2 16/94 94/86 86
cddetail _ jsp 16 1 3/49 49/46 46
admaddcd _ jsp 34 2 55/349 349/326 326
admlogin _ jsp 26 1 16/82 82/74 74
admshowSaleStatistics _ jsp 1 0 3/5 5/2 2
reg _jsp 29 1 5/110 110/106 106
order _ jsp 8 0 5/30 30/25 25
cdmodify _ jsp 43 2 109/210 210/198 198
admlogout _ jsp 0 0 172 2/1 1
detail _ jsp 13 1 3/45 45/42 42
admorder _ jsp 38 2 125/199 199/184 184
admaddcdclass _ jsp 15 2 535/409 409/336 336
buy _jsp 13 2 9/38 38/31 31
info _ jsp 7 1 5/24 24/19 19
admuser _ jsp 20 2 23/115 115/104 104
cdlist _ jsp 25 1 7/65 65/60 60
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It can be inferred from Tab. 3 that the number of eps in
column 4 equals the number of eps in column 5, and the
number of mps in column 5 equals the number of mps in
column 6. That is to say, the extended MM-Paths genera-
ted based on ALL S EMMP covers all the execution
paths. And the execution paths generated based on ALL _
EP cover all the message paths. If a test suite covers all the
extended MM-Paths based on ALL _S _EMMP, it also sat-
isfies ALL _EP. If a test suite covers all the execution paths
based on ALL _EP, it also satisfies ALL MP. So ALL _
S_EMMP D ALL_EP 2ALL _MP.

4.3 Test requirement reduction

Fig. 3 shows test requirement reduction on different crite-
ria for 14 dynamic pages. The x-axis represents the dynam-
ic pages of the web application. The y-axis shows the num-
ber of test requirements, 1i. e., the number of the extended
MM-Paths. As is mentioned earlier, the ALL EMMP cri-
terion cannot be satisfied for infinite loops, so it is not dis-
cussed.

In order to compare the reduction effectiveness on differ-

N

before Nuf&er

ent pages, R =

reduction

x 100% 1is used to express
before

reduction ratios, where N, means emmp numbers before

reduction, while N, means emmp numbers based on

ALL _EP or ALL _ MP. By calcuating, the average reduc-

tion ratios on ALL _ EP and ALL _MP are 54. 45% and

cdlist _ jsp

before

admuser _ jsp
buy_ jsp

71.11%, respectively, where the maximum ratios are
89.0% (cdmodify _ jsp, R, geion = (109 —12)/109) and
92.8% (admoder _jsp, R qeion = (125 =9)/125), respec-
tively, and the minimum ratios are 20. 0% (reg_ jsp,
R =(5-4)/5) and 33.3% (buy _jsp, R, .iuion =(9 —
6)/6), respectively. So, as expected, reduction approa-
ches do help to reduce test requirements into a smaller size.

Moreover, all white bars are the shortest and the gray
bars are the longest. This means that with an increase in the
complex of coverage criterion, such as ALL_EP 2 ALL _
MP, the number of test requirements increases. In addi-
tion, the ALL _MP criterion simply requires that all the
methods in components are covered by test cases, while the
ALL _EP criterion requires all the executable statements to
be covered by test cases. So the test requirement on ALL _
EP represents a stronger test capability than that on ALL _
MP.

There remain 11 dynamic pages those reduction require-
ments cannot be reduced, except for 14 dynamic pages in
Fig. 3. We find that only two pages’ test requirements ( or-
der _jsp and info_jsp ) are reduced into a smaller size
based on ALL _MP, while others have no test requirement

reduction

reduction. It does not mean the approach in this paper is
not effective, but indicates that more path numbers will
lead to more test requirements. With an increased number
of test requirements, the effectiveness of test requirement
reduction will be more obvious.

admaddcdclass _ jsp

125

orderdetail _ jsp

shopcar _ jsp| 130

535

O After reduction on ALL_ MP
W After reduction on ALL_ EP
[ Before reduction

1 1 1

1
0 50 150

100

200

I
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I I )
300 350 450 500 550

Fig. 3 Reduction in test requirements on different criteria

5 Conclusion

This paper defines four coverage criteria for testing com-
ponent-based web application and proves the subsumption
relationships among them. Based on the three coverage cri-
teria, reduction approaches are proposed and their applica-
bility to the problem of test requirement reduction is evalua-
ted. Our results indicate that the three coverage criteria fol-
low linear subsumption relationships in a real web applica-
tion. Our results also indicate that reduction approaches can
obviously reduce test requirements, and requirements gen-
erated based on more complex coverage criteria can be re-
duced into a larger size, but express stronger test capabili-
ty. Testers can choose applicable test requirements to gen-
erate and replay test cases according to testing resources or
other testing contexts. In the future, we plan to apply test
requirement reduction methods to larger or more complex

web applications and investigate additional uses. We also
plan to investigate the spanning set and find whether it can
make testing cheaper while not producing a loss in the
fault-detection effectiveness.
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