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Outline

[] The robust locator problem in web testing

] Locator generation as graph reachabillity problem
] Algorithms for locator generation

] Greedy optimal
1 Meta heuristic (GA) suboptimal
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Name: John
Sum_ame: Doe Target Element
Mobile: 123456789 |

<html>
<body>
<table id="userInfo'">
<tr><td>Name: </td><td title ="name"> John</td></tr>
<tr><td>Surname:</td><td title ="surnanme"> Doe</td></tr>
<tr><td>Mobile: </td><td title ="mobile"> 123456789</td></tr>
</table>
</body>
</html>

private final WebDriver driver;
void testMobileNumber (String name,
// insert name, surname; submit

// get result page
assertEquals (driver.findElement (
By.xpath(“/html/body/table/tr[3]/td[2]")) .getText,

“123456789") ;

}
g

String surname) {
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Name: John
Surname: Doe Target Element

Mobile: 123456789 |

<html>
<body>
<table id="userInfo">
<tr><td>Name: </td><td title ="name"> John</td></tr>
<tr><td>Surname:</td><td title ="surnanme'"> Doe</td></tr>
<tr><td>Mobile: </td><td title ="mobile"> 123456789</td></tr>
</table>
</body>
</html>
Tool Kind Generated XPath Locators for the Target Element
FirePath abs  /html/body/table/tr[3]/td[2]
FirePath rel II*[@id="userInfo"]/tr[3]/td[2]
Chrome rel [I*[@id="userInfo"]/tr[3]/td[2]

XPath Helper abs /ntml/body/table[@id="userInfo"]/tr[3]/td[@title="mobile"]
XPath Checker  rel id('userinfo')/tr[3]/td[2]

ROBULA rel /d[@title="mobile"]
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Name: John
Surname: Doe
Gender: Male
Phone: | 123456789 |

<html>
<body>
<table id="userInfo">

<tr><td>Name: </td><td title ="name">

<tr><td>Surname:</td><td title ="surnanme'">

<tr><td>Gender: </td><td title ="gender">

<tr><td>Phone: </td><td title ="mobile"> 123456789</td></tr>

Target Element

<€

John</td></tr>
Doe</td></tr>
Male</td></tr>

v robust % broken

</table>
</body>
</html>
Tool XPath Locators Robustness
FirePath /html/body/table/tr[3->4]/td[2]
FirePath II*[@id="userInfo"]/tr[3->4]/td[2]
Chrome II*[@id="userInfo"]/tr[3->4]/td[2]

XPath Helper
XPath Checker

ROBULA

id('userinfo')/tr[3->4]/td[2]
/td[@title="mobile"]

N\ ¥ XK KK

/html/body/table[@id="userInfo"}/tr[3>4]/td[@title="mobile"]
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transfAddName
//*/td -> //tr/td

transfAddPredicate
//tr/td -> //tr[@name=‘data’]/td
//tr/td -> //tr[2]/td

transfAddLevel
//tr/td -> //*/tr/td

Completeness: repeated application of these three
transformations to “//*” generate all unique locators for

each web page element e. XPaths that do not include e In
their result set are discarded.
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XPath generation grap

Full Absolute XPath locator for the element e:
I =

1

)

DOM D of the Web Page:
<html>

Info for G,:
80 N of Vertices (XPaths) in G,

i//html[1]/p[text()="X"' and @class="'a'][1]

64 of length 2 + 16 of length 1

(7)

<p class="a'>X</p> +—— | & gf‘;ie;n‘feb Tseestep () 1 Nof Vertices with InDegree = 0 i.e., only //*
<p class='a'>Y</p> 16 N of Vertices with OutDegree =0 boxed
<div class="a">X</div> 5 N of Boundary Locators bold — underlined in green
</html> 49 N of Locators underlined in green
Graph G,
//Ap' -------------------------- text()="X"Tz;:c; oo d [pltext()="X" and @class='a'] ;-4 [pltext()='X" and @class="a"l[1]-*//*/pl[text()='X' and @class="a"][1]
S e ot AU et and @class=a s fbymi/plext=x and @class=a.
‘V/p[@class:’a']. LA TR e A“*[ 1/pl ()='X' @ ='a'l-
P .,..-::“.' ::: 1)/p[text{}=X and @class=4a "'-.,_"-..‘//*[ll/D[text():'X' and @class='a'][1]
L e pltext (=X »//html/pltext(}='X'I[1] ... = =
m..: ................................ Ny text()=X1[1] ... html[1 text()="X"' and @class='a

......
oy

.. "*/[html/pl@class="a"l[1]
“a//*[1]/pl@class="a'1[1]

. TR i g g e e T n T T e e e

..............................

C i Y Ttext()=X 1]

£ IS T b A LLAALDIAL
i e B e
/1* r//*[@class=1al:;, Y/ /*[text()="X' and @class="a'], “&/htmi[1]/p
FA ‘ T v//*[1]/*[text()="'X" and @class='a"][1]"

.":-::'..‘ :‘//*/*[text()='X' and @class='a'[1]

A *Ttext()='X1[1] -,
% 4//html/*[text()='X' and @class='a'][1]
//html/*[text()="X" and @class="a"]".

;// "/ [text()="XT-..

A/html[1]/*[text()="X' and @class="a"1[1]]

f/htmil)/* rext()=X and @class="a']

v/[**@class=2" 11, i

"-."'a i L .
53 [Eul" . .~ : Tyt [P}
=y dass=arll Al ftext (=X, e, T/ text0=X and @class=a']

i ; ..," o ""A//html/*[text():‘X'Hll ...................... v

H Y1*/*[@class="a" ... /1*1/*[text()="X"] ... e R ] P et (Vg (4] s »//html[1]/*[text()="X'1[1]]
A N e S L[ *Ttext()="X[A]

o T e T *//html/*[@class="a"] ~.-. . e html/*[@class="a'l[1

o /html/*[@class="a'][1] ...

: o ol Al I 1 RO s, HE R e

R A//*[1]1/*[@class="a'] ."//*[1]/*[@class—'a'][1]""""'"‘"'."""'."::"”’l//ht * i

L e = {/html[1]/*[@class="a'][1]]
.._,..v//html/* ........................ A '"""-'-'.'.“-::.‘.::""‘V/htmI[1]/*[tEXt()='X']I

............................ Amm ................................... ":"V/html[l]/*[@C|aSS='a']I

H

by

Jhtmil1]/*

(2) (3) (4) (5)

Unique locators of ¢ are underlined in green.

(6)
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transfAddName

//*/td -> //tr/td FC += W_tag
transfAddPredicate

//tr/td -> //tr[@name=‘data’]/td FC += W(Q@name)

//tr/td -> //tr[2]/td FC += W _pos
transfAddLevel

//tr/td -> //*/tr/td FC += W _lev

Fragility Count (FC) is zero for ™/ /*”; it Is iIncremented
whenever edges are added to the XPath generation

graph.
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DOM D of the Web Page: Full Absolute XPath locator for the elemente:  Info for G:
<html> V/htmi11/ptext()="X' and @class="a'][1] | 80 N of Vertices (XPaths) in G, 64 of length 2 + 16 of length 1
i e: Target Web . . . *
<p class='a'>X</p> «—— Elomant see step (7) 1 N of Vertices with InDegree =0 i.e., only //
<p class='a'>Y</p> 16 N of Vertices with OutDegree=0 boxed
<div class="a">X</div> 5 N of Boundary Locators bold — underlined in green
</html> 49 N of Locators underlined in green

Graph G, /’\

or L e M o
[*[pltext()="X and @class="a] :::»//html/pltext()="X' and @class="a"]-*, V/html[1]/pltext()="X" and @class="a"1[1]!
e . ',‘ T ——— ? ---------------

/[*[pltext()='X1[1] ..., A//*[1]/pltext()="X' and @class="a']-. * ."ﬂ“*[l]mltext() X' and @class='a 1[1]
............ .. .". —y! 1!
..... - p“html!gltext( l:lxl] -‘!!html ! [text“=|X|][1]
i /4[] /pltext()="X'1[] ... ' kghtmllllég[text“: X' and @class='a |
#Y/htmi[11/pltext()="X'1| Tl i1 pltext =X 111 |

. */[html/pl@class="a"l[1] ...
A/[*[11/pl@class="a"][1] oo htmi[1 class="a'l[1]]

//* ’:'//*[@C|ass="a']2_. ' .‘ ‘//*/* [text()=|xu and @Class=la| .-’.:‘ '. /html[l]/p _
: — i//*/*[text():'x']-..;.-,-,... '.:"" T v//*[1]/*[text()='X" and @class='a'1[1]".

A [text()="X"1[1] -, ."//*/*[text()='X' and @class='a'][1] " ; * ='x' ='3'
e 4//html/*[text()="'X' and @class='a'][1] " htmi{1)/#{text()= X" and @class=a 1|

v [[*/*[@class='a"][1]" "-.,"‘//html/*[text()='X' and @class='a']-.,
""'-'.;._ %111 /% i o ,_.:ﬂ//html[1]/*[text()='X' and @class='a‘]|
""//html/*[text():'X']--._. '-.‘:.-...:..‘. Y71/ [text()='X" and @class="a']"

V - ‘//* l/* [text():'X'] S

AT Y @class="a" ... U= W//html[1]/*[text()="X"1[1]]
e S e LA/ *Itext (=X 0]
ol T, T * =11 . ., .,
............ ‘//html/ [@Class a ] "‘//htmI/*[@claSS='a'][1]"'~--.,,
e Ak * =13 e e
A //*[1]/*[@class="a'] 4//%111/*[@class="'a'l[1 “'""--~--"----~""'-':’|//html[1]/*[@c|ass='a'][1]|

P >l -, V/htm| T ot 0= X] I

.......... . /] 1|[*[1] ..':::ul//html[1]/*[@c|ass:'a']|

¥ E e, B/ [X[L]/* e /html[1]/* ----..:::::,

Step: (1) (2) (3) (4) (5) (6)

Minimum FC |locators are at the boundary between unigue
and non unigue locators.

(7)
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[ /7%"]

<html>
<p class=

‘a’ >X</p>

<p class=

<div class=‘a’>X</div>

</html>

‘a’ >Y</p>

O, @ 2

[“//p”, “//*[text()="X"]1", “//*[@class=

(2) (&

@

\aI]”’ “//*/*”, “//*[1]”]

O—_)

v
[“//E[teXt=‘X’1”, “//p[@class=\a/]”’ “//*/p”’ “//E[ll”]

Globally optimal locator: '/ /p[text='X"1"

1
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(/7%

O, ® ®

[(“//p”, “//*[text()='X"1", “//*[@class=‘a’"]", “//*/*", “//*[1]"]

,M@

[“//p[text="X"1", “//pl[@class="a’]"”, “//*/p”, “//p[1]1"]

Termination: the algorithm is ensured to terminate, since in the
worst case it returns the absolute XPath.

Correctness: the algorithm returns the global optimum because FC
IS monotonically increasing for successively explored locators.
Complexity. the algorithm is exponential in the number of predicates

and levels: h |
V| = 22(22:1 | Pr|)+i _ X,
i=1

11
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<html> y
1 =‘a’>X</ D D
b class=ar>¥</ps fit(x) = < query(z, D)| ~ query(z, D) # {e}
<div class=‘a’>X</div> fc(ilf) query(a;‘, D) — {6}
</html> \

[“//html/p”, “//html[1l]/p[text()="X"]1[1]1", “//*/*]

mutation Crossover

[“//html[ll/P” “I*x/er, N /*/pltext ()="X"]1[1]", “//html[1]/*]

Niphetll=X and Sclass'a) oishent(lsX aod Sclasssali) /100X and Schass ATl /Mol oliea(s X and Sciaass'a 1)
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] ¢rmilipan) X ans S 2 1)
el » 11* foiseatl)e XL . N a
1Az} X) e ILDUpe00~X 200 @S] . yr0ryyoinmg (33 and @ctanss'a W]
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O 1 ' b /ad I LT TS o *r Dl eleaD« X101 Uil Valeate2C aod @classral)
I Il @dasse"a]
ey . p— i)
W/ /&l . : ]
Slamifp{@clan'y'] *iemifplmcian 'y )ll)
/ . T lenifp . . " " .
21t} and @dansy) | el @dassy) (R el@casse"a')1] I 't
¥ e ie "I oll) .
Y e (N3} AU o)X and Schase AU . Srnusl _m
ol fadhagan o Y1 ()X ans @chssa], iy
1% - x . N ) o T o » o
PPl o4/ Piset{le XU VI extOCX and S classsaitl] .:;LU l:mo‘i.;m 31;11:] . . - —
‘ vl i@cdass's 1) Yy X and @chme'y) LIl s R e e T s ]

Jredass Al /1L et and @casse'y] LA le)eX and Sctassea])

S ey emt )]
. - r\ 1
Yrri@cases) 11 e ) ———e—_"
LU e X1)
Sl [ @clasn'y]

s “Uramid® | Sclass'a1)

SRV Y Lyt lecasseadll) ‘u!ﬂm S[Bclasse [[ﬂl
il
e
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Name: | John
2::?::_‘*: | oo transfAddName
. a-e Target Element
Phone: [ 123456789 |e—«—— //*/td -> //tr/td
<html>
<body> -
o e userInfors transfAddPredicate
<tr><td>Name: </td><td title ="name"> John</td></tr> — -\ ’
<tr><td>Surname:</td><td title ="surnanme"> Doe</td></tr> / / tr/ td > / / tr [ @name_ data ] / td
<tr><td>Gender: </td><td title ="gender"> Male</td></tr> —_
<tr><td>Phone: </td><td title ="mobile"> 123456789</td></tr> / / tr/ td > / / tr [ 2 ] / td
</table>
</body>
</html> transfAddLevel
//tr/td -> //*/tr/td
Tool XPath Locators Robustness v robust % broken
FirePath /html/body/table/tr[3->4]/td[2]
FirePath IF[@id="userInfo")/tr[3->4]/td[2]
Chrome IF[@id="userInfo")/tr[3->4]/td[2]

XPath Helper
XPath Checker

ROBULA

i/ggﬂg/:;:gf;ﬁl{:g;:j';erlnfo"]/tr[3+4]/td[@tit|e="mobi|e"] LO C a‘to r 9 e n e r a‘t I O n

/td[@title="mobile"]

Robust locators

N & XX KK
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© 0 O, =)= — Fi
[“//p”, “//*[text(J="X"]", “//*[@class=‘a’]", “//*/*", “//*[1]"] ettt s °
e R _{?"um N
. Sy YEL f i S QR RS .;_-_"‘“-..l,-_(m
e oraupinutpanny
(3) O, Fit1 M
[2//p[text="X"]", “//pleclass='a’]", “//*/p”, “//p[1]"] = -
3 h ETTYEE

Greedy optimal GA sub-optimal



