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Data-Driven Testing In the Paradigm Shift
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How to achieve “data coverage” in terms of
Q volume and variety?

‘

How to effectively detect “data-sensitive” defects?




Some Observations

(Web) APl is by nature the executable

requirements of software components.

Test Generation
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W .
Test Generation Based on

Interface Semantic Contract

(Web) APl is by nature the executable _
requirements of software components. — Test Generation

Intelli-
gence

Semantic
Modeling




From Implementation to Interface

@WebService

@WebMethod (action = «...”)

<WSDL: portType name="....">
<WSDL: operation name ="...">
<WSDL: input message ="..."/>

<WSDL: output message ="..."/>

<owl:Class rdf:about="...”>
<rdfs:subClassOf>
<owl:Restriction>
<owl:onProperty
rdf:resource="...”/>
<owl:minCardinality @ ......
rdf.datatype="..."> ...

<process:AtomicProcess rdf:ID="...">
<process:haslnput>

<process:Input rdf:ID="...">

<process:parameterType

rdf:resource="*..."/>




Testing by Contract

m Design by Contract [Meyer 1985]

Software components collaborate with each other on the basis of mutual
obligations and benefits which are specified by Interface.

Pre-condition + Post-condition + Invariant
Enhance observability and testability [Briand 2002]

m Testing by contract
Contracts represent expected behavior.

Contracts are enforced in implementation.
Contracts define validation criteria.



From Syntactic to Semantic Understanding

m Ontology-based semantic specifications for SUT behavior
understanding

m Domain concepts
A common conceptual model for knowledge representation and sharing
Data types and their relationships

m Domain functionalities

An abstraction of software behavior focusing on the external visible
iInputs/outputs

Pre- and post- conditions
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An Example

< ProCess:process>
- wprocess: AtomicProcess rdf:ID="update_FlightInfo_Process"=

zowl:Class rdf:ID="FlightInfo">

<rdfs:subClassOf= -
————— Range
-| <owl:Restriction=

<owl:onProperty rdf:resource="#flightNumber"/ -

owl:allValuesFrom =

- =11
[} oy -—— IV el n = mow 1 1 ¥

Name Expression

Rule-1

—* Flightinfolx_flight) A Flightinfol ™™y _flight) A FlightMumber?number) A Airlinex_compl A Airline ™y _comp) A flightbumber] ?x_flight, Ynumber) A company Y= _flight, 7.

Rule-10 = Flightinfo(?x) A departureTime(?x, “dep_time) A arrivalTime(?x, Yarr_time) A after(?dep_time, 7arr_time) — ReturnCodel ARRE_BEFORE_DEP_TIME)

Rule-11

—* Flightinfol?x) A departureTime( Y, Pdep_time) A hasTicketinfo ™, Hicket) A departureDateTime fticket, Micket_date) A swrlb substring fticket_time, Micket_date, 11, 5...

Rule-12 = Flightinfol?x) A hasCabinlinfol ?x, Ycakin] A cabinTypeYcabin, EClassCahind A totalzeat=(?cabin, Aatall A hasTicketinfol x|, Picket] A freeSeatzsinBCabin icket, #fres...
Rule-13 = Flightinfo(?x) A hasCabinlinfol ?x, Ycakin] A cabinTypelYcakin, EClassCahind A totalseats(Ycabin, “total) A hasTicketinfol @, Aicket) A freeSeatsinECabin #icket, *free...
Rule-14 = Flightlnfol?=) A hasCakinlnfol?x, Ycakind A cabinType ?ocakin, FClassCabind A totalzeats(Yoakin, Ptotal) A hasTicketinfol ?x, Hicket) A freeseatsinFCakin Picket, Tree...

Rule-2
Rule-3
Rule-4
Rule-5
Rule-5
Rule-7
Rule-2
Rule-5

—* Flightinfol ) A departurecCity] ?x, Ydeparture) A arrivalCity(7x, Yarrival) A differertFromi?departure, arrivall — BEeturnCode(MO_ERROR)
—* FlightinfolYx) A departureTime(Yx, *dep_time) A arrivalTime Yx, Yarr_time) A after(Yarr_time, Ydep_time) — ReturnCode(MND_ERROR)

—* Flightinfo?x) A departureTime( x|, Pdep_time) A hasTicketinfol x| Micket) A departureDateTimedicket, icket_date) A swrlbsubstringfticket_time, “icket_date, 11, 5.
—* Flightinfol?x) A hasCabininfol?x, Yoabind A cabinType(?cabin, BClazsCahind A totalZestz(Poahin, Motal) A hasTicketinfol ?x, Hicket) A freeSeatzinBCabinHicket, Pre:..
—* Flightinfo(Yx) A hasCakinlnfol?x, Ycakin) A cabinType?ocabin, EClassCahbind A totalSeats(Yoahin, Ytotal) A hasTicketinfol 7x, rticket] A freeSeatzinECakinticket, 7free...
—* FlightinfolYx) A hasCakinlnfol?x, Ycakin) A cabinType?ocabin, FClassCahind A totalSeats(Yoabin, “total) A hasTicketinfol 7x, ficket] A freeseatzinFCakin ticket, free...
—* Flightinfol?x_flight) A Flightinfol ™y _flight) A FlightMumber ?number) A Airlinex_compl A Airline ™y _comp) A flightbumber] ?x_flight, Ynumber) A company Y= _flight, 7.
—* Flightinfol?x) A departureCity(?x, Pdeparture) A arrivalCiy(?x, Tarrival) A differertFrom Pdeparture, Parrivall — ReturnCode(DEP_AND_ARE_SAME _CITY)




Data Partition Generation

T T 1. Mapping from Sto T
L
clz_Accomodation ﬂ]= clz_Hotel
BedAndBreakfast Hotel % ‘%
clz_BedAndBreakfast clz_LuxuryHotel
BudgetAccommodation
Z> clz_Budget
Accomodation
Campground %
LuxuryHotel clz_Camground

2. Sub-partitions identified by class properties

clz_OneStarAccomodation

clz_TwoStarAccomodation

_»
clz_ThreeStarAccomodation.,...--"""

/ clz_OneStarHotel
clz_TwoStarHotel

A

‘ clz_Accomodation clz_Hotel

A

clz_ThreeStarHotel

clz_BedAndBreakfast

T = clz_OneStarLuxyHotel
clz_BudgetAccomodation ‘ clz_LuxuryHotel [—

Tt

clz_Camground

clz_TwoStarBudgetAccomodation

\ clz_TwoStarLuxyHotel
¥ clz_ThreeStarLuxyHotel
clz_OneStarBudgetAccomodation

clz_ThreeStarBudgetAccomodation

()

3. Remove redundant class by class

relationship and property restriction

LY

Fi
EIz_Dne%ccomodation

Clz_TwoStal . modation

Clz_OneStarHotel
Clz_TwoStarHotel
Clz_ThreestarHotel

5 g
Clz_Dne LuxuryHotel |

Clz_Accomodation Clz_Hotel

7 A
| Clz_ThreestarAccomodation

AN

TANAY Al

L. W ]
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AATA
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Dol
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[ )Y
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LY "y
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7N
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Constraints and Correlations

paramet_ers X | 0 < x < 800
Constraints :

0 <x <800 0<x+1<800
0<x+1<800

0<1<800 0<1<800

Constraint
Correlation
Analysis

Let G be a graph with no vertices or edges;
FOR (each constraint ¢;)

Generate a vertice v¢; according to constraint ¢;
END FOR
FOR (each parameter p;)

Generate a vertice vp; according to parameter p;
END FOR
FOR (each vertice vc¢;)

IF (constraint ¢; contains parameter p;)

Then generate an edge e between vc; and vp;, e=( ve;,vp;)

END IF
END FOR

12




Constraint Combinatorial Testing
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Test Generation by Optimized Search

(Web) APl is by nature the executable _
requirements of software components. — Test Generation

e

Optimized
Search
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Optimization for Large-Scale Test Generation

m As problem size and complexity are common challenges to test
generation, heuristic search technigues offer promising solutions
to cope with the difficulties and optimize test case generation.

m Simulated Annealing (SA) is to simulate the physical annealing
Process.
Obijective: the optimized solution at the lowest “temperature”.
Search: state switching with decreasing “temperature”
A metaheuristic to approximate global optimization in a large search space.

15



= S
Simulated Annealing with Bayes Classifier

7

Lets=s,

For k = 0 through k., (exclusive):
T « temperature (k/kK.,,) Bayes Classifier

[ Pick a random neighbor, s, < neighbor (s) ] mms—————) ( To select the data with
the highest potency to

If P(E(S), E(S,,ey), T) = random(0,1), move to the new state detect defects.

S < Spew

Output: the final sate s

\




Location Based Service
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Search Test Data by SA
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Generate random
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energy f(s)

J
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Search Test Data with High Potency to

Detect Defects

Defect Clustering Assumption

Defects intend to cluster in certain areas.
Hence, areas with detected defects deserve
more test cases in the follow-up testing.

Characteristic Function

To estimate potential errors for testing a
position in the geographical area.

Naive Bayes Classifier

The error-proneness of an area D is
evaluated by the posterior probability for a
potential error detected in the area.

|

Bayes
Classifier

Meet stop
conditions?

Compute its <::I Generate random
energy f(s) beginning state s

To predict defect probability of
geographical arears, and to guide
position data generation in the
annealing algorithm.

Metropolis-
Hastings algorithm

Yes
|:>< Stop )

\ T No
Cooling down
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N~

Comparator
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Pick subarea with the
highest probability to
detect errors

within it

Explore subarea and
generate test inputs
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Experiments

m Target

4 different LBS platforms: Amap Android, Tencent Android, Baidu Android, and Baidu Web

m SA control

Initial temperature=250, and temperature threshold=0.05
Cooling down factor=0.98

m Test case size control

Test case size 3600
ThresholdP =100, ThresholdP-state =10

m Area under test:

D.rangelLat=[35, 53], D.rangeLng=[110, 150]
Range of latitude and longitude should be larger than 0.05

22



Test Data Generation

Position data
generated by SA
are more clustered.

Points .
T T S o . vaee Points
- " *,
‘. "0 ..‘00. s .° ¢ ... ’0 ¢ .’0. * e .
145 -t v ey * . * > ’oo * '.o.. . * R 150
* - * - * .8 G ‘e %y ¢ o+ %eanes *
* oo *
40 | * * e o‘ - .0. s k 4 - 0’“0.‘ . 145 ’
g s tete hadPUR SRR AT e N 140
’b"’o‘:o‘.‘ - QO’.’.’ | SEPVER * .
135 | - * * . o - * * e, * @ . 4
. * LY P A *e . . . > 2 135
s . ot < . - ﬁ” ot * - *, . o :o 0‘ ”0 E
R S e .. $ s e .- =t & 130 * F 4
£ . s e AR 1 N - D 5 o3
. R TP ST AN : . 8 125
25 e * - . * ”..': . * s * ‘
LT IR AL N W e S 120
o * o o e -t . % hd Y * 1 A4
120 1 ey ® " e e %, * s e o o .t * *
Pt et s e e ", .~ . . . 115
e . .2 & ot . R . MR PP ‘
us [ ¥ g - 0."0‘. .:..o ** . e * ..‘.. + - hd 110 ‘p ’ & T &
> * * *
PR R A AR PN AL M s, Te, 35 40 45 50
o ® e o\ Py *» 4.‘0.,'. . 8 :‘ .e ® .
35 37 39 a1 a3 as a7 29 51 53 Latitude
Latitude
Points
150
145 A
140
1]
= 135
2
£ 130
5
= 125 -
120 /
115
110 I ‘\/
35 40 45 50
Latitude

23




<
a

77 ¥ivia k
N st 83

d
o
e
0

N\

ENNNN\

):

47,

N

3F

Defect Detection

24

R

Comparison of potential errors detected by improved SA and Random.
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Efficiency

_ |Saifrl

TE
S|

X 100%

Where

« S =s;is the set of all generated
test cases, and |S| is the number
of generated test cases.

Sairr = {S; } Is the set of test cases
which identified API differences,
that is, VS;€Sy , S;€ S and Hit(s;,
L)=1. |Sg| Is the size of S
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Summary

m Considerable inconsistencies are detected on open LBS
platforms, which are potential errors or quality problems
such as accuracy, completeness, and up-to-dateness.

m Geographic data generation can be well-formulated as an
optimized search problem. The proposed SA with defect
prediction mechanism can significantly enhance the
effectiveness of test data generation.
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Paradigm Shift

Software as an
Information

Processing System

Software =

Software =
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About Me: Teaching

Undergraduate:
Introduction to Software Engineering

. || Service-
\ Oriented /8&" W Oriented

v
Critical Systems
Lecture
Aspect Waving Fault-Free and
Fault-tolerant

Cloud Software

Seminar: Voice from Industry

Graduate:
Advanced Software Design Techniques
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To Renovate SE Course Projects

Require Software
ments Types
Tools
Software Environ-

Method

Process

Types ment

Quality Focus

Tool xStudents’

Chain interests

Teaching
Assistant

Customer
Represen
tatives

0 -
2308
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To Renovate SE Course Projects

Sprintmeetingand PSS,
( D Offline Assessment ?

.i wv | Repositories | Online
X 5 e ~1/ Project Assessment
0 Manage @E% <@ Collaboration

Qﬁ- v K= ment Analysis
o i ‘=W Code Quality

. . ;;ﬁ,ﬁ: GitLab #ﬁ?’ = Analysis

- Small, incremental delivery [ ¥ Testing

of working software @
: ] : R
» Continuous Integration, eport

testing, and quality control
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