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Abstract. When providing correctness checking for the models of software systems which
include data types with wide range of values, a single symbolic behavioral scenario may
cover a set of equivalent scenarios with concrete values. This feature is especially useful for
systems with integer data types. However symbolic scenarios cannot be used as executable
tests, they shall be concretized prior to execution. On the other hand, modern industrial
software projects may contain many thousands of tests with nontrivial dependencies between
their parameters. Manual selection and insertion of concrete values is impossible which
requires full automation of the process. Besides, the actual experience in modern testing
shows that efforts on bugs detection decrease significantly when directed method of selecting
values is used instead of random selection of values. Concretization process shall follow a
test plan prepared by tester. Such plans shall be flexible and generated based on standard
templates or plans modified by user.

Method of symbolic test scenarios automated concretization which resolves mentioned issues
is described in the article. It allows to control coverage of boundary test parameters values
which increases the quality of developed software.

The developed method was successfully integrated into single complex technology of
verification and testing which includes creation of a formal model based on initial
requirements, automated symbolic verification, generation and concretization of symbolic
behavioral scenarios, generation of test sets based on concretized scenarios and analysis of
tests execution verdict. Results of method application within integrated technology are also
shown.
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1. Introduction

In the scope of software lifecycle the cost of software defects increases dramatically
in accordance with development stage [1]. Avoiding defects on the stage of
requirements gathering and detecting them on early stages of project lifecycle
reduces the amount of corrections in the software and overall cost of development.
This makes usage of methods and tools for model-based verification and testing
extremely valuable [2,3]. However in the toolsets which mainly resolve problems of
model-based approach (automation of requirements formalization, creation of
behavioral models, verification of generated model-based scenarios, requirements
coverage analysis [4-7]) arises the combinatorial explosion problem of possible
behavioral scenarios which shall be tested [8-11].

Methods of symbolic verification are very effective to reduce the behavioral space.
It is possible to specify ranges of possible parameters values in symbolic scenario.
Each symbolic scenario represents a set of concrete scenarios with equivalent
behavior (with same sequence of events). This means that to provide required
coverage of complete model behavior it is enough to select several specific
scenarios from each group of behavioral equivalence instead of having to check all
possible parameters values. This allows to significantly reduce the number of
scenarios covering the functionality of application in the scope of selected coverage
criteria. However for code generation of executable tests only scenarios with
concrete values of parameters are needed. Given that modern industrial software
requires many thousands of tests with complex dependencies of parameters values it
is impossible to manually count and insert appropriate concrete values based on
ranges in symbolic scenario. The concretization process shall be completely
automated.

This paper describes the automated concretization process for symbolic test
scenarios in the scope of VRS/TAT toolset [12] providing automated generation of
test scenarios based on requirements specifications formalized with basic protocol
notation [13], which is a representation of Hoare triple [14].

2. Overall Scheme of Concretization

VRS includes symbolic trace generator STG [15] which observes the formal model
behavioral space and creates traces — linear sequences of events in the model. Model
states are also saved in traces. The mail tool for concretization is called Trace
Concretization Tool (Fig. 1). It consists of three modules — Concretizer,
ValueCalculator and Concretization View which interact between each other.
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Fig. 1. Scheme of concretization

For each symbolic trace Concretizer generates concretization table with names of
parameters, signals, data types and allowed ranges of values. Then while trace
bypassing it calls for ValueCalculator to get concrete value for the current
parameter. ValueCalculator calculates concrete value based on received commands,
test plan and allowed ranges of values and returns it to Concretizer.

The implemented tools Concretizer, ValueCalculator and ConcretizationView are
integrated into single concretization process which is a component of industrial
software automated testing technology.

3. Steps of Concretization Algorithm

Concretization process is iterative, on each step a single parameter is concretized.
The process terminates after concretization of the last parameter in the trace.

Below some definitions are introduced. Transition in the formal model in VRS
terms is a basic protocol representing parameterized transition from one model’s
state into another. Basic protocol B(x) is represented by the following expression:

Vx(a(x) >< P(x) > f(x))

where x is a list of protocol’s parameters; ¢(x), #(x) — a formula of basic logic

language, which are called precondition and postcondition respectively; P(x) — a
process of basic protocol (in current case — a sequence of parameterized signals in
MSC format). Trace parameters are parameters of its signals. Formula of basic
language may contain variables and constants, arrays of elements of simple types,
functional types. Variables which may change their values during system execution
are represented by attributes and attribute expressions.

Trace is a sequence of the following type:

S, —twl g A 5 S

n

where S are model’s states, B — basic protocols, x — lists of their parameters.
The following steps of concretization algorithm can be specified:
e restore of initial symbolic trace
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e obtain ranges of allowed values for basic protocol’s parameters

e interactive concretization of trace parameters

e save concretized trace.
All steps except interactive concretization are executed automatically by internal
means of VRS and hidden from outside. The most interesting for the user are
implemented tools of the concretization which provide the control of concretization
process and make the technology flexible enough for testing all modes of software
functionality.

4. ValueCalculator Tool

This tool implements automatic calculation of concrete values for symbolic
parameters within test scenarios. One or several rules can be used for calculation:
left value of the range, middle value or right value. Examples of values calculated
based on ranges and selected rule are shown in the table below:

Calculated
Type Range Rule Value

integer [1:;9] L 1

integer [1:;9] M 5

integer [1:;9] R 9
enumerated | vall,val2,val3,val4 L Vall
enumerated | vall,val2,val3,val4 M Val2
enumerated | vall,val2,val3,val4 R Val4

Possible values for each parameter on each step of behavioral trace are calculated
automatically by the means of VRS. Selection of the rule for value calculation is
provided by corresponding set of options (Fig. 2):

Concretization dnv v w
Default-bound

] Left

[] Middle

[ Right

Fig. 2. Options for selecting concretization rule

Based on calculated values of symbolic parameters the STG creates traces with
concrete values which can be executed on the model. When two or three rules are
selected there will be two or three concretized traces generated for each symbolic
scenario.
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An example of tool execution is shown below. Test scenario contains a signal which
turns on a radio station on the car radio. Radio station number is the signal’s
parameter (Fig. 3):

1 1

Responsibility
ChannelSelect; prot_no=1; loc_vars=(UNDEFINED); guide_pos=2

Reg Channel

channel number

Fig. 3. A part of symbolic test scenario

If overall number of radio stations is 9, ValueCalculator will calculate the following
values for the channel number parameter depending on selected concretization rule:
“1” (for the Left rule), “5” (for the Middle rule) and “9” (Right rule). If all three
options are selected (Fig. 2), there will be three concretized traces generated with
different values of channel select parameter. A part of concretized trace with Right
rule value selection is shown below (Fig. 4):

| |

Responsibility
ChannelSelect; prot_no=1; loc_vars=(channel_number=9)

Req Channel
9

Fig. 4. A part of concretized trace with right value selected

The user can select default concretization rules and repeat generation of concretized
traces with corresponding values or use ConcretizationView tool to create own test
plan.

5. ConcretizationView Tool

This tool provides the ability to specify any concrete values from the possible range
for one, several or all parameters in test scenario. The tool is implemented as a View
element in Eclipse IDE. It allows to display the contents of concretization table and
specify desired values of symbolic parameters. This is performed by adding “C”
symbol on the row with required parameter in the “Rule” column and desired value
in the “Value” column.

Continue with the example of turning on a radio station of the car radio. If the range
of parameter’s possible values varies between 1 and 9, then for example value 7 is
neither left, nor middle, nor right value of the range. The only possible way to
concretize a trace with this value is to explicitly specify it using ConcretizationView
tool (Fig. 5):
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£ Properties & Console #, TraceManager [ ConcretizationTable 12

ID  Parameter name  Signal name Type Range Rule Value
0 iRad Radio.curr_vo; | range(5) H

| | ¢ |
2 fchanne\_number fRes_Channe\ I frange(1<:channe\_number&channel_numbekzs)

Fig. 5. ConcretizationView user interface

As a result the concretized trace with value 7 will be generated (Fig. 6):

BASIC_SCENARIO
ChannelSelect(Rad,Radio); prot_no=1; loc_vars=(channel_number=7)

Reg Channel
7

Fig. 6. A part of concretized trace with user-defined value

Applying ValueCalculator and ConcretizationView tools together the user can
obtain all tests required to satisfy specific test criteria. For example, a set of tests
covering all possible values of one parameter and only boundary values of another
parameter. The concretization process terminates when the complete set of tests
required for execution is obtained.

6. Results

Created tools were applied for preparing tests in telecom software projects.
Symbolic scenarios of possible systems behaviors contained up to several hundred
of basic protocols. For testing process all symbolic parameters in generated
scenarios shall be concretized which is extremely time consuming without tools of
automation. For example, using described approach to concretization in a small
project with 11 basic protocols allowed to concretize all traces in 2 minutes. For a
project with 151 basic protocols the concretization took about 20 minutes. While
manual concretization of such project takes about 3 working days. Clear that in
projects with several thousand of basic protocols it is impossible to concretize
symbolic scenarios without automation toolset. The table below shows the
comparison between manual and automated approaches to concretization:

Number of Basic Manual Automated
Protocols in the Concretization Concretization
project (staff days) (minutes)
11 03 2
151 3 20
464 5 25
759 8 28
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7. Conclusion

Integration of verification and testing allows to achieve desired level of software
quality due to joining results of model static analysis after symbolic verification
with number of experimental results after testing which is especially important for
testing systems with wide ranges of possible values.

It is also important that symbolic scenarios can not be used for execution on the
model. They shall be concretized prior to generating test code for target platform.

Implemented tools which are integrated into single chain of concretization in the
scope of test automation technology [16], successfully resolve a very time-
consuming problem of symbolic scenarios concretization. Also the technology
allows to control coverage of boundary test parameters values which increases the
quality of developed software.
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Annotamus. [Ipu mpoBepke KOPPEKTHOCTH MOJENIEH MPOrpaMMHBIX CHCTEM C THUIIAMH
JTaHHBIX, BKIIOYAIOIIUMU OOJIBIION JUANa30H 3HAYCHHM, OJMH CUMBOJIBHBINA MTOBEICHUCCKHI
CIICHApUil MOJKET IOKPBIBATh MHOXKECTBO CLICHAPHUEB C KOHKPETHBHIMU 3HAUYCHHAMH. OTO
CBOIfcTBO 0COOEHHO (P (PEKTHBHO HCHONB3YETCs Ul CHCTEM, HCIOJB3YIOLIMX YHCIIOBBIS
TUNBI JaHHBIX. OIHAKO CUMBOJIBHBIC CLIEHAPUU B MICXOAHOM BHI€ HETIPUIOJHBI [UIS CO3JaHUS
110 HAM HCIOJHUMBIX TECTOB, JUIsl HCIIOJHEHHS TECTHI JOJDKHBI OBITh KOHKPETU3UPOBaHBL C
IPYroll CTOPOHBI, B COBPEMCHHBIX IIPOMBIIUICHHBIX IPOEKTaX KOJMYECTBO TECTOB
HCYHUCIISACTCS THICSYaMH, a 3aBUCHMOCTh MEXIY 3HAUCHHSMH IApaMEeTPOB HETPUBHAIBHA.
OCyIIECTBIATh BPYYHYIO BBIOOp ¥ TMOICTAaHOBKY B3aHMMOCOTJIACOBAHHBIX KOHKPETHBIX
3HAQUEHUH NPaKTHYECKH HEBO3MOXHO, MOITOMY IPOIECC KOHKPETH3aLMU JOJDKEH OBITH
MOJHOCTBIO  aBToMaTHyeckuM. Kpome Toro, peaspHas NpakTHKa TECTHPOBAHUS
CBHIETEIBCTBYET 00 YMEHBIICHHH TPYAOEMKOCTH IMOHCKAa AC(HEKTOB NPHU HAMPABICHHOM
BBIOOpE 3HAYCHHUIH 110 CPAaBHEHUIO CO CiIy4aiiHOM BbIOOpoM. IIpu moacraHoBkax HEOOXOAUMO
CJICZIOBATh TUTaHY TECTUPOBAHUS, IMOATOTOBICHHOMY 3apaHee TeCTHpPOBHIMKOM. [lomoOHEBIE
IDTaHBl JIOJDKHBI OBITh THMOKMMH, OCHOBHAs WX YacTh JOJDKHA TCHEPUPOBATHCS HA OCHOBE
CTaHAAPTHBIX [IA0JIOHOB WJIHM IEPEUCIIONB30BaTh OTPEAAKTHPOBAHHEIC IOJH30BaTEICM
TJIaHBL.

B pabote omucaH MOJHOCTBIO aBTOMATU3UPOBAHHBIA METOJ KOHKPETHU3ALMH CHUMBOJIBHBIX
CIICHApUEB, PEIIAIOMUN yINOMAHYThIE MNpoOaeMbl. MeTox TMO3BOJSET KOHTPOJIHPOBATH
MOKPBITHE TPAaHUYHBIX 3HAYEHUI MapamMeTpoB TECTa, YTO B pe3yibTaTre NaeT BO3MOXKHOCTD
MOBBICUTH Ka4eCTBO CO3aBaEMOI'0 TECTOBOrO Habopa.

PaspaboranHbIid MeTO]] OBUT YCIICIIIHO WHTETPHPOBAH B CIUHYIO TEXHOJIOTUYECKYIO IICTIOUKY
BepH(UKAIIMA ¥ TECTUPOBAHUS, BKIFOYAIOIIYIO0 CO3JaHue (POpMabHON MOJEIN CUCTEMBI I10
HCXOIHBIM TPEOOBAHUSM, aBTOMATHYECKYH) CHMBOJBHYIO BEPU(DHKALUIO, TCHEPALUIO H
KOHKPETH3AIHI0 CHMBOJIBHBIX TIOBEICHUCCKHIX CLIEHAPHEB, TEHEPAIIMIO TECTOBBIX HA0OOPOB 110
KOHKPETH3UPOBAaHHBIM CLIEHAPHAM, a TAaKXKE CPEACTBA aHAIN3a PE3YJIbTaTOB HCIOJHEHMS
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TecTtoB. Takxe NPOACMOHCTPUPOBAHbI PE3YJIbTAaThl IIPUMCHCHUSA TEXHOJIOTUYECKON LETTOYKH
C UHTETPUPOBAHHBIM METOJOM aBTOMAaTHUYECKOMN KOHKpPETU3allUuU.
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