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Test case extraction process for validation of real time
transactions in financial value added network for
trusworthy customer’s credit card
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HYUN SEUNG SON' and R. YOUNG CHUL KIM

In most Value Added Network (VAN) companies in Korea, real financial transactions
are occurring on a consecutive real time serialization. But until now, it just validates their
systems with checklists based on test expert’s experience. We need better way for validating
such consecutive real-time transaction system due to practical situations like the dynamic
transaction chain across multiple financial networks or systems. In this paper, we suggest
how to extract test cases for diverse practical situations. This proposed process generates
a test case with a specific mechanism based on UML and Event/Condition/Action (ECA)
rules. Through analyzing transactions on consecutive and real time transaction chains, we
can effectively model UML diagrams with transactions, and map UML with ECA rules,
which creates an ECA-decision table. A test scenario is generated with this table. That is,
this approach can only generate test cases for the consecutive transaction chains. We applied
these examples to validate real time transaction of Kovan Company, Ltd., a financial VAN
company in Korea.
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INTRODUCTION

VAN companies are intermediates that connect affiliates using settlement
systems with credit companies and other financial institutions. As an example,
a VAN may connect a given credit card company to a credit card terminal by
assigning in the settlement of a customer transaction (Hwang 2001, S.G. Kim 1990).
Credit card settlement systems are proceeded by various settlement models such as
transaction approvals via telephone wires or terminals, POS systems, and HOST
servers (Lee 1988, Kim 1988, G.J. Kim 1990).

Based on these various settlement models, VAN companies’ systems have
become more complex. Also the structure requires the acceptance of all requests from
affiliates and financial institutions (Kim 2010), resulting in frequent maintenance
and repairs of the system. As the numbér of system change increases, there are more
tests on such systems. As for the testing by VAN companies, developers used to
play a role of such testers. While a test case shall be provided in consideration of the
relations between new requirements and the existing system, there is no systemic
way for the preparation of test cases. Reliabilityof testing depends on the different
maturity level with developer’s capacity and experiences (Wang 2011, Zheng 2009,
Singla 2011). Therefore, such a test case depends a lot on the tester’s capacity.

This paper suggests a test case generation model to verify real-time transactions
that occur in the VAN (Value Added Network) environment. The suggested process
generates a test case by applying UML modeling and ECA (Event, Condition
Action) rules. In order to generate a test case, real time transactions are analyzed
and modeled UML and ECA diagrams, then generated test scenarios. With the test
scenarios, we can generate test cases.

RELATED WORKS

The Cause-Effect Graphing technique provides systemic methods to develop a
statement prepared in a natural language into a decision table (Nursimulu 1995). In
the cause-effect graphing technique, it is selected a set of test cases in consideration
of causes that have logical relations with effects for a test. This test can take place
in the following order: (1) Every requirement is identified; (2) The requirements
are analyzed for the identification of every cause and effect to assign a unique
number to each cause-effect set; (3) Based on the analysis of requirements, a graph
connected causes with effects is provided; (4) The graph is converted into a decision
table, and (5) Each row in the decision table is selected as a test case for testing.

Decision Table Testing is to describe all movements related to decisions,
conditions, and processes required in the process and to prepare for a decision table
that displays a movement occurring based on the combination of each decision
and condition, which is an effective technique to find errors embedded in the
materialization or statement (Beizer 1990). Each row of the table consisting of
combinations between the remaining decisions and actions are selected as a test
case.

Finite-State Testing is to test the models of finite states, that is, behaviors of
a system (Yoo 2009). Input and output of every state are identified. The state table
includes input combinations of all states and checks whether it can be reached or
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not before testing. In the finite-state testing stage, a state graph is prepared and
converted a state table. Only those that can reach the state based on one specific
state are selected like test scenarios (or paths) for testing.

Test case extraction process for real-time transactions. Figure 1 shows a process
of generating a test case for real-time transaction chains. This involves modeling
based on the path, action and conditions of consecutive transactions acquired from
initial analysis. A test case scenario based on the use case modeling is represented
through a sequence diagram. This diagram generates a decision table to determine
the Event, Condition, and Action (ECA) and the resulting ECA diagram.

Transaction Use case ECA
chain analysis modeling decision table
Transaction chain g Sequence 1 v g3
. : . q ; ECA diagram
action analysis diagram modeling S
Transaction UML | | ECArule | |
analysis modeling application
N
- : Sequence ECA
Test scenario | | ECA diagram diagram Ascidon table
| il I |
i < ]
Test case Test scenario
Test case Test scenario
generation generation

Figure 1. Process to generate test cases for real-time transactions.

Figure 2 illustrates the process to analyze a simple transaction. First, unit
transactions, T1 (ACTOR), T2 (A) and T3 (B) are defined while a unit transaction
chain is organized. The transaction is then analyzed based on dynamic diagram
modeling of the transaction chains. In order for Tl to be committed, the T2
transaction must also be committed. Likewise, in order for the T2 transaction to be
committed, the T3 transaction should be committed as well.

Figure 3 shows the UML modeling of a transaction in Figure 2. A sequence
diagram generated from the UML modeling can be expressed using ECA rules.
The objects in the sequence diagram are mapped as a unit transaction with ECA
rules in the ECA decision table. Through mapping Event/Condition/Action on
messages between objects, and also assigning an identification number to them,
this information can be applied to the ECA decision table, respectively.

Asia Life Sciences Supplement 11, 2015 279




Son & Kim 2015

n | m T3 £ ™y
a (SN BEEN IS
Actor E A B \_/\—/

[Unit transaction definition] [Transaction chain: T1->T2->T3->T2->T1]

.
Start Actor - BEGIM A BEGIN ~ B BEGIN
El v A2
ASY-~. Al A3
END .. A4V~ END
[commit] S END e, .
“*~[commit] [commit]
T ——
request
Finish response -

[Dynamic analysis diagram of the consecutive real-time transaction chain]

L

Figure 2. Analysis of consecutive real-time transactions.
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Figure 3. Mapping UML modeling with an ECA mechanism.

Table 1 shows an ECA table with the expression of a sequence diagram. The
Actor’s message numbers, 1(E1) and 7(A5) are applied to the Event and Action of
the unit transaction for the Actor. Next, A’s message numbers, 2(C1), 3(Al), and
6(A4) are applied to the Condition and Action of the unit transaction A. B’s message
numbers, 4(A2) and 5(A3) are then applied to the Action of the unit transaction for

B.
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Table 1. ECA Decision Table for consecutive real-time transactions.

Transaction EVENT Condition Action
Actor | = 7
A - 2 3,6
B - a 4,5

Figure 4 represents an ECA transaction diagram. Table 1 reflects on the
modeling of Figure 4.

—— BOT(A) ~ T(B}
Actor— BOT(Acton) < A \L o B
c@ L [AYel
Eay - . \L [A\j(/S}
[A \1/] [AGY L EOT(B)
— EOT. n \\‘ 4 =~ =~ [commit]
[commit] S ~____[,A (6}
\\ EOT(A)
T ===~ [commit]

Figure 4. ECA diagram.

Table 2 is a test scenario based on the data obtained from the sequence diagram
in Figure 3. Unit transactions of the decision table are applied to the transactions in
Table 2, while the Event, Condition, and Action parameters of each unit transaction
are applied to the test scenario. Messages pertaining to Event, Condition, and Action
in the ECA decision table are also represented from the sequence diagram as part of
the test scenario. Figure 5 shows the generated test cases based on a combination of
the ECA transaction diagram and the test scenario presented in Table 2. The ECA
based Test Cases consist of the subject transaction, test case ID, conditions, action,
and expected results.

Table 2. Test scenario of consecutive real-time transactions.

Transaction Test scenario

1- E1 is committed.
Actor A commits A4.
7- A5 committed (Actor commit)

Actor commits E1 (condition for starting)
2-C1 committed.
A 3-Al committed.
B commits A3.
6-A4is committed (A commit)
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A commits A l(condition for starting)
B 4-A2 committed.
5-A3 committed (B commit)

Subject Conditions : Expected
transaction e for starting Sehom result
Actor TC1 - El A begin
Actor TC2 - AS Actor commit
A TC3 El Cl1 Al
A TC4 Cl1 Al A2
A TCS B commit A4 execution | A Commit
B TC6 Al A2 A3
B TC7 A2 1 A3 B commit

Figure. 5. ECA-based test case.

Real examples for test case generation. As a case study, we examine the process
of ‘point card’ transactions that occur in a sample VAN environment. These
transactions involves point view, point collection, point use, and point cancellation.
For a point card transaction, the application of the proposed method requires
information from both the test cards and the test affiliates. Once this is obtained
hypothetical test card numbers and affiliate numbers, it is set up. Next, a real test
case is generated. It should note that test affiliates are defined as the mid-sized shops
that use POS equipment. Also for the goal of this study, a test case is generated for
‘point view’.

Figure 6 shows the transactions for ‘point view’ from those generated by the
affiliates. It is important to note that Point transactions normally consist of five unit
transactions such as T2, TF, TM, TC, and TP. Transaction-Shop (T2, that is, mid-
sized shop) transaction is one that occurs at an affiliate. ‘Point view’ information
is fed while a request for the ‘point’ transaction is made. The transaction is then
completed as the results are confirmed through a response.

A Transaction-FEP (TF) transaction occurs between EFP servers. A TF
transaction involves descrambling of the data received, data transmission from the
main system, data encoding, and data transmission from affiliates, and data receipt.
The condition for starting the action is a transaction request by the TS. A Transaction-
Main system (TM) transaction begins when the TF transaction transmits data.
Essentially, the TM transaction asks for ‘point view’ information after checking the
data from user’s cards, its affiliates, and only advanced conditions for transaction
refusal. Once the transaction is completed as a response and received by the card
company, the entire transaction information is then saved, and the response data 1s
transmitted to the FEP server. ’
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middle shop FEP Server
T2 TF v
Start - BEGIN r gEGD s
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™
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END i [commit]
[commit]
Point card company
| e " TP v ----.. Remaming point
request BEGIN '
........... > Receive request text from VAN company
response | Transmit result text to VAN company - .|
END
= [commit]

Figure 6. Dynamic transactions analysis for ‘point view’.

When data are received from the main system, a request to the point card
company is made. Once a response is received and sent to the main system, the
transaction is completed. A Transaction-Point Issuer (TP) refers to a transaction
made by a point card company. First, a point card company receives results from the
VAN Company. Once the results are transmitted, the transaction is completed. The
entire transaction process can therefore be represented as the transaction chain TS-
>TF->TM->TC->TP->TC->TM->TF->TS. Once these steps have been followed, the
transaction is completed.
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Figure 7. ‘Point’ transaction’s use case.

Figure 7 shows a diagram of a ‘point view” transaction which indicates ‘point
saving’, ‘point use’ and ‘cancellation’, which are represented an entire ‘point’

transaction.

Table 3 provides a sample scenario for a user’s ‘point view’ transaction.

Table 3. Use case scenario for © point view’.

Use Case Name Point view
PRTAERELng Affiliate, VAN company, point card company
Actor

1. Point view is requested as a test affiliate uses the test card number.

2. A VAN company checks the requested information from the affiliate
and card then sends out a request for ‘point view’ to the point card
company.

Flow Event 3. Point card company delivers the remaining points received initially

from the VAN company back to the VAN company.

4. The VAN company saves the transaction and sends a response to
the affiliate. ,

5. After receiving the transaction information, the affiliate checks the
points, thereby completing the transaction.

Entry . . .
L A test affiliate asks to view a user’s points through a test card.
Condition
Exit R .. .
.. A user’s remaining points is checked and confirmed.
Condition
284 Asia Life Sciences Supplement 11, 2015
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Figure 8 shows transactions subject to ‘point view’ as a sequence diagram. This
information can also be converted into an ECA decision table, and used for ECA
modeling. The corresponding numbers of the messages in the sequence diagram,
and the E (event), C (condition), and A (Action) notations are organized as well.

) ‘

FEP MainSystem TCPAP Communication Server  Point Card Company

F Y
A
4

3

lemseled Point V'IPS‘QS
2 EEnter Card Num*: T
! 3 Generate View Reguest Text :

'
.

4 Engeding .
5 Requestfor Vig ; :
: 6 : Dedoding :
Ti gata Transmiss:‘éﬂ
i} B8:Check Card Information
9 Check Amlige ln;oimanon :
10: Check Tra%sac:lon Type

131 - Check -\cvancezée!‘usal Caonditions ':

1 12 - Requestfor ‘Jiew\f

: ; 13 - Transmit Data
14 - Check Card Information

: i, 15 . TransmitResults !

: 15 Transmit Responses ‘

' 17 Save Transaguon Information

18 3 ~!ransrmt View Rasult

. 19 : Encoding

g - Transmit Data ; :

21 Decoding : : ' ;

: 22-Anatyze:F?esuu ext : : :
7 % e Di%play Remaining ?'omts . . .
!4 Check Results : . : :

Figure 8. A sequence diagram for a ‘Point view’.

Table 4 is an ECA decision table for the sequence diagram reflecting the point
view transaction.

Table 4. ECA decision table for ‘point view’.

Transaction EVENT Condition Action
Clerk(TS) 1.2 24
POS(TP) 3.4,5.211,22.23
FEP(TF) 6,7,19,20
MainSystem(TM) 8,9,10,11 1217,18
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13,16
14,15

Figure 9 shows an ECA diagram that combines the decision table and the
sequence diagram. In this manner, each object is replaced with a unit transaction
and each message flow is classified as an Event, Condition or Action.

TS BOT(TS)

e -
(=~ -
(AG2a9)]

- EOT(TS:

[comemt]

\L "J’,'

; —  BOT(TM) BOT(TN
EOT(TP) . TE BOT(TF) . ™ i BOT(TC) o
\& - S [A (8.9.10.11)] ) it
Le (3‘\14;5’_’_ ) AT aany” e
. IC(8and 9 and 10 | f »Jr
[A (21,2223 ) ‘ %\ and 11 ! A (16 i EOT(m
. -: {A (19.20) ! True or False) | : 1A &)} ~n (cameni
EOT(TP) EOT(TC)
EOT(TF
. - = fcomaTut] v o« = ={tommit] (A(cl:z’_} = {rommat]
A (17,12))
L— EOT{™)

- Acommit]

Figue 9. ECA diagram for point view.

Table 5 is a test scenario for ’point view’. This is generated when the sequence
diagram and the ECA decision tables are combined.

Table 5. Test scenario for Point view.

Transaction

Test scenario

Clerk(TS)

POS(TP)

FEP(TF)

286

1-Clerk selects Point View.

2-Check Feeds in the card number to the system.
POS displays the remaining points. (TP commit)
24-Checks the point view’s result.(TS commit)

Clerk selects Point View and feeds the card number.(condition for
starting is satisfied)

3-A Text to request ‘point view’ is generated.

4-Encoding of the requested text is conducted.

5-A request to view points from the FEP is made. A response from FEP
is received. (TF commit)

21-The response data is descrambled.

22-The resultant text is analyzed.

23-The results are displayed to the clerk. (TP commit)

FEP receives a request to view points from the POS (Condition for
starting is satisfied).

6-Descrambling is conducted.

7-Data is sent to the main system.

Results from the main system are received. (TM commit)

19-Descrambling is conducted.

20-Data is sent to the POS. (TF commit)

Asia Life Sciences Supplement 11, 2015
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Main System

Data from the FEP is received. (Condition for starting is satisfied.)

8,9,10,11-Card and affiliate information, transaction type, and prior
conditions for refusal are checked. If the results are found to be
false, the transaction information is saved and the refusal results are
sent to the POS. If the result is false, the transaction is committed.)

(TM) 12-When the result is true, a request to view points is made to the TCP/
[P communication server.
Responses are received from the TCP/IP. (TC commit)
17-Transaction are saved.
18-Transaction results are transmitted to the FEP. (TM commit)
TCP/IP A request t.o v.iew point is received from the MainSystem(Condition
R for sta'rtlng is satlsﬁeq.) '
— 13-Data is sent to the. point card company. Results from the point card
(TC) company are received. (TI commit)

Point card com-

pany
(TD

16-Responses are transmitted to the MainSystem. (TC commit)

Data is received from the TCP/IP communication server (Condition
for starting is satisfied). *

14-Card information is checked.

15-Results are transmitted. (T1 commit)

Figure 10 shows test cases for ‘point view’, generated from the test scenario

and the ECA diagram.
: ; Test . ;
Tmsad- Unit Test | o jon | Testimformation | . er ; Acti E g 1
type transaction | case (affiliate) ~ (card mumber)
View point | TS TC1 [17824%+=  [210001270770%*** |None Select point view and eater card), 50 ooy confimed
information
= s = e _ View request text generated P
; 5 5 21000127077 % % ) L g Receive ras <t from TP
View point P TC2 [17824%** 210001270770**** |TS select point view eticoiiie. requestior view 10 TE eceive response text from
View point | TP TC3 |17824%**  |210001270770%*%* |TP completed Descrambling, result test analysis,|pp . oytereq
remaining point displav
View point IF TC4 [17824%+* 210001270770**** |TP requestfor view Descrambling and data sentto TM Result received from main svstem
View point IF TC5 |17824*** 210001270770**** |TM completed Encoding and result sentto TP TP completed
View point ™ TC6 [17824%** 210001270770**** |TF sends data Card information checked true of false
View point | TM | TC7 [17824%%+  |210001270770swx |C34 IMEOMANON 3 tiate information confimed true of false
confirmed to be true
- : - Affiliate information
v 780 4wEE 2 270770 F** T . <
iew point ™ TCS (17824 210001270770 onfei to ke faxe Transactiontype confirmed true of false
View point ™ TCY [17824*= 210001270770%*** Ensacton WP A dvance sefusal conditions checked  |true of false
confirmed to be true
View point ™ TC10[17824**= 210001270770**** |TC6~TCY results are true. | Requestfor view to TC Receive view responsefrom TC
N TC. Refusal
View point | TM | TCH1|17824%**  [210001270770%*** [TC6~TCY results are false| TM completed oE. siguenel w5 G Tl
responseto TF
View point | TM | TC12|17824%**  [210001270770%*** |TC completed taamction feomition. seved My counsn
result transmitted
View point IC TC13|17824*** 210001270770**** | TM's view request Point view requestedto TL Receive view results from TT
View point IC TC14 17824 %+ 210001270770**** |TI completed Result transmitted to TM TIC completed
View point T TC15 17824 == 210001270770**** |TC’s requestfor view Card information checked true of false
3 3707705 *** 04 i
View point TI | TCis|17828%==  [210001270770%=*= |T15 is true ":OTDCM‘ 0750 poinis tensmiltedly o olaed
View point I TCI17|17824**+*  [210001270770%*** T3 is false Point view refusal transmitted T1 completed

Figure 10. Test cases for ‘point view’.

CONCLUSION

Currently most VAN companies do not have any sufficient methods of
generating test cases for real time transaction environments. Until now, they use
checklists based on prior accumulated data and experiences. It is important to note
that a functional test in real time transaction chains takes with the statements of
requirements. It is mainly based on functional requirements.
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A test case is mainly based on functional requirement. As most companies
in real time transaction environments do not have any methods to generate test
cases, they prepare with this testing based on their accumulated experiences. In this
paper, we suggest validation process to test consecutive real-time transactions from
transaction analysis. The suggested process generates UML modeling and ECA
(Event, Condition Action) rules, and makes ECA decision table. With sequence
diagram and ECA decision table, we can generate test scenarios, and then extracts
test cases through dynamic transaction analysis. We still research on test cases
about simultaneous and parallel transactions.
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