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ABSTRACT 

Software testing is a complex process that involves many types of data. Managing such data is difficult but crucial 

for improved software testing effectiveness and efficiency. Taking a broader view of “data,” we identify eleven kinds of data 

that must be considered in software testing. This paper first presents a conceptual framework for developing data design and 

management techniques in the software testing environment. It then presents a new data storage, cross-referencing, and in-

dexing system, the Global Index for Test and Evaluation Data (GIFTED), with three possible implementations, in which to 

store and access the eleven kinds of data we identify in the software testing environment. The first implementation is a rela-

tional database. The second is a novel use of a graph database. The third is a federated database. This novel approach to man-

aging software testing data, both in its breadth and in its implementation approaches, is a substantial advance in the science 

and practice of software testing, which can play a critical role in improving the effectiveness and efficiency of software test-

ing. 
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INTRODUCTION 

As information systems pervade every aspect of 

commerce and daily life, the expectations that their soft-

ware will perform according to plan become ever more 

important [7, 14, 25]. This means that the software must 

accomplish the functional goals set for it, execute as 

quickly as expected, be secure, be user-friendly, and, in 

many cases, make sense in a wide range of languages and 

countries [13, 16]. Furthermore, in today’s complicated 

and intertwined systems, the software must often be in-

teroperable with a variety of other software systems and 

applications. Developing software is a complex process 

and in order to produce software that works properly, the 

software must be tested, corrected, and tested again [10]. 

The increasing demands placed on software require in-

creasing sophistication in the software testing effort. This 

is an even more acute issue due to industry’s emphasis on 

financial performance which continues to limit the re-

sources available to the software testing effort [3, 9, 19]. 

There are many aspects to software testing, in-

cluding test planning, developing test cases, executing test 

cases, tracking defects that are discovered, monitoring the 

correction of defects, developing test process metrics and 

associated reports, and managing testing personnel, 

among others [10]. An underlying feature of virtually all 

of these software testing aspects is data and there are ac-

tually a wide variety of types of data involved [24]. As we 

will develop in this paper, focusing on the data in the 

software development and testing efforts will provide the 

basis for developing high quality software. The question 

then becomes what should we consider to be data in these 

efforts and how can we manage all of this data so that it 

can be used to advantage in developing high quality soft-

ware? Some types of data involved in testing, such as lists 

of requirements, come directly from the software devel-

opment effort and become part of the testing milieu when 

they have to be tested. Other types of data encountered in 

testing, such as test cases, are developed directly as part 

of the testing effort [9]. Therefore, we state: Research 

Question 1: What constitutes the full range of data in 

software testing? Research Question 2: How can the soft-

ware testing data be managed to advantage in producing 

high quality software? 

For Research Question #1, this paper takes a 

broader view of the types of data involved in software 

testing. It lists and describes eleven different kinds of data 

in the testing environment, discusses their development, 

their design, their management, and their importance in 

the software testing effort. It then goes on to discuss stor-

ing, indexing, and cross-referencing this data as a substan-

tial aid in the software testing and refining process. It is 

important to note that the concepts developed in this pa-

per advance the state-of-the-art in the breadth of the types 

of data being considered in software testing and in the 

means of managing it to advantage. 

We consider eleven artifacts or “data types” that 

are important in software testing: test plans, requirements, 

systems analysis artifacts, systems design artifacts, pro-

gram code, data in databases, test cases, regression test 

suites, defects, metrics, and reports to management. The 

importance of some of these artifacts, such as test cases, 

regression test suites, defects (discovered in code), and 

metrics, are obvious as they are at the heart of software 

testing. Others are important to the development and 

maintenance of an effective software testing environment. 

Particular code defects can be traced back to errors in 

requirements, systems analysis artifacts, systems design 

artifacts, or, of course, to errors in the code itself. Test 

plans organize requirements. Data in databases can be the 

source of testing errors. Reports to management may in-

tegrate any combination of the other artifacts [6, 10]. 

As an example of drilling down to the next level, 

requirements come into play in several ways. One method 

for developing test cases is to derive them from require-

ments. In fact, this is required in the practice of “test first 

development” (TFD). So, listing and tracking require-

ments can assure that all requirements are “covered” by 

test cases. Furthermore, it is not uncommon that a code 

defect discovered in testing can be traced back to an error 

in requirements. Tracking requirements and the test cases 

that were derived from them can be highly advantageous 

in finding and correcting such code errors. Notice that this 

argument involves a “relationship” between two of the 

artifacts, in this case requirements and test cases, an issue 

that we will delve into much more, later in this paper. 

Similar arguments can be made for the other artifacts we 

have listed and relationships between them. The eleven 

artifacts that we consider are representative of standard 

software testing environments, but we note that it may be 

advisable and reasonable to add to or subtract from this 

list for particular software testing settings. Doing so does 

not detract from the essence of this paper. 

Having established the importance of these elev-

en artifacts in software testing and, further, introduced the 

importance of the relationships among them, we reach 

Research Question #2, how to manage them for the bene-

fit of developing high quality software through software 

testing, in an implementation approach. This is where the 

importance of a global index comes in, and it is needed in 

two related ways. One is to have an effective way to 

simply list the artifacts and then to be able to perform 

searches to find them. For example, one may want to 
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search through a list of requirements to determine if the 

list is complete for the given application. Indeed, such a 

facility is invaluable not only to the testing effort, but to 

the initial development effort as well. Another critical 

reason for being able to list the artifacts and search for 

them is the ability to leverage these lists in cross-

referencing the artifacts, as previously noted in the state-

ment about relationships. For example, if a defect found 

during code testing can be localized to a code module, the 

kind of indexing and cross-referencing capability we are 

describing here can be used to trace back through the code 

to the systems design artifacts, the systems analysis arti-

facts, and the requirements, as the source of the defect 

could be in any one of these. Again, we will develop this 

concept further, later in this paper. 

We are proposing a new system for managing 

the data in software testing to be known as the Global 

Index for Test and Evaluation Data (GIFTED). The corre-

sponding “global” index that we are proposing is imple-

mented in three ways: first as a relational database, then 

as a graph database, and finally as a federated database. 

To our knowledge, this is a novel approach to managing 

software testing data [10, 13, 22], the breadth of which 

has not been attempted before, nor have the implementa-

tion approaches we are presenting in this context. The 

eleven software testing data types we identified and the 

conceptual framework for data design and management in 

the software testing environment we present will provide 

software testing researchers and practitioners a holistic 

view of software testing data, design, and management in 

the software testing environment. The new GIFTED sys-

tem and the three ways to implement its index can play a 

major role in improving software testing effectiveness and 

efficiency. 

DATA IN SOFTWARE TESTING 

In order to list and discuss the types of data in 

testing, we must first establish the bounds of what we 

mean by testing in the software development environ-

ment. For a particular testing effort, these bounds are set 

forth in the test plan (D1) [6, 11, 12]; as such, the test plan 

itself becomes the first piece of data in the testing effort. 

(Note that for easy reference in this paper, we label each 

type of data as Dx, as listed in Table 1.) Traditionally, 

testing has meant the testing of the code produced, i.e., 

the testing of the end product of the development effort. 

We take a broader view of testing that begins with testing 

(reviewing) the requirements set forth for the application. 

In this context, we view requirements as firm, objective 

statements of application functionality, although they may 

be derived from more broadly stated application descrip-

tions, sometimes called “user stories” or the like. Follow-

ing this approach, the list of application requirements 

(D2), the systems analysis diagrams and documentation 

(D3) derived from the requirements, and the systems de-

sign specifications (D4) derived from the systems analysis 

work all become testable data [1]. For artifacts such as 

these, “testing” is accomplished by subjecting them to 

inspections and other levels of review. 

 

Table 1. Data Types with Code Numbers 
 

Code Number Data Type 

D1 Test plan 

D2 Requirements 

D3 Systems analysis diagrams and docu-

mentation 

D4 Systems design specifications 

D5 Program code 

D6 Data in the databases 

D7 Test cases 

D8 Regression test suite 

D9 Defects 

D10 Metrics 

D11 Reports to management 

 

Moving on, the program code (D5) produced in 

the software development project is itself a form of data. 

In fact, it is critical to track the different versions of the 

software as it goes through testing and refinement. Most 

software applications are designed to read from and write 

to databases of various kinds. By definition, the data in 

these databases (D6) is a kind of data required in the 

software development process. Furthermore, testing the 

code requires the generation of several kinds of additional 

data. To begin with, these include the test cases (D7) cre-

ated to test, respectively, the functionality of the code, its 

performance, its security or vulnerability, its usability, 

and such additional issues as its appropriateness for dif-

ferent countries in the international arena. Key functional-

ity test cases are grouped together and stored as a regres-

sion test suite (D8). These can then be used in the future 

to provide confidence, in so-called “smoke tests” that the 

software still works properly as it is upgraded and modi-

fied in the future [17]. As the code is tested and defects 

(D9) are found, an array of data is produced as part of the 

defect management process. (Note that if defects found in 

the requirements, systems analysis artifacts, and systems 

design artifacts are not handled in the defect management 

process the same way that defects in code are handled, 

then defect reports created for these artifacts become yet 

another kind of data in testing. For convenience in this 
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paper, we will assume that all such defects are handled by 

the defect management process.) It then follows that the 

metrics (D10) produced from the defect management pro-

cess are another level of data, as are the reports to man-

agement (D11) incorporating the metrics that summarize 

the progress of the development and testing efforts [26]. 

DATA MANAGEMENT IN 

SOFTWARE TESTING 

We assert that there are certain commonalities in 

the management of all eleven types of testing data listed 

and described. First, if an artifact is important enough to 

be part of the testing process, it is important enough to be 

assigned a unique identifier, a name, and a textual de-

scription. Second, an artifact should be easy to find by 

anyone who has a legitimate need to find it. Finally, it 

should be easy to find the artifacts that are logically relat-

ed to any particular artifact in a straightforward manner. 

With this as an initial statement, we next go on to look at 

the management of each of the eleven kinds of data we 

have identified. 

Traditionally, the management of the eleven dif-

ferent kinds of data has been handled independently and 

in a variety of different ways, if, indeed, they have been 

carefully managed at all. Test plans (D1) are typically just 

handled as ordinary documents, although in more sophis-

ticated environments they are given unique identification 

numbers [2, 6]. Requirements (D2) management can 

range from the very informal to the formal using software 

designed for this purpose [4, 6]. Systems analysis (D3) 

and systems design (D4) artifacts are most often held in-

formally but may be stored using specially designed soft-

ware or software engineering tools for this purpose [6, 

23]. Program code (D5) should be managed in a reasona-

bly sophisticated system that tracks versions of the code 

[6, 8]. Database test data (D6) is, of course, managed by a 

database management system. It is important to name the 

test databases appropriately so that people will not con-

fuse them with production databases. 

All too often, test cases (D7) are handled infor-

mally or in groups. As key elements of the testing pro-

cess, test cases should be uniquely identified and very 

carefully managed, both individually and when incorpo-

rated in regression test suites (D8) which should also be 

uniquely identified [27]. Defect management data (D9) is 

managed in specially designed defect management soft-

ware of which there are numerous examples available for 

sale (e.g., Micro Focus ALM/Quality Center) and as open 

source software (e.g., Bugzilla). Metrics (D10), when they 

are kept, are most often stored in an ad hoc fashion, alt-

hough some defect management software products are 

capable of storing and managing metrics they produce [6]. 

Finally, reports to management (D11), which can vary 

greatly in content and style, are text documents that are 

managed in an ad hoc manner. 

Table 2: Sample Cross-Referenced Pairs 

of Artifacts 
 

Data Type 1 Data Type 2 Use 

D7 test cases D8 regression 

test suites 

Managing regression 

test suites. 

D7 test cases D9 defects Managing defect cor-

rection. 

D9 defects D5 program 

code 

Recording the location 

of defects in the pro-

gram code. 

D2 require-

ments 

D7 test cases Recording the origins 

of test cases that were 

created from require-

ments. 

D2 require-

ments 

D3 systems 

analysis arti-

facts 

Tracking the require-

ments that led to the 

creation of systems 

analysis artifacts. 

D5 program 

code 

D4 systems 

design artifacts 

Tracking the systems 

design artifacts that led 

to the writing of pro-

gram code. 

D2 require-

ments 

D5 program 

code 

Recording which pro-

gram code implements 

which requirements. 

D9 defects D3 systems 

analysis arti-

facts 

Recording defects that 

were the result of sys-

tems analysis errors. 

D9 defects D4 systems 

design artifacts 

Recording defects that 

were the result of sys-

tem design errors. 

D5 program 

code 

D8 regression 

test suites 

Tracking which regres-

sion test suites apply to 

which program code. 

D10 metrics D11 reports to 

management 

Tracking which metrics 

were incorporated in 

which reports to man-

agement. 

D1 test plan D10 metrics Recording the metrics 

that are required by a 

particular test plan. 

D2 require-

ments 

D11 reports to 

management 

Recording which re-

quirements are reflect-

ed in which reports to 

management. 
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Appendix A shows a simplified tabular schema 

of the eleven data types, including several fields describ-

ing each. Three field types are used: “N” for numeric, “A” 

for alphabetic, and “D” for date. Appendix A also shows 

sample data based on this schema. 

The ability to cross-reference the artifacts in the 

testing environment is crucial to a successful testing ef-

fort. Many pairs of artifacts, in our D1-D11 categories, 

can be usefully cross-referenced. Some of these pairings 

are straightforward or even obvious. Some may be rela-

tively tightly coupled or loosely coupled, depending on 

the needs and practices of the particular application de-

velopment and testing environment. For example, cross-

referencing D7 test cases with D8 regression test suites is 

obvious because regression test suites are composed of 

test cases. Cross-referencing D7 test cases with D9 de-

fects in code is a necessary part of correcting the defects, 

which in turn leads to cross-referencing D9 defects with 

D5 program code to maintain a record of where the defect 

was ultimately found in the software. Cross-referencing 

D2 requirements with D7 test cases is useful in recording 

the match between test cases that were created directly 

from requirements. Code defects may also be traced back 

to errors in systems analysis or systems design, which 

indicates the importance of cross-referencing D9 defects 

with D3 systems analysis artifacts and with D4 systems 

design artifacts. Table 2 lists these and several other ex-

amples of cross-referenced pairs and their uses in soft-

ware testing. 

 

Appendix B shows three examples of one-to-

many cross-referenced data from Appendix A. In Appen-

dix B1, D3 systems analysis artifacts have been added to 

the D2 requirements table as a foreign key, indicating that 

several requirements can be incorporated in one systems 

analysis diagram or document. We note that this could 

vary and, depending on how requirements and systems 

analysis artifacts are considered in different software de-

velopment environments, this could be a many-to-many 

relationship. Similarly, in Appendix B2, several program 

code modules are associated with a single systems design 

artifact, assuming that in this hypothetical software devel-

opment environment the systems design artifacts are at a 

fairly high level and/or the program code modules are at a 

fairly low level of detail. Appendix B3 indicates which 

defects were identified by a test case. 

Figure 1 shows three examples of many-to-many 

cross-referenced data from Appendix A. Figure 1a shows 

the relationship between test cases and regression suites. 

Indeed, a test case can be in several regression suites and, 

by its nature, a regression suite contains many test cases. 

Notice that a “Date Added” field has been added to the 

table in Figure 1a, indicating the date that a test case was 

added to a regression suite. This would be intersection 

data if this was a table in a relational database. Figure 1b 

shows a many-to-many relationship between requirements 

and program code. This assumes that the program code 

elements are large enough to incorporate several require-

ments and that requirements can be broad enough to re-

quire several program code modules for their implementa-

tion. Again, this depends on how the software develop-

ment environment is organized. In some, there could be a 

one-to-one relationship between requirements and pro-

gram code modules. Finally, Figure 1c shows the many-

to-many relationship between requirements and test cases. 

Clearly, several test cases can be created to test a re-

quirement and a test case can cover several requirements. 

 

Test Case Regression 

Suite 

 Date Added Requirements Program 

Code 

Requirements Test Cases 

D7 58463 D8 6894 12/1/2019 D2 14732 D5 27583 D2 14732 D7 58463 

D7 58463 D8 6899 12/20/2019 D2 14732 D5 29943 D2 14732 D7 58951 

D7 58532 D8 6894 12/1/2019 D2 14732 D5 31784 D2 14732 D7 59324 

D7 58951 D8 6899 12/15/2019 D2 14905 D5 27583 D2 14905 D7 58463 

D7 59324 D8 6894 12/15/2019 D2 15642 D5 31784 D2 14905 D7 59506 

D7 59506 D8 6894 12/15/2019 D2 17110 D5 29943 D2 15642 D7 58951 

D7 59506 D8 6899 12/20/2019 D2 17110 D5 31784 D2 17110 D7 58463 

D7 60042 D8 6913 6/22/2019 D2 18425 D5 34070 D2 18425 D7 60042 

D7 60257 D8 6913 6/30/2019 D2 18425 D5 35238 D2 18425 D7 60188 

D7 60389 D8 6913 6/30/2019 D2 21743 D5 34070 D2 21743 D7 60257 

Figure 1a: Test Cases and Regression 

Suites 

Figure 1b: Requirements and 

Program Code 

Figure 1c: Requirements 

and Test Cases 
 

Figure 1: Samples of Many-to-Many Cross-Referenced Data in Appendix A 
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While the focus of this work is on software test-

ing, it should also be clear that a system capable of cross-

referencing any pairs of our D1-D11 artifacts would also 

be useful in managing the software development process. 

In this regard, it should be clear that being able to cross-

reference D2 requirements with D3 systems analysis arti-

facts, D3 systems analysis artifacts with D4 systems de-

sign artifacts, and D4 systems design artifacts with D5 

portions of program code, would be useful to the software 

developer as well as to the software tester trying to track 

down the source of a defect in the code. 

GIFTED: GLOBAL INDEX FOR 

TEST AND EVALUATION DATA 

Unfortunately, the independent, disconnected, 

and often informal ways in which data in testing is main-

tained, if it is maintained at all, are not conducive to a 

well-managed test environment [15]. Managing test data 

effectively is key to having an effective test effort [24]. 

Test data plays a vital role in the entire testing process. 

Ineffective management of test data leads to an ineffective 

test effort, which ultimately leads to software with subpar 

quality. It is essential to be able to store all eleven kinds 

of test data in a well-organized manner, to be able to re-

trieve all of the components efficiently as needed, and to 

be able to cross-reference or relate the various elements of 

the test data to each other. 

Our unique, new system for managing the data in 

testing is to be known as the Global Index for Test and 

Evaluation Data (GIFTED). This system is comprehen-

sive for managing test data and fits its purpose perfectly. 

The acronym is appropriate as this will truly be a “gifted” 

system that will greatly improve the management of the 

test environment and lead to more successful test and 

evaluation efforts. We present three ways that GIFTED 

can be implemented and we will demonstrate two of these 

ways in this paper. Software testing executives and practi-

tioners can choose one of these three ways to implement 

their GIFTED system, taking into account of their prefer-

ences, circumstances, and routines they are practicing. 

The Relational Database Approach 

First, GIFTED can be implemented in a straight-

forward manner as a relational database. Appendix C 

shows an Entity-Relationship Diagram from which the 

relational database could be designed. 

Each of the eleven data categories, D1-D11, will 

have its own table in the database. We have implemented 

the sample database and data in Appendices A and B, in 

Microsoft Access, but we are not going to show this im-

plementation here since it would look very much like the 

tabular implementation schema and sample data in Ap-

pendices A and B. Furthermore, the nature of the relation-

al database has already been described in the sample data 

and the relationships that we have already covered. 

The GIFTED index could be implemented in two 

ways. In one, the global index would simply point to a 

table and the table’s primary key index would take over 

from there. Figure 2 shows a top-level or “global” 

GIFTED index. 

 

Date Type Index 

D1 Pointer to D1 table 

D2 Pointer to D2 table 

D2-D5 Pointer to D2-D5 table 

D2-D7 Pointer to D2-D7 table 

D3 Pointer to D3 table 

D4 Pointer to D4 table 

D5 Pointer to D5 table 

D6 Pointer to D6 table 

D7 Pointer to D7 table 

D7-D8 Pointer to D7-D8 table 

D9 Pointer to D9 table 

D10 Pointer to D10 table 

D11 Pointer to D11 table 

 

Figure 2: The GIFTED Index as a Simple, Line-

ar Index 
 

For example, if someone was searching for test 

case 59324 (see Appendix A), they would search for D7 

in the GIFTED index, which would lead them to the D7 

table. At that point the primary key index of the D7 table 

would take over to locate the record with primary key 

59324. Regarding cross-reference data, if, for example, in 

the many-to-many case, someone wanted to find out 

which test cases are in a regression suite or for a given 

test case, which regression suites it is included in, they 

would find the D7-D8 reference in the GIFTED index 

which would lead them to the D7-D8 table and the normal 

table indexes would then take over. In the case of a one-

to-many relationship, there are two situations. If the 

search begins on the “one side” of the relationship, for 

example looking for the text case that identified defect 

47790 (see Appendix B3), the GIFTED index would lead 

to the D9 table. The record in Table D9 for defect 47790 

would show that test case D7 59942 was the sought test 

case and it could then be searched for through the 

GIFTED index. If the search begins on the “many side” of 
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the relationship, for example looking for all of the defects 

that a particular test case identified, the GIFTED index 

would still have to lead to the D9 table, which would then 

have a secondary index built over the test case column, 

the column on the far right in Appendix B3. That second-

ary index would point to all of the occurrences of the test 

case, for example D7 59942 and the primary key values 

of those rows would indicate the sought defects. 

The second way in which the GIFTED index 

could be implemented would be as one massive index that 

instead of pointing to tables, would point directly to rec-

ords. In this case, the indexed values for the eleven base 

tables (see Appendix A) would be D1 2173, D1 2549, …, 

D2 14732, D2 14905, … and so on. Accessing cross-

reference data would have to be arranged as described in 

the previous paragraph. Clearly, this would have to be 

implemented as a B+-tree index in order to accommodate 

the much larger size of the index. 

The Graph Database Approach 

A second implementation method for GIFTED is 

as a graph database. Figure 3 shows the graph database 

schema diagram [22]. Graph database is considered one 

of the four major “NoSQL” paradigms of advanced data 

management [5]. Since graph databases are especially 

well suited to storing relationship data and since a major 

feature of the testing data model that we present is the 

cross-referencing capability, a graph database implemen-

tation of the model will be particularly effective. The data 

about the occurrences of each of the eleven data types will 

be stored in graph nodes and the cross-referencing will be 

accomplished with edges (relationships) between the 

nodes, as is appropriate and highly efficient in a graph 

database [18]. In this case, the GIFTED index, with the 

Dx prefix appended to the primary key values of the arti-

fact occurrences, will provide a direct window into the 

graph. This novel use of the relationship-centric graph 

database paradigm for managing the software testing pro-

cess will advance the efficiency and effectiveness of 

software testing. 

 

 
Figure 3: Graph Database Schema for the Graph Implementation 

 
 

Figure 4, which was implemented in a Neo4j 

graph database, shows a sample of a graph with testing 

artifacts and the relationships among them using a subset 

of the sample data (from Appendix B, Figure 1, and Ap-

pendix C). Each instance of an entity (e.g., test cases, re-
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gression suites) is a node. Fields that were created in the 

relational database (aside from the foreign key fields) for 

that instance of the entity were developed as properties of 

the node. Further, we assigned each node a label indicat-

ing which type of entity the node represents, helping with 

query efficiency [21]. 

 

 
 

Figure 4: A Sample Graph Database 

 
 

Each node is colored according to its label and 

has its key displayed as its caption. Foreign keys for one-

to-many relationships and tables for many-to-many rela-

tionships from the relational model are represented by 

edges (relationships) in the graph. Values in a many-to-

many table in the relational database are assigned as 

properties of the relationships in the graph database. Each 

relationship was assigned a relationship type, which 

works similarly to a label for a node. For example, re-

quirement D2-18425 has a relationship to system analysis 

document D3-12753, to program code D5-35238 and D5-

34070, and to test cases D7-60188 and D7-60042. These 

relationships are shown as “relationships” between nodes. 

The relationship between requirements and systems anal-

ysis documents, the relationship between requirements 

and program code, and the relationship between require-

ments and test cases are described with verb phrases of 

“CONTAINED_IN,” “DELIVERED_IN,” and 

“TESTED_IN,” respectively. The properties of the “rela-

tionship” such as date could also be queried using Neo4j. 

For example, test case D7-60042 has a connection with 

regression suite D8-6894; the relationships between them 

show not only D7-60042 was “ADDED_TO” D8-6894, 

but a query can also return the date that the test case was 

added to the regression suite. As with all NoSQL para-

digms, new properties could be added easily to nodes or 

relationships in the future. 

The graph database highlights the relationships 

in the test data, which is a key advantage of using a graph 

database. Since the edges represent relationships in a 

graph database, it makes it easier to visualize the relation-

ships between nodes and quicker to query them [18, 22]. 

If we want to know which reports to management were 

made by “Theresa Zack,” the results would show that 

nodes D11-15372 and D11-17802 were made by Theresa 

Zack. If we want to know which relationships have a rela-

tionship type “ADDRESSES,” the results would indicate 
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that relationships between program code (D5) nodes and 

systems design documents (D4) nodes have the 

“ADDRESSES” relationship type. As such, queries could 

easily show the connections from the test plan (D1) to 

reports to management (D11) and anything in between. 

The graph database provides a clear relationship between 

different individual testing process cases and gives man-

agers and users a holistic view of how software testing 

data is related. 

The GIFTED index could be implemented in the 

graph database by creating single property indexes. Single 

property indexes are “created on a single property for any 

given label” [20]. As mentioned previously, we created 

labels based on the type of entity the node represents. 

Single property indexes would be created for each label 

assigning the key property as the property to be indexed. 

For example, if someone was searching for test 

case 59324 (see Appendix A), they would search for that 

TcNum in nodes with the D7 label in the GIFTED index. 

The single property index of the D7 label would take over 

to locate the record with key property 59324. Regarding 

cross-reference data, if, for example, in the many-to-many 

case, someone wanted to find out which regression suites 

include test case 59324, the query should specify the label 

D7 and the key property TcNum. Then, the query will 

automatically use the index for the D7 label and the single 

property index point to the test case 59324 node. The rest 

of the query parameters would specify and return the re-

gression suites that have relationships with that test case 

node. This works the same way for both many-to-many 

and one-to-many relationships. 

The Federated Database Approach 

The third implementation method takes into ac-

count the fact that, in practice, organizations may already 

have some of the eleven data types “under control” with 

data storage and retrieval software that they are quite 

happy with. A good aforementioned example of this is the 

defect management system. We recognize that most or-

ganizations, especially those that have serious software 

development operations already employ a defect man-

agement system and may not want to give it up [15]. In 

this situation, trying to integrate all eleven kinds of test 

data into a single storage schema would clearly be unreal-

istic. Instead, the third implementation approach, involves 

a federated schema in which existing storage methods, 

such as defect management systems, can continue to be 

used, while the data types in the balance of the eleven 

data categories can be implemented in a relational data-

base or some other data storage paradigm. Then, a new, 

GIFTED index can be built over them as a unifying de-

vice (Figure 5). Each instance of each of the eleven types 

of data would continue to have its unique identifier (or 

would have to have one now, if it did not have one be-

fore). But, in addition, there would now be the GIFTED 

index that is capable of referencing and seeking all of the 

instances of the test data. A simple approach to creating 

the index items would be to add the appropriate Dx desig-

nation before the test data’s unique identifier. For exam-

ple, test case number 47294 would be referenced in the 

GIFTED index as D7-47294. The index would then point 

to the physical location of the test data associated with its 

index reference. The cross-reference capability of the 

GIFTED index could then be implemented as either a set 

of relational many-to-many tables or as links in the graph 

database paradigm. The bi-directional links in Figure 5 

indicate that both new data in the individual storage 

methods can be recorded in the GIFTED index and that 

the GIFTED index can then be used to locate desired test-

ing data. 

 

 
 

Figure 5: The Federated Schema 

DISCUSSION 

Software testing is a challenging endeavor for a 

variety of reasons. Resources are generally limited, ex-

pectations are broad and high, and testers are often not 

engaged early enough in the software development pro-

cess. Another challenge is recognizing all of the different 

types of data involved in testing, much less being able to 

effectively manage them. GIFTED is a concept that takes 

an engineering approach to cataloging, managing, finding, 

and cross-referencing all of the various types of data in 

the software testing environment. The realization of this 
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concept will be a major step forward in effective and effi-

cient software testing. 

Summary of Content and Contribution 

There are three major parts to the content we 

have presented in this paper. First, we identified eleven 

data types that are essential to the software testing pro-

cess. Second, we presented a conceptual framework for 

data design and management in the software testing envi-

ronment, focusing on the ways that these data types can 

be cross referenced and the value in doing so. Third, we 

developed the concept of indexing the data type artifacts 

for efficient and effective use in the software testing pro-

cess.  

Managing test data effectively is key to having 

an effective test effort. The eleven software testing data 

types we identified and their pertinent design and man-

agement approaches we described will provide software 

testing researchers and practitioners a holistic view of 

software testing data, design, and management in the 

software testing environment. The GIFTED system and 

the three ways to implement its index can play a major 

role in improving software testing effectiveness and effi-

ciency. 

Practical Implications 

Software testing is a crucial aspect of software 

development. If the software being developed is to be of 

high quality, it must be thoroughly tested and any defects 

found corrected. But software testing is a complicated 

process that ultimately involves a variety of artifacts in 

the software development process. Of course, there is the 

code and the test cases, but defects in the code may be 

traced back to requirements, systems analysis artifacts, 

systems design artifacts, or, of course, to the code itself. 

Metrics based on defects found have to be calculated and 

reported. In this complex environment, it is difficult to 

keep track of all of the individual instances of all of these 

artifacts and the inability to do so has been a major con-

tributor to poor software quality. This produces the im-

perative for organizing the instances of all of the artifacts 

in a way that they can be effectively used to improve 

software quality. 

Putting the concepts that we have presented in 

this paper into practice will both improve the organization 

of the software testing process and enhance the ability and 

efficiency of finding and then repairing the sources of 

code defects that do occur. By organizing all of the arti-

facts that come into play in software testing, the basis is 

laid for progressing through the entire software testing 

process, from test case creation to defect management. In 

particular, the ability to cross-reference the software test-

ing artifacts and efficiently access them through the 

GIFTED index, as we have described in this paper, will 

greatly improve the software testing process and ultimate-

ly the quality of the software produced. 

Furthermore, we believe that these concepts are 

generalizable. While our work involves software testing, 

the concepts are also applicable to testing hardware or 

physical objects of any type. 

Limitations and Future Research 

In this research, we have focused on eleven types 

of data that play a critical role in the software testing en-

vironment. While we believe these to be inclusive of all 

of the major types of such data, it is possible that others 

may disagree and want to include other data types. In-

deed, some may argue with one or more of the data types 

that we did include. Furthermore, such variation could be 

based on the way that a particular software development 

environment is organized. Along these lines, future re-

search could focus on the agile development environment 

and explore how the concepts elucidated in this paper do 

or do not have to be modified for use in agile develop-

ment. Additional future research could look into a per-

formance comparison of the three implementation possi-

bilities. However, it is important to note that the funda-

mental concepts described in this paper are an important 

advancement without a concern for a performance com-

parison. 

CONCLUSIONS 

In this paper, we identified eleven data types in 

the software testing environment, presented a conceptual 

framework for developing data design and management 

techniques in the software testing environment, and pre-

sented GIFTED, a new data storage, cross-referencing, 

and indexing system, with three possible implementa-

tions, in which to store and access the eleven kinds of data 

we identify in the software testing environment. 

All too often, insufficient resources are allocated 

to software testing in comparison to other aspects of soft-

ware development. When it is practiced, it is often done 

so in an ad hoc and disorganized manner. The concepts 

we have presented in this paper, the identification, organi-

zation, cross-referencing, and indexing, of the software 

testing artifacts, will greatly improve the efficiency and 

effectiveness of the software testing process and substan-

tially improve the quality of the software produced. 



GLOBAL INDEX FOR TEST AND EVALUATION DATA (GIFTED): AN IMPLEMENTATION APPROACH 

[RESEARCH NOTE] 

  

 

 

Journal of Information Technology Management Volume XXXI, Number 2, 2020 

 

32 

REFERENCES 

[1] Bahill, A. T. and Madni, A. M. “Discovering System 

Requirements,” Tradeoff Decisions in System Design, 

Springer, Cham, 2017, pp. 373-457. 

[2] Bauer, J. A. and Finger, A. B. “Test Plan Generation 

Using Formal Grammars,” Proceedings of the 4th In-

ternational Conference on Software Engineering, 

Munich, Germany, 1979, pp. 425-432. 

[3] Boehm, B. W. and Papaccio, P. N. “Understanding 

and Controlling Software Costs,” IEEE Transactions 

on Software Engineering, Volume 14, Number 10, 

1988, pp. 1462-1477. 

[4] Bourque, P., Dupuis, R., Abran, A., Moore, J. W., 

and Tripp, L. “The Guide to the Software Engineer-

ing Body of Knowledge,” IEEE Software, Volume 

16, Number 6, 1999, pp. 35-44. 

[5] Corbellini, A., Mateos, C., Zunino, A., Godoy, D., 

and Schiaffino, S. “Persisting Big-Data: The NoSQL 

Landscape,” Information Systems, Volume 63, 2017, 

pp. 1-23. 

[6] Craig, R. D. and Jaskiel, S. P. Systematic Software 

Testing, Artech House Publishers, Norwood, MA, 

USA, 2002. 

[7] Felderer, M. and Ramler, R. “Integrating Risk-Based 

Testing in Industrial Test Processes,” Software Quali-

ty Journal, Volume 22, Number 3, 2014, pp. 543-

575. 

[8] Hangal, S. and Lam, M. S. “Tracking Down Software 

Bugs Using Automatic Anomaly Detection,” Pro-

ceedings of the 24th International Conference on 

Software Engineering, Orlando, FL, USA, 2002, pp. 

291-301. 

[9] Harrold, M. J. “Testing: A Roadmap,” Proceedings 

of the Conference on the Future of Software Engi-

neering, ACM, 2000, pp. 61-72. 

[10] Hass, A. M. Guide to Advanced Software Testing 

(2nd Edition), Artech House Publishers, Norwood, 

MA, USA, 2014. 

[11] IEEE Standard for Software and System Test Docu-

mentation, IEEE Std. 829-2008, 2008, pp. 1-118. 

[12] ISO/IEC/IEEE International Standard, Soft-ware 

Testing, 2013. 

[13] Jorgensen, P. C. Software Testing: A Craftsman’s 

Approach (4th Edition), Auerbach Publications, Boca 

Raton, FL, USA, 2013. 

[14] Juristo, N., Moreno, A. M., and Strigel, W. “Guest 

Editors’ Introduction: Software Testing Practices in 

Industry,” IEEE Software, Volume 23, Number 4, 

2006, pp. 19-21. 

[15] Kassab, M., DeFranco, J. F., and Laplante, P. A. 

“Software Testing: The State of the Practice,” IEEE 

Software, Volume 34, Number 5, 2017, pp. 46-52. 

[16] Mathur, A. P. Foundations of Software Testing (2nd 

Edition), Addison-Wesley Professional, Boston, MA, 

USA, 2013. 

[17] McConnell, S. “Daily Build and Smoke Test,” IEEE 

Software, Volume 13, Number 4, 1996, pp. 144-143. 

[18] Medhi, S. and Baruah, H. K. “Relational Database 

and Graph Database: A Comparative Analysis,” 

Journal of Process Management - New Technologies, 

International, Volume 5, Number 2, 2017, pp. 1-9. 

[19] Myers, G. J., Sandler, C., and Badgett, T. The Art of 

Software Testing, John Wiley & Sons, Hoboken, NJ, 

USA, 2011. 

[20] Neo4j, Inc. “5.1. Indexes,” 

https://neo4j.com/docs/cypher-

manual/current/schema/index/, July 2019. 

[21] Neo4j, Inc. “Cypher Basics I,” 

https://neo4j.com/developer/cypher-query-language/, 

July 2019. 

[22] Roy-Hubara, N., Rokach, L., Shapira, B., and Shoval, 

P. “Modeling Graph Database Schema,” IT Profes-

sional, Volume 19, Number 6, 2017, pp. 34-43. 

[23] Sharma, M. and Vishwakarma, R. G. “Quality Evalu-

ation of Object Oriented Visual Models in Unified 

Software Development Process,” International Jour-

nal of Computer Applications, Volume 46, Number 

13, 2012, pp. 18-24. 

[24] Strandberg, P. E., Enoiu, E. P., Afzal, W., Sundmark, 

D., and Feldt, R. “Information Flow in Software 

Testing–An Interview Study with Embedded Soft-

ware Engineering Practitioners,” IEEE Access, vol-

ume 7, 2019, pp. 46434-46453. 

[25] Yenigun, H., Yevtushenko, N., and Cavalli, A. R. 

“Guest Editorial: Special Issue on Testing Software 

and Systems,” Software Quality Journal, Volume 27, 

Number 2, 2019, pp. 497-499. 

https://neo4j.com/docs/cypher-manual/current/schema/index/
https://neo4j.com/docs/cypher-manual/current/schema/index/
https://neo4j.com/developer/cypher-query-language/


GLOBAL INDEX FOR TEST AND EVALUATION DATA (GIFTED): AN IMPLEMENTATION APPROACH 

[RESEARCH NOTE] 

  

 

 

Journal of Information Technology Management Volume XXXI, Number 2, 2020 

 

33 

[26] Yusop, N. S. M., Grundy, J., Schneider, J. G., and 

Vasa, R. “Preliminary Evaluation of a Guided Usabil-

ity Defect Report Form,” Proceedings of the 25th 

Australasian Software Engineering Conference 

(ASWEC), IEEE, 2018, pp. 81-90. 

[27] Zhang, X.-Y., Zheng, Z., and Cai, K.-Y. “Exploring 

the Usefulness of Unlabelled Test Cases in Software 

Fault Localization,” Journal of Systems and Soft-

ware, Volume 136, 2018, pp. 278-290. 

AUTHOR BIOGRAPHIES 

Mark L. Gillenson is Professor of Business In-

formation and Technology in the Fogelman College of 

Business and Economics of the University of Memphis, 

USA. He received his Ph.D. degree in Computer and In-

formation Science from The Ohio State University. He is 

a senior editor of ACM’s The DATA BASE of Advances in 

Information Systems, associate editor of the Journal of 

Database Management and has published in such leading 

journals as MIS Quarterly, European Journal of Infor-

mation Systems, and Information & Management. His 

latest book is Fundamentals of Database Management 

Systems 2nd edition, 2012, John Wiley & Sons. 

 

Stephanie Totty is a Ph.D. candidate in Man-

agement Information Systems in the Fogelman College of 

Business and Economics at the University of Memphis in 

Memphis, TN. She received her B.S.B. in computer in-

formation systems and M.B.A. from Murray State Uni-

versity (2007, 2008) in Murray, KY. Her current research 

interests include security and software development 

teams. 

 

Qiunan Zhang is pursuing a Doctor of Liberal 

Studies (DLS) degree at the University of Memphis in 

Memphis, TN. He received his B.E. in Electronic Engi-

neering from Nanyang Institute of Technology in 2010, 

China, and his M.S. in Management Information Systems 

from the University of Memphis in 2013. His research 

interests include electronic commerce, online game plat-

forms, and software testing. His work has appeared in the 

Journal of Information Technology Education: Innova-

tions in Practice, Issues in Information Systems, and 

AMCIS. He serves as an ad-hoc reviewer for the Interna-

tional Journal of E-Business Research. 

 

Xihui Zhang is Professor of Computer Infor-

mation Systems in the College of Business at the Univer-

sity of North Alabama in Florence, AL. He received his 

B.S. and M.S. degrees in Earth Sciences from Nanjing 

University (1993, 1996), Nanjing, China, and his M.S. 

and Ph.D. degrees in Management Information Systems 

from the University of Memphis (2004, 2009), Memphis, 

TN. His work has appeared in journals, including the 

Journal of Strategic Information Systems, Information & 

Management, Journal of Database Management, and 

ACM Transactions on Software Engineering and Method-

ology, among others. 

 

Yao Shi is Assistant Professor of Management 

Information Systems in Congdon School of Supply Chain, 

Business Analytics, and Information Systems in Cameron 

School of Business at the University of North Carolina 

Wilmington. He received the Ph.D. degree in Business 

Administration with the concentration in Business Infor-

mation & Technology from the University of Memphis. 

His study has been published in Journal of Database 

Management, AMCIS, and ISSRE. He is a member of 

AIS.

 



GLOBAL INDEX FOR TEST AND EVALUATION DATA (GIFTED): AN IMPLEMENTATION APPROACH 

[RESEARCH NOTE] 

  

 

 

Journal of Information Technology Management Volume XXXI, Number 2, 2020 

 

34 

APPENDICES 

Appendix A: Tabular Schema and Sample Data for the Eleven Data Types 
 

D1 Test Plans 

PlanNum (N) PlanName (A) PlanWriter (A) PlanDate (D) PlanDesc (A) 

2173 AcctsRecTest05 Mary Adams 11/15/2018 Accts Rec Final Test 

2549 CustWebTest03 Fred Chen 1/20/2019 Cust Web Site Integrated Test 

2683 BenefitsTest04 Susan Perez 3/1/2019 Benefits System Test 

2905 AcctsPayTest08 Susan Perez 5/15/2019 Acct Pay UAT 

3255 CustWebTest07 Fred Chen 6/1/2019 Customer Web Site UAT      
D2 Requirements 

ReqNum (N) ReqName (A) ReqWriter (A) ReqDate (D) ReqDesc (A) 

14732 CustWebReq02 Rajiv Singh 8/21/2018 Sign on to web site 

14905 CustWebReq03 Rajiv Singh 8/21/2018 View products 

15642 CustWebReq04 Sarah Roberts 8/25/2018 Order products 

17110 CustWebReq05 Sarah Roberts 8/25/2018 Pay for products 

18425 BenefitsReq04 Sarah Roberts 1/10/2019 Pension 

21743 BenefitsReq05 Sarah Roberts 1/15/2019 Vacation 

22660 BenefitsReq06 Sarah Roberts 1/15/2019 Medical Insurance      
D3 Systems Analysis Documents 

SaDocNum 

(N) 

SaDocType (A) SaDocWriter 

(A) 

SaDocDate 

(D) 

SaDocDesc (A) 

10638 DataFlow John Adams 9/12/2019 Cust Purchase Data Flow 

11342 EntityRel Nicole Jones 9/15/2019 Cust Payment Entity Relationship 

12753 EntityRel Nicole Jones 2/5/2019 Pension Entity Relationship 

13747 DataFlow John Adams 2/11/2018 Pension Data Flow 

14734 EntityRel Justin Ball 2/14/2018 Vacation Entity Relationship 

15662 EntityRel Justin Ball 2/28/2018 Medical Ins Entity Relationship      
D4 Systems Design Documents 

SdDocNum 

(N) 

SdDocType (A) SdDocWriter 

(A) 

SdDocDate 

(D) 

SdDocDesc (A) 

37462 HiLevProg James White 10/15/2019 Customer Purchase Design 

37900 DetailProg Nancy Black 11/1/2019 Customer Purchase Module 01 

38462 DetailProg Nancy Black 11/12/2019 Customer Purchase Module 02 

38712 DataDesign Sethan Grover 11/3/2019 Customer Purchase Data 

39005 HiLevProg Jane Green 4/15/2019 Pension Design 

40278 DetailProg Wen Tang 5/1/2019 Pension Module 01 

41485 DetailProg Wen Tang 5/5/2019 Pension Module 02      
D5 Program Code 

CodeNum (N) CodeProgrmr (A) CodeLang (A) CodeDate (D) CodeSize (N) CodeDesc (A) 

27583 Jim Smith Java 1/24/2020 150 Customer Pur-

chase Code01 

29943 Jim Smith Java 1/30/2020 200 Customer Pur-

chase Code02 

31784 Jim Smith Java 2/5/2020 125 Customer Pur-

chase Code03 

31954 Sandra Jackson Java 1/16/2020 130 Customer Pur-
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chase Code04 

32969 Sandra Jackson Java 1/28/2020 180 Customer Pur-

chase Code05 

33724 Raj Jain Java 6/11/2019 210 Pension Code01 

34070 Raj Jain Java 6/15/2019 166 Pension Code02 

35238 Raj Jain Java 6/29/2019 182 Pension Code03 

36956 Raj Jain Java 7/6/2019 155 Pension Code04      
D6 Databases 

DbNum (N) DbName (A) DbDate (D) DbDbaName 

(A) 

DbDesc (A) 

3865 SalesDB 12/15/2019 Andrew Alt Sales Database 

3866 EmployeeDB 4/7/2019 Janet Clark Employee Database 

3894 CustomerDB 5/30/2019 Andrew Alt Customer Database 

3900 InventoryDB 3/11/2019 Andrew Alt Inventory Database 

3952 SupplierDB 1/25/2019 Andrew Alt Supplier Database      
D7 Test Cases 

TcNum (N) TcCreator (A) TcDate (D) TcMethod (A) TcDesc (A) 

58463 Cindy Miller 11/1/2019 From Reqs Cust Purch Normal Test 

58532 Cindy Miller 11/1/2019 From Reqs Cust Purch Negative Test 

58951 Cindy Miller 11/1/2019 From Reqs Cust Purch Boundary Test 

59324 Joe Silver 11/15/2019 Pairwise Cust Purch Pairwise Analysis 

59506 Joe Silver 11/15/2019 Pairwise Cust Purch Pairwise Analysis 

59942 Joe Silver 11/15/2019 Pairwise Cust Purch Pairwise Analysis 

60042 John Bradford 3/26/2018 From Reqs Pension Normal Test 

60188 John Bradford 3/26/2018 From Reqs Pension Negative Test 

60257 John Bradford 4/2/2018 Pairwise Pension Pairwise Analysis 

60389 John Bradford 4/2/2018 Pairwise Pension Pairwise Analysis      
D8 Regression Suites 

SuiteNum (N) SuiteName (A) SuiteSize (N) SuiteLastDate 

(D) 

SuiteDesc (A) 

6894 AcctsRec Suite 850 12/1/2019 AcctsRec Regression Suite 

6899 CustWeb Suite 1500 12/15/2019 CustWeb Regression Suite 

6913 Benefits Suite 700 6/22/2019 Benefits Regression Suite 

6947 AcctsPay Suite 1000 7/24/2019 AcctsPay Regression Suite      
D9 Defects 

DefectNum 

(N) 

DefectFoundBy (A) DefectDate (D) DefectDesc (A) 

47583 Bill Wallace 2/15/2020 Actual/Expected Did Not Match 

47632 Jane Randall 2/16/2020 Actual/Expected Did Not Match 

47783 Jane Randall 2/16/2020 Application Hung 

47790 Bill Wallace 2/18/2020 Application Crashed 

48372 Clark Jackson 2/18/2020 Actual/Expected Did Not Match 

48444 Alan Schwartz 2/18/2020 Application Hung 

49274 Alan Schwartz 5/10/2019 Application Hung 

49626 Audrey Smith 5/10/2019 Actual/Expected Did Not Match 

49701 Audrey Smith 5/10/2019 Actual/Expected Did Not Match 

50137 Audrey Smith 5/17/2019 Application Crashed 

51585 Jane Randall 5/17/2019 Application Crashed      
D10 Metrics 
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MetricNum 

(N) 

MetricType (A) MetricGenBy 

(A) 

MetricDate 

(D) 

MetricDesc (A) 

46847 Defect Spoilage Bill Wallace 11/25/2019 Defect Spoilage Cust Purchase 

46901 Defect Removal Effi-

ciency 

Bill Wallace 11/25/2019 Defect Removal Cust Purchase 

47382 Defect Removal Effi-

ciency 

Bill Wallace 12/14/2019 Defect Removal CustWeb 

47422 Defect Density Jane Randall 12/25/2019 Defect Density AcctRec 

47854 Defect Density Audrey Smith 4/12/2020 Defect Density Pension 

47920 Defect Spoilage Audrey Smith 4/12/2020 Defect Spoilage Pension 

47965 Defects/Lines of 

Code 

Audrey Smith 5/8/2020 Defect/Lines of Code Pension 

48004 Defect Density Bill Wallace 5/8/2020 Defect Density Accts/Pay 

48631 Defects/Lines of 

Code 

Bill Wallace 5/11/2020 Defects/Lines Code Accts/Pay 

     
D11 Reports to Management 

ReportNum 

(N) 

ReportName (A) ReportWriter 

(A) 

ReportDate 

(D) 

ReportDesc (A) 

15372 AcctsRec Report Theresa Zack 12/31/2019 AcctsRec Final Report 

16005 CustWeb Report Andrew Milton 12/31/2019 CustWeb Intermediate Report 

17284 Benefits Report Alice Date 3/1/2020 Benefits Intermediate Report 

17745 AcctsPay Report John Carter 3/1/2020 AcctsPay Preliminary Report 

17802 CustWeb Report Theresa Zack 4/15/2020 CustWeb Final Report 

 

Appendix B: Samples of One-to-Many Cross-Referenced Data in Appendix A 
 

Appendix B1: Requirements and Systems Analysis Artifacts 
 

D2 Requirements 

14732 CustWebReq02 Rajiv Singh 8/21/2018 Sign on to web site D3 11342 

14905 CustWebReq03 Rajiv Singh 8/21/2018 View products D3 11342 

15642 CustWebReq04 Sarah Roberts 8/25/2018 Order products D3 11342 

17110 CustWebReq05 Sarah Roberts 8/25/2018 Pay for products D3 11342 

18425 BenefitsReq04 Sarah Roberts 1/10/2019 Pension D3 12753 

21743 BenefitsReq05 Sarah Roberts 1/15/2019 Vacation D3 14734 

22660 BenefitsReq06 Sarah Roberts 1/15/2019 Medical Insurance D3 15662 

 

Appendix B2: Program Code and Systems Design Artifacts 

 

D5 Program Code 

27583 Jim Smith Java 1/24/2020 150 Customer Purchase Code01 D4 37900 

29943 Jim Smith Java 1/30/2020 200 Customer Purchase Code02 D4 37900 

31784 Jim Smith Java 2/5/2020 125 Customer Purchase Code03 D4 37900 

31954 Sandra Jackson Java 1/16/2020 130 Customer Purchase Code04 D4 38462 

32969 Sandra Jackson Java 1/28/2020 180 Customer Purchase Code05 D4 38462 

33724 Raj Jain Java 6/11/2019 210 Pension Code01 D4 40278 

34070 Raj Jain Java 6/15/2019 166 Pension Code02 D4 40278 

35238 Raj Jain Java 6/29/2019 182 Pension Code03 D4 41485 

36956 Raj Jain Java 7/6/2019 155 Pension Code04 D4 41485 
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Appendix B3: Defects and Test Cases 

 

D9 Defects 

47583 Bill Wallace 2/15/2020 Actual/Expected Did Not Match D7 58463 

47632 Jane Randall 2/16/2020 Actual/Expected Did Not Match D7 58532 

47783 Jane Randall 2/16/2020 Application Hung D7 59324 

47790 Bill Wallace 2/18/2020 Application Crashed D7 59942 

48372 Clark Jackson 2/18/2020 Actual/Expected Did Not Match D7 58463 

48444 Alan Schwartz 2/18/2020 Application Hung D7 59942 

49274 Alan Schwartz 5/10/2019 Application Hung D7 60042 

49626 Audrey Smith 5/10/2019 Actual/Expected Did Not Match D7 60188 

49701 Audrey Smith 5/10/2019 Actual/Expected Did Not Match D7 60042 

50137 Audrey Smith 5/17/2019 Application Crashed D7 60188 

51585 Jane Randall 5/17/2019 Application Crashed D7 60389 

 

Appendix C: Entity-Relationship Diagram for the Relational Implementation 
 

 


