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A Spreadsheet Application that Enables to Flexibly Change
Mappings in Requirement Traceability Matrix

Serin Jeong' - Seonah Lee™

ABSTRACT

Requirement traceability should be continuously maintained in software development and evolution. However, it is usually updated in
practice in the quality assurance phase. The gap between “is” and “should” exists due to the fact that developers must invest considerable
effort to update requirement traceability while being able to obtain only marginal benefit from the updated traceability. To close this gap,
we propose a spreadsheet application that enables developers to flexibly change mappings in a requirement traceability matrix. In this way,
developers can reduce their effort in updating the requirement traceability matrix, but still obtain the common form of a requirement
traceability matrix on a spreadsheet. The proposed application maintains the mappings between two artifacts on each sheet so that,
whenever an artifact item changes, developers can instantly insert the relevant mapping changes. Then, when developers desire the
common form of a requirement traceability matrix, the proposed application calculates the mappings among several artifacts and creates the
matrix. The application also checks traceability errors and calculates the metrics so that developers can understand the completeness of the
matrix. To understand the applicability of the proposed approach, we conducted a case study, which shows that the proposed application

can be applied to the real project and easily incorporate the mapping changes.
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Table 1. A Typical Requirement Traceability Matrix [2]
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(1) A4[create]: MZ& SFAFS A gttt

(2) AlZsHrefine]: shvhe] &7 d=9] ofn|E FA A
F7HA QL 27 o 2 AdA) Bt

(3) ®&decomposel: 3Fte] &7 AMES o] QAN
oz T

(4) &3Hmergel: 8 &7 AFES st & A

glo g
ikl
(5) tiAl[Replacement]: 3l+e] &7 &S HA 8t &

L AMgo R Hhrth
(6) 2Hl[delete]: 71 @7AFES AHAl g},
(7) B]&A sHInactivate]: &7AMSS WA 3] g}

s 174 B =
BEE AbEs @M 2T 5 dva 2y o2 Al
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Table 2. Mapping Changes According to Item Changes

Ex
X Y

Item of X

Change of Mapping

Add X | Maintain Y | Mapping with existing item
Add X Add Y

create -
Create new item

Maintain X | Maintain Y | Maintain existing item
refine Add X-C1 | Maintain Y | Mapping with existing item
Add X-C2| Add Y

Create new item

Delete X | Delete Y
decompose | Add X-C1 | Maintain Y | Mapping with existing item
Add X-C2| Add Y Create new item

Remove existing item

Delete X1 | Maintain Y | Maintain existing item

Delete X2 | Delete Y | Remove existing item
merge
& Add X | Maintain Y | Mapping with existing item
Add X Add Y Create new item
Delete X | Maintain Y | Maintain existing item
Delete X | Delete Y | Remove existing item
Replacement — . .
Add X1 | Maintain Y | Maintain existing item
Add X1 Add Y Create new item
Delete X | Maintain Y | Maintain existing item
delete

Delete X | Delete Y | Remove existing item

Inactivate |Maintain X| None Y | None mapping
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Fig. 1. The Steps to Automatically Create the Final RTM
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M8 fe
A B C D E F G H 1 -

1 [Base Order | SheetName| S | D | Mark] | Artifact | # of Item | Base Artifact

2 RE R-D RE DE RE 8 IM

3 DE D-l DE IM |+ Input DE 14 DE

4 IM Rl RE M IM 19 RE

5

Map | RE | DE | IM | RD | R1 | D11 | RTM @
1 *

MapSheet  ArtifactSheetiN] MappingSheet[M]

(a) Example of MapSheet

023 g E ¥

A B c =

1 D ‘ Use case ‘ Description

2 uct Programmer action monitoring  During the developer's work, he monitors the developer's beha

3 ucz2 Create code list Automatically generates developer task-related code list for de

7 | UC4-C2 Jump to Code Location Double-click on a class or method visualized in the class diagr:

8 | UC4-C3 View files Not only Java source files, but also other kinds of files such as x| -
e | miﬁ;g-_\"]m |RD [ RI| D1 | RIM | @ El »

(b) Example of ArtifactSheet

Mag B fe v

A B C D E F G H 1 ] K|~

RE M |
uct 1015 |
uct 1011 |
|

\

uc4-c2 1009
uc4-c3 011
‘MapiREiDE‘\MiR—D‘?—|D4‘RTMi ® 41 v

o i | R S

(c) Example of MappingSheet
Fig. 2. Data Input
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Input:
- MapSheet: A Sheet contain the all artifact
relationship
: Col[1] lists N airifact names in the expected output
order of the final RTM
1 Col[2,3,4] lists the name of the MappingSheet[M] and
the names of the two aritifacts contained in that sheet
- ArtifactSheet[N]: The sheets of number of N that
named by each artifact name
1 Col[1,2] lists the ID and name of the item in the
artifact
Output:
- MapSheet(Col[9]): The order of the products to be
calculated first in the final RTM
Variable:
- artifactSet: The set of artifact name
- artifactArray[N]: A class object list having an
artifact name and a number of items included in the
artifact as members
Algorithm (Decide_Base)
Begin
For (i =2; i< M; i++)
artifactSet.add(MapSheet(3:1))
artifactSet.add(MapSheet(4:1))
End For
print artifactSet to MapSheet(7:)
For (i =2; i < N; i++)
numOfItems = getNumOfItems(ArtifactSheet
(MapSheet(7:1)))
print numOfItems to MapSheet(8:1)
artifactArray.add(MapSheet(7:i), MapSheet(8:1))
End For
Sort_Descending(artifactArray)
For (i =0; i < N; i++)
print artifactArray.name(i) to Map(9:i)
End For
End

Fig. 3. An Algorithm for Deciding the Order of Sheets
to be Read (Step #1)
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Input:
- MapSheet: A Sheet contain the all artifact
relationship
Col[1] lists N airifact names in the expected output
order of the final RTM
Col[2,3,4] lists the name of the MappingSheet[M] and
the names of the two aritifacts contained in that sheet
- ArtifactSheet[N]: The Sheets of number of N that
named by each artifact name
1 Col[1,2] lists the ID and name of the item in the
artifact
- MappingSheet[M]: The sheets of number of M that named
by mapping-relationship name
: Col [1,2] lists the item IDs of the two aritifacts
contained in the mapping relationship
Output:
- RTMSheet: A sheet that create the final RTM by
arranging each mapping relationship
Variable :
- baseNum: Specify the line number of Col [1] in
MapSheet
- artifactArray[N]: A class object list having an
artifact name and a number of items included in the
artifact as members
Algorithm (Create_RTM)
Begin
int baseNum = 2
# Create an RTM title
For (i =1; i< (N-1)* 2; i++)
If (i Mod 2 == 9)
print “Description” to RTMSheet(i:1)
Else
print MapSheet(1l:baseNum) to RTMSheet(i:1)

baseNum = baseNum + 1
End If
End For
# Create RTM
For (i =1; i < N; i +4)
Copy_ID(artifactArray(i).name, i)

End For
Copy_Description()
End

Fig. 4. An Algorithm for Creating the Final RTM (Step #2)
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Input:

- RTMSheet: A sheet that create the final RTM by
arranging each mapping relationship

Output:

- Marking mapping relationships with missing
traceability links in RTMSheet in red

Variable

- RTMLength: The maximum length of a row in RTMSheet
- imColNum: Save the column number in the RTMSheet
where Col [:1] is IM
Algorithm (Check_Error)
Begin
RTMLength = @
For (i =1; 1< (N - 1) * 2; i++)
If (RTMLength < numOfItems(RTMSheet(i:))
RTMLength = numOfItems(RTMSheet(i:))
End If
End For
For (j =1; J < (N - 1) * 2; j++)
If (RTMSheet(j:1) == “IM”)

colNum = j
End If
For (i = 2; i < RTMLength; i++)
If (RTMSheet(i:j) == “”)& & (RTMSheet(colNum:i) !=
“na”)
color RTMSheet(i:j) in red
End If
End For
End For
End

Fig. 5. An Algorithm for Checking Errors (Step #3)
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Fig. 6. A Use Case Diagram of a Software Project
for Our Case Study
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R33 & 5
A B & D E F -
1 RE Description DE Description M Description
2 uct Programmer action monitoring o1 Monitor 1015 org.eclipse.mylyn.monitor.usage
3 uct Programmer action monitoring co1 Monitor 1011 navclus.userinterface.monitor.listeners
4 uc2 Create code list co2 History Transformer 1001 navclusrecommendation.clusterer
5 ucz2 Create code list co3 Collection Generator na
6 uc3 Maintain and manage code list Co4 Collection Accumulator na
i uc3 Maintain and manage code list o3 Collection Retriever na
8 ucs Maintain and manage code list C06 Index Optimizer na
9 uc3 Maintain and manage code list co7 Collection DB na £
| Map | RE | DE | IM | RD | DI | Rl | RTM @ <
(a) Initial Traceability Matrix
M40 - Se o
A 5 c D E F -
1 RE Description DE Description IM Description
2 uci Programmer action menitoring o1 Monitor 1015 org.eclipse.mylyn.monitor.usage
12 uc4 Code list recommendation c10 Cache na
13 uc4 Code list recommendation Ccl1 Notifier na
14 uc4 Code list recommendation c12 Filter na
22 uc4 Code list recommendation €13 Visualizer 1017 org.eclipse.zestlayouts
26 | UCA-C1 Navigation visualization 101 navclususerinterface.moniter.listeners
27 | UC4-C2 Jump fo Code Location 1009 navclususerinterface.classdiagram.listeners
28 | UC4-C3 View files 1011 navclususerinterface.monitor listeners -
| Map | RE | DE | M | RD | R1 | D4 « >
(b) Traceability matrix that reflects changes in requirements
546 - I v
A 8 c D E F =
1 RE Description DE Description M Description
2 uct Programmer action monitoring o1 Monitor 1015 org.eclipse.mylyn.monitor.usage
12| UC4 Code list recommendation 10 Cache na
13 uc4 Code list recommendation 11 Notifier na
14 uc4 Code list recommendation Cc12 Filter na
23 ucz Code list recommendation 02 History Transformer 1001-C1 navclusrecommendation.miner
24 ucz Code list recommendation C03 Collection Generator 1001-C1 navclusrecommendation.miner
5 ucz Code list recommendation 1001 navclusrecommendation.clusterer
26 | UCA-C1 Navigation visualization 1011 navclus.userinterface.monitor.listeners 3

| Map | RE | DE | M | RD | Rl | D1 | RTM

4 »

(c) Traceability matrix that reflects changes in design module

Fig. 7. Examples of Requirement Traceability Marix in Our Case Study
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