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Abstract

Data management tools are necessary for effective support of disciplined software processes that
make use of historical datafor planning and process improvement. This paper reports describes
two such tools and how they have been applied in an undergraduate software engineering
program and to support software process improvement initiatives in industry. One of the tools, an
open-source development project, has recently added new capabilities that may make it an
attractive choice for both educators and practitioners.

Introduction

Software engineering programs generally incorporate courses and other learning experiences that
are designed to provide breadth and depth of coverage across the discipline, addressing both
practice and process. Software engineering practice deals with what software engineers do, and
includes topics such as requirements analysis and specification, architecture and design,
verification, and implementation. Software engineering process is concerned with how software
engineers work, embracing subjects that include planning, team functioning, quality
management, continuous improvement, and integration of development teams, management, and
functional groupsin an organization.

A variety of capable and cost-effective tools have been available to support software engineering
practice, such as integrated devel opment environments, modeling tools, and testing frameworks.
Until recently, however, similar high-quality tool support for software engineering process
implementation has been lacking. This has been especially true for processes that include afocus
on process and product metrics, such as the Personal Software Process (PSP) and the Team
Software Process (TSP) developed by the Software Engineering Institute (SEI) at Carnegie
Mellon University. Reliable and complete measurement data s critical to effective planning and
process improvement, but data gathering and analysis that is burdensome and labor intensive will
simply not be done.

The SEI has developed several tools to support the PSP and TSP, but the availability of these
tools has often been limited to the SEI’s commercia partners. Although some PSP tools are
available for academic use', the SEI’ s definition of “academic” generally excludes industry
training, use in on-line courses or off-campus programs, or with students not enrolled in a degree
program. For this reason, some educators who serve multiple constituencies have been reluctant
to adopt these tools.

A number of other educators and researchers have surveyed available process data management
support tools, or have proposed alternative methods of gathering and analyzing process
data™®'®?? often with the goal of making data gathering completely invisible to the individual
software developer. These surveys generally fail to identify a satisfactory tool, while the
automated methods seem to encourage the use of datathat is easy to gather.
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This paper focuses on the design and application of two data management tools that support
software project planning and tracking, based on defined measurement frameworks. One of these
tools, named LEIA (Laboratory Engineering Information Archive) was developed by
undergraduate software engineering students at the Milwaukee School of Engineering (M SOE),
and is used to manage team projects in MSOE'’ s Software Development Laboratory. The second
such tool is the open-source Process Dashboard (processdash.sourceforge.net) devel oped by
David Tuma and his colleagues, Recently, this latter tool has been extended to better support
development teams and customized process definitions. As aresult, the Process Dashboard may
well become a de facto standard for software process data management support.

Metrics, Process Design, and Support Tool Functionality

In designing or applying data management tools to a chosen software process, one of the first
stepsis to choose appropriate product and process measures. Watts Humphrey and his SEI
colleagues, while defining the PSP and TSP processes, devel oped a set of four base measures,
from which many derived measures can be calculated (Table 1).

Base Measures

Derived Measures

Product size (e.g., LOC)
e Per part or component
e Plan and actual
Effort (time in minutes or hours)
e Per part, per process phase
e Plan and actual
Quiality (number/type of defects)
e Injected/removed phase
e  Find-and-fix time
e Planand actua
Schedul e (task/phase completion date)

Productivity

Yield

Total defect density
Test defect density
Planned value (PV)
Earned value (EV)
Test time percentage
Review rate (e.g., LOC/hour)
Defect removal rate
Tota product size
Size estimating error
(etc)

e Plan and actual

Table 1 PSP/TSP Measurement Framework

While not completely original or unique, this measurement framework neatly describes a small
and consistent data set from which a great deal of useful information can be extracted. The data
thus gathered is most useful in the context of a defined process®° that identifies the specific
steps (e.g., design, design review, coding, peer inspection) that are to be followed in devel oping
aproduct. With a stable process, historical data can be used to plan and track future projects.

LEIA: Laboratory Engineering Information Archive

The LEIA (Laboratory Engineering Information Archive) process support tool has been
developed by a series of student teamsin MSOE'’ s Software Development Laboratory.® LEIA is
aweb-based application build on the Apache web server, the Tomcat servlet container, and the
Struts application framework. Persistent storage is provided by a PostgreSQL database server.
Coding isdonein Java, JavaScript, and CSS (Cascading Style Sheets).

While various commercially available products such as Microsoft Project can be used for task
and schedule planning and management, such generalized tools typically offer no support for
software quality management. By contrast, LEIA provides time and defect logging, task and
schedule planning, and reporting of plan and quality metrics. Projects are subdivided into
development cycles of configurable length. The work breakdown structure (WBS) model defines
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anumber of componentsto be delivered in a particular cycle. Each component has a set of tasks
that are required to complete it, as shown in Figure 1.

Task Time Page
Producing the task time page through deployment for LEIA
Base LOC: 0 LOC
Py Start End

Task Name Description Phase Week Week

o Group code review of task time "
Code Review pagep Code Review 6 6
Coding Coding of Task Time Page Coding 5 5

; Compile components of Task Time .

Compile Page via Ant Compile 6 6
Deploy Task Team members deploy the build of
Time Page LEIA to Garnet. Launch 7 7
DLD Review ?ﬁ;gegagzta\\ed level design of TaskDLD Haiew 5 5

. Review the high level design that 2 _
HLD Review was left by the past team. Team Meetings 1 1
Prototyping Task prototyping task time page as an : _
Time Page introduction to struts coding baatavaiy z =

: Test the task time page using the :
Testing test plan Integration Test 7 7
Creation of test plan for testing the : _

Test Plan e Unit Test 1 1

Figure 1. LEIA Task Breakdown for Component “Task Time Page”

Each LEIA task can be assigned to one or more students, with time estimates (in minutes) for
each assigned team member, as shown in Figure 2. Each task is then assigned a starting and
ending week, relative to the current development cycle; this permits the system to generate a
workload summary by week and team member, to facilitate load balancing within the team and
across the cycle. The development schedule can take into account external dependencies; in
Figure 2, for example, weeks 3 and 4 correspond to a holiday break period when no work is
planned (though some may actually be done).

Q - ; R - P -5 03

—— EEe =9 Planned Time
:‘I'.Lll!nc’r:l‘euﬁlln == Leia 1 2006-2007 Cycle 23 [ 2006-12-11 to 2007-01-28] Week o

S i 2 345 & 7

e . W Ve 120 180 0 0 180 120 90
Y i pege e 120 180 0 0 180 120 90
Tk i v = 120 180 0 0 180 120 90
Tes e o = 120 180 0 0 180 120 90
Tk Time fage 0D S N T T e 4 120 180 0 0 180 120 90

s e HO A : - T T Totals 600 900 0 0 900 600 450
Pratokyping Task Time

Page

Taisk Time Page - : - - = Save

Tasting

LT;.: Time Page - Test

Figure 2. LEIA Schedule Plan

LEIA supports tracking of team and individual progress, as shown in the effort report of Figure
3. Thetime values reflect only “task time”, not total time spent on the project; new teams (like
this one) are often too optimistic in their initial planning. This snapshot was taken in the middle
of week 6, so data for that week is not complete.
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Weeak 1 Week 2 Week 2 Week 4 Week 5 Week & Week 7 Totals
Person Plan Actual Plan Actual Plan Actual Plan Actual Plan Actual Plan Actual Plan Actual Plan Actual
195 40 110 | 215 0 0 ] 0 180 154 180 0 150 0 815 409
195 2% 260 239 8] (8] o] 0 180 (515 225 0 185 0 1045 328
170 44 110 195 0 0 0 0 210 101 180 94 150 0 820 434
185 35: 260 155 a i} o] o] 180 58 225 0 125 0] Qg5 248
Total 755 140 740 804 0 0 8] 8] 750 381 810 i 610 i} 3665 1419
Earned Value 18.96 | D.00 [21:83)|37.79 [0:00 | 0.00 |D.08 | 0.00 [REO46|33.29 2240 6.55 |[I5.64 | 0.00
Cumulative Earned Value 18.96 0.00 40.79 37.79 40.79 37.79 40.79 37.79 61.25 71.08 83.36 77.63 100.00 77.63

Another way to visualize team progress is with a LEIA earned-value plot, as shown in Figure 4.
Astasks are completed, the team earns their planned value; the plot shows the expected and
actual progress toward project completion. When the “earned” line is above the “planned” line, it
means that the team is ahead of schedule. The cumulative earned value is updated daily, while
the planned value is based on the schedule granularity, which is one week.

Figure 3. LEIA Effort Report (time in minutes)

Planned and Earned Value

a0

n ..
s l =
§

1 2345 8T YO NRIIMISEITIEINND !3}3.‘l25.‘6.’.‘:I:.5N3'.E:E]]i]i]i3'3339l:4|:!l3lll5l-}l.‘4!4!i
Days

i 1 1 4 5

Figure 4. LEIA Earned Value Plot

The availability of up-to-date tracking data helps the team to know when they arein trouble, and
to take corrective action such asincreasing task time or replanning project work.

Process Dashboard

As an open-source project, the Process Dashboard has the potential to gain widespread use and
acceptance. The availability of source code has facilitated its customization, but limited
documentation and a difficult learning curve have been a hindrance. Some past intell ectual
property concerns have also cast a shadow, but recent architectural changes have made it easier
to separate out proprietary materials so that more general use and adoption is practical. Perhaps
significantly, the Process Dashboard seems to be an ideal candidate for adoption and
enhancement by software engineering educators and students.

The architecture of the Process Dashboard is very different from that of the LEIA tool described
above. It isa Java application, with basic parts of the user interface implemented in Java.
However, it is also aweb server, and many forms and reports are rendered in alocal browser. Its
networking capabilities also support links between individual and team data repositories.

The Process Dashboard’ s main application window is shown in Figure 1. This small “toolbar” is
intended to be unobtrusive on the desktop, and incorporates a running “ stopwatch” timer, alink

Proceedings of the 2007 American Society for Engineering Education Annual Conference & Exposition
Copyright © 2007, American Society for Engineering Education

G961 2T abed



to forms and reports, and a navigation mechanism for the work breakdown structure. The “C”
menu provides access to additional tools and dialogs.

& Process Dashboard

@ @ Project 5P-Course Cycled Planning L]

Figure 5. Process Dashboard Main Bar

When used by individual developers, the work breakdown structure is defined in a hierarchy
editor, as shown in Figure 6. The hierarchy items can be simple nodes or instances of previously
defined processes. Thefirst hierarchy in Figure 6 corresponds to a 10-week academic course
based on the PSP, while the second one represents a nested process definition used by one of
MSOEFE’ sindustry partners. In the latter case, the “modul€”’ process supports any number of
“components’; each component has a set of process phases, while additional phases are part of
the enclosing module. Data from the individual components is consolidated at the module level.

] Hierarchy Editor E|E|E| » Hierarchy Editor | LJ@IE'
File Edit File Edit
=u |EET =
i) LR i)
¢ [ Project & ? Project -~
¢ [ 5P-Course 9 [ Payrall Module
o= [ Cycle 1 [y Module Flanning
o [ Cyele 2 o [ GUl Component
[ Planning [ Planning
D Design D Tech Investigation
[ Design Review D Design
[ code [} Design Review
[} code Review [ Design Peer Review
[ compile [ code
[ Test [ Code Review
[y Postrartern [ Unit Test
o[ Cycle 3 [ Postmartam
o= C?'C'E 4 o [ Data Access Component
& [ Midterm Report D Module Yirap-LUp Planning
o= [ Cycle § !
o O Gycle [Ty code PeerInspection
o 3 Cyele 7 [ update sDD
& £ Final Repatt [ module Pastrontem
[ non Project % [3 non Project =
1 [} 4 [ ¥

Figure 6. Examples of Process Dashboard Work Breakdown Structure

The Process Dashboard defect logging dialog is shown in Figure 7. It incorporates its own timer
which can be used to automatically record the “find and fix” time for the current defect. The “fix
defect” capability provides correct time accounting when a new defect is injected while fixing an
existing one. With properly designed processes, defect injection and removal can be tracked
across subprocesses (e.g., from one component in a module to another), though this may not be
required in introductory software process courses.
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@ Defect Dialog X

Fix Defect
Logic - | e )
Injected Removed
|Design ‘ b HCude ‘ - |
Fix Time
232 Start Fizing
Description
Missing method in calculation class -~

1]

Figure 7. Process Dashboard Defect Log Dialog Box

The Process Dashboard is also capable of schedule planning and tracking, at the individual and
team level. Figure 8 shows a schedule “roll up” that consolidates individual schedule data from
individual team members. It supports tracking of task completion and earned value, and can
generate planned calendar task completion dates from supplied data on the number of available
task hours per week.

@ Task and Schedule Rollup |:||E| |g|
B FDT DiTime Flan Date Forecast Date Dep| %C | %5 EY

FrojectTask Time Assigned To

-

\ 136:55] 113.48] 67:53] S0:17] 7. 21807 313007 40%| 50%| 3.2%
158:42] 159.42) B350 BIEA[111% ST ERI 42%[ 40%| 47%
- 28B.05] 261:05 10556 104.40[18.2% 1807 211507 B2%| 37%[11.3%

143:30] 146:00] 17411 17411 1129/07 B2%| 117%| 6.4%
 142:40] 147:40] 106:23 10623 2207 3% 75%| B.3%
| 24B:45| 24B:45) 122:34] 122:34 a7 49%| 49%| 2.49%
| 1EB:00] 16600 8936 8908 22007 52%| 53%| 6%
- 19518 109518 8412] 8412 _ anaoing 2% 43%| 4.2%|
Add Schedule... | | Remove Schedule | | Move Schedule Up | | Mowve Schedule Down [ Merged View
Fram Ta FT CPT CPY Time CT EW
11/20/06 11/26/06 62:10 G2:10 2.6% f4:33 B4:33 2.4%)| -
11127106 12i3/06 104:20 166:30 9.5% 4882 163:25 6.3%
1214006 121 0/06 118:00 2845:30 18.9% 126:46 290:11 17.9%| =
1211706 1217706 119:00 404:30 26.4% 107:M 39712 25.6%
121806 12/24/06 5836 49306 31.3% 75:39 472:51 32.6%
12125006 12i31/06 37.03 530:09 5% 3212 505:03 36.4%
11007 TTI0T B8:37 G18:46 42.5% 4628 A01:31 43.8%

amr 11407 119:36 73g22 49.2% 190:04 791:35 50.5%
11smy 12107 4812 83634 G6.7% 349 79524 50.5%

Collaborate IndnAdual Chart | Chart Report Close | Save

Figure 8. Process Dashboard Task and Schedule Dialog

The schedule data can aso be presented in graphical form, as shown in Figure 9. The “plan” and
“actual” linesillustrate current performance. The forecast is generated using Monte Carlo
methods, and attempts to define the likely range of future performance based on to-date values of
actual task hours and productivity for completed tasks. The optimized forecast is made assuming
perfect workload balancing (all team members finish their assigned tasks at the same time).

Proceedings of the 2007 American Society for Engineering Education Annual Conference & Exposition
Copyright © 2007, American Society for Engineering Education

/'96v71 2T obed



@ EV Chart - Cycle3Test =13
Earned Yalue | Direct Hours r Combined [/Statis‘tics |

100 ——

a0 //.
B0 : //
80 /
L i
40 .

ao
20

10

0

30-Nov  15-Dee  30-Dec  14-Jan  29-Jan  13-Feb 28-Feb 15-Mar 30-Mar

|.F'Ian M Actual W Forecast Optimizedl

Figure 9. Process Dashboard Earned VValue Chart

Another powerful Process Dashboard tool isthe weekly report. This report, part of which is
shown in Figure 10, provides a capsule summary of individual and team progress to date, or for
any past week. Commonly, this datais displayed during team meetings, while individual team
members are reporting on their own work. It has proven very useful in detecting obstacles and
workload imbalances, so that they can be effectively dealt with by the team. For example, one
team adopted a policy that a variance in earned value greater than 10% would be actively
addressed before the end of the team meeting.

T

Weekly Tasks -

For the week ending: 12/10/06 Previows New

Summary Information Subschedules
| Direct Hours | Earned Value E; ‘ﬂ
|Plan !Actual!Actual-‘Plan |Plan !Actual}Acrual-‘Plan /_

This Week [119:00|126:46) 107 | 9.5%115% 121

To Date [285:30 [290:11 102 [18.9%17.9%) 09s5| - N

\Average per Week To Date | | 9510 96:44| 102 | 63%597% oos|[

(Completed tasks ta date (139) 255:57/255:32 10 '3

In-progress tasks (7) 1633 3419 207 \

Figure 10. Process Dashboard Weekly Status Summary (partial)

Recently, enhanced team support has been added to the Process Dashboard. This capability
supports a team launch process similar to that specified in the TSP, using planning mechanisms
like those shown in Figure 11. It provides two-way transfer of work breakdown structure and
process data between the team and team member instances of the Process Dashboard program.
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£ Team Project 3 - Work Breakdown Structure

File Edit Workflow Team

@ = ‘ﬁE‘ED m [ Size | Size Accounting | Time | Task Time | Task Details |

;; Team [ 55 | tt ad
[ Team Project 3 55 25 20 0]~
= sul 25 15 10 0
E Data Access 30 10 10| 10)_

Figure 11. Process Dashboard Team Work Breakdown Dialog

[«  [b]

Tool Application in Software Engineering Education

At MSOE, the LEIA data management tool has been used for several yearsin the Software
Development Laboratory, a year-long experience for al software engineering students. Student
teams work on ongoing, large-scale projects for real clients, using a process originally based on
the TSP. As LEIA’ s capabilities have grown, it has become more useful to the student teams.
The web interface and central database support collaboration within and across teams; this can be
important since an individual student may be a member of both a development team and a staff
team (e.g., the software engineering process group). It has also been common for software
engineering studentsto use LEIA for their senior design projects. Since these projects are often
multidisciplinary, students from other majors have also learned to use LEIA successfully.

For the last two years, the Process Dashboard has been used in SE-280, a sophomore course that
introduces software engineering process. M SOE faculty members have customized the process
templates and simplified reporting and assignment submission. Some of these changes have been
submitted for integration into the main Process Dashboard code base. While there is a significant
learning curve associated with the creation and customization of processes and tool functions, the
power and capabilities of the tool have proved to be very impressive. With the advent of new
team capabilities, the Process Dashboard may come to play a part in the Software Devel opment
Laboratory, integrating into the LEIA framework or perhaps even supplanting some of the latter
tool’ s functions.

Application to I ndustry Training

M SOE’ s Business Excellence Consortium (BEC) provides targeted training for industry partners
in avariety of areas, including software process improvement. Using concepts and techniques
from published books®"*%° on the PSP and TSP, and incorporating other process improvement
methods, these efforts assist software development organi zations that seek to improve
predictability and quality. The Process Dashboard has been very effective in supporting these
efforts, particularly in creating customized processes that integrate with existing organizational
standards and practices. To date, simple data export and consolidation has been employed to link
team member data to the overall team aggregate. Ongoing experimentation with and adaptation
of the new team support features is expected to provide a basis for even more effective use of the
Process Dashboard with industry teams.

Conclusion

Data gathering and analysis, in atimely manner and with an acceptably low level of effort, isa
key success factor in the application of disciplined software processes that rely on correct and
complete data. In the past, it was often necessary for individual software engineering educators
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and practitioners to develop their own tools. With the advent of highly functional and widely
available tools like the Process Dashboard, the opportunity may exist to place more emphasis on
common efforts and joint development.
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