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Abstract

In order to transfer a new tool or technique to industry, project managers need some kind of an
evauation to determine if its benefits outweigh the costs. There are severd ways to evauate a new tool
or technique including cases sudies, pilot projects, or experiments. In this work, an experimentd
evauation is selected to objectively evduate a new, forma requirements specification notation, Stimulus
Response Requirements Specification (SRRS). The SRRS notation is designed for the specification of
large, oftware intensve sysems with complex data requirements. An overview of the experimenta
design, results, and the conclusions based on the experimental data are presented in this paper. The
results are very encouraging and indicate the SRRS notation is a cost effective way to develop
requirement specifications. The time to write, review, and correct the specification is reduced as are the
number of defects detected in a peer review process. There is, however, an increase in the training time
for the authors.

1. Introduction

The evaduation of requirements engineering techniques have been performed using case Sudies, pilot
projects, and experiments [Bri94, Crad4, Lar96, Por95, Por98]. Evauations are used to discover
strengths and weaknesses in a technique, determine the costs of applying a technique, or determine the
benefits of usng a technique. The evauations provide quditative and/or quantitative results that can be
used by project managers to decide if the technique is going to be gpplied on a particular project
[BeaQ1]. For new techniques developed in the academic world, such evduations are very important to
encourage trangferring the technique to industry.

The purpose of this experiment is to objectively evauate the costs and benefits of usng a forma
verson of a software requirements specification notation, SRRS [Coo01], in comparison to its semi-
forma verson. The cogts of introducing a forma notation include the cost of training employees in the
tools and in the forma notation. To measure the costs, the amount of time spent in classroom and on the
job training is recorded. The benefits include the availability of tools to asss the authorsin automaticaly
parsing, typechecking, and analyzing the specifications. The tool support is expected to reduce the time
to develop the specifications and improve their qudity. To measure the benefits, the amount of time used
to write, review and correct the specifications is recorded in addition to the number and type of defects
recorded in the peer review process.

The organization of this paper is as follows. An overview of the experimental designisin Section 2.
The experimenta results are summarized in Section 3. A complete description of the experimentd
design and results are in [Coo01]. Conclusions and future work arein Sections 4 and 5.



2. Experimental Design Overview

In this experiment, the treetment variable is the requirements specification notation used to write the
gpecification units. The control group uses a semi-forma verson of the SRRS notation and the
experimental group uses the formd verson. The experiment evauates the effort required (training time,
writing time, reviewing time, correcting time) and the qudity (tota number and category of the defects
found) in developing a set of specification units.

The subjects for both the control and the experimenta groups are undergraduate computer science
and computer engineering students. There are three subjects for each group. The subjects are hired
based on their qudifications for the task including a background in software engineering and their
communication skills. The subjects are not randomly sdlected.

The overdl sructure of the experimental design is based on the work done by [Por95]. The
experiment begins with a forma (classroom) training sesson for the subjects. As part of the forma
training, a hands-on practice exercise is given to the subjects to complete. When the formd training is
done, the subjects begin work on the experimental exercise.

The formd training for both the control and the experimenta groups is structured as a set of four
modules that are presented in a lecture format. Module one provides a brief introduction to the project,
reviews the waterfal and spird software development lifecycle models, and describes the characterigtics
of a“good” requirement. Module two coversthe initid phases of the software development lifecycle. It
claifies the diginction between a sysem levd specification (SLS) and a software requirements
specification (SRS), describes the process to develop a SRS, and reviews traceahility. Module three
introduces the requirements specification notation used by the group and describes the six step process
used to describe the functiond requirements in an SRSModule four reviews the requirements to system
level teding interface and emphasizes the impact the qudity of an SRS has on the development of
system level test cases. The four modules are compaosed of approximately 100 presentation dides.

The experiment uses a Sx step process for writing a specification unit. The inputs for thefirst sepin
the process are the SLS, the title of the specification unit to be developed, and a list of requirement
object identifiers (ROIDs) that are alocated to the title. The first step in the process is to ensure that
each of the alocated ROIDs should be dlocated and to determine if any ROIDs are missng from the
dlocation. After the ROIDs are checked, the author drafts an outline of the specification unit in step
two. The section headers are entered and each section is outlined in point form. In the third step, the
author completes the verson of the pecification unit by refining the outline and filling in the detalls of the
specification unit. In addition to completing the first version, a tracesbility report is generated to indicate
how the dlocated ROIDs have been addressed in the specification unit. The specification unit and the
traceability report are submitted for a peer review in step four. The author's peers review the
specification unit and record defects according to type, category, defect checklist identifier, and a brief
description. When the peer review is complete the specification unit, traceability report, and the defect
recording sheet(s) are returned to the author. The author corrects the specification unit and revises the
traceability report as necessary in gep five. The review cycle is complete in the experiment when the
gpecification unit has no defects detected or when the review cycle has occurred twice. The fina verson
is submitted in the last step of the process.

A package of support materids is provided at the beginning of the formd training sesson to each
subject. The package congsts of the presentation dides for the four module training course, samples of
the forms used to collect data, the checklist used o assst data collection, and a hands-on practive



exercise. The experimentd group is aso provided with a copy of the SRRS user manual and the tutoria
[Co099].

Two forms are used to assigt in the collection of the experimentd data: time and defect recording
sheets. Time recording sheets are used to record the subject name, date, specification unit identifier,
gpecification verson number, and the amount of time spent on an activity. The possible activities are:
formd training; informd training; writing version one of a specification unit; reviewing a specification unit;
revisng a verson of a specification unit; and “other”. Defect recording data sheets are used to record
the subject name, date, specification unit identifier, specification verson number, and the defects
detected. The defects are reported with an identification number, type of error, category of error,
checkligt identifier, and a textual description. A checklist of different defects is provided to asss the
reviewer (Refer to [Coo01] for samples of the data collection forms and the defect checklist).

The experimentd exercise uses a SLS derived from arequest for proposd for an integrated ontline
library system [Cor87]. The SLS conssts of 652 requirement objects. From this SLS, 52 specification
units are identified and 432 software requirements are alocated to them. 18 of the specification units are
randomly selected and written by both the control and the experimenta groups.

3. Experimental Results

The experimenta results including defect rates, training time, and the time to write, review, and
correct the specification units are summarized in this section. Group 1 in the results refers to the control
group usng the semi- forma verson of the requirements specification notation. Group 2 refers to the
experimenta group using the forma notation.

The experimenta results for the defect rates are summarized in Table 1. The results show a
reduction in the syntax, type, and the analyss defects detected for Group 2. The % difference between
the Group 1 and Group 2 for the total number of defects detected per dlocated ROID shows an 81%
reduction in detected defects.

Table 1. Summary of Defects Recor ded

Number of syntax| Number of type Number of Number of total
defects per ROID | defectsper ROID | analysisdefects |defects per ROID
per ROID
Group 1 0.99 0.74 0.88 2.61
Group 2 0.09 0.01 0.39 0.49
% Difference  |190.91 -98.65 -55.68 -81.23

The training time is a metric of interest for individuals consdering the use of the forma notation in
comparison to its semi-forma notation. In this experiment, the formd training time includes the time the
subjects are in the lecture style format plus the amount of time they spend on the hands-on practice
exercise. In addition, the amount of time it takes the subjectsin the experimental group to work through
the tutorid for the SRRStool is consdered asformd training. The formal training time is recorded as the
number of minutes of forma training per author. The informa training includes the time the subjects use
to review their training materid or ask questions about the notation as they write the specification units.
The informa training is recorded with respect to the number of alocated ROIDs, because the informal
training continues as the subjects write their specifications. The totd training time recorded is the sum of
the forma training time and the informa training time per author. The experimentd results for training



time are summarized in Table 2. They show an increase in both the formd and informd training time for
Group 2. The % difference between Group 1 and Group 2 is a 186% increase in totd training time.
Table 2. Summary of Training Time

Formal Training Time | Informal Training Time | Total Training Time
Minutes/author minutesROID minutes/author
Group 1 420.00 0.32 448.33
Group 2 835.00 5.02 1285.00
0% Difference 08.81 1468.75 186.62

The effort is a metric of interest for individuds consdering the use of the forma notation in
comparison to its semi-forma notation. The effort to write and put the specification units through a peer
review is summarized in Table 3. The experimentd results show a decrease in the amount of time to
write and review requirements for Group 2. The % difference between Group 1 and Group 2 for the

total amount of time to write and review requirementsis a reduction of 39%.

Table 3. Summary of Writing and Reviewing

Time

Averagetimeto write
per ROID in minutes

Averagetimeto review and
correct per ROID in

Averagetotal time per
ROID in minutes

minutes
Group 1 17.58 15.28 32.86
Group 2 10.58 0.42 20.00
06 Difference  -39.82 -38.35 -39.14

4. Conclusions

The formd and informd training time both increased as expected for the Group using the formd
notation in comparison to the group using the semi-formal notation. The additiond burden of working
through a tutorid, learning how the tool support works, and understanding the organization of the user
manua al contribute to this incresse.

The large increase in the informd training time is an interesting result. An explanation for this large
increase is the additiona complexity of having a concrete syntax and the tool support for the notation.
Since the syntax must be conformed to and the vaidation checks dl passed, the authors of the
requirements may need to check the user manud, training materid, and the tutoria documents more
frequently as they work on the specifications.

With these experimenta results an estimate of the training time for a project can be made. Given the
notation proposed, number of authors, and number of alocated ROIDs to be written the following
cdculation can be usad to edimate the training time: training time=A * T + R * D, where A is the
number of authors, T is the training time per author for a given notation, R is the number of ROIDs and
D is the devdlopment time per ROID for a given notation. For example, if the forma notation is used,
the T is 835 minutes/author and D is 5.02 minutesROID.

The experimental results show a reduction in the number of defects detected in the peer review
process. The concrete syntax in addition to the tool support that enforces the syntax and provides
vaidation checks on the specification units dlow the author to check their specifications before
submitting them for review. Since only specifications that have a clean vaidation run (no errors are
reported) with the tool support are alowed to go through the peer review process in the experiment, the



reviewers receive a verson that has had defects removed. As a result the specification units have a
lower detected defect rate and have a higher quality. This reduces the overal project costs, since
correcting defects in the software increases an order of magnitude for every phase the error is
propagated. The sooner defects are discovered and corrected the better [Hum95]. The god is to
correct the defects in the same phase they are introduced in. The most expensive errors to correct are
those that are detected by the customer after delivery, and are traced back to being introduced in the
software requirements phase. Multiple levels of code, design, and requirement products must be
updated.

The experimentd results dso indicate there is a reduction in effort to write, review, and correct the
gpecification units when using the formd notation in comparison to the semi-formd notation. The
reduction can be attributed to the readability of the forma notation and the tool support. The reduced
writing, review, and correction time indicates that the forma notation is & least as readable as the semi-
formal notation. If the forma notation is not as readable, the time to write, review, and correct is
expected to exceed the time when the semi-forma notation is used. The tool support alows the author
to obtain feedback on syntax, type, and a smdl number of anayss defects as the pecification isbaeng
written. These defects can be removed before the specification is submitted for peer review. This
reduces the number of defects in the specification making the remaining defects smpler and fagter to
identify in the peer review. A reduction in time is a benefit to the project, as it reduces the cost of
developing the requirements specification.

With these experimentd results an estimate of the development time for a project can be made.
Given the notation proposed and number of alocated ROIDs to be written the following calculation can
be usad to edtimate the development time with the smple caculation development time= R * D, where
R is the number of ROIDs and D is the development time per ROID for a given notation. For example,
if the forma notation is used, then D is 5.02 minutesROID.

The point & which it becomes feasble to use the forma notation can be estimated using the
experimental results. For example, if a project has 2000 ROIDs and proposes to use 20 authors, the
time to train, write, and review the specifications can be estimated for both the forma and semi-formd
notations. The totd time estimate is caculated as the sum of the training time and the development time
(refer to Table 4).

Table 4. Example of Total Time Estimates

Training Time Development Time Total Time
Semi forma notation20 * 420 + 2000* 0.32 [2000* 32.86 9042 + 65720
= 9042 minutes = 65720 minutes = 74760 minutes
Formd notation ~ [20* 835+ 2000* 2000 * 20.00 26740 + 40000
5.02 = 40000 minutes = 66740 minutes
= 26740 minutes

With these two cdculations the forma notation shows a savings in time of approximately three
weseks. If the project is scaled up, then a more dramatic time savings is calculated. For example, if the
number of authors and the number of requirements are scaed up by an order of magnitude and the
cdculaions shown above ae repesied, the forma notation has a caculated time savings of
gpproximately seven months. The sdection of the brma notation in this case offers sgnificant cost
savings to the project. If the project is scaled down by an order of magnitude, then the formal notation



has a caculated time savings of approximatdy 13 hours. Given a smdl project involving a couple of
authors and 200 requirements, there is a dight advantage in selecting the forma notation. The cavest in
the estimates made here is that the data used in the cdculations is derived from one project with 432
dlocated ROIDs. The data has not been confirmed in different projects of different szes.

The results of this experiment have quantified the costs and benefits of usng a forma notation with
tool support in comparison with a milar, semi-forma version of the notation. The codts are increased
classroom and on the jab training time. The benefits include a reduced effort to write and review the
specification units and a reduced defect rate. The experimental results support the use of the formad
notetion in that the additiond cogts of training (in terms of time) are overcome by the gains achieved in
the reduction of the amount of time to write and review the specification units.

5. FutureWork

There are anumber of interesting areas of work to pursue in this research. Additiona replications of
the experiment to validate the results would be vauable. In particular, it would be interesting to replicate
the experiment using software engineering professonds as the subjects and to replicate the experiment
using different SLS documents. After vaidating the experimentd results, asmal pilot project in industry
is the next gep in trandferring and evauating the notation for its use in industry. With feedback from
industry, the SRRS notation and tool support could be appropriately modified.
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