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ABSTRACT

All themeasurementsmade during the Systems Devel opment
Life Cycdedo not provide an accurate answer to the question.
This paper describes the development of a tool that can
provide an answer to the question. In addition, when used
with conventiona budgetary data may be used to identify
management and technica problemsin their early stages.

INTRODUCTION

The Software and Systems Development Life Cycle
(SDLC) for large systems canteke severd yearsto complete.
During thistime, the:

C  Cugtomer makes periodic progress payments to the
supplier. Inthis situation, sincethe acceptancetestsare
only made a the end of the SDLC, the suitability of the
product for itsmissionisunknown for thetimeinwhich
the bulk of the payments are made.

C  Supplier provides the customer with information to
demongtrate the risk of non compliance with the
Statement of work (SOW) isminima. Theinformation
is provided in theform of:

C  Management - i.e, budget (estimated and actud),
GANTT and PERT Charts, conformanceto “ best
practices’.

C Intermediate products - i.e., documents, linesof
code produced, defects found, number of
requirements satisfied.

C Process - i.e, degree of compliance to the
Capability Maturity Model (CMM) and
International  Organization of Standards (1SO)
models.

The intermediate reports are produced to reduce the risk of
non delivery and non compliance to the requirementsin the
SOW. Now in spite of dl the measurements being made, the
supplier is unable to tell the buyer the exact percentage of
completeness of the system under congtruction anytime
duringthe SDL C. Consequently, according to [ Cuppan 1995],
of the medium to large software projects executed withinthe
Department of Defense (DoD) in 1995, approximately:

C  Eighty percent were 100% over budget, and,
C  Ninety percent were at least one year behind schedule.

REQUIREMENTS

A definition of a completed system isonethat meetsits
requir ements. However, messuringcompletedrequirements
does not provide a measurement of completeness of the
system for severa reasons, including:

C Natureof therequirements - different requirements
have different complexities, resulting in different
implementation times and costs.

C Changes in requirements over the SDLC - the
customer either does not state the full requirements for
asystem in the Request for Proposd (RFP), or changes
them for various reasons during the SDLC.
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Theided SDLCisshowninFigure 1. A sat of requirements
for the system is developed based on the need. The
implementation phase of the SDL C isthen supposed to take
placeacrosssevera milestonesuntil the systemiscompleted.

Thered world SDLC shown in Figure 2 is one in which the
vison changes during the implementation phase.
Consequently, the requirements change. Thus, while the
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Figure1Theldeal SDLC

delivered system may meet its origind requirements, it
recognized that the system will not meet therequirementsin
effect at thetime of ddivery. This Situation leedsto changes
in requirements during the implementation phase, which in
geneard arepoorly controlled. And, themaor consequencesof
failing to control changes are moving basdines and confusion
leading to cost escalation and schedule delays[K asser, 1994].

Recognizing that this situation was inevitable, the cataract
gpproach (aseries on mini waterfdls) shownin Figure 3was
proposed to control change [Kasser, 1995]. The gpproachis
best implemented using abudget-tolerant SDL.C methodol ogy
[Denzler and Kasser, 1995] based on the traditiond waterfall
SDLC modd, but with significant enhancements.

Thebudget tolerant methodol ogy categorized requirementsby
cost (to implement) and priority. Tracking the
implementation of the categorized requirements hasled to a
measurement gpproach that hasthe potential of providing
ameasur ement of completenessof theproduct at any of
the milestones in the SDL C. This approach is cdled
categorized requirementsin process (CRIP).

CATEGORIZED REQUIREMENTS
IN PROCESS

The four step CRIP gpproachiis:

Categorize the requirements.

Quantify each category into ranges.

Place each requirement into arange.

Monitor the differences in the state of each of the
requirements at the SDL C reporting milestones

OO OO

The firgt pat of the approach avoids the problem of
comparing requirements of different complexities. Thelast
step isthe key element in the CRIP approach.

Categories. Typica categoriesare:
C  Priority of the requirement to the customer.

C Complexity of the requirement., i.e. the difficulty of
implementing the requiremen.
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Figure2 The Actual SDLC

C Cost toimplement the requirement by the supplier.
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Ranges. Each category is plit into no morethan ten ranges.
Thus, for:

C Priority - requirements may be dlocated priorities

Figure3 The SDLC - Anticipatory Testing I deal

between one and 10.

C Complexity - requirements may bealocated estimated
complexitiesbetween ‘A’ and‘J .

¢ Cost to implement - reguirements may be alocated
edtimated costs to implement vaues between ‘A’ and
‘J.

The ranges are rdaive, not absolute. Any of the severd
techniques for sorting numbers of requirements into reletive
ranges may be used. Theact of categorizing the requirements
into relaive rangesisin itsdf abeneficid act. For exampleif
alow priority requirement has a high cost to implement, the
need for the requirement in the system should be reeval uated.
Cost may not dways be the same as complexity. For
exanple the use of Commercid-off-theshdf (COTS)
products may lower the cogt, but not change the complexity
of arequirement.

The buyer and supplier may determine the range limitsin
each category. A reguirement may be moved into a different
range asmoreislearned about its effect on the development

during the implementation phase. Thus, the priority of a
requirement or the cost to implement may change between
DL Creporting milestones. However,therulesfor setting
therangelimitsmust not change during the SDL C.

States. The state of implementation of each product
requirement varies during the SDLC asfallows:

C ldentified - A requirement has been identified,
documented and approved.

C  Working - Thesupplier hasbegun work to implement
the requirement.

C Completed - The supplier has completed work on the
requiremen.

C In test - The supplier has started to test the
requirement.

C  Accepted - The buyer has accepted delivery of part of
the system (a Build) containing the implementation of
the requirement.

The categories, ranges, and states of each of therequirements
are presented in tabular format (a CRIP chart) at reporting
milestones (mgjor reviews or monthly progress mestings) as
shown in Figure 4 where each cdl in a range shown in the
Table contains the following three ements.

C  Expected - The number of requirements planned to be
in the implementation state, based on the previous
reporting milestone.

C Actual - The number of requirements in the
implementation state.

C  Planned- Thenumber of requirementsplanned to bein
the implementation gtate in the following reporting
milestone.
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Figure4 The CRIP Chart
EXAMPLESOF USE

The CRIP chart may be used on a standalone basis or in
accordance with budget and schedule informetion. For
example, if thereisachangein the number of:

C ldentified requirements and thereis no changeinthe
budget or schedule, thereis going to be a problem. For
example, if the number of requirements goes up and the
budget does not, the risk of fallure increases. If the
number goes down, and the budget does nat, thereisa
financid problem.

C Reguirements being worked on and there is no
change in the number being tested, there is a potentia
supplier management or technica problem if this
Stuation isa amgor milestone review.

C Reguirements beingtested and thereisno changein
the number accepted, there may be aproblem with the
supplier’ s process.

C Ildentified requirements a each reporting milestone,
the project is suffering from poor buyer requirements.

ADVANTAGES
OF THE CRIP APPROACH

The advantages of the CRIP approach include:
C May beused at any level of system decomposition.

C Providesasmpleway to show progressor the lack of
it, at any reporting milestone. Just compare the numbers
and ask for an explanation of the variances.

C Providesawindow into the project for top management
(buyer and supplier) to monitor progress.

C  Identifies the probability of some management and
technica problemsasthey occur, dlowing proactiverisk
containment techniques.

C  May bebuilt into requirements management, and other
computerized project and design management tools.

C  May behbuilt into Government contracts via the SOW.
Fasfying entries in the CRIP chart to show progress
then congtitutes fraud.

DISADVANTAGES
OF THE CRIP APPROACH

The CRIP approach has the following disadvantages, it:

Isadifferent way of viewing project progress.
Requires categorization of the requirements.
Requires a process.

Requires configuration management.

OO OO

CRIP CHARTS
AND
CONTRACTOR PAST PERFORMANCE

The CRIP chart numbers a mgjor milestones can provide
objective past performance eva uation criteriaand force cost
effective behavior. Congder the following examples.

Reqguirements are met or they are not. Waived requirements
are not accepted requirements by definition. Hence the
process of ‘waiving requirementsthat asupplier cannot meet
at the end of aproject’ showsup inthe CRIP chart whenthe
number of accepted requirements at the pre-completion
milestone is different from the number of requirements
accepted at the completion milestone.
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Requirements creep shows up on the CRIP chart in the
number of identified requirements at major milestones. If
requirements creep is anegative evauation criterion in acost
plus contract, then it isin the supplier’ sinterest to:

C Identify a full set of requirements as early in the
program as possible. The supplier is now motivated to
og it right the first time. The underlying information
(reasonsfor the changes) will not be enclosed with the
CRIP chart numbers.

C It may be possible to develop a CRIP rating based on
the difference between the number of system
requirements identified over the SDLC, and the number
accepted at the completion of the project and the total
cost of the project as a function of the number of
categories and ranges within each category. However,
this rating will require a “CRIP standard” for future
contracts.

If the CRIP charts show that al thebuyers' requirementsare
met, yet the subjective past performancerating is poor, there
may be a problem with the buyer's project team. Thisis
something the Agency should investigete.

If requirements can only betested over time, such asmission
effectiveness requirements and failures, the buyer can update
the CRIP chart inthe past performance databaseto reflect the
status of the requirements after several months of use.

SUMMARY

The CRIP chart approach to measuring progress can provide
amore accurate answer to the buyer's question than any
other measurement gpproach in usetoday. It providesahigh
degree of visihility of the status of aproject in both the buyer
and supplier organizations that should discourage poor
managamert in both organizations. However, it till doesnot
guarantee the completeness of the system leve requirements.
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