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ABSTRACT

-This paper presents a conccptual model of software development resource data. A
conceptual model, such as this,-is a pre- requisite to the development of mtegrated
project support environments which aim to assist in the processes of resource
estimation, evaluation and control. The model proposed is a four dimensional view of
resources which can be used for resource estimation, utilization, and review. A process
model is presented showing the use of the data model, and instances of the goal,
question, metric paradigm are presented to show the applicability of the models to the
measurement task. The model is validated by reference to published literature on
resource databases and the implications of the model in these database cnv:ronments is
discussed.
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1. INTRODUCTION

We know too little about the software process. Our understanding of the relat:onshlps :
between inputs and outputs is fuzzy and at times erronecous. Evidence of the
difficulties encountered in managing the software process abounds in the number of
- consulting organizations who aim to help management come to grips with the problems
of software estimation, cvaluatlon and control.

To date, the approach tak‘en to ‘the accumulation of knowledge concerning the
software process has been largely bottom-up. Studies have been carried out to
determine the existence and nature of project relationships. Studies such as [Wolverton
74}, [Nelson 671, [Chrysler 78], [Sackman et.al. 68], [Basili, Panlilio-Yap 85}, [Basili,
Freburger 81], [Basili, Selby, Phillips 83], [Walston, Felix 77]), and [Jeffery, Lawrence
1979, 1985] have explored the relationships between project variables, searching for an -
. understanding of the software process and product. For example, relationships between
effort and size, errors and methods, and test strategy and bug identification, have
been found. In this type of research we are trying to fit the pieces into a puzzle
without a knowledge of the boundaries of that puzzle and w1th liftle direction as to
the entire picture being rcpresented

Exploratory research, such as this, is the norm in a newer discipline where theories to
direct the research are few and even the metrics of the discipline are undergoing
development

This paper prov:des a top- down characterization (TDC) structure of software project
resource data, with the aim of facilitating:

1 Further accumulatlon of knowledge of project resource charactenstlcs and
mctncs within a theoretical structure.

2. The storage of project resource data in a generalized structured way so that
estimation, evaluation, and control can be f acilitated using an organized o
quantitative and quahtatwe data base. S

This characterization structure is a prerequisite to the development of an Integrated
Project Support Environment (IPSE) in which it is possible to:

1. Objectively choose appropriate software processes

2. Estimate the process characteristics such as time, cost, and quality

3. Evaluate the extent to which the resource aims are belng met during
development, and

4. Improve the software process and product.

The structure developed here is a part of the TAME (Ta1lormg A Measurement
Environment} project which seeks to develop an integrated software project
measurement, analysis, and evaluation environment. This paper establishes a model of
the resource estimation, utilization and review processes providing conceptual process
and data models which are validated against existing data models.-

2. THE MEASUREMENT ENVIRONMENT

One paradigm which can be adopted to improve 't_hc software process and resulting
product is that of evolutionary development. This paradigm, which is commonly used




in software development itself, provides a low risk method by which one is able to
make improvements to the object of interest based on the current characteristics of
that object, the existing knowledge concerning those characteristics, and the- goals
appropnate to that object.

One -project measurement environment which is based in part on this evolutionary
: ix_nprovcmcn’t paradigm is TAME. This IPSE is discussed in [Basili, Rombach 87]. It is
‘also based on the "Goai-Question-Mctric® paradigm outlined in [Basili 85].

The thrust of the Basili argement is that to have a successful measurement
environment it is necessary to connect that measurement with the goals which are
being pursued in the development and which give rise to the purpose of  data
collection. There is little point in collecting data if there is no goal to be satisfied
through that collection. Perhaps more importantly, without a goal it is not possible to
cstabhsh the appropriate measures.

[Bas111 Weiss 84] provide a sequence which can be used to establish the lmk bctwcen
the goals and the metrics collected. :

1.Generate a set of goals based upon the needs of the organization.
2. Derive a set of questions of interest or hypotheses which quantify the
abstractions of the goals.
3. Develop a set of metrics and data distributions that provide the mf ormatlon
to answer the questions.

- 4. Define a mechanism for collecting the data as accurately as posmble

5. Validate the data as it is collected.
6. Analyze the data to answer the questions.

- To illustrate, we could measure project size using the metrics of lmcs of code or
function points. Both are common metrics of size, but ‘they can serve d:fferent
‘purposes. If we knew that

1. we could estimate function points sooner in the lifecycle than lines of code, and

2. the correlation between effort and function points was consistently higher than
between effort and lines of code (see [Jeffery, Loo 87] for some evidence of this), and

3. our goal was to forecast the project effort based on estimated size,

then the function point metric would be better suited to our goal provided that we
could estimate the function points as accurately as we could estimate the lines of code.

In another example, the goal might be:

To rcduce project effort by 3% over that forecast by the organlzatlonal
estimation technique.

In order to achieve this goal actions must be taken in the development environment
with the potential of achieving that goal, such as increasing staff skill, or applying a
different development process. The GQM paradigm cannot select the method to be
used, but it allows the change to be monitored through measurement so that the
success of the changes in staff or process instigated can be determined, and then
further future actions taken on the basis of the knowledge gained. The purpose of the
measurement then would be:




To evaluate the process in order to understand and assess thc bcnef1t of the
change made

Qucstions of interest would then be:

" What is the normal or standard effort?
_ What is the effort due to the change?

A knowledge of these goals and questions is necessary before decisions can made on
the appropriate metric(s) to be used in a measurement environment.

A further aspect. of the 'GQ.M paradigm is the _'process'of goal setting. In Decision

Support Systems (DSS) research [sce for example [Liang.86] it is argued that for a '

system to be successful it must satisfy in terms of information concerning those
factors which are critical to the organization’s performance in the area supported by
~the:system. But in this approach it is not the question of measurement which is being
addressed, but rather the question of the object to be measured: measurement is -
assumed. :

For example, if it is stated that accuracy of the model within the DSS is critical to the
success of the system, then the metrics for accuracy are gencrally assumed There
exists within the domain of most of thc DSS research:

1. Well established models of the activities (or process) performed and the-
results (or product) of those activities. These involve concepts such as profit,
cost, or production levels.

2. Well established links between the activity models or results and the metrics
used for those activities or results. These might include gross profit, net profit,
average cost, or units produced per day.

The link between these two is .the question being asked concerning the process or
product which is determined by the goal being pursued. For example, the motor
- vehicle production manager might have a goal to increase production by 2% over the
next month.” Through the production model this goal might immediately - trigger
measurement of:

1. the existing production level measured in units per day
2. the rate of production over the target month, again
measured in units per day.

This e¢xample appears trivial because the. process and pro'duct models are so well
understood and the metrics so well developed that the GOQM sequence becomcs self
evident.

In the software process however, we do not have well established models of that
process, nor do we have well established links with the metrics that might be used to
characterize that process or product.

If for example a software manager is asked to 1dcnt1fy his maJor aims he might
'1nd1catc .



1. To complete projects on time

2. To complete projects within budget

3. To deliver a quality software product
and 4. To maintain development staff morale.

Based.on this, systems can be designed which focus their attention on those aspects of
the manager’s task, but the problem of determining the appropriate metrics for
product "quality", "staff morale", "on time", and "within budget" are more complex than

if the goals are stated in terms of well known metrics such as net profit or average
cost. ' ' : :

The aim of this paper is to develop a TDC structure or model for the perception of
software development resources which will assist in the process of taking those aims
~of, say, a development manager and translating them into 3 set of questions and
metrics which can be used to measure the software process.

The paper is directed towards the first three levels of the Basili & ‘Weiss list. This is
less common in software eagineering rescarch which has been predominantly directed
at levels three to six; defining metrics and analyzing relationships between them.

If we aim to construct 2 measurement environment suitable for different organizations

and management, then this generalized environment must be able to include all of the

- six levels suggested by [Basili, Weiss 84), and to do this, a model of resource use is
needed on which to build this measurement environment. :

3. THE PROJECT ENVIRONMENT CHARACTERISTICS |

Resources are consumed during the software process in order to deliver a software
product. The software process has overall characteristics which are super-ordinate to
the resources consumed. Therefore, before resource data can be characterized it is
necessary that a process characterization profile be established. This characterization

includes data on factors such as:

project type _
organizational development conventions
project manager preferences: o
. target computer system
development computer system
project schedules or milestones
project deliverables '
In this data the broad project and. its environment characteristics are established. For
example, is the process using evolutionary development or a waterfall method? Is the
_project to be developed by in-house staff or external contractors? What organizational
constraints are being imposed on the project development time? What management
constraints are being imposed, say on staffing levels? '

These factors form the environment in which the software process must occur, and
- will therefore determine, in many ways, the nature of that software process. A simple
example of this is the question of the process model - evolutionary or waterfall. This
constraint establishes milestones and the pattern of resource use, and therefore
partially determines the interpretation of the resource data collected. "




4. THE RESOURCE CLASSIFICATION

At the level below the characterization of the project and its environmert we are
interested in classifying the resources consumed in the generation of the software
product. In this section of the paper we present a structure for that classification. This
structure covers only the resource aspect of the project and is therefere only
concerned with the software process and the resources consumed or used in the
process. The model is not concerned with the software product.

The model structure consists of a four dimensional view_of the process. Thr four
dimensional view presented here is divided into two segments:

1. resource type, and
2. resource use

In a software process the two segments being separated are (1) the nature wnd |
characteristics of the resource, and (2) the manner in which we look at or consider he
consumption of that resource.

4.1 RESOURCE TYPE

In the first segment we are concerned with classifying the nature of the resource; is it
someone’s time, or a physical object such as a computer, or a logical object such as a
piece of software? We are also. interested in describing the properties of those
resources such as description, modcl number, and cost per unit of consumption.

By decomposmg the resources into d1f ferent types different views of the resources can
be provided. For example, it may be important for operations personnel to know a
breakdown of the hardware resources used on a project according to the different
physical machines being used, whereas from a project manager’s perspective at a point
in time, the specific machine may not be of interest, but the availability of a certain
~class of machine may be critical. Resource managers will be interested in the types of
resources available (for example, people) and the characteristics of those resources for
project planning purposes. Thus the categorization provided here is the basis of the
resource management environment, in that it is in this segment of the model that the
TeS0Urces are hstcd and descrlbed '

The resources of a software prOJcct can be class:f 1ed as:

.hardware '

software

Juman

support (supplies, materials, communications
facility costs, etc.)

These categories are mutually exclus;vc and exhaustive and therefore are able to
contain each instance of resource data in one or other of the categories.

Hardware resources encompass all equipment used or potentially able to be used :
in the environment under consideration. (For example, target and development
machines, terminals, work stations).



Software resources encompass all previously existing programs and software
systems used or potentially able to be used in the environment under consideration,
(For example, compilers, operating systems, utility routines, prcvmusly existing
application software). -

_ " Human resources encompass all the people used or potentially able to be used
- for development, operations, and maintenance in the environment under consideration.

Support resources encompass all of the additional facilities such as materials,
com:munications, and supplies which are used or potentlally able to be used in the
cnv;ronmcnt under consideration.

The values associated with these resources may be stored in both price and volume .
measures, where volume means, for example, hours of use or availability, or the
- namber of times a resource is needed, and price refers to the $ values: associated with
that resource. This may be a cost per unit measure or a cost per pe_ri‘p_d-_ of time,

This four-way classification provides an initial resource-type decomposition. The aim
in this decomposition is to separate the major resource elements that are used in the
software process in order to provide manageability. This initial separation is necessary
because of the very different nature of each of these resource types and the
consequent difference in attributes and management techniques which are necessary in
‘the estimation, evaluation, and control of each of these resource categories.

Further decomposition within this segment may be desirable and will be dependent on
the goals of the responsible persons. The number of different possibilities increase as
_ the decomposition continues within each of the major resource categories. For example,
the exact nature of the resource decomposition within the hardware category will vary
significantly from one organization to another because of the different hardware
utilized and the organizational structure surrounding that hardware utilization. For
example, it may be desirable to decompose hardware into target and development
hardware if there is a - difference, and software into operating systems and
languagcs/cdltors in order to model say the avallablhty of cross-compilers. '

4.2 RESOURCE USE

Over the type segment we need to impose the second segment; the "use” structure. The
categorization within this dimension allows the resources consumption to be associated
with different perspectives of the software process. For example, it is through this use
structure that we are able to distinguish, for example, :

between prior-project expectations of consumption and
resources actually ¢onsumed, or

between rescurces consumed in each phase of the project, or

between the utilization of a resource and the
availability of that resource, or

between an ideal view of resource planning and the resources
-actually available ' :

The use structure consists of:.



1.-INCURRENCE
1.1 Estimated
1.2 Actual

2. AVAILABILITY
2.1 Desirable
2.2 Accessible
2.3 Utilized

3. USE DESCRIPTORS
- 3.1 Work type '
3.2 Point in Time

3.3 Resources Utilized

-4 2.1 INCURRENCE

This category allows the resource information to be gathered and used in a manner
suitable to the management of the resource. It is necessary, for example, to store data
on estimated resource usage resource requirements, and resource. av‘ailability

This data is necessarily kept separate from the actual resource incurrence or use,
which is stored via the actual category.

These two categories then permit process tracking via comparisons between them and
extrapolation from the actual data. At the project summary points, explanations and
‘defined data accumulations on estimated and actual resource use prov1dc feedback on
the process. This feedback should contain reasons for wvariance between the
estimated and actual so that a facility for corporate memory can be established and
- the necessary data stored to facilitate and explain any updates of the current resource
values, It needs to be noted that the model proposed aIIows for different estimates and
actuals at different points in time.- :

The two classifications are the basis for the structure proposed because they constitute
significantly  different viewpoints on the process, and again provide mutually
exclusive categorization which will fTacilitate ‘management estimation, evaluation, and
control. : -

This structure requires that process data, as it changes in vailue during the project, will.
not be lost but will be stored in an accessible manner so that meaningful ana1y31s of
projects can be carried out using a database that provides complete details of the
project history.

This philosophy specifically addresses the need for a corporate memory concerning
past pro_lects By 1mplemcnt1ng such a structured project log the basic data for such a
memory is. avaﬂablc in numeric and text format



10

4.2.2 AVAILABILITY

This category allows storage of a resource use by:

.desirable ‘
.accessible
".utilized

This categorization provides further refinement of the resource data. Through this_,
and say the incurrence category, it is possible to compare the actual resources utilized
with the estimated utilization, and then trace possible reasons for variance through the
desirable and accessible dimensions. That is, differences between planned availability
and actual availability of a resource will be significant in understanding the software
resource utilization that occurred during the process.

Desirable is defined as all the resources that are reasonably expected to be
of value on the project.

: Accessible is a subset of desirable (when considering the projcc't resdhrces
only) and is used to define the resources which are able to be used on the project.

- The difference between desirable and accessible is those resources seen as desirable for
the project but which were not available for use during the project. This difference
may occur, for example, because of budget constraints or inability to recruit staff. The
desirable’ resource list permits an "ideal" planning view. When compared with
accessible it allows management to see the compromises that were made in establishing
the project, thus facilitating a very explicit basis for risk management within the
resource database. The database .is thereby able to hold views of not only the resources
- actually applied to the project but also those resources which were considered to be
desirable along with the reasons for their use or non-use. In this way the resource
trade-of fs are made explicit. ' - '

~ Utilized is a subset of accessible and is defined as the resources which are
used in a project. : ' "

The difference between accessible and utilized represents those resources available for
the project but not used. This difference will arise because of three possible reasons:

1. The resources prove to be inappropriate for the project under consideration,
or ' . ' :

2. The resources are appropriate but they are excess to those needed

3. The resources are appropriate, and their use is contingent on an uncertain
future event. ’

- The use of these storage categories is somewhat complex and is explained in detail
further below in section 4.4.2. .

Through this-availability category we are able to distinguish between:
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(1) the resources which are reasonably expected to be beneficial to the process
(desirable), . :

(2) the resources which exist in the orgamzatlon and are able to be used if
needed (acccSS1blc) and :

(3) the resources which are used in a project (utilized)

Through this categorization it is then possible to track resource usage and to pinpoint
their use or non-use and to ascribe reasons particularly to their non-use as in the case
of non- accessibility. As in the INCURRENCE category, the recasons for divergence -
‘between dcs1rablc acce551ble, and utilized are stored in a feedback f amhty

4.2.3 USE DESCRIPTORS

This category provides a descr1pt10n of the consumption of the resource item 1n terms
of thrcc essential characteristics of the consumptmn that item:

1. The Nature of the Work bemg done by the resource: (e.g. coding,
mspectmg, or designing) This category can be used in con_]unctlon with other
views to distinguish between process activities, such as human rescurces
estimated to be desirable in design work, or machine resources actually
utilized in testlng or elapsed time implications of inspections.

2. Point in Calendar Time: This category pinpoints the resource item by .
calendar time. In this way resource items (estimated or actual; desirable,
accessible, or utlhzed) are associated with a specific point in time or period of
time. This facilitates tracing of time dependent relat1onsh1ps and the :
comparison of resource vaIues over time.

3. Resources Utilized: This category measures the extent of resource
consumption in terms of hours, dollars, units, or whatever is the approprlate
- measure of use.

The Use Descriptors also provide the link to the work breakdown structure which is
commonly embodied in process models. This link is established through the association
of a particular piece of work being done at a point in time with the work package
described in the work breakdown structure. This point is discussed further below in
Section 8, Validating the Model.

4.3 COMBINING THE VIEWS

The structure suggested here can be viewed as a hi_eraréhy for the purpose of
explanation. Such a hierarchy is shown in Figure 1.
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@ {Description, milestones, target hardware
development hardware, deiiverables, etc.)

consisis of

CONSUMes

resource -

(Hardware, software, human,
support plus attributes of the

TYPE

resource)
. pesource use) (work nature, Calendar time
USE DESCRIPTORS Measure of work)

AVAILABILITY

FI'GURE_ 1. THE STRUCTURE OF THE TDC MODEL
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In this figure we see that the proposed structure views the software pro_;cct (which has-
attributes describing that project) consuming resources. The resources are characterized
as having four dimensions of interest (type, use, incurrence, and availability). At the

resource type level we describe each resource as being one of hardware, software,

human, or support, and havmg various attributes. The attributes for ecach of these four
types will be different in nature. For example, the human attributes might include
name, address, organizational unit, skills, pay rate, unit cost, age, and so forth. The
attributes for hardware will be quite different, describing manufacturer, purchase
date, memory capacity, network connections, or similar types of characteristics.

At the next level in the diagram we model the use of the resource. In the first instance
this involves the type of work that the resource is performing, the point (or span) in
calendar time at which the work is being done, and the measure of the amount of
work done. This last measure (amount of work) might be expressed in person-time,.
- execution-time, connect-time, or whatever is the relevant measure of work for the
- resourcs mstancc

The use of the resource is then descrlbed as bemg e;thcr estimated or actual and both
of these may be desirable, accessible, or ut111zed In this way the f ollowmg concepts
are supported

. 1. Estlmated Desirable: The resources considered "ideal" at various
stages of the planning process.

2. Estimated Accessible: The resources which are expected to be
available for use in the process, g1vcn the constraints imposed on the software proccss
(a contmgcncy plan).

Estlmated Utilized: The resources which it is ant1c1patcd w111 be
used in the sof'tware process.

_ ‘4. Actual Des:l.rable With hmds1ght the resources which proved to be
the "ideal" considering the events that occurred in the software process. A part of the
learning process.

5. Actual Accessible: Again with hindsight, the resources which were
actually available and could have been utilized. A part of the learning process.

6. Actual U‘Eilized: The resources actually used in the software process.

Categories one through three are used initially for planning  purposes. The numeric
and text values associated with each of these three categories may be derived from:

a. individual or group knowledge

b. a knowledge base

‘c. a database of prior projects, and/or
d. algorithmic models

At the very simplest level, the planning process might establish only numeric values in
the estimated utilized category based on individual knowledge alone. In essence, this is
.the only form of estimation used in many organizations, wherein project schedules and
budgets are established by an individual, based on that individuals experience. These
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estimates represent the expected project and resource characteristics for the duration
of the project. - '

The extensions suggested here allow these estimates to be enlarged in the following
. dimensions: '

The nature of the estimate

The source of the estimates

. 'The timing‘of the estimates

. 1. The _nature of the estimate, The model allows project and resource

managers to distinguish between desirable, accessible, and utilized estimates as
discussed above. The estimated desirable dimension would be used at a fairly high
level in the project planning process to outline the hardware, software, people, and
support resources that are considered to be desirable for the project. This may list
:specific pieces of hardware and software which are desirable at certain points in time.
It might also be used to list characteristics of the people (such as skills) that would be
ideal on the project. The accessible dimension  would then reflect the expected
resources that will actually be available to be used. Again this could be at a fairly
high level, indicating the resources available, the differences between these and those
desirable, and the reasons why the two categories do not agree; reflecting cost
‘constraints, or risk attitudes which .have been .adopted as part. of the project
management profile. The utilized category would normally extend to a lower level in
terms ‘of the project plan, detailing estimated resources perhaps down to the work
‘package level and short periods of time. .

2. The source of the estimates. It was suggested above that there are
four major possible sources for these estimates; individuals or groups of people, a
knowledge base, a database of prior projects, and algorithmic models of the process. .
 Each of these should be supported in a measurement environment, and each has
significant implications with respect to the design of such an environment. The
- current state of the art appears well equipped to support algorithmic models of some
- parts of the estimation process (for example, estimates of project effort based on one
of the many available estimation packages such as COCOMO [Boehm 81], SLIM
[Putnam 78), SPQR ([Jones 86]). Similarly the tools available in the datahase
environment allow the storage and retrieval of numeric data on past projects. However
the storage and searching of large volumes of text data on prior projects, the use of a
knowledge base, and the support of group decision support processes are all the subject
of current research (see for example, [Bernstein §7], [Nunamaker, et.al. 86], [Barstow
87}, [Valett 87]). ' :

The timing of the estimates. In the structure suggested; all estimates
may be made before the commencement of the software process and also at any point
in time during the process. However there are certain points in time during the process
at which estimates are more likely to be updated. These are: '

1. at project milestones

. 2. at manager initiated points in time at which major divergence between
estimate and actual is recognized by the manager ,
3. at system initiated points in time at which the measurement system
recognizes a potentially significant divergence between estimate and actual

The third possibility implies that the measurement system is able to intelligently
_ recognize the existence of a problem with respect to the comparison of actual and -
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estimate. This facxlxty is suggested as needed because one of the major management
stumbling blocks is generally not concerned with taking action once a problem is
identified, but the identification of the problem in the first place. This identification
problem occurs because of the volume of data that needs to be processed in order to
recognize a potential problem state, It is the measurement environment which is expert
- at processing the data volume. It is the manager who is expert at takmg correct:ve
.action once the problem is highlighted.

Categories four (actual desirable) and five (actual accessible) of the structure exist to
provide a feedback and learning dimension to the pI’O_]CCt database. These values
would be determined after the project is complete. And in the comparison of the
estimates made at various stages of the process and these two categories, a process is
facilitated in which the organization can learn based on the variance of expectations
and actual which have occurred in the past pro,rects As ‘with the estimates, the -
categones of desirable and accessible are used in order to allow the comparison of
"actual ideal” with "actual available” so that an ex-post view of the management of the
process can be captured. The question being asked here is; "How could we have
handled resources better? It is a learning mechanism to generate explicit new
knowledge for the knowledge and data bases, and also to improve mdlv:dual and
“group knowledge. :

Category six (actual utilized) will be the most active category within the structure,

carrying all of the values associated with the resources of the project. These values
‘w111 be updated- on a regular basis throughout the software process, and will be the
_source of  the . triggering process mentioned in the discussion of updates to the
estlmates

The data collected during the project should be able to:

. increase individual and group knowledge

. improve the knowledge base

. add to the prior project database, and/or

. support the algonthm determmatlon process in the individual orgamzatlon

Fa L2 M =

In summary, the model proposed is a four dlmenszonal view of resource data. The four
views in the data model are: : :

1. RESOURCE TYPE: which is a mutually exclusive and exhaustive
categorization which captures the nature of the resource.

2. INCURRENCE: which is alsc mutually excluswe and exhaustive describing
actual or estimated resources. It carries an additional feedback element to
contain the corporate memory explammg the difference between the category
values and differences over time.

3. AVAILABILITY: in which each category is a subset of the the higher
category, allowing desirable, accessible, and utilized resources. Again feedback
is used to explain the d;fferences between categories and over time,

4, USE DESCRIPTORS: which categonzes specific elements in the nature of the
resource use, These are the nature of the work done by the resource, the point
in time of the work, and the amount of that work.
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4.4 USTING THE, TDC STRUCTURE

4.4.1 AT THE PROJECT LEVEL

Discussion so far has applied the proposed 4D structure to resource classification. It is
appropriate to also consider using this structure, or 2 part of it, for the Praject
Environment Characteristics outlined in section 3 abave. In this way the constraints
acting on the software process can be identified as applying: : :

to a particular type of resource,
either estimated or actual
- with a stated availability
at a point in time, -
concerning a particular type of work

" An overall modetf of the sof tware project is shown in Fig'ui'e 2. In this figure thé meta-

entity preject is decomposed into a number of tasks or contracts, each task consuming-
~ the meta-entity resource and producing the meta-entity product. In the implementation
of this model the meta-entities will require many entities to characterize them.

consists of

/

CONSUMES | produces

FIGURE 2. AN OVERVIEW OF THE SOFTWARE PROJECT
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Thus the project has characteristics, as do the tasks and subtasks, the resources, and
the products. Characteristics at all of these levels need to be stored,

Through the storage of the project characteristics, the constraints acting on the

product or process, determined at any time before or during the project, can be

- tracked for consistency, and any changes noted to facilitate a relationship analysis
between the project and the resource occurrence values accumulated during the
process. '

A simple example of the application of this structure would be where the process
organization is changed during the development, say a change toward greater user
involvement. This change would be reflected in a difference between the estimated
project characteristic and those at the point in time at which the change occurred.
This information is then used to explain variances that occur in the process data, such
as a changed pattern in staff utilization.

Examples of thc data stored at the project level would include:

. the type of project - e.g.real time, business application
.. the project elapsed time

. the total project effort

. the total project cost

. the type of . devclopment process - €.g, evqutmnary

. the target computer

. the development computer

. the project deliverables

. the project milestones

. the project risk profile

The application of the TDC model at thls level prov1dcs a mechanism for storing
estimates, accumulating actual values, and facilitating feedback and learning at the
: Ievel of the project and its development environment. : .

If we take the project milestones as an example and assume that the milestones apply
equally to all resource types, then the model suggests we store: :

.estimated desirable milestones. This is an "ideal world" view of the
project milestones; the dates at which we could deliver if we were not
constrained.

.estimated access:.ble mllestones Given the constraints we will be
workmg under, these are the dates at which we could deliver if it were
necessary.

.estimated utilized milestones. These are the dates at which we

_ expect to deliver, taking into account the dimensions of des:rablc and
accessible. :

"These three views, in their values and difference, provide a perspective on the risk
associated with the project; the smaller the difference between the categories, the
higher the risk. More specifically, the difference between estimated desirable and
estimated accessible shows the extent to which elapsed time could be changed if the
constraints could be modified. For example, if the estimated final desirable milestone
were. June 30th and the estimated final accessible milestone was August 30th, the
difference of two months measures the estimate of the extent to which the preject
could be compressed if the restricting constraints were to be removed.
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The difference between the estimated accessible and the estimated utilized provides a
measure of the available slack in the milestones. This difference is the extent to which
the milestones could be compressed, without modifying the project constraints, In the
example above, the estimated utilized final milestone might be say November 30th. In
this case the difference between accessible -and utilized of three months reveals the
amount of elapsed time compression that is possible on this project without changing
constraints. - : :

In these relationships we see some of the dynamic nature of the project.
characteristics, This suggests that for the TAME measurement environment, if a
change in project characteristics such as the nature of the process occurs, then this
should trigger the review of the project milestone and effort values, which will also be
reflected at the lower level in the task and resource data values. -

‘In the actual category we need to store the:

-actual desirable milestones. As explained above, this category is
used for feedback and learning. It carries the values calculated after project
completion based on the knowledge gained about the.project during its
completion. This value is again an "ideal world" value, S

-actual accessible milestones This is also a feedback and learning
category which says, based on the constraints which did eventuate in the
"~ process what milestones could have been achieved_?

.actual utilized milestones. This category stores the dates of the
milestones achieved. Differences between actual and estimated are stored in a
feedback facility to provide a mechanism for learning and a mechanism for

- calculating the actual desirable and accessible at project end.

4.4.2 AT THE RESOURCE LEVEL

The description of the use of the TDC structure at the resource level amounts to a
process model of resource planning and use in software development. This process can
be described as an interacting three-stage process involving the sub-processes of:

1. planning
2. actualization
and 3. review

The planning process establishes and records the resource expectations or estimates
before and during the software project, and the actualization process tracks and
records the actual use of resources during the software project. The review process
compares actuals with estimates for the purposes of modifying the estimates and
learning from experience. In this way the feedback referred to above provides
information for an historic resource database for future planning and estimation.
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THE PROJECT CYCLE:

PLANNING:

Figurc 3 shows the data flows, stores, and processes involved in planning,
actualization, and modification. This data flow diagram shows three types of estimates
being made; desirable, accessible, and utilized. The desirable resources are
estimated (in process 1) by the project estimator on the basis of information
concerning the project and the environment in which the project is to occur along
with any project histories and/or knowledgebase which may be available, The project
history data contains feedback on prior projects {or corporate memory) which can be
used in the future planning processes. It therefore describes information which has
been gained in reviewing prior projects which was considered to be of relevance to
future projects. The project characteristics and environment information is described
above in sections 3 and 4.4.1. The accessible resources for this project are
‘estimated in process 2; again by the estimator, using the desirable resources and the
corporate resource database as input along with any history or knowledgebase
-information. The corporate resource database lists and describes the resources which
can be called on by the organization a-long with any commitments for those resources.
Thus it may be that for the project in planning it is deemed desirable to have an
expert in a particular field, but the corporate resource database shows that the only
. expert in the organization is committed for the period in question. This would raise a
number of options including:

1. obtaining a further resource (update the corporate resource database)

2. committing to development without the expert

3. negotiating for full or partial de-commitment of the expert.

4, re- analyzmg the project characteristics to determine whether the pro_u:ct can
be modified in such a way as to remove the need for this expertise.

If it is assumed that the desirable resources remain unchanged, the outcome will be
that the project in planning either does or does not have access to a desirable expert.
If the expert is not available then this should be highlighted as it constitutes a project
risk which needs to be closely controlled as a part of the project risk management
plan. In this way the differences between the desirable and accessible resources form a
significant database in the process of risk management, since this database reveals
those aspects of risk resulting from decisions to develop the system with something less
than the resources considered desirable.

The process of detailed project planning then continues in process 3, using the project
accessible resource database as one of the inputs to this process, and generating the
pro;ect resource plan which contains details of the estimated utilized resources. Once
again the difference between the outputs has meaning. Just as the difference between
desirable and accessible represents a database resource for risk management, the
difference between accessible and utilized forms a basis for contingency planning.
Resources can be "committed" in two ways., The first is when an available corporate
resource is both accessible and utilized. In this case the resource can be considered as a
hard commitment to the particular project. Contingency plans are also permitted in
this system where corporate resources are available for the project but rather than
entering the utilized list they are entered as a contingent commitment to a particular
project. In that way the planning process can allow contingency planning for
individual projects and for corporate resources as. a whole. Thus the case may arise,
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FIGURE 3. THE PROJECT CYCLE

for example, where say four projects have indicated a contingent commitment for a
particular type of computer but there is only one available. A decision may be made to -
buy another machine based on the perceived probability that the resource W111 be
needcd not by any one pro_;cct but by the four projects together.
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ACTUALIZATION

As the software proccss continues, resources used are accumulated via process 4,
resulting in the project resource h:story data store.

. REVIEW

The actual’s data is used in process 5 to monitor the estimates and thereby facilitate
project control. If major divergences between estimates and actuals occur, this may
trigger re-estimation of the needed resources which may result in:

- 1. a modification of the project resource plan by allocatmg contingent '
-resources to the plan

2. revised estimates of the accessible resources needed resultmg in changcs in
both the accessible store and the plan, or

3. a revision of the desirable resources. Thls would tngger a major re-estimation
since some of the perceptions of the nature of the project or its environment

- have proven to be inaccurate, The impact of thcse will need to pursued through
all dimensions of the planning process. :

This project review process can provide s;gmfmant feedback for use in future
planning and estxmatlon

THE POST-PROJECT REVIEW CYCLE

. Figure 4 shows an overview of the use of the prdposcd structure in project reviews.
The data accumulated during the project are used to review the project and generate
"~ learning based on the expenencc with the project. This new data consxsts of:

at project end :

corporate resource
database

actual

project and
development
environment
characteristics

estimated

project

and environment

characteristics :
- review

project

estimated

dﬁls);f‘a:r“z : d?ecsti‘;::aie and
al:Ct?SSut_1 ; zed accessible resources

resources

project history
database

FIGURE 4. THE PROJECT REVIEW CYCLE
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1. additions to the project history database

2. changes to the perceptions of the project and its environment, based on
comparisons between estimates and actuals. For example, the comparison
between actual and estimated milestones may reveal that shorter milestones
were possible, or that desirable milestones should have been set longer. By
makmg these comparisons it is possible to establish a project learnmg
environment.

3. changes to the perceptions of desirable and accessible resources. Agam
learning is facilitated by the comparison of estimated and actual. In this way it
may be learnt, for example, that aspects of the algorithmic effort estimation
equations consistently over-estimated for this project. The reasons for this can
be explored and, if necessary, adjustments made to the algor1thm

APPLICATION OF THE PIANNING AND REVIEW CYCLES

In any partxcular organization, it may be deemed sufficient to use only a part of the
planning and review processes outlined here, and thereforc only a part of the TDC
structure presented in this paper.

For example orgamzatmns may not wish to use project reviews; or they may not
- consider it appropriate to carry out formal contingency planning or risk management,
At the simplest level only the estimated utilized and the actual utilized may be used,
perhaps providing input to an informal project learning process which occurs at the
1nd1v1dual level.

Specifically, it is most likely that in. software environments W1th very little
uncertainty (say an implementation of the twentieth slightly different version of a
well known system) there may be no need to explicitly consider the desirable or even
accessible dimensions of the resource model. If uncertainty is very low, the utilized
level of the model may capture all the necessary data. The advantage of the model in
" this case is that the data excluded is done so in the knowledge that there is no
information in those levels not used.

In higher uncertainty environments, the model prompts the estimator to think
explicitly of the resource risks and uncertainty of the development process, and to
quantify or express that risk as a part of the resource database.

5. THE DYNAMIC NATURE OF TH.E TDC STRUCTURE

In the discussion so far only brief mention has been made of the dynamic
characteristic of the proposed structure. It has been mentioned on several occasions
that resource use occurs at a point in time and that estimates and actuals will differ
over time. However little explanation has been prov1ded of the workings of the
structure in a dynamic sense,

In order to illustrate the workings of the structure over tlme con51der several points in
‘time: . .
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to: the point in time of the initial estimates of the
project and resources

ty: a point in time during the software process

to: a later point in time during the software process

At ty there are no actual resource values and the project characteristics are also
estimates only. At point in time ty, when work has begun on the project, the database
will have actual values as well as the estimates. In order to illustrate the dynamic
nature of the model consider Figure 5 in which estimates have been changed and
figure 6 in Wthh actuals have been placed.

PROJECT TESTING
METHODOLOGY

\

human interaction

chang' es based on
. changed testing methodology
adapted since 10 .

:l;;:éect human
requirements interaction changes based on

changed project
requirements since t0

estimated knowledge

changes based on
timan testing \cn:ged estimates
time t1 of human time (and therefore

machine time) for testing
" since t0

ESTIMATED
DESIRABLE
HARDWARE
FOR TESTING|
ATTI

FIGURE 5. DYNAMIC ASPECTS OF THE TDC STRUCTURE AT T 1
Figure 5 shows;

1. the way in which estimates will change over time (in this example it
is the estimated desirable hardware for testing purposes), and

2. the manner in which feedback can be used to provide a record of the
reasons for the changes over time, and

3. the types of processing (c g- human interaction, knowledge base) that
may be mvolved in the estimate change.

In this example three reasons for a changed estimate are presented. Firstly there has
been'a revision in the estimated amount of human time which will be required for
testing. This change has been processed through a knowledge base which contains
knowledge of the relationships between human time and machine time in the testing
process. On the basis of this, the estimate is revised. Another possibility is presented
where the project testing requirements have changed due to a change in the reliability
requirements of the project say. This change is shown as being processed through
human interaction to derive a new estimate of the desirable hardware. The third
example provided is a case where the testing methodology has been changed at the
project level, and again human interaction has derzved a rcvxsed estimate of the
testing hardware requirements. :



24

N

This example shows how changes in values in one part of the TDC structure will give
‘rise to changes in values of other parts of the TDC structure. The processing of these
changes . is a complex process in which -all of the assistance of human interaction,
knowiedgc base, and algorithmic relationships will be needed to realize an accurate
revision of the estimate taking into account the interactions and interdependencies
which occur in the process environment [see Abdel-Hamid, Madnick 86]. :

The next example, shown in Figure 6, illustrates the relationship between values of the
one resource instance at different points in time, without considering other TDC
category changes. Here we see the actual human resource utilized in design being
updatcd to take account of the work done in the period ty to ty. At t, the new actual
is compared with the estimate for t, and the resultant picture (t; actual, t5 actual,
and to estimate) used as input to the process of updating the estimates for tq through
tn- The figure shows this process occurring though the facilities of a knowledge base .
contammg information on inter-period human resource relationships as well as human
interaction. The changes made to the estimates are Iogged and explained via . the
f eedback mechanism of the TDC structure, : '

A\

ESTIMATED HUMAN
DESIGN RESOURCES
AT T2
/ compare
ACTUAL HUMAN -
RESOURCES UTILIZED incremental _} ACTUAL HUMAN
IN DESIGN Fesource use RESOURCES UTILIZED
TOTI ' titot2 . IN DESIGN TO T2
knowledge base
and .
FEEDBACK ON THE

human interaction

CHANGED ESTIMATES |

4

ESTIMATED HUMAN
RESQURCES T3.........TN

FIGURE 6. DYNAMIC ASPECTS OF THE TDC STRUCTURE -
USING T, AND T, TO MODIFY Ty THROUGH Ty

In the design of a measurement environment database it will be necessary to define ali
of these inter-period and inter-category relationships so that the environment is able to
receive input and provide output in line with the environment goals.
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6, APPLICATION OF THE MODEL TN EVALUATION

To illustrate the use of the model a simple management goal is proposed and a set of
questions listed which flow out of that goal. The model is then used to provide a
structure for the metrics which are relevant to answering the questions posed. A more
detailed illustration is given below in section 7, in which the TDC structure is used to
suggest question of interest within the GQM paradigm.

GOAL:

To evaluate the effect of a particular softwarc engineering methodology on pro_lect
resources .

- PURPOSE OF THE STUDY
To evaluate the development process used in order to improve it.
.PERSPECTIVE

Examme the effectiveness and cost of the methodoiogy from the point of view of the
devclopment manager.

POSSIBLE QUESTIONS
Project Level

(nH Did the use of the software engineering methodology improve adherence to the
project schedule?

. Adherence to schedule is a question which is not directly concerned with the
expenditure of resources. At the project environment characteristics level, details of
_the schedule or milcstones for the project are stored as outlined above. Comparison of
estimated and actual utilized can be carried out and details from the feedback details
concerning the milestones used to determine whether the methodology was.observed to
have any impact on the schedule. To establish the improvement (if any) in adherence
to schedule, comparisons need to be made with the INCURRENCE feedback values for
other projects having similar characteristics but not using the particular software
cngmeerlng methodology.

Resource Level
A. Hardware

(N Did the use of the software engineering methodology increase or decrease
hardware resource requirements for this project as compared with those for
similar projects?

This question signals access via the hardware resource type with comparisons between
‘estimated and actual utilized (if the estimate was based on prior similar projects)
and/or between actual utilized for this project and actual utilized for similar projects
~ (based on the project environment characteristics) if a different estimation process was
used. This assumes a database of similar data from prior projects.
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B. Software

€3] Did the use of the software engineering methodology result. in mcreascd or
decreased software resource requirements?

This question indicates a search via the software; estimated and/or actual; utilized
domains making relevant comparisons. e.g. Was a compiler needed for a greater period’
of time than was estimated utilized? Had the question been phrased in another way,
say: Did the methodology result in unexpected resource requirements? The search
triggered would be via the softwate; estimated and/or actual; accessible/desirable
dimensions of the model, using the point in time to pinpoint the stage at which it
became obvious that changed resources were needed, if this were the case. e.g. Was a
compiler shown as actual accessible which was not also shown as estimated accessible,
or even estimated desirable? Or at what point in time did the compiler enter the list of
estimated accessible, signalling a change in the understanding of the requirements of -
. the process.

C. Humaxn

'(1) Did the use of the methodology increase or decrease the reqﬁirement for
specific types of personnel?

This question requires a’search using the human; estimated and/or actual; desirable:
point in time dimensions to find a change over time in the human resources needed on
the project. e.g. Did the estimated desirable, accessible, or utilized human Tesources
change during the process with the feedback dimension showing a changed perceptlon
in the human requirements as a result of an insight into the methodology and its
human resource implications. Another possibility suggested by the model is a search of
the project environment characteristics and the resource level comparing this project
with prior similar projects in a project database in terms of the human resources
judged desirable at project end.

(2) How much additional training was required? _

Once again this will involve a search of the human; actual and estimated; utilized;
work nature dimensions comparing actual training with estimated on this project and
comparing actual on this project with other similar projects in a project database.

{3) Was there a reduction in total project effort, and how was this dxstnbuted
across each phase and activity?

This question is again very similar, requiring access via the human; actual and
estimated; utilized; work nature and resources utilized dimensions. e.g. If the estimates
were based on the use of a prior methodology, then the divergence of actual and
estimate may reflect in part the impact of the methodology. The extent of the
methodology impact should be stored in the feedback dimension of the comparison
between actual and estimated effort if it can be estimated. Alternatively the
information may be gained from a search of a prior project database comparing this
project with other similar projects. '
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7. USING THE MODEL IN THE GQM PARADIGM

One relationship between a GQM Process Template and the TDC model is that of
- interaction during the apphcat:on of the template. In applying the process template to
a particular goal area it is relatively easy for someone to specify the first four
categories: the goal type, purpose of study, perspective, and environment. It is much
more difficult, however:

1. to develop the questions which are capable of answering the concern
expressed in the first four categories.

2. to realize the data relevant to those questions

3. to determine the source of that data, and

4. to design the method of data analysis and presentation.

It is in these four areas that the TDC model can provide assistance

If we take an example where the purpose is to evaluate an esnmatmn model. The TDC
model suggests that there are questions of interest at both the project and process
ievel, For example, question concerning the fit between the estimation model and the
project, and the project milestones are answered at the project level. Questions
conccrmng the resources of the process are answered at the resource level.

The TDC model suggests that;

1. There are project characteristics which need to be considered in the
' evaluatmn of the estimation model.

2. The estimation model needs to be evaluated in terms of its apphcablhty to
the four resource types.

3. The estimates made using the model should be compared with the actual
resources used.

4, The desirable and accessible dimensions of the TDC structure may provide
insights into the use of the model in the particular environment.

5. The extent of the fit between the estimated and actual use descriptors of the
TDC model and their relationship to the actual work breakdown structure, can
be used as a measure of the extent to which the estimation model is integrated
with the actual process modcl used.

Consider this problem of an organization applying a new model for project resource
and schedule estimation. One purpose might be ‘to determine if the model is effective
- in that it does a better job of estimating resource and schedule than prior models or is
accurate within some predetermined tolerance. For such a goal, the TDC model as
presented so far and the GQM paradigm can be brought together as follows.

GOAL:

PURPOSE OF THE STUDY: To evaluate a project resource and schedule estiination
model in order to assess it. : '

PERSPECTIVE:- Examine the predictive capability fron_l the manager’s viewpoint.
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ENVIRONMENT:
PROCESS QUESTIONS
QUALITY OF USE:

(in order to ens_ure a thorough understanding of the nature of
the process being evaluated, and the use of that process)

Characterize the estimation model.

- What resources.does.it track? -(e.g‘. hardware, software, human, support)
W_het activities does it track? (e.g. design, coding, review,...)

What milestones are used in the model?

Was the estimation model designed for the p‘rojeot class?

Was the estimation model designed for the pro;cct deliverables  used in the
organization? '

How well was the estimation model followed?

What desirable items were not available? (compare the des:rable I1sts with the
avallablc lists)

" What accessible items were not utilized? (Compare the available lists with the utilized
lists.) :

How well was the model communicated to the developcrs?
How well was the model applied?
DOMAIN OF USE:

( in order to understand the env:.ronment in which the process
is being applled)

How well was the software problem understood?

How well were the methods to be used understood? |

How well were the tools understood?

How well was the hardware understood?

How well was the.so‘ftware cnvironmcnt.undorst_ood?
EFFORT OF USE:

(in order to understand the cost of the appllcatlon of the
process)
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What was the cost of applying the estimation model?

What was the relationship to the total project cost?

What was the cost of each activity?

What were the dates for the completion of each milestone?
| EFFECT OF USE:

(in order to assess the impact of the application of the
process) _

What were the differences between estimated and actuals for each phase, activity, and
in total? :

What are the resources (by type) expended on this project versus the resources
expended on the normal software development of the same type? '

FEEDBACK FROM USE:
(in order to learn from the evaluation process)
For each diff erg'nce between estimated and actuals, what were the reasons recorded?
What changes need fo'be made to the model to improve its predictive power?.

To what extent is it felt that the estimates drove the actuals in terms of values
incurred?

8. VALIDATING THE MODEL

~ Two significant pieces of work in the literature which provide definitions of the types
of data needed to support the measurement of the software process are [Tausworthe
79] and [Penedo, Stuckle 85].

Penedo and Stuckle (P&S) provide an excellent structure and content of a project
database for software engineering environments which can be used here to test
whether the model resulting from the top-down methodology employed is able to
encapsulate all of the process data suggested by them as needed in a project database.-
Table | lists the entities identified by Penedo and Stuckle and associates the particular
model categories which would be used in the model derived here to describe them.

The first aspect which is noticed when mapping the 31 P&S entity types to the TDC
model is that the broad structure presented in section 3 above {The Project
Environment Characteristics) is an important link between the software process and
product. The P&S list contains entities for the project, task, product, and resource
categories of Figure 2. In table 1 the P&S entities such as the requirement and risk
have been categorized as project characteristics, while entities such as data component,
external component, document, interface, product description, product, and software
component have. been categorized as product instances. -
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But the focus of this paper is not on the project or the tasks which go together to
'make up that project. Rather the focus is the resources consumed by _thosc tasks. !n
this respect we notice that only a subset .of the gvailable TDC categories are used in
the P&S entities. For example, at the Resource Type level we sce instances _o‘f'ail four
categories (Hardware, Software, Human, and Support), but at the next level it appears
that the P&S model concentrates on actual values. It is difficult to see how the P&S
model stores values for estimates, and particularly how the information .explaining
divergence between estimate and actual can be stored. The same applies to the
Availability level of the TDC structure. The P&S model appears to concentrate on'the
Utilized aspect and does not appear to model the other availabil.ity dimeénsions
presented in the TDC structure. This may well be because these dimensions of resource
data were considered not to be necessary in the environment of the P&S study.

Peneds ¥ Stuckle Top Gown Nodel

Entities Categories
Accountable Task The task and contract are the
and Contract convergence of protess

and product and subsets of the project.
It is in a contract

or task that respurces are consused

to produce the product. They are net,
therefore, resource entitiss.

Change item This item is gererally associated with a
- product change. :
Eonsumahle Purchase #5upport resource, incurrence and availability not specified.
Data Cosponent Product Entity
Dictionary #Software resource, or perhaps product entity
Docuaent Product Entity
Equipeent Purchase #Hardware resource
External Cosponent tHardware resource or perhaps Product Entity
Hardware Architecture tHardware resource or perhaps product entity
Hardware Component #ardware resource or product entity
~ Interface Product Entity
Nilestore ¥Project Entity
‘Dperational Scenario Product Entity
Person : $Human Resource
Probles Report #Process as part of feedback or Product entity
Product Product Entity
Product Description Prodect Entity
Requiresent Project Entity
Resource #Support resource
Risk _ #Praject Entity
Siauiation . Product entity
Saftware Coaponent Product Entity

Software Configuration Froduct Entity-
Software Evecytable Task  Product Entity

Software Purchase ¥ioftware resource .
Test fase €Software resource and/or product entity
Test Procedure #Task or project characteristic
Toal Hioftware resource
- WBS Element : Project Decomposition Entity, amay be the sase

a5 accountable task and cnntract_

Table 1. P48 Database Entities in The Medel Structure
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It remains to be seen, of course, whether all of the categories available in the TDC
structure are deemed necessary in any particular environment. However, the advantage
of such a structure is that exclusion of certain categories of data occurs explicitly
rather than implicitly.

The second model suggested as a means of testing the TDC model is that provided by
[Tausworthe 79]. In this work the model’s entities are not presented in a list form, but
are included in text discussion and report forms. For this reason it has been necessary -
to convert the form to a list of entities. In doing so it is always possible that
misconceptions of Tausworthe’s ideas may be present. However, even if incomplete, it
provides another test of the suitability of the TDC model.

The Tausworthe structure is very much oriented towards a decomposition of the
project into tasks and the association of resources with those tasks. Thus the modelling
approach used by Tausworthe is somewhat at a tangent to the modelling approach used
here since once again our focus is on resources, not the activities which consume those
resources. This is mot to say, however, that it is not necessary to associate resources
with tasks, but that it may be necessary to modei resources apart from the tasks that
consume them in order to better understand all of the dimensions of resource data.

The entities listed here are only a partial list derived from the work breakdown
-structure, the software technical progress report, the software change analysis report,
and the software change order of Tausworthe’s model. From these sources the
following resource data, among others, were identified as necessary to establish a
resource database. Only some of the Tausworthe entities have been listed here. This
- has been done to the extent that is necessary to illustrate the conclusions drawn,

From Table 2 it is clear that the focus of attention in the Tausworthe work is the
project and the decomposition of that project into its component parts. Thus we see
that the resource data is associated with particular tasks and activities. In viewing the
data in this way a structure is provided which is excellent for control purposes, in
that it establishes units of accounting which are more easily estimated and controlied.
What is not clear from the structure, however, is how questions of desired versus
accessible resources can be modelled, nor exactly how actual versus estimated can be
compared and conclusions stored for use in later project estimates. It is also difficult
to see how the model proposed in the WBS can easily facilitate the analysis of
resources consumed on a particular activity type (say inspections), regardless of the
project phase in which the inspections were done or the project task in which they
were done. Thus questions such as the value to the project of using a particular form
of inspection may be difficult to answer because the data model may make this data
difficult to isolate. However, it is clear that the resource data suggestcd as necessary
by Tausworthe are readily modelled in the TDC structure.

The importance of the application of the TDC model to the project and task level is
highlighted by Tausworthe and also Penedo & Stuckle, so that the association of
resource data and project work breakdown structures can be facilitated.
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~ Tausworthe Top Down Model

Entities Categories
" Statt: _ Human resource, estimated or actual
. Statt 1.D. '
Statf Nase
Staff Phone
Task Activity: : The dollar value #ay be a sum of all resources
Task 1.D. - consumed on a task-activity, estissted or actual
Task Activity 1.D.
Budget § .
Task: The value is a sus of all resources, estisated
Task 1.D. and/or actual '
" Task Name
Task Deser
Task Wger
Task Budget %, ETC.
Software Change Order The forus is again on the activity. The resources
Sfware 1D may be any type, estisated or actual.

Change Drder #
Activity ID
Person [D
-Description
Start Date, etc.

Table 2, Tausworthe Derived Entity List

9. CONCLUSIONS AND TMPLICATIONS AT THE RESOURCE DATA LEVEL

The discussion above has suggested storage of resource data of a type which has
significant storage and access implications; that of numeric and non-numeric project
and resource data. It has been assumed in the discussion that the resource database is
“able to store not only numeric resource values, but also reasons for those values along
with the resource environment characteristics. :

A system using these suggestions should be able to eff iciently search the non-numeric
data in a manner which will eventually enable the system to propose reasons for
numeric variances which occur in the database. In this way the system must be able to
not only highlight a significant variance, say between an estimated and an actual
resource occurrence value, but it should also be able to search the project
characteristic database and the numeric and non-numeric resource classification
_database in order to propose or associate reasons for the -variance.

It can be said that the model prdposed' here has four broad implications:

I. It proposes a resource categorization which will allow project database
designers to explicitly consider the content of that database against a model of the
resource environment. In this way, a particular individual’s view of the resource data
can be positioned in a context and compared with other external views of the same
data. This model should motivate the resource data user to consider the measures that
may be beneficial in seeking improvement in the particular process goals.
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2. It suggests a project management system’s environment which will be able to
achieve far more in terms of management support than any known environment
‘available today. It is able to do this because of the extent and dynamic nature of the
model of the resource data proposed.

3. It .provides a resource categorization which can be used when considering
relationships between tasks or contracts and resources. Specifically it provides a focus
for the consideration of the resources consumed within a task.

4. It provides assistance when applying the GQM process paradigm, so that
questions which answer the resource purpose of the study are highlighted and the
measures appropriate to those questions are suggested.
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