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ABSTRACT

This paper presents conceptual process and data models of resource planning
and consumption for the software development process. Such conceptual models are a
prerequisite to the development of process management oriented software engineering
environments. The data model s derived from a generalized software process model and
consists of a four dimensional view of resource data. This view airns to encompass the
required data for resource planning, evaluation and control. The conceptual data model
can be used as a basis for an integrated software engineering environment or as a basis
for informal management of the software process.

* This research was funded in part by the National Aeronautical and Space
Administration Grant NSG-5123 to The University of Maryland, and the Special
Studies Program of The University of New South Wales.
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1. INTRODUCTION

This paper presents a conceptual process model of resource consumption during
sofiware development, and a conceptual data model of the resources consumed. These
models, particularly the data model, are a pre-requisite to the development of an
integrated project support or measurement environment which aims to capture
resource data for the purposes of project planning, evaluation, or control, The models
presented in the paper are a part of the TAME (Tafloring A Measurement Environment)
project [see Basfli, Rombach 87] being carricd cut at The University of Maryland. The
TAME project atms to develop an Integrated Project Support Environment concerned
with measurement of the software process and product.

The conceptual data model proposed is a four dimensional view of resource data
which has been validated against the published literature on software resource
databases [see Jeflery, Basili 88]. The resource dimensions embodied in the model are:

1. Resource type - the nature of the resource consumed

2. Resource use - descriptors and measurement of the resource usage

3. Resource Incurrence - whether estimated or actual values, and

4. Resource availability - a measure of the viewpoint adopted in considering the use
of the resource

The paper presents an overview of both the resource process and data models
along with guidelines for their use in the project management environment.

2. RESOURCE AND PROCESS MODE

The most extensive work carrted out to date on the establishment of the data
which needs to be collected to manage the software process and product is the STARS
project Proposed Baseline Software Measurement Data Item Descriptions [STARSS84).
The approach adopted in the STARS project has been a bottom-up process of defining
data capture forms which can be used during the software process. The data decmed
destrable 1s embodied in the many forms designed. This approach contrasts with that at
TRW Inc. where they have defined a database schema for process and product data (see
[Penedo, Stuckle 85]). This schema was developed basically top down and does omit
some data ftems which many would consider necessary for effecttve project
management (see [Jeffery, Basili 88]). Another project which impacts the definition of a
project database is the work of Abdel-Hamid {Abdel-Hamid, Madnick 86]. In this work
the dynamic nature of software projects is emphasized and the complex data
interrelationships which result is outlined. For example they make the very valid point
that the process of estimating project time will have an impact on the software process
that results, and that we need to consider this interrelationship in project control.
Tausworthe [Tausworthe 79] also defines some of the necessary components of a
software prgject database in his work, but as in the case of the STARS project, the data
itemns are detafed in data capture forms rather than tn any conceptual or pyhsical
database model. It is significant that in the development of these prior models that the
ANSI/SPARC model for the development of database models has not been applied, In all
cases, with the posstble exception of the TRW work {Penedo, Stuckle 85], the conceptual
data and process models which lie behind the data item definitions and lists have not
been reported.
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This research has taken a top-down approach to the development of the
database schems by defining a conceptual Project process model which describes the

nature of the software project, and based on this a conceptual project data model which-

can now be used (1) to develop physical data models in-formal project tracking and
Teporting systems, and (2) as a basis for informal project management systems.

3: THE PROJECT ENVIRONMENT

TERPIrre Ul MNIEMHHEE MY AHE DRAMGLS MAASES M1 UHMCE (0 GEeuver a
software product. The software process has overall characteristtics which need to be
established in order to place the resource consumption in context. This characterization
includes data on factors such as:

project type
organizational development conventions
. project manager preferences
, . target computer system
- development computer system
project schedules or milestones
project budget
project deliverables

In this data the broad project characteristics and the environment of the project
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 constratnts are being tmposed on the project
development time? What management constraints are being mmposed on staffing levels?

These factors form the environment in which the software process will occur and
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.

An overall mode! of the software project 1s shown in Figure 1. In this figure the
entity project is decomposed into a number of tasks or contracts, each task consuming
the entity resource and producing the entity product. In the implementation of this
model each of these entittes will require many entities to characterize them. Thus the
project and its environment have characteristics, as do the tasks and subtasks, the
resources, and the products.
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4 ITION OF TERMS

In this paper several terms are mtroduced to describe aspects of resource
consumption. These terms are:

- desirable resources: Those resources deemed to be "ideal” for the project.
- accessible resources: Those resources potentiatly available for allocation to the

Project
- utiltzed resources: Those resources actually used or expected to be actually used
on the project.
S R CE PR( MODE

The software process can be described from a resource perspective as an
Interacting three-stage process tnvolving the sub-processes of:

1. PLANNING
2. ACTUALIZATION, AND
3. REVIEW,

lead to a change in the actual data captured where it is learnt that additional or
changed measures would be beneficial,

oeonsists of

FIGURE 1. AN OVERVIEW MODEL OF THE SOFTWARE PROJECT
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5.1 THE PROJECT CYCLE

Figure 2 shows the data flows, logical data stores, and processes invalved m planning,
actualization, and review. This data flow diagram shows three types of estimates being
made; desirable, accessible, and uttlized. The desirable resources are estimated {in
process 1) by the project esttmator on the basis of information concerning the project
and the environment in which the project 1s to occur along with any project histoties
and/or knowledgebase which may be available. The accessible resources for this
Project are estimated in process 2, again by the estimator, using the destrable resources
and the corporate resource database as input along with any history and/or
lnowledgebase information. The corporate resource database lsts and describes the
resources which can be called on by the organization along with any commitments for
those resources,

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, or different to the resources considered desirable,

The process of detatled project Planning then continues in process 3, using the
project accessible resource database as one of the inputs to this process, and
generating the project resource plan which contains details of the esttmated utilized
resources. "Estimated utflized" resources are those which it is anticipated actually will
be used on the project. Once again the difference between the outputs has meaning.
Just as the difference between desirable and accessible represents a database resource

estimated
- Pproject characteristics

estimated "?3{:?;
dgata

estimated
desirable

project
corporate respurces
resource
datadbase

FIGURE 2. THE PROJECT CYCLE
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for risk management, the difference between accessible and utilized forms a basis for
contingency planning. Resources can be “committed” in two ways, The first 1s when an
available corporate resource s both accessible and utflized. 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 avaflable for the project
but rather than entering the utilized Ust they are entered as a contingent commitment
to a particular project. In that way the planning process can allow centingency planning
for individual projects and for corporate resources as a whole,

As the software process continues, resources actually utilized are accumulated
via process 4, resuiting tn the project resource history data store,

The actual utilized data is used in process 5 to monitor the estimates and the
usage data capture and thereby facilitate project control. If major divergences between
estimates and actuals occur, this may trigger re-estimation of the rescurces.

o POST-PROJECT REVIEW CYCLE

Figure 3 showsanov@rwewofﬂzeuseofthepmposedstmcturempmject
reviews. The data accumulated during the project are used to review the project and
generate learning based on the experience with the praject. This riew data consists
of:

ot project end;
corporate resource
database
actual
o
estimated ecsiopment
Project erwironment
d environment ' characteristics
eharacteristics

estimateq

Gestrable ‘ actual .

accessible ang Gestrable and
utilized eessible resources

resources

project nistory
datadase

FIGURE 3. THE PROJECT REVIEW CYCLE
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1, additions to the project history and knmowledge databases

2. changes to the perceptions of the project and its environment, based on
comparisons between estirnates and actuals. For example, the comparison
between actual and estimated milestones may reveal that shorter milestones
were possible, or that destrable milestones should have been set longer, By
making these comparisons it 1s possible to establish a project learning
enviromment.

3. changes to the perceptions of desirable and accessible resources, Again
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 cousistently over-estimated for this project. The
reasons for this can be explored and, if necessary, adjustments made to the
algorithm,

For example organizations may not wish to use project reviews, or they may not
consider it appropriate to carry out formal contingency planntng or risk management.
At the simplest level only the esttmated utilized and the actual utilized may be used,
perhaps providing input to an informal project learning process which occurs at the
individual level,

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 from
consideration 13 done so in the knowledge that there is no real information tn this data.

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.

6. THE RE; CEDATA
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Basedonthesoﬁwamtesourceprocwsmndelpmsentedmsecuons. the
structure of the data model ts four dimensional, These four dimensions are divided into
two segments:

1. resource type, and
2. resource use

‘Ihetwosegmentsbelng separated are (1) the nature and characteristics of the
tesource, and {2) the manner in which we look at or consider the consumption of that
resource.

6.1 RESOQURCE TYPE

By decomposing the resources nto different types different views of the
Tesources can be provided. For example, it may be important for operations personnel

memourcesofasoﬁwareprojectcanbeclassxﬁedas:

.hardware
.software
.human
-support (for example: supplies, materials,
communications facility costs,)
These categories are tntended to be mutually exclusive and exhaustive and
therefore are able to contatn each instance of resource data in one or other of the

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).

consideration. (For example, compilers, operating systems, utility routines, previously
existing application software). This also includes previous project docurnentation, such
as requirements, design and code which is suitable for reuse in future projects.



Human resources encompass all the people used or potentially able to be

used for development, operations, and maintenance in the environment under
consideration. L

Support resources encompass all of the additional facilittes such as
materials, communications, and supplies which are used or potentially able to be used
in the environmoent under constderation. ’

The values associated with these resources may be stored in both price and
volutne measures, where volume means, for example. hours of use or availability, or the
number of times a resource is needed. and price refers to the $ values assoctated with
thatresource.’mtsmaybeaeostperumtmeasumoracoetperpeﬂoddmnc.

RESQURCE

The categorization of use within this dimension allows the resources consumed
to be associated with different perspectives of the software process. For example, it is
through this use structure that we are able to distinguish:

. between prior-project expectations of consumption and
resources actually consumed, or

» between resources consumed in each phase of the
project, or

- between the utilization of a resource and the
availablility of that resource, or

. between an {deal view of resource planning and the
resources actually available

The use structure proposed is based on the process model of section 3 and consists
Of'

1. INCURRENCE
1.1 Estimated
1.2 Actual

2. AVAILABILITY
2.1 Destrable
2.2 Accessible
2.3 Utilized

3. USE DESCRIPTORS
3.1 Werk type
3.2 Pomnt in Time
3.3 Resources Utilized -

6.2.1 INCURRENCE

This category differentiates between estimated and actual to allow the resource
information to be gathered and used tn a manner suftable to the management of the
resource. It 18 necessary, for example, to store data on estimated resource usage,
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resource requirements, and resource availability. This data s distinguished from the
actuyal 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 summmary points,
explanations and defined datg accumulations on estimated ang actual resource use
provide feedback on the process. This feedback should contain reasons for variance

This structure requires that process data, as it changes tn value during the
Project, will not be lost but will be stored in an accesstblemnnersothatmeamngﬁu
analysis of projects can be carried out using a database that provides complete details
of the project history.

2, ATLA
This category allows storage of a resource nse by:

.destrable
.accessible
Jutilized

These terms are defined 1n section § above. This categorization provides further
mﬂnementofthemoumedata.ﬂnoughﬁus.andsaythemcummecatego:y. itis
posstble to compare the actual resources utilized with the estimated utilization, and
then trace possible reasons for vartance through the desirable and accessible
dgmenstons. For example, differences between planned avatlability and actual
avatlability of a resource may be significant in understanding the software resource
utilization that occurred during the process,

As outlined in section 5, the difference between destrable and accesstble is those
resources seen as destrable for the project but which were not avafiable for use during
the project. This difference may » for example, because of budget constraints or

As In section 5, the difference between accessible and uttlized represents those
Tesources available for the project but not used. This difference will arise because of
three possible reasons:
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1. The resources prove to be inappropriate for the project under
constderation, or
2. The resources are appropriate but they are éxcess to those needed
3. The resources are appropriate, and their use is contingent on an
unecertain future event.
The use of these storage categories is explained in detail further below in secton
6.3. Through this avallability category we are able to distinguish between:

(1) the resources which are reasonably expected to be beneficial to the
process (destrable),

(2) the resources which exist tn the organtzation and are able to be used if
needed (accesstble}, and

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

Through this categarization it ts then possible to track resource usage and to
pinpoint their use or non-use and to ascribe reasons particularly to their non-use as n
the case of non-aceessibility. As i the INCURRENCE category, the reasons for
divergence between desirable, accessible, and utilized are stored tn a feedback
factlity,

6. 'ORS

This category provides a description of the consumption of the resource item i
terms of three essenttal characteristics of the consurnption of that item:

1. The N e he W ,bemgdonebytheresoume:(e.g.eodmg,
Ingpecting, or designing) This category can be used in conjunction with other views
to distinguish between process activities, such as human resources estimated to be
desirable iIn design work, or machine resources actually utilized tn festing, or
elapsed time implications of inspections.

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

The Use Descriptors also provide the link to the work breakdown structure
which 1s commonly embodied in process models. This link 1s established through the

Stuckie 85].
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encompase all of the Tesource data suggested as necessary by these authors. In both
cases it was found Heffery, Basil 88] that the model Proposed satisfied tn this respect,
but also inchided the Possibility of Capturing data addittonal to that suggested by them.

explanation, Such g is shown in Figure 4. m we see that the
Proposed structure views the software project (which has attributes describing that
brofect) cons urces. The resources gre as h four

- (oescrlmton. milestones, tarpet nardware
@ Gevelopment hatdware, deliveradles, etc.)

eons/sts or

(Hardware, 20ftware, human

Tvoe SUD0OTL PIUs Btiridutes of the
Presource)
(work hature, Catendar time
USE DESCRIPTORS Measure of work)

AVAILABILITY

' FIGURE 4, THE STRUCTURE OF THE TpC MODEL
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At the next level m the diagram we model the use of the resource, In the first
Instance this involveg the type of work that the resource is performing, the potnt (or

€xecution-time, connect-time, or whatever is the relevant measure of work for thé
Iesource instance.

The use of the resource i3 then described as belng efther estimated or actual,
and both of thege may be desirable, accessible, or utilized. In this way the following
concepts are supported: .

1, Estimated Desirable: The Tesources 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, given the canstraints imposed on the software
process (a contingency plan).

3. Estimated Utilized: The resources which 1t is anticipated will be used
in the software process. -

4. Actual Desirable: with hindsight, the resources which proved to be the
“ideal” considering the events that occurred in the software process (a part of the
learning process).

5. Actupal Access £: Again with hindsight, the resources which were
actually available and could have been utilized ( a part of the learning process).

6. Actual Utilized: The Tesources actually used tu the software process.

Categories one through three are used Inftially for planning purposes. The

a. individual or group knowledge

b. algortthmic models

<. a database of prior projects, and/or
d. a knowledge base

At the very stmpiest level, the planning process might establish only numeric
values n the estimated utilized category based on individual knowledge alone. In
cssence, this is the only form of estimation used in many organizations, wherein project
Schedules and budgets are established by an individual, based on that tndividuals
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€xperience. These estimates Tepresent the expected project and resource characteristics

for the duration of the project.

In a large number of organizations algorithmic models are also used for
estimation of resource utflization, In some cases the algorithms nclude uncertainty
Parameters allowing for contingency p .

The use of databases of prior projects is less often used, although more common

in larger organtzations than smaller. These databases ¢ontain both numeric and non. -



mcuscoflumwledgebaseatstheleastcommw,‘mmmorpomungsme
aspects, but it is suggested that through this facility the ISEE will be able to provide
significant benefit, Particularly in higher uncertainty profects.

The extensions suggested here allow these esttmates to be enlarged in the
following dtmensions:

The nature of the estimate
The source of the estimates
The timing of the estimates

1. The nature of the estimate. memodelanowspmjectandmoume
managers distlngmshbetwemdemble.aot:essible and utflized estimates as

knowledge base, a database of prior projects, and algorithinic models of the process.
Each of these should be supported in a measurement envirorunent, 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

searching of text data on Pprior projects, the use of a knowle.dge base, and the support of
group decision support processes are all the subject of current research {see for
example, [Berastein 87, {Nunamaker, et.al. 86], [Barstow 87], [Valett 87)).

. The n timat - In the structure suggested, all
estimates may be made before the commencement of the software process and also at
any point in time the process Howeverthu‘earecertampommﬁmedurmg



3. atsystem!nmatedpomtstnﬂmeatwhichmemeasurementsystem
recognizes a potentially signtficant divergence\hetween estimate and actual

The third possibilty tmplies that the measurement system.1s able to intelligently

recogxnzatheedstmoeofapmblemwithrespect to the comparison of actual and
estimate.

Categories four (actual destrable) and five {actual accessible) of the structure
exist to provide a feedback and learning dimension to the project database. These

handledmsoumcsbetterr’ltisaleammgmechamsmtogemteerMtnew
knowledge for the knowledge and data bases, and also to improve indtvidual and group
knowledge. '

2. CONCLUSIONS

memseamhhasproposedanhltulﬁvemsoumedstamodelmwmtendedto
support software project management. This support may be in the form of an integrated
software engineering environment, or as the basis for informal process management,

The resource data model proposed consists of four dimensions:

1. resource type
2. regource use

3. incurrence, and
4. availability
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