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Preface

Commercial CAD software has evolved very gradually over the past 25
years from an initial singular focus on drawing automation.. Even
today, in the majority of architectural offices CAD stations are
still employed as largely stand-alone units to serve the specific
purpose of drawing production and manipulation. Conceived in this
limited application realm, CAD-drawing packages have been implemented
as large programs that typically encompass all of their functionality
within a single process.

‘The first significant departure from this centralized approach came
with the realization that the value of drawings can be greatly
increased if the objects that they contain are: directly linked to the
information that they represent (i.e., functions, relationships to
other objects, materials, cost, ownership, availability, etc,). While
this led initially to the addition of attribute files (e.g., as
symbol libraries) and spreadsheets within the same CAD program, it
was soon recognized that the need for a great deal of data could not
be accommodated efficiently in the internal data structure of the CAD
package. In any case, this data structure was designed to represent
objects geometrically rather than semantically.

. In the late 1970s and early 1980s, search for a more suitable data
management facility focussed attention on the relational database
management system. The provision of two-way linkages between
relational databases and drawing and solid modelling packages has not
. been entirely successful in addressing these needs. Unfortunately,
the internal structure of the CAD program did not lend itself well to
external connections. Since the CAD package had been designed as a
large self-contained program it was difficult to find convenient data
~entry and exit points without significant consequences to the
operaticnal flow of the package. As ‘a result, even today most of
:these CAD-database linkages are time consuming, cumbersome, and
functionally constrained. :

-Attempts to integrate the geometric representations of the CAD
~program with the data structures employed by the external databases
were only partially successful. Attempts to store the geometry of the
drawing together with the non-geometric attributes in the relational
database failed. Relational databases are optimized to process large
Numbers of short transactions and are therefore unable to accommodate
the much longer graphic transactions required in the CAD environment,
Within reasonable response time limits. The alternative solution, to
Store the geometry separately from the attributes and link the two
Vith embedded pointers, has imposed another layer of complexity on an
already contrived connection.

g:veytheless, the addition of virtually unlimited amounts of
ttribute information to drawing objects has provided an opportunity
Hg: NCorporate decision making assistance in the CAD environment.
diWGVer, for several reasons progress in this promising area has been
Sappointingly slow. First, the geometric descriptions created by




i i ints, lines, faces
stems are essentially limited to poilnts,
ggir:EZpgg? :ydescription that is useful.for reasoning Pgrp2§;2tric
should represent the geometrytgf thelartlizcgnizhgzﬁmihg agtifact
j at have meaning in the real wor
3?i§c§2 zgnstrncted and used. In other wo?ds,.for a CADkigsgzggzo
support the design activity it must contain high level
about the evolving design solution and its context.

' {££i i oni ts to CAD

it has been difficult to link reasoning agen
Sig;ggﬁslthat are designed for single-tasking envx;onmentstggg are
Eighly demanding of the availgb}elresourceg in tgzigt:xgﬁuthe igdle

i ent. Accordingly, initial commercial a .

§§§lf§22 1980s were limitéd to the incorporation of 51ng1e eigert
systems in mostly the in-house CAD sy:ﬁemshof l;rgea:ggiggeggegés

e, and construction firms. Although such re .
;:5:sgzgn'successful their usefulness has been largely rgsﬁi%ctedagg
sub-problems, such as staircase construction, welding, lightling,

thermal analysis. .

i ‘ ' the conclusion that
_ rd, when these early explorationg led to t
zgéecéive design decision support will require, at thg vgryni:::t,no
multiple agents interacting within an integrated CAD egvmig Oni °
“suitable cooperative model was.found to be readily available. Y

few appeared to exist, mostly in university research units, as
engines for theoretical research endeavors.

i ingly focussed on the
i the early 1990s, researchers have increasing =
g:;igg and implgmentation of distributed, cooperative agch+t§ctures
that allow multiple human designers and compu@er-based e51gt
assistants (i.e., agents) to collaborgte% It is the;iigrinno
ising that the proceedings. of this focus sympo o
gﬁggit:;-gased Building Design Systems should éqclude a majority of
rs dealing with various aspects of cooperative _
Eggguter—integrated design environments. TE;S treggrézsrggtﬁcted
i i i : d 2, where authors a _
particularly in Sections 1 an s WB thot e om Xnowledge
ical and philosophical questions relating
zggozgzifcomputeg interaction, and describe various approaches for
the implementation of cooperative design systems.

“thi i erative, v
: believe that much of this current work in coop e, .
izeifcgzputer partnerships will'formlihe basistoﬁ :agzg gz:iggthn q
decision-support systems that w11} allow computer-ba i o
eﬁsiignmentgpto contribute intelligently to the design activity
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Conclusion

The prototype refinement model, . - hper, is based on the
shape grammar formalism and ¢ : ledge for a chosen
prototype. The typological, topol wledge of the English
row-houses has been defined and hg the design product
have been set. The knowledge-bz | in the context of this
shape grammar and of the knowle | algorithm formulating
the routine design process isint - ﬁduct which has been
generated at the end of the implen ;possil;le solutions from

the design space for the row-houses.- .. . |‘

On Fhe oth_er hand, this knowledge-based design system simulates the human thinking in a
routine design process. For this reason, it can be used for architectural design education in the
context of computer-aided design. It can help the students to grasp the architectural design
process better. And it is also significant that it exposes the reasoning involved in generati;g
alternative design solutions.
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Abstract

The objective of the Proposal for an Application Experiment is aimed at the definition and
implementation of an IT (Information Technology) procedure for Quality Management in
Building-Design according to the European standard EN-29001.

The procedure should be based on the concept of building performance design and aimed to
define a decision support system for the optimization of the design process. Furthermore the
procedure should provide 2 full building-design process documentation as required by Quality
Assurance standards and should allow the design team t

certification.
The application experiment develops an optimised design procedure for professionals (i.e.

architects or engineers small companies) based on a widely-circulated software environment in

the building sector.
The application should be exploited using debugged 3rd generation tools and 4G tools as an

extension of a standard CAD (Computer Aided Design) environment running on PC (Personal
Computer) integrated with EDMS (Engineering Document Management Systemis).
The application experiment would permit to obtain a dynamic management and documentation

procedure during the design process.
Software engineering practice in small companies should accord with Software Quality

Assurance criteria.

Keywords

Quality Management, Computer Aided Design, Engineering Document Management Systems,

software engineering.

Current status of organization and software enginee

‘in small AE companies

The current status of software engineering practise in § ect/} eri
assumed as case study can be Jescribed as the typical customization activity for a CAD

application versus the building-design activity. The software processing provides shaping and
dimensional control, drafting and data base implementation.

The typical functions generally adopted are: o
A-storing and retrieving the evolving design information in a structured manner

through system-layering and data base co-ordination; ) .
B-representing and presenting by 3D visnalization the design information with

printouts at an appropriate stage of the design's evolution for the purposes of

assessment and client review; ) o
Today's mission of the CAD application in these types of small companies, especially in Italy,

is to produce more rapid projects draws (scheme and detail design), to permit fast
modifications and 3D views and to relate draws with the specifying phase documents.’

171

he possibility to obtain the

ring practise

small Architect/Engineering companies, -




i < fact the method statement is going to be introduced to the co;npanies'. operative
glrosg;ﬁ]?: ltarlzelgafs:e of EN-29001 standard and the directive 92/50/CE and, in Italy, in relation

to the L.109/94 on public bid;.

Design Process Scheme
the building-design working

e experiment proposal is the analysis of desig,
The first oD ord i the e oftware engineering current

processes adopted in the company and the assessment of the s

status. L ] _
Main Authors (Cornick, 1991) represent the Building-Design as a process d

phases:

ivided in four

1- the briefing phase
2- the scheme-design phase
3- the detail-design phase

4- the specifying phase ) ) ) _
The design process model can be described as an analysis-synthesis-evaluation recurrng
process (characterised by feed-back loops), in which the outputs of one phase may affect the

puts of the next phase as well as its own phase.
Elfch phase contaigs a set of typical tasks (operable by people and elements such as methods,

environment, equipment, etc.). A set of typical tasks for the first phase is:
1.1- Building requirements list
1.2- Location problems and site study

1.3- Cost and time definition | ¢ these types of tasks -i.e
Generally the CAD application in the company supports only some of these types Of § -ie.
thi?: is got a direct tl":lrcja import procedure from the GIS (Geographical Information System)

. environment where territory and environmental spatial analysis should be conducted in most

cases-.
The second phase is generally developed in five steps:
' 2.1- Alternative solutions
2.2- Location draws
2.3- Space use and functions -
2.4- Dimensional final definition of the building

2.4- Space materjals study

e Validat?td g dcsi%n h task, but, for example, there is not
i ompany uses the software support for each tasx, but, ) , there |
Iandtgﬁg SI‘ienz]::a(by gn zznomated design test Iggz:cdurc) between the technical specification gf
the building requirements (see 1.1) and the validated scheme design (2.5) which represents the
utput of the 2nd phase. )

%hf third phase (dl;tail phase) consists of the following tasks:

3.1- Structure study

3.2- Envelope study

3.3- Alternative solutions

3.4- Services study

3.5- Fittings study

3.6- Technologies study

3.7- Detail drawing set _
i i i ing to gather, from the
enerally small companies find out very c_hfﬁcult and time consuming
gifferent};nformationgources (company, client, other consuitants, suppliers, contractorls),:}xllé
the information necessary to the company consultants and quality responsible to apply

ity tests to the building project. o o
%l;slsltgne is therefore the g}gse where the absence of continuity 1n the software procgssmtg blS
more evident: architects and engineers often are working in separate la}j,;e:r:ij (an poway
networked work-stations) without the possibility to Cross the design control in a dynamic way.

Le. the task 3.2 it is generally developed before 3.1 fo
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r aesthetic needs, and many times the

structure such as the technological hypothesis must be modified a posteriori. We can observe
the same regarding others technical studies-and related building quality design tests.
Detail draws are lastly a collection of data, often conducted in a very traditional way and aimed
to implement different sub-sets of separate technical layers. These first three phases of the
building design are recurring processes.
The specifying phase is integrated with the detail designing phase even it has its specific tasks
and output. During this phase the output of phase 3 has to be translated in the subsequent
tendering and construction phases. Small companies generally adopt seven tasks:

4.1- Constructable draws set -

4.2- Contractual requirements

4,3- Temporary works requirements (})

4.4- Technical specifications (%)

4.5- Design test methods (2)

4.6- On site and laboratory test methods (2)

4.7- Estimate of costs
Many companies manage the constructable drawing and the estimate of costs by software, but,
in the future it would be necessary to link all the other Quality Management tasks to them.

In particular one of the main objectives of the application experiment is to define a dynamic
procedure to obtain validated draws and instruction for construction in relation to a pre-defined

project requirements. _
To this aim the integration of EDMS standard functions in the experiment purpose is foreseen.

Generally the status of software engineering practise in small companies may be described
through the following elements: '

-Oreanizational issues:

There is a designated Project Manager (SPM) for the software development project who
naturally reports to a Business Project Manager (BPM) more for the Companies small
dimension than because of formal procedure.

A Software Quality Assurance (SQA) function for the software development process is

actually missing. .
The availability of non-software resources (j.¢. data from different sources, for specialists and

consultants information for the project implementation, etc.) which are critical to the success
of the project are managed with an appropriate planning phase but are actually, more oriented
towards the product functionality than to the SQA.

-Standards and procedures:

There isn't any formal procedure of structured software, implementation methods, only the
data analysis phase is well defined: ERA (Entities Relationship Analysis) methodologies are in

fact common practise. :
Furthermore being the majority of programming activities regulated by subcontracting

agreements the major stages of the software development process are periodically reviewed

and monitored. - .
The customization of the commercial package is often preferred because of the small

investment,

Metrics to evaluate the activities efficiency and to reach higher levels of optimization of the
software production process are generally not used.

laccording with the standard 92/57/CEE
2new procedures in conformity with the EN-29001 standard.
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ze and is mainly due to the

-Erggess ng:g],

Tt is often quite good but not formalized because of companies' si
sub-contractors control necessity.

-Tools and Technology:

Third generation Janguages plus macro languages associated with CAD environments aré more
often used. Traditional 3rd Generation Languages debuggers aré still widely circulating.
Innovative packages for work group and EDMS environments and CASE (Computer Aided

Software Engineering) tools are very rare known and adopted.

moment a real software life cycle is not defined

In conclusion, we can observe that at the
| trend is to limit the IT support to

within the small AE companies organizations and the actua
traditional software areas such as CAD.
The paper purpose is to join the necessity of a quality assurance system with the re-
engineering of work-processes supported by a more effective IT application.

Required Status of the organization and software engineering

practise upon completion of the experiment

n experiment is illustrated in Fig.1.

The conceptual model assumed for the applicatio
ing to the standard EN-

The model shows an effective quality management support accord
29001 in building-design services- i.e. in the detail phase the working process is represented
as a chain of sub-phases characterised by feed-back loops from the subsequent task to the
preceding task. Computer controlled feed-back loops are needed for maintaining the
consistency in meeting project requirements. :
The IT system (and for instance the information generated) are elements of the task set. As
explained in the QM literature (Comick, 1991) any deficiency of these elements can have two
main causes: '

1)a lack of skills or knowledge

2)a lack of appropriate procedure s 2 result of non-quality related professional practices.
The experiment proposal is aimed to avoid these deficiencies providing both work as well as
continuous environment control for the project.
A great emphasis must be focused on the system
29001 standard) to release any project decisions to the relative input-

during quality audits or final tests.
is described in the Fig.3 within the phased workplan.

The general model of the experiment
The Fig.2 shows the structure of the system that-should be adopted for the application

experiment. o _
The software engineering activity will be focused on developing an automated link between
technical and standard information within the related building-project steps. Quality

erformance evaluations, related design tests and scientific know-how are necessary to the

building quality management and should be integrated in the computer aided design procedure,
defining a set of rules (declarative data bases and procedural files) managed by automated

work flow tools.
i ation Technology industry standards. Rather
tem vpon a set of proprietary tools (such as a proprietary graphic system or 2
ted way, with

proprietary data base management system) the proposal plays, in an integra

today's industry standard CAD and DBMS software. The graphic fron :
widely circulated graphics environment; as well as the DB back-end link which should be

designed to work with an integrated SQL database. .
The main changes required in applying the experiment are shown in Fig.3 and are explained

below. -

documentation capacity (see 4.16 of EN-
outputs data/information

-Oreanizati

t-end would use a very.

Software Quality Assurance (SQA i )
%gplic?ion Expgriment anee éu Siozl-funcnon for the software development process inside the
-The software manager training on in-house software proj . ' !
_ ager traini ) project procedures shoul
Particularly the training is aimed to improve the awareness agd capacity on 20%%2,?;:?5%
_ system.
In the application
experiment the
availability of non-
software resources
should be guaranteed
by the definition of '
specific and formal

ADMISSIBLE ’ hierarchical
mode! procedures.

N -Standards _ a
e FPPD
i . procedures;

i Companies must adopt

QUALIFEED s
ur o a formal procedure of
| oromsace structured software
V. and implementation
{ Quaumy auprs methods. :
- -Metrics: |
PRAVING Companies must adopt !

metri_cs to evaluate the
| srecncanons efficiency of software
) ~ customization activity .

memeance | -Process Control:

The process control
must be formalized to
conform the SQA
requirements and to
reach a higher level of
optimization of the
production process.

FI0.1- Examy
phase

-Tools and

Technology:

The introduction of a relational database envi :

%%ied w'ttht 4C§L and (il " iE inside the exp élr\ifrlnrggglent, to create the design-database should be
prototyping methods introduction is considered v i :

software interface definition considering the Building-Desi:gszgél;gzoﬁgﬁiggng the final

The software formal documentation introduced
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ould introduce electronic workflow practice. 8 o A
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Anticipated benefits

building-design process.

documented by the system.

In fact most of the corporate Quality
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After the experiment's application the
software engineering in small companies
should support more efficiently the
Quality Management procedure of the

This fact will create the possibility to
certify the software and help the whole
company Quality System implementation
in conformity to the standard EN-29001.

In particular an entire set of planned and
systematic actions are necessary to offer
an adequate quality assurance of the
software and of the building-design
services organization in a company and
should be formally managed and

System documentation necessary for building-Design should be an output of the software
system itself. . : '

In such way a company should be able to demonstrate, where requested, the quality
documentation as a software performance, and with the IT support the “paperless office”
would rapidly reduce the generation of the paper mountain typical of a bureaucratic approach
to quality systems. The application of the QS would become a real tool in cutting time and

costs to support efficiency.
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