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Preface

* An Advanced Study lnstrtute on the theme “Fundamental Algorlthms for CcmputerGraphrcs" was held N

likiey, England on March 30 — April 12, 1985 under the auspices of the Scientific Affairs Division of NATO.
The Institute was organised by a Scientific Committee consisting of Dr J.E. Bresenham, IBM, Research .
Triangle Park, USA, Dr R.A. Earnshaw, University of Leeds, UK, and Professor M.L.V. Pitteway, Brunel .
University, UK. This book contains the majority of the formal presentations given at the Institute. In
addition, the new book "Procedural Elements for Computer Graphics” by D.F. Rogers, McGraw-Hill, 1985, -
- was uUsed as the basis for the lectures given by Professor Rogers at the Institute. This material therefore *
does not appear in this volume since Professor Rogers' book rs an up—to-—date self coﬁtamed
presentatron of this aspect of the subject.

Some 80 lecturers and delegates attended the |nstrtute I resen‘trng 14 countrres These inciuded

* Belgium, Czechoslovakia, Denmark, France, Iceland, India, It#y, Netherlands, Norway, Portugal, Turkey,

United Kingdom, USA and Yugoslavia. Academia, industry, and government and fesearch laboratories -
were represented in about equal proportions. This contributed greatly to the success of the Institute since

it promoted effective interchange of information and experiences outside the formal sessions, and

encouraged the generation of new ideas and perspectrves

The primary objectives of the Institute were to prcvrde a comprehensrve revrew of lrne arc, conic, curve

- and character generation algorithms from the pioneering work of Breéenham in 1963 up to the present
time. Thus the basic emphasis was on “fundamentals”; i.e. the basic algorithms to enable picture

elements to be formulated, described and displayed. This also included a review of encodrng and -

compaction techniques. Upon this foundation higher-tevel functions and apphcatrons could bebuilt, and
some of these were éxamined in detail during the second half of the Institute. These included contouring,
~ surface drawing. fractal geometries, picture representation, scene generation, animation, CAD and
human factors. Program transformations and automatic aigorithm generation were also studied in order
to assess the tools currently available for the re-formulation, and hence the generation of new algorithms.
, Finally the tor:ncs of raster workstatrons VLSi architectures, constructive solid geometry, and systolic array
methodology were examined. Al this material was covered principally by the Invited and Contributing
Lecturers — each being a recognised authority in their particular area. In addition, the delegates were
~ invited to submit papers.on their own work relating to the themes of the Institute. Some sixteen delegate
- papers were accepted after review, and they also appear in this volume. The ordering of the material is
divided into ten marneectrcns beginning with line and area aigorithms, and then moving on through arcs, ?
circles and conics to higher Jevel functions arrd applrcatlons It is envisaged that the tutorial and review
.nature of many of the Invited Lecturers’ papers will be very useful in bringing together current and |
previous material together under one cover. The subject matter of thrs book is therefore suitable for a wide
range of interests, ranging from the advanced student through fo the graphics system desrgner and

implementor. Portions of the book may be used as a standard text since the sectrons are fairly self-—
contained and self- expianatory

~ The fcllowrng Invited Lecturers cdntribUted to theprcgramme' N

Dr J.E. Bresenham (IBM, Research Trrangle Park, USA) |
Ir R. Brone (Cathclrc Unrversrty of Numegen The Netherlands)
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Professor J.H. Clark (Stanford University and Silicon Graphics Inc, USA)

Dr P. Coueignoux (Data Business Vision Inc,USA) .

Dr P.M. Dew (University of Leeds, UK)

Dr R.A. Eamshaw (University of .eeds, UK}
. Professor A R. Forrest (University of East Anglia; UK) - -
| Professor H. Fuchs (University of North Carolina at Chapel Hill, USA)
~ DrRA Gued;(SGRD s.a, France) S
~ Mr R.J. Lansdown (System Simulation Ltd, UK)
Professor M.L.V. Pitteway {Brunel University, UK) -
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DrMA Sabin (Fegstd, UK) .+ .
Dr R.F. Voss (Harvard University and IBM, Yorktown Heights, USA)

~ The following Contributing Lecturers each gave at least one presentation: .~
" Di K.W. Brodiie {University of Leicester, UK) . -~ e
Mg H. Brown (University of Kent UK) -+~
Mr C.J. Cartietige (Univefsity of palford, LK) .~ |
“Mr D.J. Grover (British Technology Group, UK)
Dr A.C. Kilgour {University of Glasgow, UK) .~~~
Mr R.D. Parsiow (Brunel University, UKy -~~~

- Professor A. de Pennington (University-of Leeds, UK) . -
Mr T. Saricha (Cambridge interactive Systems Ltd, UK) -
 DrC. Sinclair (NATO, Belgium) . .-+ -
- DrJ.V. Tucker (Lh'n\er?lty of Leeds, U

~ Tom Sancha, Managing Director of Cambridge Interactive Systems, keynoted the Institute with a

- presentation on “Unsolved Problems in Comptter Graphics”. With a unigue blend of academic flair and
-~ industrial experience, the cuirent progress towards solving Ivan Sutherland’s *Ten Unsolved Problems in
Computer Graphics” (1966) was reviewed. In view of the fact that some of these problems are not yet
~ solved, even after 20 years, itis particularly relevant and timely to give serious attention to review, study,
 and appraisal.of the fundamentals. .~~~ L
" Dr Craig Sinclair, Director Advaniced Study Institutes Programme (ASI), NATO, also gave a keynote

- address outiining the purpose and objectives of the NATO ASI Programme.

The Institute had a full programme of lectures and presentations. The Invited Lecturers’ papers
included in this volume contain the subystance of these lectures. In some cases the original paper has
been revised in the light of discussioris at the Institute. Only. the revised and up-to-date papers are
- includedinthisvolume. .~ .~ | I

- Oneof the objectives behind the"s_;éries of Contributing Lectures was to explore topics inneighbouring

“disciplines and review their impact at the interface with computer graphics. If progress is to be made o

“towards solving current problems in computer graphics, some degre@-cf. lateral trirking will be '

necessary. In particular, a study of inter-disciplinary aspects and the contributions they can make to a -

very valuable. In this connecton, the following topics were

synthesis of cyrrent areas of interest is very valuable _ e follc ics we
covered: curve generation, typesetting, area-fill, geostatistical technigues for contouring, 3D interpola-

~ tion, graphics .algorithm protection, architectures for high-performance systerns, 3D visualisation, and - |

~ theoretical aspects of algorithm design. -~ e | S
The Directors wish to thank the NATO Scientific Affairs Division fortherr financial support of the original -

proposal, and also Dr Sinclair for his advice and guidance during the six month period leading up to

~ Advanced Study Institute. We thank the Industrial Sponsors for providing financial support for
Postgraduate Fellowship Awards. These included Cambridge Interactive Systems Ltd, Hewlett Packara
Ltd, IBM UK Laboratories Ltd and Systime Computers Ltd. Thanks and appreciation are also due 1o the

¥
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~University of Leeds for their encoyragement and moral support; to Mrs Frances Johnson and the -
Conference Office at the University of Leeds for all their help and assistance with the administrative .

arrangements durrng the six month period leading up to the Institute and also during the twoweeks of the
conference; to the Craiglands Hotel, lkley, for their support and. cooperation; to- the Invited and
- Contributing Lecturers for giving of their time so freely (and also to their employers for aflowing them to
come); and to all the delegates who attended and contributed their ideas to the programme. Thanks are_
also due to The George Washington University — with whom the undersngned was on assignment during -
the first semester of 1985 — for therr full support and encouragement of the Advanced Study institute. -
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