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\OL. 1. NO, 4 NONEMDER, 1976 COMPUTER GRAPHICS AND ART

THE MAGAZINE OF INTERDISCIPLINARY COMPUTER GRAPHICS FOR
PROFESSIONAL GRAPHICS PEOPLE AMD COMPUTER ARTISTS.

GRACE C. HERTLEIN, Editor
Calif. State Univ., Chico, California
JUDITH P. CALLAHAN, Editorial Assistant

BER ¥ . i
ERKELEY ENTERPRISES, INC., Publisher NOVEMBER THEME: APPLICATIONS

Centributing Editors

ALFRED BORK, Univ. of Calif., Irvine

CHARLES CSURI, Ohio State Univ.,
Columbus, Ohio

HERBERT W. FRANKE, Munich, Germany

ARTHUR W. LUEHRMANN, Dartmouth College
Hanover, New Hampshire

ABRAHAM MOLES, Univ. of Strasbourg,
France

NICHOLAS MEGROPONTE, Mass. Inst. of
Technelogy, Cambridge, Mass.

JACKIE POTTS, Social Security Adm.,
Baltimore, Md.

ERIC TEICHOLZ, Harvard University,
Cambridge, Mass.

1 -= FRONT COVER, Knitted Design by Computer,
by W. G. Wolfgang
Philadelphia College of Textiles and Science
Philadelphia, Penna.

3 — ANNOUNCEMENTS
Important forthcoming conferences, deadlines, etc.
Miscellaneous anncuncements, ads

L - EDITORIAL -
by Grace- C. Hertlein, "To Measure, To Quantify, To Know?"
{Simulation, the "Limits to Growth", the importance
{or lack of importance) of interdiscipiinary compu=—
ter graphics is discussed and presented.)

Advisory Board Members

EDMUND C. BERKELEY, Editor and Publisher,
Newtonville, Mass.

KEMNETH KNOWLTOM, Bell Laboratories,
Murray Hill, New .Jersey

FRANK MALINA, Editor, 'Leonardo',
Paris, France

FRIEDER NAKE, Univ. of Bremen,
Bremen, Germany

JOSEPH RABEN, Editor, '"'Computers and
the Humanities', Queens College,
Flushing, New York

RICHARD SPEER, Evergreen State College,
O0lympia, Washington

5 = ANMOUNCEMENT - COMPUTER GRAPHICS AND ART
(Renewal notice — CGEA ends Volume 1, prepares for
Volume 2.)

6 = MATHEMATICS IN ART AND COMPUTER GRAPHICS
by Or. JeanBevis, Department of Mathematics
Georgia State University, Atlanta, Georgia
(Mathematician, Jean Bevis, outlines a systematic
study of techniques for specifying a basic system
of lines, offering & new theory of texture based
on mathematics — illustrated.)

10 = A COMPUTER PROGRAM TO GEMERATE WEAVE STRUCTURES
by W. G. Wolfgang, Philadelphia College of Textiles and
Science

Philadelphia, Penna.

(Weave structures can be reduced to a set of al-
gorithms. These algorithms reduce all weave struc-
tures to five basic weaves and a set of operators.
The basic weaves, and the system itself is fully
described and well illustrated by the auther.)

HATERIALS SUBMITTED FOR PUBLICATION SHOULD
BE IN ENGLISH (WITH AN ABSTRACT), TYPED
DOUBLE SPACED ON LETTER-SIZED PAPER, WITH
TWO COPIES OF THE MANUSCRIPT SENT TO:

EDITOR, COMPUTER GRAPHICS & ART
Berkeley Enterprises, Inc. =
Chico Branch
555 Vallombrosa — #35
Chico, California 95926
(PHONE) {916)343-2712
MOTE: ILLUSTRATIONS ARE HIGHLY DESIRABLE
WITH WRITTEW TEXTS.
SUBSCRIPTION INFORMATION, ADVERTISING
RATES, BILLING INFORMATIOM SHOULD BE
ADDRESSED TO:
Judith P. Callahan - Business O0ffice
COMPUTER GRAPHICS & ART
Berkeley Enterprises, Inc.
815 Washingten Street
Newtonville, Mass. 02160
COPYRIGHT 1976 by Berkeley Enterprises,
Ine., MNewtonville, Mass. 02160
COMPUTER GRAPHICS & ART is published
quarterly, 4 issues per year. Printed
in the U.S.A.
ANNUAL SUBSCRIPTION RATES
Perzonal, U.S. & Canada, $10 per year
Personal, Foreign, 513 per year
Library, Departmental, 515 per year
SUBSCRIPTIONS ARE OM A PREPAID BASIS.
We are applying to the U.5. Postal Ser-
vice for second class mailing privi-
leges.
AUTHORS: Please write for ''Suggested

Guidelines for Prospective Authors,!
available from the Editor, CGGA.

1B - FROM STYLUS TO LIGHT PEM: TECHNOLOGY AND INNOVATION IM THE
DEVELOPMENT OF QUANTITATIVE GRAPHICS
by James R. Beniger, Survey Research Center

University of California, Berkeley, California
{Mathematics may be regarded as the '"Queen of Science,"
and quantitative graphics must rank among her most
valuable handmaidens. This is a condensed version
of an in-depth scholarly study of the history of
utilitarian, quantitative graphics and important
firsts in man's attempts to measure, guantitify,
and communicate useful information.)

28 —~ COMPUTER GRAPHICS AT THE UNIVERSITY OF MUNICH ([WEST GERMANY)
by Reiner Schneeberger, Art Department
Universitat Munchen, West Germany
{Systems design and details of course objectives,
teaching computer art to artists, and illustra-
~ tions of outcomes are featured.)

32 = COMPUTER-ASSISTED GRAPH=-MAKING
by Elaine McNichols, Department of Computer Science
California State University, Chico, California
{Development of a user-oriented CHART System for
interdisciplinary students is reviewed — together
with a discussion of course refinement and results,)

34 - ANNOUNCEMENT - COMPUTERS AND PEOPLE

36 - BACK COVER Knitted Design by W. G. Wolfgang

a

COMPUTER GRAPHICS and ART for November, 1976
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Announcements

SIGGRAPH '77

The Fourth Annual Conference on Computer
Graphics and Interactive Technigues will be held
July 20 - 22nd, 1977 at the San Jose Hyatt House
in San Jose, California. The conference is spon-
sored jointly by ACM/SIGGRAPH.

SIGGRAPH '77 will focus on research, applica-
tions and education in computer graphics and in-
teractive techniques. Papers are solicited on a
variety of topics, including graphical theory
and techniques such as languages, hardware, soft=-
ware, tools, portability, standards, device in-
dependence, line graphics, raster graphics, data
structures, satellite systems, human factors; ap—
plications in the area of environmental, urban,
transpertation, cartography, biomedicine, anima—
tion, computer aided design, art, music, business,

statistics, recreational graphics, deciszjon making,

and computer graphics education,

Papers may report original work, unusual or
unigue applications or techniques of computer gra-
phics, or they may evaluate graphical specifics.

Readers are invited to submit papers to the
program chairman:

James E. George

Los Alamos Scientific Laboratory
B, 0. Box 1663, MS 272

Los Alamos, New Mexico

ABSTRACT DEAOLIME: A short abstract is requested
by December 1, 1976 and the final paper must be
submitted by May 2, 1977.

The General Chairman is Stephen Levine,
Lawrence Livermore Laboratory, P. 0. Box
Livermore, California, 94550, He may be reached
for further information at (415)}447-1100, Exten-
sion 3360.

POSITION WANTED IN GRAPHICS

Dedicated graphics specialist looking for
position in research and graphics development.
Masters Degree in Computer Science (California
State University, Chico), with doctoral study
at the University of California, Irvine. Addi-
tional graphics research at University of Cali-
fornia, Santa Barbara.

Thesis: ''CHIC = A General Purpose Computer
Graphics Language.'

Experience with programming in FORTRAN,
BASIC, ALGOL, LISP and varied ASSEMBLY languages.
Currently working on two interactive graphics
systems. Would like to expand them and/or do
developmental work on other graphics systems.

CONTACT:= Steven Williams
1225 Nord = #1
Chico, California 95926
(316)345-0292

THIRD INTERMATIOMAL CONFERENCE ON COMPUTING IN
THE HUMANITIES, AUGUST 2-5, 1977

The Third International Conference of CHUM
will be held in Waterloo, Ontaric, Canada from
August 2=5, 1977 at the University of Waterloo.
The conference is sponscred by the University of
Montreal and the University of Waterloo.

For further infoermation, write:

Professor J. 5. Horth
Chairman, ICCH3
Department of English
University of Waterloo
Waterleo, Ontario, Canada

NCC 1977, DALLAS, TEXAS — JUNE 13=16

Deadline for submission of previously un-
published papers for MCC 1977 is December 1, 1976,
For further information and details of NCC Paper
Guideliries, write the '77 NCC Program Chairman:

Dr. Robert R. Kerfhage
Department of Computer Science
Southern Methodist University
Dallas, Texas 75275
214/692-3082

1977 CONFERENCE ON COMPUTERS IN THE UMDERGRADUATE
CURRICULUM

The 8th Annual Computers in the Undergraduate
Curriculum Conference will be held at Michigan
State University, East Lansing, Michigan on June
19-22, 1977. A 1imited number of partial travel
and subsistence grants may be available.

Deadline for submission of papers is January
15, 1977. For details of conference, write:

Or. Gerald L. Engel
Virginia Institute of Marine Science
Gloucester Point, VWirginia 23062

IFIP CONGRESS 77 — TOROMTO, CAMADA, AUGUST 8-12

The International Federation for Information
Processing will hoeld an international congress in
Toronto from August 8=12. Chairman of IFIP 77
is Prof. W. M, Turski, Institute of Mathematical
Machines (MERS), Krzywickiego 34 — 02-078 Warsaw,
POLAMD. For information write:

bDr. Harlan 0. Mills

IBM Corporation

18100 Frederick Pike
Gaithersburg, Maryland 20760

ARS EX MACHINA — MIENWA, AUSTRIA, WINTER, 1977

An international congress will be held in the
winter of 1977 (precise date to be announced) in
VYienna. The topic is "Correlations between Art,
Mature Study and Technics.!" If interested, write:

Gesellschaft Bilender Kunstler Wiens

KUKSTLERHAUS
1010 Wien 1, Karlsplatz &
AUSTRIA
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CDITORIAL

TO MEASURE, TO QUANTIFY, TO KMOW?

Recently a prominent simulation expert wisited
our campus as a distinguished visiting professor,
giving a series of guest lectures for faculty and
students. I had asked him to relate the importance
of computer graphics to simulation == in addition
to emphasizing the significance of simulation in
problem=solving.

In order to afford objective thinking about
the topics and gquestions rajsed, 1 have marked his
topics with quotation marks, preceded by YP (for
Visiting Professor). I would add that his topics
were well developed in a broad, significant manner,
and that 1 am taking them as a departure place, to
briefly explore the importance (or lack of impor-
tance of interdisciplinary—not art} computer
graphics.

T« VP: '"You might say that computer graphics could
save the world. What does this mean?"

Computer graphics enhances communication. Vi=
sual displays have been used by man throughout his-
tory to convey infermatien. Consider the text,
Limits to Growth by Meadows, Randers, and Behrens,
a well-known paperback. Study the innumerable
graphs in this text. Could the data and results
of this simulation be displayed in a more dramatic
and communicative way? Decidedly, '"No." To ac—
complish these graphs manually would be tedious,
imprecise, and unaesthetic. In essence, when
computer graphing facilities are available, it is
foolish (and perhaps passe) not to visualize com-
puter processing vwia computer graphics. Process-
ing of alpha-numeric data without visual displays
is mere partial processing that does not display
nor communicate results to the viewer or reader.

2. VP: "Many of the major and minor problems of
the world can be solwved by enhanced communication.”

Computer graphics convey information objec-
tively, dramatically, without emotional, subjective
overtones often conveyed by numbers and words.
Words too often are generalistic, colored by over-
use, personal interpretations -= imprecise. HNum-
bers convey more precise information, but they do
not fully reveal relationships and results. Gra-
phics afford a fuller, more enhanced, more under-
standable projection of the subject == and commu-—
nication is enhanced.

Let us look at this word "communication.'
If I may use computer terminology, to me, when an
idea is communicated, it is throughput into the
listener's (or reader's) consciousness, and pro-
cessed by the receiver. Further, the material in-
put and processed is not distorted, but conveyed
in a manner that facilitates a lack of distortion,
assuring maximum human comprehension.

Agreed: Enhanced communication between peocple
can contribute to solving many of the major and mi-
nor problems of the world. In addition, enhanced
communication will allow people of diverse attitudes
and capacities to work together more amicably to doe
important tasks needed in today's complex world.

3. VWP: '""Simulation and wisual displays are
not new to man. Often simulation and visual por-
trayal of information allows man to cogitate about
the problem, and sometimes, to selve the problem
without computer processing.!

Man has been formulating and visualizing
symbols to communicate more precise meanings to
other men since prehistory. (The excellent,
edited version of James Beniger's lengthy article,
"From Stylus to Light Pen: Technology and Inno-—
vation in the Development of Quantitative Graphics"
reveals man's persistent efforts to portray infor-
mation to other people. The technigues of convey-
ing varied information {pictures, words, mathema-
tics, natural and synthetic languages) offer neu-
tral methods of communicating to other people im=
portant ideas. Simulation allows us to explore
innumerable alternatives and relationships, to per=-
cefve the results of varied options, manipulations
of complex wariables and their interdependent in-
terrelationships. Simulation and visualization of
processes can enhance and upgrade decision-making.
If we truly ""cogitate" about our problems, we are
in a better position to solve them.

4. GCH: "Are the problems we are simulating
and processing important? Are they trivial? Are
technical persens concerned with the importance or
lack of importance of the material being processed
by them?!

Page 24 of Limits to Growth reveals Figure 1,
titled "Human Perspectives.' This matrix of self,
related to other selves, in time and space, is one
of the most important tables I have ever seen. It
graphs a person's placement in Space on the Y axis,
and placement in Time on the ¥ axis. SPACE: my
family, neighborhood, race, nation...the world.
TIME: next week, next few years, my lifetime, my
children's lifetime...

5. GCH: '"Are we wise enough, concerned
enough to consider what we are processing and
visualizing?"

Much processing of infermatien is invaluable,
an aid to thinking and decision-making. Yet the
subject, the approach, and the preograms depend upon
the originator. The attitudes, concerns, and gifts
of the eriginator determine the outcomes. This is
true in computer graphics also.

The computer's most important gift te us is
the capacity to cogitate, te study, to reason, to
measure, and perhaps to meditate.

Yet when man measures, quantifies, graphs, does
he '"know' and understand? Where are our limits?

Computer usage and graphics visialization
reveals our own Timits, our own growth, but posits
or places upon our individual shoulders, the pre-
dicament of mankind, and the solution to the major
and minor problems of the world.

8,“*“9:53&_‘5 (Editor)
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In order to efford objective thinking about other men since prehistory. (The excellent,
topics with quotation marks. preceded by VP (for "From Stylus to Light Pen: Technology and Inno-
Visiting Professor). I would add that his topics vatlon in the Development of Quantitative Graphics"
and that K an ¢¤*<i¤¤ mem ee e departure piece. io mation to other people. The techniques or canyey-
briefly explore the importance (or lack of impor- ing varied information (pittures. words, mathema-
tance of interdisciplinary-—not art} computer tics, natural and synthetic languages) offer neu-
foolish (and perhaps passe) not to visualize com- Page zh of Limits to Growth reveals Figure l,
puter processing via computer graphics. Process- titled "human Perspectii/es." This matrix of self,
tively, dramatically, without emotional, subjective 5. GCH: "Are we wise enough, concerned
bers convey more precise information, but they do Much processing of information is invaluable,
If I may use computer terminology. to me, when an The computerls most important gift to us is
listener's (or readerls) consciousness, and pro- measure, and perhaps to meditate.
Agreed: Enhanced communication between people reveals our own limits, our own growth. but posits
corrniunication will allow people of diverse attitudes and minor problems of the world.
important tasks needed in today's complex world.   (Editor)
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IT'S RENEWAL TIME - CG&A GOES INTO VOLUME TWO

COMPUTER GRAPHICS and ART is a new international
quarterly of interdisciplinary graphics for graphics people and
computer artists. This new periodical is aimed at students,
teachers, people from undergraduate and graduate institutions,
researchers, and individuals working professionally in graphics.
Its topical coverage is broad, embracing a variety of fields.

It is useful, informative, entertaining, and current.

Send your manuscripts, papers, art, and ideas to:

Editor, COMPUTER GRAPHICS and ART
Here Are Some Samples:

Berkeley Enterprises, Inc. — Chico Branch
Learning Through Graphics 555 Wallombrosa — Mo. 35
by Dr. Al Bork, University of California, lrvine, California Chico, California 95926

A ten-year forecast for computers, education, and graphics
by a leading authority.

Art of the Tachnical World
by Dr. Herbert Franke, Munich, Germany
Computer art as the bridge between the two realms of
art and leisure.

Expanding the Graphics Compatability System to Thrae Dimensions
by Richard F. Puk, Purdue University, Lafayette, Indiana
Design considerations for a user-oriented 3-D graphics system.

List of Coverage for Up-Coming lssues

Applied Arts and Graphics

Architectural Graphics

Cartography Systems

Computer-Aided Design

Computer Assisted and Managed Instruction

A Personal Philosophy of Idess, New Hardware, and the Results
by Duane Palyka, University of Utah, Salt Lake City, Utah
The frame-buffer from Evans and Sutherland allows the

artist to treat the computer as a paint and brush medium.

How to Build Fuzzy Visual Symbols Utilizing Computer Graphics
by Alex Makarovitsch, Honeywell Bull, Paris, France Computer Graphics in Physics, Chemistry,
A new approach to computer art and graphics by a Mathematics, elc.

cOMputer scientist. Computer Programs for New Applications
Display Systems and Graphics

Fine Art and Media Explorations
Graphics in Busingss

Hardware Systems and Graphics

. Interactive Graphics Languages and Systems
Inexpensive Graphics from a Storage Cathode Ray Tube r Languages for Computer Graphics and
by Charles J. Fritchie and Robert H. Morriss, Tulane University, Graphics Primitives

Mew Orleans, Louisiana Software Systems and Graphic Requirements
. . i = q
[llustrations and photegraphic technigques used to achieve Statistical Packages and General Graphing

graphics from a storage tube CRT. Syllabi for Computer Graphic Courses

The State of the Art of Computer Art
by Grace C. Hertlein, Editor
Comparisons of early computer art and today's newer art.
What is art? What is art in computer art?

An Investigation of Criteria for Evaluating Computar Art
by Thomas E. Linehan, Ohio State University, Columbus, Ohio
The new aesthetic of computer art requires a departure from
the previous, formalist-traditionalist doctrines for evaluating art.

————————————————————————— {may be copied on any piece of paper}
To: COMPUTER GRAPHICS and ART HERE IS YOUR OPPORTUNITY FOR FEEDBACK TO US:
Berkeley Enterprises, Inc. — Business Office {
815 Washington St.
Mowtonville, Mass. 02160

{ ) Please enter my PERSONAL {U.S. and Canadal subscription to { 11 am interested in reading materials by the following authers:
CG&A ($10 per year).

{ ) Please enter my FOREIGN PERSOMAL subscription to CG&A
($13 per year). { )| am particularly interested in coverage of the following subjects:

{ ) Please enter my LIBRARY/DEPARTMENTAL subscription to CG&IA
{$15 per year).

{ | Enclosed is my PERSONAL CHECK AND/OR PURCHASE ORDER
for CGRA.

{ } Enclosed is $2.50 for a sample copy of CG&A (applicable toward a
subscription].

1 | hape to submit for publication in CG&A material on the fellowing
topics:

{ ) | would like to receive materials on other Berkeley Enterprises, Inc.
publications: [ |} COMPUTERS and PEOPLE | | The COMPUTER
DIRECTORY and BUYER'S GUWWNDE | ) People and the
PURSINT of Truth () The Notebook an COMMON SENSE and
WISOOM )| WHO'S WHO in COMPUTERS and DATA

FULL REFUND IN 30 DAYS IF NOT SATISFACTORY PROCESSING | | Books
. { )1 am interested in: [ ) black and white computer art reprints at low
cost |a bonus for subscribing to CG&A) () 77 page FORTRAN
Name IV art manual [ } 45 page interdisciplinary graphics bibliography
Title by G. Hertlein
Organization { } Additional Comments {attach another paper if needed}:
Address
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MATHEMATICS
IN ART AND COMPUTER GRAPHICS

by Dr. Jean H. Bevis
Department of Mathematies
Georgia State University
Atlanta, Georgia 30303

"If one examines graphics work in general, you find systematic collections of 1ines.
It is surprising how many of these are variations or combinations of the two methods
discussed. Could this lead to a new mathematical theory?...A study of technigues for
specifying a basic system of lines and the relationships between such techniques could
lead to a mathematical theory of texture."

BELOW (and TOP, MEXT PAGE) - ''Random Walk Through
Raster," 1966, examples of mathematics in art.

MATHEMATICS EXPERIENCE AND ART

Mathematical topics can be important to an
artist doing computer graphics, but is it really
necessary for the artist to be aware of these

topics In the past, con:lputer graph'i.cs ccn:ﬂn.:l [ =11 _|||| | ‘Hl IF‘“_‘ F | IH [.Ilh e
only be done by people with programming ability. T B = || 10-
Much of the work reflected this mathematical ex-— - E| \ "_IP|r—| HUn [ I |r'—l

perience. Recently software packages have become TR '||:|‘ - ] JJ dJi =
available to mske this medium available to those ||1r11| 11 ﬂ E, ‘ "[ ) ”l1
with no mathematical or programming experience. J'l v h_J.4 Ar H 7 [[ r:II_;I:

- i M I
LEVELS OF MATHEMATICS IN COMPUTER ART ”"1_r51‘| i ’,‘ﬂf

Mathematics relates to computer art on several
levels. The highest level includes visual repre-
sentations of mathematical concepts. Here there
is a danger of letting mathematics overshadow ar-
tistic considerations, but there are many fine
examples. Alde Giergini achieves great feeling in
his drawings (1, page 9) which are based on the
theory of hydro-mechanics. Frieder Make in "Matrix
Multiplication' (2, page 26) uses color to repre—
sent matrix multiplication. Combinatorics is the
theory behind "'"The Cubic Limit Series' by Manfred
Mohr (see illustration).

1

==

Generative Drawings from the Cubic Limit Series, Manfred Mohr
(This Series was shown in Paris, May-June 1975.)
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Further examples by F. Make, variations.

Although a computer was not used, M. C.
Escher's drawings involving Moebius strips are
beautiful examples of this relatienship between
mathematics and art.

MATHEMATICS AND GRAPHICS

At another level is the artist whe writes his
or her own computer programs to execute wvisual
ideas. This artist should have a basic knowledge
of analytic gecmetry.

Mathematics departments of colleges and uni=
versities offer freshman coursework which s help-
ful. Here there is an exciting possibility of
using art to teach mathematics. That is, to in-
troduce and motivate mathematical concepts as ways
of solving visual problems.

Such a course is now being developed at Georgia
State University.

BEGINNING EXAMPLES

Mo mathematics is required of an artist who is
supplied with an appropriate software package. This
is a tool that can translate the user's ideas fnto
a visual image. Examples of such toels include
EXPLOR developed by Ken Knowlton at Bell Laborato-
ries; SPLAT dewveloped by John Skelten at the Uni-
versity of Denverj and ARPE which I developed at
Georgia State University.

With these programs, the user's only concern is
with design, not mathematics or programming. To
be successful such programs must allow the user to
develop personal styles or technigues, rather than
to produce variations of the programmer's visual
concepts. This richness may be accomplished by
making it possible to use the programs in ways not
intended {an example is given to clarify this con-
cept).

These programs allow the user to create a draw-
ing by assembling 'basic elements or figures', con-
trolling location, size, orientation, and density.
For drawings to be done on a pen plotter, basic

figures are simply '"'systematic collections of lines''.
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Basic figures are very important to a graphics
software package. Without them the user might
as wel]l proceed to the above level and write his
owWn program.

BASIC FIGURES

The most fundamental type of basic figure
could consist of two arrays X(K), Y(K) K =1, 2,...,
N which would specify the coordinates of points a-
leng the outline of some design such as a seo shell
or butterfly. These arrays could be introduced by
a light pen or figured cut on a graph paper and en=
tered as data values.

The software package is then used to manipu-
late the design.

Klaus Thomas (2, pages 120-121) uses a dif-
ferent type of basic figure. Here a number of
points, the corners of the drawing, are specified.
Then the pen moves around the perimeter from cor-
ner to corner. On successive circuits the pen
moves only a fraction (say 95%) of the way to the
next corner and the corners are replaced by new
points.

EXAMPLES FROM THE ARPE SYSTEM

ARPE uses two types of basic elements, illus-
trated in Figures 1 and 2. Both of these are based
oh the two curves shown in Figure 3.

To produce Figure 1 a number of points [de-
termined by the density) are selected along each
curve and then points on one curve are connected
by lines to corresponding points on the other
curve. If the coordinates of points along the
curves are given in the arrays x(K), Y(K), V(K]
with K = 1, 25+44,0, then the figure may be pro-
duced by the code:

FOR K =1 TO N

MOVE TO (X{(K), Y(K)}
DRAW TO (U(K), V(K))}
NEXT K

Figure 2 is produced by an averaging process,
drawing curves intermediate between the two given
curves, If M curves are te be drawn, the figure is
given by the code:
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Figure 6.

Figure 5.

FOR I = 1 TO M
A= ((M=T)% X(1) + (I-1)*U(1))/(M-1)
B = ((M=-T)* ¥Y(1) + (I-1)% V(1))/ (1)
MOVE TO (A,B)

FOR K= 2 TON

A= ((M-1)* X(K) + (I-1)* U(K))/(M-1)
B = ((M-T)* Y(K) + (I-1)* V(K))/(11-1)
DRAW TO (A,B)

NEXT ¥

MEXT I

Thus the intermediate curves are weighted
averages of the two given curves. '"Running Cola is
Africa" done by the Computer Technique Group of

Japan (2, page 34) is a good example of this method.

Figure &4 shows a wvariation of Figure 1 where
the connecting lines have been replaced by connec=
ting curves. Teo do this the arrays representing
the connecting curve must be transformed so that the
the end points of the curve match the points to be
connected. The transformation accomplishing this
feat may be adapted to 'connecting'' clesed curves
that really don't cennect. Although the original
intention or concept of the program was connecting
curves, provision was made for other use.

This is an example of planning for non-intended
use as mentioned above.

Figures 5 and & are composed of two basic
figures each. It becomes apparent that designing
basic figures deals with texture.

Further variations of the two basic figures
are planned using the technique of modulation de-
veloped by Charles Williams (Georgia State Uni-
versity). By modulation the lines and curves of
basie figures may be replaced by dotted, wavy,
jagged, humped, and locped curves, or even changed
to sequences of closed figures.

SUMMARY

If one examines graphics work in general, you
find systematic collections of lines. It is sur-
prising how many of these are variations or combi-
nations of the two methods above. Could this lead
to a new mathematical theary?

For example, hundreds of years ago man was
fascinated by problems concerning factoring num-
bers and polynomials. This led to the mathema-
tical theory of rings. A& study of technigues for
specifying a basic system of 1ines and of the
relationships between such techniques could lead
to a mathematical theory of texture.

REFERENCES

1. Leavitt, Ruth, Artist and Computer, Harmony
Books, MNew York, 1376,

2. Franke, Herbert W., Computer Graphics and
Computer Art, Phaidon, London, 1971.

BELOW: Detail of PI45 - ""Phase Pattern' by

Manfred Mohr, 50 X 50 cm.
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ABOVE: '"'Seated Nude' by Jean Bevis makes use
of the varied possibilities for textures and varia-
tions of Figures 1 - 6,

This is perhaps one of the most subtle (if not
the most delicate and subtle) nude accomplished thus
far with the aid of the computer. The lyrical lines
poetically suggest the form, yet positive and nega-
tive areas are poised in a serene balance. Jean
Bevis is acutely aware of the void area, does not
cram his forms with mul titudinous interference pat-
terns, simply because the computer affords this
linear possibility. He has the sensitivity and

graciousness to '""leave out'" —— to suggest and un-
derstate the idea.

The work is an excellent example of the author's
search for a unity of mathematics, science, and art.
Ironically, it is a variation on a theme of mathem-
tical functions! Let those overly enamoured of
insensitive and non—inventive uses of mathematical
formulas study the work of this sensitive mathema—
tician.

I predict that this work will become a favorite
{and enduring) computer classic. (GCH)
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A Computer Program

To Generate Weave Struciures

by W. G. Wolfgang

Philadelphia College of Textiles and Science
Schoolhouse Lane and Henry Avenue

Philadelphia, Penna.

19144

ABSTRACT

The point paper representation of weave structures can be reduced to a
set of algorithms which act as functions frem I X I into {0,1}. These alge-
rithms reduce all weave structures to five basic weaves and a set of operators
and thus allow for the computer generation of all weave structures from an in-=
put string of weave descriptors. The general structure and the operation of
such a program is presented and examples of the output from an implementation

on a PDP-11/20 are given.
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INTRODUCTION

Basic Definitions

A woven fabric consists of at least two systems
of yarns; the warp = the system of yarns which runs
parallel to the length of the fabric, and the filling
= the system of yarns which runs perpendicular to the
warp system. The structural integrity of the fabric
is assured by the interlacing of the two systems. The
pattern formed by thess yarn interlacings is termed
the weave of the fabric.

Weave Representation

The weave of a fabric may be represented, prior
to the actual construction of the fabric, as a two
dimensional schematiec on a rectangular grid, known
as point paper, where a marked cell, raiser, repre-
sents an end (a single yarn of the warp system) on
the face of the fabric and an unmarked cell, sinker,
represents a pick (2 single yarn of the filling sys-
tem) on the face of the fabric. The point paper re-

presentation not only serves as a plan for the struc-

ture of the fabric, but also as a set of instructions
Lo the loom, through the medium of the chain and draw,
during the weaving opsration. Thus in a very real
sense the set of all possible weaves, as represented
on point paper, may be considered as a mechanical
language, interpreted by the conventional loom in a
purely mechanical manner.

Heed for Computer Generated Weaves

The hand preparation of the point paper plan of
all but the simplest weaves is a laborious and error
prone task. Since it is capable of reduction toa set
of relatively simple algorithms it is more properly
in the domain of a computer activity than in hwnan
activity. With the imminent possibility of wider
use of computer controlled looms (computer controlled

knitting machines are already accomplished facts) it is

the opinion of the author that a more versatile in—
struction set should be available for such a loom or
knitting machine. Itis the purpose of this paper to
present such an instruction set, in the form of a
string language of weave descriptors and a program
which will interpret these strings and cause a com-
puter to execute the proper algorithm and generate
the point paper representation of the desired weave.
By a simple change in the output routines, the pro-
gram could also be used for the direct control of a
loom or knitting machine.

GENERALIZED WERVE STRUCTURES

In considering a weave as an element of a me-
chanical language it will be convenient to replace
the marked cells of the point paper representation
by the bit 1 and the ummarked cells by the bit 0.
In this context a weawve may be then redefined as a
rectangular array (matrix) of 1's and 0's such that
every row and every column contains at least one 1
and one 0. Although any random arrangement of 1l's
and 0's satisfving this conditien is a weawve, it can
be shown that all such arrays can be reduced to row
and/or column transpositions or juxtapositions of a
single pattern type. However, an implementation of
such a parsing of a weave would create a very arti-
ficial language which would be both inefficient as a
programming language and difficult for use by a tex-
tile designer. Since one of the main goals in the
creation of a weave generating language was to create
a syntax which would duplicate as much as possible
the weave descriptors in current use in the textile
design field, the set of basic weave patterns was ex-
panded to five types and the set of weave operators
was expanded to twenty-three, It will become obvious
that many of the weave operators are redundant, that
is,their operation can be ohtained by the successive
application of more basic operators, however, it has
been found that not only is the program more effi-
cient, in terms of running time, by their inclusion,
but it is also more understandable and usable by the
majority of textile designers.

The Basic Weaves

There are [ive basic weave types preprogramned
in the language; bkasket weave - which includes the
plain weave of the textile designer as aspecial case,
warp rib weave, filling rik weave, extended block
weave - a generalization of the basket weave in which
the diagonal is formed of rectangles rather than the
usual squares, and twill weave - a generalization of
the twill concept of the textile designer which will
also generate the satins and certain granite weaves
as special cases.

Bisket weave - BWim; ,ma,...,m;) This will form am,,
Mzy«.. Mj basket weave. That is a weave which has a
diagonal pattern of square blocks of raisers which are
my by My, ....mi by mj.

Bib Weave - WRx(my,mz,....mi} This will form a con-

ventional m,,mz,...,m; warp rib if # is either 1 or
left blank. Otherwise a corresponding warp rib in
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Woven material in medium green and tan, photographed in black and white, magnified 200%.

ABOVE

photographed in black and white, magnified
with photegraphic manipulations by CGEA.

ple in dark blue and very light grey,
All illustrations shown are by the auther,

: Knitted sam,
300%.

BELOW

all _..'. -l
et}
-

= R e
e
L LT

-

(Lt R] AT

DR T A WL

11

COMPUTER GRAPHICS and ART for MWovember, 1976


' ·' . Qr    E 1; V  (_ )    i v; .- ?’§:.€i;?__'**,
, , ; `q .._# . -;* ·, A   · ·~ ,_¢   `, ’ . "F    __r 1 ‘ , ~;
   gy V  i ? i ,\’ ;»    f% »¤,  · ‘ ·_  
V yu 4» ,_  . .  v,/ , , .¤M¤».·r¢
~  >»,.. »   Msg  ·“‘*· V   " V  .,,..  ’ kw    
  _i¤=;ng "  M      "i ¤$"l:=    “°
» .· ,  · . ·f s ·~ j., =?§¥•?' ~ ‘ .5;**%  ‘ a "»·~ _ ·  .¤.<·.-, ,,,
é I   r V ,,· _ .,F. ··  —`  Tk v .     *  ;.~’?r·  -—=—$..¤.
h  ~ .'   ’ M "'  .» ~» ."·*  .    ME? ·i & 'I"*Y 1rii€’*“*€
 --£§;,..; n   yy   .;~·     ’?7[é.w". — .  ·*.¥.~ ¤ wi g;  
-_ _·   ~ » ·.  ·2  ,, ·  =;.; .    ~, ·~», A ·~ R  
   ,3 : f.  f n    , 2* r`e;{'f-i ‘1'*i ' —·’@f§', g 
VU  } ` .·~?l*'%2f$¢" > $7’T*,  `   », '   > .» “  wi  ;·»»·"”'%¤   " ?*“‘  
J ···` y v·~,  ;.·“€;   ··*  ¤·"’j ,;pWg.y M; ·g»•;,¢ ¤: _ =‘,,g ‘2>."’  , sr;.]
‘ *   iw JM?   *?’“#`A¤2*’¤;?¤,5g$’%¤=·" !¤. " *   M 
Hr ` » F       ·     Lew in. `*·¤.   lééi
  ,34f-ag nrguh ·n.··~   _':&¤%C'   ;j};g;Q§{.r·;~¤ JQ; ··;N;M‘»E
M_   ,‘*·%§Z’y? yy.; $:94 My, 33 *w;.;.¤—*;;1¤4“·< ‘%·L ?**— .y·“{."£¥=
_ 5.%,; uw`;   ·' ;§;&}_,‘4<)~ dab ).:,*·;TF,E., {j_$·?·1'-;;’T,1,q;§éi;.'·7'»;€,_r·I ~A LQ§;;·?
, ·· »·;.¢;:=,.;%z¤ A n; w. ·‘r,.}">;-.~’*·,7’i,   "¥:?»éx.‘, ’>·‘:‘;.   W2 ·» 
. ·· ‘1,_ ‘ ' 5 A *’··¢ "2r qwg""`  4732,.4.-'.”. "!-\·E"'. ` M5
    %¥%;,f       A
   
TY   "’$*$@“.=$:;éy*&,:é"’T‘   AH  ·'*·w$h'kzY ua
 
300% Ali iiiusnracinhs shown are by rh:. author, with photographic mdmipuintiorig by man.
 
  . :3. A ¢'¢- =y{.,»{¢: :1: ~ ¤!·, . - .
I ‘ ,. - . f'f1',' > '_':'_‘:‘ gl; " ' _ ·_1`_‘ _§ ' '4. ,_ 4 i _
, F. can U   . 'E*`t'·  ' `° Q!} I4 ·h'  l?"’.>;:W{Z7-’·  ·:
v>»$’·%· ’ ’.*,’°·!€·} =yr·-.. ,» `M 1**-:-*3  ‘ ·· ·:`?·`?. ·:!’·-* ‘    :·i.`i:°:**,**·i·’.~ 
·3¥;;=§;  r,»r .,=§§· = % &!2{;s};¥ga ;_   .,%§*.;§¥='r?é  I 22:;-f¢‘s€=;s§£;€e;e§;%% ’~i ;;·;§;?·Eé2·{ai" =•=§!`§r;?.  ‘
§‘:2;‘¤ ,;,;°=‘.;¤= V  s‘;i¤:?’·,.Zg»’:·;.¤;·i,=<¢i· :»_.;`=‘;i=  :454-;L;;2*  » ;2;?;¥i’.F.‘2.·2  ~ ie-.
.:¢».¤:;»:;i:·’ : *;P;';¤;?;;', ;2; :7;-*: — 51;:;:*:1 ,’,-;’»   ~ ~*·‘;1:6·;.;v   ·  vi
  :1/;:‘/· .r  :§j ~’:M:‘7.;;';· .1gr£’e;-‘  ‘g§¢v§`;"  , ‘ . V  g;;;Z,&;,;_ ii
fh .   ·i`  :·`v"*§·. . ‘ ¥"  [   ¤}"    · " ¤·"·  ` 4 ; .    ;·..•~',i¢" 
9=·~` ',"°!*¥  '•`3’¢‘.¢;» , · ""£ — '§>Z ·._‘¥  »..,  ,. ,,·:'· ··-» " ‘r*£   n i;}   M
 .;`$r.- · r` #"·; :'¢·’..i¥$·{*. *‘ ":$.‘L  ·  z· Z.·`  ,I:'E`¤r’  ,;;  V  Ji?  > ·'2·€l`i
¥.;§·;¤=‘};',;._A _ ·=; ·;:;*¤;%;g;c,·.; , ;¢;   ;·:’;•:_;L . 4:;7·.y:·;:·:r.;:4_.  ur __; .,Ifg;l;:,:·
€ii$5’4:‘é—",£$;¥3)¤ :7;., ;%4‘5;i¢iié2=¥ '  :J¢?€7;?€§  =»€`§~"Y"—*·}}?i}?i‘   a·;j5.°’='= 
{:3% ' rm, ¢£;§‘fifé;.ee;Qi:§5;;;€§·i  V *’»%`¤¤2¥<§¥::Z%éi§¤;2»·¤§#§§"  , H3?»$F:£·é;:i%;3§£;i=‘-" .=
>,'!.··,w». ‘:,· ""‘*,’H·f¥2;,·\    V     :1: :"¥: `   ,»; ·  ':J,..¢:=’·  J:
  }?£?%fi>$:•£.:   . ` I "· " 1 #$2}:. Y1?  <"';°  ._!{-’?{!. '  *4*  [  ·‘f·;*
»  "2?}*U' *" '¥  Ei?-’   ‘”l<¥»$ ?`?2{#5?:=? ¢·   i" ·*‘*`?¥. i;f1:1»¤.·»    "'€=‘,i·
  ·.·;525z§» ·  ir:¥,’?Se=.:,  ·· ·I¥' i:!f5?i?P=: ‘=: r·.;   ¥}’ ""f°r‘;!"‘;?5?r:¤.‘  ='*
:  · ·   .PE·{=Li ·  . J=i#;·-sI2.>‘zr=2=s@;=Y··  ; >.P%2».?;E°.=;f.=z.;¤» us;. :~m==.z»e2;1=·»
·?¤i·e.a· »?%i$’  aaa:-k€=¥   Eé’§5e=;5i$Yi   Y  r yi  iw, i¢;s¥se:;j;:;é;ge%;;;é25>=  *
;··&;;fj;§:5r  f €g;’€;,¢’»ii   _;<.§=g;"¤  J ‘  '¥ ~ ‘§Z¤:;j;;s$; , ` ·3s    ~';»5!5»;‘=  
s !·*-'  ,;_1·» " _ .:;‘Z‘ -.  4;;;:51*;.-:  ··:;., ~ "  *’
M,-i..  ··  z ...» ¤< _ ,,.    ==-·-  na.; =?e =•¥?¤aJ *“'  
cDMPuiER nwnvrilcs and MT for Nwcmber, I976 Ii




which n picks weave as one.

Filling Rib - FF\!n(m“mg,...,miJ This will form a
conventional filling rib if ® is 1 or left hlank,
otherwise it will form a corresponding £illing rib
in which n ends weave as one.

Extended Block =EB({m,,n,,mz,nz,...,mj,n;) The weave
is analogous to the basket weave except that the di-
agonal is formed of rectangles my by ny,...,my by ny
rather than sguares as in the basket.

Twill Weave - TW(wm,,n;,mz,nz,...,mj,ni,s,k) In order
that the array generated by this algorithm be a weave
the parameter, k, must satisfy certain requirements.
i
Let S = | (my+nj), N = max (mj,ny), M = min(¥,S-N)
=1
then k must satisfy one of the following:
a. |k| and S must be relatively prime, or

b. |k| 21, or
e. |s-k| £ M, or

d. gcdt[k! ;8) £ M, where god means greatest com-
mon divisor.

If >0 then columns are operated on in the gen-
eration of the array by the twill weawve algorithm.
If 5<0 then rows are operated on. The array is gen-
erated as follows. If |s|= 1 then the first column
{row} of the array consists of m, successive 1's
followed by ny successive 0's followed by me successive
1's followed by na. successive 0's ete, beginning at
the bottom (left) and proceeding upward (to the right).
The elements of all succesding columns (rows) are
generated by the following rule. The Jj'th element
of the i'th column (row) is the £'th element of the
l'st column (row) where j = (£+{(i-l)k)mod S. For
|$| #1 the first row (column) of the array generated
will be the Is| 'throw {(colunn) of the array generated
for |s| = 1. This algorithm generalizes the concept
af the twill weave of the textile designer as it in-
cludes weaves which are not ordinarily considered as
twills. It also includes the conventional satins
when the form is TW{n,1,-1,k) for a n+l harness, warp
face satin with a counter of kor TW({l,n,-1,k) for a
n+l harness £filling face satin with counter k provided
in both cases that k and n+l are relatively prime.

The Weave Operators

Any weave can be modified or combined with any
other weave to form a new weave by the application

of one or more of the following operators. In the
sequel W, W. and Wy will represent any weave, that
is one of the basic weaves or a weave already gen-
erated by the application of one or more of the weave
operators. Weaves are periodic both vertically and
horizontally, thus pj and e; will represent the height
and width, respectiwvely, of a2 single period of the
corresponding weave, (i.e. the number of rows and ths
number of columns in a single period of the weave).

Horizontal Concatination - HC (W, ,Wz) & weawve which
consists of the weave Wy, on the left with the weawva
Wz placed to its immediate right. If the two weaves
do not repeat on the s=same number of rows then both
will be repeated wertically a sufficient numbher of
times to give arrays having a number of rows equal
te lemip ,p ), where ot stands for the least common
multiple.

Vertical Concatination - VYC{W,;,W2] & weawve which
consists of the weave W, placed immedlately above
the weave Wo. If the two weaves do not repeat an
the same number of columns then each will be repeated
herizontally a sufficient number of times to give
arrays having a number of columns equal to Lomie,,eqz).

AMd - AN (W, ,Wz) An array which has 1's in those lo-
cations where both W, and Wz have 1's and 0's else-
where.

OR - OR(W,,Wz) An array which has 1's in those lo-
cations where either Wi or W2 has 1's and 0's inall
other locations.

In both the AND and OR operators the weaves will
be repeated, if necessary, wvertically and horizon-
tally to give arrays having lom{p:,p2) rows and lom
ley,e2) columns. In general the AND and OR operators
will not give weaves when applied to arbitrary weaves,
however, a weave will always result whan they are
applied to twills having the same value of K and for
which the values of s have the same sign. These op=-
grators are most useful in the process or replacing
the raisers and/or sinkers of a given weave with an-
othar weave or weaves.

colate - CO(W.,W2) An array in which the elements at
the intersections of the odd numbered rows and odd
nuinbered columns are the elements of the weave W, and
the elements at the intersection of the even numbered
rows and columns are the elements of Wg. All other
elements are 9's. The weaves will be repeated, if
necessary, as in the AND and QR operators.

FCTZ2S WEAVE LLAaNGLUIaGE

BRLE2, 5, 3i 5, 3: TW{4:, 4, 1,1)1

EZ2E—SER—7FdiE Z2 On SE

—REEK X E K HH— K —— e XX K o K K X
—— XXX ———XXXX—X—— XX ——— XX X————X—X X
—— XX ——X— XXX X ——— XXX ——X X=X XXX
HHEHK—— KK —K———— XXX ——— XX —— X —XHKX———
Y ——— XXX ———— X — XX —— XXX ——— X XXX —X——
X — XXX — XX e — XX HXXX——— XXX ——X X —
—— XXX XXX ——— X XXX —X—— XX——— XXX
——— XX X XXX K ——— XXX —— XK — X ———— X XX
KK ——HHK—K—— e XXX ——— KK —— X — X X X X ————
KXKX—K—— X XX K- X — KX —— K XK ———
XK K——— K EX—— KX —X———— XXX ——— XX ——X
X XXX ——— XK —— X —HXHXXK———X XX —=— X X —
—— XXX —— XXX ——— XXX K —X—— XX ———X XX
——— XX —— X XXXX—— —KXX—— K X=X — e — X X X
e XK K KKK — M KK e KK K e K KK
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Double Cloth — DC&w,,w1} The eney ihmeq is me Point — PTlh.¤., .--. o.,:p».»··.p,,¤W)
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