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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,
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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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FCT2:S WEAVE LAaNGuUAGE

ERL[E: 5, 35, 2:THW(4, 4,1, 2)1

ZESEPF—74L ZE O3 45

—X—XX——X—XX—X—X—X—X——XX—X——X—X—X
—X——=X—XX——X—X=—=X—X—=XX—X——X X —X—X—X
—XX X=X —=X—Ke— XK —K—=— X=X —X—X—XX——X
K Xm KK K= XK= K =R K=K =K =K —K—— X X —
X=X X=X ——XX—X—X—=X—X——X—XX——X—X—X—
KX XXX —— X — X=X —X— XX ——X— X X—X—X—
XX = X = X X X — X e — X K — X X — X — X X — X X
UK K=K =K K XK= K K=K K= K= XX —— X
X—— X=X —X—X—XX——X—XX—X—X—X—X——XX—
XX —=X—XK—=X=XK—=—X—XX——X—X—K—X—XX—X——
—X XK —— XK X —K—K—=XK—X—— XX —K——X—X—X
KX XX =K — e X — X=X =X — XX ——X— X X—X—X—
——X—X—X—=X—XX—X——XX—X—X—X—X——X—XX
—XXK—X—X—X—X——XX—X——X—X—X—X—XX——X
X=X XX KX =X =X — XX —X—— XX —X—X—X
—X—X X=X =X X =K== K=K X —— XX —X——X—X—X

Double Cloth - OC(W,,W:)} The array formed is the
same as in the COLATE operator except that the el-
ements at the intersection of the even numbered rows
and odd numbered columns are 1's.

Colate Ends - CE(W,,W2) An array in which the odd
nunbered columns are the columns of W; while the even
numbered columns are the columns of Wz, The weaves
will be repeated, if necessary, as in HORIZONTAL CON-—
CATINATION.

Colate Picks - CP(W,.W2) An array in which the odd
numbered rows are the rows of W; while the even num-—
bered rows are the rows of W;. The weaves will he
repeated, if necessary, as in VERTICAL CONCATINATION.

NoT - NT(W) A weave which has 1's where ever W has
0's and 0's where ever W has l's.

TransrPose - TP (W) A weave whose rows are the columns
of W and whose columns are the rows of W.

Invert = IV(W) A weave whose i'throw is the (p=i+l)
th row of W.

Reflect = RF(W) A weave whose i'th column is the {e
=-i+1) "th column of W.

ROtate - RO(n:W) If n = 1 the resulting weave is W
rotated counterclockwise through 20°, if n = 2 the
resulting weave is W rotated through 180° and if n=3
the resulting weave is W rotated through 270° counter-
clockwise (90° clockwise). Noother values are per-—
missable for n.

RePeat - RP(m,n:W) A weave which consists of W re-
peated m times horizontally and n times vertically.

EXpand - EX{m,n:W) A weave which consists of every
column of W repeated m times in succession (i.e. m
column 1's followed by m column 2's ete,) and each
row of the resulting array repeated n times.

Column Transposition-CT(e,,...,cpn:W} A weave whose
i'th column is the cj'th column ef W.

Row Transposition - RT{ry,....r:W) A weave whose
i'th row is the ri'th row os W.

In addition there are three operators which gen-
erate, in the program, the proper row and/or column
transpositions to form the pointed, broken and skip
twill structures when applisd to this type of weave.
Their syntax is as follows:

Point - PT(h,ey, ... €qiPuivess Pp:W)

Break - BRIh,@1,vverBmiPase.. W)
Skip - SK[h,ei,...,8miP1s.-.,Pp:W)

4 Recursive Definition

Using the weaves and operators defined above, a
weave can be defined in its most general form by:

<BW> =z BA(my,...,mi) |[FRrR(My, ... ,mi) [WRA My, ... my)
|EB@02 . nyyne. mi ng) [TWEM 0y, on s omy ng ,8,K)

<po> == HC|vC|AN|OR|CO|CE|cP

<50> =z NT|TP|IV|RF

<PO> == RO(n:|RP(n,n: |[EXm,n: |[CT{ex, .. on: [RT 2y,

ssep¥pnt

<H> =n <BW>|<DO> (<B>,<W>) |<50> (<h>) | <PO><h>)

Interpretation

As a Constructional Algorithm - The algorithms given
above for the basic weawes and the weave operators
are constructional im nature, that is to evaluate a
string such as HC(BA(3,2),AN(TW(5,3,1,1),BA(1,1)))
one would be required to first work out all the basic
weaves and then carry out the given operations. Al-
though such an interpretation could be carried out
on a digital computer the amount of temporary stor-
age regquired would be prohibitive if complex weaves
were contenplated.

As_a Function - A more efficient approach, and the
one used in the program to be described, would be
to consider the weave as a function frem I x T into
the set {0,1}. That is given a cell location (i,3)
then the algorithm W should decide whether to place
alora0. If it is assumed that the weave array
is initially filled with 0's then the following al-
gorithms will decide which of these will be replaced
with 1l's.
r
Let Xy, = E xf where o = 0, X = 0, X = M or
£=0
M and x = m or n.

BA(mMy, ... mp) {1,3)=1 if there exists k>0 and nz0o

Mok £ i < Mapy) and Mgp £ 3 < Mang
such that =" N = i
Maksr £ 1 < Mgpep and Mppyy £ 3 < Mops2

{continued on next page)
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Double Cloth — DC&w,,w1} The eney ihmeq is me Point — PTlh.¤., .--. o.,:p».»··.p,,¤W)
ments ac the mcezseerien oi che even numhegeq mw; Break - ER[h.e¤.v·-,=m=p.4---.p,‘=Wl
slug - SKh¤,¤.. . . .»¤m:P.. ,,_.Pn:wl
colece smls — CEMHWIV An exray in which the cad
mmmexea eenmme exe me eenumhe ei w, while um even  
Colne Picks - CP¥w.,w.1 Ah .1;-my in whieh me edd <BP/> ::= EALrru,...,¤¤1l [FRn¥m.....m;l |WRnlr¤x..4..m,)
mmnexed mus exe me mw; ci H. while the even num— {gE(,,,h,,H___,,,,1,,,iy |Tmm,,¤,, ..., mi,ni,s,k)
meme, if neeeseeey, .s,mmm eumemme. <¤¤>   ~c1vc\¤~|¤¤\c¤1c¤l¤¤>
M e my A   mh he he   M. ». me ' ' '
¤‘s and 0*5 when eve; w me rs, <P0> ex RD(n:IRP(m,n:|EX<m.n.\UV4•:,....,¤r.=|RT(¤,
·ree»ep¤ee·TPm> A weave whose rows an crm columns < y> ee <an>]<n47>4<w>,<w>1|<50>(<H>>|<I’0><v>1
’*‘ ’°"‘ °’ "'~ he A oehnmeeiehes i1g¤uu¤¤ - me elguziume given
;;j¢=h· Riw 2 WM ··*¤¤5¤>’=*· ¤¤1¤···¤ is ¤¤= <¤ ei-. eenememnem ln neme, em ie ee mime A
‘** '* °° “'“" ° W- eeemq eueh ee H<;<BA::,z},M:Tv1<s.a.1,11.BA<x,11>1
@2 · Rumeww xs .. x x me yeeukinq weeve is w wegvee em chen cexzy eu: che given cpenzmhe. AJ-
¤¤=¤==·* ¤¤¤’·=S¤·=1¤·=k~¤· =*=¤¤¤¤¤ *¤°· if ¤ Z 2 me {heheh em. en memeemen eeum ee eemee one
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=¤*"·*··· M ’¤¤¤¤¤¤ ¤y m ¤¤*·=·¤¤ TS =¤¤·> ¤¤¤ mh ,e Xmeuy mm $.e.Sg'?e he: me femme .»»
"W °f *h° ’€$“1¤"‘? *’“*Y ’€P°¤**€d “ '-¤"'E5~ qeucme will deense whieh cf these mllhe xeplaced
£=0
B»\4m.,...,m Mi, >=1 LE cheze exists kgv and hg ¤
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WRt(my, ..., mp) (i,3) = 1 if there exists k * 0 such
g < i< M dd<q<n o
that M2k £ i < Mak+] and O % j i or

L1 f Mg and v £ ] € 2m

FRr(m;,....me) (L,3) = 1 if there exists n *> 0 such
0<1<n and ."'.2:,‘ _‘C_ _| < 552k+1

1< 2 and Mg, £ 3 <€ Mygep OF
EBlmsy,ny ... ,mp,ny) (1,3) = 1 if there exists k>0
and n > 0 such that

Mg £ 1 % Map41 and Mzg € § < Nagy)

Maps1 5 3 € Mopgn and Npgy) £ 3 < Napgp oF

oy k
Let 5 = _}_ {m£+n€}l y My o= E (ma+nf' and Mg = 0
£=0 L=0

TWimy Ny yuws Mg, np,s,k) (1.9) = 1

a. If & > 0 and there exists a p such that

4 . i 1
(|s]+xti-1)+Hp) mod 5 £ § < (15| +k (i=1) 4Mp+mg) mod 5
or
b. ¥f s < 0 and there exists an e such that
([s|+k(3-1)+M,) mod s < i < {|s]|+k(i-1)+My+m,) mod s

Wy (i,3*) 0fi<e,-1, j*=j mod B,
Wali,i*) eifi<e,+ee-1, j*=j mod p:

n

HC (o, W2) (1, 9)

Wy i*,3) i*=i mod e,,0<j<p,~1

VC Wy, Wa) (1,9} =
oWa) {d,3) Wz (i*,3) i*=i mod e:,p15j<pi+pa-1

ANWL,Wa) (1,4) = 1 if wy(i1,§1)=1 and W2liz,d2)=i
ij = imod ej, jj = J mod pj
OR(W.,W2) (1,3) = 1 if Wyliy,ja)=1 or Wolig,da)=l

Wy (i*,3*), i=2i*=1, J=23*=1

COW,,Wad(di,9) =
2We) (L,3) = G50, 1= 206, =254

L if i = 2i*=1, j = 2j*
DC(Wy,Wa) {i,3) = Wy ti*,j*), 4 = 2i*-1, j=2§*-1
Wa (i*,3%), i = 2i%, j = 2j*

Wy (i*,3), i=2i*-]

E(W1,W2) (1,9) =
CEM W) (103) = g 5a75), & = 2i%

CP (Wy,Wa) (i,3) = :‘IIEH:: j =2
NT(w) {i,3) = 1 if wi{i,j) = 0.
TP{W) (1,3) = wi{j,i)

V(W (i,4) = wii,p-j+1)

RFE (W) (i.3) = Wie-i+1,5}

ROI(1:w) (1,3) = Wip-3+1,i)

RO(2:W) (i,3) = Wle=-i+l,p-j+1)
RO(3:W) (i,3) = W(j,e-i+l)

RP (m,mzW) (i,3) = Ww(i*,§*) i*=i med e, j*=j med p

EX(m,n:wh(i,3) = W{i*, §*%) i* = [i/m], i* = [i/n]
CTlza, e oW {i,3) = Wiey, §)
RT{re,....tp:WIiL,3) = Wii,rq)

Weave Dimensions = Since the above algorithms require
knowledge of the dimensions of a single period of ths
weave, an algorithmis also necessary to produce the
associated pair of numbers £rom the weave descriptor.
These algorithms are as follows :

i o r
BA(my, ....mp) + (] my, ,“1:'
i=1 i=1
v
FR(my,...,mp) + ( ] mj,2n )

TWmy, g puuetfg, Ny, S
TW{m; B pee.

HC (W, W2} ,CE(W, ,Wa) + le+az, lemip,,pal)

s 0
i

el N, 5, k0

VC (W, , W) ,CP W, ,Wa) + (lowmle:,ez) ,prtpa)

ANIW, ,W2) OR (W ,Wa) =

CO(W, , W3} ,DCIW, ,Wa) + (2(I miay,e2)), 2(1
MNT (W) ,RF (W), IV (W) ,RO(2:w) = (e,p)
TP(W) ROCT:w) ,RO(3:W) ~ (p,e)

RP (m,n: W) CJEX (m,nal) + {me ,ap)

CTlcys.s.icq:W) + (n,p)

RT(ry,eue,rpn:W) + (e,n)
THE WEAVE PROGRAM

General Structure

The weave language program consists of three
parts; an interpreter, Decode, for the weave des-
criptor strings, an operating program, Perferm, and
a set of subroutines which implement either the di-
mension algorithms or the functional algorithms of
the basic weaves or weave operators. The heart of
the program is a linked list of addresses of the
weave algorithm subroutines called Current Weave,
with a location pointer, Curwe. In addition there
is an associated list of numerical parameters, Op-
arational Parameters, with location pointer, Oparm,
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and three push downs; Current End, with location
pointer, Curen, Current Pick, with lecation pointer
Curpi, and Next Weave, with pointer, Nxtwe. Next
weave 15 used in setting up the linked list during
the decoding phase. Current end and Current pick
are used to store the value of the current location
under consideration.

Decode - The interpreter part of the program has two
functions; to set up the linked list, current weave,
and to partially £ill the list of associatsd param-
aeters, All weave descriptor strings are first read
into a buffer, IN, and a number of separate strings
can be entered at one time. The strings are sepa-
rated by a semi-colon, which not only delimits the
separate strings but alsoe terminates the decoding
process for each string. The explicit actions of
decode are shown in the accompanying flow chart.

Perform - This is a two pass program. On the first
pass the preambles of the weave algorithms which
generate the weave dimensionis are performed and the
dimensions are placed in the appropriate locations
in the operational parameter list and the address in
current weave 1z changed to point to the function
portion of the algorithm. The second pass is a pair
of nested loops; the outer loop counting the number
of the row under consideration and the inner loop
counting the column. Each pass through the inner
loop places either an X or a _in the output buffer,
Out, according teo whether the walue of the weave
function is 1 or 0 and each pass through the outer
loop prints the contents of the buffer as one line
of the weave.

Weave Algorithms - The weave algorithms consist of
two parts, one which generates the weave dimensions
and an operational part which implements the function
form of the weave. The general structures of these
algerithms for the basic weaves, the single operators
the parameter operators and the double cperators is
shown in flow chart form.

Flow Charts - In the flow charts the following no-
tation is used extensively.

fa - use the address of A as a value.

A = use R as an address.

@A = use the contents of A as an address.

(A) = the contents of A.

2at + B - transfer the contents of the location that
is pointed to by A into the address B then increment
the contents of A.

8"A + B - decrement the contents of A then transfer
the contents of the location peointed to by A into B.

COMPUTER GRAPHICS and

Push A - place (A)+2 into A.

Pop A - place (A)-2 into A.

A|B - concatinate the contents of A and B.

If WE is the name of a weave operator then WE will
also stand for the symbolic address of the corre-
sponding functional algerithm and WEP will stand for
the symbolic address of the corresponding dimension
algorithm.

£ = element of.

50 - the set of single ocperators.

DO = the set of double operators.

PO - the set of parameter operators.

WE = the set of basic weaves.

The following subroutines are used in the per=-
form portion of the program :

FIXl = sets the current weave pointer to point to
the next location in the linked list, then uses the
address pointed to to relocate the pointer.

FIX2 = returns the current weave pointer to its lo-
cation prior to relocation by FIX1.

NOBEM = pushes the current end and current pick push
downs, performs the calculations
(column number) mod (number of columns in weaval
[row nunber) mod {(number of rows in weave)
then stores the results in the new locations in the
respective push downs.

REFLACE - pops the current end and current pick push
downs.

00 = causes a Jump-to-subroutine to the address that
is pointed to in the current weawve list.

SET - associates the pointer, Oparm, with the current
weave pointer, Curwe.

ADDITIONAL FEATURES

Weave Renaming

Justification - In the case of more complex weave
structures the weave descriptor strings can become
quite cumbersome. To enable the designer to write
such strings with more facility and with less chance
of error a facility is privided in the program to
allow the designation of an entire, or partial, weave
descriptor string by a two character name chosen by
the user. This is done by preceeding the two char-
acters by either the symbol /or the symbol ', writing
the descriptor string as wusual and following it by
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the symbol #. If the /character is used the string
will be both saved and performed. If the ' character
iz used the string will be saved and not performed.

The Frocedure - The two character names of the basic
weaves and weave operators are stored in a list which
i5 searched during the decoding phase if the program
to determine the proper subroutine address to place
in the current weave linked list. When either the
/ or ' character is encountered during the decoding
process the two characters which follow are appendad
to the end of the list and a reference pointer, keyed
to this position in the list of names, is generated
to peint to the firstunused portion of the save area.
The decoding process then continues, but & copy of the
string is placed in the save area until a # is en-
countered. At this time an * is placed in the save
area at the end of the string and the pointet to the
first unused portion of the save area is set to this
position. The decoding continues of there are fur-
ther characters in the string and all succeeding char-
acters are dumped as usual.

During any run of the program the renamed string
may be retrieved by simply using the two character
designation. When these characters are encountered
in the decoding process the pointer to the current
iocation in the input buffer is switched, temporarily,
to the corresponding location in the save area and
the decoding continues until an* is encountered, at
which time the input pointer is shifted back to its
location in the input string where the original shift
was made. If the ' character isused a switch is set
which prevents the Decode procedure fromautomatical-
ly switching to the Perform procedure when an ; is
encounterad.

The renaming procedure places the pointers which
it generates in a push down so that substrings of
strings which are neing renamed can alsc be renamed.
Previously renamed strings can be used in strings

being renamed and under certain circumstances partial

weave operators can be renamed, This isguite useful
in the case of the row or column transposition op-
erators which often contain long lists of numeric
parameters.

Examples = If the following series of input strings
are entered: SX1TWI(3,2,1,1)8:;.%2TW(2,3,1,-1)#;/X3HC
(KL, X2)#; /KGHCIX2, K1) # VT (X3, X4); the program will
qenerate and output:

TW(3,2,1,1)

Twi(z,3,1,-1)

HCLTW(3,2,1,1),Twi2,3,1,-1))
Ho(TwW(2,3,1,-1),Tw(3,2,1,1))
YClHC(TW(3,2,1,1),TwWt2,3,1,-1)),HC(TW(Z2,3,1,-1
1,Twi3,2,1,13))

If /swaCT(1,1,2,2,2,3,3,3,3,4,4,5,6:#4TW(1,5,1,1));
AWBRT(1,1,2,2,2,3,3,3,3,4,4,5,6:TW(4,2,1,1))#;
WAWB): were input the program would generate

and output;

cT{1.1,2.2.2.3,3.3,3.a, ,5,6:TW(L,5,1,1))
®T(1,1,2,2,2,3,3,3,3,4,4,5,6:TW(4,2,1,1))
cT(1,1,2,2,2,3,3,3,3,4,4,5,6:RT(1,1,2,2,2,3,3,3,3,4
WG, 5,6 TW(4,2,1,110)

Automatic Chain and Draw Operations

Meed and Operators - On a harness loom the actual
control of the operation is achieved throush the
draw; the order in which the various warp yarns are
passed through the heddles on the varicus harnesses
and the chain; the control device which salects the
order in which the harnesses are to be raised. Once
a weave is created it is often a laborious and error
prone kask to create the corresponding draw and chain.
To alleviate the necessity of the designer's concern
in thig matter the program also includes the oparators
CH{W) which will generate a chain for the weave and
DR{%W) which will generate the corresponding draw.

Properties of the Cha.i.nma;nd Draw — When considered as
matrices, the weave, the chain and the draw are re-
lated. In fact the weave is the usual row by column
matrix product of the chain by the draw. The mat
product operation is denoted by LP hence in weave
language notation W=LP(Z,0). Ewven though the draw
matrix is not, in general, sguare, it does hzve the
property that its transpose is its inverse. Thus glven
a weave and a draw; the chain, if one exists, iz given
by the relation C=LP (W, TPiR)). This is a very val-
uable tool for the textile designer.

ix

Conclusion

one of the major advantages to be gained from
using the weave language programis of course speed.
Mot anly does this allow for the production of rather
complex designs in a matter of minutes, which would
ardinarily reguire several hours te execute by hand,
but it also encourages the designer to make chances
which may improwve an already good design, which ord-
inarily would not be made. In addition the rapidity
of the through-put also encourages the designer to
create more designs as well as more complex designs,
as the time reguired to produce them has become a
minor consideration.

The program is currently implemented on a PDP-
11/20 computer having 16 K of core. It has been in

use for two years, with gresat success, as a teaching
tool in the textile design curriculum. One of the
major advantages of the use of computer generated
weave structures is that the student, or designer,
is freed from the consideration of the mechanics of
producing the design and can thus concentrate on the
assthatic appeal and functionality of the design.
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SINGLE AND PARAMETER OPERATOR SUBROUTINE

PREAMBLE OPERATE
FIxX1 RO
l Point Paper Representation of -3-5 459 Right Hand Twill
SET FI%l
J l DOUBLE OPERATOR SUBROUTINES
PREAMBLE OPERATE
DO SET "
L L FIX1 oo NOR! SET
Fixz oa
» k.
SET F1xz2 FIX1 oo
- l_ )
POP FIX2 l l l I
CURWE =
[
J l ¥ CURWE SET Flxz
PERFORM FOP
ALGORTTHA CURWE
. FOP POP
1 l Bt CURWE oo CURWE
FPERFOR
oW DOURWE] ALGORITHM 1
. PUSH PERFORM — POF
| l CURWE ALGORT TH1 CURWE
RETURM REPLACE 1 l l l
l FIx1 o+ ACURWE PUSH PERFOM
CURWE ALGORTTHA
RETURM 1 | l
L REPLACE
RETURHN
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FROM STYLUS TO LIGHT PEN:

TECHNOLOGY AND INNOVATION IN
THE DEVELOPMENT OF QUANTITATIVE GRAPHICS

by James R. Beniger

University of California
Survey Research Center
Berkeley, California 94720

Since the earliest recorded history, human
beings have used pictures and other abstract gra-
phics in the ceontinuing struggle to understand —
in a quantitative way — the world around them.
In the clay maps of Babylonian explorers, the co-
ordinate systems of Egyptian surveyors, and the
musical notatien of Vedic hymnists, humankind
celebrated early triumphs in quantification and
visualization of the abstract. Whether through
counting, measurement, analysis or communication,
visual images and numbers have repeatedly served,
side by side, in the historical development of
modern science. If mathematics is truly the Queen
of Science, as so often stated, then quantitative
graphics must certainly rank among her most valu-
able handmaidens.

Today, computer graphic technelegies provide
an unrivaled opportunity to expand this capability
for visualizing the abstract phenomena of science
and society. The CRT terminal and light pen may
become, in the hands of the future scientist,
what the clay tablet and stylus were to the an-
cient Mesopotamian.

Before this latest revelution in wisualizing
media can be complete, however, the progress in
analysis and communication technology must be
matched by progress in quantitative graphic sym=
belization. Television news, for example, began
as the televising of a radio news format, and has
yet to tap the vast potential of computer graphics
for dynamic statistical presentatien. In the same
way, computer graphics applications have tended to
imitate earlier printer output, itself an imita-
tion of printing press technology from the last
century. Most of teday's standard quantitative
forms — like bar charts and line graphs, histo-
grams and scatterplots — were commonplace a hun-
dred years ago: none seem inherently suited to
dynamic or interactive applications.

This research is sponsored, in part, by the
Mational Scierce Foundation, Grant No. G5-29115.
An earlier version of the chronology accompanied
the author's slide presentation, "'The History and
Future of Graphics in Statistics," at the annual
meetings of the American Statistical Association,
Institute of Mathematical Statistics, and ENAR of
the Biometric Society, Atlanta, Georgia, August
25-28, 1975. The author is indebted to A. D.
Biderman, W. Kruskal, 0, B, Sheynin, and 3.
Stigler for helpful comments on other versions
of the work presented here.

In only che last dozen years or so have new
quantitative forms, which expleit the technologies
of modern computer graphics, begun to appear in the
technical literature. As examples, one might cite
Anderson's circular glyphs (see the year 1960}, the
triangles of Pickett and White (1968}, the irregu=
lar polygons devised by Siegal and his collaborators
(1971), Andrew's Fourier form for generating multi=
variate plots (1972), Chernoff's cartoons of human
faces to represent multivariate data (1973}, and
the color—coded bivariate matrix used by the U.S.
Bureau of the Census in recent maps (1974).

All of these graphic innovations are well=
suited to computer applications and, conversely,
none has much practical value except when execu-
ted by computer. With the exception of Tukey's
various innovations for exploratory data analysis
{1965, 196%), however, no recent innovation in quan-
titative graphics begins to exploit the interactive
possibilities of computer graphics. The potential
uses of dynamic, three-dimensicnal and colored gra-
phics in quantitative applications remain largely
unexplored.

BELOW: John Tukey's hanging reotegram, 1969,
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To illustrate the historical role of quanti-
tative graphic innovation, in counterpoint to
inventions in communication and computaticn, is
the central purpose of this chronology. It lists
the first known appearances of major graphic forms
and techniques, along with innovations in print=
ing, cartography, wvisual communication and compu-
tation, and related developments in mathematics,
applied geometry and statistics. Little effort
will be made to integrate such diverse develop-
ments, except to state that the author believes
them to be integrally related, as he has attempted
to show elsewhere {1, 2, 3). The intention here
is rather to offer readers a more direct encounter
with a still largely unresearched history, so
that they might develop their own feel for the
chaotic developments and interagtions among quan-
titative graphic symbelization and technique,
graphic technology and gquantitative disciplines.

Readers interested in a more discursive his-
tory of quantitative graphics are referred to
Funkhouser (4}, which after 40 years remains the
single best source on the subject, and also to
the early handbook by Marey (5}, from which
Funkhouser borrows heavily. More recent treat-
ments of certain 18th and 19th century develop-—
ments may be found in Royston (&) and Tilling (7}.
The author's own work includes an overview of the
subject, Trom the perspective of the sociology of
knowledge (1), and a review of recent developments
in statistics (3), particularly in expleratory
data analysis (2). Primary sources that introduce
particular graphic innovations have been listed in
the body of the chronclogy itself.

Perhaps a brief note iz in order concerning
the usefulness, to historical analysis, of claims
of so=called historical "firsts'', zince these re-
peatedly appear in the chronology that follows. It
is relatively easy to establicsh that a given de—
velopment is not first, simply by showing that the
same innovation appeared still earlier. This will
indicate either diffusion of the original innova-
tion or independent invention. O0On the other hand,
it will always be impossible to prove conclusively
that any given innovation was an historical first,
since contradictory evidence might turn up at any
later date. It is for this reason that historfans
of science and knowledge have traditicnally dodged
claims of "firsts" for particular innovations.

This chronolagy adopts just the contrary
view, not only that innovations will be considered
firsts until proved otherwise, but alse that such
a cavalier approach will greatly facilitate the
progress of enlightenment. At least ome precedent
has long existed for this view: the various dic-
tionaries (1ike The Oxford English Dictionary],
which 1ists years for the earliest known occur-
rence of words and meanings. It appears that
the very process of listing and publishing these
dates hastens the progress of historical phile-
fogy, since new evidence is continually submitted
from the widest possible audience of readers. Much
the same idea motivates the chronology here, which
will certainly fail an important purpose if it does
not draw a number of claims for earlier appearances
af innovations, and for substantial additions to
the 1isting.

CHROWOLOGY

c. 3200 B.C. Coordinate systems to locate points

in real space—=Egyptian surveyors

c. 2400 B.C. Map-making for land taxation——Sargon
of Akkad (Babylonian), .inscribed

aon baked clay

t‘f EJ';“‘ \TJSﬁ &

ABOVE: {Detail), Rhind Papyrus, discussion below.

c. 1500 B.C. Systematic guide to practical pro-
blemz of geometry arising in sur-
veying, including graphic repre-
sentations of area (rectangular,
trapezoidal, triangular and cir=
cular)=—Scribe Ahmose (Egyptian),
Rhind Papyrus, titled "A Guide to
Accurate Reckening inte Things,
Knowledge of Existing Things AIlY,
new in the British Museum

c. L0O0 B.C, World map {showing Babylen at the
center j=—clay tablet, now in the
Britizh Museum

c. 330 B.C. Treatise on conic sections——
Aristotle [Greek)

c. 300 B.C. Formal statement of geometric prin-

ciples—Euclid (Greek), Elements

[NOTE: Oue to limitations of space, the "'full"
Chronoclogy has been edited to reveal some of the
important firsts in the development of quantita-
tive graphics. Readers interested in the definitive
Chronology may write the suthor.)
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ABOVE:

Prodsmaus Argypla

Also by Albrecht Durer, ""The Morthern Hemisphere of the Celestial Globe."
The two maps are geographical works designed by Durer for Johann Stabius.

In 1497 Stabius left Ingolstadt

and took up his residence in Vienna as Professor of mathematics and became court astronomer to the Emperor.
(Both Durer works are from the text by Willid Kurth.)

20

4th century =Terrestrial and celestial globes—

Ca

Ca

Ca

B.C.

Eudoxus (Greek astronamer), now in
the Naples Museum

330 B.C.=Treatise on conic sections—Aristotle

(Greek)

300 B.C.=Formal statement of geometric princi-

ples——Euclid (Greek), Elements

150 A.D.=Cartography as science, guide to chart=

ing world maps——Ptolemy (Alexandrian),
Geography

£00=1500 =During the Middle Ages, despite the

I&.tD.

contributions of Ptolemy to carto-—
graphy, maps remained diagrammatic.
One of the best known examples is
the "T-0'" map, a circle with a "T"
inside of it. The left half of the
bar represented the Danube River,
the right half the Hile, and the
riser represented the Mediterranean.
Asia was the top space, Europe the
bottem left, and Africa the bottom
right, and the Ocean surrounded the
world as an '0". T-0 maps were used
into the 16th century.

11th cent.
AtD.

=Printing with movable type—Fi=5Sheng

{Chinese)

e. 1024 A.D.=5taff notation in music—Guido

10=-11th cent.
A.D,

c. 1350 A.D.

early 17th

c. 1620 A.D.

c. 1637 A.D.

COMPUTER GRAPHICS and ART for November,

D'Arezzo (Benedictine monk)

Curves on time grid (planetary
orbits)==unknown transcriber of
commentary on Macrobius on
Cicero's In Somnium Scipionis

Proto-bar graph (of theoretical
function)=—Nicole Oresme (French
mathematician)

Tables of empirical data—Die
Tabellen-Statistik (Germany)

Systemmatic graphic computation with
scale of numbers (forerunner of
slide rule, nomography)—Edward
Gunter (English astronomer)

Analytic geometry, relation between

curve and equation—René Descartes
(French)
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c. 1686 A.D.

c. 1693 A.D.

c. 1701 A.D.
c. 1733 A,D.
c. 1748 A.D,

c. 1752 A.D.

c. 1761 A.D.

BELOW:

sphere of the Celestial Globe'" date 1515,

Bivariate plot of observations
{baremetric reading ws. height),
graphical analysis of empirical
data——Edmund Halley (English}

Mortality tables—Edmund Halley
(English}

Isobar map (lines of equal magnetic
declination for world)}=—Edmund
Halley {English)

Equation for normal probability
curve—~Abraham De Moivre
{English)

Word "Statistik''—CGottfried
Achenwall (German)

Contour map——Fhillippe Buache
{French)

Hypothetical mortality curves——J. L.
D'Alembert (French mathematician)

c. 1765 A.D.

c. 1775 A.D.

c. 1782 A.D.

cs 1786 A.D.

c. 1787 A.D.

c. 1794 A.D.

Reduced in size, first block and impression at Munich.

Historical time line (1ife span of
2,000 famous people, 1200 B.C.-1750
A.D0.); quantitative comparison by
means of bars——Joseph Priestly
{English chemist)

Geological map (showing distribution
of soils, minerals)—Charpentier
(French)

Statistical map—A. W. F. Crome
{Professor of Political Econamy
and Statistics, University of
Gieszen, Germany), Producten-
Karte wvan Europa

Bar graph—William Playfair (English),
Commercial and Poljtical Atlas

Word "'statistics'==E. A, W.
Zimmerman (English), Political
Survey of the Preszent State of

Europe

Printed coordinate paper—-—a Or.
Buxtor {English)

A woodcut designed by Albrecht Durer in the service of the Emperor Maximilian, "The Southern Hemis-—

From the

text, "The Complete Woodcuts of Albrecht Ourer'" edited by Dr. Wil11i Kurth, 1963, Dover Publications, NYC.
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AME,

Multi-number graphical calculation
{applied contours to multiplica=
tion table)—Louis Ezéchiel
Pouchet (French manufacturer)

Use of coordinate paper in published
research (graph of barcmetric

variations}—Philosophical Magazine,

Vol. 7, p. 357

Pie chart, circle graph—William
Playfair (English), Statistical
Breviary

Subdivided bar graph, superimposed
squares——F. H. Alexander wvon

Humboldt (German), Essai Politique

sur le Royaume de la Mouvelle-

Espagne

Cartogram (map with shadings from
black to white, showing distri-
bution and intensity of illiteracy
in France)==Charles Dupin (French
geometer, statistician)

Cumulative freguency curve or
ogive (showing inhabitants of
Paris by age groupings for 1817
—J. B. J. Fourier (French)

Digital caleculater, ''Difference
Engine,'' discussed in terms of
‘'|programming’ and '"taping', and
generally considered te be the
first modern mathematical machin-
ery—~Charles Babbage (English)

Gompertz Orx”s1mp|e growth' curve
(1% = Kg9™ }—=Benjamin Gompertz
(English actuary)

Mortality curves drawn from empiri-
cal data {for Belgium and France)
—Adolphe Quetelet (Belgian sta-
tistician}

Graph of frequency distribution—
Adolphe Quetelet (Belgian statis—
tician)

Histogram (crimes by age groupings,
and by months)—~A. M. Guerry
{French Statistician)
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BBOVE, RIGHT AMD BELOW, LEFT: Details of a Map of
the World by Edmund Halley, 1701, from the text by
Gustav Hellmann, 1895.

Published graph of normal curve—
fugustus De Morgan (English pro-
balist), An Essay on Probabili-
ties, and on Their Application te
Life Contingencies and Insurance
Offices

c. 1838 A.D.

K
—— — , where
1 = ceft ?
y denotes population, t denotes
time, and K, C and r are constants)
~—P. F. Verhulst (Belgian mathe-
matician)

Logistic curve (

Graphic time table (rail time vs.
distance, with pivotal bar to
determine speed}--M. Ibray
{French engineer)

c. 1840 A.D.

Graph in Journal of London Statisti-
cal Society (established & years
earlier

e. 1841 A.D.

Logarithmic grid——Lgone Lallane
{French engineer), paper presented
to the French Academy of Sciences

c. 1843 A.D.

Polar coordinates (frequency of wind
directions)=—Leon Lalanne (French
engineer), Cours Complet de
Mét&orologie de L. F. Kaemtz
{1845)

Contour map of table (temperature,
tour x month}—Leon Lalanne
{French engineer), Cours Complet
de Météorologie de L. F. Kaemtz

(1855]

Flow map, with band-width propor-
tional to amount of traffic—
Charles Joseph Minard (French
engineer)

c. 1845 ALD.
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(applied contours td niulripliqa- {" " ‘ lrni, _  
(ian tapie)-tems zzéelniev · · V · ( V,   j·
Pduchet (French manufacturer) ni , , _ re;. 4 Ugg-ar ;
* ·‘r · 1.* ’ 0.;;, · Y —E»'·,l"~.e?2·+
e. \Bu0 A.¤. use ef cdenainate paper in pubiisned Al. ;;_];,._ 5 j’_   V   *`:··*  
mianan$i..»>ini1¤s¤Enicei Magazine ;·;·;..,e·1. J -:-,iY;;L‘· ,31 ;;L(LL},‘Z°¥·};A»e,e
vai.7, .257 .r, ·· 4;O2·.·?}-;;,·, ..   qnynw
P -·r;·:·{·:§ iris: ;:_¢.·· tt g     ye?
e. iziui A.n. Pie einert, eircie grepn-wiiiian.   ¢f·`·_ LY "   »;
Playfair (English), Statistical L- _- _` _ » _—:~t`_yl>y¤_ i·— _ ag Q
c. NUI A.D. subdivided har graph, superinippsed Q' *?_"1'f*?°Tl&’~*`f`{»f ` *]` ~ "`
Humkwidt (German), Eseai Ppiieigue _ ··T~·>~ ljljl 4 Jl_ »f¤ rz 4\»1__— _ ; , r
.L2.€$¤¤¤ ’   `tt\·i{ ’ neuunu
c. iBi9 L\.D. Carcpgrani (map with shadings from i ` i " ` " ` ` ` ` > · ·
in France)-Charles Dupin (French Adm/i, RIGHT AND BFLDN, LEFU Details of ¤ Map pf
geometer, statistician) me world by Edmund Haiiey, V/D1, Frani the text by
Gustav Hellniann, 1895.
c. i82i AA!. cumulative frequency curve pr  
°“*Y° (‘*‘°”"‘g {““S"“°"" °' Q, im n.¤. ruaiisnen man er nannai enve-
Paris by we awnings For WW Augustus ne neneen (zngiisn im-
-—¤· E- J~ Fwiei ('*¤¤¤'*> mist), nn rise, an rmseaiii.
 
nm naaenn narnenaneai naenin. L"' ' ° °“" ‘ i · nerr i “ °'
¤*v—€*·¤r*¤S B¤¤*>¤¤¤ (@9**5**) y eenetee pepuiarien, t denptes
(ine, anu K, c and r ere epnstanes)
(Vx ; '<Q‘¥" )—Benjarniri cernvertz natieieri)
(Fngiien actuary)
my dat, (pm Beyggw, and nance) e. imc mu. Graphic time ta:in_(r:i: gineigs.
nnnaipne queeeiet (aeigian sta- Zfgjgieé Zggédgwrj any;
tisticiari) E " `” '
(French engineer)
°· ‘“‘   “’222.;§Ja$2t:i:: ·:;;:;;::*;:;;§. K, an   G,tpn    
e. VB]; A.¤. tiistegrem (erinies by age groupings,
and py nienths)-A, M. Guerry
*   ii   ’ C. ian; nu. u,,,sn.u,.¤ ,,.r..Lm taunt
r e n r ,,‘ ( V . , [ (French engineer), paper presented
gi -   r L-,. r - f 4/ ·:, ';";' ge me rrenen Aeaeeiiv pf Sciences
Ai $r/ ‘j·»fZ · i i. ( e (..»e}··. .
`I ; -*2 -`1i g_;·* fw ·"z··‘· .#1..¤-· { ··-~·- new mnainasee (rnequeney ar wind
V * jr · ” > A r— ( i ·_ l ‘ (L ‘, `2» directions)-Leon Lelarine (French
** t:‘ 'ii "i¤’"¢’·i·i;:.   it n -n , a 5 B e a
$:2 ( / 1 ii`Y’*‘f3<;; -· I ~ Eeiéaiiil (E SQ f°`¥.`n§e,?,
_' »_ ` ___,___ V ti_ \ _ ` _ ,,T,,, , )  
._ ( » if e . ' Lpntpur niep of tebie (temperature,
T — ’ Q ` ~ — ( ` hour >< mnxh)-tepn Lelennc »
ej T_   ,r 3 ‘;:` A7) - _ v (irrcnen engineer), Cdurs Corwglet
Ina. (A xié ,•C A     -`_r5rg`_,er!rrqi-nh  
,__;._ y :j\;. 3 J T ·
  ru- J .     —
?'i'·}'f i, `   I   5 > ~ _ t c_ int.; n_u_ run nap, ntn »an¤-niarn nym-
`~ .` J" e e` - \ ( ‘ §_ rionei re anieunr or traffic--
,"i` 7 4 __ _, _;;~_;’_` _`,` e t , _ , cneries Joseph Minard (Frcncn
L i - , _ ` M ·~·—~· * ·* engineer)
22 cUMVUTE>i GRAPHICS and ART for November, I976




PP t.,- fotorfals r"y
£

ﬂ?;.-rr!" IE-E L A ﬂ.’am’ 1853

y i lhe i cul

i‘,-'ln:.f

-

ABOVE: Polar area charts, known as ''cox-
(Detail of combs''=—=Florence Nightingale
Chart) (English), Mortality of the British

frmy, anonymous publication in the
campaign to improve sanitary con-
ditions of the army

c. 1857 ALD.

Semi-logarithmic grid (showing per-
centage changes in commodities)——
Stanley Jevons (English), A Serious
Fall in the Value of Gold Ascer=—
tained, and its Social Effects Set
Forth, with Two Diagrams

c. 1863 A.D.

Cartogram published in the United
States——-Edward Atkinsen (U. 5.],
Repert te the Boston Board of
Trade on the Cotton Manufacture
of 1862

Statistical diagrams in a school text-
book (geography)—Emile Levasseur
(French), La France, avec ses
Colonies

c. 1868 A.D.

Three-dimensional population surface
{with axonometric projection to
show curves of various "slices')—
Gustav Zeuner (Germany)

Cs ]869 A.D.

U. S. Congressicnal appropriation for
graphic treatment of statistics

c. 1872 A.D.

Use of statistical graphics by the
U. S. government in census reports
(cartograms of data from Ninth
Census)—Statistics of Wealth and
Public Indebtedness

c. 1846 A,D. Published weather map—-Elias Loomis
{U. S.), "On Two Storms Experienced
Throughout the United States in the
Month of February, 1842 " Trans—

actions of the American Philoso—
hical Society, Vel. 9, pp. 161-
184

Results of urn schemata as symme-
trical histogram, with lTimiting
normal curve——Adolphe Quetelet
(Belgian statistician)

c. 1847 A.D. Statistical map (tone wash) in
Journal of London Statistical
Society (shows sectors of England

and Wales)

c. 1851 A.D, Map incorporating statistical dia-
grams (circles proportional to
coal production)——Charles Joseph
Minard (French engineer)

c. 1852 A.D. Graphics used in lawsuft—=Germany
Discussion of graphic methods be-
fore International Statistical

Congress—Third (Vienna)

c. 1857 A.D.

Use of statistical graphics by U. 3.
government in census reports (car-
tograms of data from Ninth Census)
—Statistics of Wealth and Public
Indebtedness

Classification of statistical graphic
treatments by form——H. Schwabe
{Chief of Municipal Bureau of Sta-
tistics, Berlin), "Theorie der
Graphischen Darstellugen," fongres
International de Statistigue, pp-
61-73

BELOW: First Contour Map of a Table (Mean Temperature,
Hour x Menth) by Leon Lalanne, 1843,

7\
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`
[wc; . a/‘ /rio:/4/lr] a. IBLIS A.Il. Published weather map-—[llas Loomis I
Y In 1/I. [auf l IU. 5.). I‘¤n Tm storms Experienaeo
Ir ' "‘ ’” ""”·' nanrn or resrusry, usury nan.-
’~» '· ghical s ery vl 9 I I
`. I Ll
_ thi -, . I (Belgian statisticianl
tr _. ·   " 4 I c. ISIN A.¤. statistical map (tone wasn) in
T · Journal of tonoon statistical
4 it ` - " Society shows sectors of England
' ‘ P d N I I
" ’ »I > . i l "
E 3,- \· \ V , z ' { c. IBSI A.¤. Map incarporating statlsticaI dia—
V I V ··‘ »,   " grams (circles proaortional zo
Q4 _'°’   ' . ' ‘ . c¤aI production)-—CharIes Joseph
*_,‘ _ ' , gl N Minard (French engineer)
A, ' , ‘ \ ri pf c. lBsz A.¤. nraahics useo in lalvsult-Germany
.*3 ' I I:. ISS7 A.¤. Discussion of graphic rnethoos a»
g_ _ J . fore international statistical
Congress-Third (Vienna)
"I government in aensus reports (ear-
tograms of data from Ninth Census)
' 4___ lnoeozeoness
n»,.:.¢ "·’
(Chief af Municipal Bureau of Sta-
ABIJUE: PcIar area charts, known as II;oX. listips, Berlin), "Theoria der
(Detail or c¤¤nbs"——FIorenc.·s Nightingale Grapnlschen llarstellugenrn congres
cnart) (EngIish). Mortality of the Britisn International de Stazisu ue, pa.
Army, anonymous ouollcation in tne EI-73
ditions of the army BELDNI First Contour Map of a Table (Mean Temperature,
s. wm ¤.¤. san.I°a..lnlnle gn. isnsolng pa,- **¤¤* * **¤·I¤nI Iv Leon Lawns. Im.
eenrage enanges in oann»ooities)——
stanley Jevons (EngIish], A Serious :-_
Fall In the value of Gold Asaer- r2$\ ·I
tained and its social Effects Set _v . ·7 ' eexkx. ' ' »/ X
ram. with rvo niagrans   `
ml?  [I rl ¥·  §\ .
rsrragrsll aoonsnsa In rule unireo  -,InI;tE£_·   I  
States-—Edward Atkinson (U. S.], _ ; rs ;:;j£.. 7 l`I '  \ .,P
neoart to the Boston Board of I   ·¢-;  " , 2 ,
Trade on the cotton Manufacture ’''` I ' I '
—°"§z’  III \\  »- IIIIYJIII XIII  
c, lB6B A.¤. statistical diagrams in a schucl text- J l  (Vg   I II, j CI; Q
book (geograpny)—Ernile Levasseur V ‘· \\ l\ \I III Il? l il
(French), La France avec ses l \`· III I   l"I` · ‘
talonles I A \\II\`*l llilyjilw
. V Illll llII"» Il ‘
c. 1869 mn. Three-dimensional p¤puIation surface     IIIIIII I/`·l
(nm. axonanleerie projection to .   ‘\* ill ( I\\I"I"'l" §
show curves of various "sIiccs"I- V yl et \\ \\, IIIII l Inlliiss I _
aosrsv zeons. (¤ernsny> l I I ·e\ IIIIIIII. III- III Il ·
I   llllllll l\\·_».» l l
c. l¤72 A.D. U. S. congressional aaaraoriation rar   t ., , Il III C   H
graanle treatment or stansties  ill\\\ l _ · gl yiijyl n;;lII,- I
INI A \ _ I ·— 'IIUQ". I
ne. sr ....ls.ls.l glslnlss by rn. II Qmxe; [I  MMIII l~_~ all I
U. S. government in census reports '  V /{W/I ’ ""‘I` I" `
l\ lrll In l».l.l l
(cartograms of data fr¤m Ninth (My ylllyyl In l*Il’ I
osnsuspsrarasues at veaun anu  “ “  J J  · @4% Al é-In
rualie Inoeateoness ’ ’ " "
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c. 1883 A.D. Patent issued on logarithmic paper—
England

c. 1884 A.D. Pictogram—Michael George Mulhall
{English), Dictionary of Statistics

c. 1885 A.D. HNormal correlation surface—Francis
Galton (English), "Regression
towards Mediocrity in Hereditary
Stature,'' Journal of the Anthropo-

logical Institute, Vol. 15, pp.
2L6-263

c. 1888 A.D. Correlation coefficient by graphic
means—Francis Galton (English),
"Co=-relations and Their Measure—
ment, Chiefly from Anthropomorphic
Data,' Royal Society of Londen
Proceedings, Vol. 45, pp. 135=145

c. 1891 A.D. Word "momography''Maurice D!'Ocagne
(Ecole Polytechnique, Paris),
Nemographie; Les Calculs Usuels
Effectues au Moyen des Abagues

c. 1895 A.D. Word "histogram''—Karl Pearson
(English), lectures on graphical
presentation in statistics; "'Skew
Variations in Homogeneous Material,"
Philosophical Transactions, Vel.
186, p. 399

c. 1899 a,0, Idea for 'log=square' paper, ruled so
that a mormai probability curve ap-
pears as a straight line—Francis
Galton (English), "A Geometric
Determination of the Median Value

ABOVE: Statistical Contour Map of the Populaticn of of a System of Normal Variants from
Paris by L. L. Vauthier, 1874, from the text by Marey, Two of its Centiles," Nature, Vol.
Paris, 1878, 61, pp. 102-104

c. 1874 A.D.  Age pyramid (bilateral histogram), c. 1905 A.D, Lorenz curve—M. 0, Lorenz (U. $.),

bilaterial frequency polygon—
Francis A. Walker (Superintendent
of U, 5. Census), Statistical
Atlas of the United States Based
on the Results of the Ninth Census

"Methods of Measuring the Concen—
tration of Wealth," Publications
of the American Statistical Associ-
ation, Vol. 9, pp. 209-21%

. c. 1910 A.D. Statistical diagrams in U. 5. text-—
Population contour map (orthographic books {graphs of temperature, popu-
projection, of Paris)—L. L. lation, in texts of arithmetic,
Vauthier (French), "'Note sur une algebra)
Carte Statistigue Figurant la Re-
partition de la Population de Parisn c. 1913 4,0, Arithmetic probability paper, ruled

Comptes Rendus, Veol. 78, pp. 264-
267 (cited by Francis Galton as an
inspiration for his discovery of
the normal correlation surface)

c. 1875 A,0, Term "ogive' applied to cumulative
frequency curve (introduced by
J. B. J. Fourier in 1821)})—Francis
Galton (English)

¢. 1879 A.D. Published instructionsz on how to use
graph paper—Stanley Jevons

{English), Principles of Science,
Jrd Ed., pps 592—595

Stereogram (three-dimensional popula-
tion pyramid)——Luigi Perozzo (carto-

graphic engineer, Italian State De-
partment of Statistiecs)

c. 1913-1914

A.D.

g0 that a cumulative normal pro-
bability curve (ogive) appears as

a straight line (applied to pro-
blems of surface drainage)-=

Allen Hazen (U. S.), "Storage to

be Provided in Impounding Reser—
voirs for Municipal Water Supply,"
Trancsactions of the American Seciety
of Civil Engineers, Vol. 77, (1914),
pp. 1539-1668., Read December 17,
1913

College course in statistical graphic
methods—M. F. P. Costelloe (Dept.
of Agricultural Engineering, Iowa
State College)
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c. lBB3 A.D. Patent issued on Vcgarithmic paper-
y W angiend
·‘ ' ' ` V ` A I ii c. ism. M. rimg..n~..nien..i George ni.vn.n _
y' ( , .· ·‘ »;¢§ (zngiisril, niqtionary ¤f statistics
  · I   ,4 o
vg   " I 4 c. ISHS A.|7. Normal correlation surFac»¥raricis
{59%** . Galton (English), "Regression
~*i ` ` » S. a.ure im;. 0} me . M,.
y.   ,   i.g...i ....i...., iu. .5, p,.
  · YQ  · { ,— I zu .2 :4
ygxfysy   ‘ · c. was ¤.o. correimaii mmieieiii by gunna.
I `    ln ,   means-—Francis Salton (English],
  y ment, Cniefiy from Antnrnpomorpnic
, w. / _\—i ., Damay Raya! society of Luneon
il!g  no/ ; L ${1;, rj Proceedings, vow, #.5, pp. y35.in5
  (/·= '" "\·— '”/ } B .. .. - .
·    \I%.j ’_;4·, ire s [ c. I 9I A.ll. Nord nonngraphy Maurice D-Dcegne
{ll; ij! Wi, =Q; I ' ' _ (Ecole Pplytechnique, Paris),
`§     (X V Nomegraphic Les Calculs Usuels
w M / A 9 [ , y/ Effeceues au Mayen des nbagties
. L; ~   / c. iB95 A.D. Word ‘I·i1st¤gram"—Kari Pearson
     / (English), lectures on graphical
  W .   ,..e.e.....i.. in ....i..ic.. iste.
~ P.  » (L   Variations in Honngenecus Haxnrial,"
/* . gg.  ·\ rninoso nioai vranseuions, von.
. / \  ` 15E. p. 299
`ii .
` `  , _ e. IBS9 A.n. Idea for "log-square" paper, ruled so
canon (English). "A neainezric
nsuviz szetisrical contour Map of the Popuiazion of vt S Svglem ¤*' If¤r’MV Variants ir¤¤¤
Paris hy L. L. Vautriier, |B7A, from the text by Marey,   of its Cpn§i'Ies," Nature, \/oi.
Paris, TBVS. i ¤P· W2- 0
c. IB7L• A.D. Age pyramid (bilateral nist¤Qr5m). C. ISGS A.D. Lorenz curvwri. D. Lorenz (U. S.),
Nlalerial *r=¤¤¢··¢y v¤|y9¤¤— "Neznuds of Measuring me co¤¢en—
Franeis A. walker (Superintendent traticn of Neelthyu Vublicaticns
of u. s. Census). statistical of me nmuiean Statistical Assoei.
Population contour map (orthographic bucks (grapiis ¤f temperature, ;¤pu.
projection, of Pzris)—L. L. lation, in texts of arithmetic,
Vauthier [French), "Notc sur MHS algebra)
Carte Statistique Fiqurant la Re-
partitipn de Ia Pvpulativfv do P¤1'i5," E, |9i3 A,¤. Aritl-imetie prcbabiiity paper, ruI¤d
llomgtes Rendus, Vol. 75. PP· ZEA- so that a cumuialiye normal pra-
inspiracion fur his diseoyary of a straight line (applied no pras
the rmrmai correlation surface) blevns of surface drainage)-.
_ _ Allen Hazen (U. LI. "Stnrage tc
c. iB75 A.¤. Tenn **ogive·· applied to eumulazwe be Provided in lmpounding Resdr.
F·‘¢>¤•¤¤¤·=y =¤*Y¢ (i¤¤r¤d¤¤=¤ W _ vairs ror Municipal water suppiyw
J- B- J· F¤¤r¤¢r in v¤21>—Fr¤·¤=¤s rrnnsnceions of me American soeiez
Gaiwn (E¤¤'IiS?¤I or Diyil Engineers. Vc!. 77, TSW),
pp. H3?-IGG9. Read Hecaviber V7:
IBB I
¤· *879 ¤·¤· *’¤¤¤i¤*··=<* *¤=¤¤·¤=i¤¤S ¤·· *·¤~* *¤ ··== o. isi;-new carnage mn.-se in statesman gr..,.i·i¤
graph paper—$¢anIey Jev¤r\S A,|)_ n»eth¤ds—M. F. P. Cnstelloe (I7¤pY·»
(English), Prir\ciEI=s ¤V Scientéi gf Agriquirural Engineering, Iowa
3rd Ed., pp. 92- 95 State Coliegei
Stereograni (tnrekdimensicnai popula- /  r  ,___‘ _
tion pyramid)-Luigi Peroxzo (carto· . L»`.;?'—'¤§j` Y' {gg `Y
graphic. engineer, Italian Slate Dr yy   9*%;
pamiient of statistics) I1., I  \: ‘ '§
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c. 1914 A.D.,  Published standards of graphic pre-

1o
sentation for United States—Ameri- . ~ .
can Society of Mechanical Engineers, ]: ? :ﬁ;?ﬂ?t; O]9 = N feet
& = s i s
final report published as '"Joint 9 3 (998TTH65444222 1 DOVHS0
Committee on Standards for Graphic 57 3 K76655417099551 476
Presentation,'' Publications of the 7 2 00URAA41 1 1929433361107
American Statistical Association 102 & YTHALAAES S22 10097731
Vol. 1L (1914=1915), pp. 790-757 (18) & RIRGHSII0TTT6I065
9% T OGRRAA4] HHGS2 I0KDT
Textbook on graphic methods—Willard 8 g ?gﬁiigﬁmrbq!
€. Brinton (U. S. mechanical en— ?:’ RAb e
gine?r), Graphic Methods for Pre— p Ficiieadnt e
senting Facts g 12 45420164
m 13 47530
Pictograms of uniform size (to replace 1s o
bar graphs, pictegrams of varying 13 15 676
size)—Willard C. Brinton {(U. S. I: }? ::
mechanical engineer) . i
: : 5 ¥ 397 ORI Ty
c. 1916 A.D. Correspondence course in graphic
methods (20 lessons, fifty dollars)
—Frank J, Warne (U. 5.}
c. 1917 A.D. Published exposition of use of semi- ABOVE: Stem and leaf displays — heights of 218
logarithmic paper—-James A, Field volcanoes, unit 100 feet.
(U. S.), "Some Advantages of the (Source: The World Almanac, 1966 {New Yorks
Logarithmic Scale in Stat1s§1caT World-Telegram and the Sun, 1966.)
Diagrams,' Journal of Political
Economy, Yol. 25, pp. 805=84
c. 1945 A.D.
c. 1918- Yearly college course in statistical 2
1933 A.D. graphic methods ('"Graphic Methods Phototypesetting machine—E. G.
of Presenting Facts'')—E. P, Klingberg, Fritz Stadelmann and
Cubberly (Stanford University) H. R. Freund (U. S.)
c. 1921 A.D. British textbook on graphic methodg—— c. 1948 A.D.  Xerography process announced—~Chester

A. R. Palmer {English), The Use Fo Carlson (U. s.)

of Graphs in Commerce and Industry

Polaroid Land camera=<Edwin H. Land

c. 1924 A.D. Social statistical graphics museum— (U, 5.)
Social and Economic Museum, Vienna

(0tto Neurath, Director) Heleographic principles outlined—

Dennis Gabor (English)

c. 1231 A.D. 'Log square'" paper—F. C. Martin and
D. H. Leavens (U. 5.}, presented
in "A New Grid for Fitting a Mormal
Probability Curve to a Given Fre—
quency Distribution,' Journal of
the American Statistical Associa=

tion, Vel. 26, pp. 178-183

c. 1953 A.D,  Statistical graphic (bar chart) in
television commercial--Blatz
Brewing Company, Milwaukee, Wis-—

consin, sponsor of ""Amos 'n' Andy"

mid-1950"'s
A.D.

Application of cathode ray tube graphic
terminals (to command air defense

system)——=SAGE System (U. 5.)

c. 1933 A,0, Standard statistical symbols esta-

blished by government decree— c. 1986 A.D, Pre=recorded videotape broadcast

1937 A.0.

Seviet Unien (for schools, public
posters)

Three-dimensional cinematography

(''Douglas Edwards and the News")
—Alexander M. Poniatoff (Ampex)

v : c. 1958 A.D.  MNumerically-controlled digital drafting
{"Witerama"}—Frederick Waller s e
1938 A.D. XEFOQEng;EnC?EY Er?duced-6hester c. 1960 A.D, Operational laser {ruby)—Theodore H.

Maiman (U. 5.]

1941 A.D, Commercial television broadcast— Circlular glyphs, with rays to repre-
r
WNBT, New York sent multivariate data (one circle
‘ . . s
1945 A.D. Electronic digital computer {con- DT SRS s BT e e

taining 18,000 radio tubes)——
ENIAC, J. Presper Eckert and John
W. Mauchly, University of Pennsyl-
vania, for U. 5. Army Ordinance
Department (kept in service for
ten years)

of each ray corresponding to the
value of one variable)—Edgar
Anderson (U, S.), "A Semigraphical
Method for the Analysis of Complex
Problems," Technometrics, Yol. 2,

No. 3, pp. 387-91
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ia ·~.i na. arid rar rirrirg . narrai =='¤¥*i=*=·" ¤=m¤*¤i¤'—B‘¤" .
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system)——SAGE Systen (M. S,]
c. 1933 LD. Standard statistical symbols esta.
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Soviet Union (for schools, public ("Douglas Edwards and the News")
Posters) -Ale»<anoer M. Ppniatoff (Ampex)
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C. vans M. aaarrarria aigirai aaarara. (aaa g$'e:jfr;*;‘";; ·=·=;*=;g2~g¤g¤ {gym
taining i¤.¤¤¤ raaia tuaasn- “ "?‘ °" " °
arm, J, rraaaar rata. arg ian. Mui ¤‘ Mi V~*·¤*=’=>—F=*¤¤* .
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c. 1962 A,D,
c. 1963 A,D.
c. 1964 A,D,

c. 1965 A.0.

c. 1966 A.D.

c. 1968 A.D.

c. 1969 A.D.

c. 1971 A.D.
c. 1972 ALD.
26

Use of cathede ray tube graphic
terminals in non-military en=—
vironment—Ivan E. Sutherland,
"Sketchpad: A Man=Machine Gra=—
phical Communicatien System,'!
M.1.T. Lincoln Laboratory, Lexing-
ton, Mass., published 1963

Computer-asided design using CRT
graphic terminal s==0AC=1 System,
General Motors

Videotelephone (''Picturephene'')
service-—Bell Telephone System,
linking Mew York World's Fair and
Disneyland, California

Improvements on histogram in analy-
3is of counts, tail wvalues—-John
W, Tukey, ""The Future of Processes
of Data Analysis,' U. 5. Army Re-
search O0ffice Report A5-3, pp.
691-729

Triangles to represent simultaneously
four wvariables, using the sides and
orientation—R. Pickett and B, W,

White, "Constructing Data Pictures,'

Proceedings of the 7th National
Symposium fer Information Display,
pp. 75-81

Simulation of a chemical reaction by
visual display on a computer—
Enrico Clementi (U. 5.}

Laser printing {"Laserfax'')—Kenneth
H. Fischbeck {U. S.)

Glassy material electronic components
——5tanford R. Ovshinsky (U. 5.}

Graphic innovations for exploratory
data analysis (stem-and-leaf,
graphic 1ists, box=and-whisker
plots, two-way and extended-fit
plots, hanging and suspended rooto-
grams)—John W. Tukey, "'Some Gra-
phic and Semigraphic Displays,'’
first presented at annual meeting
of the American Statistical Asso-
ciation

Irregular polygon te represent multi=
variate data (with vertices at
equally-spaced intervals, distance
from center proportional to the
value of one variable}—=J. H.
Siegel, R. M. Goldwyn and H. P.
Friedman, "Pattern and Process of
the Evelution of Human Septic
Shock," Surgery, Vel. 70, No. 2,
pp. 232=45

Proposal to use statistical graphics
in social indicator reporting, par-
ticularly on television—Albert 0.

Biderman, "Kinostatistics for Social

Indjcators,' Educational Broadcast-

ing Review, Vol. 5, No. 5, pp. 13-19

Form of Fourier series to generate
plots of multivariate data—D. F.
Andrews, '""Plots of High Dimensional
Oata,' Biometrics, Vol. 28, pp.

125-36

c. 1974 A.D.

Printed book with tables and graphs

composed by computer, executed by
computer plotter——Charles Lewis
Taylor and Michaesl C. Hudson, World
Handbook of Political and Social
Indicators, Yale University Press,
{Composed on IBM 7094=7040 DCS,
Tisted by IBM 1401, graphs drawn

by CalComp plotter; set in IBM Press
Roman type)

Cartoons of human face to represent

multivariate data {one face per

data point), with each feature
corresponding to one component of
the point}—Herman Chernoff, ''"The
Use of Faces to Represent Points

in k=Dimensional Space Graphically,"
Journal of the American Statistical
Association, Vol. &8, MNe. 3L2, pp.
361-368

U. 5. Government chartbook devoted

exclusively to social indicator
statistics—3ocial Indicators 1973,
Office of Management and Budget

Professional organization (pan-disci-

plinary) devoted to gquantitative
graphic analysis and communication——
Council on Social Graphics,
Washington, D.C.

Weekly chartbook (now computer—

generated) to brief U. 5. Prasident,
Vice President on economic and
social matters——Bureau of Census
and O0ffice of Management and Budget,
at reguest of Yice President Melson
Rockefeller

Color-coded bivariate matrix to re-
present two intervally-measured
variables in a single map—-U. S.
Bureau of the Census and Manpower
Administration, Urban Atlas series

Annual Conference on Computer Graphics,
Interactive Techniques, and Image
Processing—Association for Compu-
ting Machinery and SIGGRAPH, joint
sponsors

Academy Award nomination, computer=
animated film {""Hunger"'})—Peter
Foldes, Marcelli Wein and Nestor
Burtnyk, National Research Council
of Canada

Dynamic cartogram (world map of ofl
production and consumption) in
television commercial——Exxon
Corporation

Cartoon of multivariate data analysis
{relative strengths of teams and
predictions in Natijonal Football
League games) in natienally-syndi-
cated celumn—Bud Goode, cartoon
designed by Bernard Gruver, drawn
by CalComp plotter, syndicated by
United Press Features

COMPUTER GRAPHICS and ART for Movember, 1976


s. waz ¤.¤. use ar aathaaa ray rape araphia Pflnfed ¤<><>k Mh rablaa and graphs
terminals in nonanilitary an- ¤¤***P¤a¤¤l by ¤¤*l*l¤¤¤¤n ¤><¤¤¤¢¤d by
vironnent-ivan a. sueherland, ¤¤¤*P¤¤¤f ¤l¤¤la*‘—-Charles l-SMS
PM °¤*a~**°***¤"    €`;‘€§,‘;‘ $§i;‘l§?Lsi2?.3°§L2Ls
TAS§TiaEl7T°LEbi?Zi;$'T§Z3 ““`”i   an naman aaa,
listed by IBM lhul, graphs drawn
e. l963 ¤.D. Computer-aided design using URW W UEVUWP P*¤¤¤e¤‘i sat ln IBM Pfeaa
graphie terminals-»¤Ac-l system, V*‘<>***a¤ ¤YP€)
s. wan aa. viaaaiaisahaaa (-~»icturapiim~~> ¤· *973 ¤·¤~ Pangava of *·~Nj~jag= *¤f*a¤*=aaa=
serviese-Bell Telephone System, gu LlVe'f*e‘e e B °'*e eee Pel
linking Neu Vork w¤rl<i*s Fair and aaa P°'”L]i ***'**’l each feature
nisneyland, california ig;";;?:'é*;"*ae;°a:”$h;‘;';‘§$;e"fjT;f
to lan; A.¤. lmpravanients an hislpgram in analy- data ¤*_F¤¤e§ i¤ *?e¤Y¤5e¤¤ P¤l¤¤S
ZiSrt[§,°~~iS; rule lr na$Z;Zss  
Os Data Anaiysisvn U_ S_ Army R? Association, Vol. 68, No. 3k2, pp.
starch arnae raaart aaa, ap. 36*365
691429
ts lass mn. rriangles ta represent simuitanaausly €><¢*=galY¤W ¤¤ §<>¢lal f¤di¤a¤¤f
raur vareaaies, using the aides ana a=a$¤a=·¤a—~ ·
arianiarianai. riatett ana a. u. ¤fi·¤a of Maaaaanana and audaaa
Pmcéedinas D; me 70, National Professional arganizatmn (pan-disc1»
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generated) to Brief U. ss President,
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¢. 1975 A.D. "Three-dimensional" computer-generated
maps to show distributions {by U. 3.
states) of persons listed in a di-
rectory—Harvard {University) Alumni

Directory, maps by Mary Raymer,
Harvard Mapping Service (Graduate
School of Design)

c. 1975 A.0. Scholarly spoof of statistical graphic
standards—-""Picrocole Rashcalf et
al,"'—"Advanced Applications of the
Theory of the Bar Chart," Journal
of Irreproducible Results, VYol. 21,
Mo. b4y pp. 2-3

c. 1976 A.D. U. 5. Government series of charthooks
devoted exclusively to social indi-
cator statisfics—Social Indicators
1976—second volume in tradition of
Sccial Indicators 1973, 0ffice of

Management and Budget
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BELOW, LEFT: From the Laboratory for Computer
Graphics and Spatial Analysis, Harvard University.

I. SYMAP: produces maps on a line printer
shewing spatially variable data. Contour, confor-
mant, and proximal maps are produced.

II. SYMVU: generates 3-D0 line drawings of
continuous surfaces on a pen or CRT plotter. Has
hidden line removal and user definition of image
size, vertical and horizontal rotation.

I[II. GRIOD: Tine printer dispalys. Uses an
array of values which are categorized, assigned
graphic symbals and displayed if map form.

IV. OTOTROL: 3-D line drawings of an object,
such as an architectural structure, viewed from
any peint in space.

¥. CALFORM: produces shaded conformant maps
on a line plotter by using symbolism to represent
data values associated with geographic areas.

REFERENCES

(1) James R. Beniger, 1975. Science's "Unwritten"
History: The Development of Quantitative and
Statistical Graphics. Paper presented to the
Annual Meeting of the American Sociological
Association, New York, 1976.

(2) + 1976. Using Graphics to
Explore Data. Paper presented to the Joint
Washington Operations Research Council=The
Institute of Management Sciences (Washingtan
D.C. Area Chapter) Manpower Symposium,
Washington, 1974.

(3) James R. Beniger and Derothy L. Robyn. 1976.
The History and Future of Graphics in Statfs—
tics. Paper presented to the annual meetings
of the American Statistical Association, In-
stitute of Mathematical Statistiecs, and ENAR
of the Biometric Society, Boston, 1976.

(4) H. Gray Funkhouser. 1937. Historical De-
velopment of Graphical Representation of
Statistical Data. Osiris 3, 1:269-405.

{5} E. J. Marey. 1878. La methode graphigue
dans les sciences experimentales et princi-
palement en physiologie et en medecine.
Paris.

{(6) Erica Royston. 1956. A Note on the History
of the Graphical Presentation of Data.
Biometrika 43, 3 & 4: 241:247; ,also re-
printed in E. 5, Pearsen and M. G. Kendall.
1970, Studies in_the History of Statistics
and Probability Theory. London,

(7) Leura Tilling. 1975. Early Experimental
Graphs. British Journal for the History of
Science and Technology 8, 30: 193-2]3.
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COMPUTER GRAPHICS
AT THE UNNERSITY OF MUNICH (WEST GERMANY)

by Reiner Schneeberger
B0o43 Unterfohring Kanalstr. 15
West Germany

INTRODUCTION

In the summer semester at the Universitat
Munchen a course in the programming of computer
graphics was carried out by the author in connec-
tion with a teaching commission under the Depart-
ment of Art (Professor Hans Daucher).

Although the participants possessed no special
technical skills or experience whatever in pro-
gramming, the theoretical aspects of computer gra-
phics and the computer arts were already known to
them, since a course in Cybernetic Esthetics was
regularly held in the same department by Or.
Herbert W. Franke.

An important facter was that only truly in-
terested students registered for the course, and
these students consequently participated in these
sessions until the end without interruptions. The
lecture met once weekly for two hours and consis-—
ted of ten instructional units. The duration of
the course was set at approximately four months.

CONCEPTION AND OBJECTIVES

In the conception of the course, it was taken
inte consideration that none of the students had
ever come in contact with the facilities of an
Electronic Data Processing Center, and that only
knowledge in basic mathematics, learned at the gym-
nasium was to be expected. Some difficulties were
anticipated, since all the work could be carried on
locally at the Computer Center, some ten kilometers
distant from the instructional site.

The participants were expected to carry out
their exercises independently, as no instructors
were available during the periods between the
course lectures, which met once weekly.

A further objective (and difficulty) was for
every student to be able to generate esthetically
appealing computer graphics after only the first
lecture period.

AVAILABLE GRAPHICS SOFTWARE

The graphics system from the Computer Center
proved to be unsuitable for our purposes, since it
employed a higher level program language (FORTRAN
IV, ALGOL 50) — and to conduct lessons for art
students in these languages would have been too
exacting for them. The possibility was to develop
an interface between the graphics system and the
available BASIC Compilter Interpreter, creating an
opportunity of treating the graphics software in
the more simple BASIC language. This would not
have changed the fact that a programming language

"This is a report of the first computer
graphics course for students of art at the Uni=
versity of Munich...A further objective to be
realized was for every student to be able to
generate esthetically appealing computer graphics
after only the first lecture period."

would have to be learned from the beginning, but
it would allow use of a programming language that
was more suited to the artists' programmatic ca-
pacities.

GRAPHICS SYSTEM SME COMP ART 76

In order to produce computér graphics de-
manding minimal programming knowledge, module
technology was employed. Individual modules were
chosen according to desired graph designs and
skills of the users. The corresponding informa-
tion was input into the computer through punched
cards.

The input modules can therefore be tempora-
rily modified by adding subroutines, thus creating
unique program components (such as loops and dy-
namic parameter variatjons).

Figure &4 (BELOW) — SEE DESCRIPTION AT RIGHT.
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INYRDDUCTIDN would have to be learned from the beginning, but
In the sunnxer senester at the Universitat was more suited to the artistsl prugranmatlc :n—
nent ar an (rramsar nan; ¤aa¤v»•r>.  
mnaagn me aamavpanzs amassed no speasai _¤¤ ¤·j¤=r =¤ v¤»¢··¢¤_<¤···¤··=¢r grwhics Ts-
mnnaeai skins or examanae whatever an ara. ¤¤=¤<¤¤¤ ·¤·l¤l·¤¤l •>r¤¤f¤~···v·% :{·¤&<d= as- *§¤y¤ ·
granming, the theoretical aspects of canpuger gra. ¥€¤Vl¤¤l°§Y WM ¤wl¤y=d; fl Wlhlij QVJ U ¢5dl·*°'°
pines ana me aanputar am were an-aaay umn ns ¤¤·<3==·~ ¤¤¤¤··¤\··s =¤ ¢=$···=¤ sr-? sewn; ;¤
man, since a mm an cybs.-nam asthma; eas Sl5·ll= ¤f_¤*¤= ·•$·r=· nlm ¢¤r;¤S¤·:: ·¤¤h··· :;:*3
regularly naw an the sane eeparznenr by nr. :**35**5 ‘”P“‘ ‘"‘° ‘ B °°”’P" °' "°"¤ °" °
nerbert W. Franke. E '
nn lnparrant factor was mae anly truly an- _ l" _"'°°‘ "’°“"'°’ °°" °"°'. .
terssea www r.gm..-.a ear na mm, aaa ny ~=¤¤'*·¤ M —¤¤*¤¤j··*{¤~;*;;5;¤;"~ya:;¢j*;"¤
mess students conseqaenrly particlpaeae sn mesa “" 9*** P"°9':'“   )°“'° P Y
sessions until the ana vunaut interruptions. ina “·"“‘° P°"""° “' V ‘ S ·
lecture met once weekly fer two hours and consis-
ted of ten instructional units. lhe duration of H we M Bmw __ SEE DESCRIPTION AT MGH-y_
the course was set at approximately four months.
*  E I
;— E ¤
."   m.,..m L,.   c..,ss, R   .,.k... l a II  II   IE @  E IE
ever come in contact with the facilities of an I
n ....   aa am .t5S as   aa lh,. any   @   [gg lil   I.]
knowledge in basic nlathematics. learned at the gYm· 2
nasium was to be expected. Some difficulties were ]@ E l _`
a.n.l,s..¤, am an .».. Wn and b. mna an I I ·~ _  
many ar na compare. mm. me aa. tn....e...s IE @1 31] [E]
distant from the instructional site. Wi
· l·|II   l li]
we participants were meme to amy an [E El @
tha.   a..ataaaa...n,, as no n..r.a.m Q_ l @1  
I E I lil I]
A further objective (and difficulty) was for 7 _
every student to be able to generate esthetically l
appealing computer graphics after only the First @  El   IE   @ @
Avnmatz cmnrts summa: |§\ I1-] [Q l   [Q
  r l   @ l` 
The graphics system from the Computer Center f V Y — ZW
proved to be unsuitable for our purposes, since it I E"
mma . we nv.] ,....a ...,u.g. lraaam F I @ @ E IE lil U
lll, ALGUL 50) - and to conduct lessons for art  
students ln these languages would have been toc y—‘* l
exacting for then. The possibility was to develop El l@ lg    ‘ IEI  I
an interface between the graphics systun and the IEI v ‘ ‘
available BASIC Cumpilter Interpreter, creating an V ’
ne me mais me ¤a..,...,.. we wana ..... LrJ   I ']  [I I'   Ell HE
have changed me face that a pragramnlng language ; L;
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Figure &4 (OPPOSITE PAGE AT LEFT) Figure 1 (8BOVE)
This picture was generated by the student of R. The program consists of three call orders:
Stofber. The middle peint M(M1,M2) of each sguare
was ascertained by chance. 1. Size of the sheet of paper.
2. A scale distortion of 1:2 in one direction.
M1 = SNERAD (A1,B1) 3. The routine SNEKAD with eight perameters
M2 = SNERAD (A2,B2) The routine SNEKAD proves here two elements:
. ) 2./111«» These squares cccur in a random order. The
SNERAD gives a probability value between Al, Bl scale distortion of 1:2 stretches the elements in on

and A2, B2 respectively, which pertain to M1, M2 one direction to produce graying effects.
respectively.
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In the design of the system that we called
SNE COMP ART 76, particular emphasis was placed
upon the gradual transition from the use of pure
modules (Figure 1) te genuine BASIC programming
(Figure 2). The individual modules of the gra-
phics system SNE COMP ART 76 can be dynamically
controlled with minimal expertise (Figure 3) on
the part of the user.

Moreover, additional external coincidence
generaters (random numbers) can be coupled to the
individual modules {Figure 4},

At present, the graphics language comprises
approximately ten complex modules {SMEKAO) and
several function modules {SNERAD),

The dependence of command cards for winding up
the individual system operations could be greatly
reduced or completely eliminated with the help of
internal sequence command calls.

DIDACTIC ASPECTS

The main purpose of the course was to enable
the participants to create their own computer
graphics. Individual base modules of the graphic
language SHE COMP ART 76 are presented, which ful-
fill this purpose. Modules of increasing complex-
ity were gradually employed, which provided a dy-
namic internal control of the individual subroutine
parameters. In this way the first transition to
the pregramming lewvel was realized.

As the next step temporary variations of the
individual submodules were described. So-called
function modules, such as SMERAD (Figure &) are
used as additional aids. In this manner the step
to pure programming was taken, by application of
the two primary orders MOVETD and DRAWTO (Figure 2}.

It was found that the concept of advancing from
the complex madules to BASIC programming is an ex-
cellent method of introducing art students to prac—
tical computer graphics.

Figure 2 {ABOVE) - An example of BASIC programming
by a student.

AT LEFT, BELOW = A silk-screened graphic by
Herbert Franke. The original work was displayed
on a cathode ray tube, and in the photographic
development process, a coarse-grained screen was
utilized to achieve a new look in CRT graphics.
{See references for details.)

REFERENCES

Franke, Herbert W., "On Preoducing Graded Black and
White or Color Computer Graphics in Combina-
tion with a Photographic Technigque'', Leonards,
Val. 7, 1974, p. 333-335.
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. "Art of the Technical Werld',
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"ugust Art Issues', Computers and People, (fea-

turing computer art since 1362),
e

Fr Tt

Germany:

30 COMPUTER GRAPHICS and ART for Nevember, 1976


SME mw ART 76. parnieular eiipnaels was placed
modules (Figure ll ie genuine ¤As1c prpgranihing (` l
(Figure 2). The individual module; ef the gra- lh
pnies svsrem sllz cunr Am 76 aan ne dynamically lll mlglllliill
eenrrpllee Wien minimal experiise (Figure 3] cri lll“·“\\lll`~~`
sha (sas. ar (hs vsas.   (mill
( ¤,e¤   adrir   Exrg,   crincrdencg   ’*l}}(>
generators (randunl numhcrs) can he coupled io the  
individual medules (Figure M).  
[Ae (srasaht, rhs graphics iahauacc ccmprises (*Q" '
appreximatcly tcn culllplex nodules (SNEKAO) and , · l ,
several runeeipn lmuules (SNERAD). (lf, (lll
l" lli (
rhc dspaheanca or echmaae eahsis ear vihaihg up M "
((sa((s(   ss(.(sas as((s. mum
ciascns sssscis ‘¤s(lgl((Q{9
Mu
rhs .(s((( ausssss ar rhs saasss was so ahasis l"lllll(
sha pariicipahcs ra eheais ihsih ami eampueer  \(
graphics. individual pass maeules or the graphic lll
language ENE DUMP ART 76 are presented, which ful- (
s((( .((s sissasa. hssuss sr ((s(sss((s ssh,,(aa. al,
namic ihiernal eenrrci ar me indivieual suereueine l
Function modules, such as SNERAD (Figure Li) are
une wo primary orders rl0\/ETD and DRAUTD (Figure 2).
me complex rmdules ro Blislc programing is an e¤—   r A $"ki$$'°“”Ed 9"l""°_*’>'
s (see references wr detail;.)
 ip ( (sss((s(ass
  “ .    (· rrahka, nsrbarc u., huh naauciha eraassi slash aha
; ° ‘ ` · __.;q_ ·' vniie er color calhputer nrspnies in ce(((l>inee
.(¢·'**"" tion with a Pnoroqrapnic l:;<;hnique". Leorierr.¤(
vel. 7( l97L•( a. 333-335.
‘ . Germany: Duhon: Scnauber;. lSl7L•( 2lLi p.
_ Y· . , lnrr or tne Teetinieal »4<>rl<J"(
‘ .· Fearunrv, l97é, p. luell.
lmueust Arr leeuesll. Comaurere ane People, (rea-
. a 4 . W, I
J
F       ) I.
  " ?(s·a=.;s“i§
gg cunrurm amvlilcs and Arr ml- Novuhuer, lélé




W

|

W

— %\I\I\I\F
IJHHH“ |

==

— T =1——
I ———lllIE=

ME=IIE

=

; ”m”an|%WW%%W—

Figure 3 (ABOVE) = The routine SNEKAD is called once for each column, so that the
proportion of horizontal and vertical elements per column is delivered in the form
of two parameters. The employment of a programming loop here is particularly ele-
gant. The graphic is an excellent example of the type of work produced by students
in their first course at the Universitat.

NOTE: For readers desiring additional material on Added material is also given in the abstracts

the teaching of computer art, see the Spring of the Biennial International Conferences of Compu-
Bibliography Issues of Computers and the Huymani- ters and the Humanities. (See the Table of Contents
ties Magazipe for definitive references on the for the announcement on the 1977 International Con-
Computer Visual Arts. ference.)
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COMPUTER-ASSISTED GRAPH-MAKING

by Elaine McNichols
Department of Computer Science
California State University, Chice
Chico, California 95929

"It quickly became apparent that a user-criented
graphing system was necessary for the general interdisci-
plinary student to use —- a system that would depart from
the complex CalComp-based subroutines, such as AXIS, LINE,

SCALE, and NUMBER."

BACKGROUND

A beginning system for graphical representa-
tion of data is briefly discussed. This system
offers a variety of automated graph types, and is
programmed with the average, non-computer oriented
user in mind. The system allows flexibility with-
in standardized forms, and includes such features
as: default, forgiveness, options, standardized
data formats, and transportability of data decks
between programs.

THE VALUE OF GRAPHS

B simple line graph can convey to a large
audience what a column of numbers never could. The
more complex the data, the more valusble its gra-
phical representation becomes. The broader, 'forest
instead of the trees" wiew provided by graphs and
charts can be invaluable in data interpretation, and
often allows new insights to be gained, especially
if the data is graphed in more than one way.

MAKING A GRAPH

Unfortunately for most of us, making graphs,
like painting the proverbial picture, is somewhat
of an art: to be of maximum value, a graph must
be scrupulously neat and precise. Drawing one by
hand can take considerable time, and perhaps even
talent. Therefore, most people find the task of
constructing a chart or graph to be very time-
consuming as well as difficult. Even the commer-
cial aids now available (such as strips of tape
with dotted lines or shaded bars) do mot take the
main burden of precision upon themselves —— it is
up to the human to make sure the lines are straight,
and that the peaks and valleys are precise.

COMPUTER-ASSISTED GRAPH-MAKING

My interest in computer-assisted graph-making
began while taking a course in Interdisciplinary
Graphics in 1973. I began working with biology-
oriented bar graphs. Before that time I had used
the plotter solely for artj however the more prac—
tical, useful aspects of computer-aided graph mak-
ing appealed to the pragmatist in me. In graphing
via the computer, I found the perfect blend of art
and practicality.

Two years later, the Department of Computer
Science expressed an interest in a "mini service
course' of one unit for interdisciplinary students,
to be called "Introduction te Graphing'. Profes—
sor Grace Hertlein had prepared the syllabus, and
had planned to teach the course originally. Be-
cause of class scheduling conflicts, the respon-
sibility for teaching the course was passed on to
me.

I have now taught this mini course four times,
and during this time have formulated and class-
tested various methods, programs, and forms of do-
cumentation, which have been continuously evolving
to meet student needs.

It quickly became apparent that a user-
oriented graphing system was necessary for the
general interdisciplinary student to use — a
system that would depart from the complex Cal Comp=
based subroutines, such as AXIS, LINE, SCALE,
SYMBOL, and NUMBER. The latter routines can be
used by programmers in making graphs via the com-
puter, but the programming required to utilize
the routines is far too difficult for interdis-
ciplinary non=programmers.

THE CHART SYSTEM

In the spring of 1976, Professor Hertlein
offered a graduate course in "'Graphics Software
Development', and with my vested interest in
computerized graph-making, I joined the class
and attacked the problem of making computer—
assisted graphing more user-oriented.

BELOW: CURVED LINE GRAFH = The routine plots curved
lines through successive (X,Y) coordinates, using
solid or dashed lines and optional symbols.

i MONTHLY RECEIPTING TOTALS
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The class was divided into chree team groups,
each having a different task. Planning was ac-
compl ished by each team group, and pregramming
tasks allocated to members. It was decided that
the Graphing (CHART SYSTEM) would be standard in
the basic form of each graph type, but flexible
in the amount and type of data that could be
graphed; din essence, to allow choice, but not
a bewildering amount of it for new interdisci=-
plinary students.

The intricacies of inputting data arrays,
scaling them, outputting them on the printer,
and calling the subroutines to graph the data,
as well as how to label and decument the graph
are functions that the average user should not
have to consider, especially in a one-unit mini
course, Other difficulties encountered by the
first two classes were: '"'running off the paper',
getting more than one line on a graph, centering
the graph on the paper, and debugging programs
and data. We wished to eliminate as many of these
problems as possible.

This goal was accomplished in the new graphing
pregrams in time to class-test them on the third
graphing class. The routines used were those de-
veloped by the Graphing Group mentioned earlier.
Together we had managed to comptetely eliminate
the need for the user to write a program in order
to use the new CHART SYSTEM. dOnly a few control
cards are now required to initiate the system.

The user need only supply the data te be graphed
in the proper formats.

g e SO

BELOW: LINE GRAPH = This routine plots straight lines
through successive (X,Y) coordinates using solid or
dashed lines, and optional symbols.

E MONTHLY RECEIPT TOTALS
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BELOW: BAR GRAPH — Each bar may represent a single
value or the mean and standard error for a number of

values.
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Presently included in the CHART SYSTEM are the
following charts and graphs:

BAR GRAPH

COMPONENT BAR GRAPH

CURVED LINE GRAPH

FUNCTION GRAPH

GROUPED COMPONENT BAR GRAPH
HORIZONTAL BAR GRAPH

LINE GRAPH

PIE GRAPH

SCATTER DIAGRAM

SILHOUETTE CHART

All of these routines are programmed
in FORTRAN IV, and make extense use of
the support reutines on the plotter
library.

THE STUDENTS' RESPONSE

The students in the third and fourth
graphing classes responded well to the
new programs, and they had very few
problems. The first two classes had
considered the course material diffi-=
cult; however, the last two groups
found the new programs very easy to
use. Keypunching, job control cards,
and data formats presented few problems.

THE FUTURE

The CHART SYSTEM will be further re-
fined and augmented before dissemina=
ting it to others. Our goal for com-
puter-assisted graph-making will con=
tinue to be the promise: "o program—
ming required."

NOTE: Because of space, not all the
graphs discussed above are illustrated.
The graphs shown are by the author.
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Published by:

Berkeley Enterprises, Inc.
815 Washington St.
Newtonville, Mass. 02160
617-332.5453
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WATCHING
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HOW CAN YOU KEEP
UP-TO-DATE WITH THE
COMPUTER REVOLUTION?

If you read Computers and People (formerly

Computers and People provides significant,
clear and useful information that you need, in
order to understand and apply computers and
data processing effectively — both now and in
the future when computers, we believe, will be-
come commoner than motor cars. We help you
comprehend the fastest growing industry in the
world.

Computers and People is the oldest magazine
in the computer field, published since 1951. It
is edited by computer pioneer Edmund C.
Berkeley. He took part in building and operat-
ing the first automatic computers, the Mark |
and Il at Harvard University in 1944-45; in
1965-67 he implernented the programming lan-
guage LISP for the DEC PDP-9 computer. He
is: a founder of the Association for Computing
Machinery; its secretary 1947-53; the author of
fourteen books on computers and other sub-
jects; a Fellow of the Society of Actuaries; and
an invited lecturer on computers in the United
States, Canada, England, Japan, the Soviet
Union, and Australia.

He is assisted by able associates and contrib-
uting editors who help report the concepts,
applications, and implications of information
processing systems — with emphasis on ideas,
issues, controversies, society, people, and social
responsibility.

Take a quick look at the summary here of
the contents of Computers and People — then
ask yourself: "“Would this information advance
the goals of my organization, and my personal
goals, in the Computer Revolution?”

computers

and people

Each issue of Computers and People, formerly
Computers and Automation, contains articles of sig-
nificance on important aspects of the computer field
and related fields. Here are some samples:

Computers and Monopoly

R. M. Carlson and B. Wehrmann, U.S. Dept. of Justice
IBM and the Maintenance of Monopoly Power

Dan L. McGurk, President, Computer Industry Assoc.
Competitive Restructuring of Monopoly Situations

Computers and Privacy

Prof. Alan F. Westin, Columbia University
Databanks in a Free Society

Governor Francis W. Sargent, Commonwealth of Mass,
National Crime Information and Massachusetts

Pres. Jerome B. Wiesner, Mass. Inst. of Technology
The Prospects of “Information Tyranny”

Vern Countryman, Harvard Law School

Computers and Automation) your job will be

easier, your efforts will be less. Computers and Dossiers
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sl-    ,;_ .4 appliaatiaiia, aria imaliaailaris at inlormaliari
B=rl<€l¤y Enterems. Inc- e jg; ¢ ,:· .   piaaaasiilg aysrems - wml empliaaia on lem,
815 W¤¤*··¤¤¤¤¤ St, ' . ja iaaiiat, aaiiirawale, aaaeiy, pea¤la.ai¤l social
Newtonville, Mass, 02160 ? r _   . · ,EspMsibH,W_
6173315453   ,’ I
tk _ ,· i Take a qulck look at_ the summary here ol
RAWINPUTFUN LUMBER thle conternzs ofwfiorzpusert and Perple gvtllz
the goals of my organlzatlon, and my personal
goals, rn the Computer RevoIutlon7"
cum utere
P ···* ¤·¤¤••  
and pe¤pIe
“ f` Each lxue ol Computers and People, formerly
. L ’ Computer: and Automation, contains articles ol sig
  · "‘""‘”· mliaaiiaa aa iiiipailaai aspects of me eamiwlai lem
i  .» ” . "“”°`”'”‘ alia related lialaa. were are mma samples,
 = *‘ BUOY
  —~ compare'; aiu Mumpaly
*""" rt. M. cailtaii and la. waiiiiilallii, u,s. oept. of .lllulia
lBM and the Maintenance ol Monopoly Power
Dan L. McGnrk, President, Computur Irldumy Atsoc.
Competitive Restructuring ol Monopoly Situations
Qmpluera and hrivacy
HOW CAN YOU KEEP ml. Alan l=. weatiii, caliiiillaia ulilvmliy
. . H T Databanks in a Free Sociew
UP T0 DATE ‘”'T HE am., F ...c i. W. aa., ..., a,m..,.v....... of ea,
COMPUTER REV0LUT|0N? rlailanal eilma laraimaiian alia Maaaahaaie
Prot. Jerome E. Wiesrwr, Mass. Inst. of T¤chrlo|¤tIY
ll you mae caiiipuuis aria luapla llamiaaly VE;`*‘:;::f:::““ Ha;;;'“s;;‘;';n.:';;;‘"V
Computux and Automation) your iop will be 'D .
easier, yaiia eieaiia will be lea. “°‘“*""“°'“’ °“""
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Computers and Crime

Donn B. Parker, Stanford Research Institute
The Antisocial Use of Computers

Richard E. Sprague, President, Personal Data Services
The Assassination of President Kennedy: Computer

Applications to the Photographic Evidence

Raymond E. Boche, Calif. State Univ.—San Luis Obispo

System Software Deciphering and “Cracking”

Computers and the World

Dr. Stafford Beer, Manchester University, Great Britain
Managing Modern Complexity

C. P. Snow, Ministry of Technology, London, England
Science and the Advanced Society

John Kenneth Galbraith, Harvard University
Employment, Education, and the Industrial System

Dr. Ruth M. Davis, National Bureau of Standards
Computers and the International Balance of Power

C. W. Spangle, Vice President, Honeyweli Inc.
The Present Role of Governments in the World

Computer Industry

Computers and the Mind of Man

Dr, Richard W. Hamming, Bell Telephone Labs, Inc.
The Computer and the Intellectual Frontier

Dr. Donald E. Knuth, Stanford University
Computer Science and Its Relation to Mathematics
Prof. Grace C, Hertlein, Calif. State University, Chico
Computer Art for the Artist
Prof. Joseph Raben, Queens College, N.Y.
Computers and the Future of Education
Wayne E. Shufeit, Sperry Rand Univac
Pictures of Mars by Mariner and by Computer
Lawrence M. Clark, Framingham, Mass.
Languages Amang Computers, Machines, Animals
and Men

Computer Programming

David W. Packer, Digital Equipment Corp.
Effective Program Design

L. H. Crandon, RCA, and P. G. Anderson,

Newark College of Engineering

Computer Program Reliability

E. C, Berkeley and C. Otten, Barkeley Entarprises
Computer Programming Using Natural Language

Computer Applications
Calonel T. B. Mancinelli, U.S. Naval War Collega
The Trouble With Management Information Systems
Edward N. Cole, President, General Motors Corp.
The Autornotive Industry and the Computer Industry
J. W. Germany, Vice President, Southern Pacific
The Railroads and Computer Control
Frank Burnside, President, Fowler Dick and Walker,
Wilkes-Barre, Pa.
Point of Sale Equipment for Retail Stores
Prof. Gene F. Franklin, Stanford Univ., California
Computing Facilities at Stanford Univ.:
Their Development and Direction

Computers and Social Responsibility
Dr. Harvey §. Gellman, DCF Systems, Ltd.
The Social Responsibility of Computer Specialists
Ralph Nader, Attorney and Consumer Advocate
Coriputers and the Consumer
Richard E. Sprague, President, Personal Data Servicas
Computer Professionals: What Their
Social Concerns Need to Be
Prof. Charles Susskind, Univ, of Calif. at Berkeley
Technology as a Social Force and Ethical Problem

SPECIAL ISSUE

THE COMPUTER DIRECTORY
AND BUYERS' GUIDE,

the midyear reference issue of Computers and People,
formerly Computers and Automation, published every
year since 1955, is a special 13th issue. It is a basic
buyers’ guide to the organizations, products, and serv-
ices available for supplying, designing, and using com-
puting and data processing systems.

This issue contains over 20 kinds of reference informa-
tion, such as:
— Roster of Organizations in the Computer Field
— Buvyers’ Guide to Products and Services
— Characteristics of General Purpose Digital
Computers
Over 2500 Applications of Computers
Roster of General-Purpose Programming Languages.
and much more

Well, wouldn’t this information advance your goals in
the Computer Revolution? Why not fill in the coupon
below and mail it now?

THERE 1S NO RISK!

If at anytime you feel that Computers and People is no
supplying you with useful information and ideas, tell us
and we will promptly refund to you the value of the ur
mailed portion of your subseription,

TO: COMPUTERS AND PEQPLE
BERKELEY ENTERPRISES, INC.
815 Washington St., Newtonville, MA 02160

YES, start my subscription to COMPUTERS AND
PEOPLE according to the instructions checked below,

Buyers' Guide) $23.50*

{ )} One year {12 issues without the Computer Directory
and Buyers’ Guide) $171.50*

* Canada, add $1.00 a year; foreign, add $6.00 a year.
{ ) Payment enclosed { } Bill my organization I
|
Signature Purchase Order Number |

My name and address are attached |

|
|
|
|
|
|
|
: { ) One yesr {13 issues with the Computer Directory and
|
|
|
|
|
|
|
|
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