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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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1 l [ly j|¤—r·* .e 1,. rlqjrlw rl Q1].-
lliW··Wl;».: * . ·,.¤\l l
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ZW ` . I-Ijqlwly-Ll..r{ V Pig A ‘
WW! N ‘·'I=·' V
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T Milla ll-ll I lr; , I _ I `
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*1*- lu" I l |· .·.i; nl llll
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T ir ,l l . · ~ J] . . ¤ .
*—.|1L iqpngllll > .`. l....nl]¢nq.. .,n n ...e..
;.—.*.luL 4.¤l.Ju‘lr.. .»*‘ . ,,.,· - .. —- T
beautiful examples of this relationship etweeri
mathematics and art.
MATHEMATICS AND GRAPHIES could consist of we arrays K(K), V(l<) K e I, 2,...,
At another level ls the artist who writes his long the outline of some design such as a see shell
or her own computer programs to execute visual or butterfly. These arrays could be introduced by
using art to teach maizhemaivlcs. That is. to in- Klaus Thomas (2. wages l2¤-lzl) uses a dif-
troduce and mpcivate mathematical concepts as ways ferent type of baslc Figure. here a nunbor of
state university. moves only a fraction (say 95%) of the nay to che
No mathematics is required of an artist who is E><ArlP|.Es FROM THE ARPE SVSTEM
is a cool that can translate the userls ideas into MPE uses tho Types of basic elements, illus.
a visual iniage. Examples of such tools include tramed in Figures l and 2. Both of these are based
versity of Denver; and AWE which I developed at To produce Figure l a number of points (dv
Georgia srace university. zermined by the density) are selected along each
be successful such programs must allow the user to curves are given in the arrays KKK), v(K). \/(K)
develop personal styles or technidues. rather than with K Z Y, 2.....N, then the Figure may be pro- `
concepts. This richness may he accomplished by
intended lan example is given to clarify this con- i~<0vE T0 (XW). HKU
ce¤‘). Dull T0 (blk), V(\<))
trolling location. site, orientation, and density- drawing wrves i¤¥¤¤ll¤¤i¤¢= )>¤¥‘»<¤¤¤ We W¤ 9**/ell
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, ` ( Figures 5 and 5 are eomposed of me basl:
MW X: figures each. It becomes apparent that designing
ililgwfhg Q? X basic figures deals with texture.
lu li ` rl} V .
.` {An ./ if _».l, Further variations of the two basic figures
‘\\\;,l? l . ',· ' I. Q. are planned using the teehnique of mddulatlon de-
_\ ‘¤~~ ffl . g` '_ veloped by charles uillians (Georgia State Uni-
» — W l / · -:\\\\¤`~\l versity). ay maulatesh the lanes ana ewes ar
`g wwlil. · V _`lj\.\`g_l} basic figures may be replaeed by dotted, wavy,
at ` ~\l‘ jagged, numped, and ldoped curves. er even changed
to sequences of closed Figures.
lf one examines graphics work in general, you
>_ find systomati: collections af lines. It is sur-
l \·/iw prlsing hou many of these are variations or tangi-
w· J; nations of the two metheds above. Could this lend
· ‘ /_/VZ. )/O to a new methematisal theory?
l` /‘ l For example, hundreds of years ago man was
' / —.\ ._\l’.{lyV»¤:i l tical zheary ar rings. A study or techniques rar
/ \ ~’ 5* l~· speearyang s basic systen at llhes and dr me
relatiwlshlps between such techniques could lead
if VX UN `ln l. Le ltr, li th, Artist and Comguler, Harmony
.lll1llll,/5/ Sgaks, NEW vert, l97&.
_l,». . `llllll ll.
jr fw \ `.‘_ \ ` '; - z. rrenke, neraerr u,, clnguter craghics and
,%,5 ¤‘1\»‘.l,. l — l l canggrar nrt, rhewen, Lennon. 1971.
..‘·.‘·/» lu- .··’Zl·’, . ` .l
,__jj<] .t \:."¤j; \.’
4L `\> BELOW: Detail of PMS - ‘lPhase Pat\el·n" by
Manfred Mohr, SD X 50 nn-
Figure 5. Figure 6. __ I
rl] -···%!· l-- ·-qgiE::EEEE§mm§!E
:...1 $llI=ll· EE} Iggy- g, il l:=}ll%lI'}" ii
="‘"=====~=a¤ aggaaseag gag; MEE EEEEEEEEEEF
'ii"' "*imiiiE$!E:EE!::..::::::m:.. ..:. ·::····=······:· apnea!
— ll! EE------- - .... ......... ..... ... gg..¤n.:n:::.¤..
WK 1 ‘ X T0 H lm lllEllll“' “ munmanllllll gg=gggggg=ggg¤gggg¤
»~ r <<~—·>· Ml + <¤-l>·¤<=>>l<·¤-=> aaadiiaaaezlasi i!rrEE52aaaaaaaasaaaa=====·s¤s;sssllEgg¤¤.rai§§
s e ml-m vm + tx-m v<1>>l<:¤-xl _;ss" ewes- g 1;:::::::;::::* i“ ll.-·==5§==ss·====={§i§
;“;!‘.“‘ W. lee-- az rsaaaazzsssalasl agar
A e (lu-r>· me + u-nu ¤<¤>>l<u-x> piii
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umn Tn (Mg) [IIEEEI-asaaraasaa'-.---:-all--sgggugw. ga.a.gIsssggggggggmgggniggglf
NHT K all". Eillliilllllll l“ §“EEggg==g=EE_=II ` -· mm-
.1 . IIIIIIE JIIIEIIIIIEE laaaagu-mam"-.- l
““‘“ ‘ iiEEE:E'EEEEEEEEiEE:iiii§§i·EE'.EEEEE! ' l i
Yhus the intermediate eurves are weighted El? F ME!} ` ( ` ` \ 1
savages er ts. ...0 saw. ewes. ~·r....nn.9 tons as · -·» l V l ,
Africa" done by the Computer Technique Group of - " { l
Japan (2, page zu) is a good example of this method. " `l ;»+
l `¢—
nm ·. sms s ansm. or new l the l; l l ~
the eanneetsag lanes have aeen replaeee ay eannee. ll l l _ . l ,
ting curves. ro ee this the arrays representing ·~» l Q l ‘
ns .....scn.. ms. ss ..,.sr°...es ss ea. me ll ,, _= l l ll
the end points of the curve match the points rc be , ll." ` l l ‘ l
real. may he sdapteg ¤¤ lleonneenngll elesed curves _ l l, (
that really denlt connect. Although vhe original ` " t l l l ll
lntenzmn or eensapr ar me program ues aannsereng J ` ; ll ll l ` `li
eurves, provislon ues made for other use. ` l lll l. _ " `; ‘l _" l lm
nil l llgll . ll ._~l ll-yl
This is an example of planning fur n¤n·intended yl L , ll`] W will llll
¤¤¤ as ···¤··*··>···¤ ·>¤¤*=· lll l l lll lllllllll . ll lllllllll. ll. .l l
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of the varied possibilities far textures anu varia- derszaze the idea.
tions of Figures l » 6. ·
The work is an excellent example ef che aucn¤r·s
This is perhaps ene ef the nies: subrle (lf ner searcn far a unity af mathematics, science, and ari:.
tne n¤sc delicate and subtle) nuue aecenipllsneu rnus Ironically, it is a variation ¤n a therne af mathem-
poetieally suggest the funn, vet positive and nega- insensitive and n¤n-inventive uses ef nrannenarieal
Bevis is acutely aware ef whe vale area, uees not cielan.
linear pesslblllty. ne has the sensitivity and (anu enduring) wniputer elassle. (sch)
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A ¢e|nputer Program
'I'¤ Generate Weave Structures
Philadelphia College of Textiles and Science
Philadelphia, Penne. l9lL•l·v

set ei elgotitl-mls which act at mnetiene Stem I x I inte (Oil). These alge-

INTFOUUUTLN GENEPALXZED wmvl: srnuclulxcs
P“*““ f°¤“°d W ****5 Yam *"‘°’]"“""‘?’ *s ‘""‘°d and 0*5 eatieryine this eenaitien it a weave, it cnn
me Weave vi ¤¤¤ €~¤¤¤¢ ea smwn tnat all sutn attaye un we tedueed to ten
V¢¤V€ F¤E¤€S=¤¥-·¤¤°“ single pattern type. However, an implementation ci
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Eerkelsyr California 9M'/2B
beings have used pictures and other abstract gra- quantitative forms, which exploit the technologies
ln e ouantitarivt wel — the Wild ¤r¤wl¤ fll·=¤l· technical literature. As examples, one might cite
In the clay maps of Babylonian explorers, the co- Andersonls circular glyphs (see the year l960), the
¤rdi¤¤t= swim! of EQYDNSH S¤fv=v¤l’5, and ¥ll€ triangles of Pickett and white (@66], the irregu-
celeoratetl early triumphs in quantification and (l97l), Andrews Fourier Form For generating multi-
visualization of the abstract. whether through variate plots (\97Zl, Cnernoff*s cartoons of human
counting, measurement, analysis or conniunication, faces to represent multivariate data 0973), and
visual images and numbers have repeatedly served, the color-coded bivariate matrix used by the U,S.
side by side, in the historical developnient of Bureau of the tensus in recent maps (l97k).
modern science. IF mathenatics is truly the Queen
graphics rnust certainly rank among her most valu- suited to computer applications ond, conversely,
Today. computer graphic technologies provide various innovations for exploratory data analysis
an unrivaled opportunity to expand this capability (|9o$, 19657, however, no recent innovation in quan-
for visualizing the abstract phenomena of science titatlve graphics begins to exploit the interactive
and society. The CRT terminal and light pen may possibilities of computer graphics. Yhe potential
hecome, in the hands of the Future scientist. uses of dynamic, three-dimensional and colored gra-
what the clay tablet and stylus were to the an- phics in quantitative applications remain largely
cient Mesopotamian. unexplored.
Before this latest revolution in visualizing
m¤¤i¤ ¤¤¤ be ¤¤ml>l<=¢¤» however- the ¤t·=¤t¢S5 in nztou; John ruxeyls hanoinq rooloqram, lss?.
analysis and conniunication technology must be
bolization. Television news, For example, began ' `
as me telayising or a raaio news farmer. ana has ,‘ *,
for dynamic statistical presentation. in the same j i
nay, computer graphias aapiiaatiane have renaea to y l
imitate earlier printer output, itself an imita-
century. Most of today's standard quantitative `
Forms —- like bar charts and line graphs, histo- V
grams and scattarplots — were commonplace a hun- K
area years ago: none sean inherently suited to A `
dynamic or interactive applications. ‘
A A
y l
This research is sponsored, in part, by the A \
National Science Foundation, Grant No. GS-29ll5. , \
Future of Graphics in $tatistics," at the annual ,/ ‘·
meetings of thc American Statistical Association, _-' J ` ‘ >
institute of Mathematical Statistics, and ENAH of ’*‘ "T ’ T "'
25-28, l97$. The author is indebted to A. ¤. _
at nre wart presented hare. ¤ s¤ lcv lm JW
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and techniques, along with innovations in print- o. 2hOD Bm. Map-making for land taxation-—Sargon
tnen to oe integrally relatee, as he nee atteniptetl T ~
to show elsewhere (li Zi 3). The intention here
tnet they night eevelep their own reel rar the < I A
graphic technology ang ooantitative disciplines. U
aeaeere intereetee in e we dleegreive nie. [III
Fonkhooser (LO. which after hu years rarnains the ·
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the early handbook by llarey (Sl. froln which _ *
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ments nay ae raone in liayaten ls> ana willing lvl, a uS A m
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me me mzps are geographical works designee hy llurer for Johann seabius. ln ll·»97 Sxabius left lngolstadt
(Both Durer works are Frem the text by willi Kurtn,)
Mh century -Terrestrial and celestial globes- llth cent. -Pr{n:ing with lmvable type—Pi-Slnrerlq
sm. Eudwus (Greek estrenmnerli new in A.¤. {Chinese)
c. l01'< A.n.-Staff netntien in music-Guida
c. 330 ¤.c.-lreatise on cenic scc:i¤ns—Arist¤tle n·Arezz¤ (seneaietine nnnkl
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•'uncti¤n)—Nic¤le nresrne (French
c. s¤¤—l500 -During the middle Ages, despite the metnenetician)
WEP 1/» WPS '¢'ll“l"° ' “ “‘ Tabellen—Statis1·ik (Germany)
une ef me best knewn examples ls
anime er at, me um nearer me ‘ D {gale ;}°n§;;§r;°(§Q'§Qr;n_f;§ °,""
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tom err, all We me tml ° “2uZlLZ33“1’§.L¥e§iE§nZ“¤£Z§?ZZs
into me lézh century.
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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 ` *]` ~ "`
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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.
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¤*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 " `” '
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. 193l ¤.D. **L¤ a " —-F. C. M ‘n an
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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»
symposium for information Display, Pllnefrl ¤=V¤¢e¤ ¤¤ quantltatlve
C. isaa di. sniaissian ar a ahansai raaanaa py i,,,$,,§ng,,,m M_ ' ° ‘° '
Enriaa clanienti (U. S.) e. lslk A.n. weekly ehartbdok (new aomputer-
generated) to Brief U. ss President,
Hier Prl¤¢l¤¤ l"l¤5=rV¤><"l—*<e¤¤e¤** viae President an eadnamia and
ri. fiscnpeck (U. S.) social niatters—Bureau df Census
-$tanf¤rd R. Dvshirisky (U· 5.) naakafeilar
c. l969 A.D. Grapnie inndvatidns fur exploratory gow,-.c°dad hivariata matrix W re_
data analysis (stern-and»leaf. present twa inxervally-measured
grams)-John N. Tukey, **S¤me Gra-
phi.: and Semigraphia DisPla‘/s," Annual Canference on Enmputer faraphicsi
First presented at annual meeting Interactive Techniques, and Image
of the American Statistical Asso- Proaessing-Assdaiacion for Campu-
e. l97l A.ll. Irregular polygon to represent multi- P
variate data {wich vertices at Aeaderny Award nomination, eomputer.
equally-spaced intervals, distance animated filni (**riunger**)-Peter
value of one variable)-·J. ri. Burtnyk, National Researeh Council
the Evolution ¤f Human Septic Dynamie eartogram (world map ¤f oil
5ho¤k,*' 'iurgerv, Vol. 70, No. 2, production and eonsumptionl in
Maasai so ass sensnaai graphics "
in soeial indicator rewrtingi P¤*’- cartaan ef multivariate data analysis
vom S. No. 5, ¤l¤· l3—l9 dated aolumn-Bud sapde, cartapn
_ designed by Bernard Gruver, drawn
¤ata,'* Biometrics, Vol. 2B, pp.
l2S-36
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maps no show distribucions (by U. S. Graphics and Spatial Analysis, Harvard University.
states) of persons listed in a di- I. SVMAP: produces maps on a line printer
rectory-Harvard (University Alumni showing spatially variable data. Contour. confor-
School of Design) continuous surfaces on a pen or CRT plotter. has
No. M. pp. 2-3 such as an architectural structuro, viewed from
c. l97é A.D, u. S. Government series of chartbooks V. CALFBRM: produces shaded conformant maps
devotcd exclusively to social indi- on a line plotter by using symbolism to represent
cator scatiscics—$ocial indicators data values associated with geographic areas.
l976——second volume in cradition of
Social `lnzlicators 197% Office of
{ .1 i` iztrtlizriitts
' rj ·ilnpli,L· - ae; T. (l) James R. Beniger, lS’/5. Soiencels "Unwritren'*
G. ;ili`§?Iq~r Ristarys ine Development or quantitative aria
Nliipaa (2) . l97&. using Graphics to
‘ % _ * , Institute oF Management Sciences (washington
cya, ` . ¤.C. Area Chapter) Manpower Symposium,
washington. l97o.
"~_ (3) .lan»es R. Beniger and Dorothy L. Robyn. l976.
G5$&ll'3‘JlK5llEB%l1512i222i2tI of the American stanstical Association, in-
2%:5*4l'El£1ilL*22éL§‘.lGli!Z1II1£.LLf scitute of Mathematical statistics. anu ERAR
GE3Gl1*.%$$!1?w?1tZZ2Z:l:L‘{?:.' of the aionetric society. Boston, 1976.
Ill. fait!liillH¤2!f$ZZ1t:Z11$ttZ2B5L‘L‘!}
(M) ri. Gray Funknooser. l927. Historical De-
;E‘tf,!ZZZ‘£t“:2IZiiittiiizllililfllf, V¤‘°P"·¤"€ °f Gl‘·i¤*\*¤¤l *i¤¤T¤Ss¤¤a¤i¤n ¤f
1iE.‘1`;i5;;2Z11tZZZit{.‘t':HllllEEl::‘lEEE Statistical Dara. Osiris 3, l:269-Aus.
(5) E. J. Marey. lE7B. La memhode graphigue
’¤T*=·
‘ (6) Erica Royston. ISSS. A note an the History
5 ~·i __ Bionietrika M3, 3 E, A: 2Ml:ZL•7; salso re-
`/, · . -\ printed in t. s. rearsan ana M. n. Rendell.
W_ M . * ., * T l970. Studics in the History of statistics
\1__> ~ 1.. _, , { (7) taura Tilling. l975. tarly btperinental
\.;_ Graphs. aritisn Jaornai rar tne Rister er
\t1.;/ science and Technology E, 30: 193-U3.
A ··~ -·•·· ‘?·· `\!!·\~“!!IA Qgig,
v. _ ;4 . -— %§
i T =i*‘—· ”¤aa‘i UH-
:i ,, .—~ n inet
· ·-3 naetorvrn i~. \ \ `
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Enh} Uneerfohrlng Kanal str. l5 graphics course for students of art at the Unl-
llest Germany versity of Nuni‘ch...A further objective to be
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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This picture was generated by the student pf R. The program consists gf three cali orders:
Sceieer. The middle point M(Ml,h2) of each square
was ascertained by chanee. l. Size of the sheet of paper.
Ml - sniwnu (AMBI} 3. The rputine SNEKAD with eight parameters.
Mz - SNEWAD (A2,B2) The routine SNEKAD proves here the eiements: i. §
SNERAD gives a probability value between A1, ET scaic distortion pf i:2 stretches the elements in en
t0MPuTEw GRAPMCS and ART For Nevember, l97<> gg
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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
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Chico, California 95929 the complex CalConp—based subroutines, such as AXIS, LINE,

BACKGROUND I have now taught this mini course four times,
and during this time have formulated and class—
A beginning system for graphical representa— tasted various methods, programs, and forms of do-
tion of data is briefly discussed. This system cumentation, which have been continuouslt evolvlrl§
data formats, and transportability of data dccks gyggqn that waum depart from the complex Caltnmp-
between programs. nosed subroutines, such as AXIS, LINE, SCALE,
used by progranners in making graphs via the cen»
A 5i¤¤¤l= ¤in= 9I¤¤h =¤ll =¤¤V¤¥ ¤¤ ¤ l¤w¤ the routines ls far too difficult far interdisp
often allows new insights to be gained, especially In the spring of IS76, Professor llertlein
if the data is graphed in more than one way_. offered a graduate course in "Graphics Software
MAKING A GRAPH computerized graph—maki‘ng, I Joined the class
and attacked the problem of making computer-
unfortunately for mast of us, making graphs, assisted graphing more user-oriented.
talent. Therefore, rnost people find the task or lines through successive (><,v) coordinates, osing
constructing a chart or graph ta be very time- solid or dashed llnes and optional symbols.
ccnsuming as well as difficult. Even the commer-
cial aids now available (such as strips of tape
with dotted lines or shaded bars] do not take the
up to the human to lnake sure the lines are straight, { MONTHLY REEEIPTING TDTFILS
ana that the peaks and valleys are preelse. `l
Q
M, ... ee.s . i. g.....,ea.g '
the plotter solely for art; however the more prac-
ing appealed to the pragmatlst ln me. In graphing
via the computer, I found the perfect blend of art
se pe eellea lllnnpaaerlen ee srepnlnw. wares. !._ .~._ _.a. l ___...
sor cl-ace rlertlein had prepared the syllabus. and *._ `·. `—e- -*~_ ,r' \Jj··~ _
had planned tn teach the course originally. Be— ·_ \_l_,:"_E‘___,e' fr `—t,r"~`_,4
cause of class scheduling conflicts, the respon- "_ _.' 1 "":_;,‘____'/
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The class was divided into chree team groups, BELOW BAR GRAPH - Each har may represent a single
oach having a different task. Planning was ac- value or the mean and standard error fdr a number of
the Graphing (CHART SYSTKM) would he standard in
graphed; in essence. to allow choice, but not
a bewildering amount of it for new interdiscl- ¤¤ ’°
and calling the subroutines to graph the data, E do ¤¤
as dell as hon to lapel and document the graph 3
are functions that the average user should not ¤ ’° W
have to consider, especially in a one-unit mlni la lu N,
course. Other difficulties encountered by the
first two classes were: "runnlng off the paper", 2 su an
getting nore than one line on a graph, centering §
the graph on the paper, and debugging programs g ’° "‘
problems as lvosslble. •-
This goal was accomplished in the new graphing '*’“ """ "'“ ”"’ 7**7* ""$ ”"”
programs in time to classttest them on the third HSCBL vgpp
Qfavhlng class. Yhe routines used were those dea
velpved by the Graphing Group mentioned earlier.
Together we had managed to completely eliminate _ _
to use the new crinltw svslth. unly a few control F¤l\¤wi¤Q ¤*l¤¤S and QF¤P*¤$=
The user need only supply the data ta pe graphed WR WAFH
in the proper formats. gj:52=[S“EAE”§;:*’**
satan: unt mm . me Manne snare etralgnr lanes ‘,;{QEc_§@:*‘
through successive (><,V) coordinates using solid or Smnm MAGRAH
the support routines dn the plotter
{ llhrary.
MONTHLY RECEIPT TUTRLS mg muws, RESPONSE
l s....... ln nn. .... l .... l
! "~ ._ ,r , new pragrans, and they had very red
" `~ I ' "·e ,’ fe / prohlsns. The first two classes had
`» y `—e { "· —/ considered the course material diffi-
I y' X" / cult; however, the last two groups
' rsuad the new programs very easy ta
l / and data formats presented fen problems.
(
L K / A \ K / THE FUTURE
{ \ s. _{ { X The tnntl svslzn will ae further re
? \ ,’ tang it ra arners. our goal rar ew.
§ \ , tinge ta be the premise: *·~¤ prograrra
rg _ X l A [ '.‘__¤ ming required.
t s _ .y · `—e ¤’
! `~_ ,» tx a‘ U mnt: aeeaase ai epaee, nar all me
`se_ ,·’ \ ,0--* " graphs discussed above are illustrated.
S ' ` .»’ The graphs shown are by the author.
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Oonlpllterx and Peo¤l• provides signillcant,
alaar and aaeral liilaiiiiailaii mai yan aaai, iii
order to understand and aDDly oontputers and
and data processing effectively - both nuw and ln
formerly compute': and Auwmadm the future when computers, we believe, will be-
come oommoner than motor cars. We help You
oompreheno the fastest growing industry in the
DDTHPUUEPS oampumiaria maple is me aloaal magazine
in the computer lleld, published since l95l. it
V .»· ls edited by computer pioneer Edmund C
__ Berkeley. He took part ln huildlng and operat-
$ V lng lria llrsr aulamaiie aemptirars, me Mark l
limi SEA FANS and ii at Harvard University ln 1944:45; ln
j! l9B5G7 he implemented the programming lan-
,` ·i , qaaaa Lisp lar ina mac For-Q mmpuler. ne
ti ll, ' la: a lauiiaer lil me Association mr comparing
EL · Machinery; lts seuetary l947·53; the author ol
fourteen books on oomputers and other sub-
iects; a Fellow of the Society ol Actuarzes, and
an invited lecturer on computers ln the United
Japan the Soviet
r" ulcers States, Canada, England, ,
cg p ¤v\¤v¤¤d• Union, and Australia
.. - He is assisted hy able associates and oontrltz
,»,,,,,,s,,,,, ,,,, e aaa .a.aa,t Wha ei., mi me runc a pa,
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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Campmws and Cy-[rg Compulerx and .Yncr21lRexgorrtibilizX
penn e. Parker, srsntera eesesren rnsrrnne ¤·· H¤rr=v $~ ¤·"·r¤r·r DCF $v¤¤•¤·=· W-
The Amrwcral Us! nf Cumputws The Social Responsibility bf Computer Specialists
nrensnr E. sprssne, presnienr, rremsnsr een sennees ¤·l¤l· N-·*··. A¤·=r¤=v ·¤·* ¤¤r·=¤·r··r A¤·¤·=¤•
rne Asssssrnsnen er eresreem kenneay. cenretner ¤¤¤·¤¤¢¤r= =·r·¤ ms ¤<>¤¤¤¤·¤r
Applimncns m me pmmgraphic Ewdznce Richard E. Spraque, President, Pnrsonal Data Servioas
nsymnna E. aasns, cent. state univ.-sen Lars otrnpa c°"*¤***¤' T°’°‘*=¤*°"¤l*¤ what Their
system snrrvrere oeelenerang ana "craeltrne" $°°*°' C°'l°°"‘¤ NM *° BE
Prof. Charlas Susskind, Univ. uf Calif. at Berkeley
Carrrptlters and the Work] .
——— Tecnnology as a Social Force and Ethical Problem
Dr. Stafford Beer, Manchester University, Great Britain
Msnegrng Meaern cemplexrty SPECIAL ISSUE
I3. P. Snow, Ministry of Technology, London, England
Science and the Advanced Society
Jann kennetn seirsrarrn, nervsra unnrersny THE COMPUTER DIRECTORY
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Dr. Ruth M. Davis, National Bureau of Standards the midyear reference issue of Computers and People,
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