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B. Highlight. • 1Q83·8' 

1. GRINCB System 'bllll8poried to PS-300 

September 30, 1984 

Our team connned the UNC GRINCH 171tem to nm on the VAX and our new En.n.a and 
Sutherland PS-300 color nctor display .yatem, and reworked it to get usable respo11.1e time. 16 
biochemah from 7 laboratoriu uud the new ayatem to attack uni.nterpreted maps. 

GRINCH ia the Chapel Bill 171tem for a6 initio interpretation of macromolecule density 
mapa. n uses color and a DOYel ridge-line representation of mapa to make the atructure of an 
entire macromolecule (1) diaplayable, and (2) comprehen.aihle on the sereen. 

Originally the GRINCH aystem used an Dr:on:as raster scan syatem for color display of a few 
lines at a time, and a Vector-Generalll303 for mo·nochrome diaplay of .JI linea at once. 

2. GRINCB .yltem 'ban8ported to Lower-Cost Maucomp • PS-300 Syatem 

At the end of the project year, we transported the VAX code of GRINCH to a Masscomp 
500. The display code stiU runs on an E. &: S. PS-300 system. This gives an acceptable GRINCH 
performance on & computer-diaplay configuration coating well under J100,000. 

Our software h~ been exported and ia in daily use on a Masscomp-PS-300 configuration at 
Duke. 
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m. Narrative Daerlptlon 

A. Summa.TT of RNe&J'Ch Progreu 

J , Objective. &Dd Operation 

September 80, 11184 

We han built, and operate u a aerTice reaource, an efreetin interadiTe computer reaource for 
teeing, manually manipulating, and computationally modifying mathematical modelt of eomplex 
molecules. Wo bellen Ulat our p~~~ resource, called GRIP, has been ahowu to be u complete 
and 'llleful u U1f in exia"tence. One imprn~in meutlre of the power and the utility of the GRIP· 
75 system Ia that at leu! MTf'll of our scientific eollaboratora han oMained their own Jraphics 
11stema u a di~cl re.ult of their auceeuful work here. 

Our reaource hu dual objectina. We are a tenice center prcrridinc powerful computer Jraph· 
ica facili ties and expert computu uaiatance to chemiata atudying macromoleculu atructure. We 
an alao computer acientiah dedicated to ad•ancinr; the art o{ interac:tin computation and inter· 
actin thrH·dimensional p-aphica. The objectina are complementary. Our chemist eollaboraton 
prcrride the asential focu.a and a real, complex, and interatiJI& dri•U.. p!'Ob)em for our computer 
ac.ience research; our compute.r acience reaearch in IW'Il pro•idea our clienh with more powerful 
tools to improTe Uleir insight into 'fery complex atructurea. 

FUndamental to our approach are the followinc principles: 

• The GRIP lteaource ia designed to help chemlah get resulta from their re~earch, and ita ruccess 
iJ measured only by theirs. 

• Our ayalema are designed to help the chemist Tisualiu his molecules, his de!lllity maps, ete., 
ao that he can use hia knowledge to ~de computational procesea. That il, they are an aid 
to, not a aurrogate for, human thinking and lllAilipulation. Hence a atronr; emphasis i.a placed 
on human {acton research and on human enr;ineering of Ule aystem. 

• GRIP ia designed to sene ma.ny users, not one or two, 10 it includes an armory of alternative 
tools and tech.niquea. 

• GRIP ia designed to interface smoothly with liD)' b&tch computatio111 ita usen must do, and 
t o incorporate on-line facilities for all comput&tiolll Ul&t em reasonbly be done "while you 
wait.• 

o We u computer acientista are interested in GRIP u a test-bed for ~search in man-machine 
aystema design, in me.n-machine interaction, andl in the design of distributed computing I)'S· 
lema. 

A corollary of these objectiTea i8 th&l we are beuily dependent on obserntion of and f~dbad: 
from ~&I uun &ttempiU.. lo aoln real problema. Our taen are almost exclualnly working 
on &he atructurea of moleculea of co111ideBble biochemical intere,t: proleinl and nucleic acids. 
We &dTance health-oriented biochemical raearch b:y enhanciJI& lhe p!'OducliTIIJ of indiYidual 
raearchera through better &oola. 

Our hardware configuration on the VAX ayalem iJ 

o VAX-11/ 780 with UNIBUS but no MA.SSBUS; 

• &he UNIX operatinr; ayatem (Berkeley •. 2 b.d 'fenion !or the VAX) 

• • 1'dB memory 

2 



• 

RR-00898-10 September 30, 1984 

o 600 MB dWt atorage 

o 800/ 1600 bpi dual denaity tape drin 

o Vee tor General 3303 nctor graphic• dl.play 

o Ennt & Sutherland Pictun Syatem 300 color Yector cnpwca diaplay 

o Adt.ge lkonas RDS-3000 image pr-ocesaing a.nd diaplay 171tem, with 1024 b7 1024 pixels at 
e biU/pi.xel (or 512 by 512 at 24 bitafpi.xel), color mt.p1 two intern&.! high apeed processors, 
c.JOaa·bar awilch for remappinc pixel nluet, Yideo digitizer, and write mask. 

o tneral data tableh, mice, joy1tick1 

o 16-channel (expandable to 32) an&Jor; to digital con•erter 

o h igh ~peed parallel link to department VAX, which has hard copy ploUen, printer, and a 
dial-up connection to the nation&.! "USENE'I"' UNIX network 

• Museomp 500 color cnphlca workltation 

2. Overview or Pive· Year Progreaa 

Si.uce thi.J Tenth Annual Report iJ a!Jo the Filul Technical Report on Grant RR 00898, it iJ 
approprit.te to review the pr-ogresa of the put fin ye!U'S. 

2.1 GRINCH Syatem 

Our m&jor accomplishment hu been the denlopment of a new au of moleeu.lar graphica 
tool, one aimed at a heretofore unaddreued part of the crystallocnpher'a pr-oblem, inital map 
preaentation. 

Our ea.rlier moleeu.la.r gnhpics ayatem, GRIP-15, aimed to a.ssiat cryatal lographen with 6tti.ug 
molecula.r ttructure rather precisely i.uto electr-on denaity m11ps. It, like ih counter-parts from 
other lt.bs, the St. Louis MMSX ayatem, Robert Dit.mond'• Bilder ayatem, Alwyn Jones'• Frodo 
1yatem, all work beat after the chemlat baa an approximate map i.uterpretation, generally derived 
from a plutie minimap. All •:ratema of thl• aort repreaent electron denaity by contour maps. All 
preaent lneomprehenaibly complex Yiewa of mapa when a whole pr-otein iJ Yiewed. 

The GRlNCH aystem, developed flnt by Thomas V. Williams in collt.borat ion with biochemist 
Jane Richt.rdJon of Duke, aima to aubltitute computer graphiu for the plutic mlnimap in the cb 
UUIU. interpretation of denait;r mapa. Thla require• the ability to aee and comprehend the map 
r;lobally u well u locally. 

William~ addressed thiJ comprehentibility problem in four waya: 

o E lectr-on denaity i.a repreaented bJ a ridge-line repreaentatiou originally pr-opooed by Ca.rroll 
Jo~n of Oak Ridge, imtead of by contour l.i.oes. Thla representation uaes about two orden 
of magnitude fewer line tegmenta. Bence whole molecule-1i~ed mapa can bo (1) di1play~d 
without lUcker, and (2) comprehended. 
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• Each rid<e line ia taued with the denaity of Ita midpoint. A dyuamic allder allows the Yiewer 
t o smoothly ch!.nge the d.i.play threshold, ahowinc only linea abon that denaity. So one may 
elide back and forth between seeing only hich pew and seeing fine detail. 

o Since there are fewer linea to be redrawn, the 'Yiewer can euily and quickly mon between 
enluted local •iewa and global •iewa. 

• Color II used In an lntep-al way to diatlngulah Interpreted ridge lines from unlnterpreted ones, 
and to mark main chain, aide ehairu, orygens, diaulpbide bond., ete. 

The GRINOH System baa aroused great Interest. 7 te&~m of ehemiah ban eome lo Chapel 
Hill to use it; copies of the aoftwan have already been exported to three other labs. Veniona bave 
been ported to aennl different h&rdware and open.tinc ryatem eonfigurationa. 

2.2 GRIP Uted, Converted 

Our original density fitting system, GRIP-75, wu widely used, enn thouch Its ha.rdwa.re 
configuration made the aoftwar-e eanntially unexporable. Some thirty tuma of bloebemista han 
journeyed here to use it ; new ones keep cominc. ~er 35 pap en describing work done on GRIP-75 
han been published by our coU&boraton In the ehemkalliterature. 

The atrueturea of at least Super·oxide Dumuta.ae and ErabutOltin were determined entirely 
on GRIP-76, without resort to bnr.:~s models. 

We have converted GRIP-76 from an mM 360/75 ·DEC PDP 11/45 • VG 3 • PL/1 configu· 
ration to a DEC Vllll/780 · VG 3303 • C eon6guntion and ht.n begun ati'Yfng eollaborators 
with the new configuration. That eonvenion waa a lot of work. 

2.3 l>yDamlc Viewing of Space·PilliDg Modela 

Miebael Pique aebined near-real-time rurplay of colored, shaded inteneetinc·sphere models 
of molecules of up to several hundred aloma. Theae models, the computer-graphics analog of 
CPK plaatic spherical modeb, represent each atom by Ita Van der Waal'a turfaee. These of 
coune intenect. The apaee-fillinc models are t11eful for studying cryatal packing, actin aitea, and 
molecule-molecule docking. 

Static picturea of rpaee-filling mode!J han been within the art for aome time. (Nelaon Mu 
of Livermore produced a dramatic model of DNA.) Sueh pictu~ han taken minutea to houn 
of computer time. Dynamk models ci•e mueb better comprehensibility, tlnce the kinetic depth 
effect ia one of the moat powerful cues for 3-D perception. 

Pique'• ayatem uaea an Ad"'e Ikonu 3000 color ruter daplay and Ita auociated AMD 2900 
bit-alice proceuor. He achlens picture update rates of 2-8 frames/second depenrunc upon picture 
complexity and ai~e (number of pixela lobe rewritten). The tKhniquea uaed to cet thia d:rnamic 
display Include 

• careful codinc of the diaplay proceaaor 

• reducinc resolution lo 266 lt 256, without redueinc aise 
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• ratrictinc the illumination point to be tha Tin•point, 10 each apherc'a aurlace il ahaded with 
circular aymmetry. 

Pique'• fast aolid-D!Ddel display ayatem hu been published and ia commercially aold and 
aupported by lntermetrica Incorporated. 

2.6 Multiple Vi.rualintiona 

Molecules an eaaentially abstract obj«ta, far ~t~~aller than the wan-length of light. They must 
be TisuaJiz.ed by analogy. We arc conYinced that a computer graphics workbench for chemists 
ahould include a large collection of different Tiaualiution.a, each yielding wight about one or 
another upect of molecule rlructure and function. 

We ataned with the familiar atick-ficure Kendrew modeb for honda for D!Dieeulea and puallel­
plane contoun for density maps. Very early we added li-D contouz buteta. 

111 the past 6n yean - han begun ayatematieally realizing on the computer graphic a acrcen 
u maJ>y other Yiaualit.ationa u we can 6..nd , both by importing programa and by collaborations. 
Techniques pioneered here include 

• d7Da.mlc, ahaded "aoJid• CPK modeb deacribed abo'l'e 

• colored ribbon modeh of ma.in chaina, denloped in collaboration with Jane Rlchardson 

• the RAMS •solid• shaded and colored aolnnt-accessible aurlacea developed here by Michael 
Connolly, then Tilliting. 

• a dynamic '"Jligbt-of·b~s• Tiaualiution deri'l'ed from the electroatatic field, denloped in col­
laboration wHb John Th.iner and Libby Gehot!' of Scripps. 

• a thermal coloring repraentalion, denloped in collaboration with Profesaor Stephen Piur of 
UNC. 

Two Tiaual publications ban been uaed 'o demonstrate *heae and other Tilualintion tech­
niques: 

•Wbat Doea a Protein Look Like?• by Michael Pique, ia a 20-minute Yideotape 6nt presented 
at the Scitaet Al4g4Ziflt 1982 Conference on Science and the Compute.r. Thia tape ahowed aome 
•o different Tiau•lintioUJ of Supermtide Dilmutue. 

Pique and Lipscomb developed a lllght sequence exploring SOD u pan of an Omnimax-Imu 
film li.rat presented at SIGGRAPB 84 and now touring a.mong the nation's planetariuma. This 
technique projecta 70-mm film over a full half-sphere dome (Omnimu), or over a nry wide-angle 
big ac.rcen (Imax), &o give Tiewen the aenaation of immenion in the Tilual apace. 

2.6 Man-Machine Interface 

111 GRlP-76 - demonstrated the effectinneu of a joyatick-driven interface for molecular 
modelinc. Thia ayatem-buildinc work waa followed up by a aeienHfic atudy of the interface, in 
both lh perceptual and ita manlpulatin upect1, by J.S. LipKomb In hi1 Ph.D. di~ertation, 
nru-Dim<•rioaal Cat• for Jlolecalor Cra,liu s,,,.,..,_ 
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Three-dimenaion~l c:ue. we h~n i.nYeatigated i.n.elude: 

o kinetic depth effect achiend by amooth Tiewpoi.nt eh~ge 

• atereo Tiaion 

realised by apace-division: 

• stereoacopic Tiew of aide-by-aide images 

• Onony'a ~er-under polo.riaed teehtUque 

~d by time diYiaion: 

• EvanJ! ~d Sutherland Lorgnette (disk abutter) 

• Bausch ~d Lomb cylindrical ahutter 

• PLZT gl~ues 

• liqwd crystal glaasea 

o llqwd crystal Tektronl:l: plate 

o interuity depth cueing 

• perapectin 

o hidden-surface repreaentatioru 

• head·motion parallax 

• real 3-D display on Varifocal mirror. 

September 30, 198• 

Lipscomb's work also included time-and-motion studies ofweri.nteractions with the GRIP-75 
ayalem, and studies of perception artifaeta induced by different refresh and update cycles. 

2.G Advanced Technology 

h computer acientish aerTing the molec:ular structure community, we •~ one of our roles 
to be the application of advanced technology from computer graphics raearch to the molec:ular 
application. Onr the put fin years thiJ work baa included: 

• exploration of new alereoTision technology enumerated abon. 

• application of a radically ehee.per ~d futer 'nrifocal mirror S-D teehtUque denloped by 
Fuc.b.. and Piaer at UNC. 

• denlopment of apecial molecular tludiea ~lgorilhma for Fuchs'• tpecial·purpoae Pixel-Planes 
d.i.oplay proceaaor, under denlopmenl at UNC. 

• collaboration with Fuchs ~d Bishop on head-mounted diaplaya. 

• ~pplication of apeeeh recognition technoloa to menu·piekin& in GRINCH. 

6 
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2.1 Mole<:ulu I>Juamlea 

Professor J.B. Hermans and his auociates of UNC Biochemisll"f han denloped a suite of 
programs for modeling molecular dynamics. We han collaborated by pi'OYiding computer facilities 
and aome !mow-how. We han be.nefitted by acceu to their programs for model bwlclillg, energy 
ca!Clllation, and file tralll!formalio.na. 

7 
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s. Resotll'ee Progreu During 1D83-84 

a.l New R eseuch Program l'onDulated 

~ we approached the end of our second lin-year period u a Research Reaource, major 
efort waa spent of reex&tllilling the lielch or molerulw- atudiea and or computer cnphic:a. Doea a 
computer cnphic:a croup atill hne a. key role to play, or has aJl the intereliinc and critlell.l work 
bMD done in bringinc compute.r uaphica ~ molecula.r atudia, u tome aay? 

In looking at molecula.r ttudlea, - lee structure determination coDiinuing to be exching, 
mha.nced by big collecton, better X-ray aource1, and increuiD« usc of NMR data. Structure­
fuDction atudies, indudi.Dg ensyme-auhltrate docking and a.nalytic design or protein. and drugs is 
1 dramatically growing activity. Molecular dyuamic:a techciques w-e increaain(ly bei11g developed, 
111d they generate vaal a.mounta or data.. We aee a nriety of new Deeda for computer graphics 
1Dd Deeds Cor new computer grahpica techciquet and too!.. 

In looking at the computer rraphic:a field we aee a.n exploain development of new technology 
and concepts, and, moat important of all, a continulng ra.dical deeline in cotta, with no end in 
oight. 

Bence it looks as if there ia at ill a key role Cor ua a.t the inteneetion of theae two dynamic field.3. 
The Dew role ia different , however. The imPortance or OUJ' Resource u a place chemiata come to 
do work will dedine , but not nnish. Our most impona.nt function ia to explore new technology 
and to develop molecular graphics application software for export to biochemists, anticipating 
1Dd riding the waves of adva.nce in eommei"Cially anilable hardware. Since It lues aenral yea.n 
to de ... lop, debug, and polish a aoflware ayatem, we need Ill Ch&pel mu to be that far a.head in 
antltipatlog the hardware biochemiats will i.ustall in the future. 

For these reason. our new fiv~year reua!"Ch pl.an emphasi&es Resource-Related Reaea!"Ch 
rather than Resource operation. Figure 1 ahowa our • Snen-Bubble Research PJa.n• tymbolically. 

8 
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AI &he center 11 the continuing denlopmen& and operation of the Raoun:e &* UNC u a 
"srailbla&in& ayatem• 1 where collaborators may come to uae the most adnnced hardware and 
aoftware, and to wort with ua on developing new ~quea. 

JIUrther polishing, export, and testing of the GIUNCB ridge-line interpreting ayatem is our 
aeeond aetivity. We plan further exploitation of the economical ridge-line representation and hope 
to teat the hypothuia that a more comprehelllible repreaenlalion may allow lower-resolution maps 
to be interpreted. A major elrort will be to combine GJUNCB and GRIP upabUitiea Into a aingle 
ryllem. 

The MOLIX activity coll.lilta of &ranaporting molecular graphic• 1ofl-re to 68()()().based 
graphic. worlutatioJU In the under-$50,000 price range. We are currently mcning GRINCB to a 
MAsseomp 500. We expect to mon GRIP or GRIP function. 

The Fut Spheres activity i8 to push both hardware and aoflware art hard to make i& poaaible 
to rotate pictures of CPK models, intersecting 1pheres representing Van der Waal'a turfaces, 
amoothly in real time. 

The Vitualisationa adiYity i.a a continuation of our aploration of the ill.ligbt-producing power 
of uncon•entional ways of vimali.r.ing moleeulea. 

The Docking activity, currently in the early exploration phase, will study effectin ways to 
usist the uaer in perceiving molecule docking tltuatioll.l - turfaces, close-approach diaplaya, 
energy modeling, foree-diaplaya to the tense of feel. 

The Adn.nced Tec.hnology activity will continually adapt and apply latest computer gTI>pbics 
ideu and hardware to molecular atudiea. 

3.2 GRINCB Ported to PS-300 

Our major activity in 1983·84 wu the upgT'I>de of our E & S PS-300 vector display by addition 
of a color tube, &he porting of our GRINCB tyahm to h, and enhancement of rapoll.le on it. 

The GRINCB aystem wu originally built uaing a:o lllonu color ruler diaplay and a VG-!303 
black-and-white vector diaplay. h needed color and Jote o( linea. The lllonas provided color but 
couldn't do many linea; the VG provided up to 10,000 abort vectors with amooth rotation, but 
only in black and white. 

En.zu & Sutherland pve our project a monochrome PS-300 in '82. In '83-'8', we acraped to· 
gether all an.ilable money and bought (at deep diacoiUI&) a color tube. Thia offered &be possibility 
or doing GRlNCB properly -plenty of colored ndon. 

The PS-300 i.a 

(1) programmed differently from all other di.aplaya 

(2) eo=eeted to the boat b) a alow (19.2 kilobaud) channel. 

Moat of our f)'Stema work this year wu devoted to the connnion and cnereomin' these two 
obataclea. The f)'tlem ia now converted and re1pectably re~ponain. 

10 
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Chemilh who han UMd the PS·300 nnlon an 

Jane and Duid R.ichardlon and Dullean Mcltee of Duke Uninnity, Judith Kelly of the 
Uninnity of Co1111.eclicu1, Bud Suddath, Boward Einrpur, Secuna of the Uninnity or Alabama 
in Birmingham, Chang Park and Rich Ble'rina of Michigan State Uninnity, John Roaenberg and 
Christine Frederick of the Uninnity of Pittsburgh, Ru!ua Burlingame and Brad Bnnden of Jobm 
Bopklna Uninnity and ~~Deer Fena and Roben Ecan of the Uninnlty or Miaml. 

Profeuor Tom Bern, 'risitor from Bowling Green Slate Uninnity led thia elf on. Doug Sc.hlff, 
bidore Roaenblum, Lee Weatonr were key contnouton. 

~.S MOLIX Project Started - Maeaeomp Cho~n, .Acquired 

In mo'ring bigh·performancc 10ftware to a amall machine, many bard queatio111 we. The 
lint i.t what machine! We rraluated a 'rariety of ppbic.s workstatio111 built on the Motorola 
68000 proceaaor, including those by 

Sun Microayate111.1 
Apollo 

M.uacomp 

Apollo wu fillally ruled out because it doesn't :run the Unix operatinr; ayslem, and it became 
evident that it would not. 

We inatalled • Sun with color crapbica •Uachment. After exte11.1ln evaluation, M chose 
Masseomp, fundamentallr beclluse the sr&Phka board ia 11:111ch more wcfuUy designed. II has, for 
example, double-buffering, euential for llnimation. Maucorap alae olfen falter lioati.ng point and 
an array proeea10r option. 

After making our aelection, we began negoti•tio111 with Muscorap. & a reault they llre 

furnishing ua a fully-loaded denlopment ayatem, to which M h&n made the lint MOLIX llll.d 
GRlNCB tranapona. We will IIlier do porta to other brllllcl.a of high-performance workstatio11.1. 
II hu been installed and i.t operating. 

:S.,. GRIP·'To Converted to VAX·Unlx 

GRIP· 75 wu dneloped for a dedicated PDPll/ 46 dri'ring • VG-3 net or display and lU!Ill.ing 
time-ahared on an mM SyJiem/360.76. In 1983-8( we completed lhe connnionto the C lancu•ge, 
the Unix 4.2 bad opera tine ayatem, and DEC VAXll/780 computu, and the Vector General 3303 
display. The old machinery baa been remond and the 6nt 'risiting collaboraton han used the 
~onverted GRIP. It still needa atereo ud acme operatinc ayalem priority enhancements lo impron 
reeponae. 

a.& Viaualisaton• • Omnbnax 

& a continuation of our uncon'rentional 'ri.tualintiolll work, Mike Pique and Jim Lipscomb 
made • 90.10cond aequence of Super-Oxide Di.tmut aae u percei"red from a fU'hl lnlo the ad in 
aile and up the bela-buret, ahowinc ribbo111, 1\lrlacea, and ll.u.imated eledroatatic line~ of force. 
Thia explored the perC4ptual olfoda of nry wide·an&l• d.irplay. Om.nimu film ia projected on a 

11 
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half-1phere planetarium dome &Dd ci•es the audienee, aeated u neariJ u p oaaible i.o the aphere 
center, the elfect of total i..mmenion in the acene. 

The Pique-Lipscomb aequence pioneered the un of motion-blurring, In which objeeh are 
blurred in each lrame calculated ao that the intermlUenUy- projected frame• reproduce the •i· 
au.! aen.sationa of continuous motion. Their experlmenh tho~d that the brichtnesa necessary in 
blurred images of lines c:ould not be calculated b:r the coxutant-energy formulu derind theoreti­
eall:r. 

Tbe aequence wa.s published u put of the lint totallJ computer-graphiea-generated Om.nimax 
111m. The 6lm premiered i.o Jul,. at SIGGRAPB, at the St. Paul Muuwn of Science. 

3.0 Prophet 

In 11183-U The Retoun:e applied for ita own Prophet membership. Heretofore we had been 
wen through the kindness, and at the expenae, of Blln'Ougha-Well come. Doria Knecht built tools 
to aceeaa the databa.se, to use Prophet molecule·buil ding toola, and to feed Prophet data into our 
3-D diaplay prognma. 

3.1 Database Studie1 

Doria Knecht, aupported b)' a B=ugha-Wellcome Research Auiatantsbip, 1tudied the ap­
plicability of the Tl'oll general-purpose relational database system to our moleeula.~ data.. This 
followed studies by our collaborators at the WM United Kingdom Scientific Centre, where Stephen 
Todd ahowed that the Pe\erlee Relational Test Vehicle could readily produc;c a wide &Zld llexible 
nriety of Tiewa with wait• of onJ,. 1&-80 aeconda for arbitrary requesta. 

Knecht'• atudiea showed that the use of Troll required about S timu u much memory / c'illk 
space, &Dd about 3 times u much access time, u our ~pedal-purpose data atructures. 

Our net ia that a general ·purpoae databaae 111tem ia a useful adjunct to a molecular graphics 
ayatem, but that the system itself thould han a 1peeialited data ha.ndler, into whose fermata the 
general-purpose databue tr&n~lates ita outputs. 

3.8 Molecular Dynamic. 

Profesaor Jan Berman.a and Michael Canon made extensin use of the reaouree for molecular 
d:rnamia compubtioxu and for the diaplaJ of 'be reiU!tl. Such l!"•phical diJplaJ pro•es eaaential 
for the usimilation of the immense Yolumes of data produced by molecular d:rnamlca calculations. 

The GRIP &eam uses Berman•'• prognma for model-building new molecular ltructures. 

1.0 New Graphic. Laboratoey Dealgned 

In 11183 the North Carolina General AlaembiJ appropriated Sll.26 million for a new 74,000 
aquare·foo' building for l.he Department of Computer Science. A major efrort bJ Brook• during 
11183·84 wu &he pl•nnin& of the new building, whoee fundi~ wu totaliJ unanticipated. 

12 
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The computer p-aphiea farulty (Profesaon Henry Fucho, Stephen Piur, 'JUruer Whitted, and 
Brooks) will be eluate red together on the third Boor. The Graphiu Laboratory will be about four 
timet the ai&e of the pruent one, with alarce multi·dllplay aha.red room, about twice u big u our 
preaent lab, pha tpecial.iaed areas for (1) ci.Uplaya u:aed by nailing cheml.lta, (2) lpttial-purpose 
displays such as bud-mounted, (3) Yideotape editing, (4) Yideotape Yiewinc, (5) teleconferencing 
with Duke collaborators, and (6) ollicea for Yiaitinc chemiata. Completion ia acheduled for 1!186 
(and expected in 1!187). 

1.10 Advanced ~c:hnology Project. 

Adnneed technology projech continued in 1!183-84. 

Milgram Gl.aaH. New electronic ttero glusea, wing liquid crystals for tbullering, were ~t 
field tested in our laboratory by ln.nator Paul Milgram, of Belgium. These gluses a witch slightly 
alower than our PLZT glasses, but the lraMmisalY!ty Ia Yery high ( !10%). Thia ia a crucial 
impronment. We m.de a Yideotape of test and demonatration 3-D imagea for Milgnm to u.se 
with hit gla.sses. 

It now appean that a Dutch fi.rm will be manu!acturi.ag the glasses and oll'ering them com· 
mereially. 

Speech Recognition Experiment. All meau-clriYeD computer gnphica IIJslems sull'er from 
a need for two cunon, one ttaying in the data to pick data objects- atoms, honda, coatou.ra­
and the other selectinc eomma.nds from the menu. Uaing one eunor for both purposes requires 
ba.nd and eye to 8ip-8op betwHn the two regiona, Yiolatln.g Foley and Wallace'• maxima of Tactile 
Continuity t.lld VIsual Continuity. 

In 1!183-84 we experimented with using oll'-the-ahel! lpHch recognition equipment to do eo.m· 
ma.nd recognition in GRINCH. 

A!ter conaiderable inYeatigation, aided by computer tcientist Profeuor A!&.D Bierm:um of 
Duke, an expert in lpHch recognition, we selected equipment by Votan. Tbia proYidea state· 
of-the-art recognition for up to 256 isolated uttei'Uieea. Recognition ia 1pealter-dependent: the 
ayatem muat be trained by the UJer. 

A ttudent team from our Software Engineering Laboratory course built prototype software 
to integrate this equipment into GRlNCB, and they demonstrated .ueeeaaful operation in May, 
1!184. The team members were Br.d Freeker, Boward Gross, Eliubeth Bookway, Gray Moody, 
and Janette Druaer • 

The prototype b now being modified to product-quality aoftware. The lint test by a chemist 
la real production uu b tcheduled for Nonmber, U184. 

Bead-Mounted Di.lpl117. Profesaon Fuw and Broou continued their coUaboration on de· 
•elopln.c a head-mounted diaplay. Such a tyatem would allow a chemist to man around in a 3·0 
room-aind molecule, Py 20 em/ A. Yiewing and mwpulating. 

Gary Biahop, for hlt Ph.D. dlJaertation, denloped a whole new tcbeme for tracking the posi· 
lion and orientation of the head. Be wea a set of 12 head-mounted aenaors that Integrate motions 
of objecta in the room. He duicned a VLSI chip embodying optical senaon, amplifiers, eorrelatioa 

13 
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c.lrcu.it:y. The chip haa been through aneral fabricanonfredeaign i&eratioru and operates at a rate 
of 600.100 image~~faecondl 

This i.a a big project, whlch will take yean, but the amaor work Ia a major .dftllce. 

1.( 
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4. Collaborative Re.earch 

4.1 U~~er Collaboraton, 108S 

The scientific collabora&on who wed our facility i:n1983 are liated in the table. Enry member 
of our tum helped our c:oUaboraton with their work. 

M. Schiller 
H. C. Taylor 
B. Roth 

J. ~otley 
M. Cory 
L. Koypu 

D. C. Richardtoll 
J. S. Richardson 

D. MeR .. 
M. Z. Ataaai 
C. Wri&ht 

F. L. Suddath 
w. Cook 
H. Eiospur 

J. Kelly 
A. Blauroek 

A. AnderoeD 
J. Hermans 

M. Canon 
L . Pederse11 

M. Eutmu 
G. Lon& 

P. SiA&h 

Table 1: Resource Use", 1983 

Arconot National Laboratory 
~rktley Spriap Raeucb Cooaortium 
Burroach-WeUcome 

Duke Uaivenity 

Mayo Cliaic 
Medical CoUe&e of Vir&inia, 

Vir&ioia Commonwealth Uoive.,.ity, Richmond 
University or Alabama i11 Birmio&ham 

U11iversity or Colloe<:ticut 
Uoivenity of North Ca:oliaa Anwmy Dept. 

University of North Ca:olioa Biochemistry Dept. 

U11iveraity or North CuoliD a Cbemiatry Dept. 

University or North Ca:oli.Da Cbemiatry Dept. 

IS 

-
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4.% Cloee Collaboration• 

·; We eontiDued dote collaboratio11.1 and COD.Iul&atioD.I u to the direction of our facilicy devel-

,, 

f . 

' 
• 

opment with 

o Professor Jan Hermans, Biocbemiatry, UNC 

o Profeaaon David and J ane RicbarcU<>n, Biocbemiatry, Duke 

o Docton Barbara Roth, Michael Cory, Lee Kuyper, Burroughs-Welleome 

• Messn. Tom Haywood, Peter Quan:ndon, Stephe.u Todd, Dr. Andrew Morffew, Dr. William 
Wright, IBM UK Scie.utiS.e Centre, W~ncbe•ler, En«land. We han a balf-bour telephone 
conference between their ham and oun each week. 

4.3 Resource Adviaory Committee and ALlocation or Reaourcee 

Table n li•t• the memben of our Ad•i•ory CoxnmiUee. 

We currently offer the facility, and 1ucb help u - can ri•e, free of charge to any chemist: 

• who bu a ~eienti6cally interesting problem, 

o whose work ia at a at&ge where our facility might be uaeful, 

• who iJ willing to commit hls time, &rani money, and effort to a serious uae of &be facility, and 

• who iJ willing to (in UJ wriUen and oral feedbac.k from hl3 experie.uce. 
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Table D: Advisory Committ.ee Memi>Hs 

Name De&t~ Titlt Dtpartment IJ>stitutioo 

F . P. Brooka PhD. Kenan Comput.er UNC-CH 
Proteaeor Sc:ien« 

J. fiel1IWII Ph.D. Proleaeor Biochemistry UNC-CH 

D. Rkbardaoa PhD. ProltAOr Biochemistry Doh u. 

J. Richardson M.S. Aal!istut Allatomy DnhU. 
Professor 

W. V. Wript PhD. S.aior CommaJ>icalioaa mM 
Syst.ems Division 
Architect 

17 
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4.4 Dissemination of Information 

The availability of GRIP-76 iJ widely known amonr eryatallorn>phen. We publieir.e the 
facility by announcements a.nd notices at scientific meetings, by demonatrationa to all inkreated 
parties, ~d by word of mouth. Demonatrationa are perhapa the most eft'ectin means. 

18 
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19 



; 

•• 

,, 

• 

RR-09898-10 September 30, 1984 

Hrndri<koon, W .A. and Koon<rt, 1.R. Sunocbemi<J.!Jy R .. ll&iDed Cryttallop•pbit LtU1-oquu .. Re6otmrnt or 
).hcromoltcvk Struc\Urt.L Pr~t. latcNcti••al s,.,., .... .,. ... Bi•rafllu.elar Scr.ct•rt, c •• ,.,.Q ..... 
Fwocti .. , ••~ E .. loti ... Ediud by Srioiv&AD, R. Modras: Perp111oo Pr- Janu"'1 JDlll. I, 4$-S1, 
(1881). 

Heodrickooo, W .A. a.od Smith, J.L. Quolo<n>"'1 a.od Teniory St.ructun or H.mei')'UlrinL 1 .. ,,.,,.,., 01rgta· 
Bioliop p,.ltiu: &,..I.,., Artioc Sit<, .. ~ Fooclin. Edic..d by Lomy, kLD LDd Lamy, J-tu. New 
York, u ... 1: Martel I><k\er, be. ~%, (11181). 

Holbrook, S.R., SunmLD, J.L., Worrant, R.W., Church, O.M., a.o4 Kim SJ{. RNA-Up;od btttacLio .. : (l) M•5· 
oeoriun Bindinc Siut in Ytut !.RNA Pbc. Natleic Aciu RuurcA, 4, f8 (A""'tt), ·2811·2820, (1077). 

Honntko, R.B, Crawford, J.L., Monaro, ILL., Lacmu, J .E., Edw..-dt, B.F.P ., Ev...,, D.R., Wt.rreD, S.C., Wilty, 
D.C., Lodnu, R.C., and Lipoc<>mb, W. N. Oryot&J LDd Moleeult.r Suuctunot or Native Lnd CTP-lipndtd 
kpt.rhlt CLrbomoyhnnsftnR from EO<lerir!i• coli. Jn......J •/ M.ltcwl•r Bi<l•gr, J~. 2111-263, (11182). 

Kim, S.H. ond SussmLD, J.L. P i Turn ;, • ConformoLion&J Patt~ra io RNA Loopo LDd Bends. N.,.,,, t60, 
#~2. ~546, (IS April 1076). 

IGmball, M.R .• Sato, A., Ricbatdoon, J .s ••• ROKD, L.S., a.od Low, B.W. Molceult.r Conformation or 
Erobut.osin b; Atomic Coordina<eo as 2.SA ReoolutioL Bi•ck.;ul .. J Bi•,lrlirol Rc,.••cl c ......... . 
cOllin•, 88, #3, 800.858, (13 June 1870). 

Love , W.E .. f'itJ~era.ld, P .M.D., Hansoo, J .C., &lld Royer W.E. lnt.ennoltculor lnc..ractioQI in Cry•LO.I• of Hu­
mLD Deo• y Hcmoslobio A, C, F a.od S. Puc . Tlc /otc,.oti••ol Mcctiog •• Tlc Dud,,...,., •/ T&crap<a· 
lit Jlf tOif for Sirllc CcU (>iO<AU. ID-21 July 1878, ~7~, (IS170). 

MoDL<O, JU. .. Cr.wford, J.L., LDd Lipoc:omb, W.N. Thro~dimenoiooal StrutLuru or Aoport&Lt CubLmoy~ 
l:ran.Ccrut from Eecbtricbia coli and or iu Complu witb Cytidine Triphnophate. p,.,, Noti ... J Ac•Jcmr 
•I Scicotu USA, 1S, Ill, 5270.5280, (November 1078). 

Ricbazdsog, J,S, Th• lmporlr.nct or NoD-Locallnttrutioo.a r.nd Noo·Rtptlilin St.rurtuttt ill Pro~D foldill&. 
Abatncf..s ror USA • J•p•• Su• iaer •• Sd/-Org•aiuzi•• •I Prtttt'• M.tccalu, CoraeU UniT., ed. M.A. 
Sebe"'a, (1081). 

Ricb&rdson, J.S. Ctapt.en OD ·Inw-rprdation or Elecuoo Dcnsit.)' Maps· and •common Foldjn5 Patterns in 
Protoio OomLini' for Uttl•u io Ea.,..<lon : DiJr .. ti .. J/ctl•u /., Bi<l•gieol J./octo•.U.c.Ju, ed. 
Wyckolf. T'unuht!, (io prep.rasioo). 

Ricbt.rd.oo, D.C. ThrM-dimeuinn&J Sttuc<u"' of Cu, ZD Supero.xido Diomutue. s.,.,.~u, uJ s.,.,,;~, 
Di•mot•~<•. Edited by A.M. Micbtllon, J .M. McCord, aDd 1 Fridovicb. Loodoo, New York : Academic 
p~ ... 217·2"..3, (1077). 

Schevit>, R.W., Podjt.roy, A.D., KriobnLmotbt.r~ N., Hu,heo, J.J., Si&lt.r, P.B., .,d SuamLD, J.L. Cl')'rta.l 
nructurc of a tuk.,.otic initiator !.RNA. Noton, 178, f S700, 188-180, (8 Morcb lr78). 

Sc..nkatop, R.E., Siektr, L.C., ltM<D, LJI., .,d McQuttn, J.E., Jr. Strurturo of MtU.emeryU.rin at 2.8A 
Ruolution: Composer Orapbico Fit of.., Avtnc<d Elec<roD .Dcnoity Ma.p. Bioclc,..i.r,, 17, f13, 240U. 
2S04, (27 June 1078). 

s...., .. , J.L .• Holbrook, S.R., Church, a .M. , ... d IGm, S.R. A StNcture-foctor LtL~HqUt.rtl R.6nemtnt Pn> 
ec.durt. for Macromokcu1a.r Sc.ructW'u uain1 Coa.~tra.i.acd ••l Rutra.i.otd Pa.ramt\t.ra. ACTA Or,n.u.,,... ,u,., A$3, ~804, (1877). 

SUIIIDLD, J.L., Holbrook, S.R., Wa.rrLDt, R. W., Cburcb, O.M., ud IGm, SJI. Cf}'lllal Strueture of Yeast 
PbtaylaiLDint Tn.nsfer RNA. l CI')'ILO.ilopapbi< R.&tment. Ju .. ol •I J.l.lcc.J., Bi.lon, Jt3, f4, 
607·630, (2S A~t 1878). 

Su.m&D, J.L . .nd Kim, S.IL Idealised Al<>mic Coord.ioac..o of Yevt Pbenylola.ni ... 1'rLD.Cer RNA. Bioclc .. icol 
ao( Bioply•ical Rurorcl c,,,. .. ;toti•••· 68, f1, 811-8&, (IG7&). 

SUNDlLD, J.L . .,d IGm, 6.H. TbrM-Dimen.oion&l S.ruclun of a r,....rer RNA CommOI' iin Two Cryotal Fonno. 
S<iroct, Ut, f42t2, ~1138, (%8 May lr7&) . 

20 



RR-09898-10 September 30, 1983 

t.lntr, J.A Dttc,.,u'a.ta'oa ••~ Aa.J,,;, •I tle 2t\ Strwdwrt •I Bniat Ctpt>tr1 z,·., s.~,,.,ilc Di•mwtuc . 
Ph.D. Di,.,crtation, O.p&rtment or Biocbemi.stry, Duke Univtnity, (1082). 

Tr.iner, J.A., Gei.Jof!, E.D., B<em. K.M., Rich&rdoon, J.S., ~~.~>d Ricb&rdoon, D.C. o. .. rmination aDd Aoalyoia or 
the 2A Structure or Copper, Zinc Superoxide Di!mutue. J. .. a.J. •I MolarJor Biologr, 150, 181·211, 
(U82). 

Tr.ioer, J.A., C.uoll', E.D., Rie'bar<laon, I.S., aDd Ricbardoon, D.C., StNc:ture 1111d mecbaDiom of ooppex, sine­
peroxide clismut .... N.,arc, 306, 28~287. (17 November 108J). 

Taylor, H.C., Richard!Oo, D.C., Riehardaon, J.S., W1od-awer, A., Komoriya,. A, and Cba.ikeo, LM. 40Ac:tive" 
Conformation or an Inactive S.mio)'ntbetic Riboouele.-S. Jnra.J. •I Mol«rJor Biologr, 14#, 31:>-.317, 
(1081). 

Toerno&lou, D. and Pet.ako, G.A. Tbr .... Dimenlliooal Structure oJ Neurotoxin a from Venom of the Philippinea 
s .. Snke. Proc. Nolioo.J. AcoJrmr of Sciracu USA, 1l, ofS, 871-07(, (March 1877). 

Toerno&lou, D., Petoko, G.A., &Dd HudJOn, R.A. Structllt< and Function of Sn.alr.e Venom Cul'lU'imimetric Neu­
rotoxins. M<tleew.lar PAorm •c~<>gJ, 14, 110.716, {lg7s). 

Teernos:lou, D., Petako, G.A., MeQuten, J.E., Jr., and Herman.s, J. Mole(:ult.r Oraphic:s: ApplieatioD to Lbe 
S<rueture Determination or a Snue Venom Neurotoxin. S<ieace, U7, of{311, 1378-1381, (30 September 
1877). 

Toerno&lou, D., Peuko, G.A., and Tu, A. T. Protein S.qutocin& by Computer Graphics. Bioc1crrt.. ••• 
Bi•pArt. ACTA, l#l, 50:>-808, (1877). 

·wa..r~nt. R~·w. a.nd Kim, S.a Alpha Helix·Double Relit lnt.era.et.ioo: Structure of a Protamine-Transfer RNA 
Complex and Nucleoprotamine ModeL Nolare, 111, ofSGfl, 1~135, (12 J.&nUIUJ' 1878). 

Uopubliobed Coo terence p...,..o,ationa by Uaero 

HermtJ:UI, J.H. Ezcl•Jcl·ulwmc Cieor1 •I 1olrmc,...p•tc•'• tucruti•u ••nJ •• polrntr ,,., .• ttl.l.itlie~. 
Biophysical SocM:ty Meetin&, Boaton, M .... (Februsry 1882). 

Richa.rcbon, J.S. A Usu'a Euloa of Computer Grapbia for [Jiterpretin& Protein Structure. T4rurmu1•• 
Coafereacc, (biochemistry meetin&), Memphi!, Tenn., (28 March 1881). 

R icbardoon, J.S. One of two lectures on computer p-apbics clnn u •Ethel Ms. Wibon VlSitin! Scholar" at 
Vanderbilt Univ., Nubville, Tenn., (21 April 1081). 

Tr.ioer, J.A. &Dd C.I.Jol!, E.D. Metal Si,., in Cu,Zn Superoxide Diamutue. Mrt.J.• i• Biologr GorJoa Coafcr· 
ta«, Vtntura, Cali!., (0 FebruiU}' 1882). 

Wr"ht, H.T., Manor, P.C., Beurtins, K., and r~O<o, J.R. A CIJ'otal Structure oFYeut tRNA-Giy; Poaible So~ 
.. nt Ef!ecto on &.RNA Collformotion. Kot:er·Kotd.J.tq s,mp01iom, f7, brvl, (24 F•hruiU}' 1880). 

Wri&ht., H. T., Manor, P.C., Beurlin&, K., and Fresco, J.R. A Structure of LRNA-Giy Differa Markedly from that 
O.termined for tR."'A-Phe. Pitt•hrg1 !Xffroctioa C .. /enace, (I~IG November 1878). 

Publieatiooa by Builders 

Brittoo, E.G . A Mctiolologr /4'1r tic Ergoaorn•'t Du•'f• •/lahrufi·re Comp.:ter Gr•pL'c SrwfuM, ••4 it1 Appli· 
u~ti .. to c..,ot.J.Jo,••tlr. Ph.D. Di-rtaLion, University or North Carolilla, Cbapcl Hil~ North Carolilla, 
(1G77). 

21 



RR- 09898-10 Sep tember 30 , 1 984 

Brit iOn, E.G., Lipscomb. J.S., &~~d Piqut, M.E. Makins N-d Rota&lo .. Coonoicot for U.. Uou. Pr•< . Jl18 
ACN S!GORAPH C .. /., C'"''"'" Groplico, lt, f3, 222· 22'7 , (AU(Uot 1078). 

Broob, F .P., Jr. The Comput.et usdenti..Lu u Toolamitb: &udja in lot.en.ctive Compu&cr Cn.pbia:. 
Proc. Jn7 JFIP, 5~634, (1077). 

Broou, F P. Jr. t.~~d Pique, M..E., ~ Do., a Pro\oia Look Like: V'~ewo of U~>~tu Worlc!a, (..;dao~ape), ACM 
SIGGRAPH Vi~u R,.,·,,., (ill pn-pon&ioa). 

Foley, J.D. &~~d Wr~bt, W.V. All illkractin Molecular Grapbica Syotem with a SateUite Termloal Cl-ly Co~>­
pled \o i~a Host. (P&~~el cliacuaioo pooition papor) Prot. ACM 1g75 Aoo .. l C.of<,.'«< , 18-~. (1075) 

Lipocomb, J.S., Graco Period for P ickL ACM TrOJUodi .. , •• Gro,liu, (robmiu.d). 

Lip1eomb, J.S.1 Motion Deeompoeit.ioo, Ortbo&ooal.ity, a..od St.erco Di.play iD a Molecula.r Computer Oraphiu 
Syatem. ACM Troou•li••• •• Groplico, (accepted). 

Lipecomb, J.S. Reve,...d App.,ent Movement &~~d Erntic Motion 'With MLDy Refreobeo per Updato. ACM SIC· 
GRAPH, Com,.t<r Groplieo, 4, f4, 113-118, (Much 1081). 

Lipoeomb, J .S. R .. ;,,. •I Tlrre· llimeaoioalll O.'•pi•J Techipu ;. Molwolor C•m,.t<r Oropliufor O.,rtol· 
,,,,.,.,. M.S. Tbem, Univenjty of North Can>lina, Chapel HiU, North Can>lina, (1070). 

Lip~<omb, J.S. T1ru· Oirruooiuol O.u I•• • Molecuor Co,.polrr Groplico Srllera. Ph.D. Diastrt.ation, 
Univ.,.ity of l'orth Carollo-, Ch apel Hill, North Cuollna, (1081). 

Lipscom b, J.S., Brooks. F .P .. Jr., and Pique, M.E. T4e GRIP· 1S Moo·Mu4iot loltqote, ('<idtot.apo), published 
i.o ACM SIOGRAPH Vi~ro Ruicc, f4, (30 Au«Wt 108l ). 

P ique, M.E. , Fut S.D Display of Sp .... &Ui.ns MoiKulu Modtlo, ('rideohpe), S!OGRAPH v;;., R .. ir•, (in 
preparation). 

Piqut, M.E Nutt~ D,umie Rmlitu /., C•ml'lltr c,.pli.,. MS. Tbtsi.s, UoiYe11ity ol Nortb Cuolina., 
Chapel Hill, North Carolina, (1080). 

TtnEyck, L.F., P ique, M..E., a~~d Lipoeomb, J.S., UNO loteroctitt Rut<r Grcplict Soapier, (•idootape, 21 
mi.outa), Puhllsbed in ACM SIGGRAPH 'Viu• Ruir•, f5 (22 Oc10btr lS82).. 

W~lit.rllo, T.V. A Alu·Moclio.e loterfocc for lalerprotiof Elrctr .. Duoirr /o/cpo. Ph.D. D;.rtNioo, Univuat­
tJ of North C.,oJioa, Cbpel Hlll, North Carolina, (1082). 

Wri!lht, W.V. A• {altruliot C•m,.t<• Orcpllic Srii<M/•• lololt<Wlor Sr.~ ... Ph.D. Oi.ortation, Univeroily 
of North Cuolina, Chapel Hill, North Can>lina, ( i072). 

Wri!iht, W.V., GRIP: Ao laler~elitt Ccmpoter Gropliro Srotemfor Moluolor Sh~u. Computalio.,.l Cryltal­
lotraphy, ed.. Say~, D., Oxford UAiveroit)' Pr-, p. 2114, (1082). 

Wri&hL. W.V. The T•o-Di.menoiooallatc:rfaoe of.., illtcra<livc S,.ottm for Mol<<ular Studiea. ACM SIGPLAN 
••litu, 1, flO, 76-&;, (Oc1<>btr 18'72). 

Unpubliabed Conference Prt'lonlallollll b:r Build en 

Broou, F .P ., Jr. The GRIP-75 Man·machi.ot illterfa<t, (ln•i .. d opuke.r), Video PaDel S..ioo oo b\o.-ive 
S,.otem., ACM SlGGRAPH Cool., Dal.laa, Tena, (5 A11pa1DS1). 

Broob. F .P. Jr., Vi('., •I u.,,. w.r~u, kt')'DO&.t le-tt.u.n for Sclcau Ma,an'•t eoD(e.f'tDC't c •• ,.tc,., .·.Sci· 
••«, Cbioaco, (December 1012). 

Tco.Eyck, L.F. Hi,l·pe•f•""""" rooter f••pliu. UAitcd Kin,dom Moleculu Graphica Croup WorUbop, Ox· 
ford, EnsiLDd. (2Z-24 MLI'Ch 1882). 

22 



RR-09898-10 September 30, 1984 

Wr~h(, W.Y. (lnvit.ed rpeU.tr), lnl.orae(ive Comput.er Gn.phic:o iJl Moleculo.r SI.N<I.U~ Anal)'1i.t. /atcf'Scli•ul 
u ..... •I er,. r.Jl.QrapAcrl, o~.~ .... .., c ... od.., (Z2 AU~( 1U8l). 

23 


