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1. Summary of Research Progress 

We have built. and operate as a service resource, an effective interactive 
computer resource tor seeing. manually manipulating, and computationally 
modifying mathematical models of complex molecules. We believe that our 
present resource. called GR!P-75, has been shown to be as comple te and useful as 
any m existence. One lmpressive measure of t he power and utility of GiL?-75 ts 
that at least five of our clients have obtained their own graphics systems as a 
dtrect result of their successful work here . 

Our resource has dual objecttves. We are a service center provtdmg power­
ful computer graphics facilities and expert computer assistance to chemtsts 
studying macromolecular structure. We are also computer scientists declicated 
to advancmg the art of inleracttve computatton and mtcracttve, three­
dimensional gra phics. The objectives are- complementary. Our chemtst clients 
provide the essential foc us and a real. complex, and interesting dr1vmg problem 
for our computer science research; our computer science research m t urn pro­
vtdes our clients Wtth more powerful tools to improve the accuracy of t hetr 
results and. most Importantly. improve their msight into very complex struc­
tures. 

Our goals Cor the 1980-8: grant year were to obtain the equipment and per­
sonnel necessary to build a completely oew verston of our system using mor e 
powerful hardware and consolidatmg the knowledge gamed from five years of 
expertence with GR:?-75. our present system: and to continue production use of 
GRI?-75 for our chents. Some specific achievements during the past year were; 

l. Complete r efitting of Concanavalin-A by Dr. K. Hardman. of an immunoglo· 
bulin fragment by S . Bryant (Dr. M. Amzel. Principal lnvesltgator): of 
superoxtde d1smutase by E. Getzot'f and J . Tamer (Dr D Richardson, Princt­
pal lnvesttgator). and solution of the three-dimensional structure of a fish 
he moglobUl at low resolutton by E. GetzotJ and J. Tamer usmg molecular 
replacement and partial structure techruques . atded substanttal!y by our 
graph!cs system 

2. Development of a method for senu-automattc, computer assisted mterpre­
tation of e lectron density maps by T. V Wilhams. 

3 Procurement. installation. and checkout of all of the major hardware com­
ponents of our new system - a VAX 111780 computer, 300 MB disk storage 
unit, and a Vector General 3303 graphics system; and installatton. customiz­
mg. and checkout of our operatmg system software (the Berkeley version of 
the UI\:Xt operatmg system). 

4. Research m high performance raster graphtcs. We have transferred our 
results on depth cues for three-dimensiona l 1mages of macromolecules 
from the stick models of vector displays to the sol id surface models of ras­
ter displays We find that smooth motion kinelic depth cues are eflective in 
raster displays. and that kmesLhettc reedback greatly e nhances bolh 
kinetic depth cues and h tghltghtmg depth cues. 

5. Substantial progress on t he destgn or c~:?-X. our new system An overall 
arclutecture has been developed m conjunction w1th our collaborators m 
the U.K under Dr W. V Wrtght. the molecular data structure ts defined. an 
adjunct language for specifymg system commands has been proposed. and 
we are now destgnmg mtermedtale level data structures We ha,·e also 
obtamed a Wlde range of c rystallographic programs which wtll run With G:l:?-

1:JN1Y. .Js e Trad.e:r~8J'k of Bell l.abo:-etones. 
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X to provide our clients wit h a muc h wider range ol t ools with which to 
at tack t heir problems. 
These r esults all relate specifically t o our overall objectives. which are· 

l. To help our client biochemists obtam lhe most accurate structural mtorma­
tion their dat a wiU support. and 

2. To advance the art of mteractive graphics to the pomt that our clients are 
able easily to perceive the sigruficant chem i cal infor mation in t he ir struc­
tures, at all levels of detail. 
We beheve that the use of our system substantially improves a chemist's 

understandmg oi the molecules with whJch he 1s workmg. Our most valuable 
product Is ms1ght 

We have four goals for the : 98> 82 grant year 
Complete a les t implementalton of c~:?-X. We do not expect to com plete the 
production vers10n. but hope to t est most of t he new concepts in the design 

2. Incorporate full color raster graphics into GRi?·X. 

3. Produce et!tcient programs ior least-squares refinement of macromolecular 
crystal structures 

.;. Produce a program lor computer-aided semi-automatic filhng of molecular 
models to experimental electron density maps. 
F1ve years of exper 1once w1th GR!?·75 have shown us a number of inadequa­

cies. We a re now bulldmg a second-generation vers1on of this system, called 
G:<I?·X, designed to be more comprehenstve in the biochemical problems that can 
be attacked, more powerful m the mathematical tools avallab le, smoother 1n the 
user Interface. and constructed as product-qualtty, documented. exportable 
software 

Fundamental to our approach are the following objectives: 
• The CRIP system ts designed to help chemists get results from the1r 

research. and 1ts success Is measured only by t heirs. 
• c:<:? IS designed to help the chemtst VISUaiize hts molecul<?s, his dens1ty 

maps. etc. so that he can use hts knowled~e to gu1dc com;:>utat\onal 
processes Tha;. is. 1t IS an a1d to. not a surrogate ior. hu.-nan tiunkmg and 
marupulatton Hence a strong emphasts 1S placed on human factors 
research and on human engmeering or the system 

• c~:p IS des1gned to serve many users. not one or two. so it must mclude an 
armory oi alternative tools and techniques. 

• GRfP IS des1gned to mterface smoothly with any batch computations 1ts 
users must do, and to lncor;:>orate on-llnc facllit:es ior all computal\ons that 
can reasonably be done "while you wa1t " 
w., "" <.:ompuler scleOI.!Sts are mterested m G:l:? as a lest-bed for research 
10 man-machme systems des1gn. m man-machine mteracticn, and 1n the 
dcs1gn of dtstribuled computing systems. 
A corollary of these objectives is that we are heaq Jy dependent on observa· 

tion of and feedback from real users attemptmg to sot-·e real problems 
Our users are almost exclusively workmg on the structures of molecu!es or 

constderablc b1ochemtcal mterest: protems and nucleic ac1ds l'.'e advance 
health-onented b!ochem1cal research by enhanc:tng the productl\it} of mdr>J· 
dual researchers through bellcr tools. 
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1.1. Summary of GRIP Usage by year, 1975-1980 

Table I summarizes the use of the GRIP system for all purposes since we 
began demonstrations and productive operation on July 15. 1975. We. have not 
tried to estimate the system t ime spent on developmen t b efor e the beginning of 
productive operation but know il to be many hundreds of hours. Because we 
changed from manual to machine logging of CR:? sessions in rnid-1976, we beHave 
the true buildup of system usage to be substantially greater t han suggested by 
these data. We have observ~d that users tend to overes timate the time they 
spend USing GR:?. 

Table 1. GRI? Use by Year (Hours) 

1975 1976 1977 1978 1979 1980 Totals 

Production 329 561 781 1034 1108 556 4389 

Demonstrations : 2 50 ~6 1 137 43 57 460 

Development 297 186 198 213 345 109 1346 

Totals 638 8!7 1140 1384 ;<;.96 722 6197 
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Table II gives the use of the CiUP system by year for each team of biochemists. 
These teams are identified by their principal invest1gators . 

Table JJ. CRI? ProductiOn Time (Hours) 

User 1975 ~ 1977 1978 1979 ~ 'Mal. 
Hermans 7 29 42 13 ll :02 
Kim 200 321 105 24 49 42 74~ 
R1chardson 83 79 91 :88 384 297 t:22 
Lipscomb 12 :02 : :4 
Carter 27 2: 4 5 !6 73 
Jensen 46 62 :08 
Tsernoglou 85 1: 96 
James 19 19 
Low 55 :9: 65 3' . 
Davies B5 92 :77 
Schtffer 35 28 26 28 89 
Amma 163 35 198 
Wright 4-1 96 137 
Hendrickson 72 80 34 !86 
Schevtl:;: 74 74 
Love 94 94 
Kartha 109 109 
Taylor 89 45 134 
Rtch 78 78 
Sarma :88 :sa 
Olson 20 20 
Bugg 39 39 
Premllat ?• _ .. 24 
Arnzel 98 98 
Hardman 27 27 
Eggleston 3 3 

Total Hours 329 581 7CH 1034 1:08 556 4389 

Table lilts a list of the btochemtsts whose research teams have used the CRIP sys­
tem and thelr inslltuttons. These are llsted m the order or their first use of c:<:?. 
for groups sending more than one b1oche:mst to use ou!" system. the pnnclpal 
mvesligalor ts given first and the names of Ius colleag~.:es !oUow 10dented The 
mst1lUt1ons of these colleagues are given only where they dttfer from the pnnct· 
pal mvesltgator's In five cases. Sarma. Rtch, Love. Sigler and Amzol the prtncl· 
pal mvesltgator has made lttl!c or no dtrcct use of C:l:? h:mself 
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J. Hermans 
D. R. ferro 
J. E. McQueen 
T. KWllz 
M. Vac:c te!lo 

S. H. Ki:n 
J. L. Sussrr.a:> 
R. W. Wa:rent 
S. R. Holb~ook 

G. M. C:nrrch 
W. Shl.'fl 
C. J. Alden 

D. E. RicM:rdson 
J . S. R1c:1a ... dson 
8 . D. Getzoj 
J . A. Tei.l"!e!" 
D. Mc~ee 

W. N". Upscomb· 
J. L. Crawlo:-d 

C. W, Carter 
R. A. j ones 

L. H. J ensen 
K. We:e:1pa1Jg:,. 
R. :::. SterG:err.p 

D. '!'se~os:ou 
G. A. Pets!<o 

M. Jerr.es 
:.,. T. J. Delbe.ere 
G. Brayer 

B. W. Lo"' 
A. Sa;.o 
M. K!rr.'oc.Jl 

D.P.. De,'ics 
M. C, :.;u 
E. A. ?a&a_"l 

F. . L. A:n:na 
R. L. Gtrllng 
R. C. Pas:ay 

6 March 1981 

Table IIJ. GRIP Users (1975-1980) 

Uruve!s5ty oi North Caroli."la 
Istituto di Cbirnjca de11e Macrorr.olccole 

Un3versity oi Ce.lifontia School of Pbal'm.ecy, Sen Franci.fj¢0 
~ltute of Chem:st:-y , Unive:si~y oi Nap~es, ttely 

Duke University 

Dulce Uruvers~ty 

V:uversit:y oi ~,.or:.h Caroli"le 

iJnj·versit y of Was:-ti.n.gton 

Wi'!ync S:~:c :Jnivc:rsit.y 

Un:ve:-slty o: AJbe::e 

Na:io:tal Jlst.i:utes o~ Health 

Argo:-me Na ~:on.n.l L.abora:o-:-y 
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H. T. IV right 

W. Hendrickson 

P. B. Sigler 
A. Podjarny 
R. W. Schevilz 

it. E. Love 
IV. E. Royer 

G. i<arlha 

B. C. Taylor 

A. Rich 
J\. Woo 

R. Sa~me 
A. Leudin 

A. Olson 

c. 3ugg 
R. Almassy 
j, Fontecilla 

S. Premllat 

M. Amzel 
s. Bryan: 

K. Hardman 

6 March 1981 

Pr:nceton Urtiver~-:y 

Naval Research Lab oratory 

Uiriversity of Chicago 

Jo:ws Hopkins Urtiversity 

Roswell Merr.orial Ulslitu~e 

Berkeley Springs Research Consor..iurrc 

Massachusetts Institute of Technology 

S:JW, Stony Brook 

Nat1ona1 Resource f Ol" Co:n:?ut.ationat c:'lemi~ .... -y 

On.ivershy oi Alebeme. 

Unlversltede Nancy, France 

Johns Hopkins University 

IBM Yorktovm Heigh IS Research Center 

University of Nor .. h Ce..ro!ma 
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1.2. Changes in Resource Direction and Problems 
The 1980-81 year has been devoted prunarily to getting the facilities and 

personnel required for the development of CRIP-X. The facilities are now in place 
and we are proceeding with the des1gn of CRl?-x. Our hardware conJlguration 1s 
non-standard in ways which g1ve us a great deal more capacity tor our money. 
but which will not affect the exportability of our finished product. 

Dr Lynn TenEyck has joined the project as director and Research Associate 
Professor of Computer Science. Dr . TenEyck is a macromolecular crystallogra­
pher and structural biochemist, wltll particular research mterests in computa­
tional methods for protem crystallograph.y and interactive graphics. He plans to 
use our new system for research in numerical methods for macromolecular 
crystallography This is a new directlon for us. Previously we have been com­
pletely dependent on our clients for direction and information on the biochemi­
cal aspects of our work We still mtend to depend primanly on chent Informa­
tion and direclton. However, we now have more ability to mterprel and supple­
ment the client informat1on, and we can interact more knowledgeably w1th our 
chents. 

Because of our overriding concern with Cacilil!es and design of the new sys­
tem we d1d not advertise the availability of the GRI?-75 system dunng 1960. The 
natural result is that we had fewer clients We did serve three new users. two ol 
whom completely re-fit ent1re protein molecules. Since our staff situation has 
improved we are resuming limited advertising of ou r facihty . As soon as we 
finish building our new system we intend to concentrate on cltenl serVice as we 
have In the past. We expect that Lhe new system's unique fitting and refinement 
aids wtll attract quite a few clients At present GRI?-75 remains a powerful and 
useful tool. but is no longer unique. 

1.3. Cor e Research and Development Summaries 

1.3.1. Facilities for GRIP-X 
Y.ost of our effort over the last year has been de\'oted to procurmg and 

mslalhng the facilities for our next version of c:u. By careful confisurallor. 
analySIS and extensive use of second-source vendors we were able to stretch our 
equipment budget of S207.253 to gel aVIV< 111780 wtth 750 KB of memory and 
300MB of disk space for only Sl:8,067. The Computer Science Department had 
obtained money fr om NSF for another V IV< for departmental use. By poolmg 
resources we have come up with a situation in which everybody wms. In 
exchange for some of the currently s urplus capacity of our V IV< we have 
oblamed, through the Computer Sc1ence Department and the Mlcroelec\.rorucs 
Center of North Carolina. the use ol 1.25 MB of memory (m addttlon to the 750 
KB we bought) and a magnetiC tape dnve 'lie share the GRtP VAX Wtth other 
graphics users in the department: In return we get the use of the lkonas raster 
graphtcs system and the full resources of the department \'IV< -for example 
the Versatec printer /plotter and a He,~lett-Packard four-pen plotter 
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Our effective configuration is 
• VAX 111780 with UNIBUS but no MASSBUS; 
• the UI>1X operating system (Fourth Berkeley version tor the VAX) 

• 2MB memory 
• 300 MB disk storage 
• 80011600 bpi dual density tape drive 
• Vector General 3303 vector graphics display 
• lkonas RDS-3000 image processmg and display system 
• Summagraphics data tablet 
• i S-channel (expandable to 32) analog to dig1tal converter 
• serial link to department VAX. wruch has hard copy plotters. printer, 

and a d!al·up connection to the nat1on_al "USENET" UND< network 
Another large gam from pooling resources with the department Vl\X has 

been reduction of maintenance costs. We can use each machine to verify faults 
in the other machine. Rap1d identification ot defect1ve circutt boards translates 
directly to shorter and cheaper se!"VIce calls 

At present all ol the major hardware components for the new G!U? system 
are ln place and running. though not quite complete. The Vector General 3303 
graphics display does not yet have the cllp/zoom opt1on installed; delivery is 
scheduled for mld-Aprl l. We have not completed fabrication of the mteract1ve 
deVices and the physical workstation which will be used to control the program. 
However. the computer system Is running well. the operatmg system software IS 
working very well. and the VG 3303 IS a major improvement over the VG 3 on 
whtch CR!P-75 runs. 

Two major tasks remain with respect to CRIP facilities. We need to build the 
GRc? workstation. and we need to plan for the future. The workstation, includtng 
the displays and interactive deVices, has been designed by James S. Lips com b. 
Ltpscomb drew heaVIly on the experience we obtained from CR!P-75. including a 
human factors analysis of the wav the system was actual!y used. to develop a 
destgn wruch should be substantially easier to use for long penods wtthout 
fatigue The new design should be eas1er to use than the ex1st1ng system, ln part 
because a great deal or attention was gtven to simpli fymg the layout and control 
of intPracttve deVices. We are presently fabricating a test vers10n of the new 
workstation. 

We have been convinced for some tune that a color graphics facility for CRIP 
would be very desirable. Color provides another dimension which we can use to 
encode information for our users . Unfortunately there have been no color 
graprucs systems With the lme drawing speed and update rate we reqwre Trus 
Situation bds recently improved. Color !me drawing d1splays have been 
developed by several manufacturers which. although they do not have a Cull 
range of color. do have adequate speed Raster graptucs systems with color 
maps and Internal processors are another promising avenue. The Ikonas RDS-
3000 is an extremely high performance raster graphics system. and we hope to 
expenment with 1t for ttus purpose. These systems w11l be used to present more 
of the mformation inherent in the chemist's data than we can presently show 
Our present program destgns are reserVIng the parameters needed to tmple· 
ment thts. 
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1.3.2. Design of the New GRIP 
The field of protein crystallography has moved rapidly in the last five years. 

GRIP-X will have to be far more tl.exible and powerful than GRIP-7~ if we are to lead 
in the field of molecular graphics. We identify three categories of users: fitters. 
viewers, and movers. Fitters are protem crystallographers adjusting or creat­
ing a molecular model to fit an electron denstty map. Ytewers are those study­
ing a series of structures looking for homologies or attempting to characterize 
macromolecular structures. /Javers are biophysical chemtsls studymg molecu­
lar interacttons or molecular dynamics. All three categones of user s place spe­
Cial demands on a molecular graphics system. 

Fitters typically work in two stages. ihe first stage is obtaining a molecular 
model. by hook or by crook. The second stage, at least m recent years. is to 
refine the molecular model against the crystallographic data. Both steps 
require the ability to ed1t tbe molecular model conveniently . Lack of such facil­
ity ts one of the detictencies in GRIP·7~. We are designing the new GRIP to mclude 
edttmg of the structure at several levels -the atomic level, the residue level, 
and perhaps the secondary and terttary structure levels. 

There ts no general agreement concerning the best methods to be used dur­
mg the refinement stage. Thus Ga:? must not only support refinement. 1t must 
supporl research on refinement methods. We are proposing to make avatlable to 
the user a variety of automatiC and semi-automatic aids to filling, such as bump 
checkers, on-line geometry idealizers. and perhaps a u tility to evaluate meas­
ures of t he current goodness of fil to the expenmental electron density map. 
We are also plannmg to include a converuent mlerface to balch programs for 
such tasks as structure factor calculatton. partial structure dtfference map cal­
culation. and structure factor least squares refinement. fmally. we will support 
generat1on and ma.mpulation of structures w1th non-standard geometry. (Such 
structures can eas1ly artse durmg refinement.) 

Viewers generally have very elaborate graph1cs requtrements. They need to 
be able to marupulale several structures at once, With both automauc and 
manual control of relattve orientatton They need to be able to edtt the picture 
{as dislmguished from editing the molecule) very extensively. Viewers need the 
ability to tdentlry and marupulate as untts various substructures w1thln the 
molecule - hehces. sheets. and domains, for example: to selcclively display 
chemically sigmftcant features of the molecule: and to show vanous abstractions 
oi the molecular structure. (Common structural abstractions are the ~-carbon 
skeleton of protcms. nbbon diagrams, and representalton of helices by cylinders 
or fl-sheets by broad arrows.) Present plans !or GR!P·X do not mclude immediate 
full support o! all of these features, but do Include the books necessary to install 
them . We will prov1de the ability to idenltfy and selectively dtsplay various Stlb· 
sets of a structure. 

We do nol ynl hAvP. " satisfactory analysis of the r equtrcmenlt of movers. 
Obvtously they need some of the features requlred by Viewers. Just as ob,'iously. 
they need a wide variety of automattc a1ds for evalualmg different conforma­
ttons and mleracllons We presenlly belteve that the same features of the sys­
tem design which Will provide automattc a1ds for fillers will also be adequate to 
mcorporate the automatic a1ds requtred by movers. 

The destgn and tmplementalton of GR!P·X ts in progress cooperatl\' c ly w1th 
the lBY: \.:ruled Kmgdom Scientific Centre at Wtnchester. England. We are stnv­
ing for a common archtlecture for our systems (that IS, they should appear the 
same to a user) even though we wttl necessanly have d1fferent 1mptemental10ns. 
Dr William V Wright. who directed work on CR!?·75. is now at t he IBM U. K. 
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Scientinc Centre. The new design incorporates some novel human interaction 
concepts developed by Dr. Wright. Jt will also proVide, in addition to the manipu· 
lation of structures by knobs and joysticks as ln the present system, some very 
interestmg ways of specifying structural manipulations !rom a data tablet (We 
are continuing our popular tradition of providtng our clients Wllh a "'ide selec· 
lion of techniques and strategies.) The desq;n etiort has proceeded to the 
specification of an adjunct language for combining system pnm1tlve operations 
and a data s tructure wluch we believe is sutftclently general to support all of our 
intended applications and IS expandable for new applications. We are now 
designing internal data structures related to graphical operations and struc· 
tural manipulations. 

1.3.3. Ridie-l.ine Methods for Initial Fitting of Models to Densities. 
From a btochem1cal pomt of vtew the most excitmg progress during the last 

year has been the work by Thomas V. Williams on developing methods for semi· 
automatic mterpretation of electron density maps. Present methods for the in!· 
tial interpretatton of an electron density map require the construction of a coo· 
toured map wluch shows the probable domain of a whole molecule . Thts map IS 
then examined manually and the polypept1de chain is traced The cham tracmg 
is used to bwld a molecular mode l. etther physically or on a compu1.er graphJcs 
system. {A few models have been built entirely on computer graphics systems. 
including the chain tracmg: tlus ts extremely difftcult because of the limited 
fie!d of vtew of present graphics systems.) ThJs process takes weeks. Williams's 
method looks as though it might be able to obtain an initial t'itting m a few days 

The approach taken by W1ll!ams IS related to those explored by Jonathan 
Greer and by C. K. Johnson The computer extracts ridge lmes from the three· 
dimensional dens•ty map, connecting them to form spannmg trees The com· 
puter then examines the trees and graphically presents a tentative interpreta· 
lion to the chemist. The chemist can modify the interpretation, for example, by 
alter ing the assignment of main chain and side chain at branch pomls, or identt· 
fying specific residues in the sequence, or reversmg the direclion of the mam 
chain 10 a reg1on of t he map. The program then generates a ne" interpretation 
based on the chemtst's assumptions and presents the results for further 
modification As sections of the molecule are Identified. the ndge hne graph 
becomes a molecular model 

We expect this approach to succeed beyond prevtous explorations because 
of the inserlion of human pattern recogrutton into the process. Ridge llne 
abstractlons of the electron density map are difficult to mterpret automatically 
because they are noisy, contain gaps from sampling artifacts, and conta.Jo extra 
connections to bound solvent molecules. or cross-links following hydrogen bonds 
in lhe structure. The combmation ol spurious gaps and spur1ous connections 
makes the total topology of the ndge lmes d1tfer su!>stant1ally from that of the 
molecule However, there are many reg1ons -m fact , most of the volume of the 
molecule -in which the ridge lines are a good representation of the molecular 
structure. The difficulties encountered by earlter a ttempts to solve th1s prob· 
lem automatically are, we think, due almost entirely to the mabiltty of programs 
to backtrack sensibly when they mismterpret a sect10n of the map. A program 
can generate a poss1ble mterpretatton of a r1dge !me map rap1dly. but the 
mterpretallon w1U a lmost cerlamly be wrong - m many cases. ludlcrously so 
The mteract1ve graphics system then lets the chem1st p1ck out those areas 
which are correct. and alter the interpretation of those sections m wluch the 
program went wrong. For example, the chemist may declde to bridge a gap. or 
break a connection that see ms to be spurious or weak, basing Lhe deciSion on 
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his chemical knowledge of the properties of the molecule. The program can 
then preserve t he correct regions and derive a new interpretation for the dubi­
ous regions based on the new assumptions. 

We are particularly encouraged because this method combines t he 
researcher's pattern r ecognition abilities and chemical intu1tion with the 
computer' s rapid generation of t rial st r uctures. Tlus strikes us as m uch more 
feasible and fiexible than trying to come up with a set of rules which would per­
mit the com puter to do the whole job. That approach essentially requ ires that 
the program have as much knowledge of stereochemistry and density maps as a 
chemist has acquired through years of experience. Additionally, Williams has 
obtained some very encouraging results represenliP.g rea! e lectron density maps 
as ridge lines , The data assumptions underlying the method thus seem sound. 
We have high hopes for the success of this project. 

1.3.4. High Performance Raster Graphics 
There are aspects of molecular graph ics for whtch ras ter graphics are much 

better sutted than line-drawing graphics. Examples are space filling representa­
tions of molecules and full color dtsplays . The lkonas color graphics image pro­
cessing system att ached to our VAX has a frame buffer that can be used either 
for a picture 512 by 512 pixels with 24 bits per pixel. or for pictu res 1024 by 
1024 pixels wit h six bits per pixel: a color map, which can map any pixel value 
into 30 bits of color information: a cross-bar switch. which can arbitrarily per­
mute the bits tn each pixel before they go lhrough t he color map: an in ternal 32 
bit processor with a 200 nsec cycle l ime; a multiply-accumulator m odule. whtch 
can multiply a pair of 16-btt numbers and accumulate a 35-bit sum m 200 nsec; 
a video dtgttizer for storing video sfgnals lnto the frame buffer; and a lllgh reso­
lution monit or. We have begun expenments to det ermine how a devtce of this 
nature might be used for interactive molecular graphics. 

James S. Lipscomb has contmued his work on depth cues reported last 
year. and finds that the kinetic three-dime nsional effect ls a powerful aid in 
visualizing the s t r ucture of a complex molecule even on a full color raster 
graphics system. This was done by storing s everal images in the frame buffe r at 
once. and sv.'itching among t he images as the user moved a hand control back 
and forth across a data tablet. Lipscomb also confl.rmed h is previous result tha t 
kinesthetic feedback is an important a id. With as few as four views in t he frame 
buffer a satisfactory Ulusion o f continuous rocking is obtained by the person 
operating the hand cont rol : to other vtewers lhe tllusion ts weaker. 

Langridge. Ferrin, Kuntz, and Connolly at the University of California a t San 
Francisco Computer Graphics Laboratory have demonstrated the value of 
representing molecular sur[aces by a colleclion of pomts placed according to 
lhe reentrant surface ideas of Lee and Richards. This represen ta tion requires 
the drawing of sorne flOOD - ?000 dots . with color coding a very valuable adjunct. 
Such a representation is most useful when combined with a stick drawing of the 
molecu1e and dynamic motion to change the viewpoint, e nlarge features oi 
mterest, etc. This sort of dynamic drawing cannot be done on a classtc frame 
butrer system, bul it appears possible on th e Ikonas. We will be able to use the 
multiply-accumulator module lo transform the points according to t he current 
vtewing transformation, a nd the lkonas internal processor to selectively erase 
the old points. d raw t he new points, and generate lines between selected pan·s of 
pcmts We expect these displays to be a valuable adjunct to G:l!P·X. 

One of t he best possible depth cues, fo:r those 1~ho can see tt , lS stereo. The 
lkonas morutor runs at 60 Hz non-interlaced. By using tb.e cross-bar swttch to 
exchange images every frame and havtng the user vtew the dtsp lay through an 
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appropnate shuttering device we expect to be able to show v_ery stable stereo 
Images with full color and 512 line resolution. or eight colors and 1024 line reso­
lution. In a system of this nature the limit on the complexity of the picture IS 
determined by the fineness or the raster, rather than by the number of vectors 
to be drawn. Any picture that can be stored in the frame buffer can be viewed in 
full stereo by this method. This raises the very interesting question of a suitable 
representation lor an electron density map on a stereo raster graphics system. 

David M. Holmes, one of the GRiP research assistants in 1980, developed an 
extremely creative use of the lkonas color map. He is able to improve the three 
dimensional appearance of a molecular drawing by representing the molecule m 
conventional style as a collection of highlighted spheres. The unique feature of 
his approach is that the apparent pos1tion of the light source 1s under the direct 
control of the user in real time . As the user moves a hand control the picture 
changes as though that control were positioning a spothght Holmes accom­
plishes tlus very dlflicult task by stonng m the frame butler a value encodmg 
lhe direction and color of the vector normal to the surface at that pomt Then, 
g1ven a position lor the light source. he can calculate what the color value 
should be for each of the posstble directions of the surface normal He uses thls 
information to set the color map so that each facet of the surface ls shown m the 
correct color and bnghtness. Thus changing the posttion of the light source IS 
reduced to the rapid operation of loading the color map. rather than the costly 
operalton of recomputing the contents of the frame butler. From the user's 
point of view, the net effect is substantially improved three dimensional percep­
tion. In any view there are areas that seem rather flat. An appropriate position 
for the light source can optim1ze the htghlightmg for any part ol the structure. 
With Holmes's system that posttion can be found easily and rapidly Cor photog­
raphy. More important, the moving htgh.l!ghting enhances perception and intui­
tion. 

2. Administrative Changes 
The principal admtrustrattve change during the :980-:981 year was the 

appomtment of a btochem1st Dr Lynn F TenEyck. as the project dtreclor. Dr 
TenEyck ts the semor full-time member of the project. Dr Brooks. the Princt· 
pal Investigator. pro111des overall dtrectton. 1\fo oi the ~ajor contributors to 
CR:?·7:1, M1ke Pique and James Lipscomb, have assumed fu!Htme status with the 
project. Pique completed the reqUirements for his Y..S. degree ln computer sct­
encc Lhts fall. Ltpscomb bas completed all of the requirements except a trivtal 
one for his Ph.D. 

We have recruited two new graduate students for t he project this year 
Lawrence !1.. Lifshitz has a B.S. in physics from Harvard University, and a strong 
mterest in scientific computing He is in our Ph D. program: we hope to have 
rum wtth us on the project for several years. Michael Holder IS In the Y. S pro­
gram here. He has a B.S. in mathemaltcs, and several years expenence pro­
grammmg command and control computers for ~he t: S Na,·y We expect 
Holder to be wtth us for at least another year 

Phil Stancil. our electrorucs cngmeer hire<! at tl:e end of the ~979<960 
year, has proven an invaluable asset lo the project. He has proven adept at con· 
verting expenmental prototype equtpment mto souncly engmeered producuon 
dev1ces He has demonstrated lhe ab1hty to des!gn new equtpment as ~>' c need 
tt . Fmally. w1thout hts knowledge and ability our maintenance costs would be 
greatly mcreased. 
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3. H\ghlights 
The large molecules studled by our clients are extremely complex. Their 

properties depend in subtle ways on the specific three-dimensional arrangement 
of the atoms which comprise the molecule. It is difficult for a chemist to visual­
IZe in detail a structure with several thousand atoms. The only satisfactory 
method for learning such a structure is to study a model in three d.lmens1ons. 
Mechanical models are unsattsCactory The metal and p lastic get in the way, and 
are difficult to modify. A computer model, however, can be rotated into any 
position. looked through. bent. colored, and generally taken apart for study. 
The CR!? system enables a chemist to see new things in his molecules. and mani­
pulate the molecule to see the consequences of hypothetical changes. These 
features greatly improve the cbemtsl's insight into the properties of the 
molecule This insight is our most Important product. We are pleased to report 
on two of our projects directed straight at increasmg the chemtst's understand­
ing of Ius data. 

3.1. Ridge line map fitting 

Production of a molecular model from an electron dens1ty map IS a process 
that has vigorously res1sted automation T. V Williams 1s producing a system 
based on artificial mtelhgence methods wtuch relies on the real tntelllgence of 
the chem1st when the artifictal mtelligence of the computer fa1ls to mterpret the 
map. 

Williams's work 1s based on transforming the data into a form that looks like 
the stick figure p1ctures of molecules chemists are used to deal1ng w1th. The 
usual representation of electron density data on a computer graphics system 1s 
as a sort of birdcage around the space occup1ed by the molecule The molecular 
shapes are very complex. so the density (for a good map) has the appearance oi 
a twisting. branching tube The "r1dge ltne" representation of a map conststs of 
runnme hnes down the mtddle of the tubes and throwmg away the tubes. The 
goal IS to lake advantage of the chemist's knowledge of molecular structure 
whale exploatmg the computer's abthty to !'ap1dly apply a lot of rules When l~e 
computer gets confused the chemtst makes the dec1s1ons. 

3.2. Ra!:ter Graphics 

The work of J. S. Lipscomb and D ~. Holmes has shown that ll is possible to 
get greatly Improved three-dimensional perception oi 1mages produced on a ras­
ter graphics system by changing the p1xei interpretation wlule the picture is 
betng displayed. Li pscomb was able to produce moVing pictures of very complex 
objects: Holmes was able to change the h ighhghtmg (an important depth cue) at 
v.1ll under direct and immedtale use r control. ln both cases the Important 
result IS much improved perception of complex mformat1on 
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4. Resource Advisory Com.mitlcc and AUoeation of Resources 

Table IV hsts the members of our Advisory Comtruttee. We currently offer 
tbe facihty, and such help as we can give, free of charge to any chemist. 
• who has a scientifically interesting problem, as assessed by the Committee, 
• whose work is at a stage where our !acillty might be useful, 
• who is Willing to comm1t his lim~. travel money, and eaort to a serious use 

of lhe facility, and 
• who is willing to give us written and oral feedback from his experience. 

Table TV Advisory Committee ).~embers 

Name Degree Title Denartment Institution 

F'. P. Brooks Ph.D Kenan Computer U~C-CH 
Professor Science 
& Chairman 

J Hermans Ph.D. Professor Biochemistry Ul'\C-CH 

D Richardson Ph.D. Professor Biochemistry Duke U. 

J Richardson M.S. Asststant Anatomy Duke U. 
Professor 

W V Wnght Ph.D. Seruor UK Sctentific IB!:. England 
Systems Centre 
Architect 
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5. Dissemination of Information 

5.1. Announcements of Availability 
As explained above, during 1960 we made no effort at pubhcizmg the 

resource's availability because of our limited capacity to mcrease our servtce 
level. and our desire to move forward m installing our new faclllttes . 

5.2. Demonstrallons 
Some 57 hours of 1980 resource ttme were used m demonstrations. Dunng 

1980 we demonstrated CR!? to l he followmg btochemtsts and computer scientists. 

Dr. R. Adrion 
Dr J . D Andose 
Dr C. Bollmg 
Dr B L Bush 
Mr C. R Carroll 
Y.r 1.-: Conrad 
Dr ~- Emspruch 
Dr . R. Ernshaw 
Dr . Hebner 
Dr z. !<edam 
Dr E. D Lazowska 
lf.r J. Logue 
Dr J Metndl 
Mr A M.ortrew 
Dr J. C Mudge 
Dr T. P . Murtaugh 
Dr J Ortega 
Dr lJ Shant 
Dr C. Smtth 
JV.r M Tarvtd 
Dr S. G. Wastlew 
Dr N. Weste 

National Science Foundation 
}f.erck and Company 
Bell Laboratories 
1<lerck and Company 
Cahlorrua lnstttute of Technology 
Uruverstty of l'orth Carohna 
Umverslty of .\~iami 
Universtly of Leeds. England 
Untve rsi ly of Toronto 
SUNY Stony Brook 
Univers tty of Washington 
18~1. Components Dt\"lSton 
Stanford uruverstty 
JB~ UK Sctenttfic Centre. England 
Dtgttal Eqwpmenl Cor poration 
Cornell Universtty 
Umverstly of Ytrgi:-:ta 
Unlverstty of Rochester 
UniverstLy of Te:<as 
Independent Consultant 
Bell Laboratones 
Bell Laboratortes 
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Author(s) Tit l e of A· ti:t e 
~~~~~-----------------Pages <e.g . , ·~4-

, JnJrnal, Volune, Nu~ber , 

,g), Yt ar Published 

*Lipscomb, James S. 

*Pique, Michael E. 

"Reveraed Apparent Movement and Erratic Motion with 
Many Refreshes per Update,' ' Computer 
#2 (in press ) 

Graphics, _12, 

Molecular Graphics, M.S. Nested Dynamic Rotations for 
thesis, Department of Comput 
North Carolina at Chapel Hill 

er Science , University of 
, 1980. 
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#11, pp. 6496--6500, 1980. 

"'Active' Conformation of an Inactive Semisynthetic 
Ribonuclease- S." submitted to J. Mol. Biol. 

"A Crystal Structure of Yeast tRNAgly. Possible 
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*Conference presentation only; conference director requested no discussion of 
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r.P.ANT rru~P: I p 14 b J R J it] Ql_g_ La J 9_1 ,?_ [ .I<L.I 1.. I _REP~Rr PERJoo May 1. 198o TO: April 30, 1981 UllC I . 
SC:CTINLJ R!::SOIJ!'!_CE SUI"MARY TAOLE ··- -- -- OJOTECIIN(lLClliY llESClURCES ' 

1 2 3 
I, 5 6 7 I 

RESOURCE CO~ONENT llumb~ r Nu.,ber fiumbtr ~~~~ " ~ (ilr.lflr: ORP Fun<Js Resc Jrc•• 0 t !u~· r l Sut.proj rublics InveH igato<s n.,,,.,,r•' 1fJ""'" 1 j : " courc<' Allocatt>rl fPpS ($) fur:ls 
s CollHtcd j s echn1Jl09iPS" Llst:>rl~ 1~ t~ff Hr< 

COPE RESEARCH & 
!·EV~LOP;~-·~: T 

T:iTAL: I 4 I 2 ·-·- l15 l-com~uter .. I 1200*] 13936 I I ~ 

cc 
I & SER\'ICE 
I - ~ - -r6TAL: -;i<>]- 3 I 14 I_C_omp~ter-- !~6T-243 I r- --·--r- --; 

grapliiCs , 
Ti!f,INING ___ IIYstem 

T-- -.- I I I I I t TOTAL: I I I I 

-p;trt;{?'I SC r-:;::- -- -~ ·-1-- I __ -=---~ :::.:. --... . "'---- ·-- ::::?=<:t . I IVIt\lo.. · ~--- I 

TII'IE ' · ' "' ' .. nl. :::,:::.-:;:. ~ . - -~ l (336* ) -IOTJIL: Computer -
·-- - ·grapliiCs 

system 

., GPANO TOT~LS· lll 5 19 1756 14179 - 0-

* Estimated; our nev systems do not ybt have automatic accounting. 
I 

** Two weeks scheduled do1mtime to move the system to a neighboring room and rebuild the interactive devices, 
not included in grand total. 
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