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fAbstract

Computer graphics devices offer a way to present
images of three-dimensional objects with enouch
detail to aid human understanding of the structure
of molecules. in this thesis, the Computer Aided
Molecular Design system (CAMD system) will illus-
trate this idea. The CAMD system is an education-
al package designed for students in high school.
The user of the CAMD system can create different
molecules and store these molecules into a rela-
tional data base for future display. A Relational
Data Base Management system was implicitly imple-—

manted for the CAMD systemn.



1. Introduction.

1.1. Display of Molecular Model.

Chemists have used mechanical models to study and
understand the structure of molecules. particularly larges.
organic ones. These models represent the locations of
atoms in  the molecule relative to one another. In this
project. users . especially the student in high school-

can create and retrieve different molecules to display on

The CAMD system produces colored, and ball-and-stick
renditions of molecul ar models with righlighting
(illumination. shining. or shading). The purpose 1s to
allow humans to visualize molecules interactively in a
mannar similar to that offered by plastic ball-and-stick

models.

Some basic geomeltric structures are supplied as tools
for users to coreate new molecular mnodels. Thess
geometric structures are line. triangle, trigonal plane,
square plane. tetrahedron,. trigonal pyramid. trigonal bi-
pyramid. octabedron. and square pyramid. For example.
both methane (CH4) and carbon tetrachloride (CCl14) are
tetrahedral models. If these two molecular models have to
be created. then these two tetrahedral models will be

different in the radius and coclor of some atoms. The atom
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of carbon will be the sams of color and
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whenever it appears in any geometric model in the CAMD

systam.

During the last fifteen years a number of graphic
systems have been developed for researchers to model and
study molecular structures. The ATOMS system has bDeen
developed at Bell Laboratoriesz. ATOMS is a set of FORTRAN
subroutines for depicting. in color. configurations of
space—filling atoms ard/ or ball-and—-stick models.
Fictures are rendered as in traditional cartoon animation:
zolid wmonochromsg areas ssparated by thin black lines [Z31.
The user supplies ®. y. 2, radius, and color information
for atoms) atom pairs. thickness and color for bonds, also
parameters defining rules for viewing and picturs

drawing—including position andg oriantation of

il

hypothetical camera in use-~defined space. The system is
ideally suited for use with a filming unit that contains
or is driven by a minicomputer. The host conputer  can
then per form visibility calculations. yvielding
paraneterized descriptions of visible patches of various
colorsy a routine resident 1in the wmini generates the
appropriate set of parallel vectors to fill solidly sach
patch area. The system is intended for both esducaticnal
stills and movies. and for research purposss that benefit
fraom good visual display of hypothetical morphologies and

kinetics. The goal of the system is efficient-and thus
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affordable-conputation yislding approximate perspective
views of user—defined situations. This is achieved Dy
using simplified picture elements and simple. approximate
calculations while maintaining visual wvalidity for the
configurations that make sense for chemistry. FPicture
elements treated are in fact bournded only by circular arcs
and straight liness efficiency is Ffurther enhanced by
doing mast of the computation on  the picture plane-a
circumstance commonly called "2 1/2 D" which deals with
flat objects that hide pieces of one another according to
an  ordering in  depth. The intended pictorial output
consists of filled, solid-color areas separated from one
anaother by thin bDlack lines as in standard cartoon cell
animation. This is done normally either by exposing color
film directly in a +ilming device containing a coloe
wheel. or by making the appropriate sequence of colore
separation negatives. to be combined and colored later by
optical printing. This system is particularly well suited
for- use with a film exposing device containing or driven
by a minicomputer: the main (host) computer®s job is then
to perform visibility calculations. delivering to the
actual picture-drawer a list of parameterized descriptions
of patches of various colorsi the mini contains a program
for calculating the many parallel vectors that effectivaely

fill the patch. This is the system with the following

properties: it treats ball—-and-stick miode 1

]

?

interpenetrating atoms. and intermediate stages; it yields
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perspactive pictures in color with nidden surfaces

removed: 1t is computationally fast.

Chemically Oriented Graphics System (COGE8) is &«
molecular modelling system. for small and macro-molecules.
which incorporate a wide range of functionality has been
developed L[2&63. The system is ‘tuser friendly’ and is
controlled almost exclusively by a puck {mouse) . in  a
manner akin to the Apples Macintosh. The system is written
in FORTRAN 77 and the graphics adheres fo the CORE
standard,. so that a reasonable degree of portability is
assured. COES is a molecular modelling program  designed
T be useful in  fouwr major  areasi small molecule
aterecchenical design. model building. and comparisons
investigation af the interaction between organic oe
inorganic crystal lattices witn small and mediun sized
organic molecules; enzyme-substrate o enzyme-—inhibkitor
docking studies: and protein engineering. The system is
designed to be as comprehensive as possible. while
remaining easy to use. COGS was developsd by White and
Fearson in 1985, UK. Most of the facilities in DOGES
perform their operations immediately. with the obvious
exception of molecular mechanics and molecular dynamics
calculations. and conformational search procedures. CiEs
incorporates extensive error checking so that it is very
difficult: but not yet impossible. to crash the program by

doing something nonsensical. When an srror is trapped the
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user is always given an opportunity to correct it
(interactively) without losing place in a sequence of
commands. There are a number of main mend entries  in
COGES: each of which is the head of a tree of a number of
submanus. The "draw molecules" option allows models to be
constructed Ffrom a 20 structural chemical formula of the
desired molecule drawn with the puck. This occurs in
exactly the same way as it would be drawn by a chemist

-

using pencil and paper. This 20 diagram. of connected
atoms of different types. is converted automatically by
COGES into a full 3D molecular representation which is then
displaved on the scresn. Models constructed with draw
molecules option will overwrite any other moleculel(s)
currently in the workspace. C0G%5 consists of a family of
subroutines (arcound 130}, each with a single well defined
and logically distinct Function. which communicate with

@ach other wvia FORTRAN common blocks (argumsnts to

subrout ines are avoiaged where sensibly possibled.

and lomg variable names (with words separated by
underscores) so that the intent of sach subroutine is
clear and may almost be read as English text. Iin addition
gach subroutine has a multiline text header describing its
function. entry points. references to the algorithm used,

atc.
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The MAGIC system (Modeling And Graphics In Chemistey)
has heen developed {for interactively handling and
manipulating in the computer molecules usually dealt with
in organic or inorganic chemistry [271. The emphasis has
been put on fast input. displays and editing o
structures. MAGIC Overcomnes disturbing track ing
subpictures for the light pen and the clumsy operation by
simultaneously manipulating light pen and keyboard. The
system is designed for sasy use. is self explanatory. and
does not require any complicated command language. All
functions of the system are invoked wvia menus using a
light pen. The system has powerful modeling and display
functions allowing for directly modaling molecular
structures with a light pen. The MAGIC system is designed
by Bauer and Schubert at Organisch-Chemisches Institute.
West Germany. in 198Z. Imn order facilitate direct editing
of structures stick diagrams are used to display the
structures on the screen. PMore elaborate pictures with
atoms represented as spheres and hidden lines eliminated
can be generated on a plotter. The functions of MAGIC may

be conceptually divided into modeling functions and those

for computing structural parameters and saving oar
recalling models. Modeling a structure comnprises
gntering, editing, and display the structure. Stick

diagrams appear on the display in order to keep the nusber
of subpictures small and to avoid Flickering of the

SCIeEN . Atoms and bonds in front of the screen can b
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highlighted to give a better impression of the spatial

arrangement of the atoms. More slaboratsd representations

like ball and stick diagrams or diagrams of space filling
models are not chosen to appear on the screen. These
representations usually contain too many lines to allow

specitic light pen hits for editing of the picture. MAGIC
fully wutilizes the storage capabilities of a computer.
Complete models or those being developed. substructures or
building blocks may be stored and retrieved by MAEIC.
This way the user is able to add, modify o delete items
in the collection of building blocks maintained by ths
system. Therefore. MALSIC may be used to build a data bank
of structures and their models. Instead of storing
generated structures,. they can either be printed or
punched in interpreted form  and then bes ussd for other
purposes. The interpreted Fform contains all pertinent
data for reconstructing the three dimensional model so the
data may be transfervred to ot b programs o
installations. Many structural properties of molecules

are readily described in terms of distances and angles

between atoms. bondss lines, and planes within the
molecule. MARIC therefore allows for calculation of all
these paramnaters. The operations for calculating

geometric parameters are loaded from a menu and the atoms.
bonds. lines., or planes are specified as attributes
o

through light pen hits. The wvalue of ths geometric

paraneter calculated is immediately displayed.
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1.2. Relational Databass Model.

A "database” is a computerized storehouse of datas
The data is organized so that it can be retrieved and
processed, for one and only one purpose @ to  answer
questions. A  "database management system® is a computer
program that works as a data librarian. The database
managemant systemn (DEMS) organizes the electronic
equivalent of bookshelves. It places data on shelves.
retrieves data from the shelves. and combines and
manipulates data according to instructions provided by the
user. It*'s like having your own personal assistant who
remambers data you provide. keeps track of where 1t is
and assembles the data in various ways to provide answars

to questions you ask.

A data base can be analyzed from two viewpoints -—-—
the physical storage of the data and the logical. or
conceptual. view of data. Files are used to physically
store data in a data base. HMost data bases use =ither
direct files or indexed files. or a combination of the

twao. to physically store data on disk.

The logical. or conceptual. view of a data base is
concerned with how data is logically organized and how the
data can be retrieved for information purposes. The three

conceptual views of a data base are a hierarchical data
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base, a network data base. and a relational data base. &
hierarchical data base consists of elements which act in a
parent-child relationship. This is the ol dest of
conceptual data base. such as IMS from IBM. A network
data base acts in much the same manner as & hierachical
data base except that an element can have more than one
parent. In network database nomenclature. a parent is
called an owner and the child is called a member.

A relational data base is the newsst cornceptua visw
of data and offers many advantages. The most important
advantage is that the relationships betwesen data can be
determined dynamically at the time the user requests
information from the data base. To begin. a relation is
defined as a conceptual +ile where each conceptual record
iz unique and sach conceptual record has the same number
and type of fields. & conceptual file containing records
is also called a table and each record within the file is
somaetimes called a tuple. The relational data base model

was selected for the CAMD system.

Binary tree algoirithms and indesx sequential
algorithms can be used to create and search molecular
models in the relational data base. For example. a user
may wish to store or display a molecule of water (Hz). @A

user will go to a relational table to check whether this

molecule exists or not. If it is not in the CAMD system.
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then the user stores some relevant data for this molecule.
The name of the molecule should be a primary key in the
relational table to avoid duplicate molecules. IF  user
wants to display this wmolecule. the CAMD system will go to
one relational table called GEOMETRY to get the central
value of each atom. and go to another relational table
called ATOM TABLE to get radius and color for esach atom.
The name of the basic geometric structure also will be a

key in a table.

The following relations exist in the CAMD system.

relation 1:

MOLECULE( MOLE.NAME, MODEL.TYFE).

relation &

ATOM TABLE( ATOM.NAME. RADIUS. COLOR).

relation 3:

LINEAR( MOLE.NAME, ATOM.1. ATOM.Z, ATOM.3).

relation 4:

TRIANGLE ( MOLE.NAME. ATOM.1., ATOM.Z. ATOM.3).

relation 5:

TRIGONAL FLANE( MOLE.NAME. ATOM.1. ATOM.Z. ATOM.3. ATOM.4).

relation &

SOUARE PLANE (MOLE.NAME, ATOM. 1. ATOM.Z. ATOM.3, ATOM.4. ATOM.S).

relation 73

TRIGONAL PYRAMID{(MOLE.NAME. ATOM.1. ATOM.Z. ATOM.3. ATOM. 4.



relation 83
TETRAHEDRAL (MOLE. NAME, ATOM. 1.

relation 9:

ATOM. 2.

ATOM. 3»

pages 12

TRIGONMAL BI-PYRAMID (MOLE.NAME, ATOM.1. ATOM.Z2, ATOM.3.
ATOM. 4. ATOM.S. ATOM. &) .
relation 103
SEUARE PYRAMIDU{MOLE. NAME. ATOM. 1. ATOM.Z. ATOM.3-
ATOM. 4. ATOM. 5. ATOM. &) .

relation 11:

OCTAHEDRAL (MOLE . NAME., ATOM. 1,

relation 12:

GEOMETRY { GEOM.NAME. X.l. Y.1l.

Xads Y.d
Xals Ya.Oo
Xabr Yoo
X7+ Y¥a7,

ATOM. 2.

ATOM. 3

ATOM. 3y

ATOM. &

RADIUS. 1.

RAGIUS. =

RADIUS. 3.

REDIUS. &

RADIUS. 3.

RADIUS. &-

RADIUS. 7-

ATOM. 4y

ATOM. 77 .

COLOR. 3.

COLOR. 4

COLOR. 5.

COLOR. &

COLDR.7) .
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1.3. Computer Graphics Overview.

Computer graphics is often used to assist business
executives in analyzing data and to assist individuals in
preparing data for analysis and presentation to others
L71. Computer graphics aliows information o he displayved
in the form of charts. graphs. or pictures so that the
information can easily and gquickly be understood. A
picture is the fundamental cohesive concept in computer
graphics. This thesis considers how molecules are
represented in  computer graphics. how molecules are
prepared for presentation. and how interaction with the
molecule is accomnplished. Many comput er graphics
applications involve the display of three—-dimensional
objects and scenes [%]1. For example. computer—aided
design systems allow their users to manipulate models of
machined components. automobile bodies and aircraft parts.
These applications differ from two—dimensional
applications not only in the added dimension. but they
also require concern for realism in the display of
objects. In this thesis. the Computer Alided Molecular
lesign system {(the CAMI system) is a 3-U computer graphics

application.
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1.4. Vectrix Graphic Frocessor.

In the CAMD system. the Vectrix VX384, a graphic
processors. and Vecotrix VXM monitor is used to display
molecules. The VX384 can be used with any computer having
a serial or parallel interface. This processor can be
operated with any operating system or language. The CAMD
system was implemented in the C programming language

runmning under the Unix operating system.

The VX384 can display 51Z colors sinmultaneously from
a palette of 146 million colors and has a resolution of 472
¥ 480 pixels. The screen is laid out as a rectangle in
201 mode. The pixels are numbered O - 671 along the
norizontal axis. and O - 479 on the vertical axis. The

coordinate (0, 0) is in the lower left hand corner of the

» 479) is in  the upper right

Py

screens The coordinate (&7
hand corner. The Vectrix graphic processor is designed to
relieve the host computer of graphic caloculations and to

relieve the programmer of subroutine and procedure calls.

The Vectrix VXM monitor is & high gquality. high
resolution monitor well matched to the capabilities of the
frame buffer. There are almost 746 available commands that
can be used in interactive mode to demonstrate use of the
Vectrix. The Vectrix graphics processor offers a wide
variety of geometric forms that can be combined on the

display to create a virtually infinite number of images.
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These basic forms are called graphics primitives. Th

ii]

Vectrix command set includes primitives to draw dots.
lines. polygons. arcs. patterns. and several types of
color fills and floods. Most of these commands work  in
both two dimensional and three dimensional modes: O (Dot) .

—

M (Move), L ({Line), and F (Folygon): and F (Fillied

=

Folygon) commands work in either Z-0 or 3-0 space. IThese
commands will be described more detail in chapter 3.5 of

this thesis.

The color manipulation commands allow preciss coloe
control for graphics and text primitives and the display
background. Colors can be mixed in several wavs to create
very subtle shading eftfects. Colors can also be used to
hide images in the bachground until a new color definiticn
puts them in the foreground,. making possible animation and

hidden drawing etfects.

The graphics memory is organized as nine bitplanes.,
and gach pixel’s colaor is determined by varying
combinations of the nine bits. The VX384 uses the
selected color number a5 a nine bit index to a color
lockup tabhle where the color values are stored. This

index is grouped into three bits of red. three bits of

green. and three bits of blue. Since there are =

i be storeda in the

i
i

combinations possible. 3512 colors

color table at any given time. when a color table entry
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is referenced. three stored sight bit values are output to
the RGR monitor. These three values are amounts of red.
green. and biue an entry will display. They control the
intensities of each of the three color guns in  the
monitor. Using eight bits for each color allows each

i 3
color value to be from O to 755, Over 1é miilion O 25

o

) colors can be created by combining the red. areen. and

blue components at different levels.

Changing the contents of a color table entry changss
the color that will be displayed when a color command
references the table. The display is driven by the table
contents at time it is scanned. For example. an entry can
be mads to display a grey by setting each of the three
stored values., red, green and blue. to the same value. A
256 entry grey table can be built by giving entries O
through 285 equal incremental values for red. green. and

blue.

The default color table’s 512 entries are arranged so
that the lowesr three bits of color number index repressnt
the red components. the middle three bits represent the
greens., the high bits represent the blues. As the value
of each group of bits increases. the intensity of its

respective color increases.



The algorithm used to determine the default coloe
table wvalues is this: The last entry. #3511. is set to
R=255, G=255. B=255. Red. green and bilus values are

decreased by 3% in nested loops until all threes equal 3

(RS

Red is decremented first. then green. then blus. The
first entry. #0. is set to R=0, G=0. B=0. Some other

Vectrix descriptions can be found in [&]1.
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2. Relational Database Management in the CAMD system.

2.1. Relational Model Approach.

A relational data base is made up of any numbse

relations. Fach relation is given nama. For exangls.

i3

"ATOM TABLE" is one of the relation in Computer Alded
Molecular Design systemn (CAMD system). The relation can
be viewed as a table that is made up of a number of rows
and columns. Each column is called an attribute and given

a namg such as ATOM.NAME. RADIUS. and COLOR  in "&ATOM

TABLE" relation. The rows of the relation are cailed
tuples or record and contain the data. such ass {H-
0.1250, GREEN) is a tuple of data. The values in gach
column of sach row come from a domain of values. 0One such
domain is associated with ®sach attribute and defines the
range of allowsd values for that attribute. The instance
of a relation is the content of the relation at a

particular instant of time.

There is a distinction between domain and attribute.
A domain is a set of values., as such it may appear in more

than one relation or sometimes more than once in the same

relation. it is common to choose domain names to signify
value setsi for example. INTESER. ALFHA, NUMERIT are
domain names. Attribute names. on the other hand. are

chosen to be meaningful within the context of the



enterprise. COLOR  is the third attribute nams in "ATOM
TABLE" relation. It means that atom H will bes drawn  in

==

green.

Each relation possess several rules as follows: (13
There is one column in the relation for each attribute of
the relation. Each such column is given & name that is
unique in the relation. (Z) The entries in the column
come from the same domain. {(3) The order of the colunns
or attributes in the relation has no significance. (47
The order of the rows iz not significant. (3) There are
no duplicate rows. The most important term of all is the
relation key. This key is the attribute or set of
attributes that uniquely identifies tuples in a relation.
A relation key is formally defined as a set of one or mors
relation as attributes concatenated so that the following
three properties hold for all time and for any instance of
the relation [41: (1) Uniqueness ¢ The set of attributes
takes on a unique value in the relation for each tuple.
{(2)  Nonredundancy i If an attribute is removed from the
rest of attributes. the remaining attributes do not
possess the uniqueness property. (3 Validity § RNo
attribute value in the key may be null. Null value iz a
special value that is used to represent "value unknow’ or

"value inapplicable. It is not the same as blank or

ZerQa
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It is possible for relations to have more than one
relation key. Each key is made up of a different set of
attributes, and is often called the candidate key. I+ =a
key is the only key of relation. it is generally referved
to as the primary kev. There is only one primary key
implemented in CAMD system. A primary key also can be a

[

primary key for another relation. such as, MOLE.NSME.
which is a attribute name. can be a primary key of both

"MOLECULE" table and "TRIANGLE" table.

Whern an attribute in one relation is a key of another
relation. the attribute is called a ftoreign key. The term

means that the attribute is & key. but in & foreign

relation. Thus, in the CamMb systenm, attribute
“MODEL. TYFE" of "MOLECULE" relation is a foreign key. To
construct the relationship. the system will match

"MODEL. TYFE" with values of "GEOM.NAME" in "GEOMETRY"
relation. Foreign keys are important when detining
constraints across relations. For example. the database
designer may want to specify that no "EEOMETRY" tuple can
be deleted if its "GEOM.NAME" is a value of foreign Key.
The relational model was first proposed by Dr. E. F.
Codd in a seminal paper in 1970 [51. since then. there
have besen many implementations of the relational approach.

System R is a well known relational data base system. it

was designed and developed over the period 1974 to 18979 at



the IBM San Jose Research Laboratory. All access to this
database is via a data sublanguage called S5GL. The
original version of S80L was based on an esarlier languags
called SRUARE. The two languages are essentially the
same. However. BLUARE uses a rather mathematical syntax
whereas 80 is much more English-like. 8&L is an  acronymn
for “Structured Query Language'. It provides not only
retrieval functions but also a full range of update
operations. It includes both a data definition language
(OO and a data manipulation languages (DMLY . juj i
provides for the definition or description of database
objects, such as DEFIME operation. DESCRIBE operation.
DML supports the manipulation or processing of database
objects. such as SELECT operation. DELETE coperation. The

more detail description can be found in [171.

The CAMD system provides a ODL and UML based on  some
ideas from SHL. 80L is a self-contained command language
classified by mode. The CAMI system is & self-contained

menu selection language.

In traditional relational data base system. there are

several kinds of operations. such a DESCRIRE.

ifi

i3
m
e
-
=
i

INSERT. DISFLAY. SELECT. PROJECT. DELETE. and JOIN. The
DEFINE operation is used to create a relation. The
OESCRIEBE operation is used to describe the properties of

attribute characteristics From a raelation. The INSERT



operation is used to add one new tuple of data in a
relation. The SELECT operation is used to extract certain
tuples (rows) from a relation. The FROJECT operation is
used to extract attribute(s) (cclumns) from a relation.
The DELETE operation is used to remove tuples from a
relation. The DISFLAY operation is used to show the whole
relation. The JOIN operation is used to comizirne

relations.

The CAMO system doss not provide a SEi-like languags
to do interactive queries. However. some of these
comnmands are implicitly performed in the CAMD system. it
is simple to use the Sl language. SELECT-FROM-WHERE is
the fundamental structure of SEL langquage commands. The
SELECT expression specifies the rname of all attributes of
relation. FROM specifies the relation to be used. and new
expression. WHERE » provides the conditions for the

selection.



There are several SElL-like examples below. Note that

no  such interface is currently imnplemented as part of the

CAMD system.

(1}. To create a relation using DEFINE operator.

DEF INE MOLECULE
FIELD MOLE . NAME TYFE CHARACTER (LD FRIMARY KEY

FIgELD MODEL . TYFE TYPE CHARACTER (20 3

To add new data using INSERT opsrator.

{2) .

INSERT

INTO ATOM TABLE( ATOM.NAME. RADIUS. COLOR}

VALUES  ("H"- 1.250. *GREEN?)S

(3). To project one column using FPROJECT operator.

FROJECT MOLE.NAME

FROM MOLECULES

(4). To select one tuple using SELECT operator.

SELECT MOLE.NAME. MODEL.TYPE
FROM MOLECULE

WHERE MOLE. NAME = '60x%3
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(3. To display whole table using DISFLAY operator.

OISFLAY ATOM TABLE:

(6. To select one tuple with specify attributes using

SELECT operator.

SELECT ATOM.1. ATOM.Z. ATOM.3
FROM TRIANGLE

WHERE MOLE. NAME = *8027 %

(7). Subgquery with comparison opesrator to get one tuple.

SELECT =

FROM ATOM TARBLE

WHERE ATOM. NAME =
(SELLECT ATOM. 1
FROM TRIANGLE

WHERE MOLE.NAME = *802%)3

(8. To remove one tuple data using DELETE operator.

OELETE GEOMETRY

WHERE GEOM. NAME = *TRIANGLE?:



(). To combine two relation using JOIN operator.

JOIN MOLECULE. TRIANGLE

WHERE MOLECULE. MOLE. NAME = TRIANGLE.MDLE.NAME:

(1) . To describe properties of & relation using DESCRIEBE.

LESCRIEBE ATOM TABLE

Actually. the CAMD system does not allow the ussr to

employ this kind of command language. but the CAMLD systemn

does implement all of these operations in its  internal
processes. The system has besn made more frisndly to the
user by using an interactive environment. It may ask ussr
quastions. It is not necessary to realize SGL-like
language. CAamMb does not support all ralational
operations. For example. in the FROJECT opsration. the

CAMD system only projects the first attribute +rom any one
relation. It doess not support projection of any other
attributes. because it is not very important to project

e Systel. TO

o

any other attributes to the user of t

ood encugh

fdx]

project the primary key from any table. it is
to know how many molecules existed in the system. how many
kinds of geometric model are offered in the system. or

what kinds of atom existed in data base.
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The other reason that system does not use  the
traditional query language is to avoid the user inssrting
data in one relation without inserting data to another
relation. Suppose the ussr adds one tuple of new moleculs
data (802, TRIANGLE) to relation MOLECULE (MOLE. N&ME,
MODEL. TYFE? . L.ater on. the system can not find the 2032
tuple in relation TRIANGLE( MOLE.NaME. A&TOM.1. ATOM.Z,
ATOM. 3) . So the system automatically requests user input

data for relation TRIANGLE. The CAMD system doss not

fi]

provide a parser system to analyze the guery language
according to the syntax. From the user's point of view
it is more convenient. since a user follows the menu to do
data retrisval. Here is an example that employs a 5Sil-
like language to illustrate the underlying operations.
Assuming that a user wanted to display molecule S50z
{(Sulfu dioxide) on the Vectrix graphic screen. Also.
assuming that the CAMD system supports Sal~-like gquery

commands: then it will be performed as follows:



1
il
[4x}
fli

step 1. To find what is the geometric model type of

molecule S02 (Sulfur Dioxide):

SELECT MODEL.TYFE
FROM MOLECULE

WHERE MOLE.NAME = *802°

)
k]

The result:

MODEL. . TYFE

TRIANGLE

step 2. To find which atom locate on which position.

JOIN MOLECULE AND TRIANGLE
WHERE MOLECULE. MOLE. NAME = TRIANGLE.MDOLE. NAME

GIVING R13

The result: relation Ri

step 3. To get radius and color for first atom:

JOIN R1 AND ATOM TABLE
WHERE R1I.ATOM. 1 = ATOM TABLE.ATOM.NAME

GIVING RES



pags 2B

The result: relation RZ

ATOM. 11 ATOM. 2

I
ot
Q
=
Ld
)
o
i
P
==
U3

step 4. To get rid of unrelated atom:

SELECT MOLE.NAME. MODEL.TYFE. ATOM.1. RADIUS, COLER

FROM R

WHERE MOLE. NAME = *802

GIVING R3S
The result: relation R3
| MOLE.NAME | MOFEL. TYFE | ATOM.1 { RADIUS | COLOR |
" Taoe i TRIANGLE i S ¢ 1.850 1 BLUE !

step 5. To find first set of Oty ) coordinate value:

SELECT GEDOM.RNAME, X.1. Y.1. Z.1
ROM GEOMETRY
WHERE GEOM. NAME = *TRIANGLE?

GIVING R4S

The result: relation R4

! BEOM.NAME | X.1 1+ Y.l Z.1

O, OO0
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step &. To get completed message +or first atom.

JOIN R3 AND R4
WHERE  R3.MODEL. TYFE = R4.GEOM. NOME

GIVING R33

The result: relation RS

i
i
i
i
i
i
i
i
i
i
i
|
i
i
i
i
i
I
1
i
i
i
i
[
|
|
i
|
|
i
[
|
|
[
i
I
[
|
I

After getting relation RS. the data of the first atom
of molecule 8O0Z will be send to graphic system to draw
first sphere on Vectrix., then the CAMO system repeats the
same retrieval from step (3) to step (&) to get the second
atom data and sends to graphic system to draw the second
atom on Vectrix. Again. to repeat the rest of atoms until
to finish drawing this molecule. Actually the CAMD system
does not support these query language for user to crde

these commands. But the CAMD system still implicitly

performs this processing.



The CAMD system maintains two support files. which
are relation.tbl and attribute.tbl. s“relation.tbl" is a
flat file treated as a two-dimensional array of elements.
It contains the name of all relations. the name of data
file. a descriptor of data file. the nams of index fils, a
descriptor of index file., the number of tuple in data
tile, the size of a tuple in the data file, the starting
position of a tuple in the attribute.tbl file of the
relation. the number of attribute in the rslation. the end
of Ffile position in the index file. and the end of File
position in the data file. The length of a relation.tbi

tuple is 134 bytes in the system.

!

The layout of this data structure was designed in

language as followsi

struct vrel_buf

¢ char rel _namelMAXCHARTS
chap data_namelMAXCHARDS
int data_+d;
char index_namelMAXCHARTS
int index_fdi
int d_tuples
int rec_sizel
int att_lst_rec_poss
int att_numb;
int ieot_poss

int deof_pos’ >3
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The other system support File. attribute.tbl. also
can be treated like a relation. It contains the nams of
all the relations in the system. the name of all the
attributes in the system. the datae type of the attribute.
the length of the attribute. and a flag indicating whether
the attribute is primary key. The length of a

attribute.tbl tuple is BO bytes.

The data structure of attribute.tbl was designed as

follows:

stiruct att_buf

{
char rel namelMAXCHARIS
char att_namelMAXCHARIS
int att_types
int att_counts

int is_heyi

ot
au
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« To Display a Molecule in Data Fool.

The CAMD system defines twelve relations which are
MOLECULE, GEOMETRY. ATOM TABLE. LINEAR, TRIANGLE. TRIGONAL
FLANE. SOUARE  FLANE. TRIGONAL PRI-FYRAMID, TETRAHEDSAL.
TRIGONAL  FYRAMID, SQOUARE FYRAMID. and OCTAHEDRAL. Thare
are no duplicate relational names. Also, the system
automatically defines attribute data types. attribute
namess: and attribute numbers. For example. in ATOM TABLE.
there are three attribute fields for one tuple. The first
attribute is a primary key to store atom $ame. It is
string character data type. The second attribute is
decimal data type to store radius of atom. The third
attribute is string character data type to describe atom
color. Each relation would be describsd in more detail
later. Basically., this section describess how to create a
molecule, how to display a relation data., how to draw a
molecule, and how to delete a molecule. The following are
implemented in a similar Fashion: detining a relation.
selecting a tuple. deleting a tuple., adding a tuple,
displaying a whole table data. and describing a relation

properties in relational data base managesment systen.

To create a relational table. the system writes some
properties of the relation to “relation.tbl" file and
"attribute.tbl" file which are the system support Tiles.

There are three primitive data structures in the Camb
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system. These are integer type. real type. and character
type. I+ the attribute data type is & character strings
it also needs to be assigned a character number for  that
field. Each relation is associated with one data file and
one index file. The "relation.tbl® file i= composed of
relation names and there relative properties: name of data
file and index file. descriptor of data Ffile and index
file. total tuples in data file: size of a data record.
and field of attribute number. end of file position in
data file and index file. The "attribute.tbl” file is
composed of relation mama,. all of attribute names. and

data structure of sach attribute.

To add a tuple of data to one of the relations. the
system will check whether this relation already exists in
the CAMD system. Also. it will check if there is a

duplicate key in a relation. If there is no duplicate,

then it stores a tuple of data at the end of this data
file. I+ the uwuser of the CAMO system wants to create a
new molecule. for example Sulfur dioxide (802). the system
will go to the "MOLECULE" relation to check its primary
key. I+ there is no duplicate 502, it will store S0z as
ite new key. And then the system asks the user to input
another item of data for the next attribute field which in
this case is "TRIANGLE". Also: the system will add to the
relation "TRIANGLE" one tuple of its relative data as

follows: s0z for the First attribute which i1is the
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molecul ar name, 5 for the second field which is the first
atom in  its geometric structurs. 0 for the third field
which means the second atom is 0. and another 0 Ffor  the

fourth Ffield for the third atom.

At the beginning. the user has to store some basic
data in the "ATOM TARLE" relation and the “"GEOMETRY"
relation for the future use. Each tuple in "ATOM TARLE"
is composed of atom name. radius of atom. and color of
atom. In the "GEOMETRY" relation. it is stored. geomelric
name. center in (. y: z)-coordinate value of =sach sphsre
{atom). radius. and color. I+ some data needs to be
changed in one tuple. then that tuple is deleted and the
modified data is stored. I+ the system wishes to display
the image of Sulfur dioxide (80Z) on the Vectrix graphic
screen. it must perform the following operations. First,
the system checks the first level relation "MOLECULE" to
see whether 5072 exists or not. If it exists. then the
system selects the corresponding tuple of data from
"MOLECULE". The system can now retrieve more data from

ttribute "MODEL.TYPE"

h
~F

this tuple. The valus of the tuples
is in this case TRIANGLE. Then the system goes to find a
realation called “TRIANGBLE" in the relational data base.
After this second level relation is found. the system will
select a tuple of data from it whose primary key is 50Z.
If it exists., it then retrieves the rest of the data. In

the second attribute of this data. the system retrieves 5
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which is the first atom in the molecular structure. The
"ATOM  TABLE". a third level relation is then searched to
find the radius and color of S. The system keeps this
data in & temporary buffer (sphere buffer). and goes back
to the second level relation "TRIANMGLEY to find the third
attribute which is for our example 0. Again. the system
searches the third level relation "ATOM TABLE" to get the
data for atom U and this data is stored into a temporary
buffer again. This process is continued uwuntil the last
attribute is reached 1in  the second level relation
"TRIANGLE". Finally. the system reaches the fourth level
relation "GEOMETRY" to get the (x. y. =) coordinate value
for each atom. The graphic system then draws the ball and
stick representation of this molecule on the Vecirix

screen. This implementation is shown in figure Z.1..



Figure 2.
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1. To Display a Molecule in Relational Data Base.

2nd level relation

2N

——> LINEAR —»
Request to draw
Molecule or
Standart Model.
iy |5  TRICONALPLANE | 4
molecule S02.
3rd level relation
SQUARE PLANE y
> ATOM TABLE
ATOM.NAME [RADIUS|COLOR
T |
— RIGONAL PYRAMID - 1250 1GREEN
MOLEGULE B ¢ 1.850 |PINK
MOLE .NAME | MODEL .TYPE TRIANGLE "
v TNEAR MOLE NAME[ATOM. 1] ATOM 2 ATOM.3 1.850 | BLUE
— co2 0 c ) 1.400 | RED |]
|_so2 | || TrianeL | 02 EI'] @ @
v | o
3 T
1st level relation :
—  TETRAHEDRAL SPHERE BUFFER
ATOM| X Y |Z [RADIUS COLOR
TRIGONAL BI-PYRAMID
i w o [ ——
2 :]1_3
L > SQUARE PYRAMID f‘ I:;]
b OCTAHEDRAL
4th level relation
GEOMETRY
GEOM.NAME [X.1| Y.1|Z.1|RADIUS .1/ COLOR. 1| X.2| Y2 2.2{RADIUS .2
GRAPHIC SYSTEM
LNEAR | — | = ] || ¢
1 T Ready to
TRIANGLE | ] ( ] | & | | draw picture
: on Vectrix
£ v




The data structure of sphers buffse

is designed as
follows:
struct sphere_type
‘ char atoml 1073
double .,
v
double radius:
char colorlZ03s
¥3
The string "TRIANGLE" is appeared in the MOLECULE
relation, the TRIANGLE relation, and the GEOMETRY
relation. It can be found that many relationships exist
in the whole data base to control data integration.
Because the "TRIANGLE" is a date of the second attribute
in the first level relation (MOLECULE) and also is one of
the relational name in the second level relation. Also,
the YTRIANGLLE" is one of the primary Keyvs. in the
"EEOMETRY" relation
In addition to displaying any molecule. the CAMD
syastem also can draw all of the nine basic geometric

models if requested.

the “GEEOMETRYY

draw this model. It

what

relation and sends it

it looks like in order

The system selects one

iz convenient for the user

to
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tuple

I

Fi O

to graphic system to

salize

to decide which atom should be



located in which location during the
molecule.

in relation

tuple

Key.

"MOLECULE". it also

in the second level relation.

nas

creat ion

e

under

del

tThe

of

If the system needs to delete one tuple

te

D

samnea

P g ¢
pirimary
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2.3. Primary Key Handling with Index Tres.

Each relation has its related index File and data
file. The index Ffile is used to store all primary keys
from the relation. The data file is used to store all
data objects. The system employs an index file to avoid
duplicate keys in the date base system and to Ffind the
starting tuple position with 2 specifisd key in the dgata
tfile. Each index file was created in as a tres structure.
Each tuple lcocoks contains Five fields: lesser-pointer
(left pointer). lesser-indicator (left indicator), index
key. greater—-pointer (right pointer’. and greater-

indicator (right indicator).

The index key is the primary key of the relation and
treated as a root in a tree called index tree. This root
has two left nodes and two right nodes. I+ an inserting
key is equal or lesser than index key (a root of tres or
subtres). the data of the inserting key will be put on
lesser—pointer and lesser—indicator. If an inserting key

is greater than index key. the data of inserting key will

be put on greater—-pointer and greater—indicator.

The purpose of the left pointer and right pointer is
to store the value of the starting position of the tuple
from data file or index file. The purpose ot the lett
indicator and right indicator is to indicate that the le+tt

pointer or the right pointer points to the starting
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position of a tuple in the data file or index Tile.

The layout of index file record was designed in the

system coded with the programming language as follows:

struct index _record

{
imt leptry
irt ietypes
int keyiMAXSTRI.
int gtptrs
imt gttypes
F3

Suppose: a relation was created in the system called
MOLECULLE. It owns two attributes such as MOLE.NAME,
MODEL.TYFE. In its data structure. MOLE.NAME was set to
character type with 20 bytes of memory. Attribute
MODEL. TYFE was set to character type with 20 bytes. Also.
put a data_in_use control +Flag Ffor each tuple at the
beginning of each data tuple to see whether the data tuple
is deleted or not. This control flag is an integer data
structure and occupies 4 bytes. So the total number bytes
of one tuple is 44 in its data +ile. The first tuple was

stored from byte offset 0. The next tuple was stored from

byte offset 44. and so on.
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To store one tuple of the index file. the system

t

needs 946 bytes of disk memory. FEecause one uple of indsx
file includes B0 bytes for primary key. 4 bytes for
lesser—pointer, 4 bytes for storing lesser—indicator which
is either index—indicator or data-indicator. 4 bytes for

greater-pointer. and 4 bytes for storing greater—indicator

which is either index—indicator or data—indicator.

One tuple of index file. Byte offsst Ffrom O

byte G byte 73
' H
1 t
v 1\
i lesser oril Lesser ol Frimary | Greater i Greater
i oequal ioegqual ¢ key o | pointer | indicatord
iopointer | dndicator!  index keyl H H

{4 bytes) 1 { 4 bytes)!{ B0 bytes)>i{ 4 bytes)i{ 4 bytes’!

P e e e 24 bytes in one tuple -—-——————————e—r >

In the T programming language. The data structure of
lesser—pointer lesser—~indicator greater—pointer.
greater—indicator are all set as an integer type. fary
integer data type occupies four bytes of space.
structure of primary key is set as 80 characters type.
The length of one tuple of data file has 44 bytes of disk

memory. If the system wants to store six tuples in  the



data file of the MOLECULE relation. then the starting
position of each primary key in the data Ffile of this

relation is described for example as follows:

i initial position
H (in bytes)

. o i wo
C s o Nz 2
o s o Beclz |
o aw o coz |
e C cha 2
. =0 & soz
o v i for next key |

There are several steps to add new keys in the index
file. Each time a new inserting key will compared with
index key to decide how to store this data. This index

file is stored as a tree structure called index tree.
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The final conclusion of inserting six tuple will be:
In index file:
byte offset in index fils

et 020%8 e e Sheme Garen comtn Saens Saeh Sowen et $aaad A5 PO o S4mmt St Sewen erse S S4veS SFRON YRSt Aaben St $aa94 S P ekt Shers el e e b o T boemt S Seeme Soaen S S8 oA bt 000 i Sovit St St

(8]

i i i |
{oindex type | HZ0 i 384 | index type
j f i e e e { oo e e | ——— | e
26 | i i i i i
t 88 | data type | BeCl:z 288 1 index type |
P ——— § S | o s i e e e e e i
19z - H ; { i
{132 | data type | COZ HERS i data type |
e —— i e e o e B e {———— e :
288 | i H i | !
{176 | data type i CH4 {192 | index type |
H it e e e e { o e e | = | e e e H
384 i d H H H
{44 | data type | NH3 {220 | data type |

Iin index tree:

Mark: ‘
Square sign represents index key or index node as a pointer.

Circle sign represents data node with byte value

for its allocation. (It will be leaf only in index tresl.
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24, The CAMD System Frogram Coding Chart.

The overall CAMD system design is illustrated in
figure (C-1. The system allows the user to reach the
relational data base maragement system (F.ID.E.M. systam)
to retrieve data from relational date base. Then the
system will display data on terminal or enter grarhic
system to draw pictures on the vectrix screen. There are
several program coding charts to explain how the DAMD

system was designed from Ffigure -2 to C-id4. These

program charts are related to the following process.

(1). how to use this package.

(2). how to describe the properties of sach relation.
}o how to display the entire relation table.

). how to create a relation table.

(3. how to add data objects to data file.

{6). how to add primary keys to index file.

(7). how to design index tree to check duplicate key.

i}

{8). how to list molecular nams or list primary keys
fram any relation.

(?). how to delete a molecule or any one tuple
in the relation.

{10) . how to get molecular data and send to graphic system
to draw picture on Vectrix graphics terminal.

{11).how to get a tuple of data from one relation

to another relation.
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(12).how to implemnsnt color look—up table,
and Vectrix commands.
(13).how to draw a sphere on graphic system.

{14) .how to set surface shading {(light intensity

on sphere surface).

4
i



The C.A.M.D. System Design.

Application Program
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C_5

RELATIONAL
DATA BASE.

PICTURE DISPLAY.

Drawing : 1. Molecule
or 2. Basic
Geometry Model.

A

A
Host Computer.
User Pyramid 90X.
A
Construct Molecular System
END
R.D B M System, check o Store
®' 1. To DEFINE relations. duplicate (ata in
2. To ADD data. (extend relation) key atabase
3. To SELECT data.
4. To DELETE data.
5. To PPROJECT data. P
6. To JOIN data. requested
data.
Display dataon TTY.
< or
as a interface data to
Graphic System.

Graphic System.
Vectrix VX384 as

a picture generator.

GRAPHIC CONTROLLER.

1. Set Color Table.

2. Transfer Object from 3-D to 2-D.

3. Construct Sphere.

4, Set Shading function. (light intensity)

Figure. C-1

Index files

Data files

N—



Begin C.A.M.D. System

;

Create and open relation file

l

Create and open attribute file

‘

Print heading and command

1 of CAMD system

.

Select one command
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;

v

:
!

:

S.delete_molecular _

delete one molecule
ar ane tuple in any

{.do_hel 2 Create_ .
P Molecular_ 3. List Molrecu'lar nar:e 4. display_molecular_
S_gép table or namhefF; Primany ey model model
, - Create Table In each fle ) (drawing picture on
Flg‘C?,_. N vectrix)
, b_ee see each table
Fig. ¢-5, Fig. C- 11
6. QUIT
Close relation & attribute file
[ End CAMD System ]
Figure C-2.

Main Program for Overall System.




do_help()
Beginnig in do_help()

.

print several messages to process

.

Input your selective data

.
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v

.

.

A

print_description

process_describe()

process_display()

to list data type of each
attribute field

describe
how to use
CAMD system

This function will list
whole relation table

See
Fig. C- 4.

gxit CAMD
system

return to previous procedure

Figure. C-3.
To get Menu Description, to Describe and Display a Relation.
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[ process_display() j

do_get_rname()

to get relational name first

A

read attribute file and print attribute
name for this relation

A

open current relational
data file

4

print data for every attribute,
if this tuple is still useful-

colse data file

y

C return to previous procedure )

Figure C - 4.
To display whole table.



create_molecular_table()

v

Input selective data

y

'

!

A
process_define() process_insert() exit CAMD
to add data in relations in system
to define 12 relations CAMD system
in CAMD system,
different relation
has its own attribute
number and data type.
le. * *
numeric data structure, add_data_to_
decimal data structure add_data_to_atom_

or character data
structure

molecular_table()

see figure C-6

geom()

see figure C-7

v

see figure C-10

Figure C-5.

return to previous procedure

To Create Molecular Table:

page. 50



duplicate

process_define()

S

while relation number <= 12 |—— ¢

return to previous
procedure

lie S

create one of 12 relations

l

check duplicate relation name

lno duplicate

to define

;. attribute number, attribute names

in one relation.

attribute types

(decimal, integer, character string)

size of one tuple (record).

first attribute field as a primary key in one
relation .

first tuple position in attribute file.

'

Figure

C-6.

To Define a Relation

page. &f



Figure C-7

( add_data_to_molecular_table() \

.

This procedure allowguser to add
new molecule to MOLECULE table

non-exfst
—————

'

find_table_in_r_a_files()
check MOLECULE table in
relation and attribute file

‘ yes  exist

open data file and index file

of MOLECULE table

!

v

call_index_tree() g

check duplicate molecule
which is the primary key of
MOLECULE table. see fig. C-8

‘ no duplicate key

to store this data into data file

v

get data, for the rest of attribute,
to specify one kind of geometric
models

v

es

get input data ¢ Yes i

duplicate key
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request to input
new molecular
data ?

no

close data file and index file < \ 4

of MOLECULE table.

v

add_data_model_table()

e.g. if this molecule is belong
to triangle model type, then

go to TRIANGLE table to store
data in there. see figure C-9

v

Eeturn to previous pr‘ocedure]

Add Data to MOLECULE Relation:



this procedure will get one insert data and

Index_tree()

check duplicate primary key and create index file

v

find beginnig and ending

position of Index file

'

If two positions are the same, then create
index tree and this data will be root of this index tree

compare insert key (new data)

and index key.
(exist data in index tree)

'

|

if condition < 0,
then process left son node
of index tree.

this insert key is lesser
than index key

‘

if condition = O,

this is duplicate key

l

Page. &9

if condition > 0,
than process right son node.

this insert key Is bigger than

index key.

( return to previous procedure [

Figure C-8.

To Create Index Tree in Index File.
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add_data_to_model_table()

L This procedure to store atom name J

in different geometric table
open data file and index files of
current relation table.

check duplicate molecular name in current
geornetric table and store into this table.

get other data for the rest of attributes.
such as, 1st atome, 2nd atom, 3rd atom....

close data file and index file of current
relation table.

Creturn to previous procedure )

Figure C-9. Add data to specify model table:



Cadd_data_to_atom_geom() ) page. &4

I input relation name j

no return to previous
if this relation exists in CAMD system procedure.

b5

> open index file to store primary key and
Y open data file Lo store data for each tuple.

v

input data of primary key in one tuple

call index_tree()
to check duplicate primary key, for example :

ATOM TABLE only allowed different atom to be stored
in this relation.

see figure C-8.

l

if no duplicate primary key | no

yes

input the rest of attribute data in one tuple close index
and

‘ data file

[ close index file and data file

— if try to add one more tuple in this relation

yes :
no | ¢

( return to previous proced@

Figure C-10. Add data to ATOM TABLE and GEOMETRY relations:
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prepare same data to draw picture
on Vectrix graphics terminal
for the future use

v

select drawing molecule or
drawing standart geometric model!

'

check MOLECULE table and GEOMETRY table
exist in CAMD system

v

select_under_condition()

select one tuple data according to primary key which is either
molecular name from MOLECULE table or geometric name from
GEOMETRY table

get_drawing_data()

this is the second step to find geometric
model relation, if needed to draw a molecule

v

select_draw_model()

! '

draw_molecular_model() draw_geometric_model()

this procedure will get (x, y, z) coordinate
this procedure will find geometric model value in 3-D coordinate, radiu, color.
name, such as, TRIGONAL, TETRAHEDRAL ‘

Graphic System

display—2nd_molecular_modei() draw_sphere_model()

L this procedure will draw picture on Vectrix
see figure C-12. screen, since already know all the properties

l for each sphere.

C return to previous procedure)

Figure C-11. To Display a Molecule or a Basic Geometric Model.



( display_2nd_molecular_model() w

Currently, molecular name and geometric

model name are known, according to these

two data, we will find a relation of this page. §7
geometric model and treat molecular name as

a key to find the rest of attribute data.

v

open one data file of geometric model table
to hold original status of each tuple

v

get_compare_molecular_name()

'

select_under_condition()

v

close current data file 1

v

get_drawing_data()

v

open_data_file() ]

5

return original data_in_use flag to hold original status
of each tuple either was deleted or was used.

v

close_data_file()

v

get_2nd_table()

v

draw_any_geom_model()

to draw any kind of geometric
model, {.e. linear, tetrahedral

see figure C-13.

'

(return to previous procedura

Figure C-12. To Get Data from 2nd Level Relation.



relation name. It will bea
workstation now.

.

check "ATOM TABLE" exist
in CAMD system

copy “ATOM TABLE" tobe a < ‘

( draw_any_geom_modei() )

find actu. al atom number to be drawn

v

page 5 8

get_atom_table_data()

this procedure will go to ATOM TABLE to
find radius, color for each atom

v

copy atomic name, radius, color into
shpere buffer

.

open data [ile and protect status of
data_in_use flag for each tuple

get_xyz_value()

this procedure will go to GEOMETRY [ile to
find central of spere for each different atom
the original radius and color of standart
geometry will be skipped.

see figure C-14.

l

select_under_condition()

to select one tuple, {f atomic name is
exactly the same as one of the primary key

It

Figure C-13.

v

close data file of ATOM TABLE

v

get_drawing_data()

v

open data file

v

return original data_in_use flag for every tuple

v

! close data file I

v

~ return atomic radius and color to )
previous procedure

'

copy X, Y, 2 vatue of 3-D coordinats
into sphere buffer

;

Graphic System

draw_sphere_model()

this is graphics procedure. It will draws
sphere on Vectrix graphics screen

'

( return to previous procedure }
~

To get data from 3rd level relation.



( get_xyz_value() 1

to find center of sphere
in 3-D coordinate page. §9

open "GEOMETRY" data file

v

keep original status of each tuple in
GEOMETRY relation.

It could be deleted already or

could be still useful,

v

get_compare_model_name()

v

select_under_condition()

,<_

close data file

‘_'

get_drawing_data()

g

l open data file |

.-

return tuple flag

‘__.

close data file

‘.__

get_3rd_table()

v

draw_geometric_model()

( return to previous procedure >

Figure C-14. To Find Sphere Location in 3-D.



3. Computer Graphics in the CAMD System.
3.1. Transformation and Frojection.

The CAMDO system handles models of three dimensicnal
objects. The viewing surface is only two dimensional. The
CAMD system considers ways of projecting its object onto
this flat surface to form the image. The simplest object
is. of course. the point. In two dimensions. the system
can specify & point by establishing a coordinate system
and listing the coordinates of the point as in figure 3-1.
In three dimensions, the system will need an additional
coordinate axis for the third dimension {(three axes 1in
all. one for height. one for width. and a third for depth

as in figure 3-Z.

The two dimensional image corresponds to a particular
view of the three dimensional object. The process of
finding which points on the flat screen correspond to the
lines and surfaces of the object invelves a viewing

transformat ion.
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y - axis

0, 1) (X, y) = (1, 1)

L $ X - axis

(0,0 (1, 0)

Figure 3-1: position of the point (x,y) =(1, 1)
in 2-dimensional coordinate system.

y — axis
(0, 1, 0)
G s Zzr=E(1, 1, 1)
$ x - axis
(1,0, 0)
(0,0, 1)
Z - axis
Figure 3-2: position of the point (x,y, z)=(1,1,1)

in 3-dimensional coordinate system.



There are several ways of projecting a three
dimensional object onto the two dimensicnal screen [Bl. A
parallel projection is formed by extending parallel line
from each vertex on the object until they interest the
plane of the screen. The point of intersection is the

projection of the vertex. It connectsz the projected

vertex by line segments which correspond to connections on

Bl

the original object as in figure 3-3.

One special case of discarding the 27 coordinate is
the case where the screen. or viewing surface. is parallel
to the zy plane. and the lines of projection are paralls
to the =-axis. When one moves along these lines of
projection,. only the value of @ coordinate changest the

values of arnd vy remain constant. ‘S0 the point of

~~

intersection with the viewing surface has the same x and y
coordinates as does the vertex on the object. The
projected image is formed from the x and y coordinates,

and the z value is discarded.

In a general parallel projection. any direction may
he selected for the lines of projection. Suppose that the
direction of projection is given by the vector L[xp. yp-
zpl and that the image is to be projected onto the xy
plane. I there is a point on the object at {M: Y+  T),
one wishes to determine where the projected point (82, vZ)

will lie.
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y - axis

X -axis

2 - axis

y - axis

P 2 - axis

Figure 3-3: A Parallel Prajection.
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The parallel projected point («&,.yvZ) is derived From

the following two equations:

ye = yl - z1 A{yp / =p)

Alternatively one may use a perspective projection.
In a perspective projection. the further away & object is
from the viewer. the smaller it appears as is the case
within the human eys. The lines of projection are not
parallel. They all converge at a single point called the
center of projection. This would be the paths of rays of
light coming from the object to the viewer's sy, It is

the intersections of these converging lines with the plane

of the screen that determines the projected image.

Farallel and perspective projection can be used to
form a two dimensional image from & three dimensional
object as seen from the fromt. But sometimes, the viewsr
wish to view the object from the sides. or the top. o

aven from behind. We now discuss how can this be done.

All that the system need to do is to apply some
rotation transformations before projecting. The system
can think of the view plane (that is. the plans of our
display surface) as fixed and the object as rotated or the

system can picture the object as fixed and the view plane

as repositioned. The system uses the film in a camera as



o
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™

the view plane. and we can move the camsra anywhere. 21w}
the system can view the object frowm any angle. In the
CAMD system. the camera is fixed in one direction. The
picture taken by this synthetic camera is what is shown on
the display surface. as i+ the film is developed and

stuck upon the screen.

In the COMD system, (up/zp) and (yplzp) are set to be
the constant (0.1, then all points (1. yl. zl1) in the
I~dimension coordinate system will be charnged to (x&, yI)
in the 2Z-dinmension coordinate system from the following

modified equations:

Under tiis condition. the viewing surface will be the
direction of about 45 degree rotated y—axis on vectriyx
graphics screen. After then. the CAMDO system transfers
this original point from the left bottom of corner of
acreen to the central of screen and adjusts the size of
Vectrix screen by 480 unit pixels according to the

following formnulas:

w o= ( 4BO % xIZ ) + 336

y = ( 480 & yZ ) + 240



The viewer will see this origin pointid, O, O} on  the
Vectrix screen after above transformations as in figure
3~4. The camera is treated as a view plane. Also. tThis
view plane will be the same as on the Vectriy screen., see

in figure 3-5.
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3.2. Changing Color Table Entries.

In some computer graphic aprplications. one may nesd
precise manipulation of the color table to achieve special
eftfects to display depth cues, surfacing. illumination
shading and color balancing. foir visual preference.
Typical methods applying Ffor these techniques include
solid modelling, animation. paint programs. and graphics

arts [91.

The CAMI system employs Vectrix commands to change
color table entries on the Vectrix graphic system. The "ii"
command allows the user to change any entry in the table
to any value. The format is "G 1 n rl gl bl rZ gz
bZaw."s The "i" parameter indicates the first table entry
to change. "n" indicates the total number of table entries
to be changed: with "n" ranging +From 1 to S1Z. The
remaining valuss are the actual values to be inserted in
each consecutive table entry for "n" entries. To changs
entries #36 (pure green in default table) to pure red. "
6 1 255 O O" would be entered. Entering "@ 1 3 255 O ©

O 2B 0 0 0 253" will change entries 1. 2. and 3 to pure

red. green: and blue respectively.

The CAMD system sets up a color table in the Vectrix.
The Ffirst threse bits choose the color. The other & bits

for the shade. There are eight kinds of pure color in the



system. these are black. red. gresn., ysllow. blue, pink.
cyan. and white. Since the Vectrix can display 512 colors
simultansously on the screen. the CAMD system uses 64
different color intensities for each pure coloe- For
example,. Greys are produced by mixing the three colors
red, gresen and blue in even amounts (i.s. G, 30, 3G. or
2. &2, &Z2). The higher the numbers. the brighter the
shade of grey. The value of black is 3, Q. O). So to
set up black we use "I 1 64 0 0 0O 1 1 1 222 ... &3
63 63", To set up the red entries in table locations +ron

65 to 128, The Vectrix command "H" with "9 65 &4 4 0 O 8

i

00 1200 ... 256 256 236"

",

is used. and repressnts &4

I

different intensity of red. The color table esntry &35 is

light red. on the other hand., the entry 128 is dark rad.
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The entire color look—-up table will be created by the

CAMD system using the following vectrix commands forms

SIS SETTY IS IISTA ST IS s e T T SRt S 7T TTIOS e ST TN TN T SO IO IS P S0 neeet me0in mant sevus chbey seman dosae summe smoen smums o shams pirss shsn com soam s sose s e st e Soeie e et e 0830 Shmae Sen4s Sy bt Sera st Pt s

Yellow will be:

@193 64 4 4 0 8B 8 O 2120 16 16 O ... 236 236 O

Blue will bes

BORE7 &4 OO0 4 00 H OO 12 00 1& ... OO0 236

Firmk will be:
B3R &4 4 0 4 B OB 120 12 16 0 1éH ... 206 0O 256

Cyan will be:i

385 &4 04 4 088 012 12 0 16 16 ... O 256 256

White will bel

B 449 64 4 4 4 B8 8 8 12 12 12 14 16 16...256 256 256



I
i
w
i
~

3.3. fdlgorithm to draw a sphere.

This section describes how a sphere was drawn on the
graphics system. The CAMI system puts a sphere in any

location in the 3-dimension Cartesian coordinate system.

In figures., the Z-axis is perpendicular to the XY-
plane or on the paper. The center of sphere is denoted by
{cw, €cys> cz). There are many planes passing through the
sphere that includes its center. Lat A be the plane that

Wi

parallel to the XY-plane. and includes (ci: cy- cz). Let

Fiane A and

—+

B be the circle formed by the intersection o

the sphere, ses figure S-1.

Y' - axis
\
Y= GXiS p3
p4 [T~ P2 plane A
ﬁ
N
S
P 64lg3 / %, P
~_65 62//
4
a o6 /01 s
Oc
(cx, oy, c2)
7w
,r" > circle B
// l
‘A
— »
o’ - s
o @
. X - ax1s
7 - axis
Figure 5~ 1 T¢ divided uppeT semi-circle

fren a sphere in 3-D.
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Let ab be the line through the cermter of circle B and
parallel to the X-—-axis. The line ab divides circle B into
two semi-circles, the upper semi-circle and the lower
semi-circle. This upper semi-circle can be cut into many
equal sections. In the CAMD system, it is cut into
twenty—-five equal partitions. But Now- for the
convenience of description, it is cut into six partiticns.
In other words, there are six equal angles 61, &2, 83, ©4,
85 and &6 for these six partitions. &and they describes
five points pl, p2, p3. p4 and pS on the upper ssmi-
circle, see figure S5-1. These Ffive points define Five
planes that cut the sphere into four rings ( or ring belts
y and two shells, see figure S5-2. These five planes must

contain one of the five points and are parallel with the

Yi-plane.
Y' - axis
4
Y - axis p3
A p4 -\ p2 plane A
S
P g4 93 pl
N 624"
84/1 o \é//éi [ 1
0c
ring 4 8y D] ring 1]/ ¥
ring3 | ring2 7 circle B
S p

{ \___,./
p!ane xps ? ﬂ]ane XQI
. { I ! i
0 plene xp4 piane xp2 X' - axis

plane ¥n2

Figure S - 2.

To produce four rings anc ghells fiom & gphere ia 3D,



The distance of point pl frrom  the center of the
sphere is the radius of sphere. This distance is the same
as from point pZ to the center of sphere. The values of
plix, vy} and p2(x, y) can be calculated using & Trigonal
cootdinate system. Here aire the basic formula used in the

CAMD system.

sin (8} = em————————

Thus pl(x, y) = (r * cos (B1), v % sin (81)) and pZ{x, ¥’
= (r * cos (82y, £ % sin (B2)), where r is the radius of

circle B, see figure S5-3.

y** - axis
ﬁk plane A
///\ p2 (r cos 82 , r sin62)
X}l pt(rcos @1, rsinf1)
-
2 A
a e./e] _1 d b
- . A% X' - axis
oc oz | o ,/
' |
(ex, o, 2) ring ! | "\
ring 2 ) circle F
7 4
Voo
e |
" T pisne xpl
plane xp2
plane xp3
The distance of piane xp 1 t0 plane yz is{r cos( 7T 701 + O
ROV R SR

The distance of plane xp2 ta plene v 15 11 s &

Eigure S - 2.

To fird pl and p2 coordipate values.
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Each ring bounded by two circles. For ring 1 let cl  and
cZ, be these two circles. The center of circle ci is the
point ol(r * cos (®1) + cu, Cys czi. and the radius of
circle cl is v % sin (B1). This value is exactly the same
as the y value of point pl. The csnter of the circle cZ
is the point 0z (r * cos (82} + ci, Ccy. cz}. Ths radius
of circle c2 is the height of point pZ which is + * sin
(8. In 3-dimension coordinates system. the # valuss for
each of the points on circle cl are all the same value.
It is (»r * cos (8l) + cx). This value is sxactly the same

, bscause this

m

ol

fto

as the « value of the center of this c

Ml
“+
-
i
c
¢
7P
]
i
|
.

circle cl is parallel to the yz-plane: se
figure S-4.

Y'* - axis

plane A

ring 1

pl rsine2
N &
Y rsin 61
B INm! -
02\

‘r X'" - axis
»

\
\

|
‘\/1‘ circle C !
\___/'//A/ \ plenexp

\
| circle €2
plane xp2

(ex, oy, c2) |

The redius of circle Cl is r sin @l =1 sin (Ti /7 6).

The radius of circle Cils T sin © 2=rsin{20/6;
Figure S- 4.

To Pind two radiuvs ~f cirele Cl and circle C2.
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If the xz-plane is rotated 50 degres in a clockwise
direction. the X-axis will be Perpendicular to the passe-

This view is drawn in figure S5-5.

Polygon A, Y-axis
A

123
73 Polygon|B.
Circle C2 i
Circle C1 u| /14
BNVA
lo 3
[} 4
10
Z-axis (:) X-axis

Figure S-5, A ring is divided inte 12 equal facets,

Mow it can be seen that each ring is made up of two
circles,. One is deeper and the other is closer to the
viswar . The rings can be considered as being divided into
a number of equal sections. In the CAMD svstem. each ring
was cut into fifty pieces to make the surface oFf +ha

-

sphere appear smooth. To maka the gescrigtion of the
algoritnm used by CAMD sasier we will consider each Fimg
to be divided into 12 sections. yhus, each piece makes an
angle of (3&0 / 12) = 30 degress to the x-axis, sese figure

= Then we can find i y. 2} value for point p3 and

p4. The system connects polint pl., g2, g



=
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become a four sides of polygon as shown in figure 5-35.
This polygon will be the rear psrt of the ring. This just
like to draw deeper one Ffirst in z-value. Also. the
system can calculate next eleven pclygons step by step.
Then according to different color intensive to draw ach

polygon. After the CAMD system has finished drawin

ai
g
3
1]

ring. the system will draw the next ring until the last

shell of the sphere is drawn.

In the shell of sphere. each polygon only exists
three csides. In other words, each polygon only employed
three points to draw last part of sphere. The fourth
point  in new polygon is gone atter the last cutting plane
%P3 happened. The system will treat this shell as a ring

which consists of 12 +triangles as shown in figure S-&.

m

Each triangle is a degenerated polygon. For exampl

o

3

polygon A has only three vertex, say pl. pZ: and p3.

rear polygon

polygon & —1 , &

p3 |

0 s X-axis
Figure S - 6. A Shell is divided into 12 equal triangles.
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In any fouwr sides of polygon. there are four points
to produce this convex polygon A named pl. pZ. p3. and p4
as shown in figure 5-7 and figure 5-8. To find the next
four points for the conmective convex polygon B, Foint &
and point 3 in polygon A are the first point and the

fourth point in polygon B respectively.



FPigure S - 7, ),
c

A structure of a ring,

polygon B

03

Figure S - 8,

Polygon A is the first polygon from the first ring of a sphere,

1’ P4 (%4,Y4, 24)

PL (%1, Y1,21)
/7 ‘
1
P3 (%373, z3)
72

?Z (%2,Y2,22)

27:
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There are some coordinate values of four sets of four
points in polygon A {(plpZp3p4) of first ring from figure
5-7 and figure $5-8. Assuming that this sphere is divided

into six rings and each ring is divided in 12 facets. Let

the coordinate of vertex be Xi. Yi. and Zi. 50

point i1
1 = wplanelil]

= ook s ((3.14 % 1) /7 &) + o

0. 1732

vyl = ringlilCOIL0]
== G ok omim ((3.14 % 1y / &)y % cos ({2 pi & Q) / 1Z) + <y
= (0, 1000

z1 = ringllILOILL]
= (& sin ({(3.14 &« 1) / &)Y & sin ((Z pi % O) / 1¥) + om
e Oy, QOO0

point 2:

wZ = xplanelll]
= 1 % cos ((3.14 % 1) / &) + ox
= 0, 1732

y2 = pringll3C13L001
= (r % sin ((3.14 % 1) /7 &) * cos ({2 pi * 1) /7 1) + cy
= 0.08&6

=2 = pinglf11L13011
= (p % sin ((3.14 x 1) / &) % sin (& pi % 13 /7 1) + c=

0. 03500



point 3:
#3 = xplaneld]

= ok cos ((3.14 % 2 / &y + C

=

= 0, 1000

y3 = ringlOIC1I00]

= (o4 ogin (314 « 23 7/ &)y % ({2 pi *® 13 / 1&)

i
u}
ifi

= 0.1500

z3 = ringLOIC130117
=y 4 sin (3,14 % 2y /7 6H)) 4 sin (2 pi % 1) /7 12}

= Q.0884

point 4:
4 = xplanelOl]
= ok cos ((B.14 4 2) / &) + o

= {0, 1000

v4 = ringLlOIL0IL0]

~

= (p ok sin ((3.14 &« ) / &) ok cos ((2 pi & O) 1)

=  0.173Z2

z4 = ringlOILOI01]

b

i

(% @i ((3.14 % 2y /7 &)y % sin (2 pi % O) / 1&

= 0, QOO0

In figure §-3. The distance from Original to xpl-plane is
({r % cos ({1 & 3.14) /7 &) 4+ cx). The distance from

Original to xpZ-plame is ((~ * Cos ({2 W 3.14) / 6 + oul.

[a]
t

CY



The radius of circle

cl is (r * sin 01)

&) . and the radius of circle cZ

sin (2 * 3.14) / 6).
in figure S5-9 and two

is in drawing status.

y

is

(r

paga E0

= (r % sin 3.14 /

* sin 0Z)

== (r K

A detail sphere diagram can be found

colior plates A and H.

Ye

Zc

13

|

( CX, CY: Cl)

-

02

Coior plate @A

2,

(0,0,0)

lord

A—A

Figure S - 9.

A
Lo

Structure

of Sphere »
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3.4. Shading a Folygonal Facet in Sphere.

The next step toward achieving realism is the shading
of the visible surface. The appearance of a sphers
surface depends on the normal vector on =ach facet. The
CAMI  system draws polygons one by one to create a sphere
with the appropriate color. The graphic system has to
know how much the color intensity value should be for sach
polygon. The system assumes that the polygon is a planar
object of uniform color and uses the first three points to
determnine the plane. These three points can produce two
vectors in the same plang and the cross product produces a
normal vector. The system uses this normal vector to
determineg the color intensity value for this facet of the

sphere.

There are several properties of a vector that are
used in  this project. A wvector is a directed line
segnent . characterized by its length and its diresction
only. I the initial point of D is the terminal point of
a. Then the sum of a and b is defined as the vector o

dirawn from the initial point of & to the terminal point of

E. It could be written

ES +T:);

Py -5
< &

The length of a vector a3, denoted by 3!s is the distance

between its initial and its terminal points. The notation



= . . . . 4 . £
-a is used for the vector that has length & and whose

direction is opposite to 2.

; . . -
The direction of the three unit vectors 1. j. K ars

the positive directions of coordinate axes. They are
arthogonal unit vectors. The coordinate system is right-—

—
handed, which means that it a rotation of i into the

—
direction of j through 20 degree corresponds to turning &
right—-handed screw. The vector 1: has the direction in
which the screw advances. Usually. the Origin 0 of the
coordinate system is the initial point of all vectors.
— . .
Any vector v = [#., y», =zl can be written as a linear
. . . ~- = A
combination of the unit vectors i. j.» Kk as follows:

- - e T
v o= ® i o+ oy ] ot oz K

The number x. y. = are sometimes called the elements of
— _
vector V. The cross product of two vectors vi. ve is
—_ _ . . .
another vector vi x vE that is perpendicular to each of
the original two vectors. The direction for this vector

71 ok 2 may be determined by imagining that the

perpendicular line is grasped by the right hand with the

_ —_ . .
fingers curling from vl  to  va. The right thumb then
) S, SO —
points in the correct direction for vl x vi.

Nows suppose that Alxl. yl. =z1), Bk, y2, z&), Cu3,
y3, 3. and Dx4: vy, z4) are the four points of a

——
polygonal facet. The normal (N} to the facet ARCD can be
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obtained by finding the cross—product of adjacent vectors
Y — .

{AE and AC) at vertice A. The normal to this plane at A
is a straight line through A& and perpendicular to the

facet ARCD. So

-
AR = [{x2 — »x1) {ys — yli) {zZ - =133
—

AC = [{(x3 ~ =1} {y3 — vyl (=3 — =13

e, . |
The cross product of the two vector AR and AC is written

. —\ - — -\
AR X AC = ({uZ—-ul) i + (yZ-y1) j + (=zZ-=1) k)Y X
A LY Y
((u3—x1) i + (y3-yl) j + (23-z1) ki
which can be written
-\ —\ -\
H i i k i
. ‘ . } i
AE x AC = } u2 - ul yZ& - vyl =& - =zl .
l H
! w3 - wi y3 — w1l 3 -~ =zl
whearea ?i Ei * are the unit vectors in the x» y, =

directions. respective. This is a mnemonic aid rather than
a true determinant,. since the element of the first row are

vectors instead of numbers.

-\ e <
Let, BE % AC =N = [nxs ny. nzls

— ~ .
N is the so called surface normal vector of A.



0
]
i1}
1}

A
The length or magnitude of surface normal vector N is

2 2 2
= k) +  (ny) +  {nz}

. - ' —A -
and the surface unit normal vector UN is

—_ e N SN ¢
\ N AE x AL
UN = —— g
N VAR K« ACH

s & ny A Mz i

TE o e s e e s e e I A e j # —mem——————— i

P §
Then. the system selects one vector m = [mx. my. mz

— - -

84

s

The unit normal vector of m is MV = m 7 fim!l = [MX, #MY.

MZ3i. Then the system uses each surface unit normal vector

— —

UN  to subtract the other unit normal vector MV to produce

—N
a new vector NNV,

s0, the new vector is
N

NS .
The vector length of NV is



K 2 ny 2 e
e e = Wl B (e - MY) + (=

A T ——————————

. 2 2
since- MV =J~MX 4+ MY +I‘~‘iZ2 = 1

It is easy to see that

S,
O {= [NV {= =
—
et Vecl.en = TNV /S 2

Thus. Vecken has value between O and 1 and is ussed
for percentage of full color intensity for the polygonal
facet. The full color intensity was separated in &4
levels. If the value of VeclLen is very small, the drawing

color will be very bright. The following expressions are

used to determine color intensity.

ashade = (full color intensity) » (Vecien)

drawing color = (basic color) - shade

The CAMD system uses this technigque to obtain the +final
drawing color for each facet of each sphers. The Vectrix
graphic "F" command is used to fill the polygonal facet
with this drawing color. The CAMD system displayed the

spheres with color and illumination as showt in Coloe

Flates 1-18.
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3.5. Vectrix Tools in the CAMD System.

In the CAMD system. the Vectrix is assumed to be one
of the TTY terminals treated as a Unix file. BSo the CaMD
system has to open a file and allow messagss to be sent to
this Ffile. The source code to draw a line from (xl, w1}
to (&, y2) in white on the Vectrix scresn written in  the

C programming language is as follows.

#include (stdiog.h’
#Hinclude {(sys/file.h>’
#define color_white 511
int xl. #2, yl. y&3

FILE s#fopen()., kvt

3

main ()
{
vt = fopen ("/dev/ttyizé", "w")i

fprintf (vtx, "G")3

“s

fprintf (vtx, "RE™)
fprintfivtyx, "KF")E

scantd ("ddidudidts Bl Ryl. &xiE, RyE)s
fprintf (vtu. "C Zd wn'ts color_white)s
fprintfivtx, "M %d %d \n". xl, yl)s

fprintfivtx, "L 7“d e o Ant. xE, yI)s
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There are several vectrix commands used by the CAMD

system. These tools are described as follows:®

The C command (set color) is used for selecting a
color for the next drawing operation. The O command sets
the current drawing color. All drawing will use this coler
until the next C command is used. If a2 color value largesr
than 511 is specified: & modulus operation will be

performed to determine the color. For esample. "CS12¢

will actually select color table index entry #0.

The E commnand (erase scresen) clears the scoreen to a
particular «color. There are several functions for this

command:

i. To erase the screen. ANy image is overlaid.

Z. To set the entire screen’s color to the color

number following the &.

3. To set the current drawing point to x = G, y =
in 2-0 mode or x= O, y = O, =z = O in 3-0 mode.
The F command ( filli polygon) draws an "n" sided
poiygon and fills it with the specified fill color. The F

comnmand draws a polygon with "count"” number of vertices at
the specified x. y coordinates. or if in 3-0 mode. at the
. y» = coordinates. Vertices may be specified either in

&

clockwise or counterclockwise order. The Vectrix will
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automatically fill the interior with the color specifisd

by "fill color". The border of th

]

polygon is di-awn
first, using the "fill color", The current drawing colore
is not changed. The final side of the polygon need not ke
specified because the Vectrix assumes the first vertex is
also the last. After this command executes, the curerent
drawing point becomes the first vertex. This applies in
both absolute and relative mode. The polygon +ill
algorithm used is a "Y scan line convex polygon f1ill"  and
does not fill polygon with concave {(squsezed in} areas on

the top or bottom of the polygon.

The G command (go warmstart) resets most operating

parameters. This command provides a way to reset all
modes and many other conditions to a default state. This
pProcess is calied a warmnstart initialization. The
conditions resets are Absolute coordinates. 2T

coordinates. Biank video mode. ASCII decimal transmission.
Current drawing point to (O, Q) Color drawing mode.,
ODefault character set. Character magnification to 1.
Character angle to 0. Character spacing to 7 {horizontal)
and O (vertical). and 12 (line). Rectangular Fill Fattern
to all ones. Viewport to full screen- 3-0  transformation
matrix to identity. Image pan to zero. Bit plane Mask
Register to all ones. Fattern Register to all ones (a

solid line)



The KF command (select flash video mode) sets Flash
mode for greater transmission speed. In flash mode., the
display can be updated continually rather than only during
the vertical retrace period - hence update is faster.
However. the screen may flash short horizontal streaks as

the image is changed.

The L command (line) draws a line from the current
drawing points to thes coordinates specified. In 2-0 modes
L draws a line from the current drawing point to the o v
position on the screen. In 3-D mode. this command draws a
line to #,» y. z coordinate values in object space. The
color of the line will be the current drawing color.
After execution of this command. the current drawing point
will be the endpoint specified in the command. This
command is aftfected by the pattern register. To draw a

solid line. the register must contain all ones.

The M command (move) moves the current drawing point
to a new location. Similar to lifting a pen from the
paper surface and moving it to another point. this command
moves the starting point for the next command. Move is
useful for specifying beginning points of lines, the seed
points of complex fills. and the starting points of text.
The current drawing point moves to the new (x. y) position

on the screen without drawing any lines on the display.
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The & command (define color lookup table value) used

to redefine the color lookup table creats custom color £

]
Ci

to reorganize the table.

The RE command {(REplace mode) used to replace an areaa

id

i

with a new color. rather than mixing the new and overl
color. The replace mode permits user to write over an
existing image with a new one. It replaces an old image
with a new one. without mixing the current and previous
colors. This mode is slower than OR mode,. because all
enabled bitplanes must be written in order to replace the

color.
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4. Froperties of Molecular Structure.
4.1. Prototype of Atom.

In the CAMO system there is a relation For storing
all data about an atom in its relational data base. Tha
name of the atom is the primary key of this table. The
other two attributes store the radius and color of this
atom. The radius of an atom (assuming a spherical shape)
may be defined as the distance of closest approach tTo
another atom and is the distance at which the mutual
repulsion of the electron clouds and the mutual attraction
of the nuclear charge of each for the electrons of the
other are in equilibrium under specified circumstances.
If the two atoms are the same. the radius of each is ohe
half the internuclear distances if they are unlike., the

internuclear distance is the sum of the individual radii.

In genaeral., the radii decrease from the beginning to
end of any period, the rate of decrease being less the
higher the number of the period. In the CAMD system. the
value of atom was measured in angstroms, such as. the
radius of hydrogen atom is 1.250 &. In this description,
angstrans (A) are used for convenience of notation. (1
angstroamn = 1Qﬂo meter?. Again. in general. the radii

increase going down any column irm the periodic table.



The following table is

that exist in CAMD system.

relation name

pags 2

the structure of the atom file

ATOM TABLE

roean sasme ones S4ves beses ooede sates bwst mett Somen arans ece Seemd S G4atd Shgo meern Seems Fommy Sueds el S00n BAANY $o0Sh Sh4mn S0med S Seded Sents Seves seber POSe Sem S e seese emes e

ATOM. NAME RADIUS

eotas saene ronae peeen et saase tees Rt Soeet POTRS Srmss e s Boeen b Abmm bopms $0mes st brioy Sakte

H 1.230
Ee 2LR00
B 2.170
C 1.830
N 1.540
0 1.400
F 1.350
Al 2a 330
Si 2. 240
F 1.960
= 1.850
Cl 1. 800
Co 1.35%90
Ni 1.600
Cu 1.410
Ga 2.010
As 2020
Se 2,010
B 1.930
Fd 1630
Sh . 210
Te P o
I 2. 130
Xe 2. l190
=l 1.830
Au 1.690

Hg 1.470

ors soaed sboan Saeva doves boues s SeeS4 0004 Soesd SepAs Shes Shao SO sowne SeRas ceean Teont cods

COLOR

GREEN
GREEN
GREEN
FITNK
YELLOW
RED
CYAN
WHITE
GREEN
FINK
BLUE
FINK
CYAN
CyanN
YELLOW
YELIL.OW
RET
BLUE
REI
GREEN
YELILOW
FINK
BLUE
RED
YELLOW
RED
CYAN
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4.2. Frototype of Molecule.

This section roughly describes what a molecule looks
like. A molecule is the smallest particle of a chemical
substance capable of independent existence with retention

of all its chemical properties., Molecules comprise one or

o i

more atoms which need not be of e samne Kimd.
Structurally. a more specific definition would be that a
molecule is a local assembly of atomic nuclei and
electrons in a state of dynamic stability. The cohesive
forces are electrostatic, but ., in  addition. relatively
small electromagrnetic interactions may occur between the
spin and orbital motions of the electrons. especially in

the neighborhood of heavy nuclei.

In the CAMO system., there are nine geometr ic
structures: linear. triangle. trigonal plane, square
plane, trigonal pyramid, tetrahedral., trigonal bi-pyramid.
square pyramid. and octahedral. There is a relation
called MOLECULE to store all of molecules in  the CAMD
system. The name of molecule (MOLE.NAME) is the primary
key of this table. There is another attribute which is
MOLEL. TYFE +or specified type of molecule structure.
whenever there is request to create a new moleculs. to
ligt some molecular namne, to delete a molecule: or to draw
a molecule. the system must go to this relation to check

whether this molecule exists in MOLECULE relation or mot.,



Although the system allowed user to crea

o
n
&
T
m
]
4]
e
o
e |
m

kinds of molecular structures. in  fa

here ares

s

g
thousands of different models derived from these nine
standard geometric structures and could exist in the
system. For example. tetranedron is one of these mZ Let’s
say: a tetrahedron is a figure having four faces. each of
which is an equilateral trianglie. The nucleus is at the
center and the axes extend out to the corners. These four
corners could be composed of many different of atoms to
become different molecules dependsd on theair radius and
color of atom. such as. CH4. CHCLI3., CHZCIF. and Cl4.
These are all different molecules. so they are &il allowesd
to be stored in the relational data base. The following
table is one of relatioms in the system. The lists is the

molecules that currently exist in the CAMD system. Also.

some molecules can be found in color plate from 10 to 15.



MOLE. NAME MODEL . TYFE

EBeClz2 LINEAR

Coz LINEAR

HgClz LINEAR

HCN L INEAR

XeFz LIMEAR

S50z TRIANGLE

20 TRIANGLE

Hz0 TRIANGLE

5CLz TRIANGLE

NH3 TRIGONAL PYRAMID
NF3 TRIGONAL FPYRAMID
NI3 TRIGONAL FYRAMID
FC13 TRIGONAL PYRAMID
el3 TRIGONSL PYRAGMID
EF3 TRIGONAL FLANE
ECL3 TRIGONAL FLANE

503 TRIGONAL PLANE

GEal3 TRIGOMASL PLANE

DCF= TRIGONAL FLANE

XeF4 SRUARE FLAME
[PdC141—- SRUARE FLANE
[PtC141—- SRQUARE FLANE
LAuC14]1- SHUARE FLANE

CH4 TETRAHEDRAL

Xeal4 TETRAHEDRAL

CHC13 TETRAHEDRAL

SiF4 TETRAHEDRAL

Er(04- TETRAHEDRAL

N4+ TETRAHEDRAL

FeCl4- TETRAHEDRAL

CHzC1F TETRAHEDRAL

FCL13 TRIGONAL EBI-FYRAMID
ShCl3 TRIGONMAL EBI-FYRAMID
FFS TRIGONAL BI-FYRAMID
NiFBrS3 TRIGONMNAL BRI-FYRAMID
OSF 4 TRIGONAL BI-FYRAMID
BrES SAUARE FYRAMID
TeF3-— SRUARE FYRAMID
[ELBFS1——- SHUARE FYRAMID

== OCTAHEDRAL

CFes OCTAHEDRAL

[EiF&6]—— OCTAHEDRAL

AsF & OCTAHEDRAL

emas satee oo o et om Tt e bt FARS beaat Fien Lamen Tovee oos)



page 24
4.3. Frototype of Geometric Model.

In the GEOMETRY table. the system keeps X. Y and 7
coordinate values, the standard radius. and color for each
sphere in different standard geometric model. These data
have already existed in the CAMD database system. The
first attribute (GEOM.MNAME) is the rname of geometric
model. the second attribute (X.1) is the value of the X
coordinate value of the first sphere. The third attribute
(Y. 1) is the ¥ coordinate value of the first sphere. The
fourth attribute (Z.1) is the Z coordinate value of the
firset sphere. The fifth attribute (RADILUS.1) is the value
of radius of the same sphere. The sixth attribute
(COLOR. 17 is the color of the same sphere. too. The
following five attributes will be the data of second

sphaere. and so on.

If the CAMD system wants to draw & standard
tetrahedral geometric model. it uses the GEOMETRY relation
to select a tuple whose primary key is tetrahedral. it
then gets five attribute sets of data (X. Y. Z, RADIUS,
COLOR) for the five spheres. After this. the system will
draw five spheres on the Vectrix graphic screen according
to different leocation. radius. and coloe. The following
GEOMETRY table contains all of the data of the nine
geometric models and shows us where the center location of
each sphere is. Also. these nine standard geometric model

can be seen in color plate from 1 to Z.



relation names ° GEOMETRY
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GEDOM. NAME Xa

>
.

[ XY A I o I 8 B B S I A
L] (-1

1 RADIUS.
2 RATITUS.
3 RADIUS.
4 RADIUS.
b RADIUS.
& RADIIUS.
z RADIIUS.

COLOR. 1
COLOR. 2
COLDOR. 3
COLOR.

4
COLDOR. S
&
7

I S I I SRS T D T 25T IR S S I S N IO SN I T T T D AT e D U 20 I R I s e e N S B T I e S I S m S S e mm s s ammnm s mnaman s

DCTAHEDRAL.

0. 300
=0, 300

O QOO

Q. 000

1.600

0,600 1.5600 GREEN

0,000 0,300 0,000 1,600 RED
0.000 0,000 0,000 1.600 FPINK
0,000 —0.300 0.000 1.600 GREEN
0. 300 0,000 O.600 1.600 CYAN

0. 000 1.600 YELLOW

—{3 . 300 0, &00

YELLOW
BiLUE

SAIARE PYRAMID 0, GO0

0. 000

1. 600
1. 600

=, SO0
-, GO0

0 B0
~0, 3OO

O. 000 0,300 0,000 1,400 GREEN

0,000 0,000 0,000 1,600 RED

G.300  0.000 0,600 1.600 CYAN
=0, Z00 0,000 0,600  1.600 FINK

=FF, 000 ~-97,000 —-99.000 *

eetos sas0n smtoe ratan 41s00 soves sease KbmmE sekaS Hbo0m 41400 FHSSH SHESS Saeh sib4e 1imes FrOen Seres FraSe meews mees Heeen S0mee Sesms TTESS TeTTE THFVE Hbves Soere SHSSt Aroe Sdeis pmsae Seeve sveee SPeds S8beS 1imes mcbe iese Sitas Srare et Ymtos Snbre Sease Fisd Tamee A4FH Mo S1000 bomas Samms 4boet SHAeL nrms ben Losms Sorme “mets S0300

0. QOO0

TRIGONAL BI-FYRAMID 0. 150 0,000 —0,257 1.600 BLUE
0,000 0,300 0,000 1.600 GREEN
O, 000 0.000 0,000 1.600 RED
=0, 300 0,000 0,000 1.600 FINK
(. 000 —0, 300 G.000  1.600 CYAN
0,150 0.000 0,259 1.600 YELLOW
-GG OO0 ~99, 000 -9, 000 0, Q00 *
TETRAHEDRAL 0,150 ~0,300 0,259 1.600 FINK
0,000 0,300 0,000 1.600 GREEN
0.000 0,000 O,C00 1.600 CYAN
-0, FO0 -0, 300 0,000 1.600 YELLDW
0.150 ~0,300 0.2539 1.600 RED
—-G9, 000 —~99,000 ~99.000 0,000 *

0,000 G000 Q.000 %

0. 000

emees resms suovn Sesen omsve Sesd rotms aSbe3 Liamm sewms 4TSS ES4E $HPHR SRR hase Seame Febns $54RS SR TeSud e Sasan it Shie Sases ¢0eas e fesst
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TRIGONAL FYRAMID G190 O.000 -0.25%9 1.600 CYAN
=0.300 G 000 0,000 1.600 YELLOW
0.000 0,300 0,000 1.600 FPINK
D150 0,000 0.25 1.600 GREEN
=99.000 —-992.000 -2F.000 O.000 *
D.000 0,000 0,000 0,000 %
QL0000  O0.000 0,000 0,000 %

4 S 0t S0 AL OM (0N e chmh G40t Lot hovm e ceme marns mmgms e Gt i et At S4em ereen brems SeeAd Seeeh fhme: Seine abe Sobem Sbtes Foame ber e Sens Smven ) Seate Sowen o e e St Smde Sk SeASe et Smoet St o SoeS Sevee o ot T e ot Soass et seems Sota

SRUARE PLANE 0.300  Q.000 —0.63) 1.&600 BLUE
=0.300 0,000 —0.600  1.600 YELLOW
0. 000 0,000 0,000 1.&00 RED
0.300 0,000 0.600 1.&800 GREEN
~0.300  Q.000 G.600 1.600 FPINK
=99.000 99,000 -99.000 0,000 *
0000 0,000 O.000 0,000 %

TRIGOMAL FPLANE 0. 130 Q. 000 —0.232 1.600 YELLOW
0. 000 0. 000 Q.000 1.600 RED
=0, 300 0,000 O,000 1,600 GREEN
0. 130 Q. 000 0,239 1.600 PINK
=G, 000 97 000 -99,000 O,.000 %
O,000  Q.000 O,000 O,000 #®
Q000 Q.Q00 ©.000  0.000 *

e et sosas omen soemy S4mie sesen SeRee Frben Sk s Ao FoSRs $55SS Sbas Fred SO SIS moaet BeMmS FOSRL $0054 AEe SN S500% SHemm F¥RSH eSS S4mst Smatn FeaSt MOSd Sempe SeCRS s S et SHReS Feme oot Semse Seate Mied SHSS SHeES Aeves o Smees SS44S 43048 0S4 Pt SHS B Seort efry et S Simne memms b

TRIANGLE 0.000 0.000 0G.000 1.600 CYAN
-~ 300 0.000 0.000 1.600 GREEN
Q0.150  0.000 0.25%9 1.&600 RED
-2%.000 -99.000 -99.000 Q.000 *
Q000 O.000 0,000 Q.000 *
D.000  0.000  0.000  0.000 %
Q.000  G.000 0,000 0,000 %

LINEAR 0.300 0,000 0,000 1.600 FPINK
Q.00 0,000 0.000 1.&600 YELLOW
-0, 300 0,000 0.000 1.600 GREEN
=99, 000 -9%9.000 -99.0500 0,000 *
0. 000 0Q.000 0,000 0,000 *
0,000 L0000 0,000 0,000 *®
0.000 0.000 0.000 0,000 *

siemn samas e sssa sons suvge ceses seees sises depen cose v T T vy e oo SIS ONTD TR I D 10T I DI I I DI ST S50 T S TR SR S R R D R I S T S L o I S S T I B S e S I s I
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The following nine tables show where atoms are
located in each molecule. For  instance. in  the
TETRAHEDRAL table (or relation), the CAMDO system stores
molecular names as the first attribute, and the rest of

the five attributes will be stored with the tom name.

(1]

When the user inputs new molecular data. they must specity
which atom belongs to which location of molecule. The
CAMD  system has already defined the atom's order in sach
geomnetiric model. These atom allocating rules are shown on
the figure M-1. and Ffigure M-2. For example. molecule
Xenon Tetraoxide (Xel4). has Xe atom in the center of this
tetrahedral model and 0O atoms in four ends. Atom 1 is
located at rear of tetrahedral model. Atom & is locatsd
at the top of this model. Atom 3 is located at the center
of this model. Atom 4 is located at left corner of this
model from figure M-1. Atom 8§ is located at front corner

of this model. The drawing priority is {from aton 1 to

atom 3.



A Standard
Trigonal Pyramid Model:

atom 4 .
atom 2

A Standard
Tetrahedral Model :

atom 4

A Standard
Octahedral Model :

atom 2

atom 7

A Standard Trigonal
Bi-Pyramid Model :

atom 1

atom 6

Figure M-1. STANDARD GEOMETRIC MODELS

page. (40
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A Standard Linear Model :

atom 1

atom 3

atom 2
A Standard Triangle Model ;

atom |

atom 2

atom 3

A Standard Trigonal Plane Model :

atom 2
atom 1

atom 3
atom 4

A Standard
Square Pyramid Model :

atom |
atom 2

atom 6 i / atom 5

A Standard Square Plane Mode! :

atom 2 atom |

atom 4

atom 5

Figure M-2. STANDARD GEOMETRIC MODELS
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Table 1:
relation name @
MOLLE . NAME ATOM. 1
Bellz C1
coz 0
HgClz Cc1
HCN H

XeF 2 F
Table 2:
relation name @
MOLE . NAME ATOM. 1
SOz =

20 0
Hz20 0
sCciz s
Table 3:

relation name I

LINEAR

TRIANGLE

TRIGONAL FLANE

MOLE.NAME  ATOM. 1
BF3 F
EC13 51,
S03 o



page 103

Table 4:
relation name @ SHOUARE FLANE

XeF 4 F F Xe F F
CRdC14]—— Cl s | Fd Cl1 Cl1
CFRtC14]1—— Cl Cl Ft C1 c
CAUC14]1- C1 C1 Au Cl Cl
Table 5:

relation name TRIGONAL PYRAMID

caoms bomet tasas samts eroas Soaes Sares oo Feees Tombd Serms Pmetn Seben beemm ooas B0ead FHeRS b Soee< Soems Sies S tores Sevie beset Sl SeAN: Semet ooy Aooes Sasmn Fembe Seees Hoese ate Siaim leond e moees Sotes e M Soven o seren Shb

NH3 H H N H

NF3 F F N o

NIZ I I N I

FCL3 C1 Cl S C1
Xel3 0 0 Xe O

Table 6.

relation name . TETRAHETDRAL

veeen wwtoe wovon sese sosre vaems Sa4e Sbove et pmaa’ Smmen SHS4: SSmmt Sreds Siaes sabee Sbee Mbend Sooms SeAEE ShecR TSR g ) Samde Sete) Soees s smes D e TR ¢ s sar seten v ot

CH4 H H C H H
X4 0 Q Xe 0 0
CHC13 H C1 C El c1
5iF4 F F 5i F F
BrO4— 0 n} B 0 0
NH 4+ H H N H H
FeCld- x| Cl Fe Cl1 el
CHZCLF H H C €l F

e e oo v et S o s S s St S s S S5 i S S A 2 a4 i S S 5 1 B S S G 1t S ke e e o s et G ot e s
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Table 7@

relation name @ TRIGONAL BI-FYRAMID

MOLE. NAME ATOM.1 ATOM.Z2 ATOM.3 ATOM.4 ATOM.S5 ATOM. &
FC15 C1 1 = C1 | C1
Shll3s C1 Cl &b C1 (5% C1

FF3 F = = F F F
NiFE-83 S = Ni = Br S

asF4 F F S (] F i
Table &:

relation name SHIUARE FYRAMID

MOLE. NAME ATOM. 1 ATOM.2 ATOM.3 ATOM.4 ATOM.3 ATOM.&

BrFS F F F Br F F
TeFS- F F F Te F F
LSbFE1-- F F F Sh F =
Table @i

relation name 3 OCTAHEDRAL

vesre vavee vesre beeee Seeme H088 showt Fess SSere HHusl asm $0S4S Peeed Temms rase Mirem e SeeSH Aheme rHeSe $400% Sosee Sere assd bante temed asies e -

MOLE.NAME ATOM.1 ATOM.2 ATOM.3 ATOM.4 ATOM.S ATOM.& ATOM.7

SFé& F F E 8 F F F
CFeé Fe Fe Fe C Fe Fe Fe
[SiF&d~— Bi F F 5i E F E
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S. Conclusions and Future Directiocns.

In this thesis. the Computer Aided Molecular Desian
System (the CAMD system) has impiemented a relational data
base manageament system to retrieve data. used index tress
to prevent duplicate key from existing in one ralation.
and set up color lookup table in &4 intensity For sach
color. It also determines sach surface polygon in each
sphere, finds the surface normal in each facet. and
determnines color intensity for each polygon in order to

draw a sphere with illumination.

A relational database model was chosen forr  the CaMi

res that are

a3
c

systeim. It employs simple tabular struc
conceptually sinple fto understand. Im the relational
model it is easier to express data integration and

wtraction than with network structures. A database in
the CAMD system is simply a UNIX directory. The namg of
the directory is the name of the database. This is a
reasonable method of organization as a database can be
viewed as simply a collection of data relations. with the
OBEMS  imposing organization on the data. Correspondingly.

a relation is represented by a UNIX file.

The relation.tbl and attribute.tbl files allow fthe
CAMD  system to authenticate the existence of relation and

attribute names prior to opening the actual relation. For
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this reason. all the CAMD system processes have to access
one or both these files in some manner. Each relation has
its corresponding data file and indes file. EBEetwesn the
relations {(data files and index files). the relation.tihbl.
and attribute.tbl file, there is sufficient information
for the CAMD system to access the relations in an

organized manner and answer user'’'s requasts,

In the CAMD system. the index tree pertorms thres
advantageous Ffunctions: (1) storing primary keys, (2)
avoiding duplicate key. (3} Finding the locaticn of
primary keys in data file. In the third function. it also
makes it easier and faster to access a hkey in the data

file than sequentially searching from the initial position

of the data file.

The CAMD system does not offer multiple-record delete
or all-record delete. because the system maintains twslve
relations for sach process to use related data in  data
base. For example. if the user of the CAMD system delsted
all tuples in ATOM TABLE relation. the CAMD system can not
find radius and color for a particular atom. &lso, if the
system allows the user to delete multiple-tuple, said
HEOLOR = GREENY, then the system can not find other atoms
whose color is green. Currently. the system manipulates
DELETE operation under the first attribute only to compare

L

which tuple is to be deleted. In other words: a data



Fage 107

tuple was deleted for which the primary key is only egual
to a specified data. But the system program originaily
was designed to do multiple-tuple delete. all-tuple delate
under any specified attribute. If one tuple was deleted,
the system will change data-in-use flag to specify that
this tuple does not exist. And this tuple can not be used
again. But from the disk memory point, this deleted tuple

still occupied a tuple length of space in data file.

UFDATE operations can be seen in a general query
language. The CAMD system does not support this
operation. The UFDATE operation is used to modity
attribute wvalues in one or more existing records in a
table. The user can do a deletion first., then followed by
an insertion to incorrect tuple. Whenever ths data needs
to be mnodified in a tuple of table. ths user has to do the
LDELETE operation to remove this specified tuple. Then the
user adds the modified tuple at the end of data file. i+t
these process happens many times, then the data file will
become bigger and bigget. Thus the system wastes lots of
storage. S0 the incorporation of an "UFDATE" operation

would be a future extension for the CAMD system.

The CAMD system only allows creation of nine standard
geomnetric models. Because the program designer has already

fived nine different relations to store these nine model.

r

When the user enters this system the Ffirst time and



requests the system to define these relations once in data
base systemn. After that, if the user requests to define
these relations,. the system will show some erroe MESSags.,
since these relations have already been defined. on the
other hand, if the user really wants to create a new
relation for new geometric wmodel. then the system progeamn
has to be modified. Bscause the GEOMETRY relation cnly
accommodates seven sets of atom’s data. Each set of
atom’s  data needs Y attributes to store (., y. 2
coordinate wvalue. radius and coloe. The maximumn atomn
numberr in the CAMD system is seven. In sach data tupls.
ite primary key is used to hold the geometric modsl type.
such as TRIANMGLE. Each deta tuple nesds 3& attributes.
Therefore, to create a new geometric model which is more
than seven spheres. it must extend the attribute Ffields.
The CAMD system does not currently provide this function.
Frovigsion of this function is another future development.
One can take and the CAMD system would then be more

powerful in designing more complex molecules.

When inserting data into the GEOMETRY relation. the
total number of sphere could be less than seven spheres in
some geometric models. The triangle model only requires
three spheres. It only needs sixteen attribute spaces to
astore its data. But there are thirty-six attributes in
each tuple. 8o the user has to input (=99, -%¥9, -99) {for

next (x. y». =) coordinate value as a terminal flag. Then
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the CAMD system will discard the rest of attribute in the

data tuple.

In graphics system. to draw a standard geometric
model or a molecule, the molecular bond will be drawn
first between its related spheres from center of sphere to
the center of another sphere, then according to hidden
surface removal effective to determine drawing which
sphere or which stick first from rear to front in z-axis
direction. The graphic system also can find exactly
connective point between sphere (atom) and stick {(bond) to

make molecule more sterecgraphy.

When the system draws a molecule on  graphic screei.
the ideal of parallel projection was selected. But why not
the ideal of perspective projection? Because there 1is  a
ambiguity for molecul ar structure. Usually, the
interpretation of perspective projection is often based on

the assumption that a smaller object is further away. I+

there are two houses on the screen. One appears biggse
than the other. It would probably be assumed that the
larger house is nearer to the viewsr. However the house

which appears larger (a mansion. perhaps) may actually be
more distant than the one which appears small (a cottags,
perhaps). at least =0 long as thetre are no other cuss.

such as trees and windows. When the viewer knows that the

projected objects have many parallel lines. perspective



-
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does convey depth. because the parallel lines seems to
converge at their vamishing points. This Convergence may

actually be a stronger depth cues than

-+

he decreasing size

effect.

The perspective projections stick—figure molecule
representations were less convincing than paralleld
projections. explaining this by the lack of converging

parallel lines in molecul ar structures  {(spherical

—

structures). Alsoc atom A (Aluminum. perhaps may bDe
bigger than atom B (Hydrogen. perhaps). The Aluminum may
also have deeper 7 coordinate value. if the system did a
perspective projection to draw two spheres. The atom 4
would be smaller than atom B. On the screen The viewses
will assume that Hydrogen is larger than Aluminum. So the
system preferred to select parallel projection in this
project. But how can it provide depth cuss to the viewsr.
The system used hidden-surface removal ideal to draw
picture. In other words. it always draw deep value in Z

coordinate firset from rear object to front object. In this

way it does convey depth.

This thesis combined computer graphics and a
relational data base management system to implement a
Computer Aided Molecular Design  system. Its importance
can be realized in a variety of applications. This
package may be used in chemical education to understand

chemistry concepts in molecular structure.
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7«  Appendix.

7.1. Some Output Examples.



Script started on Mon Dec 135 13144129 1984
(107 run /.

—-———WELCOME TO CAMD SYSTEM-——-—

{Computer Aided Molecular Design System)

b HELF, Z. Create Molecular Table. 3. List Molecular Name
4, Display a Molecular Model. S. Delete a Molecule, &. QUIT.

Flease enter one number to process ==) 2

1. To define table and attribute name.
Z. To add data into table.
3. To exit CAMD system

Input data -——> 1

To create -—— MOLECULE --- file.

To create —-—-- GEOMETRY -—--—— file.

To create ——— LINEAR -——- file.

To create —-—— TRIANGLE --- file.

To create -—-- TRIGONAL FPLANE --- file.
To create —-—— SRUARE FLANE --- file.

To create —--- TRIGONAL PYRAMID --- file.
To create -——- TETRAHEDRAL --- file.

To create --- TRIGONAL BI-FYRAMID -—--- file.
To create —-——- SERUARE PYRAMID -—-- file.
To create ——— OCTAHEDRAL --- file.

To create -—— ATOM TABLE --- file.

w'\:w-v-'v-v'v’v’v'v-v-v-vN-'v‘v‘\:‘u-v~~~~~~~~~~~~~-\,N—v~~~~~~~~v—v~~~~-\.--v-v'v'v~~~—\-~-v'\uv-vww-\.»'u-v-wv'vw-\,-vww—v-vww

To exit CAMD system. please type 'quit’ or TQAUITY == n

1. HELF, . Create Molecular Table, 3. List Molecular Name
4. Display a Molecular Model., 5. Delete a Molecule, 6. QUIT.

Flease enter one number to process ==) Z

1. To define table and attribute name.
2. To add data into table.
3. To exit CAMD system

Input data ——)> 2
Create data to —— 1. MOLECULE.
=. ATOM TABLE or GEOMETRY.

3. to exit CAMD systemn.

5 -

Input number ——7 <«

as follows

The current relation 1in CAMD system is
1 ==) MOLECULE
Z. == GEOMETRY
3. ==) LINEAR



4,

oS-

==)
==)

6. ==)
7. ==)
8. ==)
9. ==
1G. ==)
11. ==)
12, ==)

Enter relation name == ATOM TAELE

—-=ATOM.NAME-- (char) ==) H

--RADIUS-- (real) ==) 1.25

-=COLOR-- (char) ==) GREEN

Add more tuple in —--ATOM TABLE-- table 7

-=ATOM.NAME-- (char) ==) Be

--RADIUS-- (real) ==) .20

--COLOR-- (char) ==) GREEN

Add more tuple in —-—-ATOM TABLE-- table ?

-—-ATOM.NAME-- (char) ==) B

--RAOIUS—-- (real) ==) Z.17

-—-COLOR-- (char) ==) GREEN

Add more tuple in -—-ATOM TABLE-- table 7

-—ATOM. NAME—= (char) ==) C

-—-RADIUS—-—- (real) ==) 1.85

—-—COLOR-- (char) ==) FINK

Add more tuple in --ATOM TABLE-- table 7

—--ATOM. NAME—— (char) ==) N

-—-RADIUS-- (real) ==) 1.54

-—COLOR-- (char) ==) YELLOW

Add wore tuple in -—-ATOM TABLE-- table 7

—-—ATOM.NAME—— (char) ==) 0

—-—-RADIUS-- (real) ==) 1.40

-—COLOR-- (char) ==) RED

Add more tuple in —-ATOM TABLE-—- table 7

——ATOM.NAME—- (char) ==) F

~—RADIUS-- (real) ==) 1.35

——COLOR-- (char) ==) CYAN

TRIANGLE

TRIGONAL FLANE
SQUARE FLANE
TRIGONAL FYRAMID
TETRAHEDRAL
TRIGONAL BI-FYRAMID
SGEUARE PYRAMID

OCTAHEDRAL

ATOM TAEBLE
(y or n) ==) Y
(y ar n) ==) Y
(y atrr n) ==) Y
(y or n) ==) Y
(y or n) ==) Y
(y or n) ==) Y



Add more tuple in --ATOM TABLE-- table 7 (y or n) ==) N 3-

LI NG NNEID NN NIN NI  NIN A N A N N N A A N ~N s A, R Ve Y VR VE P VT Y e a2 AN NN
To exit CAMD system, please type ’quit’ or "QUIT' == N
1. HELP, 2. Create Molecular Table, 3. List Molecular Name

4. Display a Molecular Model, S. Delete a Molecule. &. QUIT.

24

Flease enter one number to process ==) 2

1. To define table and attribute name.
2. To add data into table.
3. To exit CAMD system

Input data --) 2

Create data to -—-— 1. MOLECULE.
2. ATOM TABLE or GEOMETRY.
3. to exit CAMD system.

Input number --) 1
-—-MOLE.NAME-- (char) ==) BReClZ
Input —--MOLDEL.TYFE-—
1. LINEAR- 2. TRIANGLE, 3. TRIGONAL FLANE.
4. SOUARE FLANE, S. TRIGONAL PYRAMID, 6. TETRAHELDRAL
7. TRIGONAL BI-PYRAMIL, 8. SRUARE PYRAMID, 9. OCTAHELRAL.
Select one model number --) 1
Input ATOM.1 (char) ==) Cl
Input ATOM.Z (char) ==) Be
Input ATOM.3 (char) == (B}
add new molecule, type ‘yes’ or 'YES' -—-) yes
—-—MOLE.NAME—-— {char) ==) CO0O2
Input —--MODEL.TYFE-—
1. LINEAR, 2. TRIANGLE- 3. TRIGONAL FLANE.
4. SQUARE PLANE, S. TRIGONAL FPYRAMID, 6. TETRAHEDRAL
7. TRIGONAL BI-FYRAMID, 3. SHUARE PYRAMID, 9. OCTAHEDRAL.
Select one model number ——) i
Input ATOM.1 (char) ==) 0
Input ATOM.Z (char) ==) C
Input ATOM.3 (char) ==) 0
add new molecule, type ’yes’ or 'YES? ---) no
AL ARG AL AL P AL PR RIS NN N A e wmmwm~'\.m.-v'\:'\u\,;\,,o\,n,n.u'\.ﬂu\.‘vNN'\-"./N‘VNN'M AN A AL LA AL AU AL A A NSRS NG L PTG RS AL AL AL A AL Ny AL ANy
To exit CAMD system, please type ‘quit? ot TRUIT? == n
IT HELF » 2. Create Molecular Table. 3. List Molecular Name

4. Display a Molecular Model. 5. Delete a Molecule, 6. RUIT.



Flease enter one number to process ==) 3 {L

Enter relation name to process : MOLECULE

ReCl2 coz HgClz HCN
XeF2

next molecules (YES or NO) ==) VYES

Rl e i e e e A A, fa da R e it i,V AN AT AN A AT A Y A A A Y A A Y N Y A A A

To exit CAMD system, TRUIT? == N

1. HELP, 2.
4. Display a Molecular Model, S.

please type 'quit’ or

3. List Molecular Name
QuUIT.

Create Molecular Table.»
Delete a Molecule» S

Flease enter one number to process ==) 1

1. Print description

2. Describe attributes properties.

3. Display any data in whole table.

4. To create table, list name, display model.
S. To exit CAMD system

delete molecular.

Input data ==}
Enter relation name to process @ ATOM TABLE
ATOM. NAME RADIUS COLOR
H 1.250 GREEN
Be 2.200 GREEN
B Z.170 GREEN
c 1.850 FINK

N 1.540 YELLOW
8] 1.400 RED

F 1.350 CYAN
Al 2.530 WHITE
Si 2.240 GREEN
F 1.960 FINK

S 1.830 BLUE
Cl 1.800 FINK
Co 1.590 CYAN
Ni 1.600 CYAN
Cu 1.410 YELLOW
Ga Z.010 YELLOW
As 2.020 RED

Se 2.010 BLUE
Br 1.950 RED

Fd 1.630 GREEN
Sb 2.210 YELLOW
Te 2.220 PINK

I 2.150 ELUE
Xe 2.190 RED

=2 1.830 YELLOW
Au 1.690 RED

Hg 1.470 CYAN



s

NN AN T A N N N N N P A N A A R A T A AU AT N A AT A A A A AU AL R A Y A A A A A Y AT A A VA Y A A A A A AN A A

To exit CAMD system, please type 'quit' or "QUIT' == N

1. HELP, 2. Create Molecular Table, 3. List Molecular Name
4. Display a Molecular Model, S. Delete a Molecule,| &, CWUIT.

Please enter one number to process ==) 1

Print description

Describe attributes properties.

Display any data in whole table.

To create table, list name. display modesl, delete malecular.
To exit CAMD system

[N A S

Input data ==) 3

Enter relation name to process MOLECULE

MOLE. NAME MOLEL.TYFE
BeCl2 LINEAR
Coz LINEAR
HgClz2 LINEAR
HCN LINEAR
XeFZ2 LINEAR

AL A A AL A RS A A A Al A A A AL R A A A AT A A N AT A AL NN AT AT A A A AL A RS N T AT AN A A RS A NN S A R N A N A A A N A

To exit CAMD system, please type ’quit’ or 'QUIT’ == QUIT
(D7 exit
(3%

script done on Mon Dec 15 14:03:13 1986
Script started on Mon Dec 1S 14::8:100 1986
{1)%

{107 run

-—-——WELCOME TO CAMD SYSTEM-——-—

(Computer Aided Molecular [esign System)

1. HELP. =, Create Molecular Table. 3. List Molecular Name
4., Display & Molecular Model, 5. Delete & Molecule» &, RUIT.

Flease enter one number to process

To define table and attribute name.
To add data into table.
. To exit CAMD system



Input data --)> 2

Create data to -—— 1. MOLECULE.
Z. ATOM TABLE or GEOMETRY.
3. to exit CAMD system.

Input number --=) 1

-—MOLE.NAME-- (char) ==) S0z

Input --MODEL.TYFE--

1. LINEAR, 2. TRIANGLE., 3. TRIGONAL FLANE.

4. SRUARE PLANE, S. TRIGONAL PYRAMID. &. TETRAHEDRAL
7. TRIGONAL BI-FYRAMID., 8. SRUARE FPYRAMID, 9. OCTAHEDRAL.
Select one model number ——) 2

Input ATOM.1 (char) == S

Input ATOM.2 (char) ==) 0O

Input ATOM.3 (char) == 0 .

add new molecule., type 'yes’ aor 'YES’ ---) VYES
——MOLE.NAME-- (char) ==) NF3

Input -—-MODEL.TYFE-—

1. LINEAR., 2. TRIANGLE, 3. TRIGONAL FLANE.

4. SRUARE PLANE. 5. TRIGONAL PYRAMID. &. TETRAHEDRAL
7. TRIGONAL BI-FYRAMILD, 8. SQUARE PYRAMID. 9. OCTAHEDRAL.
Select one model number —=) 5

Input ATOM.1 (char) ==)> F

Input ATOM.Z2 (char) == F

Input ATOM.3 (char) ==> N

Input ATOM.4 (char) == F

add new molecule. type 'yes' or 'YES' -——) VYES
—~—MOLE.NAME—— (char) ==) BF3

Input --MODEL.TYFE—-

1. LINEAR., 2. TRIANGLE: 3. TRIGONAL FLANE.

4. SRUARE PLANE, 5. TRIGONAL PYRAMID, 6. TETRAHEDRAL
7. TRIGONAL BI-FYRAMID, 8. SAUARE FPYRAMID. 9. OCTAHEDRAL.
Select one model number —-=) 3

Input ATOM.1 (char) ==) F

Input ATOM.Z (char) ==) B

Input ATOM.3 (char) ==} F

Input ATOM.4 (char) ==) F .

add new molecule, type ’'yes’' or 'YES' -—-) YyEs
——MOLE.NAME—— (char) ==) XeF4

Input ——MODEL.TYFPE-— ,

1. LINEAR> 2. TRIANGLE- 3. TRIGONAL FLANE.

4. SRUARE PLANE, 5. TRIGONAL PYRAMID, 6. TETRAHEDRAL

7. TRIGONAL BI-PYRAMIL. 8. SAUARE PYRAMID, 2. OCTAHEDRAL.



Select one model number --) 4

Input ATOM.1 (char) ==) F

Imnput ATOM.Z (char) ==) F

Input ATOM.3 (char) ==) Xe

Input ATOM.4 (char) ==) F

Input ATOM.S (char) == F

add new molecule, type ’yes’ or 'YES' -—-) vyes
——MOLE.NAME—— (char) ==) CH4

Input -—--MOLEL.TYPE-—

1. LINEARR. 2. TRIANGLE, 3. TRIGONAL FLANE.

4., SOUARE PLANE, S. TRIGONAL PYRAMID, &. TETRAHELDRAL
7. TRIGONAL BI-PYRAMIL, 8. SRAUARE PYRAMILD, 9. OCTAHEDRAL.
Select one model number --) 6

Imput ATOM.1 (char) ==) H

Input ATOM.2 (char) ==) H

Input ATOM.3 (char) ==)> C

Input ATOM.4 (char) ==) H

Input ATOM.S (char) == H

add new molecule, type 'yes' or 'YES' -—--) VYES
—--MOLE.NAME—-— (char) ==) PC1S

Input —--MODEL.TYFE——

1. LINEAR, 2. TRIANGLE. 3. TRIGONAL FLANE.

4. SRUARE FLANE, S. TRIGONAL FYRAMID, &. TETRAHEDRAL
7. TRIRONAL BI-FPYRAMID, 8. SRHUARE FYRAMID, ?. OCTAHEDRAL.
Select one model number —--=) 7

Input ATOM.1 (char) ==) C1

Input ATOM.Z (char) ==) Cl

Input ATOM.3 (char) ==} F

Input ATOM.4 (char) ==} Cl

Input ATOM.S (char) ==) Cl

Input ATOM.& (char) ==) Cl

add new molecule, type ’'yes’ or YES? -—-—=) yes
——MOLE.NAME—— (char) ==) BrF3

Input ——MODEL.TYPE-——

1. LINEARR- 2. TRIANGLE- 3. TRIGONAL FLANE.

4. SCUARE PLANE., S. TRIGONAL PYRAMID, 6. TETRAHEDRAL

7. TRIGONAL BI-PYRAMID, 8. SQUARE PYRAMID, 9. OCTAHEDRAL.

Select one model number --) 8

Tmour ATOM.1 (char) ==) F



Input ATOM.Z2 (char) ==) F 8

Input ATOM.3 (char) ==) F
Input ATOM.4 (char) ==) Br
Input ATOM.S (char) ==) F
Input ATOM.6 (char) == F
add new molecule, type ’yes’ or 'YES' ---) YES

-—MOLE.NAME-- (char) ==) GSF&

Input --MOLEL.TYFPE--

1. LIMNEAR, 2. TRIANGLE, 3. TRIGONAL FLANE.

4. SRUARE FLANE, S. TRIGONAL PYRAMID, 6. TETRAHELDRAL

7. TRIGONAL BI-FYRAMIL, 8. SQUARE PYRAMID, 9. OCTAHEDRAL.

Select one model number --) 9

Input ATOM.1 (char) ==) F

Input ATOM.Z (char) ==) F

Input ATOM.3 (char) ==) F

Input ATOM.4 (char) ==) S

Input ATOM.S (char) ==) F

Input ATOM.&6 (char) ==) F

Input ATOM.7 (char) == F

add new molecule, type ’'yes’ or 'YES' -—--) no

To exit CAMD system, please type "quit’ or "QUIT? ==) n
1. HELF, 2. Create Molecular ;;;I;:_— 3. List Molecul;;_aame

4. Display a Molecular Model, S. Delete a Molecule, 6. QUIT.

Flease enter one number to process ==) 3

Enter relation name to process I MOLECULE

ReCl2 coz HgC1l2 HCN
XeF2

next molecules (YES or NO) ==) VYES

S0z S20 H20 sc1z
NH3

next molecules (YES or NO) ==) YES

NE3 NI3 FC13 Xed3
BF3

next molecules (YES or NO) ==) VYES

EC13 s03 Gal3 ocF>
XeF 4

next molecules (YES or NO) == YES

(PtC141-—-— CAuCl4l- CH4

[FdJC131-—



next molecules (YES or NO) ==) YES 4

CHC13 SiF4 Br04- NH4+
FeCl4-

next molecules (YES or NO) ==) YES

CH2C1F FC1S SbC1lsS FFS
NiFBrS3

next molecules (YES or NO) ==) YES

0SF4 BrFS TeFS- [SbFS1--
SFé&

next molecules (YES or NO) ==) YES

CFeb [SiF&1-- AsF6-

A AU A A A A AT A A A A A A A A N A S A A A A A A A L A A A AU U T A Y VAT A Y U U A A A A A A A A

To exit CAMD system. please type 'quit'® or '"QUIT' == N

1. HELP, 2. Create Molecular Table- 3. List Molecular Name
4. Display « Molecular Model, S. Delete « Molecule, 6. 2UIT.

Flease enter one number to process == 1

FPrint description

Describe attributes properties.

Display any data in whole table.

To create table., list name, display model. delete molecular.
To exit CAMD system

U p )

Input data == 3

Enter relation name to process @ MOLECULE
MOLE. NAME MODEL. TYFE

BeCl2 LINEAR

coz LINEAR

HgC12 LINEAR

HCN LINEAR

XeFZ LINEAR

S0z TRIANGLE

S20 TRIANGLE

HZ0 TRIANGLE

SC1z TRIANGLE

NH3 TRIGONAL FYRAMID
NFZ TRIGONAL FYRAMID
NIZ TRIGONAL FYRAMID
FC13 TRIGOMAL FYRAMID
Xe03 TRIGONAL FYRAMID
BF3 TRIGONAL FLANE
EC13 TRIGOMNAL FLANE
sS03 TRIGONAL FLANE
[EERRN TRIGBONAL FLANE
OCFz TRIGOMNAL FLANE
XeF4 SAUARE FLANE
[FdC141—- SRAUARE FLANE

[PtCl41—— SRAUARE FLANE



CALCL41-

SOUARE PLANE

to

CH4 TETRAHEDRAL

Xe04 TETRAHEDRAL

CHC13 TETRAHEDRAL

SiF4 TETRAHEDRAL

BrO4- TETRAHEDRAL

NH4+ TETRAHEDRAL

FeCl4- TETRAHEDRAL

CHZC1F TETRAHEDRAL

FC1S TRIGONAL BI-PYRAMID

SbC1S TRIGONAL BI-PYRAMID

FFS TRIGONAL BI-FYRAMID

NiPB+S3 TRIGONAL BI-PYRAMID

OSF4 TRIGONAL BI-PYRAMID

BrF3S SQUARE FYRAMID

TeFS- SRAUARE FYRAMID

[SbFS31-—-— SHUARE PYRAMID

SF6 OCTAHEDRAL

CFeébé OCTAHEDRAL

[SiF&1-- OCTAHELDRAL

AsF6— OCTAHELRAL

NN NN N NN I NI N N A N A A N N N N e ~ 2%3a "R 2 VR V2 L A e R N W g W T T Y Y Y R W U N 0 e Y2 VR Vi, P L, VE W, VA, V)

To exit CAMO system, please type 'quit’ or QUIT’ == N
1. 2. Create Molecular Table. 3. List Molecular Name

4.

Display a

Molecular Model,

S. Delete a Molecule,

6.

QUIT.

Flease enter one number to process

1. Print description

2. Describe attributes properties.

3. Display any data in whole table.
4. To create table,
S. To =vit CAMD system

Input data

The current

Enter relation name to

DESCRIKE ATOM TAELE

list name.,

in CAMD system

1.
3.
4.
3.
6.
7.
8.
D

display model.

L T I | T O I T | B

10.
11.

12.

DESCRIERE ==

delete molecular.

as follows :
MOLECULE
SEOMETRY
LINEAR
TRIANGLE
TRIGONAL FLANE
SOUARE PLANE
TRIGAONAL FYRAMID
TETRAHEDRAL
TRIGONAL BI-FYRAMID
SHUARE FYRAMID
OCTAHEDRAL

ATOM TAELE

L | (| [ T}

I ET TeRa T R

~ ~ ~

ATOM TAELE



RELATION NAME ATTRIBUTE NAME TYFE LENGTH KEY

",
ATOM TABLE ATOM. NAME CHARACTER 9 YES
ATOM TABLE RADIUS DECIMAL 0O N3
ATOM TABLE COLOR CHARACTER 10 NO

No more attribute field in attribute table !

YL AL LA LS PRGN N R A AT A N N SIS A AT N A AN A A AU A A AT A AT AT S A AT R AT AL AT AR AL AT RS A AT N A R R A A A A AN AN

To exit CAMD system, please type *quit’ or 'QUIT’ == N
1. HELF. 2. Create Molecular Table, 3. List Molecular Name
4, Display a Molecular Model. S. Delete a Molecule, &. QUIT.

[N

Flease enter one number to process ==)

l.. To define table and attribute name.
2. To add data into table.
3. To exit CAMDO system

Input data —--’ 2
Create data to ——— 1. MOLECULE.

2. ATOM TABLE or GEOMETRY.
3. to exit CAMD system.

Input number --> 2
The current relation in CAMIO system is as follows !
1. ==} MOLECULE
Z. ==} GEGMETRY
3. == LINEAR
4. ==) TRIANGLE
S. ==) TRIGONAL FLANE
5.  ==) SHUARE FLANE
7. == TRIGONAL FYRAMID
8. == TETRAHEDRAL
. == TRIGONAL EBI-FYRAMID
10. ==) SAUARE PYRAMID
11 ==) OCTAHEDRAL
==)

ATOM TABLE

Enter relaticn name ==) SEOMETRY

——BECM.NAME—— (char) ==> OCTAHEDRAL
——X.1-- (real) ==) 0.3

—Y.1=— {(real) ==) O

——Z.1-— (real) == -0.6
——RADIUS. 1-— (real) ==) 1.6
-—COLOR.1-— (char) ==} ELUE
——X.T=— (real) ==} -0.3

——Y.2-- (real) ==> O



==1.2-- (real) ==) =0.6

—-—RADIUS.2-- (real) ==) 1.4 /2,
——COLOR.2Z-- (char) ==) GREEN

—=X.3-- (real) ==) 0

==Y.3—-- (real) ==) 0.3

-=Z.3-- (real) ==) 0

-—RADIUS.3-- (real) ==) 1.6

—-—COLOR.3~- (char) ==) RED

—-=X.4-= (real) ==) 0

-—=Y.4—— (real) ==) 6]

—=Z.4-- (real) ==) 0
==RALIUS.4-- (real) ==) 1.4
==COLOR.4-- {char) ==) FPINK
-=X.5-- (real) ==) 0O
==Y¥.5-- (real) ==) -0.3
-=Z.5-- (real) ==) 0.0
-—-RADIUS.S-- (real) ==) 1.6

—-—COLOR.S-- (char) ==) GREEN
——X.6-—= (real) ==) 0.3
—=Y.b-= (real) ==) 0O

~=Z.6—— (real) ==) 0.6
—-—RADIUS. 6—— (real) ==) 1.6
——COLOR.&6-—- (char) ==) CYAN
-~X.7-- (real) ==) -0.3
-=Y.7-— (real) ==) O

-=Z.7-- (real) ==) 0.6
~--RAOIUS.7-- (real) ==) 1.6

-—COLOR.7-- (char) ==) YELLOW

1]
Il
-<

Add more tuple in —--GEQMETRY-- table 7 (y or nj
-—-GECM. NAME—— (char) ==) SHUARE FYRAMID
—=X.1-— (real) ==) 0.3

-=Y.1-— (real) ==) O

—=Z.1-— (real) ==) =-0.6



--RALIUS.1~-~ (real) ==) 1.6

——-COLOR.1-- (char) ==) YELLOW

—=X.2-—- (real) ==) =-0.3
—=Y.Z-- (real) ==) 0
-=Z.2-- (real) ==) =0.6
--RADIUS.2-- (real) ==) 1.6
-—COLOR.2-- {char) ==) EBLUE
-=X.3-- (real) ==) 0
-=Y.3-- {(real) ==} 0,3
-—Z.3-- (real) == 0O

--RADIUS.3~- (real) ==) 1.6
—-—COLOR.3-- (char) ==) GREEN
-=X.4-—- (real) ==) 0O
-=Y.4-- (real) == 0.
-=Z.4-— (real) ==) 0.
-—-RADIUS.4-- (real) ==) 1.6
~=COLOR.4-- (char) ==) RED
-—X.S—= (real) ==) 0.3
-=Y.S-- (real) ==) 0
—=Z.5—— (real) ==) 0.6
--RADIUS.S-- (real) ==) 1.6

--COLOR.S-- (char) ==) CYAN

—=X.56-- {real) ==) =0.3
——=Y.b6-- (real) == 0.0
——Z.565—— (real) ==) 0.6

-—-RADIUS. 6-- (real) ==) 1.6

~—COLOR.&—= (char) ==) FINK
-=X.7-- (real) ==) =99
-=Y.7—= {real) ==) =99

--Z.7-- (real) ==) =99
-—RADIUS. 7-= (real) ==)> O

-—COLOR.7-- (char) ==) *

Add more tuple in —--GEOMETRY-- table

T (y ar n) ==)

/3



--GEOM.NAME-- (char) ==) TRIGONAL BI-FYRAMID
-=X.1=-- (real) ==) 0.15
--Y.1l-- (real) ==) 0.0
-—=Z.1-- (real) ==) -0.259
~--RAOIUS.1-- (real) ==) 1.6
--COLOR.1-- (char) ==) BLUE
-=X.2-- (real) ==) 0.0
-=Y.2—-- (real) ==) 0.3
-=2.2-- (real) ==) 0.0
--RADIUS.2-- (real) ==) 1.6
--COLOR.2-- (char) ==) GREEN
-=X.3-— (real) ==) 0.0
-=Y.3-- (real) ==) 0.0
—=Z.3-- (real) ==) 0.0
-—-RADIUS. 3-- (real) ==) 1.6
-—COLOR.3-- (char) ==) RED
—=X.4-- (real) ==) -0.3
-=Y.4-- (real) ==) 0.0
——7.4-- (real) ==) 0.0

-—RADIUS. 4-— (real) ==) 1.6

-—COLOR. 4-— (char) ==)> FINK
——X.S-— (real) ==) 0.0
——Y¥.S-— (real) ==) =0.3

——Z.5-— (real) ==) 0.0
——RADIUS.S—-- (real) ==) CYAN

-—COLOR.S-- (char) == 0.13

~=X.b6-— (real) ==) 0
——Y.b6—-— (real) ==) 0.259
——7.5-— (real) ==) YELLOW
——RADIUS. 6—— (real) ==) =99
——COLOR.&6—— (char) ==) *
—=X.7-- (real) ==) *

—Y.7-— (real) ==) *



-=Z.7-- (real) ==) =

-—-RADIUS. 7-- (real) ==) %
/8,

——COLOR.7-= (char) ==)
Add more tuple in --GEOMETRY-- table ? (y or n) ==) Y
——GEOM. NAME—-- (char) ==) TRIGONAL EBI-PYRAMID

TRIGOMNAL BI-FYRAMID 1is a duplicate primary key ‘!
Duplicate key. Do you want to try again ? (y or n) ==) N

NN ANV AN AN AN A AT N A A AL N A A A A A A A ALY A A A AT YA AU A AU A AU A A A A AL A AL A AT A A A AL A A A A A

To exit CAMD system, please type 'quit’ or '"QUIT' == N
1. HELF. 2. Create Molecular Table. 3. List Molecular Nanme
4. Display « Molecular Model, S. Delete a Molecule, 6. GQUIT.

Please enter one number to process ==) 1

1. Print description

2. Describe attributes properties.

3. Display any data in whole table.

4. To create table, list name, display model, delete molecular.
S. To exit CAMD system

Input data ==) 3
Enter relation name to process : SEOMETRY
GEOM.NAME X.1 Y.l Z.1 RADIUS.1 COLOR.1 X.i .2

.2 RADIUS.Z COLOR.Z X.3 Y3 .3 RADIUS.3 COLOR.3
X.4 Y.4 Z.4 RADIUS.4 COLOR.4 X.S Y.3 =S
RADIUS.S COLOR.
OCTAHEDRAL 0.300 0.000 -0.600 1.600 BLUE -0.300 0.000 -0.6
00 1.600 GREEN 0.000 0.300 0.000 1.600 RED Q.OOD 0.000 0.0
00 1.600 PINK 0.000 -0.300 0.000 1.600 GREEN 0.300 0.000 -0.6
00 1.600 CYAN .
SRAUARE FYRAMID 0.300 0.000 =0.600 1.600 YELLOW -0.300 0.000 =0.6
00 1.600 BLUE 0.000 0.300 0.003 1.600 GREEN 0.003 0.000 0.0
00  1.400 RED 0,300 0.000 0.600 1.600 CYAN -0.30C 0.000 0.6
00  1.600 FINK ]
TRIGOMNAL BI-FYRAMID 0,150 0.000 -0.2592 1.600 ELUE G.000 0.300 0.0
00 1.600 GBREEN 0,000 0.000 0.000 1.600 RED -0.300 0,000 0.0
00  1.600 PINK 0.000 —-0.200 0.000 0.000 0.13 0.000 0.259 0.0

00 —-9F.000 *

NP VP RV L S L L L D b e il iadefadadedidodadadadadedeaiiadiiadaiadodadaiede e dadeded
A A A A

To ex1t CAMD system., please type Tquit?! or 'TQUIT == N
I__;;C;v Z. Create Molecular Table, 3. List Molecular Namne
- Molecular Model, S. Delete & Molecule, &. BUIT.

4. Display a

——y =
Please enter one number to process ==/ S



Flease select one number to DELETE one tuple. /&
1. ==) DELETE MOLECULE.

=
Py

DELETE ATOM TABLE or GEOMETRY.

==
3. ==) QUIT_JOB ! To exit delete job.
4. ==) To exit CAMD system.
Enter your selective number ==) 2

Enter relation name to process @ GEOMETRY

Input data ==) TRIGONAL BI-FYRAMID

DELETE GEOMETRY WHERE GEOM.NAME = TRIGONAL BI-FYRAMID

NP NI NG N D N AL RSN N N N AN AL NS N IS NS N NI N AN RIS AU A AT NG N R N N N U AL AT A RS AL ARG R AR AL RS AL A A A A A A Ar A P A

To exit CAMD system, please type ’quit’ or "QUIT’ == N
1. HELF, Z. Create Molecular Table. 3. List Molecular Name
4. Display a Molecular Model. 3S. Delete « Molecule. 6. QUIT.

Flease enter one number to process ==) 1

1. Print description
2. Describe attributes properties.

3. Display any data in whole table.

4. To create table, list name, display model, delete molecular.
S. To exit CAMD system

Input data ==) 3
Enter relation name to process : GEOMETRY
GEOM.NAME X.1 Y. 1 Z.1 RADIUS.1 COLOR.1 X.2 .2

.2 RADIUS.Z COLOR.Z X.3 Y:3 & RADIUS.3 COLOR.3
X.4 Y.4 2.4 RADIUS.4 COLOR.4 X.5 Yo S Z.5
RADIUS.E COLOR.
OCTAHEDRAL 0.300 0Q.000 —-0.600 1.600 BLUE -0.300 0.000 -0.6
00  1.600 GREEN 0.000 0.300 0.000 1.600 RED Q.000 0.000 0.0
00 1.56C0 PINK 0.000 =0.300 0.000 1.600 GREEN 0.300 0.000 0.6
Q0O 1.600 CYAN N i ) ]
SHUARE FYRAMIL 0.300 0.000 —-0.60G0 1.600 YELLOW =0.300 0.000 -0.6
ﬁd 1.6&600 BLUE 0,000 0.300 0,000 1.600 GREEN 0.060 0,000 0.0
66 1.4600 RED 0.300  0.000  0.6G0  1.600 CYAN =0, 300 0.000 0.6

00 1.600 PINK

AU A A A A e A A A U R A AV A A A R R A A R S AU S A A S A A AL R AR A N A
B R AL VL V) ~ o

To exit CAMD system..please type ‘quit’ or TRUIT' == N

HELP, . Create Molecular Table., 3. List Molecular Name
Delete « Molecule, 6. RUIT.

1. e
4. Display a Molecular Model, 3.




Flease enter one number to process ==) 4

/7.

Draw 1. molecule. or Z. geometric model.

Input number --) Z

Input data ==) TRIANGLE

DISFLAY TRIANGLE

Drawing type =) TRIANGLE

-—= 1st atom —---

X = 0.0000, y = 0.0000, =z = &.0000 radius = 1.6000, cclor = CYAN
-—= 2nd atom ---

X = -=0,3000, y =  (0.0000, z = 0.0000 radius = 1.6000, color = GREEN
—-—= 3rd atom --——

Xo= O 0.1500, y = 0.0000, = = 0.2590 radius = 1.6000, color = RED

NN TR D R D N A RS D0 N R R G SR R AL N N A R A R R A U A A Ry A e A A NN N PSR I A U R A R RS PSR A A AU A A

To exit CAMD system., please type ‘quit? or QUITY == NO

1. HELF, 2. Create Molecular Table, 3. List Molecular Name
4. Display a Molecular Model, S. Delete a Molecule, &. RQUIT.

Flease enter one number to process ==) TRIANGLE
Error number, FPlease try again!

NN A AT A S N AN A RS U S U A UG UL U A AT A U S A A e A A A A A e A R A A R A A A A AT A A

To exit CAMD system. please type ’quit’ or QUIT? == NO

1. HELF., 2. Create Molecular Table. 3. List Molecular Name
4. Display & Molecular Model, S. L[elete a Molecule. &. DUIT.

Flease enter one number to process ==) 1

1. Print description

2. Describe attributes properties.

3. Display any data in whole table.

4, To create table, list name, display model, delete molecular.

S. To exit CAMD system

Input date ==) 3

Enter relation name to process : TRIANGLE

MOLE. NAME ATOM. 1 ATOM. 2 ATOM. 3
so2 s a] 0
sz0 a] s s
Hz0 0 H H
s c1 55|

sClz




TN T A A A A A T A A T A A A U A A U Y A U U G A A A S AL G AL A G AL A A A A A R A A AU A AT A A A A A A A

To exit CAMD system, please type ‘quit' or CQUIT! == N /8

1. HELF, 2. Create Molecular Table. 3. List Molecular Name
4. Display & Molecular Model, 5. Delete & Molecule, B« TLITs

1. Frint description

2. Describe attributes properties.

3. Display any data in whole table.

4. To create table, list name, display model. delete molscular.
S. To exit CAMD system

Input data ==) 3

Enter relation name to process : SCHUARE FPYRAMIL

MOLE.NAME ATOM. 1 ATOM. = ATOM. 3 ATOM. 4 ATOM. S ATOM. &6
BrFS F F F Br F F
TeFS- F F F Te F F
[SbF51-- F F F Sb F F

AN AL A A A A AT N Y A AL A U AU Y AL A AT AU A U A AT A Y U A U Y AU AU A A U A LU A A A A A A A A A A A A A A A AV A A A AU A A A A A

To exit CAMD system, please type 'quit’ or 'QUIT' == N

1. HELF., Z. Create Molecular Table» 3. List Molecular Name
4. Display & Molecular Model, ©S. Delete & Molecule, 6. QUIT.

FPlease enter one number to process ==) 1

Script started on Mon Dec 1S5 16:22:38 1986

(1>7 run
————WELCOME TO CAMD SYSTEM-—-—--—
(Computer Aided Molecular Design System)
1. HELF., 2. Create Molecular Table. 3. List Molecular Name

4. Display a Molecular Model, 5. Delete a Molecule. 6. RQUIT.

Flease enter one number to process ==) 4

Draw i. molecule. or 2. geometric model.

Input number --) 2

Input data == LINEAR



DISPLAY LINEAR

Drawing type —-) LINEAR

——— lst atom ——-—

» = 0Q.3000, y = 00,0000, =z = 0,0000 radius = 1.6000,
—-—= 2nd atom -—-

» = 0,0000, y = 0,0000, z = 0,0000 radius = 1.6000,
-—— 3rd atom ——-—

» = —0,3000, y = 0.0000, z = 0.0000 radius = 1.6000,
A A A ~ A A ladala"} VA A A

To exit CAMD system. please type ’quit’ or "QUIT' ==

/9.
color = FINK
color = YELLOW
color = GREEN

A A A AL A A A A A A A A A A A A A A

1. HELP, Z. Create Molecular Table., 3. List Molecular Name

4. Display a Molecular Model, S. Delete a Molecule, 6. QUIT.
Flease enter one numbetr to process ==) 4
Draw 1. molecule. or 2. geometric model.
Input number --> 2
Input data == TRIANGLE
DISPLAY TRIANGLE
Orawing type —) TRIANGLE
-—— lst atom ——-
» = 0.0000, y = 0.0000, z = 0.0000 radius = 1.6000, color = CYAN
-—— Znd atom ——-—
w = —0,.3000, y = 0.0000, z = 0.0000 radius = 1.6000, color = GREEN
-—— 3rd atom ---
% = 0.1500, y = 0.0000, z = 0.2590 radius = 1.6000, color = RED
'v'v’\.-’v‘v'v‘v'\:N'\o-\:‘\ow‘v'\'m’v'\a'\:w'\a'\amm-\rw'\:w'\;-v-v'v‘v'v'vww'v'v-v'\o'v-\.-'v'vw'vm'\:'v'\.-'\'-v'\. v LN VI, VI VY ~
To exit CAMD system. please type ‘quit’ or '"QUIT® ==

Create Molecular Table: 3. List Molecular Name

1. HELF» Z.

Molecular Model. Delete a Molecule.

4. Display a S.

6. QUIT.

Flease enter one number to process ==) 4

Z. geometric model.

Draw 1. molecule. o
Input number ==} 2

Input data ==) TRIGONAL BI-FYRAMID

DISFLAY TRIGONAL EBI-PYRAMID

Drawing type - TRIGONAL BI-FYRAMID

ist atom -—-—



X = 0.1800, y = 0.0000, =z = -0.2590 radius = 1.6000, color = BLUE 2
0

-—= 2nd atom —---

X = 0.0000, y = 0.3000, =z = 0.0000 radius = 1.6000, color = GREEN

=== 3rd atom —-—-—

®o= 0 0.0000, y = 0.0000, z = 0.0000 radius = 1.6000, color = RED

—== 4th atom ---

X = —0.30007 y = $.0000, z = G.0000 radius = 1.6000, color = PINK

--- Sth atom -—-

X = 0.0000, y = -0.3000, z = 0.0000 radius = 1.6000, color = CYAN

-—= &th atom -—-

x = 0.1800, y = 0.0000, z = 0,2590 tradius = 1.6000, color = YELLOW

VNN S I RSN NN N N N U A A A N A A S A A A A A A AL A A A A R A A A R A A e A AU RS A R e A A A A A A A A A A A

To exit CAMD system., please type quit’® or 'QUIT? ==

1. HELF. Z. Create Molecular Table, 3. List Molecular Name
4. Display a Molecular Model, S. Delete a Molecule, &. BUIT.

Flease enter one number to procese ==) 4§
Draw 1. molecule. or 2. geometric model.
Input number —-) 2

Input data == =

DOISFLAY 2

Orawing type —-) TRIGONAL BI-FYRAMID
No this model!

Al AP AL N IR ALY A L R AL AL S AL A A R G A A A AR RS AU A A A AL AU AL A A AT AL A A U AL AT A AU A A A A A A A A A Y A A

To exit CAMD system. please type 'quit’ or 'QUIT? ==

1. HELF., Z. Create Molecular Table: 3. List Molecular Name
4. Display & Molecular Model. 5. Delete a Molecule, 6. QUIT.

Flease enter one number to process ==) 4
Draw 1. molecule. ot 2. geometric model.
Input numbet —==) 1

Input data ==) Hz0

OISFLAY HZ0

Drawing type -)> TRIANGLE

Drawing Atom = 0
w = 0,0000, y = 0.0000, =z = 0.,0000, radius = 1.4000, color = RED
1 Atom =
Er:wig?3ooo, v = 0.0000, z = 0.0000, radius = 1.2500, color = GREEN



21,

Drawing Atom = H
» = 0.1500, y = 0.0000, =z = 0.2590, radius = 1.28500, color = GREEN
‘\4'\!'\/’\1’\1'\4'\!’\l'\t’\l‘\l‘\/‘\l'\l'\l’v'\t’\l’v‘\l‘\l’\o'\l‘\l’v’\f y - ' h"\l“-t‘\"\l’\"\l’\i’\t’\r‘\l‘\l’\l'\J'\l‘\l’\a‘v’\l'\:’\l‘;‘\i’v’\l‘v‘\t‘\l'\l'\i’\/'\rw’\l‘\l‘\}
To exit CAMD system, please type 'quit’ or '"QUIT' == NO

1. HELP, Z. Create Molecular Table, 3. List Molecular Name

4. Display a Molecular Model, S. Delete a Molecule, 6. GQUIT.

Flease enter one number to process ==) 1

1. Print description

2. Describe attributes properties.

3. Display any data in whole table.

4. To create table, list name., display model., delete molecular.
S. To exit CAMD system

Input data ==) 3

Enter relation name to process : TRIGONAL
Unable to find this relation : TRIGONAL

Do you want to try again (yorn > Y
Enter relation name to process : TRIA

Unable to find this relation : TRIA

Do you want to try again » ( y orn ) ! Y
Enter relation name to process : TRIANGLE

MOLE. NAME ATOM. 1 ATOM. Z ATOM. 3
S0z S a] u]

SZz0 ] S S

HZ0 u] H H

SC1z S Cl C1

'
Ay v A AT A A A A AL L Y AL AU AU AU A A U U A AL A U A A e A A A A A

AR A AL A A A Y A A A A A A e A A A

To exit CAMLD system, please type 'quit’ or 'QUIT’ == RUIT
(27 exit

(3%

script done on Mon [ec 15 18:46:44 1986
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