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1.  INTRODUCTION . 

The application of the digital computer in the field 

of dance choreography is a relatively unexplored area.  The 

use of the computer in other arts is more widely known.  The 

computer has, for example, been used to compose, arrange and 

analyze music, as well as to produce musical sounds.  It 

has generated graphical works of art.  Without entering the 

controversy over the computer's "true creativity," one can 

state that the computer has had some impact on the arts and 

the imagination of artists.  Its future impact will no doubt 

be greater as its capabilities become explored and understood. 

In the field of choreography the influence of the 

computer has so far been negligible.  To understand the 

possibility of computer applications in this field, one 

should first consider the way in which a choreographer works. 

His modus operandi is typically this:  He assembles a 

company of dancers, and then, bringing with him only a general 

idea of what he wants, he begins experimenting and creating 

his work of art.  The dancers are his living tools.  Upon 

completion, the record of the evanescent creation that is a 

dance lies only in the minds of choreographer and dancers 

and, perhaps, on film. 

The accumulation of a choreographic literature has been 

hampered primarily by the existence of two interrelated 

problems.  These are the lack of an adequate movement 
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notation and the enormous amount of information inherent in 

the description of even a simple human movement. 

Dance notation systems do exist, the most successful 

probably being Labanotation, devised by Rudolf Laban and 

first published in 1928 [1],  In this system, positions of 

various portions of the body are written on a staff resembling 

a musical staff.  The staff lines are vertical and are read 

from bottom to top.  An example of this notation may be seen 

in Appendix A. 

Transcription of dances into this type of written 

notation is time-consuming and difficult, and is not a frequent 

practice of choreographers. 

Both of the above mentioned problems (the lack of a good 

notation system end the large information content of movement) 

concern the manipulation of irformation.  Clearly here i.. 

unbroken ground for the information scientist. 

Thus far, the only significant use of the computer that 

has been made in the field of dance has been to use it to 

produce lists of instructions for the dancer [2].  Using a 

set of symbols representing possible movements, a computer 

program generates a list of movements to be performed in the 

given order.  An element of randomness is incorporated into 

the algorithm for producing these instructions, in an effort 

to break away from established patterns of movement.  Such 

instructions are quite general because of the two problems 

discussed above, thus leaving a large amount of interpretation 
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to the dancer. 

Noll [4] has suggested that a different approach to 

choreography be tried, making use of the interactive 

graphical display systems which are now coming into use: 

Instead of using the dancers as his choreographic 
instrument, the choreographer interacts with the 
computer during the creative process.  Stick 
figure representations of the dancers appear in 
some form of three-dimensional display on the face 
of an electronic display tube.  The choreographer, 
by manipulating diiferent buttons on the console 
controls the movement and progress of the work: 
Different movements might be stored in the ccn- 
puter's memory and put together at will.  Individual 
movement restrictions for each dancer could even 
be introduced into the process.  Various elements 
of chance and randomness could be used at the 
discretion of +.he choreographer.  Scenery and stage 
props could also be specified by the choreographer 
and drawn by the computer.  In effect, all the 
different aspects of the work would be under the 
direct control of the choreographer to manipulate 
and experiment in a myriad of combinations.  When 
desired, certain portions of the creative process 
could be filled in by the computer which might 
be programmed to learn the choreographer's style. 
All this is a completely new creative process, 
and might result in new dance forms.     ; 

Such a tool would be a solution to the dance notation 

problem.  It would also be useful for pedagogical purposes, 

as a laboratory tool for student choreographers, and as a 

device for producing permanent records of dances.  Though 

not every choreographer would wish to use the system described, 

it would provide a means of research into human movement, 

choreographic styles and the choreographic process itself. 

It is with such a program in mind that the present 

work was undertaken.  The prime problem upon which attention 

is focused is this:  How is a mathematical model of the 
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human body to be manipulated without resort to complex 

mathematical formulas?  How can a dancer model be controlled 

or driven in a manner sufficiently simple that it not 

interfere with the creative process of the artist? 

Noll suggested manipulating buttons on the console. 

Another approach that, has been tried is an anthropometric 

harness [6].  This device is attached to a person, and the 

movements of various key positions on his body are recorded. 

These movements are then shown on an electronic display as 

a stick figure going through the same motions as the harness- 

wearer.  Possibly the interactive device known as a joy's tick, 

a movable shaft whose position can be sampled, would be 

useful in the solution of the problem. 

This dissertation descrioes an interactive program 

which relates the angular movements of the joints of the 

display model to hand-drawn curves.  These curves are drawn 

with a stylus on a graphics tablet.  The pen nnd tat let are 

part of an interactive system that includes a cathode ray 

tube display, a digital computer, and the user himself.  This 

program demonstrates that this method of model-manipulation 

is feasible. 

This dissertation thus demonstrates that the notation 

problem can be circumvented by the implementation of this 

type of graphics program as envisioned by Noll.  The vast 
1 
I capacity of the computer to store and manipulate large 

amounts of complex information is here brought to the problem 
t 
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of representing human movement.  The solution to this 

problem is thus initiated, and it is hoped that the effort 

described here might be of value to future workers. 



II.  PROTOTYPE PROGRAM 

II.1 Description 

This program is basically the type of interactive 

program described in the introduction; that is, a user sits 

at a display console and views a dynamic display.  The picture 

in this prototype program is a stick figure with two moving 

joints.  The information that causes the console to display 

the figure in its various positions is generated in the 

computer and is based on user-supplied inputs.  These 

inputs are primarily curves drawn on a tablet with a stylus. 

These curves are shown on the display.  Using the coordinates 

of successive points along the curves, the computer then 

calculates arrays of angles through which the moving parts 

of the stick figure will move.  The illusion of movement 

is then created as the computer displays in rapid succession 

these various positions. 

There are four different basic displays that the user 

sees.  These will be referred to as "pages" in the remainder 

of this discussion. 

The initial display is page one, the table of contents, 

which merely lists the three pages that follow it (Fig. II.1-1). 

Pointing to the desired page number or name with the pen 

causes that display to appear, as if pages had'been turned. 
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Page two (Fig. II.1-2) is concerned with determining the 

movement of the model's right leg about a hip joint.  The 

user sees a small fixed figure with the pertinent joint 

indicated and three rectangles in which the curves are to be 

drawn.  These curvus will represent the angular displacement 

of the leg about the X, Y, and Z axes.  Also displayed is a 

small diagram of these axes, showing their positive directions. 

The remainder of the display consists of the page number and 

a list of user options.  The options, which are chosen by 

pointing with the pen, include drawing, saving or erasing 

curves; returning to the table of contents; and displaying 

previously drawn curves.  Turning pages of the display can 

be accoiaplished by pointing to the arrows at the top of the 

picture by the page number.  The right arrow indicates 

advancing one page; the left arrow indicates turning back 

one page. 
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FIGURE   II.1-1 

FIRST  DISPLAY 
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TURN-O 

A   DYNAMIC    BODY MODEL 

TABLE   OF  CONTENTS 

RIGHT   HIP   ANGLES 2 

RIGHT   KNEE   ANGLES-——3 

MODEL 4 

FIGURE II. 1-2 

SECOND DISPLAY 
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FIGURE  II.1-3 

THIRD DISPLAY 
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DYNAMIC MODEL PROGRAM 

INSTRUCTIONS FOR THE USER 

ALL PAGES: 
• DEPRESS PEN ON LEFT OR RIGHT ARROW TO TURN VAGE BACK OR FORWARD. 
• DEPRESS PEN ON "TABLE OF CONTENTS" TO RETURN TO PAGE ONE. 

PAGE 1 
• DEPRESS PEN ON NAME OR NUMBER OF PAGE DESIRED. 

PAGE 2 
DEPRESS PEN ON DESIRED OPTION: 
Ml "DRAW CURVES"; THEN DRAW CURVES IN BOXES IN ANY ORDER. IT 

IS NOT NECESSARY TO ERASE BEFORE CHOOSING THIS OPTION.  ONE 
OR MORE CURVES MAY 3E RE-DRAWN; THEN CHOOSE "KEEP CURVES." 

• "KEEP CURVES" IF CURVES DRAWN ARE ACCEPTABLE. 
• "ERASE" REMOVES ANY CURVES DRAWN. 
• "SHOW" DISPLAYS LAST CURVES DRAWN.  THIS IS USED WHEN 
RETURNING FROM ANOTHER PAGE OR AFTER ERASURE. 

• "RE-USE" THE CURVES KEPT BEFORE WILL BE USED WITH DIFFERENT 
CURVES DRAWN ON ANOTHER PAGE. 

PAGE 3 
DEPRESS PEN ON DESIRED OPTION: 
• "DRAW CURVES"; THEN DRAW CURVES IN THE BOXES, ANY ORDER. 
• "KEEP CURVES" IF CURVES JUST DRAWN ARE ACCEPTABLE. 
• "ERASE" REMOVES ANY CURVES DRAWN FROM THE DISPLAY. 
• "SHOW" DISPLAYS LAST CURVES DRAWN. 
• "RE-USE" THE CURVES KEPT BEFORE WILT., BE REPROCESSED AFTER 

SOME CHANGE MADE ELSEWHERE. 

PAGE 4 
DEPRESS PEN ON DESIRED OPTION: 
• "SHOW MOVE" DISPLAYS MOVING FIGURE. 

"ROTATE X" MOVES VIEWPOINT UP OR DOWN ACCORDING TO VALUE TYPED.«  
"ROTATE Y" MOVES VIEWPOINT LEFT OR RIGHT ACCORDING TO VALUE TYPED.«] 
"SToP" TERMINATES PROGRAM. 
"RE-USE" COMPUTES NEW VIEW AFTER SOME CHANGE BELOW. 

TELETYPE OPTIONS; AFTER TYPING HIT RETURN KEY 
EYESTG-n CHANGES DISTANCE EYE TO STAGE, WHERE n IS IN FEET. 
INITIAL SETTING IS 20 FEET. 
EYETUB=*n CHANGES DISTANCE EYE TO DISPLAY TUBE.  INITIALLY 
1.4 SCREEN DIAMETERS. 
LEFT=n, WHERE n IS BETWEEN -.1 and .42  
MOVES EYE RIGHT OR LEFT.  INITIAL SETTING 0. 
UP=n, WHERE n IS BETWEEN -.32 and .02 1  
MOVES EYE DOWN OR UP.  INITIAL SETTING 0. 
NN^n CHANGES SPEED OF MOVEMENT, WHERE n IS BETWEEN 4 and 25, 
THE LARGER NUMBER BEING SLOWER.  INITIALLY 25. 

USER'S MANUAL 

FIGURE II.1-5 

12 



Page three (Fig. II.1-3) is similar to page two, but 

is concerned with the angle at the knee.  As movable joints 

are added to the program, similar pages may be added.  The 

program is so structured that it may be extended in this way. 

This will be discussed further in Section III. 

Page four (Fig. II.1-4) displays a larger stick figure 

and a set of u^er options.  If the option to display the 

current movement is selected, the stick figure is shown in 

varying positions in rapid succession, so that he appears to 

move.  This dynamic display may, of course, bo repeated as 

many times as desired.  Page four has the  usual options for 

changing the display to other pages. 

Also associated with page four are options to change 

the positions of the viewpoint, and the stage, and to alter 

the speed of the figure's movement.  These will be explained 

more fully in Sections II.2-4 and II.4. 

As he sits at the console, the user has beside him a 

one-page manual of instructions for using the program.  This 

manual is intended for use by non-technical persons with no 

programming experience, and is shown in Figure II.1-3. 

II.2 Data Definition and Manipulation 

All objects in this program are ultimately described 

in a three-dimensional coordinate system having its origin 

at the viewpoint.  The stage :.nd each joint of the stick 

figure have associated local coordinate systems.  For the 

hip joint, this local system originates at the base of the 
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spine, and the vertical (Y) axis corresponds to the spine. 

For the knee joint, the system has its origin at the knee 

point, and the vertical axis corresponds to the upper leg 

vectci., whatever orientatioii that vector may  have. 

In addition, each joint has associated with it the 

following: 

1 initial point coordinate vector 

3 x n array of angles 

6 angle constraints 

3x3 natural linkage rotation matrix 

4x4 update transformation matrix 

3 table pointers 

4 x n display point array 

where n is the number of points in time for which sets of 

display points have been computed.  These will be explained 

in the sections that follow. 

II.2-1 Angle Determination 

Each moving joint has associated with it an array of 

angle values, representing the different positions of the 

limb or vector at different points in time.  These angle 

values are relative to the local coordinate system.  Each 

angle is divided into three components representing the 

angular displacements about the three axes.  Each of these 

three components may be thought of as an array corresponding 

to one of the user-drawn input curves. 

The curve-drawing rectangles ars labeled "X," "Y," and 
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"Z" for the axes about which the angular displacements are 

measured.  The vertical arrows seen on the display indicate 

that the positive direction of the independent variable, 

time, is from the bottom to the top of the rectangle.  This 

orientation was chosen to correspond to that of Labanotation, 

which is also read from the bottom upwards.  Within each 

rectangle is a vertical dashed line, indicating the reference 

angle of zero degrees of rotation about that axis.  The left 

and right sides of the rectangle, labeled minimum and maximum, 

represent angles of 100% of the constraint angles. 

A constraint angle is set by human limitations and is 

the limiting angular displacement of a limb about an axis. 

In this program each angular component has negative and 

positive constraints.  The left (user's left) side of the 

displayed rectangle represents the constraint when the limb 

is rotated in a negative direction about that axis; the right 

side, positive.  Some joints, such as the knee, will have at 

least one constraint of zero degrees. 

Thus it is the curve's amplitude, or horizontal distance 

of the curve from the dashed line, that determines the angular 

component at each time point.  This component represants 

the total angular displacement about one axis at one time 

point ana is made to be directly proportional to the input 

curve amplitude. 

The angular component is computed from this formula: 

0 ■ (a/d)K 

where 0 is the angular component, a is the amplitude of the 
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input curve (in display scope units) , -i is the distance 

between the dotted line and box edge (in scope units), and 

K is the constraint angle'(in radians) in either positive or 

negative rotation, depending on which side of the dashed line 

the curve point is. 

The angle constraints are constants entered in just one 

place in the program, in the data section, and are easily 

altered. 

The dashed line is located to reflect accurately the 

ratio between the absolute values of negative and positive 

constraints.  If constraints are changed, the dashed line is 

automatically repositioned. 

It is seen that this method of angle determination 

obviates the need .for checking angles computed against 

limiting constraints.  It is unnecessary to guard against 

computing unrealistic positionr., because it is impossible 

to exceed the constraints.  Constraints will be discussed 

further in section III. 

II.2-2 Vector Determination 

Homogeneous coordinate representation is used to repre- 

sent point coordinate vectors and transformation matrices 

(7J [8]. Homogeneous representation is simply the repre- 

sentation of an n-dimensioual object in n+1 coordinates. For 

example, a point coordinate in three-dimensional space is 

represented by four coordinates, the fourth one being the 

homogeneous coordinate. 
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The reason for using homogeneous coordinates is that 

all rotations and translations of a particular vector can 

be represented in a single matrix. 

Each limb is represented initially as a row vector in 

local coordinates, and is oriented correctly by multiplying 

it by its updated transformation matrix, which contains 

all the rotations and translations through which it has 

passed, including that of previous systems to which it is 

related. 

The transformation matrix can be viewed as consisting of 

components: 

3x3 

Rotation 
Matrix 

0 

0 

0 

1 

The upper left 3x3 matrix represents the rotation, while the 

first three values in the bottom row represent the trans- 

lation in the X, Y, and Z directions, respectively.  (The 

last column represents perspective transformations but is not 

used as such in this work [10].) 

The rotation matrices used were 

about the X axis: 

about th  Y axis: 

1 

0 

0 

c 

0 

c 

-s 

0 

1 

0 

0 

s 

c 

•s 

0 

c 
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about the Z axis:      C   S   0 

-SCO 

L 0    0   1 

where C ■ cos 0, S = sin 0.  0 = angular displacement about 

one axis. 

An example of a unit vector on the X axis being rotated 

about the Y axis follows. 

[I 1] C S 

■s c 

0 0 

0 0 

0 

0 

1 

0 

= [c 1] 

Translating this resultant vector a units along the X axis, 

b along the Y and d along Z would be performed as follows. 

[C 1] 1 

0 

0 

a 

0 0 

1 0 

0 1 

■i d 

0 

0 

0 

1 

- [C+a^+^d,!] 

Both operations could be performed by one multiplication, 

where the transformation matrix, M, is the product of R, the 

4x4 rotation matrix (in homogeneous representation), and T, 

the translation matrix: 

M := R x T 

18 



For the above example, 

M = 

C 

-S 

0 

a 

S 

c 

0 

b 

0 0 

0 0 

1 0 

d 1 

and 

[1 1] C 

-S 

0 

a 

S 0 

C 0 

0 1 

b d 

0 

0 

0 

1 

= [C+a,S+b,d,l] 

as before. 

Note that this represents the rotation first followed by 

the translation.  The reverse order would give a different 

result. 

The rotation matrix is the product of the natural linkage 

rotation matrix, the three rotational components of the local 

system, and the rotation matrix of the previous or "father" 

system to which the local system is linked.  For example, if 
I 

the local system is that one with its origin aJ. the knee, the 

rotaticn matrix of the hip joint must be included in the 

product that forms the knee updated rotation matrix.  In turn, 

the rotation matrix of the hip joint includes rotations of the 

spine relative to the stage, and of the stage relative to 

the viewpoint. 

19 

Mf»i7: ^y-- -yM^tirr"" ^g,:1 ■;' j-^- ^ -^^1"' H'P1«*1 WW—W-l »»III  J 
^'ü * ~ ■■-^"^.fCTw" 



Tha natural linkage rotation matrix describes the 

orientation of the local coordinate system initially (at 

rest) to the system just preceding it.  These are all 

identity matrices in this program, but they are included for 

generality. 

The translational portion of the transformation matrix 

represents the origin of the local coordinate system. 

Once the transformation matrix is set up, the position 

of the vector it represents is determined by the following 

multiplication, 

Vk = Vo x [M] 

where V is the initial point coordinate row vector, M is a 

4x4 transformation matrix, and V. is the translated and 

rotated point coordinate vector.  V is represented in local 

coordinates; for example, 

V0 = [100,   0,   -5,   1] 

would represent a point that was translated 100 scope units 

from the origin along the X axis, zero along the Y axis, and 

minus five along the Z axis of its associated local coordinate 

system.  The homogeneous coordinate in its most general case 

is a scale factor by which the entire vector is divided, but 

in this work it will always have a value of one. 

It.2*3 Perspective Transformation 

The points obtained by the process just described have 
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cooa.vdinates based on. a system with its origin at the eye or 

viewpoint,. These are converted to display points for a 

perspective picture [11] with the following formulas: 

x^=.(x.;zs)/zs --xs 
Yd:= ^J:ZS)/Z. -.Ys 

where (^''^d^ i? tb^-disPlayed point in screen coordinates, 

(X...,, Y .^, Z;.) is the object point in eye coordinates, and 

(X ,, Y .,, Z: ) is. the screen origin in eye coordinates (See 
S    Si    ö 

Eig.. ri;.2..3-lJ .. 

The values of, Z  and Z . (the distaiices from viewpoint 

to. screen and object) may be varied while using the program, 

as wiXl be explained, in.the next section.  The user may thus 

obtain, the perspective from the distance desired, and experi- 

ment witr subjective effects obtained by varying the viewing 

distance.. 

I.i..2-4; Camera, Positioning 

The ultimate origin of all points in all coordinate 

systems is the viewpoint., The viewpoint, therefore, cannot 

be altered.. The stage.,, however, may be repositioned relative 

to the viewpoint.», which, creates the illusion of moving the 

camera or viewpoint.. 

There axe four parameters which may be changed to vary 

the position.^ of the stage and of the display scope relative 

to th« viewpoint... These must be typed in on the Teletype 

while page four is being displayed.  Precise instructions for 

doing this are to be found in the user's manual. 

n 
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dancer 

eye 
point 

screen 
origin 

FIGURE II.2.3-1 

ELEMENTS OF THE PERSPECTIVE TRANSFORMATION 
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The first of these parameters is the distance from eye 

to stage.  It is represented in feet, and is initially set 

to twenty feet. 

The distance from eye to display tube may likewise be 

altered by typing in a new value. This value is initially 

set at 1.4 x width of display tube. 

The stage may be rotated about the X or Y axes of the 

eye's coordinate system.  These rotation angles are in 

radians and are inicially set to zero.  Suggested limits 

within which to contain the rotation angles are included in 

the user's manual.  Since they are represented in the same 

form as limb rotation angles, they are actually angle arrays. 

The data structure thus allows for panorama viewing, though 

this program implements only a static viewpoint. 

II.3 Data Structure 

Each of the origins of the various coordinate systems 

is associated with a node.  The nodes are related to each 

other in a tree structure (Fig. II.3-1) and are triply 

linked by father-brother-son pointers as shown in Table 

II.3-1.  Each node except the first points to a father node, 

to one "younger" brother and to a first son.  The pointer 

value of zero in the father column indicates that that node 

is the origin of the tree.  Pointer values of " - " in 

brother and con columns indicate that that relationship is 

unfilled, and they are . ctually represented in the program 

by values of zero. 
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TREE STRUCTURE WITH NODE NUMBERS 

1 (stage) 

, 0 (viewpoint) 

Fig. II.3-1 

TABLE OF TREE RELATIONSHIPS 

Node Pointer Values 

1 

Father Brother Son 

0 _„ 2 

2 1 — 3 
3 2 5 4 

4 3 — m*m 

5 2 7 6 

6 5 — — — 

7 2 — ' 8 

8 7 9 — 

9 7 10 — 

10 7 — 11 
11 10 22 — 

12 10 — — 

Table II, 
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Display 
Number 
- First 

I 
Node:=l 

r 
Update 
Transformation 
Matrix of 
Node 

Point Coordinate Vector 

i" Initial Vector X 
Matrix 

Node:'Son   ^ 

Node:-Brotherr 

'Body Mapping 

i(See III.2-3) 

Node:-iather 

Yes Increment 
Display 

Number 

Perspective 
Trans formations 
Performed 

FIGURE   II.3-2 

ALGORITHM FOR  DETERMINING  COORDINATES  OF  DISPLAY  POINTS 
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t 

The algorithms for determining the display points and 

for displaying them are both driven by this table.  The 

point-determinatior. algorithm is shown in Figure II. 3-2, 

and the display algorithm is similar.  A more complex display 
j 

could be handled by these key routines by entering the appro- 

priate table and initial data in the data section of the 

i      program. 

II.4  Curve-Processing 

When a curve is drawn on the tablet with the stylus, 

the information is stored as an array of three-dimensional 

(X, Y, Z) points.  The value of the L  coordinate is infor- 

mation about the continuity (beginning and ending) of the 

curve and is discarded after use.  The X and Y coordinates 

are the usual horizontal and vertical coordinates (in scope 

units). 

Once a point is recognized, a succeeding point is not 

recognized until the stylus has moved outside of a 4 x 4 

square area centered at the preceding point. 

It will be seen, then, that the number of points 

recognized on one of the user-drawn curves will vary from 

curve to curve. A straight line will consist of fewer 

points than a curve with many inflections.  The problem 
l 

thus arises of relating the curve points to each other. 

It is desired that all curves contain the same number 

of points and, further, that points with like vertical coordi- 

nates will correspond to each other.  This is accomplished 
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by thinning the points to a constant number of points which 

are evenly spaced along the vertical axis.  Points are then 

filled in between these thinned points in the following 

manner:  A parabolic approximation to the frrst four points 

is obtained by the least-squares method [12], [13].  Five 

points are then iuterpclated in the middle interval, and 

the procedure is repeated for all succeeding intervals, save 

the last.  Interpolation is linear in the end intervals. 

The number of points to which the curve is thinned is 

set to twenty-five in the program, but-can. be changed by 

typing in different values on the Teletype.  (Instructions 

for so doing are in the user's manual^.  Changing this 

parameter alters the number of "frarae^"' shown when the 

movement is displayed.  This parameter is, then, in effect 
  -• ' •— - ■- r 

a scaling factor which varies the sjie^d of. the motion. 
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III.  AUGMENTING THE PROTOTYPE 

The prototype program is intended as a suggested approach 

to the solution of the problem of manipulating the figures in 

a choreography program.  There are many factors to be con- 

sidered in further development of this idea.  Some of these 

factors will be discussed in this section. 

III.l  Improving the Existing Model 

There are a number of significant improvements that 

could be made within the context of the existing 12-node data 

structure and the stick figure representation of the model 

(See Figure II.3-1). 

Full articulation of the existing model is desirable, 

and the existing structure is such that achieving this is 

primarily a clerical effort on the part of the programmer. 

Two things must be added to the program for each additional 

joint articulated:  angle constraints and a new display 

(curve-drawing page), analogous in every way to the second 

display (page two).  The angle constraints are entered in 

the Block Data section of the program.  All necessary arrays 

are already in existence and correctly dimensioned for full 

articulation. 

Implicit in full articulation is the movement of the 

dancer relative to the stage.  It will be recalled that 
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there is a separate stage coordinate system which is between 

the eye (viewpoint) coordinate system and the initial or 

base-of-spine coordinate system of the dancer.  Therefore, 

movement of the dancer across the stage is possible within 

the data structure, though it is not implemented in the 

prototype. 

Such movement would be internally represented in trans- 

formation matrices, as are all other movements.  In addition, 

a special array of vectors would be needed to represent the 

initial point coordinate vector, since this is not of constant 

magnitude.  The problem arises of entering the latter type 

of information in the program.  How does the user indicate 

the desired movement of the whole dancer relative to tha 

stage? 

Copeland [14] has written a graphics program which 

traces the path of the stylus on a tablet area representing 

the stage in plan view; one or more small triangles, repre- 

senting dancers, then traverse this path.  Such a program 

could be used to put in information about the X und Z 

translation (a^stage/downstage, right/left), and the Y 

translation (vertical movement) could Le found in a similar 

manner.  A hand-drawn curve on the tablet could be interpreted 

as a simple linear relaticnsh:p between time and the distance 

of the base of the spine from the floor.  Obviously, rather 

severe constraints would have to be built in here.  Perhaps 

the program could check the feasibility of these values for 

vertical movement by comparing them with the corresponding 
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leg positions.  Eventually, such factors as momentum, 

gravity, and muscular strength might be included in this 

feasibility check. 

Storage requirements of an expanded program will need to 

be watched.  The prototype program requires a little less 

than 2,1,000 words of storage.  This includes the expanded 

dimensions mentioned before.  The Univac 1108 has a core 

storage capacity of 65,000 words of which approximately 

53,000 are available to th^ user.  Each new display (for 

each new joint articulated) adds about 3,700 wordi to the 

storage requirement, about half of which is the new page 

display for curve-drawing, and half of which is code.  Thus, 

any eight of the existing unarticulated nodes could be articu- 

lated without requiring additional storage, but articulation 

of all twelve nodes would not be possible without some space- 

saving changes. 

Some storage economy could be effected by packing the 

object point coordinates two or three to a (36-bit) word. 

This is possible, because these coordinates are represented 

internally as signed integers with knowa ranges.  A limit 

would need to be placed on the Z-coordinate, the distance from 

viewpoint to figure.  (It will be recalled that the user may 

vary this distance.)  If it were limited to fifty-eight feet, 

the coordinates could be packed three to a word.  Packing two 

co a word would permit a limit of 3745 feet. 

Another improvement that could be made in the existing 
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program is to make the input language entirely stylus-and- 

tablet oriented.  The need for this becomes obvious to a user 

attempting to exercise the Teletype-input options, such as by 

varying the distance of the stage.  Though the Teletype is 

located immediately next to the tablet and the user, it is 

disconcerting to alternate between input devices.  Programming 

this change would not be difficult. 

Another change concerns matrix multiplication.  When a 

rotation matrix undergoes a number of computer multiplications, 

as it do;3S in this program, the orthogonality properties are 

lost because of computer truncation.  Mahl [15] has devised 

a correction equation which restores orthogonality to the 

rotation matrix.  It is a rapidly converging, iterative scheme 

based on a Taylor's series.  As the numDer of matrix multi- 

plications is increased in expanding the model, incorporation 

of this scheme into the program might be considered. 

III.2 Anthropometric Considerations 

A truer representation of the mechanical relationships 

of the human body, or in other words, a better stick figure, 

should be an early goal of one improving the prototype. 

III.2-1 Constraints on Movement of Joints 

In the prototype program, crude approximations of the 

natural constraints on joint movements are used, the model 

being a crude approximation of a human figure. 

These limits on joint movements were assumed to be 

constant, although in reality most constraints will vary 
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according to the position of other parts of the body.  The 

constraints will of course also vary from individual to 

individual, and even from day to day within the same individual 

[17].  However, the working assumption of constant constraints 

is probably no grave drawback even in a highly developed 

program if the constraints supplied are quite liberal.  The 

end product of the program is a person's subjective impression 

of a graphical display.  Unsatisfactory postures can, hope- 

fully, be altered by the user, until they appear to be satis- 

factory from a variety of vantage points. 

These angular constraints for joint movement have been 

extensively measured for medical purposes and for use in 

industrial and prosthetic design.  Examples are to be found 

in [16], [17], [18], and [19].  The last two give average 

normal ranges, which an average individual could be expected 

to satisfy.  A dancer vruld have less restrictive constraints. 

Reference [16] gives the 2.5 percentile, 50 percentile and 

97.5 percentile ranges for men, for women, and for children 

of four different ages.  This reference also lies a good 

bibliography of anthropometric studies.  Reference [17] also 

gives constraint data for different percentilea of the popu- 

lation studied. 

III.2-2 Natural Linkages 

It will be recalled that the prototype model has a 

coordinate system associated with each joint. When the 

figure is at rest, the various rotation angles are zero. 
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However, this resting position, or position of no rotation, 

may orient the local coordinate system at an angle with 

respect to the system with which it is linked.  The natural 

orientation or at-rest rctatica, which is assumed to be zero 

degrees in the prototype, will need to be determined and 

entered as data in an improved program.  This writer was 

unable to find such data in the literature. 

When the dancer representation has reached a level of 

sophistication such that the above-mentioned data is being 

incorporated into the program, it would be appropriate to 

experiment with permutations of the order of multiplication 

of the three matrices that make up any individual rotation 

matrix.  This order remains fixed in the prototype as the 

rotation about the X axis first, followed by the rotations 

about Y and -he Z.  However, it might be discovered, for  *> 

example, that the movement of the wrist is most naturally 

described by rotating first about the Z axis, followed by 

X and then Y.  (There are six possible permutations of 

the three rotations.)  Note that, matrix multiplication 

not being commutative, the product or result will vary, 

depending on the order in which the rotations take place. 

III.2-3 Body Dimensions 

Data for such things as limb length, shoulder width, 

etc., may also be found in anthropometric literature [16], 

[17].  (Limb length is not truly fixed as an arm or leg 

moves, but again, it may be assumed constant, probably 
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without much loss  of verisimilitude, particularly in the 

context of currently available display resolution.) 

Using these kinds of measurements, a mathematical 

representation of an improved stick figure could be created- 

Or, going one step further, a "fleshed-out" figure could ba 

represented, still using only straight lines. 

It is possible within the general framework of the 

program to create a wire-frame or a polyhedral representation 

of tne dancer.  Either is envisioned as a set of rigid, non- 

intersecting three-dimensional structures.  The single vectors 

of the prototype, each of which is associated with a different 

coordinate system, would each in the expanded version be a set 

of vectors, all fixed in one coordinate system. As soon as 

the algorithm for determining point coordinates has found the 

primary poini: coordinate vector, all the other point coordinate 

vectors fixed in that same coordinate system should be 

determined.  (See Figure II.3-2.) The display algorithm would 

likewise have to be altered by including for each coordinate 

system a table of the mapping of the points associated with 

that system, which mapping is, in the current program, a 

single vector.  A wire-frame or a polyhedral figure could be 

described, depending on the mapping used.  Included in this 

mapping could be inter-limb connections to create knees, 

elbows» etc.  The vectors or surfaces that comprise these 

connections are, in effect, flexible coverings of skin. 

The curtains and scenery (stage props) description 
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could be included within this expanded data structure.  The 

various elements of stage and scenery display would be 

vectors fixed in the stage coordinate system, corresponding 

co  the set of vectors belonging to a single limb. 

111.3 Display Considerations 

Along with wire-frame representation of the dancer, 

hidden-line removal would be desirable, so that the dancing 

figure would be displayed not as a transparent wire-frame 

structure but rather as a solid structure.  Alternatively, 

if the object points were mapped in a polyhedral represen- 

tation, hidden surface removal would be appropriate.  Either 

of these approaches, as well as shaded renderings, is possible 

with existing algorithms. 

Another feature that could be added to the prototype 

program is a provision for windowing.  Because of.  the wrap- 

around characteristic of the available display hardware, 
i 

the model will, when moved off the display, reappear on the 

opposite side.  Thus there is a need to use some existing 

hardware or software which will perform windowing or 

clipping; that is, tha- will eliminate portions of the picture 

outside of the viewing window [11]. 

111.4 Library-based Program 

Ultimately, the type of program under consideration 

would have to be based on a library of standard movements 

if it is to be a useful program.  The user would select the 
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■ desired standard moves, perhaps modify them in some way, 

and then join them.  The user would also have the option of 

creating new moves, of course, perhaps adding them to his 

library.  Maximum flexibility would have to be allowed by 

providing options for timing, splicing, repeating, saving, 

altering and interpolation between movements by the 

program. 

There should be provided a choice of different dancer 

models, perhaps allowing the choreographer to specify 

individual body parameters.  Different standard scenery 

elements or the option of uniquely specifying them should 

likewise be available. 

The standard library movements could be created in a 

number of ways, and it remains for future workers to determine 

the best approach.  Possibilities include the curve-drawing 

. approach of this paper, the anthropometric harness [6], and 

the joystick.  The track ball is another input device which 

might be considered, although the author found it unsatis- 

factory in a preliminary trial.  Perhaps analysis of multiple 

photographs of live, moving dancers will provide the best 

approach to compiling a library of movements. 

The method or methods of joining the standard movements 

might be different from the methods used in creating them. 

The possibilities include, in addition to those mentioned in 

the previous paragraph, automatic filling-in and joining by- 

the program and mathematical specifications of the user. 

This problem of joining or splicing was not studied per se 

36 



in.this work, but the curve-drawing approach provides a tool 

for. accompxishing this. 

The implementation of a graphics-1-program that would be 

truly useful to choreographers is a profound undertaking that 

has-not yet been achieved. ■ However,, computer applications 

have, been thus far limited more by the^imagination of men: 

than.by the computer hardware, and thee realization of a 

useful choreography program of the type outlined may be 

realistically anticipated. 

I 
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APPENDIX A 

An example of Labanotation is shown.  This is taken from 

page 143 of reference [1].  It describes one dancer's 

movements for several seconds. 

This is reprinted with the permission of the pub- 

lishers, Theatre Arts Books, New York, copyright 1954 by 

The.Dance Notation Bureau, Inc. 

STUDY IN BALLET SI YLE 
(Use of Parts of the Leg) 

Suggested music: The Coda of Act II 
from the 'Swan Lake' ballet. 
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APPENDIX B 

INTERACTIVE GRAPHICS SYSTEM 

The graphics system used, for this work consists of a 

cathode ray tube display and several interactive devices 

which are interfaced to a Univac 1108 computer with, a small 

PDP-8 computer.  The graphics system functions under a swap 

configuration in the 1108,, time-sharing not being implemented 

for the University of Utah"s 1108 at this writing.. 

The display device is an. ID! Graphics Terminal with 

vector line, dashed line,, dot and character-generation capa- 

bilities.  The interactive devices that have been used in 

this work are a Sylvania Tablet and stylus and a Teletype. 

Other equipment in the graphics laboratory includes a 

Univac 1004 card processor and an 1108 console monitor.. 

Software uaed is described in 120]  and [21];.. These 

sources describe a general purpose set of Fortran-callable 

subroutines for producing graphics.. Also outlined are pro- 

cedures for interacting by means of the Teletype and 

Sylvania Tablet. Fortran V is available under the 1108 

executive, the above software packages being subsets of 

Fortran V. 
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IHTEGF.W    X ," ,7 ,PAGFH( IRnr») 

REAL   LfFT 
CnMMCirj/CPM/PAr,F«< , ISM , I'l 

CDMKO't/PS/P (1 ? ,S , I MS) ,.IJ 
CnHMO'l/MisC/N'j,FY[ STGt'FYFTUP 
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X .Y,7) 
1 , J,K) 
8n  TU  loo 

tan TO  no 
CALL   P2 

G n    TO    13 0 

P A G F. 3 i I 3 t 3 + 0 ) 

I **70) 
I ,«;90) 

GO TO 1M 0 

GO TH ISO 

P A G E 3 i ! 3 ) 

GQ TO 140 

GO TO 75 



^0 

60 

70 
76 
60 

90 
100 

I 10 

120 

C ROTA 
C UP»V 

125 

130 
C ROTA 
C LEFT 

135 

\H0 
C STOP 

150 

C fU' M n r / A M r, L r / ' M M 1 ? , 3 , ' M S) 

MAMLL l<-.T/NM/Ai"ilRT«t , THKHH , IM , IS^.MU.f.pvF.bTCi.EYETUR.LFFT.i; 
CAI.L SFTLST 
w r A I)   (r-,, ^ 4 I 
C ALL    Jl'MPS ( «NM i ,    «;P0,    fr,S) 
IF     (FL. ACi.CT.n, )    ftfl    T[l    Id 
FLAG    ■    I. 
C " I L   s r T o r ( F- A *- r M , I M ) 
CALL    P T H P »j ( M ♦ r , 1 ♦ n , C) * n ) 
CALL    LfMAR 
CALL    F L F I M "= 
CALL    .M* I T AT ( tjc, , PVA , »SMOrt    r-'OvE    ') 
CALL    v. f'l T A T ( b G , P M f* , • iM T A T F    X t ) 
CALL    ■." P M ', T ( ?, ^ , H 0 n , i « n T A T F    Y • ) 

CALL   «effÄTtß^TSti'STfJI»   •) 
CALL    »,w!TAT(St

1,^9?l»TA'<Lr    DP    CPNTEUTS    •) 
CALL    "' H T A T ( 5', , 7 0 M , • K E - U S F    t j 
! 5'«= I M 
GCl    TCI   ',0 
t MatJS^ 
CALL RSSTOrt^AQIf^iH} 
CALL 5CNRF 
CALL Ci-RINT ( 1 1«;70 ) 
CALL TARtNT(l,i90l 
CALL IrM.t" 
CAlL S   A? 
GO    TO   1,0 
CALL 
C A I L 
CALL 
CALL 
STOI' 
CALL 
CALL 

TTY 
p TPET 
SFinr f i'Ar,r-M , 14) 
8FN0F 

GfTTAPfX.Y,?) 
G r T T A R ( I , J , K ) 

IF (K.NF .-I )    GfJ    TO    100 
IF(Y.IT.93 5)    r,n    TO    110 
CALL   Py 
IF(Y,LT.n75) 
CAUL    ACTIHM 
CALL    PlTPET 
IFfY.LT.n^m 

TF   X 
ALHE   TYPFO    IN 
Of)    1 25   J» 1 » JJ 
ANG(1 , l , JJnUP 
CALL    J'JTRET 
I r ( Y , I T . 7 8 0 ) 
TF    Y 
=V«LUf    TYPFO    (IN    RAOI»N9) 
on   ns  jei t JJ 
« W fi ( i »11J J» L C F T 
CALL    1^:THET 
IF(Y,LT.72n)    60    Tf1    150 

Sfl    Tn    12 0 

60    TO    130 

(IH    PADIAMS) 

Gn    TO    1M 0 

GO    TO    •« 0 
IF fY.l T.^PO) 
CALL   GFTPTS 
CALL    P'TPET 

10    TO    16 0 
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CALL   PI 
RFTURfJ 

(5N    fOR    BDATA 
PLOCK rATA 
RTAL Mf, ,MX 
IfiTE&rr/    P 

C Cl M M 0 'V K I D ^ / K n? ( 1 7 , 3 ) 
c nMMut. / r r fJs / n fj (i ? , 3) , fi x (i 2 ,3) 
C ClM M tl'' / P S / P ( » 7 , M , I •< 5 ) , J J 
COMMnr./HLs/uL M 2i3 ,3 ) 
CDMMPM/MIsC/m'.tYrSTG.rYPTd« 
COMMöN/llS/lM l ? ,N ,M ) 

C    INITIAL   POINT    Cun^nüMATE    VFCTOtS    (LOCAL   CnOPOIMATES» 
TATAl (n( J.KT , I ) fK«1 ,«<) , Jal ,M)/-m ?,-bJ ?,-Sl2, 1 ,    766170010,1, 

X   0,-inn,0,1,      n,-100    10 «I/    , 
X    ( (P( J.t^ , I ) ,K=1 ,M) ,jaS, 1?)/0,-lPO,n, I ,       0,-100,011,       0.1MO,0, 
X -IIO.-^.O, 1 ,  110,2^,0,1,  0,^0,0,1,  -«42,60,0,1, ^?,60,0,1. 

C AMRLT CnfJSTRA I NTS 
X ( (MM( J,K ) ,HX ( J,K ) ,Kal ,3) , Jr3,4 ) / -2,nvijH0,    .26lflO, -1.309, 
X ,?6l Pn ,-?./,! fln, ,ti?360, 0», 2.094M, -.26180, «26180  , 
X -.03, .n 3/ 

C NATURAL Ll'.^'A(,r ROTATION MATRJCfl 
D A T A ( ( (I11 ( J , K , L ) , I ^ 1 , 3 ) , K = 1 , 3 ) , J e 1 , 3 ) / I • • r;, , 0 * , 0 . , I . , 0 » i 0 i i 0 . 

X |.,0.,o.,n.,i.,o.,n.,n.,i.litfri.,o.,Ot,l.,0.,o»,o*,I*/ 
0ATA((!lL(J,KlK),Kt:l,3),Js<l,12)/l.,l.,l., |.il.,l«,  lt,U,l«, 

X, 1 » j   l.tl'il«, I • i 1 » ,! • » 1. ,!.,!., I.,l.,1., l.il.fl./ 
C TREE STRUCTUPP OF MODFL 

B«TÄ( IKtPr J»K> tK«! ,3} tJ«l ttlt/OfÖ»t»l lOiS^fli^tliötöittf »*#! 
X 7,0, R,7,9,0,7,10,0,7,n,l 1,10, 12,0,10,0,0/ 

C MfSC, COM^TAHTS;   HN = M PTF THINNED TO, NU ,IF.,    2^, 
C ElYESTCi AMn trtTuft« AH5. DISTANCE TO STAGE ANO DISPLAY TUBE 

DATA N",EVrSTG,F. YrTUD/7rj,?0. , 1 .M/IJ( 1 ,q ,H )/l ./ 
END 

ON TOR »ftCPV 
JUftiOUTtNl r,ETrRV(DF,lNnEx,jP) 

C THIii RCiOS 3 CURVES IN ANY ORDER AND STORES X»S IM 5 A VE X (JO I MT , SO: 
C AFTER HITTjMr, Dfv A •-CUR VES LIGHT BUTTON, 
C ONE OP MO!<F CURVES MAY PF PEDRA'.'.N. 
C AFTER RC«0»*«JM8#MfT KEEP-CURVES LIGHT RUTTO". 

LOGICAL DCPUG 
INTEGER DF(IHOO),INPEX,X,Y,7iTFHP 
COMMON DFPH6 
COMMON/CSX/bAVEXO, l80),5AVFY(3,iaO),IS(3) 
NA^'EL IST/NC/APDRT 
CALL SFTLST 
READCS.NC) 
CALL Jlp^PS« «NC» ,$100) 
CALL C H R I N T( | ,$ 9 0) 
IM IP.CO. IPSAVE ) Gfl TO ? 
IPSAVEBIP 

DO I K«l,3 
1 ISIK )«=0 
2 K»! 
S CALL TAniNT(l,520) 
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10 

?o 10   GET    A   POINT 

r»fl   TO   2 1 

FDLLUWING    INTt'Gf^« 

77 

7.\ 

27 
2B 

CALL.    I ri L F 
CALL    S .Af 
Cin  TU   in 
CALL    GtrTAlMX.V.n 

1 r ( Y . I T . P 2 f )    r-'1    TO   2 1 
! F ( ( Y .', T . ft 7 S ) . (I r?. ( x . G T . c. I ^ ) ) 

C    LIGHT    PUTT' M    FHR    * M f    CUKWS 
CALL    Gf TANGC !'■+ 1 ) 

C    IF    FXf'ANni')^   PRHG'VAM,    f.MA»l6E 
ir ( n'tf.o..'» )    CM.L   6f TPT* 
CALL    ^FTTAfUX.Y.Z) 
IF ( Z.f'L.-l )    Gn    TO    2 2 
GO    TO    to 
T E M P • ( R • ! )»35.6 
ji=n 
IF f X .LT . ( 6ltfTF>iP ) .PR» X ,GT, ( ^SA + TLMP ) )'ön    TO    HO 
GO    TO    ?'> 9   KIGHT   OOX 
CALL GFTTA^CX,Y,7) 9 GET A POINT 
1 F ( 7 . T '> . - 1 ) SO TO 3 0 
IF(Y.l. T.»""0 »f» W i Y.GT.MA2) 60 TO 27  6 O'JT OF PANGF 
IF ( X.l T . ( A'UTfMP » .OR.X.GT. ( 25/♦TEMP) ) 60 TO 27 

J = J ♦ 1 
SAVEX{'',J)=X 
SAVEY(^,J)aY 
GO    TO    71 

DISPLAY    OOTTFD   LIf,F 
30    IS(K)eJ 

IdNOf < 
CALL    RSPTfjf (OP , I > 
DO   3S   ¥=1,3 
JBIS(Y) 
IF(J.Fc.O)    GO   TO   ??> 
DO    3M    X «» 1 , J 
CALL    r>nT(lFlX(5AVF.X(Y,X)),IFIXfSAVFY(Y,X))J 
CONTIMHf 
CALL    SfM')F 
CALL    U'TWET 
KBK:*1 19   TRY   ANOTHER   BOX 
I M K . F ^ . 'U    K = I 
CALL    T'iTRET O   RE-ENTER   AT   fZO 
THROUGH 

CALL TYPOUT«»GOTCRV  •) 

3«4 
35 

MO 

ALL 
50 INDEXB} 

IF f DE'HJG) 
RCTURfl 

90   CALL    TTY 
CALL IfTWET 

EMERGENCY FX IT 
100 STOP 

ENO 

QN 

C 
c 

FOR GFTAtir, 

SUPROUTI'JE GETANG( IPAGE) 
FROM ARRAY XN.YM THIS COMPUTES THREE ANGLE ARRAYS 
THIS SUBROl'TINF USES ANGLE CONSTRAINTS 

LOGICAL BCBU6 
RF/tL M>I,MX,M,LX 
COMMON   OFfl'UG 
COI'MON/PS/P( 1 ? ,H , J MS I . JJ 
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üi\X    tt = AXIS 
1M0IV1 DUAL 

ABOUT WHICH fUHATF 

DATUM 

COMMnN/ANICiLE/ftNC'l lJt»3»tl«&J 
COMMPM/CriNS/H^i ( 12»3) »M" < l ^ »"») 
CALL fTRP? 
DO 20 ^=I|3 

pr 20 Jel,JJ 
LXmkH* (f-l » «JS/, 
(?XR2S6* < <- 1 M^5A 
MBLX*{ APiS(f^( If'Ar,? ,K ) )«»92)/(Ar(S(MN( IPAGF. ,tC) )+MX( IPAGE^K) I 

I r ( x n (^ , J) • f^ • 'i > 50 T n j o 
NEGATIVE AI^IF: 

A M G l I P ,> ^ f' , < » J > • l M' ■ X N ( K » J ) > • M N ( l P A G I-! , K ) / < M - L X ) 

60 TO ?« 
POSITIVE »M«LE 
|0 ANG(lPAr,r,<,J).((XM(<,J)-M).MXllPAGE,K))/(RX-M) 

?0 CONTIMnF 
iriOEE)-'G) CALL TYPOUK «GOTAMG  •) 

RETORM 
END 

I 

C 
c 

QN FOR GfTPT^ 
C UPDATES MATP1CES AND FINDS ARRAY OF DISPLAY VECTORS,P. 

CALLS HATfU. , VECHAT A^D RnT« *'H1CH CALLS M3X3M. 
DRIVEN DY T^r TAHI.E F^TERFD |N KLOCK DATA. 

SUnROl'l INE (-ETPTS 
INTEGLP P 
LOGICAL OEPUG 
COMMON DEBUS 
COMMON/PS/P(I7,H,J Mb) iJJ 
Ct1MM0N/ll5/U( 1 ? ,S ,'♦) 
COMMON/K1 IDS/K 10(12.3) 
C0MMüN/MISC/M"lrYr5T6,FYFTün 
CALL TvPOUTC (13HEYr TO STAGE« ,F5,0,ciH FT.  l&HEYE TO DISPLAY . 

X F^2, ?H  ) • .EYESTCi.FYrTUP) 
EToEYETUP»1000, 
P( ! .3, 1 )r-EYEST6»70, 

TABLE-DRIVFM POINT OETERM I MAT I ON 

DO 30 .)B2,.JJ 

MODEBI 

STORE ROTATION PART OF MATRIX IN 
IB CALL PnTtNOpEiJ) 

NDADo»' 10« NODE, 1 ) 
IF(N0DF .EG). 1 ) GO TO 22 

UPDATE ROTATIHN PORTION OF MATRIX 
CALL MATMULJNnoE,NDAD) 
REMAlNpFH OF MATRIX 

RP NUMBER OF »FRAMES» 

UPDATE MATRIX 

C FIX 

20 
GET 
22 

HERE 

DO 20 I «=1 »*♦ 
U(MODE,L,M)B0. 
ll(MODE,'«,L»»P(f.DAO,L»n 

POINT 
CALL VECMATtNOOf#J) 
COULD RE OETERMINEO C^ORO U'ATE5 OF ALL STRUCTURES 

THAT ARE FIXED IN THIS COORDINATE SY5TFN. 

TEST FOR SON 
IF(KID(N0DE,3),EQ.O) GO TO ?f 

NODE«Kin<N0OE,3» 
60 TO 1" 

TEST FOR ppnTHfR • 
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2A 0)   so   rn   ?fl IMK 10 1 NOnF ,2» .K 
n u n E E K T n ( N n o E , D 
G n   TO    1 " 

Trs'1   rr\n  f ftTHE»? 
20   ir (K irM'-inop;, n .F v.o)   r,n  TO  30 

RACK    UP 
N n n E « " 1 n ( N n (i F , 1 ) 
GO   TO   ^C) 

3 0   CONTIM'T 
PFRSPECTIVf     TWANSPHRl'iATION 

DO   32   Ja?,JJ 
DO   32    1^ = 2. I 2 
DO   31    1=1,2 

31 P(rF'lL,.n=n.nAT(FMIP,l.,.m«ILT/rL0ATC-P(lP,3,J)U?il2. 
32 CONTINUE 

IF(DERiir,) CALL T VPHUT ( ♦ GOTPTS  •) 
PFTURN 
END 

ON FDR MATM.li 

SURROHTINF MATMUL(NR,NAJ 
C UPDATE^ RüTATION fOPTION (IF MATWIX 
C MULTIPLIES ^ATHIX u('JP) x "UfjA) AND 

DIHENSIOM A(3,3) 
COHMON/US/Ui 1 2 .^ ,'n 
DO I Jel ,3 
00 1 K»l ,3 

1 A(J,K)rO* 
DO 2 Jet ,3 
00 2 Knl ,3 
DO 2 L=l ,3 

2 MJ|K)»A(Jf<l ♦ UfNB.J.L ) «JCNAtL ,K ) 
DD 3 ,1=1 ,3 
00 3 K=>,3 

3 U(NB,J,K)BA(J,K) 
RETURM 
END 

STORES IN IMNB) 

ON FOR VFCMAT 

SUPPOUTtMP VECMATCfSM 
C MULTIPLIES irMTIAL ROW VECTOR X MATRIX M AMD STORES IN VECTOR 

INTEGER   P IMTEGE»   P 
COMMOfVllS/IJ( 12,H,«n 

C0Mf1OM/PS/P( 12,M,M5) ,J. 
OIMENSJOM   V(M) 

P( 

0 
DO    1    Lai,M 

I    VfDnO. 
00   I   Knl ,«| 
DO   2   In] ,M on  2  Lnl ,M 

2 V(K)cVfK)+rLOAT(P(M,L,l))«IJ(M,l, iK) 
3 P(P(K,r)»iFix(v(K»*tn"n5) 

RFTURi'J 
END 

ON   FOR   POT 

SUniJOUTlME   RfTTf JOINT ,.n 
C   SETS   DP   ANO   MULTIPLIES   ROTATION   MATRICES. 
C   PLACE?   FffOmtCT    IN   UPDATE    MATRIX,. 
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c 

c 

c 

c 

s 

LMfilCAl    DFPUG 

C 0 H M11N    D f B U G 
BI «E NS t ON   r)(3,3)i   E ( 3 , 3 ) ,   r ( 3 i 3 ) 
COMMüM/MLS/UL M 2|3,3) 
COMMON/l'S/lM 1 ? .M ,'4) 
COMMON/A NG I. L/ANG( 17,3, lll 5.) 

C   SET   UP   ROTATION   MATKIX    FOR   NATURAL   LINKAGE   SYSTEMt 

HO    1    L»! 13 
DO    I    K«l,3 

1 F(L ,K)=IJL ( JOI'IT.L.K ) 
C   SET   UP   X   ffOTATlON 

2 DM,1):>|. 
n( l ,2)rn, 
D( 1 ,3)=o. 
0(?,i)=n, 
0(2,2)aCns( ANr, ( JHIMT, 1 , J) ) 
n(2,3)»SIN(ANG{jniNT,l,J)) 
n ( 3, i) = o. 
0( 3,2)=-f)(2,3» 
n(3,3)aO(?,7) 

MULTIPLY 
CALL M 3 X 3 M(F,n) 

SET UP Y ROTATION 
EM,1) =« COS( ANG(.inihT,2 , J) ) 
E(1 ,2)=0. 
f. ( 1 , 3 ) = - S I N ( A Mf^ ( Jf11 MT , ? i J ) ) 
F(?, 1)=n, 

F ( 2 , 2 ) = I • . 
F(2,3)=n. 
F ( 3 , 1) = -t. ( I , 3 ) 
F. ( 3 , 2 ) » 0 . 
F(3,3)«=r ( I , 1 ) 

MULTIPL Y 
CALL M 3 » 3 M(0 i F 1 

SET UP 1   PnTATlON 
0() , i )r rose ArG(jniNTi3,j) ) 
P( 1 ,2 )■ SI'J( AtlG( JO I NT, 3 , J) ) 

0(1,3)» Oi 
0(2, I )B -F( I ,?) 
D(2|2)«F< I il ) 
0(2,3)»n. 
0(3»!)»0. 
0(3,2)»^. 
0 ( 3 , 3 ) c I . 

C MULTIPLY ROTATION MATRICES 
CALL M^JOMUi-i) 

C STORE IN UPDATE MATRIX 
On 10 l »1 ,3 
00 10 Kal ,3 

10 U( JOIUT ,1^ ,L) 
""12 RETURN 

ENO 

0(|f ,L) 

ON EOR M3X3M 
SUnROUTlHF M3X3M(I>,A) 

C MULTIPLIFS MATRIX B X A AMO STORES IN 
0 I PENS 1 OM A(3,3),f|«3,3),C(3,3) 

00 1 Jal,3 
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c 
c 

ON 

on i K»i,j 
t c < J,tC) =o, 

no 7.  J=! ,.-» 
Dn ?.   r = i ,3 
on 7. Lri ,3 

7.   C(J,K)rr(j,K)+n(j,L)«A(L,K) 
DO .■» J=l ,,1 
DO 3 Krl ,3 

3 A(J,K)-C:(J,K) 
R f ? U R N 
PMO 

FDR ACÜP-, 

lüiiOUTlWE ACTIOfi 
DISPLArs MnfJOM 

DRIVFH {'V THE TABLf F^'TF.RFp 
I N T t r, F • r» A f! F M (i B n o) , p 
COMMflM/CPM/PA^fM , I SM , m 

CnrMnK/n5/P( 1?,'), M5) , JJ 
CRM«ON/tf f(jS/K in (i ?,3) 
CALL    R 5 F T n F ( P A f, K M , I M ) 
DO    3    Je^.JJ 
I M p I 5'! 
NF    n    p 

CALL   FrMPnjF, | , J) ,P(Mr ,2, J) ) 
!0    NSBKIPtMF.S) 

IF(NS.FO.O)    Gil    TO    I!, 
IZ   CALL    Vr.C(Pf N5, I , J) »PtMS,?, J) ) 

NFrNS 
GO    TO    10 

15 NSBKiornr,?) 
IF(NS.FQ.n) GO TO ?ü 
NF»K IDJN'S , 1 ) 
CALL P'1S(P(NF, I , J» |P{NF,?, JM 
GO TO \7 

7.0    IF (KlD(»'r,l ) ,Ff.i,0) 60 TO ?«i 
NFBK IfMMF, 1 ) 
60 TO 15 

25 COMTlfJilE 
CALL V f C ( P(11 ,l ,J) ,P|l l ,2,j ) ) 

3 CALL Sr.MOF 
RETURN 
run 

FOR BOXES 

SUHROUTINE BOXFS 
CALL FLFINS 
" ■   " : 1 . 3 

IN MLOC< DATA, 

0 BOXES 

» ARROWS 

52 



CALL V 
CALL SrH/w* 

• M ! N • ) 

r C ( A 3 ♦ J , ."U 8 ) 
CALL SC»*A« 
CALL ^ITAKA'i + J.Mj.«^ 

CALL * P t T A T ( ^ ^ ? ♦ v) , /, 0 , • " 
CALL LfHAR 
CALL rMMTAT(17?,M7n,»X •) 

CALL ''JfM TAT(5?P) ,M70i • Y »I 
CALL ^PlTAT{nf!'!,M7 0,«7 •! 
RFTUMM 

r0 LFCrND 

AX • ) 

RFTUMM 

r»N TON STICK 
SUPHOUT IN 

C FIGURT 
CALL n.n 
CALL Ptl«( 
CALL vrrc 
CALL VFM 
CALL vrrc 
CALL f'PK 
CALL DflT« 
CALL   fnfJC 
CALL vrr« 
CALL Pns< 
CALL   v r r ( 

F.    STICK 

76fl i 
7*81 
7,!fl, 
7f f), 
7^1 , 
7 7rM 

771 , 
7 Ml, 
7ftOi 

«»ni ) 

•no) 
901 ) 
9??) 

9i «n 
«i *t) 
901 ) 
7nH) 

C    AXES 
CML 
CALL 
CAIL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
RtTURM 
F.t'P 

vrc ( 
vrr ( 
P 'ir.« 
v r r ( 
sr HA 

v'. R I T 
rMT 
»/ rM T 

P ? ft i i. 7 M 

7 M » f 7 «| 
7 A 8 • A 9 A) 
7A 41 % 7*1 
7 r> o»r> M «n 

A« 
TAT(H>0,S7?,M •) 
TATt?/.**!^'*),«» •) 
TAT(7->A,t>19l»7 • ) 

P   X 

U   Y 

■   Z 

ON   FCiR   ZLINF 
C   ENTERS   DASxFD   LINF   OF   DIS^IAY   HnxtS    IN   DISPL«Y   FILE. 

SUPROIITI"f    ZLIMEIKI 
CALL   v.rM TAT ( 3';i ,&c"i »RIGHT   KNFF    ANRLF«?    •» 
RFAL   Hf.'i«« 
CnMHOfl/dN^/MMt |?,>),MX(I7,1) 

CALL   FlFTN^ 
x ■ A H s (►"' < K , i n /« A » s ( M N (r , n ) ♦ »x (r , i) j 

TsABStKHtKtSH/IAflttflHIVtf H^NXtlttf 11 
Z«Af\S«   ^'CK ,3) ) /I Ar»S(MN{K,3» )*HX »K , ^J) 

CALL P-iS'J.PO) 

CALL   nAfHtUt^lAtl 
J»Y«19?*AM*3SA 
CAU. »'»^«JiWO) 
CALL   rASM(J,MA?I 

CALL  rrsiJi^n) 

CALL   D«SH(J,'U,2) 
RtTUR»! 
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END 

ON   FOR    CnMAND ON   FOR    rnMAND 
SUiROMTlVg   CO'AMI 

C   EMTEPS   CON'MNO   QUAOkAriT    IM   OTSPuAY    F IL F 
CALL    LCH«R 
CALL   FIFINS 

QN 

IS   LEFT   ARROW 

FOR   PT'JRM 

SURKCUITINE    PTDRNC^IIMPaEFTA.RIGHTA) 
ENTERS   PAr,r    MCIMBEP   AMD   TURN    IN   DISPLAY   FI|E 

INTEC1F0   * KnHTA 
IF(LFFTA.EO.O)    SO    TU    ? 
CALL   FI.FINS 
CALL   PnS(Mn«,9^) 

CALL    Vrf {<tfttf«A] 
CALL    VFC(M77,<?7 0) 
CALL   PnS(M72,V6A) 
CALL   VFC«'477,9A2) 

2   |flt!€HTA«E9«0|   an   TO   H 
CALL   FLFINS 

PnSr5.l6,9AA > 
Vrc(552,9<,6> 
VFr(tiM7,96?» 
P^SC«^?,^*) 
V F C ( S M 7 1 9 7 0 ) 
s r H A R 
FLFINS 
»«ITAT(M9A ,961 , • TURN    • ) 
LCHAR 
♦VrMTAT(M9&,9P2,» (7HP,,i2,|h 

C»LL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
RETURN 
END 

«   RJRHT   ARROW 

MiNIIMP       ) 

ON 

C 
c 
c 
c 
c 
c 

FOR   EVEN 

SUPROUTINE 
FINDS ARRAY X, 
INCOMING APRAY 
OUTRtUNfi Ar>PAY 
SAVEY    IS   5CALF0 

EVEN 
EMntplSTANf   r>Y   Sfnnf; 

SAVEX.SAVEV,    FACM    IS 
X|Y,    FACH    "N   LOflG 
TO   RANGE   ilFTA.    |-NN, 

Y»5 
LONG 

THEN THINNED TO VA|.UFS CORRESPONDING TO SCALED 
VALUES CLOSEST TO THESE I'JTEGFRS. 

LOGICAL OFOUG 
COMMON DrnUG 
COMMON/CSX/SAVE»(3iinO),SAVEY(3,180),ISl3> 
COMMf.U./J'S/X (»,?&) ,Y(3,2S) 
COMHON/MisC/NM.EYFSTG.FYETUn 
on ?n rpnxei ,3 

YIMOOX .UaSAVCYI      NBOX.D 

X(NBOX,I )«SAVFX(       NBOX.I) 
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10 
20 

no io f =?,IN 
YMPRMafFAVFlYI   N HO X , <) - « o . , , NN / , n 
IF( YNOPM.uT.Fl OAKKK) ) r,0 Tn m^ 
KKnKK+l 
YCMOOX.KKIs 5AVEY( 
X(H»OX,KK)=SAVtX( 
CONTINUE 
C 0 M T I MIP 
IF(DEHliG)    CALL    T YPOU T C • F v/f NF n 
PPTURN 
FMD 

"   RUNS   FR^       »-•»».    NOT    Ifnf, 

ON   TOR    IMTRP? 

SURRniJTINE    l^JTPP? 
C   PPINT5    EVF.MLY    THfMMtO, 

LOCICAL   DTPUG 
cn^MtiN nfniif. 

THEM   FtLLED    IN   AGAfN. 

t ci f M n N  n t B t»6 

cnMMON/xus/xNo.iuf > *ffi(}tt«i4i 
CnMH0N/X5/X(3,?5),Y(3,?5) 
COMMON/GAUS/H (?,'♦) ,ND , A { <l ) 
CP?1M0N/LS7/M|'IP0X Ll'MnuN/u bT /N i 'lp0 X 

Cnf'MüM/PS/P( l?,^, IM5) .JJ 

.CnHMON/MISC/MfJ.EYfSTG .TYFTUn 
IFfOEfMiR)    CALL    T YPfJUT ( • nrs I N    tMTf       ., 
CALL   EVFM ' 

A NO 

E V F M 

H fTS TO LST SOIJAPF PAfMUPlA 
I PTS f*F. TV.'EEN ? AND 3, 

INTFPVALS APF TRrATEO Ry LlMEAp 

W NO. 

CALL 
C TIT FACH 
C 1NTERP0LATF ^ 
C FIRST AND LAST 

Nu'I 
NHM n    MM.1 
NNM^RNNM-I 

C   JJ   COMPUTEri 

00   30   J«l,3 

00   20   IJr j ,NN^• ,NNH2 
IJPnlj*! 
00   20   KfilJ.IJP 
IK«(K"I )•/,♦! 
rh( J, I(f )«:Y( J.K) 

00   30   f»»I ,NNM,r<NM2 
00   30   L=?|A 
V2«Y(J,tr*| ) 

VI    "   VrJ.K» 

' 

PTS 
INTERPOLATION, 
USFD TO KIT PMA(,f)LA 

2 
9 R f 1 y 

JJaMO. FRAMES ••• 

W HATCH NPOi:s 

20 

0 F'Il-L IN 6 PTS 

2« 

30 

T1  w T(J,KI 

IF(AnS(Y?-Yi ).f,T.«2.E-13)) r,f) 
iFfDEOijC» CALL T YrnuT ( • Y7-Y j so 
Y2"Y2*7,L-I3 

Tn 2fi 
• ) 

Y2"Y2*7,L-I3 
11*iK~])»ti   4L 

YN(JtIi)»YI*(L-|.t»(Y?-y!»/*, 

XM(J.in«(YN(J,,,)-Yn.(X(.l,KO)-X(J ^1/IV, Vl. 
00 MO   KÄn|»|t3 *(J»,r'»^'Y2-Yl I + XCJ.KI 
DO   MO   »: = 3,"NM 

CALL   LSTSO(K) 
1 IB(K-1 »«fr   ♦! 
YNINOOX.I I l-YfNBOX.It » 



on  MO  ,IB i , r5 

'♦O 

90 

on  MO  ,I« i ,r5 

YNJNnnv.D^YCiPOX ,<-!)♦.]•(       V{fttOXtK|.V(NflQXtK»t If/«« 
TEMPnY;>unRnx ,L ) 
XN(Nnnx,l   )-M \ >+A(2)«TFMP*Ar3)«TEMP.TFMP 
L a tJ N M»«/, ♦ 1 
RFTUIUI 
END 

PN 

C 
C 
c 
c 

IN riTTING APOVf PARABOLA 
K IS 3R0 PT. OP PARABOLA. 

ON 

C 
c 
c 

FOR LSTSC 

SUnROHTINE   LS75C(K) 
SCHAUK   STATISTICS.SPIEfiEL•r.221 
fiFT    CONSTANTS    FJR       X = AI    ♦    A2«Y    ♦ 
N   n   NOMflER   np   POINTS   USED 
X    IS   OrPEfl')EMT    VAPIAOI.F, 

LOGICAL   nEnur, 
C0MMC1N   DCttfi 
COMMON   LST/N,M^OX 

COHMOfl/GAUS/Rf ii,M ) ,NF)t A (M) 
COMnon'X«;/X(3,pb)iY«3,25) 

FINO   CeffFKteNTS   HF    ►TIPMAI.    EOUATIONS 
00    10   jt!,3 

DO    10   I.BI ,M 
10   ncJ,L >   n   o. 

P(1 •llrN 
DO   20   J«! ,N 
XPr.X(MMnX ,K* J-3 ) 
YP    r    Y (MHnX ,Oj-3) 
n( I ,2)nR( I iZJ *VP 
n ( I i M ) « n ( I , «4 ) ♦ X p 

n(7,'i)Bn(2,M)*Yp«xp 
YPBYP»YP 

Rf IIDBRI] ,3)*YP 
n(3tH)nfU3,M ) +YP«XP 
YPBYPOV'NOOX ty♦J-3 ) 
0(7,3)  n(r.3)*YP 
YPnYP^y (MnOX ,k'*J-31 

?.o n(3,3»rn(3i3»»vp 
B(2,2)rn(1,3) 
R(3,l )«"(i,3 i 
B{3,Z)rn<2,3) , 
R(2,1 )rn(|,?) 

FIND    A'S   Or    GAUSS 
CALL   f-AUSS 
RETORM 
END 

FOR   GAUSS 

SUnROlif f NE   (IAIISS 
WFFG    AND   '•■tpf.    ,    p.     mo 
SOLVES   SY^TFM   np    FnUATId'JS   BY 
GAUSS   FLUMMATlfIN    AND   M ACK-SM&ST I TDT I OM . 

LOGICAL   rH.f«UG 
COMMON  nrnuci 
C0MM0N/r;A(js/n(3,i() .NT.A««») 

NPBNP*) 

NM    s    MP-J 

PL IMINATTO.-l,    "AvTK-SURSTlTUTlfjN. 

56 



RrnuCE.    Tn   T*lA*lQUtAR   FORH 

no   in  jr.\ ,'IM 

jr>nj*i 

nn   in  <mj»tHH 

Prtn( K ,   )) /H'.I.J ) 
nn   in   \n.i,Hp 

no  ?u v =NI>,1,-1 
A(K)nn. 

DO   3n  'nfin , i , - j 

K P = K -M 

DO    ?$    .isrp.KP,-! 

A ( K ) r A ( K ) - " ( K , J ) • A ( J ) 

A (K ) = I " ( r    MP) +A(K) l/IM«',^) 

Hr.Ttirr: 

CNtt 

70 

?5 
3 0 

nsfn    IN   MAKING   THI    MOvIF.. 

f5I FOR SHClk'.1 

IUPROUTINE SHn." 
C THIS 0 f S P I. ft Y S T 1 T L F S 

iMTrr,M' Pf (i «on) 

NAMF.l. »ST/r,H/M ,G2 ,^13 ,6" ,r,B,G(S ,G7 ,GP ,G0 ,G I O.fil 1 
CALL SrTLST 
RFADJ^H) 
CAU. JPMpr, (,5.H,#^] ,«,/»,-f»,<!lq|n,r>t,,/l|?7|TfAt?;9f$I0|$jj, 

SPTOf M)F , I ) 
c M P I n T ( i ,«; 3 n » 
L r 11« i? 

?0 CALL IM.r 
S ' AP 
?0 

30 

I 

CALL 
CALL 
CALL 
CALL 
CALL 
GO TO 
CALL 
CAl L 
Ir.O 

CALL 
CALL 
CALL ^TTAT( .»O^.^PM, .fnMPUTrR-MOF.r) CHnpF.nGR APH Y •) 

CALL I'. P T TM ( Mft« ,M^n, »CAPOL ."ITHP'IW i) 
CALL A^'TAT ( 277 ,400, »v (>ARTMKrT Uf   COMPIITFR SCIFfJCE »I 
CALL i'PTT^T i 3/.,, ^i^O, »D"! VFPSITY df   UTAH •) 
CALL ^ P I T AT ( M^p f inn, trFi^UARY  V«70 •) 

gFMOF 

TTV 

I'lTPFT 

ft»!TAT J S«J ,*««», »©VWAMtC   tTUOIFS   M 
'■ PI T AT ( Hf(P , AT*» , »FP»    • » 

CAl L 
CAl L 
IrO 

CAN. 

CALL 
CAl L 
loO 

CA| L 

CAl L 

CAl L 
f nO 

CALL 

CALL 

CALL 
CAl L 

InTP("T 

k' » I T A T ( M II p , r, q ^ j i y M r. 

SfMnf 

|NT»tf 

'M T A T ( ? 'I /, , ^ ••, 2 , • T H r 

P'TPFT 

EMf) 

HOVEKCNT    IS   Sf-O"^'    IN   2p>    FRAMFS.    •) 

f p r T A T ( 3 ri ;> , S 0 p , » T M F    S A r< F 
V r ' T ^ T ( 31 2 ,1;'? ,■» , • S i' n r M    j N 

Sr^,l:r- 

PT'. rT 
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CALL 
CALL 
CALL 
C A I 1. 

CALL 
C A, I. L 

7 IrO 

CALL 
CALL 

n   inn 
CALL 
CALL 

9 I «n 

CALL 
CALL 
CALL 

10 PRTUR 
1 I im 

CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CA' i. 
C, .L 
run 

p.i  TOR PIC 

SlinROHTMIC   PlCfF.K .PF, I ) 
C    THIS   DISPLAYS   OIAGPAM    ügCO    IN 

TMTITGF.P  r    (innp) 

Ä^tTÄTl.V^jSOOt'TMC   SAMF:   MnvF"f-IT   IS   •) 
rtf IT A'  ( ."»i, ■> ,'(r>; , • ^"OXM     IN    |^    FtHiHtS*     •) 
srMcr 
MiTWfiT 

p i r (i. 'i, v), P f , i j 
rfJTRET 

P I r(i.M ,?n,nf , i > 
INTRET 

f I c ( s., 3 n , [) F , i ) 
PTK'FT 

AK I TAT« 39'5 t5PH , »CAHEPA    F^PTATFP    •) 
S? NPF 
IMTPFT 
N 

MAKIMG MfiVIF. 

CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
00 1 

PPT ^r5A,s
r>fi) 

P0S(|S6»5|0) 
nASH(7Afl ,SSO) 
Prsi^SA.sso) 
r)ASlM76fl ,9?') ) 
Pns( API.SSO) 

VJ crAlM,ni?) 
P n s ( 7 6 n , «^ s o) 
VF C (7An, V?*< ) 
L f H A R 
MR 10, 370,12 

CALL   ^nT(?'tA♦^'.Tjici j 

CALL    i>f?» TAT(21 2,479, •( 1 7HFYt 
XRS    ) • ,f ) 

DO   2   Mrl P,S2t! , | 2 
CALL   DnT(>«U*'t,I86l 
CALL    1"P1TAT(3 t n,3S0, • ( ISHFYf 
CALL     SFHI^^ 

rrto 

TO   DISPLAY   ■    |M«t|tAH   SCREEN   DIAHS 

TP   STAGE I'*,6M   FFET    1 • ,K) 
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VITA 
* 

Mr». Wit.hinw wan born Carol Ann Thiel on November 3, 

1930, in Yunia, At  on«.  In 19D2 she was graduated with 

diBtinctioii ) n   ilzona State University with a B.S. in 

bioloyy. 

fiho wan anip.'.oyud an a bacteriologist at Dugway Proving 

Ground, Dugway, Utah, from 1552 until 1953.  Aiter her 

marriage to Dean Withrow, she mo^od to Salt Lake City. 

Here sho was employed from 1954 until l.?57 as c. laboratory 

technician in the Department of Pharmacology of the University 

of Utah College of Medicine.  From 1966 until 1969 she was 

employed by this same department on a part-time basis as a 

programmer.  During 1969-1970 she held a research assistantship 

in Computer Science. 

The Withrows have three children:  Linda, Ann and Kent. 
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