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Abstract

This project is concerned with the analysis of the success or failure of object grasp configu-
rations. It uses three systems of analysis to analyse the grasp for equilibrium, stability, and
dynamic movement. The analysis assumes the grasp is made from fingers of one of three stan-
dard finger types : frictionless point fingers, frictional point fingers, or soft finger types. The
result of this project was the following : success was achieved with the equilibrium analysis
and stability analysis parts of the system, but not so much with the dynamic analysis of the

system, for some technical reasons explained in this dissertation.
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Chapter 1

Introduction

Object grasping is an important subfield of robotics. Humans have a great ability to grasp
numerous objects easily, even if the object is new to the person. Computer systems are avail-
able which can scan objects and determine potential grasping surfaces with which the object
could be picked up, and systems are available to determine potential grasp configurations,
although in many cases these are specialised systems, which limit themselves to a subset of
potentially graspable objects.

The purpose of this project is to analyse the outcome of arbitrary grasps, and determine

how stable the object grasp is with respect to slight perturbational forces on it.

1.1 The problem

The problem involves the analysis of an object grasp with arbitrary finger contacts. Figure
1-1 shows an example object along with the local contact regions which define surface patches
graspable by finger contacts.

There are three main types of analysis, the purposes of which are to test the object grasp

for different situations. The analyses are the following :

Equilibrium analysis : This analysis system decides, given information about the object and
contacts whether a state of equilibrium can hold for the object grasp, or whether the

object will slip from the grasp.

Stability analysis : If a state of static equilibrium holds for the object grasp, then this
analysis system determines how stable the object is by changing the direction of the
gravity vector incrementally, and testing if equilibrium still holds for the grasp under

this new direction of gravity.

Dynamic analysis : If a state of equilibrium cannot exist for the object grasp, then the

object will slip from the grasp. This analysis system simulates such an object slip, and
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Figure 1.1: An example graspable object, complete with surface contact patches.

determines whether the object slips by a small amount and comes to rest in a state of
static equilibrium, or whether the slip of the object is so severe that the finger contacts

are no longer in range and the grasp fails completely.

two key words here are equilibrium and stability. It is important that these are explained
and the differences between the two are established.

An object is said to be in equilibrium if the following two conditions hold :
o For all forces acting on the object the sum of their force convexes must equal zero.
o For all torques acting on the object the sum of their torque convexes must equal zero.

An object in equilibrium is not necessarily stable. The stability of an object depends on

the objects ability to withstand small external perturbational forces acting against it.

1.2 The achievements

The equilibrium analysis and the stability analysis were successfully implemented. In the
case of the dynamic analysis system the theory behind the system was well understood, but a
combination of implementational problems and the limited time available resulted in no fully

working version of the dynamic analysis system.
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1.3 Overview of the Report

The report is decomposed into six chapters (including this one) which relate to the system as
a whole. In Chapter 2 I describe the information needed by the system in order to perform
its analyses on arbitrary object grasps, and how such information builds a world model for
the system. Chapter 3 explains the implementation of the equilibrium analysis system, which
determines whether or not an object grasp is in static equilibrium. In Chapter 4 I explain the
theory behind the stability analysis system, and the results and deductions obtained from it.
Chapter 5 is about the dynamic analysis system, which simulates an object as it slips with
respect to the grasp. [ also explain the problems that arose in the design and implementation
of the dynamic analysis. Finally the conclusion reviews the finished system as a whole, and

determines improvements and further work which could be done.



Chapter 2

A decomposition of the world

model

In order for the system to perform an analysis of a potential grasp, it requires a sequence of
input data in order to construct its model of the world. The input needed for the world model
is decomposed into three main groups — information about the object, information about the
finger contacts, and information about various control variables which influence the analysis.

In this chapter I will describe the list of input data in more detail, and explain how each

piece relates to the development of a world model for the system.

2.1 Global information about the object to be grasped

As aresult of the set of assumptions about the system as described in Chapter 1 (in particular
considering local surface features of the object as opposed to a global object description, and
considering the grasp as a set of disembodied fingers as opposed to the entire manipulator
hand), the required information concerning the object to be grasped is scaled down from an

entire volumetric description to three fundamental pieces of information described below.

2.1.1 Force and direction of gravity on the object

It would be an option just to assume that the situations concerning object and grasp will be
analysed with respect to the earth’s own gravitational field (ie. acceleration is § = 9.81ms~2in
a negative vertical direction). However, the system will be more diverse if arbitrary forces and
directions of gravity can be considered. An additional benefit of considering arbitrary gravity
directions is that it allows testing for equilibrium of a grasp in various specific orientations
by simply altering the direction of gravity with respect to the grasp. This would have the

same effect of altering the orientation of the whole object data with respect to gravity, but it



only involves the calculation of a new gravity vector. Generally, gravity can be viewed as the
resultant external force on the object, so by changing the direction of gravity the system can
test what happens when external forces act on the object. The ability to specify an arbitrary
force and direction of gravity is used during stability analysis, which is explained in Chapter

4 of this report.

2.1.2 Centre of mass of the object

One part of the equilibrium analysis is concerned with the balancing of torque convexes acting
on the object. The sum of all torques should equal zero. The resultant torque convexes from
each finger contact are calculated by taking moments of the wrench force convexes of each
finger contact. The centre of mass of the object gives the location at which gravity acts. It is
because of this the centre of mass is part of the input to the system.

The centre of mass of an object can easily be computed, given a volumetric model such

as a voxmanp, if it is assumed that the object is of uniform density.

2.1.3 Moment of inertia of the object

The dynamic analysis of the object determines, in the case of the object slipping, whether it
will slip into a position of equilibrium, or if it will slip to such a position that the finger contacts
outside the range of the local contact patches. In performing the analysis it calculates the
translational and rotational acceleration of the object. The moment of inertia of the object

is required to compute the object’s rotational acceleration about its centre of mass.

2.2 Information about the object surface contact points

For each finger contact in a potential grasp, the system must receive information about
its contact patch, the type of contact, and the transformation of the contact into global

coordinates. This section explains the use of such information in more depth.

2.2.1 Local contact patches

The analysis programs in this project assume the local surface features of an object to be
represented by biquadratic equations. Figure 2-1 shows some example biquadratic meshes
produced by MATLAB(3] of the main types of surface patches.

The biquadratic equation for a local contact patch is as follows :
s=az’+ by’ +czy+dr+ey+ f

~T
The coefficients for patch ¢ are represented by vector b; = (a,b,¢,d, e, f).

10
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Figure 2.1: Example biquadratic surface patches.

There are a number of advantages in using biquadratic equations to describe local surface

contacts :

e Surface normals of biquadratics are easy to calculate, which is a benefit as they are used

extensively throughout the analysis.

e Biquadratics give a good approximation to the set of main surface features of an object

(eg. convex, concave, planar, cylindrical, etc).
e Biquadratic equations return an unambiguous value of z for any given z & y.

Each biquadratic surface is defined in terms of its local coordinate system. Points on the
patch and normals to the patch can be transformed to the global coordinate system of the

object with the aid of a transformation matrix, as described later in this chapter.

11



2.2.2 Finger contact types

This project considers the analysis of three main finger contact types. They are described

below in order of increasing complexity.
Frictionless point contacts :

This type of finger contact is the simplest to model, although it is the least impressive of
the three in terms of the margin of stability it produces. In general to achieve stable grasps
using frictionless point contacts, a greater number of finger contacts is needed in comparison
to the other two finger contact types. In the case of frictionless finger contacts, up to six

contacts are required for equilibrium, seven for stability.

contact
point -, contact

normal

point
(a) (b)

Figure 2.2: Example frictionless point forces for (a) concave patch, (b) convex patch.

The only useful force a frictionless point contact can exert into a surface patch lies in a
direction parallel and opposite to the surface normal of the contact location on the patch.

Some examples of such forces are shown in Figure 2-2.

contact surface

Figure 2.3: Force exerted in an unsuitable direction causes a slip.

Any attempt to exert a force in a direction other than the one described will result in the
finger contact slipping relative to the surface patch. Figure 2-3 represents such a situation

arising.

12



Frictional point contacts :

Frictional point contacts have an advantage over the preceding point contacts in the sense
that they allow forces to be exerted in directions other than parallel to the surface normal,
depending on the coefficient of friction between the finger and surface patch. The value of this
coefficient defines a friction cone inside which, a non-slipping force can be exerted. Figure

2-4 shows an example friction cone on a concave contact patch for this type of contact.

contact point .=

.
.
.
.
.
.

friction cone
force

Figure 2.4: Example friction cone for frictional point contact.

The coefficient of friction, g, between the finger and surface patch produces a friction cone

of angle 26 parallel and opposite to the contact normal, where:
6 = tan~1(u)

If a force is exerted by the finger contact outside the boundary specified by the friction
cone, the result will be that the finger contact will slip with respect to the surface patch.
Obviously it is preferable to have relatively high coefficients of friction between the finger and
surface patch as this allows a greater range of force directions useable by the finger contact,

thus a more useful finger contact overall.
Soft finger contacts :

This is the most powerful of the three finger contact types, so it is no surprise that it is
the most complex to model. Soft finger contacts are compliant, so they possess the ability
to mould themselves around their contact surface to some degree, resulting in larger friction
cones than would be attained by the previous finger contact type in similar situations. Soft
finger compliance is especially useful when considering the grasping of edges and vertices, as

soft fingers can constrain an object around such features by deforming around the feature, the

13



deformation depending upon such criteria as the shape of the contact and the shape, size and
compliance of the finger. This is a useful property of this finger type, although this research
is concerned with the grasping of objects via surface contact points as opposed to edge and

vertex contact points.

soft finger

soft finger

soft finger

contact
contact normals

I ¥~ normals

force range

(a) (b)

Figure 2.5: Example force exertion ranges for soft fingers (with zero friction) on (a) planar,
(b) concave and (c) convex surface patches.

The radius of the finger is one factor determining the resultant area of contact between the
finger and surface patch. The range of possible forces within which the soft finger can safely
(ie. without slipping) exert a force, without considering friction for the moment, lies within
the group of force directions parallel and opposite to the surface normals at the perimeter
of the area of contact between the finger and its surface patch. Figure 2-5 illustrates this
2-dimensionally for three example surface patches.

Figure 2-5(c) reveals a potential problem which arises with this representation for convex
patches. It suggests that in the situation of convex patches, any forces the soft finger can
safely exert must lie in a direction such that they pass through the point where the range
of possible forces crosses over. How this problem is overcome is discussed in more detail in
Chapter 3.

The result of adding friction to this system is that each force direction on the perimeter
of the range of contact forces is rotated outward by angle 6 (where once again 8 = tan™1y),
as in Figure 2-6. The overall effect of this is a wider range within which the soft finger can
exert forces without slipping.

An additional property of this type of finger contact is that it can produce a resistance to
torque around the surface normal of the contact, as represented in Figure 2-7.

The modeling and implementation of soft finger types, along with the other two finger

contact types, are explained in greater detail in the next chapter.

14



soft finger

contact
-..normais

--------------- force range

Figure 2.6: Example force exertion range (including friction) for a soft finger on a planar
surface patch.

2.2.3 Local contact points and transformations

Analysis of a grasp involves the transformation of contact positions and force directions from
their local coordinate systems to a global coordinate system. If the transformation matrix is
represented in homogeneous coordinates then the transformation can be accomplished by the

matrix multiplication :

Ry Ry2 Ris Th Ue Ve

Ryy Ray Raz Th Uy | | Y%

R31 Rax Ras T3 v. | | v
0 0 0 1 1 1

where R;; are rotation elements, T; are translation elements, U is a 3-dimensional vector in

local coordinates and V is a corresponding vector in the global coordinate system.

2.3 Miscellaneous control variables

Some of the inputs to the system exist purely for the function of setting control parameters to
the three analysis processes of the system. The values of these parameters affects the results
the system produces, as described below.

2.3.1 Upper and lower bounds on force values

Many grasps involve the use of counteracting parallel forces to constrain the object within

certain dimensions; for example, given two force magnitudes fi,f2, one counteracting the

15
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contact norma <

surface patch

Figure 2.7: Soft fingers can resist torque about their surface normals.

other on the opposite side of an object such that for an equilibrium to exist :

fi=—F

If the two forces are unbounded then there is an infinite number of possible solutions for
these force values. It is desired that the system produces a finite value for each force in a
situation of equilibrium. A way of accomplishing this is to impose a maximum upper bound,

uy on each force value such that for all force values f;, the following holds :

fi < uy

Similarly, a lower bound, I; is introduced such that :

fi 21

If this lower bound is set to zero, then it allows finger contacts to potentially exert zero
force to the object grasp. This may be a desired situation, but usually if a finger contact is
part of a grasp then it should exert some useful counteracting force, otherwise it is redundant,

and introducing a lower bound greater than zero ensures that this happens.

2.3.2 Angle of gravitational stability

The stability analysis part of the program tests for equilibrium of the grasp during the per-
turbation of the gravity vector within a cone of stability. The size of the cone is determined

by the input angle of gravitational stability.

16



e Maximum patch displacement range : d (scalar)
e Number of finger contacts : n (integer)
For each finger contact (7) :

e Finger contact type : t; (integer € 1,2,3 encoding frictionless, frictional, soft finger

contact)
o Local coordinate of finger contact point : p; (3d vector)

¢ Transformation matrix for contact point : T; (4 x 4 matriz)

-

e Biquadratic surface patch at contact : b; (coef ficient vector ofbiquadratic equation)
For each frictional finger contact (z) :

o Coefficient of friction between finger & contact surface : py, (scalar)
For each soft finger contact ¢ :

e Radius of finger : r; (scalar)

18



2.3.3 Maximum patch displacement range

In the dynamic analysis of the system finger contacts can slip from their initial contact position
on their local surface patches. The maximum distance they are allowed to slip before the grasp
is deemed to have failed is determined by the maximum displacement range d. This is an
input to the system which defines a circular area around each initial contact position within

which slippages are analysed.

2.3.4 Tolerance values

The reason for introducing tolerance values into the system is to handle certain errors which
can occur in calculating force and wrench convexes. The errors, ¢, are typically small, and
can be the result of rounding errors in floating point multiplication, or more dominantly from
approximating a real surface with a mathematical equation.

The tolerance values are used in the equilibrium analysis such that instead of testing for

equality :
) = o
we test for equality within a certain tolerance range :
za—-ec<zy<Tate

The tolerance values input to the system determine the size of this range.

2.4 Summary

This chapter has been concerned with the input requirements of the system and the relevance
of such data in the construction of the system’s world model.

The following is a comprehensive list of required input data :

Direction & magnitude of gravitational acceleration : g (3d vector)

Centre of mass of the object : & (3d vector)

Moment of inertia of the object : I (3 x 3 matriz)

e Tolerance value for errors : € (scalar)

Upper & lower bounds on force values : uy,l; (scalar)

e Maximum angle for gravitational stability tests : 0, (scalar)

17



Chapter 3
Equilibrium Analysis

The equilibrium analysis system is used to determine whether or not a solution is possible for
the object grasp to be in a state of static equilibrium, and if so finds a minimal set of values

and directions for the finger contact forces.

3.1 Mapping the problem onto equations
In Chapter 2 we saw a selection of input data required by the system. In this section we will

see how some of this data is mapped onto an equation form so it can be solved by the system.

3.1.1 Calculating surface normals

Surface normals are used extensively in the modelling of the three finger contact types. This
section explains how they are computed from the finger contact and surface patch data.

Given the following two pieces of information :

o Equation of the surface patch of the form : z = az® + by> + czy+dz +ey+ f

e Local contact position of finger on the patch : #; = (z,y, z)

the resulting surface normal, n; is :

bz
6z
bz
£ &
-1
where :
6—2 =2az+cy+d
bz

19
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The =+ sign of the contact normal determines whether the normal is into the surface (+
sign) or out of the surface (— sign). This is demonstrated by figure 3-1. The normals into the

surface are used for calculating force directions.

normal
out of
surface

example

contact

point normat
into
surface

y

Figure 3.1: Contact normal for an example surface and contact point.

3.1.2 Calculating torques from forces

Any finger contact which exerts a force on the object has the potential of exerting a torque
on the object. The centre of mass of the object can be used as a reference point about which
the torques are exerted. This section deals with calculating such torques in a 3-dimensional

system.

Given the following information :

e Direction of force 7 on the object, 7;

e Origin of this force, p;

e Centre of mass of the object, &

The resultant component of torque, ; can be calculated with the aid of the vector cross-

product formula (eg. Plastock & Kalley [4]) as follows :

ti = (C—pi) x v - -f\' moywlode u()bu?



where x = wvector cross-produci. The result is a vector perpendicular to the plane defined
by ¢, p; and v;, and the resultant component of torque acts about this vector, as depicted in

Figure 3-2.

Figure 3.2: Example of a resultant torque in a 3-dimensional system.

3.1.3 Implementation of the finger models

The three finger models were described theoretically in Chapter 2. In order for the equilibrium
analysis program to use such models they first have to be converted into a computational

representation.

3.1.3.1 Frictionless point finger contacts

Frictionless point finger contacts can exert a force in one direction only — the direction
parallel to the surface normal between the point contact and surface patch. As a result
the implementation of a frictionless point finger model is straightforward, it simply involves
constraining the range of possible force directions exertable by this type of contact to the
single direction defined by the surface normal.

Similarly, this type of finger contact is constrained to exerting a torque in one direction
only. The reason for this is that the direction of torque exerted by a finger contact is a function
of the position of the finger contact, the centre of mass of the object, and the direction of
force exerted by the finger. The finger contact position and the centre of mass of the object
are constant values, so as the force direction is constrained to a single value, then so is the
direction of torque exerted by this finger contact type.

If a particular grasp contains N; frictionless point contacts, then the resultant force and

torque convex for these contacts (in the global coordinate system) will be :

21
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where f; is the force exerted by finger ¢, n; is the direction of force, ¢'is the position vector of

the centre of mass of the object, and z; is the position vector of finger contact 1.

3.1.3.2 Frictional point finger contacts

This type of finger contact requires more consideration than its predecessor, as there is a
range of directions within which it can exert a useful force. This range is defined by a friction
cone mode] (as described in Chapter 2), so in order to constrain the possible force directions
to lie inside the friction cone, a computational representation of the cone is needed.

A key idea in the implementation is to approximate the theories and equations linearly if
possible, the reason being that linear programming can then be used to solve the equations,
which is theoretically simpler and typically computationally less expensive than would be the
<.:ase if higher order methods were resorted to in solving the equations.

In Chapter 2, figure 2-4 showed an example friction cone for a frictional point finger
contact. This cone can be thought of as a vector displaced by angle 6 from the direction
vector of the contact normal, rotated by 360° around the direction vector of the contact
normal.

Such a friction cone can be approximated linearly by considering the convex sum of a set
of N vectors, which lie on the boundary of the cone. Figure 3-3 (b) shows an example for
N = 4. The convex sum of the vectors defines a range which approximates to the range of the
friction cone model. Using this approximation a useful force direction (one which lies within
the boundary specified by the friction cone) can be defined as any vector which is a linear
combination of the set of N boundary vectors.

There is a trade off here in choosing the number N of boundary vectors — the greater the
N, the close the approximation to the friction cone model, but the greater the computational
cost.

It was decided that using N = 4 boundary vectors gives an accurate enough approximation
to the friction cone model. Obviously there are possible force directions on or near the
boundary of the friction cone model which the linear approximation would not allow (Figure
3-3 (¢)). This can be justified by considering the fact that force directions that lie towards
the centre of the friction cone model are typically safer, and force directions on or near the
boundary of the friction cone are dangerously close to slipping, so there is no great loss if the
approximation eliminates the possibility of certain boundary force directions.

The friction cone approximations were implemented with the aid of some 3-dimensional

transformations (for example, Plastock & Kalley [4]). The basic method is as follows :
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Figure 3.3: Example friction cones — a) model, b) linear approximation, c) both together.

1. Rotate the contact normal (in global coordinates) such that it lies on the positive z-axis.

2. Rotate the result about the z and y axes by 6, (where § = tan™g, p = coefficient of

friction), to give four vectors.

3. Rotate these four vectors inversely to the rotation of (1.) to give the boundary vectors

in their global coordinate orientation.

This method can be seen diagrammatically in Figure 3-4 for an example contact normal

and coefficient of friction.

y contact
normal

(a) (b) (c)

Figure 3.4: Method of producing friction cone approximation from contact normal : (a) rotate
normal to positive = axis, (b) rotate by +6 about z and y axes, (c) rotate results inversely to

(a).
As a frictional point contact is capable of exerting a force in a number of possible directions,
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50 too is it capable of exerting a torque in a number of directions. The range within which
valid torques can be exerted is found by taking the convex sum of the torques of the boundary
force vectors.
If a particular grasp contains N; frictional point contacts, then the resultant force and
torque convex for these contacts (in the global coordinate system) will be :
121 it Sp07s

N, S
221 Lop=y fivvie x (85 = ©)

where fj; is the component of force exerted by finger j in direction of boundary vector v},

(3.2)

C is the position vector of the centre of mass of the object, and &7 is the position vector of

finger contact j.

3.1.3.3 Soft finger contacts

Once again it is preferable to approximate the finger contact model with linear components
if possible, although it is slightly more complicated for this type of finger contact than it was
for the previous one. The two key differences between this type of finger contact and the

previous type are :

e Soft finger contacts occupy an area of surface patch rather than a single point on the

patch.

e Soft finger contacts can resist torque about their surface normals, to some extent.

Before discussing details concerning the implementation of a soft finger model I will take
this opportunity to point out the main problems in computationally modelling the two prop-
erties of soft finger contacts listed above. The first of these properties describes an area of
contact between finger and surface, but the size of this area is determined by a variety of
factors — the size of the finger, the compliance of the finger, the shape of the surface patch,
the amount of force exerted by the finger on the surface, to name but a few. The second of
the above properties mention the soft fingers’ resistance to torque about their surface nor-
mals, but to what extent can they resist torque? Yet again this is dependent on a number
of contributing factors, for example the coefficient of friction between finger and surface, the
are of contact between finger and surface, the amount of force exerted by the finger on the
surface, etc.

In order to make the modelling of soft finger contacts feasible for this system some sim-

plifying assumptions are added to the model :

o The area of surface patch occupied by the finger will be circular and of constant size

defined by r, the radius of the circle, ie. assume a circular fingertip.
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e The soft finger will be able to resist torque about its surface normal up to a maximum

value defined by the upper bound value uy (section 3.3.1).

With these assumptions in mind, the implementation of a computational model for soft
finger contacts is made significantly easier.

In a similar way to frictional point finger contacts it would be preferable to approximate
the range within which a force can exert a force by considering the convex sum of a set of
four linear vectors. The difference here is that the vectors will not all share the same position
on the contact surface as they did for the previous finger contact. To give a relatively close
approximation to the soft finger contact, the four vectors should all lie somewhere on the
perimeter of the circular aré_ defining the region of contact between the finger and surface.
They should represent the minimum and maximum principle components of curvature of the
contact, (ie. one of the vectors should lie at a position on the perimeter where the normal has
the greatest displacement from the normal at the centre of the patch, and one should lie at
a position where the normal has the least displacement). The other two vectors should lie in
positions directly opposite to the above positions in order that as much aresof surface contact
as possible is approximated. Figure 3-5 shows an example of this for boundary vectors v; to

Vq.

area of
surface
contact

A’ v2 |
i
max . !
normal min
normal

Figure 3.5: Approximating a soft finger force range linearly.

Regarding the problems associated with convex surface patches (as described in section
3.2.2), a solution is to treat the surface contacts as co-planar, thus alleviating the problem
of surface normal ranges crossing over. This justification of this is that for convex patches of
relatively low components of curvature (ie. the z2 or y? coefficients are small and negative),
then approximating them to planar patches only introduces a relatively small distortion into
the approximation, which is diluted further by the simplifying assumptions already made
about the system. Conversely, convex patches of relatively high components of curvature (ie.
the 22 or y* coefficients are large and negative) are more likely to represent edge or vertex

contacts than facial surface contacts, which the system does not analyse in any case.
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Adding friction to the four boundary vectors involves rotating each boundary vector by
angle 8, (f = tan~'u), about an axis perpendicular to a line joining the centre of the circular
patch and the position of the boundary vector on the perimeter of the circle. Once again
this can be implemented with such 3-dimensional transformations as described by Plastock
& Kalley[4]. Figure 3-6 reveals the addition of friction to a boundary vector in an example
situation. The range within which a soft finger can exert a force is defined as the convex sum

of the four boundary vectors.

area of
surface
contact

Figure 3.6: Adding friction to a boundary vector.

As with frictional point contacts, soft finger contacts are capable of exerting a force in a
variety of possible directions, and so too are capable of exerting torques in numerous directions.
Unfortunately the use of extended point contacts to approximate the model allows a certain
property of the approximation which would not be possessed by a real soft finger contact —
that of allowing an arbritrary force and torque to be exerted from a distinct point within the
surface contact, as shown in Figure 3-7 (a). In a real soft finger contact the force and torque
would be spread more evenly throughout the surface contact of the finger as in Figure 3-7
(b).

In the vast majority of cases the linear approximation is an adequate representation of
the soft finger model, so I will leave this undesireable property as a potential for further
refinement, as the amount of work required to eliminate this problem far exceeds any benefits
gained from such an elimination.

Given this implementation of soft finger contacts by linear approximation, the resultant
force and torque convex for Ny soft finger contacts (in the global coordinate system) will be

the following:
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(@) (b)

Figure 3.7: An example force & torque exerted by (a) linear approximation of soft finger
model, (b) soft finger model.

N -
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where f}; is the component of force exerted by finger k in direction of boundary vector vip, €
is the position vector of the centre of mass of the object, 2% is the position vector of boundary

vector vy, and fir7; is the torque about the normal of the finger contact.

3.2 Solving the equations by linear programming

paragraph here

3.2.1 Conditions for equilibrium to exist

For a state of equilibrium to exist on an object grasp, all forces acting on the object must
balance, and all torques acting on the object must balance.
Using equations (4.1), (4.2) and (4.3) and the additional gravitational force vector mg,

the condition for equilibrium can be described by the following equation :

N, - N 4 -
mi + 2imy fimhi N 2521 sz Fiv¥is
oo ~ N - -
Sie, fii x (8 = ©) Y2y Ypey fivvie x (85 — ©)
Ny 4 -
. _ . 5 Ul
ket b1 SEbVid 0 (3.4)

7, € - - =
S i1 frovks X (2% — €)

The equation can be solved by finding a set of force and torque values such that :

3" (force values x force directions) =0

>~ (torque values x torque directions) =0
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where force values and torque values are scalar quantities, and are related to each other.
There are typically numerous solutions to this equation. The addition of upper and lower
bound constraints on force and torque values limits the possible solutions to a subset of more

sensible values.

3.2.2 Linear programming

The concept of linear programming refers to the maximisation of a linear function subject to
a set of constraints. Using the theory and terminology from Press et al [5], the function to be

maximised (the objective function) is of the form :

z = apixy + agela + ... + aoNTN

where all the z;’s are non-negative (the primary constraint). The function can also be made

subject to a set of additional constraints of the form :
a1y + aioa + ...+ ainzy <b; >0

a1z + gjaza+ ...+ aiNIN 2 bj >0
ap12y + agaa+ ... +apnzy = b >0

The process of maximising the function z can be thought of as the search for a solution
coordinate in N-dimensional space, the boundaries of which are determined by the above
constraints. Each inequality constraint separates the search space with a hyperplane such
that valid solutions are restricted to one side of the plane (or on the plane itself). Each
equality constraint defines a surface in the space such that valid solutions are restricted to lie
on such a surface.

The constraints are used to define upper and lower bounds on the force values of the finger
contacts, and to restrict the sum of force and torque values in the z, y and z planes to zero

(£ tolerance value).

3.2.3 Restricting force values

For each frictionless finger contact 7, the force value f; of the finger contact is restricted with

upper bound u; and lower bound I; such that :
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For every frictional finger contact j, the force values fj1, fj2, fj3, fj4 of the force range

vectors are restricted such that :
fir+ fia+ fis+ fia L uy

fit+ fin+ fia+ fja2 1y

ie. the sum of the force range values (which defines the total force value of the contact) is
constrained by the upper bound on force values, uy. Additionally the sum of force range
values is constrained by the lower bound, I;. This means that individal force values are
allowed to be zero, which is fine because not all force range values need contribute to the
total force value of the contact.

For each soft finger contact k, the force values fry, fi2, fis, fra, fr of the force range

vectors are restricted such that :
fir + fra+ fra+ fra Suy

fei+ fra+ foa+ fra 21y
fr Suy

The reasons for constraints on fry, fr2, frs, fra are the same as for frictional point
contacts. The third constraint limits fi, which represents the resistance to torque about the

surface normal of the finger.

3.2.4 Constraining the total force and torque values

The restriction of total force and torque values of all fingers, as defined by equation (4.4) is
achieved by considering the component’s total forces and total torques separately in their z,

y and z planes. The result of this is the follwing twelve inequality constraints :

- - SN U
finiz + fj1vi1c + fiovine + fiavi3: + fjaviaz + fr1viiz + fr2vior + fraveaz + fraveas +r\gz <e

findy + fi1vi1y + fj2viay + fiavj3y + fjavjay + friveiy + feoveay + fraviay + fraviay + 6y <€
finds + fi1vi1: + fiavia: + fiavja: + fjavia: + fravei: + fravez: + feavia: + feavia: +9: <€
fi’kj}: + firti1e + fiatjoe + fiatjae + fiatjae + feitire + featios + feateas + featras + fenks < €

fig?y + firtj1y + fiatijay + fistiay + fiatjay + feitkiy + feotkoy + frateay + fratray + feniy < €
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FAG: + firti1z + fjatja: + fiatja: + fiatjas + fraters + frotio: + featra: + featiaz + fenk: < €

—finiz — fij1vi10 — fi2vj2: — fi30530 — fijaviae — friviic — fravioe — fravesz — fraviaz —b'.;; <e
=fingy = fj1vj1y = fi2vi2y — fiavjay — fiaviay — fraviiy — fraviay — fraviay — feaviay — gy < €
—fini: — fi1vj1: — fi2v52: — fjavja: — fiavia: — fravei: — frovka: — fravea: — fravia: _\;—z <e
N
_fi}q:: ~ fittj1z — fiatjze — fistise — fiatjae — friteio — fratkas — frateaz — featkaz — finkz < €
— fitisy ~ firtity — fiatjoy — fistiay — fiatiay — fertery — featioy — frateay — frateay — finky < €
—find: = fi1tj1: — fiatje: — fistja: — fiatia: — ferteis — fratee: — feateas — frateas — fink, < €

where the f;s correspond to frictionless point contacts, fjs to frictional point contacts, and
frs to soft finger contacts.

The first three of these constraints restrict the sum of force values in their z, y and z
directions to be less than or equal to ¢, the tolerance value. The next three restrict the sum
of torque values in their z, y and z directions to be less than or equal to e. The remaining
six constraints are similar to the first six, but restrict the sums to be greater than or equal

to the negative of e.

3.2.5 Defining a good objective function

The objective function is the one that linear programming tries to maximise. The objective
function need not be linear; Hillier & Lieberman [2] describe how to implement a quadratic
objective function by exploiting a property of logarithmic addition. The concern is this
— what values should the coefficients of the function be allocated in order to achieve an
equilibrium with optimal force values?

A sensible idea is to want to minimise the sum of all force magnitudes acting on the object.
The justification of this is that if a grasp is in equilibrium, but unstable such that a slight
peturbation of the object results in a slip, if the force magnitudes acting on the object were
minimal the slip would be generally less erratic than would be the case if the force magnitudes
were stronger. -

A different idea is to want to keep the force directions of fingers with friction as near to
the centre of their friction cones as possible. This is justified by the assumption that force

directions near the centre of the friction cones are generally safer than force directions near
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the boundary of the friction cones, which are on the verge of slipping. This can be achieved
by ensuring that the coefficients of all force directions defining a friction cone are equal.

The two 1deas above both make the assumption that all of the finger contacts play an
equally important role in the outcome of a grasp. It could be the case that one finger contact
is of more importance than the others in a particular grasp, and its attributes should be
minimised (or maximised) at the expense of others. Deciding which contacts are of greater
importance for arbitrary object grasps implies a need for empirical knowledge about each
grasp.

The final decision was to live with the assumption that all finger contacts were of equal
importance, and set the coefficients of all force values in the objective function to —1. This
minimises the sum of all force values (as maximising negative coeflicients = minimising positive

coefficients), and attempts to centralise force directions within their friction cones.

3.2.6 Using the simplex algorithm

The equations defining a state of equilibrium can be solved using a method first published by
Dantzig [1] called the simplez method. In order to use the simplex algorithm the equations
need to be transformed into restricted normal form. The transformation is explained in
detail in Press et al [5]; it basically involves transforming inequality constraints into equality
constraints (normal form) by introducing artificial variables to the equations, and ensuring
that each constraint contains a unique variable with a positive coefficient (restricted normal
form).

The simplex code used in the analysis is taken directly from Press et al [5], and is based
on the implementation of Kuenzi et al [3].

When the algrorithm is executed it returns with a flag whose value indicates one of three

possibilities :
¢ A finite solution has been found.
e The objective function is unbounded.
e No solution satisfies the constraints.
As a result of the stringent constraints placed on the force values of each finger contact,

the second of the three possibilities should never arise in the analysis.

3.2.7 Postprocessing to retrieve data

If a finite solution is found by the simplex algorithm for an object grasp, the magnitude and
direction of force and torque values for each finger contact can be calculated from the resultant

simplex data. For each variable in the original objective function, if the resultant coefficient is
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non-zero, there is an index to it returned by the simplex algorithm. If the resultant coefficient
is zero, it is in a different index and is not needed in the solution.
For each frictionless point finger contact i, the resultant force 1:“}, and torque fﬁ, is calcu-

lated by multiplying the indexed coefficient f; by the force and torque directions :

fimi = F;

—

fiti =T

For each frictional point finger contact j, the resultant force F_’;-, and torque 7-’;-, is calculated
by multiplying the indexed coefficients fj1, fj2, fi3, fj4 by their respective force and torque

directions, and summing the totals :

—

fi1vi1 + fjavia + fijavja + fjavja = F;

fitti1 + fistia + fiatja + fiatia = T;

The resultant force Fi, and torque T of soft finger contacts are calculated in the same
way as frictional point contacts. The soft finger contact also posesses a resultant torque about

its surface normal, Tny :

Fravir + fravie + feaves + fravia = Fi

fertir + feotin + fratia + fratka = Tk

frni = Ty

3.2.8 Verifying results produced by the simplex algorithm

The simplex algorithm returns from execution with either a finite solution for equilibrium or
a flag signalling that no solution was found that satisfies the constraints.

The situation where a finite solution is found can be verified by summing the resultant
force and torque magnitudes and directions, and checking that they equal zero (=¢).

The second (no solution) situation is more difficult to verify. A possible verification would
be to run the same problem on a mathematically proven linear programming system and

check that no solution can be found on this system also.

3.3 Experimentation

The intention of the experiments for the equilbrium analysis system was to design a set

of systematic test data to examine the effectiveness of the three types of finger contact in
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producing an equilibrium grasp on various types of object data.

The variables used in the experimentation include :

o Frictionless fingers, frictional point fingers, soft fingers with friction.
o Varied coefficients of friction for frictional fingers.

e Variety of different contact positions.

e Varied numbers of fingers.

The example test object used in the experimentation was a planar cube. The main purpose
of the test was to compare the performance of the three finger types over a number of con-
tact configurations, ranging from single contact points opposing gravity, to parallel opposing
contact positions in the same plane as the centre of mass of the object, to parallel opposing
contact positions in planes other than the centre of mass of the object, to non-parallel oppos-
ing contact positions in planes other than the centre of mass of the object. Example diagrams

of these configurations can be seen in Figure 3-8.

L

[~ “

: Za

(a) (b) ©

Figure 3.8: Example contact configurations — (a) single contact opposing gravity, (b) parallel
opposing contacts in same plane as the centre of mass of the object & contact opposing gravity,
(c) parallel opposing contacts in plane other than the centre of mass of the object & contact
opposing gravity.

The results of the experimentation proved the following :
o For all three finger types, a minimum of one contact can be used to oppose gravity.

o The greater the coefficient of friction for frictional contacts and soft finger contacts, the

better.

e Generally, frictionless point finger contact were the least effective of the three, frictional

point contacts were much better, but soft finger contacts were the most impressive (for

the same value of friction as frictional point contacts).
L
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Results of the experimentation for equilibrium analysis can be found in Appendix A.



3.4 Discussion and summary

The equilibrium analysis system was implemented with a fair amount of success. The program
achieves what is required of it in the sense that it states whether or not there is a possible
equilibrium situation for arbitrary object grasps. It also returns a magnitude and direction
of force and torque values for each finger contact in the analysis.

Possible improvements and further work could be done in the following areas of the equi-

librium analysis system :

e The analysis system could be modified to model grasping of objects via edge and vertex

contacts as well as the current grasping of surface contacts.

e The system could be updated from a linear one to a higher order one in order to remove

the need for linear approximations.

e The soft finger model could be made more accurate by incorporating an elastic mem-
brane model so deformations of the finger around surface contact patches could be

modelled.

To summarise, in this chapter we have seen how the equilibrium analysis of a grasp involves
the conversion of a world model into a sequence of linear equations, and through linear
programming it can be determined whether the equations have a solution or not. If a solution
is available, the object grasp is capable of static equilibrium, and an optimum solution can be

searched for. If no solution is found then the grasp can not be capable of static equilibrium.
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Chapter 4
Stability analysis

Chapter 3 explained how a grasp can be tested for equilibrium. An equilibrium grasp is
satisfactory for an object to be held stationary with no external forces other than gravity
acting on it, but testing for equilibrium is not enough if the object is to undergo even the
slightest movements. If an object in the state of equilibrium is moved it may slip, as any
movement introduces an accelerational force on the object. The purpose of stability analysis
is to assess whether or not the object grasp is likely to remain in equilibrium despite small

changes in external forces, ie. how stable the object is.

4.1 Using the gravity vector to test stability

The gravity vector g is viewed as an external force acting on the object. Other external forces
can be modelled by altering the direction of the gravity vector. For example, if the gravity
vector of a particular object grasp lies in a negative z direction such that § = (0,0, -9.81),
and it is desired to add a slight force to this object grasp of magnitude f; in a positive z
direction, it can be added to § to form g7 such that the sum of external forces on the object
is g-; = (fz,0,—9.81). In this way any number of arbitrary external forces on an object by
adding to the gravity vector the sum of such forces.

Assessing the gravitational stability of an object grasp involves the assessment of the
security of the object grasp throughout a range of directions of gravity. The range of directions
is defined by a cone of stability of angle 8,, where §, is the maximum angle through which the
gravitational stability of an object is analysed. Figure 4-1 shows an example cone of stability
for initial gravity vector § = (0,0, —9.81).

The level of stability of an object grasp can b:e analysed by performing numerous pertur-
bations of § within the cone of stability and testing the equilibrium of the object grasp for
each perturbation. For a stable grasp an equilibrium will hold for all perturbations of ¢ within

the stability cone. For an unstable grasp there are typically regions within the stability cone
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Figure 4.1: Example cone of stability for § = (0,0, -9.81).

within which equilibrium cannot be satisfied. These regions describe directions of force that

the object grasp is unable to counteract.

4.2 Implementation of stability analysis
Stability analysis basically involves the repetition of the following process :

e Perturb the original gravity vector § by a precise amount to obtain a new gravity vector

-

g
o Analyse the equilibrium of the grasp with the replacement of § by q.

The perturbation of § should systematically envelop the range of the cone of stability.
There is a trade off here between the accuracy of the analysis and the time taken to achieve
the analysis — the smaller the perturbations of § the greater the accuracy of the analysis,
but also the greater the number of repetitions required to envelop the cone of stability.

The method of systematically perturbing the gravity vector is the following :

1. Rotate § by angle 6; about the centre of mass of the object ¢ in an arbitrary plane to

obtain a vector g3.
2. Rotate ga by angle 2 about the original gravity vector § to obtain g-;.

3. Perform equilibrium analysis with new gravity vector q.

where (1.) is repeated for the range 6; = 0 to 6, in steps of ¢1, (¢1 = a constant which divides
8, exactly), and (2.) is repeated for the range 2 = c2 to 360° in steps of ca, (c2 = a constant
W
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which divides 360 exactly). Figure 4-2 represents such perturbations for an example gravity

vector §.

Figure 4.2: Testing for equilibrium within a cone of stability for an example §.

To allow the visualisation of the stability of the object grasp the system produces a chart
of the analysis. Each element in the chart is either a o or a £ depending on the outcome of the
equilibrium analysis for the element’s respective gravity vector. The vertical axis of the chart
represents the angle between the original gravity vector § and the perturbed gravity vector
g (which relates to the size of external force on the grasp), and the horizontal axis represents
the rotation of ¢’ about § (which relates to the direction of external force on the grasp).
This assists the user in gaining a visual image of the stability of the grasp by inspecting the
patterns of stable regions in the chart.

The stability analysis system also returns an absolute value of stability in terms of the
percentage of equilibrium solutions during the analysis, which is useful for comparing the

relative stability of object grasps.

4.3 Experimentation

The intention of the experiments for the stability analysis system was to design a set of sys-
tematic test data to examine the effectiveness of the three types of finger contact in producing
an stable grasps on various types of object data.

The variables used in the experimentation include :

o Frictionless fingers, frictional point fingers, soft fingers with friction.

Varied coefficients of friction for frictional fingers.

Variety of different contact positions.

Varied numbers of fingers.
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The example test objects used were a planar cube, a concave cube, and a sphere. Figure
4-3 shows examples of these three test objects. The main purpose of the tests were to establish
the level of stability each grasp configuration could produce, and to test whether stable grasps
of lower quality finger types (eg. frictionless point finger contacts) could be achieved by higher

quality finger types (eg. soft finger contacts) with less finger contacts.

(@ (b) (c)

Figure 4.3: Example object types for stability analysis — (a) planar cube, (b) concave cube,
(c) sphere.

The results of the experimentation proved the following :

e A small number of finger contacts (eg. 3) with high friction result in grasps as stable,
if not more stable than a higher number (eg. 5 or 6) of frictionless finger contacts or

finger contacts of relatively low friction.

e A good choice of contact positions makes a noticeable difference to the stability of the

object grasp.

e In the case of soft finger contacts, concave surfaces patches generally resulted in more

stable grasps than their planar counterparts did.

X,

Results of the experimentation for equilibrium can be found in Appendix A. 2

4.4 Discussion and summary

The implementation of the stability analysis system was straightforward mainly because of
the fact that it relies heavily on the success of the equilibrium analysis system. It allows the
user to perceive a visual representation of the regions of stability and instability of an object
grasp by displaying a chart, as well as displaying a percentage of the regions where static
equilibrium is found during the analysis.

There are a few ways in which the system could be improved :
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e A graphical interface could be written to display the state of the perturbation of § with
respect to the object on a standard graphics package. Together with the stability chart
already produced by the system this would allow the user to gain a clear idea about the

stability of different configurations of object grasp.

e The perturbation of gravity vector § cannot produce external torques about the object’s
centre of mass, as it acts at the centre of mass of the object. This situation could be
modified so that the stability of the object grasp is tested with external torques on the

object as well as the existing external forces.

As a summary to this chapter, we have seen how the gravitational stability of the object
can be assessed by performing numerous perturbations of the angle of the gravity vector §
with respect to the object and assessing at each stage whether or not a static equilibrium is
possible. The experimentation results showed the benefits of using soft finger contacts over

the weaker finger contact types in terms of object grasp stability.
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Chapter 5

Dynamic Analysis

If the equilibrium analysis of an object grasp signifies no solution for equilibrium, then the
object will not remain stationary and will slip with respect to the finger contacts. It may be
the case that the slip is such that the object only moves a small distance before coming to
rest in an equilibrium position. Conversely the slip may be more severe and the object may
move to such a position that finger contacts are no longer in range of their surface patches,
in which case the grasp is deemed to have failed.

The purpose of the dynamic analysis system is to simulate the motion of the object as
it slips and determine whether the contact geometries stop the slip or whether the object
slips to a position or orientation out of range of the grasp. Figure 5-1 shows the operational

structure of the dynamic analysis system.

5.1 Calculating the accelerational force and torque of

the object

The accelerational force and torque of the object can be computed using a modified version
of the equilibrium constraints used in the equilibrium analysis (see Section 4.2.4). Instead of

constraining the force and torque values such that :
3. (force values x force directions) =0
Y (torque values x torque directions) =0

the constraints are modified such that :

-

3" (force values x force directions) = f,

3" (torque values x torque directions) = tn
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Figure 5.1: Structure of the dynamic analysis system.

where f; is the resultant accelerational force and ¢, is the resultant accelerational torque of
the object at the nt? iteration of stability analysis.

The upper bound constraint u; is used to restrict fu and ¢, to sensible values. As long as
uy 1s large enough the simplex routine will produce a finite solution for these new constraints.
The reason for this is that instead of constraining the sum of force values to zero (+e¢), they

are now constrained to lie within the upper bound limit such that :

—uy <Y force values < uy

—uy < 3 torque values < uy
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The objective function, = is also modified such that f:, and t,, are minimised, as opposed
to the force values of the finger contacts which were minimised in the equilibrium analysis.
The reason for wanting to minimise the resultant accelerational force and torque on the object
is that in order to attempt to find an eventual equilibrium from the slip it is better to be

optimistic and assume a minimal slip on the object rather than a slip with high acceleration.

5.2 Calculating the resultant object movement

The accelerational force and torque values acting on the object can be used to calculate
the resultant movement of the object. The motion of the object can be decomposed into a

translation (of the centre of mass) and a rotation (about the centre of mass) of the object.

5.2.1 Translational motion of the object

The translational motion of the object can be calculated with the use of a standard physical

law of motion :
- - J a
Ad, = 2, AL+ —Q-J:n(At)"

where n is the current iteration of the analysis, Az, is the change in displacement since
the previous iteration, z, is the velocity of the object at the current iteration, T, is the
acceleration of the object at the current iteration, and At is the increment of time since the
previous iteration.

The velocity of the object at the current iteration, ,, can be calculated by :
Ty = Thno1 + 1:,{-"_1(At)

where z,,_ is the velocity of the object at the previous iteration and zn1 is the acceleration
of the object at the previous iteration.

The acceleration of the object, £, at the current iteration is calculated by :
2 o7
To =g+ fn/m0

where g is the acceleration due to gravity, and f-,:, is the resultant accelerational force at the
nt* iteration of the simplex routine.

Initially (at the 0* iteration) the values are : -
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g =0
= - s !
Zo =g+ fo J W
which means that initially the centre of mass of the object is at its origin, its velocity is zero,

and its acceleration is the sum of the acceleration due to gravity and the resultant force value

from the first execution of the simplex routine in the analysis.

5.2.2 Rotational motion of the object

The rotation of the object about the centre of mass of the object can be calculated with the
aid of the following formula :

-

t, = IQ,

where t,, is the resultant torque about the centre of mass of the object at the n** iteration of
the simplex routine, I is the moment of inertia matrix of the object (see Section 3.1.3), and
Q-;, is the angular acceleration about the centre of mass of the object at the n*? iteration of
the analysis.

The moment of inertia matrix of the object I, assuming a unitary mass of the object

(Chapter 1) is the following :

. Y(rit—z?) =Lz - Tz
I=s=| -Zzwy  Z0'-w’)  -Tus
2 2
- =iz Yy 2(ri?—z?)

where r;® = 2;° 4+ y;2 + z;2, and j is a segmentation of the object in the z, y, and z planes.

In order to calculate the angular acceleration of the object, Q'n, where :

-

Qn = I_lt:;

the inverse matrix of the inertia matrix, /=! is needed. The inverse matrix can be calculated
if inertia matrix I is non-singular (ie. has a none zero determinant). Generally I=! can be
calculated successfully, there are only a minority of cases (for example if the object to be
grasped was an infinitesimally thin disc) where I~! can not be computed, so for the sake of
the analysis, the assumption is made that the shape of the object is such that the inverse of
its moment of inertia matrix can be computed.

The change in angular rotation of the object about its centre of mass at the n'” iteration

of the analysis, A, can be calculated with the use of the following formula :
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AQ, = QAL+ %sf,,(At)2

where §, is the angular velocity of the object at the current iteration and At is the increment
of time since the previous iteration.
The angular velocity about the centre of mass of the object at the current iteration, Qn

is calculated by :
AQ, = Qn 1 + Qn_1(Al)

ie. the current angular velocity is the previous angular velocity with the addition of the
angular velocity gain from the angular acceleration between the previous iteration and the
current iteration.

Initially (at the 0*® iteration) the rotational motion variables are such that :

0=20
o = 0
do:.[—lto

Once Az, and ASY, have been established a transformation matrix, M, can be formed
with the use of canonical rotations (ie. about z, y and z axes) which premultiply the previous
transformation matrix, M, _; to give a transformation of the object from its original position
to its new position. Initially the object is in its original position the initial transformation

matrix, My is the identity matrix.

5.3 Determining the positions of the new contact points

Now that the transformation matrix has been calculated, the new positions of the finger
contact points on there patches can be calculated.

There are numerous possible ways in which the finger contacts may move in relation the
movement of the object. For example, the finger joints may be flexible and if the movement
of the object produces sufficient force the finger may move in a similar direction to its contact
patch. Conversely the finger joints may be rigid, and the object patch drags along the finger
contact as it slips as the finger remains stationary. As the project considers a grasp as a set
of disembodied finger contacts, no information is known about the geometries of the finger

Jjoints, only the fingertips are considered. As a result, the assumption is made that each finger
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can only move along the line of force that it exerts, so if the contact patch slips away from
the finger joint, the finger joint moves in a forward direction along its line of exerted force
to come into contact with the patch. If the patch slips into the finger joint, the finger joint
moves in a backward direction along its line of force until the finger is in contact with the
surface of the patch.

A problem arises in the use of the transformation matrix M,, to reorientate the object in its
new position. The problem is due to the use of local contact patches and transformations to a
global coordinate position. The transformation matrix My is specified in global coordinates,
whereas the contact patches b; are specified in local coordinates in terms of a biquadratic
equation. The biquadratic patch cannot be transformed in its local coordinate system, as it is
not an (z, y, z) vector, only points on the patch can be transformed using M, by transforming
them with Tj, then transforming them by the object movement matrix M, to give the new
position of the point in global coordinates, then transforming back to local coordinates by
using the inverse transformation matrix 7.

The solution to this problem is not to transform the biquadratic patch at all, but to move
the finger contacts and the gravity vector inversely to the transformation of the patch. Figure
5-2 shows an example where instead of transforming the object with respect to the contacts,
the contacts (and the gravity vector, §) can be transformed with repect to the object and the

result is the same.

(=]]
(e ]]

@) (b)

Figure 5.2: Equivalent object grasps with fingers fl, ﬁ_», f;; and gravity g for (a) object
transformed, contacts and gravity static, (b) contacts and gravity transformed, object static.

This involves the use of inverse transformation matrices, as instead of transforming the
biquadratic equation in global coordinates by matrix My, the finger points and gravity are
transformed by the inverse matrix M, "1, (although gravity is not translated, only rotated).

So the resultant transformation for a finger contact point p; = (z,y, ) in its local coordinate
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frame can be achieved by performing the following transformations :
G =T~ M, T ()

where ¢; 1s the resultant contact point in local coordinates.

The problem with the use of the above transformations is that the inverse transformation
matrices T-! and M, ! might not exist. A possible solution to this problem is to define all
contact patches and contact points in terms of a global coordinate system as opposed to a
local coordinate system with transformation to global coordinates, although this raises more
problems in the sense that the reason for representing contact patches in their individual local
coordinate systems in the first place was that patches could be modelled relatively accurately
using biquadratic equations in local coordinates, whereas if global coordinates were used, the
equations would be significantly more complicated. The severity of this problem was such
that, due to a limited time period within which the problem had to be solved, an operational
version of the dynamic analysis system was not implemented. Despite this fact I will explain
the remaining theory behind the dynamic analysis system, with the assumption that the
contact points were successfully translated.

Once the position of the object patches with respect to the finger contacts points have
been established, the next step is to move the position of the contact points such that they lie

on the patch. This is achieved by performing the following operation for each finger contact :

1. Find the resultant line of force exerted by each finger contact.
2. Intersect this line of force with the surface patch to find the new contact point.

3. If the new contact point lies out of range of the patch then the object is deemed to have

slipped.

5.4 Checking for equilibrium

If the contact points still lie within range of their contact patches, defined by d (see Chapter
2), then the current object grasp orientation can be tested for equilibrium. This can be

achieved with the aid of the equilibrium analysis system (see Chapter 3).

5.5 Expermimentation

Unfortunately, because the dynamic analysis system was not operational, no experimentation
could be performed on it. However, if the system was working, the main set of experimentation
would be to test situations where a slip would eventually result in a state of static equilibrium,

and where a slip would result in the local contact points being out of range, ie. a failed grasp.
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These situations would be tested on a variety of objects (ie. concave, convex, planar, etc.)
to determine which objects seem to be most robust in the case of slippage. Also the situations
would be tested on different finger types, and different contact configurations in order to see

the effect such differences have on slipping.

5.6 Discussion and summary

The theory behind the dynamic analysis system was relatively straightforward. The imple-
mentation issues were somewhat more complicated however. If a global coordinate system was
implemented for equations of surface patches as opposed to a translation from local to global
coordinates these implementational issuses would be eased somewhat. Due to the limited
time available during the commencement of the programming of the dynamic analysis system
a new design was not implemented, one of the reasons for this being that if the coordinate
systems were changed, they would have to be changed in the equilibrium analysis sytem too.

To summarise, Chapter 6 has been concerned with the dynamic analysis system. This
system attempted to simulate the slip of the object with respect to its grasp, and report
whether the object grasp reached a position of static equilibrium or whether the grasp failed
completely. The basic ingredients of the system were to iteratively simulate the motion of the
object over a discrete time step, calculate the new contact positions at this time step, and

check for static equilibrium or grasp failure.
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Chapter 6

Conclusions and discussion

The end result of this project was a partially completed system. Two of the analysis programs
were complete, and one was not functional due to reasons explained in Chapter 5 of this report.
Despite the setback of the dynamic analysis, the system as it stands still performs a useful
part in the analysis of object grasps.

There is a multitude of possible further work in the extension of this system. Here are a

few possibilities :

o Improve the accuracy of the finger model approximations (for example, soft finger mod-

elling could be improved by the use of elastic membrane simulations).

o Integrate the analysis systems into other robot related systems, for example, a system

that scans objects and produces a set of possible grasp configurations (eg. Wren [6]).

o Introduce a system that analyses the relative importance of each finger contact in an
object grasp by using a modification of the stability analysis program, which can then
decide which contacts should be given preference in maximisation of the objective func-

tion used in equilibrium analysis.

e Add a graphical interface for the system so that object grasps, stability analysis, and

dynamic analysis are displayed visually in 3-dimensions.

48



Bibliography

[1] Dantzig, G.B. Linear Programming and Extensions. Princeton NJ : Princeton University
Press, 1963.

(2] Hillier, F.S, Lieberman, G.J, Operations Research (Second Edition), Holden-Day inc.
pages 725-727, 1974.

[3] Kuenzi, H.P, Tzschach, H.G, and Zehnder, C.A. Numerical methods of Mathematical

optimisation, (New York : Academic Press).

[4] Plastock, R.A, Kalley, G. Theory and problems of computer graphics, (Schaum’s outline
series), 1986.

[5] William H. Press, Saul A. Teukolsky, William T Vetterling, Brian P. Flannery. Numerical
recipes in C (Second Edition), The art of scientific computing, Cambridge University
Press, pages 430-443, 1992.

[6] Wren D. Identifying robot finger grasping points from range data. Master’s thesis, Dept.
of A L., Edinburgh University, 1992.

Clo Py~ ?
i~ Yoo 4 g

49



00°'03 00°0 00°0 00" 1-
00°03 00°0 o0°t 00°0
00°001T 00°°% 00°0 00°0
: T jurod 3de3uod oF ITIjem uwoTjemIOSIURI]
000000°0 000000°0 000000°0

: 7 3utod 39°3W0D O 93WUTIPIO-OD TEIOT]

pexsfuty 3308 : 7 jutod joezwos po edfy 3owzuon

’W. 000000 °0 000000°0 000000°T
1 penbrq jo Temrou TvQOTYH
000000 1- 000000°0 000000°C

1 peabiq yo Temrou Tvd0+
’
000000°0 000000°0 000000 0 "0 ‘0 ‘0 = BF)90)

3 + Ko + xp 4+ £x3 + khq + xxE = punbrg

000000°09 000000°0S 000000°0

: 1 s3uted 32w3amod yo @3wWUTPIO-0D TRQOTH

00°03 00°C 00°0 (110 4
0003 00°0 00't 00°0
00°0 00°1- o000 00°0

: 1 jutod 30w3w0D JOZ XTIJNE UOTIWUIOFSUWIL

: 7 sutred 32W3WOI O GRUTPIO-OD TWIOT]

jurod ssaruor3istxy : [ jurod 3owjued yo adiy 3dwjumo)
€ : saurod 3oev3u0d zo xaqunu Te3ol

Pod : 9TTF woxz vieq 3oejuoc) Jurpeoy
Pod> : 9mRU 9TTJ wIwQ 3OVIWO) 193uF
e1°62Z EQ'T 8T ¥~
€0t 9z°181 6T°1
8T %~ 6zt €T° 961
: 3o0lqo jo wtgraur yo juInON
000000° 09 000000°09 000000709 * 323(qo o ssem yo axjua)
000000°0€ @ L£3rTrquas Jo oy8uw Teworjwztawrn
000018° 6~ 000000°0 000000°0 & 350(qo uo £3tavz® jo edrog
0000T0°0 : 9nTeA 22I0F ® U0 punoq Iamo7]
00000 oo@ euyea o3x0f ¥ wo puneoq xoddp

100000°0 : onTeA 9JTRILTOL

pom : o1t} worg ejeq 139[qp Furpesy

pom : swwu 8TT4 ®wIN(Qg 00-ﬂ8 I3y

sy[nsay uoljejuawmizadxy Vv




(pexafury 33o8) ¢ xafury

(000000°0 ‘000000°0 ‘306661 961-) = (z‘L‘r)mrouy
(TIL¥ED O- "99T0E€1°0 ‘000000°0) = (Z'L'x)smbroz
(E8¥Z00°0 ‘79000 0 ‘T6¥600°0-) = (z‘A‘x)aorog
(pex3fury 3308) gz xafuzy

(000000°0 ‘000000°0 ‘000000°0) = (Z'K’x)anbroy
(000000°0 ‘000000°0 ‘1ZZTI10°0) = (Z°&’'x)adxo0f

(3utod ssatuoryorxz) 1 reButry

-+ refurz ysea yo sanyea anbroj/edioy ay: axe azag

. puUnoz wadq sey untxqritnba zo sjeis y

++ warxqrrinbs xoz steiyeuw otyvys Burydusygy

000003°0 : € 3urod 3dw3mod v sniper refury

0000Z0°0 : € 3urod 33¥3UW03 3¥ WOTIOTIF FO FJWITITFFI0)

000000°1 000000 0 000000°0

: € punbrq Jo Tumxou TeqoTy

000000° T~ 000000°0 000000 0

: g penbrq 7o Temrou Tuwdo]

000000°0 000000°0 ‘0 ' 0 0 ‘0 = B)ye0)

3+ Ko 4+ xp 4+ £x3 4+ £4q + xx0 = punbrg

(OIS

000000 °0 000000°0€ 000000 09

£ 3utod 3293105 O 93VUTPIO-0d TvQOTH

00°0 00°1- 0070 00°0

00°0E 00°0 001 00°0

00°03 00°0 00°0 00°1-

: g jurod 30v3UGd IOF XTIIER QOTIVRIOFBULI]

000000°0 000000°0 000000°0

: £ '3uted 37303 JO PIVUIPIO-0D TEIO]

pexeButy 3zos : g jured 3owv3juod zo adiy 3dw3uon

000008 0 : ¢ 3urod 3owimos 3w sayper xaBury

0000ZE 0 : Z 3utod 30¥3U0D 3V WOTIITIF FO JUATITFFR0)

000000° 0 000000°0 000000° T~

: 7 penbrq jo Temrou teqors

000000° 1- 000000°0 000000°0

: ¢ penbrq yo Twarou Ted07

000000°0 000000°0 000000°0 000000 0 000000°0 000000°0 = S3Fe0d

#+ &o 4+ xp + £x0 4 £hq + xxU = punbrg

‘09 ‘09 T001

: T 3urod 3293000 3O 93RVUTPIO-0 T¥QOTH




il
Il

C .

T HE 4 ﬂﬂdom 3283000 JOJ ITIVW UOTjRUIOISURI]

pog :

Po}

000000709 000000 09 000000° 09

000000 °0 000000°0 000000 0

: 1 sutod 32e3U0D FO IjEUIPIO-03 Ted07T]

jutod ssatuotrssorxy : { jurod 3ow3iuod yo adiy 3awjuony

sjutod 33e3u0d 3o IaquUnu Te3OL

97tz woxy wjeq 3owiuo) Buipeay

aweu 9TTJ e3LQ 3IVIUO) II3UF

91°6IC €0t 8T ¥-
€0°T 9T 18T 6T°1
8T'¥- 6Tt €T 961

: 309[qo Jo mwrixautr o juswol

: 323{qo jo ssew yo arxjua)

000000°0€ : K31TTqeas yo 278ue Temorzestamiy

000018 "6~ 000000°0 00000070

000010°0

000000° 0001

poa :

: 3oafqo uwo L3rawx® jo adx03

9NTeA 9II0] ¥ U0 pUNOG IIAOT]

snyea 93107 ¥ uwo punoq xaddp

100000°0 @ @nTeRA SDOUBRIITOL

o717 moxy w3ieq 322[qp Futpuey

(3uaszzed 67°89=)

(60L96% 8-
(9611Z9°8-
(¥LL0¥L 8-
(Z9E¥98° 8-
(Z88196° 8-
(892€90°6-
(¥Z¥891°6-
(ETELYT 6-
(S986ZE " 6-
(ZT09OY¥ " 6-
(EELSLY 6-
(6¥68E9 "6~
(629969 6-
(TELIYD 8-
(£TZ689° 6~
(¥108TL 6-
(0929391 6-
(69L6LL" 6~
(99986, 6~
(8£9908° 8-

E10%¥8° ¥
[.1.14:24: 38 4
L1B86E'¥
GIETLL ¥
¥960%6°¢€
906L0L°E
BOETL¥'E
OEE¥ET'E
PETVE6°T
68815L°2
99L109°C
906192°C
€09%10°2
1TL99L°L
6ZTL919°1
BEOYOT "1
008Z10°T
B80Z08L°0
960.L09°0
¥EPETIT 'O

pou : smeu ayTg vwieq 32alqp xazugm

‘9 Jo suotjeqinizad ozg 30 300 g.p Ioy Xoj mutxqritnba ur sea dsersy

10EL0L°0-)
6¥ZTZEL 0-)
9699869 0-)
€99099°0-)
6LI¥Z9 0-)
19T185°0-)
z966%9°0-)
18Z219°0-)
81T¥LY 0-)
198SEY"0-)
¥8116€°0-)
9¥THIE 0-)
TH061E 0-)
63962 0-)
9900%Z° 0-)
90€£00Z° 0-)
0T¥091°0-)
¥0¥0Z1 0-)
ST€080°0-)
1210%0°0-)

(0000718°6- 0000000 000000 0)

U000 000 e U0 R v YL v v Vv U v oo

IXIIXIETXT

00°0€ = Sue TrrrrEm

05°8Z = Sue IXxIIIXX IXXYXXIIX
00°2Z = Bue zxxrTIIX TXTXXXXX
05°9Z = Suv xIxXxrEIXIXY IXTIXXTX
00°¥%T = fue zrxrrzxrx XXXXXIXX
09°2Z = Sue xxxrmyxxx TITTIXIX
00°17 = Sue xxxxXAXXX IXTXXXIX
09°61 = Sue xxxxXITXXX IITXXXTIX
00°81 = Bue xxTIXIIXX TXXLXXXX
05°91 = Sue rxrxxxIXX TXXXTXXX
00’9t = fue rxxxTIXIX XXXTXTXXX
09°€1 = Sue xxTIXTXXX IXXXXAXXX
00°ZT = foew xxxIXIXX IXXXTXXT
09°01 = Sue xxxxIIIX IXIXIXIT
00’6 = fuw rxxxxIxx TXXXXXXX
09°L = Sue rrxrIYIYY XIXXTXTIXIT
00°'9 = Bue xrxxIIX ITTTITIX
09°'% = Bue xxxrxxx IXTTITIT
00°€ = Suw rxrxrxx IXTTXX
09°1 = Buw xxx rxrx
000 = Sue

+++ sysireue £317rquis Suridusiay

( 0 ‘¢ 0 o) =
(ZTLYEO O ‘9OTOET 0- ‘1Z6661°961) = (z‘'L‘x)onbroy
(919208°6 ‘1998000°0- ‘PELIO0 0-) =

(z*'£’x)urony

(z‘A'x)Pax0;




: g penbrq yo Tearou Teqotd)

000000° 1- 000000°0 000000 0

: g penbrq jo Teumrou ywsoq]

000000°0 000000°0 000000°0 000000°0 000000°0 0000000 = ®F§90)
1+ ko 4+ xp 4+ &x2 4+ £dq + xXU = punbig

000000°0 000000°0S 00000009

: g 3arod 3ow3WOD JO 93WUIPIO-0D TRQOTH

00°0 00°1~- 00°0 000

00°03 00°0 00°t 00°0

00°03 0070 00°0 00" 1-

: g juted 35°3u0> IOZ ITIINW TOTIVEIOFSTRI]

000000°0 000000°0 000000°0

: ¢ jutod 3ow3u0d o 93vUTPIO-03 TEIO]

sutod sseruor3atxy : g jutod 3dejuo:s o adiy 3ovjumo)

000000°0 000000°0 000000°1-

: T penbiq jo {wmrou fwqoty

000000° - 000000°0 000000°0

: z penbrq o Temrou a0

000000°0 000000°0 000000°0 0CO000 O 000000 0 0Q0000°0 = 8FF90)
7 + ko 4+ xp + Kx> 4+ &dq + xxU = penbrg

000000 0€ 000000°0E 0000007 00T

: z surod 39v3u0d Fo 93vuUTPIO-03 TRQOTH

00°0E 0Q0°0 00°0 00°1-

00°0E 00°0 00°1 00°0

00°00T 00°T 00°0 00°0

: 7 sutod 35e3u0d XOJ XTIJUW UWOTIWLIOESURIYL

000000°0 000000 0 000000°0

: ¢ suted 35e3u0d JOo 23RUTPIO-OD TEIO]

jutrod gsotuoryotxy : 7 3juted 3dwjuwod zo odiy 3owzumo)p

000000 °0 000000°0 0000001

: 1 penbrq zo twamron TeqotH

000000° 1~ 000000°0 000000°0

: 1 punbrq jo Temrou Teso]

‘o *0 000000°0 000000°T 000000°% = 8}1)00)
7+ ko 4+ xp + £x3 4 ££q + xTXW = penbrig

000000 °0€ 000000°0€ 000000°0

: 1 surod 32w3uwod Jo ejWUTIPIO-03 TEqOTH

00°0€ 0070 00°0 00°1

00°0E 00°0 00°1 00°0
00°0 00°'t- 00°0 00°0




(3wadxsd gg-¥=) ‘D jo

(60L96%"
(9611Z8°
(yrrove:
(Z9Evas’
(z88186°
(89Z€00°
(¥T¥891°
(E1EL¥YT"
(9986zZ€"
(zzosOY"
(EELILY"
(6%68€9"
(629969°
(1€L9%8°

€19%98°
[L.14:24:
L1886E°
GIETLT”
¥960%6°
906L0L"
BOETLY"
OEE¥ET "
PET¥GE "
68819L"
9921L09°
90610Z°
€09¥10°
1LL30L°

NN NN MMM M W e

10€20L°
6¥ZZEL
969969 °
£99099°
6LI¥TY"
192189°
7966%9°
192219°
'0-)
0-)
¥BTL6E"
9¥ZBIE"
Z9061E"
699622

8ITYLY
198SEY

000000° 09 000000 05 000000709 :

3dalqo yo ssem yo 213ua)

000000°0€ : L3tTrqeys Jo orfue [ruorivjraviy

000018" 6~ 0000000 000000°0 : 32alqo uo L31aws8 jo ed104

000010°0 : dNTEs 3D2I0F © WO punoq I2a07

000000° 0001 : 9nTewa #330F ® uwo punoq raddp

suotivqrnyxad ozg o

0-)
0-)
0-)
0-)
0-)
0-)
0-)
0-)

0-)
0-)
0-)
0-)

"
U oV LU o U ouU v ove v ou .o

03

038

"0E
09’
x4
‘9z
‘T
09"
00"
"1
‘8t
(-
‘g1
09°
K4S
09"

8T

[£4

111

8t

€7

ot

100000°0 : INTRA POULIITOL

pou : ITT} wory wieq 3d3lqp Burpeay

pow : auweu aTtd eaeq 3dalqp xejum

ano Oy X0 0y mmrrqriIinba ut sea dserp

R22902222222220922202322280082002022222229 %4
£ 3290222309000 22200089822892220020028200224
IIXITIZIXITXIXIXIXITIXIIIIIIIIIIIIIIIIIIX
IXXIIIXXIXIXXIXXIIXIXTIIIIIXIIIIXIIIXIIIIT
IIXIIX XX IT XXX IIITIXITIIIIIITIIIIIIIXIIIAIT
IIXIIIXXIXITXIIIIIXIIIXIITIIIIXIXIIINXX
IIIIIIXXIXIITXTIITIITXAXAXXIXXLXXIIIIIIIX
IIXIIIIXIXIIIITIXIXIXLITXXIXIXIXXXXXITIITIX
XXX IIIXIXIZXXIXIIXIXIIIIIIXIIIXIXIXXIXIXX
IXXIIIXIXIXIXIXIIIIIIIIIIXIIIIIIXIXXXIINXX
I I XXIXX XX XXX XTIXXIITATIIIIIIXIIIIXX
I XX XX XX XXX IXIIXIIIIIIIIIIXIIXIIIXIXIXTAX
IXXXXX XY XX XIXIXXIXIIIXIIIIIIXXXXIXXXXTXX

p 222222242020 024+90220070020¢004060029 44

(€ZT689°6- 6ZL919°1 9900¥2°0-) = 5 00°6 = Fue IIXITIITITTIXXXTITITXIXXXXXXXXXXITIIITIXY
(¥L09TL 6- B6O¥HZT 1 BOE00Z°0-) = D 09°L = Fue XXXXXXXXTIXXTITITXITIXTTIXTIXITIITXTXXXIX
(09Z99L°6- 008ZTO'T OTHO0ST°0-) = 5 00'9 = Ju¥ ITTTXXIXXXXXXITXXXIILXTILITYIYXTTIIIXIIIT
(69L64L° 6- 80Z09L'0 ¥O¥OZ1°0-) = 5 09°'% = SU® IXTXITTXXXXTXTXXXIXIIXTXXXXXXLXITIXXTIX
(999962 6- 960L09°0 GIE080°0-) = 5 00°€ = Fu¢ XXXXXTXXTXXXXIXIITIXIITIIIITITITIIIIIXIIX
(669908 6- ¥YEOEST 0 TL10%0°0-) = D 09°'FT = Sue FXTXIIXXIIITITTXTXTXXXXIXXXXXXXIXIXIXTY
(000018°6- 000000 0 000000°0) = D 00°0 = Fue

<+ sreskreue K3rTrqeas Suridmeigay

(000000°0 ‘000000°0 °‘000000°0) = (Z'4A‘z)anbroy
(6666086 ‘000000°0 °‘000000°0) = (Z‘&‘x)edxox
: (3uted ssafuorystry) ¢ xafury
(00000Z°0 ‘00000Z 0~ ‘000000°0) = (z‘L‘x)snbrog
(000000°0 ‘000000°0 ‘000010°0-) = (Z'L’x)eaxoz
: (3utod ssotuotr3orxy) z rafutry
(00000Z° 0~ ‘00000Z°0 ‘000000 0) = (z‘&°x)anbiog
(000000°0 ‘000000°0 ‘000010°0) = (z'£‘x)edx0z

: (3utrod ssaruor3yorry) 1 Jafutry

+++ zefury qowe yo sanyea anbroi/eszoz ayy oxe arxag

: punoz ueaq sey mnrrqrrinba yo sjeis y

*-+ wuragrriabe xoz srsituwow stiwzs Fursduejgy

000000° T 000000°0 000000°0




: ¢ sutod 32e3W0D JO IJRUTIPIO-0D [ed07]

jurod ssaTuor3atry : ¢ juted 3osejuwod yo adiy 3dwjuo)

000000° 0 000000° T~ 000000°0C

: 7 penbrq zo Temrxou ywqol)

000000" 1- 000000°0 000000°0

: ¢ penbrq yo Temrou Ted07]

000000°0 000000°0 000000°0 000000°0 000000°T 000000'1 = 8}}30)

5+ ko 4+ xp + £x2 4+ Lhq + xXR = penbrg

e Ere) 00000009 000000°0 00000009
: g 3utod 30wv3u0d JO 23IVWIPIO-0D TRGOTH

00°03 ©00'0 00°0 00t

AHV 00°0 00°1 00°1 00°0

00°03 00°0 00°0 00°0

: ¢ sjutod 3003u0> IO ITIIJVW UOTIBWIOFSTRI]

00000070 000000°0 000000°0
: gz sutod 32®3u0d FO 93RUTPIO-O0D TRIOT]

qutod ssatuotrsdTry : z 3utod 3owjuos yo odiy 3owiuwop

000000°0 000000°t 0000000

¢ 1 penbrq yo (wmrou Twqord

09

000000° 1- 000000°0 000000°0

: t penbiq yo Temrou Twl07]

000000°0 000000 0 000000°0 000000 0 000000°T 0000001 = 8}§20)
3 + ko + xp + L3> + kiq + xTE = punbrg

00000003 000000°0 000000°09

: 1 jured 32w3mod o 93RUTIPIO-03 TRQOTH

R {00703 000 000 00°%
FNRT W —}> o o001- o001- 00

et he Y
oY 00°03 000 00°0 000

) :

: 1 sutrod 35w3UWOD IOF XTIIVE UOTIVWIOEEURI]

: ’ 000000°0 000000°0 000000°0

! i : 1 jurod 35v3VW0J JO 93RUTPIO-OD T¥IOT]

sutrod ssoTuotr3aTiy : I 3juted 3devjued yo ediy 3dwzuonp

e

q : s3urod 3du3uod yo Iequnu TwIOL

pPoz : oIy mwoxz wvivq 3owjuo) Futpuey
poz : emmu 8Trd ¥IvQ 3OWIWO) Iv3ugy
f1°6TT €0°3 8z " ¥-
€0°1 9T°181 6T°1

8z°'y- 6Tt €T 967

: 390(qo Fo wrixeuT zo JuSWON




€9

: g penbrq z0 Temrou TEd07]

000000°0 000000°0 000000°0 000000°0 000000 0 0000000 = 8}FF30)
5+ &9 4+ xp + kx> 4 Lkhq 4+ xXIU = penbrg

000000°0 000000°'0S 000000°09

: g juted 33e3U03 FO PIVUIPIO-0> TRQOTH

00°0 00°1- 00°0 00°0

00°03 00°0 00t 00°0

00°03 00°0 00°0 0071~

§ jutod 35w3uU6d IOF XTIJVW UOTIVUIOFSUARI]

000000°0 000000°0 000000°0

: g jutod 35v3U0D FO 93IVUTPIO-0D TTIO]

jurod ssaTuor3otxy : g jurod 3oesuwon yo adiy 3owiuo)

000000°0 0000000 0000001~

: § penbrq o Temrou feqolH

000000° 1~ 000000°0 000000°0

: ¢ punbrq yo TRmrou Tede]

000000°0 000000°0 000000°0 0Q0000 0 000000°T 000000°1 = BFy90)
7 + &0 4+ xp 4+ £x> 4 Liq 4 xXU = penbrg

000000° 03 00000009 000000 001

: § sutod 32930 FO 93VTTPIO-0D TVQOTH

79

00°08 00°0 00°0 00 1-

00'08 0070 00°t 00°0

00°00t 00°T 00°0 00°0
: % sutod 3dwjuod IOF ITIJEW UOTIRUIOESURI]
000000 °0 000000°0 000000°0

: % jutod 3owjuod o sjeUTPXO-0d TEIOT]

jutod ssatuorydtry @ § jurod 3oejuod o addy 3dezuo)

000000°0 000000°0 0000001

: ¢ penbrq o Tearou TeqolH

000000 1- 000000°0 000000 0

: g penbtq zo Temrom Tes0]

000000°0C 000000°0 "0« ‘0 ‘T 000000°T = ®3390)
7 + ko 4+ xp + x> + khq + xXC = penbrg

000000°09 000000°09 000000°0

: g juted 3ov3UWOD FO PIVTUTPIC-0D TUQOTH

00°03 00°0 00°0 00°'t
00°03 0070 00°t 00°0
0070 00°1- 00°0 00°0

: ¢ sutod 35W3UOd XOJ YTIINW UWOTIEMIOFSURI]




(3u9dxad

(60L96% 8-
(961129 8-
(vLL0¥L 8-
(Z9E¥S8 " 8-
(z88196° 8-
(89ZEDO 6~
(¥T¥BIT 6~
(ETELYT 6-
(3986ZE"6-
(ZT090¥ 8-
(EELILY 6-
(6¥68€9°6-
(829969 6-
(TELIVE 6~
(£72688°6-
(¥L09TL" 6~
(08Z95L°6-
(694611 6-
(999961 °6-
(6€99508° 6-

00°001=) ‘D yo suotrzeqrnizad ozg

€10¥¥8 ¥ 10£29L°0-)
66ZETH ¥ 69LTEL 0-)
L1886E°¥ 969969 0-)
6IETLI ¥ £90099° 0-)
¥060¥6° € 6LT%Z9°0-)
906LOL "€ L9TL8F 0-)
BOETL¥ '€ T966¥9 0-)
OEEVEZ "€ 1OTTIG 0-)
PET¥66°C BIZ¥LY 0-)
68819.°C 1989€¥ 0-)
09.L09°C ¥8IL6E 0-)
S0619Z°T 9¥Z89E°0-)
€09¥10°Z TH061E 0-)
1TL99L°1 6996LZ°0-)
6ZL919°1 9900%Z°0-)
869%9Z T 90E00Z°0-)
008Z10°T 01%091°0-)
80Z09L°0 ¥0¥0Z1'0-)
960L09°0 91£080°0-)
¥EOE9T 0 1L310¥%0°0-)

(000018 °6- 000000° 0 000000°0)

(L I N e R DL T O L L -

00°0€
0582
00°LT
05792
00°¥%Z
09°22
0012
08°61
00°81
09°81
00°9%
09°€EY
0021
03°01
00°6
09°L
00°9
09°¥
00°€
03°%t
00°0

pou : 9TTy moxy uyeq 3dalqp Burpuay

pou : sweu ayTg wyvq 329[qp Iajum

0 ano Qzg I0F xoy emrrqritube ut sea dsuiy

stedreun £L3r1rquas Suradweaay

r9

(000000°0 ‘000000°0 ‘000000°0) =
(666608°6 ‘000000°0 ‘000000°0) =

(z*£‘x)snbroy

(z'&'x)ed20;

: (jutod gsaruorydTIy) § Xafury

(000000°0 ‘000000°0 ‘000000°0) =
(000000°0 ‘000000°0 ‘000010°0-) =

(z‘4&‘x)anbioy

(z'k*x)aszx03

: (3utod ssatuoridtry) ¥ xafuryg

(000000°0 ‘000000°0 ‘000000°0) =
(000000°0 ‘000000°0 ‘000010°0) =

(z'£*x)anbroy

(z'&‘x)asrxog

: (3utod ssatuoryorrz) ¢ xafurg

(000000° 0~ ‘000000°0 ‘000000°0) =
(000000°0 ‘000010 0~ ‘000000 0) =

(z'&’x)anbzroy

(z'&'x)92103

: (3uted sssTmoryoTIy) 7 X3fury

(000000°0 ‘000000°0 ‘000000°0) =
(000000°0 ‘000010°0 ‘000000°0) =

(z'&‘x)onbioy

{(z*4&°x)9d10f

: (jutod sseruorydrxy) 1 IeButy

.\:Lz/
N
) G
~
W;>, o
o S
\ a\\/)

©++ aurxqriinbe oz

siyeue o130

© z0futry gows jo sanyea onbroiseszoy oyi arxv aidfg

: punoy uwaq seq warrqriinbe yo 9jeis ¥

Furyduaysgy

000000°1 000000°0 000000°0

: g punbiq zo Twmrou TeqoTd

000000° 1~ 000000°0 000000°0




19

000000 °0€ 000000°0 000000 0E

: 7 jutod 30w3u0d FO 23°UIPIO-0D TRQOTH

00°0€ 00’0 00°0 001

00°0 00°t 00°t 000

00°0e  00°0 00°0 00°0

R A ﬁﬂﬁcﬂ 30R300I IOF ITIJVW TOTIJIVEUIOISURI]

000000°0 000000°0 000000°0

: T sutod 3de300d FO 9IVUTPIO-OD TRIO]

pazafuty 3yos : g jurod 3ovjuod yo adly 3aeiuo)

00000Z°1 : 1 3utod 3>wjuod 3w sntper xafury

0000210 : t 3urod 30V3WOD 3® WOTIITIZ 3O JUITITEII0)

000000°0 000000°T 000000°0

t penbrq jo Temrou TeqoT)

000000° 1- 000000°0 000000°0

1 penbrq jo Twurou Tenoq

000000°0 000000°0 000000°0 000000°C 0Q0OQ00°T 0000001 = BFJ90)
%+ ko 4+ xp 4+ Lxd 4 Lhq + xTR = penbig

000000 °0€ 000000°0 000000 0E

T 3uted 30v3u03 Fo ®3WUTPIO-03 TRQOTY

99

00°0e 00°0 0070 00°t

00°0 00°'t- 00°1- 00°0

00°0E 00°0 00°0 00°0
1 3urod 3593u00 IOF XTI3VW UOTIVELIOZSURI]L
0000000 000000°0 000000°0

: 1 jutod 35¥3@0d JO 83WUTPIo-o0> TEIO]

pazaButry 3708 : [ juvod 3owjumod yo adly 315wjuo)

€ : s3utod 3owiued zo raqwnu T¥IOL

ZPoz : 9T} woIj wieq 3oejuo) Burpeay
Zpoz : ewvu STTJ ®IRQ IIWIV0C)H IIJUF
g1°6ZT €0°1 8T ¥

€0°1 9T 81 6T°1
8T ¥~ 6T°%1 €T 961

: 320(qo o wriraut po juamoy

. ‘09 ‘09 ‘08 198(qo o ssem 3o axjmd)

000000 0€ : L3rTtqeas po oifuw TewotryesravIy

0000186~ 000000°0 000000°0 : 329(qo wo K3vawsd jo sdx0g

000010°0 : 9NTRA ©2I0F ¥ WO punoq IR0

000000° 0001 : outTea 85307 ® uwo punoq xaddp

100000°0 & onTwA 2duwIaTo]

@ Z(oz-




5%

(000000°0 ‘000000°0 ‘000000°0) = (z‘A‘x)urouy
(000000°0 ‘090000 0 ‘190000 0-) = (Z'&‘x)ambioy
(966608°6 ‘T00000°0 ‘100000°0) = (z°‘A'x)s3axox
: (pexafurz 3yos) g xefurg

(000000°0 ‘000000°0 ‘000000°0) = (z°'&‘x)miouy
(6ZPETT 0~ *LLZ0O0O O- ‘19Z¥91°0) = (Zz'L'x)ambros
(¥10000°0 ‘18900 0- ‘000000°0) = (z‘'&'x)edz0}
: (pexafuty 3yos) z xafurg

(000000°0 ‘000000° 0 ‘000000°0) = (Z°&‘x)mrouy
(8Z9EST 0 ‘91T000°0 ‘L8I¥IT 0-) = (Z‘'&'x)smbroy
(T10000°0- ‘189.00°0 ‘000000°0) = (Zz'&‘x)edxoy

: (paxaButy 33o0s) 1 xefutry

crr .HUWBA«. qoea jo saaytea U’WkOU\UUkO* 2343} aIv I3I3g

: punoy uvaq sey muriqrrinbs yo ajesm y

©+¢ mntagrytnba tog stskieue styess FJuvzdumaiyy

00000Z°1 : £ juted 3oe3mos 3w snyper rafuty

0000ZT°0 : E 3utod 3293WOD 3B UWOTIITIF JO JUITITEFR0)

000000°T 000000°0 000000°0

: g penbtq jo TeRuzou TuvqOTH

000000° 1~ 000000 0 000000°0

89

: g penbtq zo Tearou Te’0]

0000000 000000°0 000000°0 000000 0 000000°0 00000070 = 8F}30)
7+ Lo + xp + £x5 4+ Lhq + xx0 = penbrg

000000°0 000000°0S 000000709

: g sutod 35e3u0d JO 9IVUTPIOC-0D TRQOTH

00°0 00°'1~- 00°0 00’0

00°03 00°0 00t 00°0

| 00°03 00°0 00°0 00" 1-

: g 3utod 30w3U0> IO ITIIVW UOTIVTLIOESURI]L

0000000 000000°0 000000°0

: ¢ surod 3de3m05 Fo @jRUTPIO-0D TEIOT]

paxaBury 3yos : ¢ 3urod 3dejuwos yo adiy 3owjuon

00000Z°'C - T “5& 30vw3T0d j3v suipex kﬂmﬂﬂh

0000Z1°0 : T 3utod 3093003 3@ UWOTIITIF JO JUITITLES0]

000000°0 000000° 1~ 000000°0

: g punbtq jo Tewmrou TeqoTH

‘1= ‘0 0

: ¢ penbrq yo Temxou TwaoT

0000000 ‘0 ‘0 0 ‘T ‘1 = 8ppeo)
7+ ko 4+ xp 4+ Lxd 4+ Lhq + xXU = punbrg




00°0E 00°0 00°0 00t
00°'0 00'1- 00°1- 00°0
00°0E 00°0 00°0 00°0

: 1 surod 3oe3U0I 103 XTIIRW UOTIVEIOFSTRI]L

000000°0 000000°0 000000°0

: 1 3utod 32°3U0D JO IIVUIPIO-0D TEI07]

pexsfury 3308 : 1 sutod 3oe3juod po adi3 3owiue)

£ : sjutod 3dowjuod Jo xaqunu Te3OL

ZPOZ : ITTF WOIXF w3ivQg 31d€ju0c) Furpesy

ZPOZ : auweu aTT4 ®wiRQ 3DV3IVO) IIJUF

p1°6ZC £0°1 8T ¥-
E0°T 8T 181 62T
8Z'y- 6271 €T 961

: 3oolqo yo er3xeur jo

000000° 09 000000°09 000000709 : 339(qo yo ssww jo arjuan
000000 0f : £3TTTqUe3s yo a1fuw {wworzestamwrp

000018° 6~ 000000°0 000000°1- : 330[qe wo L3rTavi® Jo w310y

0000I0°0 - PUTRA 9230 ¥ WO pUNOq IPAOT]

000000 003 : oufeAs 9510F ¥ uo punoq Ixeddp

(3wedxad 08" 16=)

(60L36¥%" 8-
(8611Z9° 8-
(¥LL0¥L 8-
(T9€¥98 8-
(T88196° 8-
(89TEDO" 6~
(¥ZT¥891 6~
(ETELVT 6-
(9986ZE " 6—
(ZTOSO¥ 68—
(EELILY 6-
(6¥68ES 60—
(629963° 6~
(1EL9%9 6~
(ET689 6~
(¥L09ZL 6~
(09z99L 6~
(6916LL° 6~
(99996L° 6~
(6€9908" 6-

ET19%¥8 ¥
66TELI9 ¥
11886€°¥
BIETLL ¥
¥960¥%6 '€
806L0L°E
80ETLY '€
OEEVET'E
PET¥GE°'T
68819L°C
88LL09°C
90619C°CT
€09%10°C
1zL99L’t
6219191
868¥9C 1
008Z10°T
80Z09L°0
960L03°0
¥EVETT O

‘9 yo swotrgeqrnixed 0z8

T0€L0L°0-)
6¥TIEL 0-)
§69969°0-)
£99099°0-)
6L1%29°0-)
1971857 0-)
T966¥5°0-)
1922197 0~)
8IZ¥LY 0-)
1989€¥°0-)
¥81L6E°0-)
9¥ZBIE"0-)
THOBTIE" 0-)
6996LZ°0-)
3900%Z°0-)
90€00Z°0-)
01%091°0-)
$0¥0Z1°0-)
91€080°0-)
TL10¥0° 0-)

(000018°6- 000000°'0 000000°0)

L I R R - - I L O D - D D R

00°0¢€
09°82
00742
08°92
00°¥%T
09°2Z
00°32
09°61
00°81
09°91
00°9t
03°¢€t
00°Z%Y
09°0%
00°6
09°¢L
00°9
03°¥%
00°¢E
08°1
00°0

oL

100000°0 @ enTea 9dURIATOL

uzm : aTTy woxy wvieg 323[qo Surpeay

uzu : eweu ITTJ wieq 32alqp xeau3

30 3no zog xoj roy wutxqtitnbs ut sea dsexp

Sue IXTIIX

-+ stedtene L3trrquas Furadwasay




000000° ¥- 000000°0 000000°0

€ penbrq jo Tearou Te201

000000°0 000000°0 00000070 000000 0 000000°0 000000°0 = B}}30)

F + ko 4+ xp + £x3 4+ LLq + xXE = punbrg

000000°0 000000°09 000000 °0S

: g 3utod 30®3U0D JO IFWTTPIO-0D TRQOTYH

00°0 00°'1- 00°0 000

00°03 00°0 001 00°0

00°03 00°0 00°0 00" 1-

: g jutod 30v3u00 X0 XTIJYW UOTICWIOFBURI]

000000°0 000000°0 Q000000

: £ 3utod 32°3WOD FO IIVUTPIO-0I [RIO]

poraBury 3308 : g 3jutod 3owzumon yo adly 3owiumon

00000C°C T u.ﬂ.n& 32w3U0D je SnIpRI kﬂwﬂdh

0000Z1°0 : Z 3utod 33v3UOD 3¥ WOTIZTIF JO JUITITFFA0)

000000°0 000000° 1~ 000000°0

: z penbrq jo Temrou [eqoTH

000000° 1~ 000000 0 000000°0

: ¢ penbrq yo Tewmrou qwsoq]

000000°0 000000°0 000000°0 000000°0 000000 T 0000001 = B1F20)

oL

¥ + ko 4 xp + Lx> + Liq 4+ xx = penbig

000000 "0€ 000000°0 000000 °0E

: z 3utod 35e3U0d FO 23RUTPIO-0D [RQOTH

00°0E 00°0 00°0 00°1

00°0 00°t 00'1 0070

00°0E 00°0 00°0 00°0

: z 3urod 35'3u03 IO XTIjeW UOTIVWIORSURI]

! 0000000 000000°0 000000°0

: ¢ 3utod 32¥3U0d FO 93VUTIPIO-O0D [E€I07]

paxefury 3yos : z 3utoed 3dejuos yo ediz 3owizuwon

000002t : 1 sured 3oejues je snrpexr Isfutry

0000Z1°0 : T 3utod 32¥3UOD 3° WOTIITIF JO JWITITFFR0)

0000000 0000001 000000°0

1 punbrq jo Tewrom {wqotsy

000000° 1- 000000°0 000000°0

: 1 penbiq yo Temrou {wlo]

000000°0 000000°0 000000° 0 ‘o ‘T "} = 8§03
F + &o + xp 4 £x3 + £dq + xxE = punbrg

000000 '0€ 000000°0 000000 0€

: 1 sutod 32w3Ued FO PIVUTIPIO-03 TRQOTH




(3uadxad $¥° Lg=)

(E6VLIY 8-
(¥599%5°8-
(954699 8-
(LroL8L 8-
(¥92868° 8-
(96E€00° 6-
(¥9EZ01 " 6-
(360961 6-
(929192 " 6-
(E6919€E"6-
(9VZTIEY " 6-
(TEVTOS 6-
(501€99°6-
(vzzL1H 6-
(191999 6-
(999390L° 6-
(8086€EL"6-
(98%.29L° 6~
(69€88L° 6-
(¥¥9208°6-

61.698°¥%
85TL¥O ¥
[A%:124 A4
SE6T6L ¥
98E196 '€
1TLTL’E
Z0e06¥ '€
16015Z°€
799600°€
03198L°C
T9L10T9°C
8TOELT T
[ 34324 hx4
1i8¥LLT
¥83€Z9°1
[ATA YR AN
8%¥0810°1
LYIV¥OL O
€TL1609°0
6¥6¥92°0

(000018 6- 000000° 0-

‘9 yo suorizeqrnixad ozg

LTEEED 1~)
9080119 1-)
z0L489°1-)
6¥TE9S 1-)
STLLES T-)
Ly1119°1-)
EEJEBY 1-)
zZO6¥3¥ 1-)
91292¥ 1-)
0L8¥%6€°1-)
OTTEDE " T-)
9T90€E " 1-)
01ZL6Z 1-)
¥16Z9Z°1-)
€92422°1-)
1SL16T°1-)
TE6YST " 1-)
TTELIT T-)
9¥68.0° 1-)
6Z86€0°1-)
000000° 1-)

VU Y U v U U YU LD LYY LV U LU YV Vv UV

00°0€
03°82
00° LT
09°SZ
00°¥%Z
09°2¢
00°1Z
09°6t
00’81
09791
00°9%
09°¢€l
00°Zt
05°0T
0068
09°L
009
09'¥
00°¢
09°t
00’0

@
r=

100000°0 @ an[ea 3dURIAITO]

dzu : a1z wory wiuwq 329lqg Burpeay

dzwm : aweu a7ty wieq 30alqp xa3uz

JO Ino J0f 20} Io} emraqritnbas utr sea dsexp

Sue
$ue
Fue
Sue
Fue
fue

Sue

IXXIIIIXXIXIXYXITIXIXXXTIXTIXXIXXXXXXXXXOC00O

IIXIITXIIXIXIXYITXXIXXXXXXXXXTIXXTIXIXXO00CO

XXX XX XXITIXITIXIIIXIIXITIXIXIXXIXXXTIXXOC0000

XXX TXXXXXXXXTIIXIIXIXTIIIXXIXIXT

IITITXIIXYXYYYYXYXXXTTXXXXXTXXX

IIXXXIXXIXIXIXIIXIIIIIXIIIXIITIXXYITOO0000000

IIXIIXIXIXIIXYXIYXYXXXIXTXXXITIXX 0000000000

XIZXIIXIIIIIIIIIIIIIIIIIIIIXTO000000000

XXX XXXXXIXXXXXXIIXXTIIXITIIIXX

IIXIXXIXXXXXXTXXXXXAXXLIXIX

IXXIIXXXIXIIXIIIILIXIIIIIXX

IXXIIXXXITIIIIXITITIXIIXIXXX X!

IITXTIXXTITIXXXIXXTAXXXXXX

OXIXXXIXXIIXXIXIXTXXXXT:

OXXXIIIXXYIIXIXXIXTXLX

OXFXXIXXTIATIXTIIIIIXX

OYXXITXXIYIIXXYTITITIT

OOZYXXXXIYIITIXITXXIX

©COOOIXXXYIYXIIYIXYX

sdyeue L3t11qess Buridwessy

(000000°0 ‘000000°0 ‘000000°0) = (z‘K‘r)urouy
(000000°0 ‘006196°63 ‘€80000°0-) = (Zz‘£‘x)anbrog
(Z€£9808°6 ‘100000°0 ‘666666°0) = (z'k‘x)ddxog

: (pexsBury 3zos) ¢ 1afuty

(000000° 0 ‘SEITT6 69- ‘000000°0) = (z'L‘r)urouy
(0LT¥90° 0~ °1981ZZ°0- ‘069Z99°0) = (z'L‘x)ombzoy
(€60110°0 ‘¥1.T00°0- ‘000000°0) = (z‘A‘x)ad10F

: (paxaBury 3yos) z rafuty

(000000°0 ‘000000°0 ‘000000°0) = (Z‘A‘x)urxouy
(69Z%90°0 ‘96¥T61°0 ‘8Z9Z39°0-) = (z'L‘x)snbroy
(929600°0- ‘€£1.Z00°0 ‘000000°0) = (Z‘'A‘x)?dx0z

: (paxaButy 3zos) 1 rafury

-+ xa8uty yows yo sauyea anbrojsedsrxey ay3 axe axag

: punog uasq seg mntrqrrInba yo ajeas y

++- wnrxqrrinbe oy sis{iwuw styezs Furidwesay

0000071 : € suted 3de3uod 3¢ surperx xafutry

0000Z1°0 : € 3utod 32W3WOI 3 WOTIITIZ FO JUSTITIFE0)

000000°1 000000°0 000000°0

: ¢ penbrq o Temrou T¥qoTH




-
[

000000 °0 000000°0 000000°0 Q00000°0 000000°T 000000°T = S}yFd0)
7+ k3 + xp + kx5 + khq + xx€ = penbrg

000000 "0€ 000000°0 000000 0F

1 Z 3urod 3oe3u0D FO IRUTIPIO-0D TRQOTH

00°0E ©00°0 00°0 00°%

00°0 00t 001 00°0

00°0E 00°0 00°0 00°0

: T autod 32eju0D JOF YTIJEM UOTARMIOFSURI]

000000°0 000000°0 000000° 0

1 7 sutod 32°3u0D0 FO 23RUTPIOC-03 TRDIOT]

paxaflury 3308 : z jurod j3owjuon yo adfij 3oezuo)

000001 & ¥ u.ﬂ,n& 32'|3U0D ¥ SNIpPRI hﬂmﬂnh

0000Z1°0 : T 3utod 3D0v3UOD 3B UOTIOTIZ JO JUITITIFIO0N

000000°0 C00000°1 000000°0

: 1 punbrq jo femrou TeqotH

000000 T~ 000000°0 000000°0

: 1 penbrq go Tewrou fed07

000000°0 000000°0 000000 0 000000°0 000000°T 000000°T = 8Fy0O)

¥ + ko + xp + Lx> 4 Lhq + xXW = punbig

000000 "0€ 000000°0 000000 0€

: 1 jutod 3293105 FO 23°UTPIO-O3

00°0E
00’0
00°0€

00°0
00°1-
00°0

00°0
00" 1-
00°0

T®q0TH

00t
00°0
00°0

b 4 ﬂﬂ,.nOnm 3083U0D ICY XTIJVW UOTIRUIOEIBURI]

000000 °0 000000°0 000000°0

: 1 sutod 3de3uODd JO I3UIPIO-OD TEDIO]

pazafuty 3308 : 1 surod 3oezuod po adly 3owzue)

€ @ sjutod 3se3ued jo raqunu Te3o}

Zpoz : WTIJ worj wiwq 3oezuo) Furpeay

ZPOz @ omreu aTtJd wiv(Q 3IWIUO) Xajumy

91°6ZC €0°1
€0°1 9z 181
8T°%- 6T°1

8T ¥~
6Tt
€27 961

: 3oalqo o eraIdur Jo juamol

000000°09 000000°05 000000709 :

323(qo yo ssew jo er3jua)

000000 0% : A3TTrquas yo oqfuv Tvuoriwirawzy

000018 °6- 000000°0 000000°C @ 320[qo uo L3tavs¥® 3o edx0g

000010°0 : onI®a adIOZ ¥ WO puUNoOq ILAOT

000000° 00T : onfea 93510f ® uo pumoq Jaddp

Q 2wz




(000000°0 ‘000000°0 ‘000000°0) = (Zz‘L‘r)urouy
(000000°0 "¥9BEO6° 61T~ ‘000000°0) = (Z'K‘x)anbroy
(Z89989°91 ‘000000°0 ‘666666 1-) = (Z‘A‘x)aazop
: (pexafurz 3yos) g xaBury

(000000°0 ‘18L4Z9°91- ‘000000°0) = (z'&‘x)mrouy
(189.%L°09Z- ‘9I6T096° ¥ZOT ‘9EBI8B 130Z-) = (z‘'£‘x)anbrog
(ET9L¥Z 19- "8BELES TT~ ‘000000°0) = (Z‘£’'x)aaxoz
: (paxsButry 3yos) gz refuty
(000000°0 ‘000000°0 ‘000000°0) = (z'L‘x)mrouy
(999.¥L°0SZ “10.81% 688- ‘HEBIBB 190Z) = (Z'L‘x)anbroy
(9E60LY ¥¥ ‘¥BELES LT ‘000000°0) = (z°'k°'x)3axo0p

¢ (pexaButy 3zos) 1 zafutrg

-+ - xafuty gows yo sonyea snbrojsesxoy ayy exw sxsg

: puno} uaeq seq entxqrrinbe zo ejeis ¥

+++ unrrqrrinbe xoy stsirewe osrzezs Burzduwazay

00000Z°T : £ 3utod 3owjuwod 3w snipwx xafury

0000ZT°0 : € 3uted 33V3WOD 3® TOTIDTIF FO JUITITFFI0D

Y ‘0 ‘0

: ¢ penbrq yo Tewrou TeqoTd

(S )2\ vis

000000 T- 000000°0 000000°0

: ¢ penbtq jo TemIou Ted0]

000000 °0 000000°0 000000°0 000000°0 000000°0 000000°0 = 8}}90)
+ + ko 4+ xp + £x> + kkq 4+ xxR = penbig

000000 °0 00000009 000000°09

: g auted 32v3u0> Jo @3RUIPIO-03 TRQOTH

00°0 00"t~ 00°0 00°0

00°08 0070 001 00°0

00° 0% 00°0 00°0 00 1-

: g 3utod 3293U0D IO XTIVT WOTIVCLIOEBURI]

000000 °0 000000°0 000000°0

: g jutred 3ow3u0d JOo 9IVUTIPIO-0D TEIO]

pexofury 3yos : g jurod 3dwzuos yo adiy 3owzuo)y

00000Z°Z © z 3utod 3owiues jv snrpex xafury

0000Z1°0 : T surod 30e3W0D 3% WOTFITIF JO JUOTITIFVO)

0000000 000000 I~ 000000°0

: z punbtq zo Twarouw TRQOTH

000000 T~ 000000 0 000000°0

: ¢ punbrq yo Temrou Tw¥ao]




: 1 juted 3d"w3uEd JO IIRUTPIO-02 TeqOTH

00°0E 00°0 000 oot

00°0E 00°0 00"t 00°0

00°0 00°'t- 00°0 00°0
¢ 1 3utrod 35v3uU0d JOF ITIIVH UOTIVUIOFSURI]
000000°0 000000°0 000000°0

b ¢ &EAO& 33°3U0D 3O JBUTPIO-0D TRIOT]

qutod smatuot3atxyl : | 3jutod 3dejuod yo adly 3oejuo)

€ : s3utrod 37°3WEd JO IAQquNU Te30)

poq : 3Ty mOoIXy wIV(] JOEIUO) mﬂ.nmvﬂﬂﬂ
poq : ammu 9TT4 wieq 3o0vw3u0) I3uag

91°6ZZ €0°1 8T ¥-

€0°T  9T°I8T 6Tl

8Z'%- 6Z°1  ET'961
: 32alqo jo erjraur yo juamoOl
00000009 000000°09 000000709 : 393[qo jo ssww jo 3I3ua)
000000°0€ : L3TTIqeas Jo o1fue TeuoryviTawI)

000018° 6~ 000000°0 000000 T~ : 330fqo wo Lirawi$ yo edoxog

0000T0°0 : ONTWA 93I0} ® WO punoq IPA0T]

(3us313d 90°gg=) ‘5 yo suorjieqinixad ozg

(1623TL°6- LTTLTL T PETEOL'T) = D 00°0OT =
(860LZL°6- 0BOZED'T1 8BLEIL'L) = 9 08°6 =
(9918EL°6- BOGO¥PS 1 TIEJEL'Y) = 9 00°'6 =
(68¥%8¥%L 6- 61919%'1 €£0ZI9L'1) = D 09°'8 =
(TL089L°6- 61ZHLE T 19689L°1) = D 00°'8 =
(116992°6- ¥1L06T°V ¥89T8L°L) = 9 09°L =
(90094276~ OTT90T" 1 TL086L°T) =D 00°L =
(99ETBL 6- ¥I¥GIT T ITHEIB'L) =D 03'9 =
(79688.°6- YEDEEO T ¥EVBIB'L) = D 00'9 =
(ETBY6L 6- ILLLYE O LOLE¥8'L) = 9 08'3 =
(LE666L°6- E¥8I08°0 0¥9838°1) = 5 00'S =
(90E%08 "6~ 9¥BILL 0 TEVELB'T) = D 09°% =
(9T6.L08°6- 06.689°0 6.0888°1) =5 00'¥ =
(Z08OT8 6~ 1BHE0O°0 ¥89Z08°1) = H O09'E =
(6Z6Z18°6- 9ZIL19°0 ¥¥69T6°L) = D 00'E =
(6OEYTE 6- ZEEIER 0 BITTEE'L) = O 08°T =
(T¥6¥18°6- 9019%E°0 9TIS¥6'L) = 5 00°T =
(8T8¥18°6- 798BIT 0 €¥1696°1) = 9 09°'1 =
(996€18°6- 619TL1°0 €I6ZL6°T) =D 00'TL =
(99€T18°6- €£6Z980°0 TEIHPHE'L) = 9 09°0 =
(6666086~ 000000°0 000000°Z) =9 00°0 =

08

000000001 : @anTea 33X0} ® uwo punoq raddp

100000°0 : anTRA IDURIITO]

uzw : 97t woxz eieq 303 (qp Purpesy

uzw : Iweu o1ty wieq 3d2[qQ rezmy

J0o 3no ggg 10f oy tmrrqrirnbs ur sea dserp

Bue IIXXIXITTIIXXXXIXLILXTITOO
fue ZXTXTIXTIITITTIXXXXTIXXO00
Fae XXXXTITTITITITITIXITIXXXO00
Sue XXXXXXXTTTIITIITIIIITTIOO0

fue 0©000000000000000XXXXXXXXIXTTIXIITITIIXOO0

Bue ZXIXXIXTITIIIITIITITIITO000
Sue IITIIXXXATIIXXIXIIIIIXO000
fue XXIXXXLXIIIXIIIXIXCO000
Sue ITIITXTIITIITXIXIXO0000
fue ITIXTXAXXXTLTTIT

Sue 1 € 7229223222323

fue XYXXXXIXXXX

Bae TXITTXXXXIL

Sue IXXIIXIXX

Sue XXXIXIXX

Sue XX

Fue

Sue

Sue

Sae

Baw

Teve L3rrrqeas Buradmezay




€8

<+ anrrqriinbs roz sisdreue srieys Suridmaiay

000000°1 000000°0 000000°0

: g penbtq y0 Temrou TeqOTH

000000 I- 000000°0 000000°0

: ¢ penbtq yo tetrou yesoq]

000000°0 000000°0 000000°0 Q00000 0 000000 0 000000 0 = 8§}30D
5+ £o 4+ xp + £x3 + &kdq + TXR = punbrg

000000 °0 000000°09 000000°09

€ autod 3d®v3uU0D JO IIRUTPIO-0D TRQOTH

00°0 00°'1- 000 00°0

00°03 0©0°0 00t 00°0

00°03 00°0 00°0 00" 1-

: g jutod 32®°3UCD IOF XTIJEM UOTIRMIOFSURI]

000000 °0 000000°0 000000°0

H. Bﬂncm 302|300 JO 93BUTIPIO-0I TEIOT]

jutod sssTuorydTIy : g urod 3owjmos yo odd3 3owjuo)y

0000Z€°0 @ 7 3urod 35W3UW0D 3% WOTIITIF JO JUSTITEF0)

‘0 ‘0 ‘1~

: ¢ penbrq yo Teamrou Teqory

Y

[4:)

000000 1- 000000°0 000000°0

: z penbrq jyo Teurou Ted07

000000°0 000000°0 000000°0 000000°0 000000°0 0000000 = S)F90)
7 + Lo 4+ xp 4+ £x0 + &kdq + xTE = penbrg

000000° 0€ 000000 0E 000000° 001

: ¢ 3utod 3393U03 JO IJVUTPIO-0D [RQOTH

00°0E 00°0 00°0 00°1-

00°0E 00°0 001 00°0

00°001 o00°% 00°0 00°0

: g jutroed 35¥3W0d I0Z ITIJVW UOTIRWIOISURL]

000000 °0 000000°0 000000°0

: 7 sutod 39v3m0D O 93VUTPIO-OD TEDIOT]

jutod Twuor3otxy : g jutod jowjuos po edly 3sweiuoe)

000000 °0 000000 0 000000°T

1 penbrq yo Temrou TeqOTH

000000° 1~ 000000°0 000000°0

1 penbrq 7o Twurou Teso]

000000°0 000000°0 ‘o ‘0 0 ‘Q = 83F00)
7 + &0 4 xp 4+ £2> 4 £hq 4+ xXW = punbrg

‘o€ "0 ‘0




00°0€ 00°0 00°0 00" 1~

00°0e 00°0 00°1 00°0

00°001 00°1 00°0 00°0
: 7 sutod 3de3juod 1oy TTIjRw uwoTjRMIOfSULI]
000000°0 000000°0 000000°0

: Z autod 3703000 JO 23VUTPIO-0D TRIO]

jurod Teuotristry : z jurod 3owjuos yo adLy 3owzuoj

000000°0 000000°0 000000° 1T

: 1 penbrq o temxou [eqoTH

000000°1- 000000°'0 000000°0

: 1 punbiq jo Temrou Twd07

000000°0 000000°0 000000°0 000000°0 000000°0 000000°0 = 9}3§30)
¥+ &9 4+ xp 4+ £x3 + khq + XXV = penbig

000000 °0E 000000°0€ 000000°0

: 1 3urod 35¥3°W03 JO PIVUTPIO-0D TRQOTH

00°0E 000 00°0 00t

00°0E 000 00°1 00°0

00°0 00°'1- 00°0 00°'0
: 1 sarod 35¥3U0D IO YIIJVW UOTIVMIOEBURIL

000000°0 000000°0 00000070

r8
: 1 3utrod 3oejuUOD FO 23RUTPIO-0I TEIOT]

sutrod ssaTuor3dTIy : 1 jutod 3dvjuod yo adiy 3awjuoy
€ : sjurod 32e3uod jo Iaqunu TR3IOL

poq : 9Ty woxy eivq 3dwjuo) Surpeay
poq : eumu oTtj vieQq 3deLIuU0) rajugz

91°6ZZ €03 8Z ¥-

! €0°1 9z° 181 6Z°1

8z'y- 6Tt €2 961
: 329[qo yo erjrautr o juduol
000000°0S 000000 09 000000 09 : 30alqo yo ssem yo a1juap
000000 0€ : K3TTrqess yo o1fue [euorjvitauvi)
0000186~ 000000°0 000000°0 : 323fqo wo K3vawr® jo 23104
000010°0C : anfea 35rI0F ® U0 punoq IIROT

000000°000T : onTea 23107 ® uo punoq xaddp

100000°0 : onyes 9JUBIITOL

pow : 91T moxz wiwq 322(qp Surpeay

pou : smwu a1r4d wieq 309(qp Iejumy

uorsnyos emrrqrirnbe ou

2) 97

® 0




18

-+ giskyeuw L3r7rqess Surydussgy @ wum‘C‘_m

(000000°0 ‘000000°'0 ‘000000°0) = (2‘K’x)anbioy
(666608°6 ‘000000°0 °000000°0) = (Z‘&°‘T)’dxox
(3utod ssatuorzotry) ¢ xafury

(10000Z°0 '666661 0- ‘100000°0) = (Z‘£&‘r)anbroy
(000000 0- ‘000000° 0~ ‘666600°0~) = (z‘&°x)3210;
: (jured teuorzdtry) 7 xsBury

(00000Z°0- °‘00000Z°0 ‘000000°0) = (z‘£'x)anbroy
(000000°0 ‘0000000 ‘0000¥0°0) = (z‘'A‘x)saxox

(3utod sseyuorzotyy) § xeBury

+++ 1afuty ysea yo sanyea anbroj/aszoy ayi axe aray

. punoj ualaq seq untxqryinbs zo ajess ¥

-+ unriqtrinbs roy stskruue orjwys Suvdmesgy—
&>
000000° T 000000°0 000000°0
: g penbrq 3o Temrou {eqots
000000 1~ 0000000 000000°0

: ¢ penbiq zo Twurou yesoq

98

000000°0 000000 0 0000000 000000°0 000000°0 000000°0 = 8F}30)
5 + ko + xp + x> + £q + TR = penbrg

000000°0 000000 09 000000 09
: g sured 32v3uU0D FO 93RUTIPIO-0D TeqOTH
00°0 00°1- 000 00°0
00°03 o00°0 00°1 00°0
00°03 00°0 00°0 00°1-
: g surod 35¥3U0d JI0F XTI3PM UCTIBCLIORSTRI]
000000°0 000000°0 000000°0
: € sutod 3de3ju0d JOo 23VUTIPIO-0D TRIOT]

jutod sseTuor3dTIy : g jutod 3de3won o adiy jowjuo)

0000ZE°0 @ T 3urod 32v3WOD 3¥ WOTIDITIF O JUITITIFA0)
000000°0 000000°0 000000°1-

: 7 penbrq zo TemIou TRqOTH

000000° T- 000000°0 000000°0

: ¢ penbrq yo Twuxou TEd07

000000°0 000000 0 0000000 000000°0 000000°0 000000°0 = SF}00)
¥+ &o 4+ xp + kx> 4 £dq + xTR = punbrg

000000°0E 000000 0E 000000 00T

1 ¢ sured 32e3u0d 3O 93RUTPIO-0d TRQOTD




68

o oV
kA

Qe ¥

- Mw ' v

! (,omtrqiiinba ou ‘uve rewanq,,)piurxd iy

} 134

(1-==38Wd1) zt @873 0%

{ 6t

{(,9\ PunOj U23q seY SINTLA IIIOF PIPUNCQUN Yita wnrrqrrInby w\uw\,)zjurxd 8E
} FAS

(1==98V3T) T 3813 9¢

{ SE

t(dstp’dr’qr‘qn'o3‘sutod’ s 'dy ad'aoy‘y g e)srskreneLyTTIqUas €
C(emuy - stskreue £3trrqueas Suradwaisy w\m\u\,,)p3utad €€
‘(won*3ys‘dzpad‘dr’ jurod w)seozoz~Letdstq z€

f(,U\ ! punoz uaaq sey tmrrqriinba yo sjeys y w\uw\,)j3utxd 1€

} 0ot

(0==28%3T) 3T 6T

:14

t(eseatg'duiqriqniro3‘jurod’ ze‘dy‘sd moy‘n g e)sTsdeueTorieys 27
:24
f(,E\W\ - sntrqiriabs rog stsi{eue styess Suridwezay w\um\w\,)Fiurxd gz
) ¥
(0T +(F811)+(dFe6)+(odeE) 1 L1+ (59+0)+ (dFea)+(2daZ) ‘T)XTI300 T0 = ¥ €2
(14
‘(sutod‘zsy‘dryodyg)s3dejuod~ssadoxd g
0T

!(jutod‘gy)s30vjuod"peax (13

81
{(dstpy qly’ Quy’ (o3y  eTITeUT ‘w0l 9Y) 309 qo prar 4y

91

!Res 2TqUOP T

tdstp’qr'qn o3’ [¥] [¥]RTIIATT JwOTZ ¥

¢ foor]3ured 3ow3uod ET

{woj‘n xo0339a zt
tza°dy*ad‘ ropr)dr‘esudr‘m 3ur } 11

()ureo of

[}

4 390I3B8TTR,, OPNTITTY 8

<q g3iew> eparIuTE L

(3uesxad gg-¥=) ‘D jo suoreqmirad ozg o

00°0€ = Bue
09°87 = Fue
00°LZ = Sue
03°5Z = Fuw

(60L96¥%° 8- E10¥¥8"
(9631Z9°8- 66ZETY"
(¥1L0¥L B- L1886E"
(Z9E¥98°8- 6IETLY”
(I88196°8- ¥960¥6"
(BSZ€H0° 6- HO6LOL"
(¥T¥89T°6- BOETLY"
(ETELYZ 6- OEE¥EZ '€ 19ZTI19°0-) =
(9986ZE°6- DEI¥E6°T BITYLY 0-) =

¥ 10€L8L70-) =
¥y
12
¥
€
€
3
£
14
(TTO90¥%" 6- 68819L°C TIBYEY 0-) =
z
[4
[4
t
t
1
T
0
0
0

6¥ZIEL 0-)
969969 0-)
€99099°0-)
6.1%29°0-) =
192189°0-) =
7966¥9°0-) =

09°z¢ = Fue

09°61 = Sue
00°81 = faw
09°91 = Bue
(EELILY 6~ 9ILL09°T ¥BILEE O0-) =
(6%68€9°6- J0619Z°C DYTBIE 0-) =
(629969 6- €09¥10°Z ZHO6IE 0-) =
(VELIVO 6- 1TLI9L°T 6996LZ°0-) =
(£22689°6- 6Z.919° 1 SH00¥Z 0-) =
(¥209TL"6- 869¥9Z 1 SO€00Z 0-) =
(09Z99L°6- 008Z10°1 OT¥091°0-) =
(69L6LL"6- 8BOTOOL 0 ¥O¥0OZ1 0-) =
(99396.°6- 960109°0 STE080°0-) =
(6€9908°6- ¥EPEST 0 TLIO¥O 0-) =
(000018°6- 000000°0 000000 °0)

09°€1 = Sue

09°01 = Sue
= Sue
09°L = Fue

09"

RN

L L R R R I L e T R B D I I I )
w
-
"
w0
]
L]

]

4

9
03’y =

€

T

0

88

<Q qITP3Is> IpNTIUTY ¢
<q-otpis> 9puyluly g
¥

/= €

s reastdoy : aTvy T
s/ 1

apoo werdoxd V

ano gy Ioj xoy umtxqryrnba ut sea dserp

IXIXIIIIIIXXXXXIIIXLIXTIIIITIXIXXXXIAIIIT
IIXXIIXIIIXIXXXXXXIXIXXIIXXITIXXIXTXXXITIIX
TIXXXIIXITIXXXXXXXIAIITIIIIIIXXXXIXALLT
IXXXXXIIXXXIXIIXIIIIIXXXXXIIXIXIXIXIIXT
IIXXXXIITZXIXXXXIXIIXIIXIXIIXTIXAXXXXTIIT
IXXXIXIIIIXIXIXXXIIXIXIXIIXIIXITIXIIXXXTIIX
XXX XXIXITIXIIXIITITIXXXXTIIXIIIIITIIIT
IXXXXXXXEEXXIXIIIXIIIITIIITIXXAXXIAXATXT
ITXIIXIIXXIXIIIIXXXXXIXIIIIIIITIIIIINIXXX
IIXEIXIITIXXXXXXXIIIXXIIXIIXITIXITITITXLXXY
IXIXIIIXXLXXXIXXITIAIITITITIIIXXXIXXXAAXLX
XXXIXIXXXIXIXIIIXIXIIXYIITITIIIXTIIIIIIIINIX
XXX XXX IXXXIIIIXIITIXXXXIYIAIIIXXXIXIIIX
IXIXIIXIXXIIXIXXIXXTXIXXTIIIIIIIIIIIITXY
22000202900 0900022493222002904200022004¢4
f$e9 028002002000 0200000202292202240 222224
ZXXXIIXIXXXITXTIXIIXIIIIIIXIXIXIXIXXIAALIIIX
EXXIXIIXIIXIXITYXXXXXIXITIIXXIXXITIXIIITIX
IXXIXXIXIIIXIIXIIIIITIXTAIXTIAXXIIXIIIIIIIX

XXXIIXTXXIIXITIITIIIXIIIXIITINITIXIIIIIXLAIIAXY




¢ (eTvafap)asoraz

{(am\,,) F3utad
f([za](12)%taxaut’,, 37 2%, )F33utad (++12!g=>13!1=12) Io}
}
(++221€=>Z211=Td) X0}

f(wu\u\ : 329[qo yo wrixautr jo judmwoy u\,)F3utxzd

{(z¢-wo)' K¢-wod‘ xc-won* U\ 3% ¥ I% : 339{qo zo ssem jo axjus) uw\,)ziutxd
‘(Bue’ ,u\ 3% : L£3rTrqeas yo a7fue TeruorjejTARwIn u\,)zjurxd
f(2<-9'Kc-9"xc-9',u\ 3% I% % : 399(qo uo L3ravi® jo edxog uw\,)p3urad
£(QOoT’.,U\ §Y : IN[EA 22107 ® UO pumnoq I2a07] u\, )Fjurzd

‘(qdm‘,u\ 3% : anTea a3107 ® uwo punoq rxaddp uy, )z3urxd

{(9duerates’, W\ Z¥ : 9nTea 2IUWIITOL W\U\, )y3urid
¢ ([z2]1(12)er3xoury’, F,, ' oTtd(qo) yurasy
(++121g=>T2!1=12) XoF
(++221€2>T2!1=72) 203

! (z<-wmoDy* k¢-woDR* x<-woDR‘, FYFUFY ‘9 TTI(q0) FuRIsg

‘fuw = Fee

¢ (Bueg’, 39, ‘0rrilqp) puwasy

£(2¢-9%  £c-DR ' X<-0% L L FLFL ‘0 TTI(q0) FuRIsE

{qQoT = qrU=*
(TR WF % ‘9 TTdlq0) JuRasE

14
611
811
i1t
1:294
STt
¥t
eIt
Tit
11t
o1t
601
801
Lot
807

Yot
€01
cot
101
oot
66
:1.]
16
96
g6
6
€6
(4}
16
(1]
68
88
18
a8
98
¥8
E8

06

‘qdn = qne
! (qdng* .3y, 2T 3lq0) Fwedsy

{35URIaTO} = TO%e

! (92ueraToay’ 3. ‘9 Trdlqp) pueasy

f(a7t330alqp,,m\ &Y : 271 woxz ejuq 339[qg Sutpesy w\,)p3utxd

{

£(0)31x0

‘{atr3309lqg’.u\-andut roz sy aado 3,ue)y, ‘zr’p3s)zyutady
} (0 == ((uI.*9Tt3339(qp)uadoy = atrilqp)) 3t

1(aTt3332(q0N" . 8%..) Fuess

: sweu 9Tt4 eieq 3o9(qQ xe3uz w\,)p3jurxd

‘a1ralqoe 114
‘Bue‘qot‘qdn‘adaviatoes IwoT
‘[00t]eTT3a09[qp Teqd

1Za'12 3ur
(Bes qTe’qne 103« (] (]9TIIUT 3ROTF
{B0Js ‘Ds 203394

(Se‘qr qn’ o3 ‘utixant we)‘n)3aefqo peax proa

<q qrIp3s> epuydiuty

<4 otTpis> Ipurouly
/*

2 [qopuay : o114
o/
{

H AOVﬂMN.

z8
18
08
6L
84
LL
:28
gL
¥L
€L
TL
1L
oL
[.1]
:1:]
19
29
99
9
€9
9
19
09
69
89
13
89
99
¥3
€9
z9

09
[:34
8¥
FA4
8y
9%




€6

2°830wviuodd : ITTJ

! (aTtduon)aso1d}

{

961
*/ 961
61
€6t
z61
161
06t
68t
88t
18t
981
581
{ ¥81
€81
z8t
181
o8t
6LT
8L1

!(peIy- [3uno)]jurody’ ;Y. '9Trduo))Fuessy ;1

} (€==3di33  [3moj]3uted) t

{

oLt
EFAY
¥t

! (wor33Txy” [3umon] jurody’, 3y, 9TT4u0)) Fueasy g1

} (1<adday: [3mmoj)zured) pr

! (9 uotBaxzoviucs’ [3uno)) jutody
“£-uot8axiseiuos - [june)] qurody
‘x-uotfaxyseiuod - [3unc)] sutody

¢ £x-uwotPerxioewiuos ‘ [3uno)] jutody

* ££-wotBex3iowsuod - [3uno)] surody

.Nu.no«wckvuuMEOU.nudﬂQUuuanom&.:wsmswswsﬁxhx:.OAuhﬂouuvaauuw

! ({z2] [12]TTr3eeanod ‘ [3uno)] 38tody’ 3%, ‘9 TTU0)) Juwasy

TLt
L73
oLy
6971
881
3:28
991
991
¥91
€91

(++12:9>1210=12) XoF 791

(++4T2:€>T210=¢d) 101

¢ (z-doTeso1" [3uno)]iurody

191
09T
631

6

“£-doTesoT  [3unoj]jutody
‘x-dateseT’ [3unop]sutody’ , FYF4FY.  9TT4U0D) FURISE

¢ (dL3z° [3unep]surody’, py,.,  9TTJUO)) FuULIBE
}

$40) > juno) !0 = 3uNO)) I0f

(++3uR0D

'gu0) = Fa

{(s0o)R’,,PX. "9 TTIU0)) FURIS T

{(aTTF30R3mOY° U\ 8Y @ 9TTF woxy wjeq 3dviuo) Sutpeay uw\,)p3utad

{

. (0)3txe

¢t (aTtzaswiuoy’  u\ "andur xoy sy uwado 3,ue),‘xIapis)picrady
} (0 == ((.ZI.'9TTF30w3u0))uddoy = aTT4u03)) 3t

{ (3TT330w3u00%°,,8%,, ) FJULd8

. © 9URU ITTJ wiwqg 3IV3UED IIJUF uw\,)Fiutid

‘eTT4uods ITI
{[001]PTTFI203U0) IvYD

1Z3°12'3uno)‘ suoy jut
‘[Jautod 3ow3med

‘Ee 30T
(3utod‘g)sade3mod PRI PT
<q°qrTpis> epnidu

<Y OTPIS> OpPNTOU

3-wodpeey : L4

[

oA

%
12

/*

./

8gt
L9t
a9t
LR
¥st
€st
[4: 14
191
ost
(3 A
-3 4
FA 4l
-1 41
%3
Wi
13 43
t4 4
1544
oyt
6ET
19
LET
9ET
set
¥ET
€EL
zZel
1€1
4]
6Tt
8zt
7t
9zt
9zt
k244
(X4
[£44
1343




f(uotgorxy- [p]3uted’rsd
LU\ 2% @ pY% 3uted 35e3u0d 3 WOTIDTIF FO UITITIFROH W\, ) piutxd
} (1<3dhagx- (p)auted) gt

{(z ureqotd  [5]sutod

‘£ uteqotd [9]rutod
‘x-ureqotd- o] suvod’ u\ 3% 3% F% ©\.)Fiutxd
¢ (Temxou” [3]3utod ‘[y]autod)uoryesoy = ureqoid- [p]zutod
t(1+2',u\ : py penbrq zo {emrou Tvqoty w\,)3urad

! (2 Teezou” (5] jutod
‘K {ewzou- [5] qutod

‘xrenzou” [p}auvod’,u\ 3y Fi Y ©\.)y3urxd

¢ (date207" [p]3uted

‘uot§arxiowguos’ [p]jured)penbiqosfenrogy = Tewrou- [p]3ured
f(1+2°,8\ : py penbiq jo fwmiou Tw207 U\,)jiurxd

(2 wot¥eridwzuon- [p]aured
‘£-wot¥axyoesuod- [p]jurod
‘x-uot¥axyaesuod- [n]3uted
‘£x -uorFariowguoa: [p]3uted
‘4L -uorFaxiowiuos’ [9)3utod
‘xx-uot§aryowiuos’ [o)autod , u\ ¥% 3% 3% FU ¥4 FY% = BEyeo) u\,)yjurxd

(w ¥+ K9 4+ xp + Lx3 4 £hq + xxE = penbrg w\,)F3urxd
¢ (z'dateqotd- [p] sutod
‘k-doTeqo1d- [5] 3uted
x-dateqot8- (o] surod’ .U\ F% 3% FY% U\.)Fiurxd
¢ (datesoT" [p])autod ¢ [5]3urod)uorjemrozsues]

= doreqot®- [3]3ured
f(r+2°.m\ : pY 3urod 30v3W0d FO @3VUTPIO-0D TRQOTH W\U\,)Fiutrxd

! (w\,) 33urad
! ([22]) [32]) x123wmanos‘ (9] 3ured’,, 7Z° 1%.)Faurad
{++12!¥>12!0=19) Xo}
}
(++Z221€>2210=72) 103

[4x4
1 Y24
0Lz
697
892
182
99T
992
¥92
€9C
[4:14
1§:14
09z
69z
832
19T
98T
99T
R 414
[3:14
[4:14
L3:14
114
(174
8%
1%
:324
9%z
b 474
1324
(A 24
13 £4
13 24
6€T
88T
182
9€T
g€

—d

C(1+3°,u\ : py 3utod joejuod roy xtrzem worjvmiogsuRI] mW\m\,,)Fyurxd

¢(z-dogesot- 9] 3utod
‘k-dotesor- () auted
‘x-doresot’ [D]3uted’,u\ z¥ F% F% u\.)Fjutxd
C(T+9°,u\ : pY 3utod 3>e3UOD FO PIVTUTPIO-O3 TeI0] W\W\,)jiutxd

LT 2+ 28« !(,poxeSuty 3yos,)Fiutrxd

} (€ == odi3z- [o]3uted) Fr

{!1 =+ dze !(.3utod TRmOT3OTIE,)3urtad

12

} (T == odi3y-[p]amrod) 3T

ast1a

{1 =+ ade

} (v == dkaz-[p]aured) jyt

(142, ¢ PY 3uted joejmod o addy 3oezuo) wym\,)yautrxd

(++2 ‘B >0 0 = D)

}

0%

‘(H°.0\ PY, : sjured 3ow3uod yo requmu TR0l u\u\,)z3urxd

5
"

'Za'13'n

F8e
dye

ode

jur

! [J3ured 3ae3mod

{38s'de‘oda’y

(3uted‘zs'dyod‘g)s3oesuos~ggsesoxd proa

auy

sutod 8seTWOT3ITIF,) Fautad

<Q'qTTP3s> epuroury
<q-o1p3s> epnyouty

/e

¥eT
€ET
[4x4
1£2
0€T
;124
;144
Lz
:144
92T
L £4A
| X424
(444
122
0z
61T
81z
L1
91z
g1z
¥z
€1z
{424
1944
[+) ¢4
607
80z
LoT
80z
302
¥oz
€0T
zoT
10z
00T
661
a6t
161




L6

{wo) xo03d2a
!{ess ITQROP
‘punog’punogn 3vOTI
t38¢dzrad‘g 3ut
(punog]‘punogn ‘mo)‘ f* y8'dz‘sd' suted e)sdz"ppe proa

{
‘x'] = [1+83d] (€1+(F8e9)+(dFe¥)+2d]e
(-1 = [1+89d] [ZT1+(F8e9)+(dFsp)+0d]e
f2°] = [1+82d] [11+(F89)«(dF=p)+2d]e

‘X1~ = [1+82d] [L+(§8e5) +(dFep)+2d]e
(K1~ = [1+82d](9+(38e8)+(dFep)+2d]e

'Z 1~ = [1+82d][g+(F845)+(dFep)+2d]e

"

‘x-uteqo1d- [(p)3uted = (r+85d) [01+(38+9)+(dFs¥)+0d]w
‘K- ureqor®’ [p]auted = [1+82d)[8+(F9eg)+(dEs¥)+0d]u
'z ureqot®- [0)autod = [1+83d)[8+(F8#q)+(dEs¥)+2d]e

tx ureqoT®- [p]utod- = [1+82d] [#+(F8+9)+(dFap)+2d]e
tK-areqor®- (9] 3utod- = [1+82d] [g+(F8e3)+(d3ay)+ad]u
‘z'uteqo1d- [p]surod- = [1+82d](Z+(}8+9)+(d3ey)+2d]u

¢ (ureqoT®- (5] 3utod‘doTeqoTd - []3uted ‘woy)embiol = L

{1 = [BT+(F38+01)+(d5+8) +(2d+Z) +82d) [€1+(35%9)+(dFey)+od+md]e
13- = [1+82d] (ET+(3849)+(dFep)+0dsuad}u

‘punog1 = (1] (ET+(38¢9)+(dFs¥)+2d4s2d]u

{1- = [#+(38%9)+(dFe¥)+3d+00d] [1480d]w

f3- = (1+82d][1+83d]e

{punogn = [1)[1+m2d]w

13- = [1+023d][1]e

t4480d
}

8¥e
1¥%E
9¥E
gre

E¥E

gEE
¥EE
€EE
(414
13:14

1ze
1143
61E
81¢
L1€
: 144
g1E
¥ie
ETE
TiE
11E

96
(1==0d&3z- (p]3ured) zt
(++2 ‘N > 2 ‘0=D) Xof
0 = sad
‘1 10339a
f9‘ead jur

}

f[Jsured 3ow3uwod

{wo) I03294

{ves 2TqROP

‘punog’ punogn 3e0T;

t38°dzad‘g 3urx
?nsoﬂ.vﬁ.em:.aou.-.w_-.mn.om.»nw&.:-umuvs proa

<q°qripis> apuyoiulyg
<Y 0TIP3I8> epnyouly

/e

2°21T383§ © 9TT4
./
{

s3utod - [5]3utod‘suod- [p]utod’ [5]3uted)suonzs
! (pexg- [9]3urod

‘142, m\ 3% : pY% surod 3owjuod 3uw snypex refurg uw\,)zauted
}
(g=sediay- [D)3ured)
{
! (suo3* [p]3uted‘worasrry: (3] 3utod ‘uteqord- (] sutrod)encrdy
}

(z==edL33" [p)3ured) jr

01E
60¢E
80¢
L0E
80€E
90¢
o€
€0t
T0¢
T0E
00€
662
B6Z
16T
86T
962
¥6z
€62
(4.4
162
06T
687
88z
18T
88T
982
¥8T
€8T
8T
182
082
(724
8LT
LT
9Lt
ST
LT
€17




66

= [T+12+((1-838)#8) +(dRe¥) +2d]) (Z+(F898) + (dFe¥) +2d]®

1- = [T+12+((1-978)#9) +(dFet) +2d] [ET+8F 5+ (30G)+(dFag) +(2deZ)]®

1T- = [9412+((1-3F8)«3)+(F829)+
(d3+8) +(3d+2) I [T+12+((1-8335) #q) +(dFa¥) +2d]w

f1- = [Z+19+((1-838)#5)+ (d1e¥)+3d] [T+T12+((1-838)25)+(dFe¥) +2d]w

‘panogn = [1][Z+12+((1-578)29)+(dFa¥)+2d]w

= [2+12+((1-878)#9) +(dpew)+2d] [1]®

}
(++123y>12!0=12) 10}

'+488
}
(€==ad&33" [5)auted) gt
(++2 ‘A > 2 ‘0=)) X0}

{1 I0333a

!12‘s'‘szs jut

¢ [sutod 3ow3uod

‘wo) 10339

{2ss OTQUOP

‘punog’punogn 3eoTF

tye°dgad g jur
(punogy’punogp‘woy’ ' y8°dy‘od jurod‘e)aga~ppe proa

T = [97+8dx+(38201)+(d708) +(2de€)J(ET1+8d 7+ (3829)+(dFe¥)+(2deT)I®

tpunog] = (1] (E1+8d2+(F829)+(dFep)+(2deT)]w

'x°L = [Z419+((T-8dF) a¥)+2d] [ET+(F829)+(dFs¥)+2d]w

L4 4
(344
Ty
1244
224 4
61y
81¥
L1¥
234
91¥
iy
1434
t23 4
1334
413 4
60¥%
80%
L0V
o0%
S0¥%
¥o¥
£0¥
T0¥
10%
00%
66t
86¢
l6¢
96t
96€
¥6¢
€6E
(4.3
16€
06¢E
68¢g
88¢
18€

L1
‘z 1

X l-
L1~

z' -

86

(24134 ((1~-8d7) #¥)+2d] [T 1+ (3849)+(de¥) +2d]®
[Z+12+((1-8d2) «#)+2d) (11+(38+5)+ (dFe¥)+2d) e

[Z+134((1-8dR)+ %) +2d) [L+(F8+9)+(dFe¥) +2d] e
[T+19+((1-9dF) »%) +2d]) [0+ (38+3) + (dFe¥) +2d]®
[Z+19+((1-8d7)e¥) +2d] [9+(38¢9) +(dzs¥) +2d) e

t ({15)9ue>’ [p]3utod‘dareqord - [5]3uted‘mo))anbrol = 1

X [12)3u03° [0]3utod 2 [Z+134+((1-8dF)¥)+3d] (01+(38+9)+(dFey)+2d]w

¢&° f1a]auod - (9] sutod
‘z: [12]9u03" [9)juted

‘x*[13]9v05° [5]3utod-
‘& [ra]euos’ [p])3uted-
fz° [12]9103" [5]3utod~

[Z+39+((1-2dF)»¥) +2d] [6+ (38+9)+ (dFe¥) +2d]®
[Z+13+((1-8d7) «¥) +2d) [+ (3843)+(dFxp) +2d] ¢

[T+12+((1-8dF) +¥) +3d] [¥+ (38+5)+(dFe¥) +2d]®
(Z+19+((1-8dF) ep) +3d] [€+ (F549)+ (dFey)+2d]w
[Z+13+((t-2dF)«¥) +2d] [T+ (F89)+(dFe¥)+2d]e

= [T+13+((1-9d3) e9) +3d]) [€1+8dF+ (3845)+(dF«¥) +(2daZ)]®

1= = (94134 ((1-8d2)e¥)+(F863) +(dZa¥)+(2daZ)] [T+19+((1-8d})s§)+2d)u
(11— = {Z+19+{(1-8dZ) »¥)+>d] [T+12+((1-8d)a¥p)+2d]u

tpunogn = [1] [Z+12+((1-8dF)e¥)+2d]w

[Z+32+((1-2dp)a¥)+2d] (1] ®

}
(++12!9>12%0=12)x0F

‘esndy
}
(z==0df3z: [0]3uted) T
(+40 'H > 0 '0=)) Xof

‘o = sdg

‘] xo3o9a

12°3*edy 3ur

‘[J3utod 3dwjuc>

98¢
98E
¥8E
€8€
8¢t
i8¢

6Lt
8Ll€
LLE

SiE
¥iE
ELE
TlE
Tig
0lt
(11
89t
19¢
99¢
99¢€
¥9€
€£9€
79€
19€
09€
639¢
89¢
L3€
89¢
99¢
¥3€
314
T9E
19€
03¢
.3 4




101

' 9- = [1](91+(#5+0)+(dFeg)+(2deg)]¥

} 9818
{1 = [#+(3829)+(d3$)+2d] [01+(3829)+(dFe¥)+2d]e
= [v+(7849) +(dFe#) +3d] [¥+ (3849)+ (dFe¥) +2d] @
'x'9 = [(1]1[91+(F8%9)+(dFag)+(2deZ)]®

} (0 =< T°9) 3t

{ 1= = [E+(F8e8)+(dFep)+2d][6+(3849)+(dFe¥)+2d]e
1= [£+(F829)+(dFry) +2d] [E+(3849) + (dFe¥)+2d) @
18 9. = [1][97+(F5%9)+(dFeg)+(2dez)]e

H 8812
{ '8 = [£+(38+9)+(d3ev)+2d] [6+(3849)+ (dFup) +2d]®
1= = [E+(3849) +(dFe¥)+5d] [€+(3849)+ (dFe¥) +2d]w
th'n = [11{91+(F8+8)+(dF+9)+(2deZ)]®

} (0 =< £°9) 3t

{ ‘1= = [T+(¥8+8)+(dF+¥)+2d][B+(F8¢3)+(dFey)+2d]e
1= [T+(F8+9) +(dxe¥)+3d] (24 (3509) + (dFe¥)+2d]®
{2°9- = [1)[¥T+(39+0)+(dFeg)+(2dsZ))®

H 2819
= [C+(7829)+(dFe¥)+2d][B+(F829)+ (dFev)+2d]e
= [C+(F8+9)+(d5e¥)+2d] [Z+(F803)+ (dFa¥) +2d]w
1Z2°9 = [LI[F1+(F8+9)+(dFeg)+(2dseZ)]v

} (0 =< z'9) 3t

[+ (398)+ (d7e¥)+3d] [91+(F949) +(dFeg) +(2dsZ)]®
1T~ = [E+(F8e9)+(dFep)+2d) [91+(F849)+ (d309) +(2dsZ)]®
11— = [2+(389)+(dFe¥)+2d] (314 (£828)+ (d729) +(2dsZ)]®

-
1
n

‘e BTQUOP
19 Io03d9a
ty8°dzead qur

(9°3s‘dy'ad w)i3raviB ppu proa

{
{x-oreqot® [)3uted = [9+((1-378)eq)+(dFs¥)+2d] [ET+(F8»q)+(dFay)+2d]w

008
66¥
86¥%
L6Y
:1:34
56¥%
¥6¥
E6¥
6%
16¥%
o8y
68¥
88¥
L8¥
28y
98%
¥8y
£8¥%
8y
18y
08y
6Ly
BLY
Liy
oLy
iy
E 754
ELY
iy
Ly
oLy
60¥
88¥
19%
98¥
99¥
yor
3:14

001

‘£ uteqor?- [p]sured = [9+((1-838)=9) +(dFe$)+2d] (ZV+(F8»5)+(dFep)+2d]w
'z ureqo1d- []3uted = [0+((1-878)eg)+(dFe¥)+2d] [1T+(F845)+(dFs¥)+2d]®

!x ureqord  [9]rutod- = [9+((1-8F8)«5)+(dFep)+od] [L+(F849) +(dFs¥)+2d]w
£ ureqotd- [p)3urod- = [9+((1-838)#g)+(dFe¥)+3d]) [0+(3829) +(dFs¥)+0d]®
tz-ureqot¥- [p)3urod- = [9+((T-838)«q)+(d7ep)+2d][g+(F8+5)+(dFey)+2d]e

f1- = [F+(9F9%9)+(F823)+(dzxB8)+(2deZ)I [1+(8F8=5) +(dFsy)+2d]e
1- = [1+(87829)+(dFep)+2d] [T+ (8F8+9) +(dFep)+2d]e

‘punogn = (1] [1+(8783)+(dFe¥)+2d]e

11— = [1+(8F98)+(dgep)+2d) (1]

1 = [91+8F8+(F8201)+(d726)+(2deg)I[ET+858+(F805)+(dIug)+(2dsZ)]®
{punog] = [1][E1+855+(F8+9)+(dFeg)+(2deg)]w

XL o= (134 ((1-958)8)+ (dFa¥)+2d] [E€1+(FEe9)+ (dFap)+2d] e
-] = [T+12+((1-838)28)+ (d3+¥)+2d] [TT1+(38¢9)+(dFe¥)+2d]®
‘21 = [T419+((1-839)*9)+(dFe¥)+2d] [11+(F849)+ (dFe¥p)+2d]e

1 L- = [T+¥2+((1-8F8) %) +(dFey) +2d] [1+(3909) + (dFep)+2d]®
th-1- = [T+19+((1-858)#9) +(dF«$)+2d) [9+(F5+9)+(dF«¥)+2d]w
1200~ = [T+194((1-8F8)«9)+(dFe¥) +2d] (34 (F8+3)+ (dFe¥) +2d]w

{([12]9uoa " [p]aurod’ [y2])s3utod- [9] 3uted‘mog)enbrog =

‘x*[13]2woa- [p]3urod

= [T+12+((1-878)«q)+(dF+¥)+2d] [0T+(38+3)+(dFeyp)+2d]w
(£ [19]9uwoa" [p]3uted

= [T+19+((1-878)»8) +(dFe¥) +2d] [6+(F529)+ (dFey) +2d]w
‘2 [19]9uwod" [p]3utod

= [T+12+((1-878)#9) +(dFa¥) +3d] [8+(78+3) + (dFe¥) +2d]®

fx* (12]9u03° (5] sutod-

= [T+19+((1-830)#3)+(d5e¥) +2d] [¥+(F8+9) + (dFa¥) +2d)
‘& (12)emo2 - [5]) 3urod-

= [Z+12+((1~-958)#q) +(dFe¥)+2d) [E€+(F929)+ (dFep) +2d]w
‘2 (13]9wo3" {3] 3utod-

19%

g9¥
sy

(414
15%
0S¥

244
L¥¥
204
¥
ka4
E¥Y
t4 44
1344
o¥¥
GEY
:13 4
LEY
PEY
B:13 4
1434
EEY
eV
L3314
0EY
.14 4
azy
44
:14 4
:r4 4




‘[)dr‘zs‘dz‘ad g jur
‘(Jautod 3ow3umod
(dstp'dr'qrqn 103 sured‘ zs‘dy od‘mo)‘ g e)stsdeue L3xTIqers proa

<Y qTIpIs> apuyouty
<q-o1p3is> Ipurdury
[

2-£3t11qR3s @ A4
»/

{
/* S(01+(F38211)+(dFe6)+(2dug) * LT+ (F9+8)+ (dFeg)+(0dez) ‘@) x1170heTds1q
POCr21dera Py 1 [PNIAT u\,)33utxd (++12!97+(F8¢3)+(dFey)+od+m=>1217212) o7
COLYI1ZT T2, p% ¢ [PA)ZT W\, ) F3utxd (++12'c+(F8+9)+(dEe¥)+2d=>12!1=12) I0F
L(OT'LPY ¢ ST Fo smTEA W\, ) psutxd &/

91 = 9BEITs

‘(dr’zuoty

E R TT+(F929) +(dFey) +2d €+ (F829) +(dFay)+2d g1+ (3549)+ (dFs¥)+2d4g v)xTduTS
/% (OT+(F8aTT)+(dFe6) +(de€) ‘LT+(38#9)+(dFeg) + (7dsg) ‘w)xTxIRUbRTdETq o/
C[13] (1+223% == [19] [L1+(FB+9)+(dFegq)+(2dez)]w

(++22 91+(39+9)+(d3+9)+(2deZ) => 7> !1=7d) 203
(++72 91+(39211)+(dF#8)+(2deg) => 13 !1=13) 0}

(2%}
9.9

€.9
(A ]
18
0LS
699
809

299
969
¥99
€99
99
199
0985
6395
899
199
239
939
¥39
€99
Z99
198
099
6%3
8%9
L¥9
2%9
999
¥¥9
€%
4 £
%9
o¥q
6E9

0t

‘(to3’38'dz‘ad e)sadueiaTos ppe
((n'38°dz‘ad e)istansFppe
r(qriqniuey ‘g 3s'dz‘ad‘ surod e)sys ppe
‘(qar’qniuwoy ‘g’ zs‘dz‘od‘ jurod’v)adyppe
t(qriqniuoy’ g’ zs'dz‘ad‘ jurod’e)s>d ppe

‘0 = {13]2t
[r2)dry

5
"

}
(++12 00T > I3 !0=12) I0}

{Za‘19'7 [oor)2T’ Ot 3UT

i {%ss ITQUOP
: ‘qrqn’1o3 ivory
‘mo)’n 103234
‘[Cldt‘esuste‘gs‘dzad‘g 3jur
‘[J3ured 3aw3juod

:13]
L€9
9ES
g9€3
¥ES
€ES
[4%:]
1€9
0€3
623
:14]
129
} 929
98
¥ls
€T3
[£4:]
154-]

(eses1‘dr’qrigqn’1e3‘jured’ z8'dz‘ad ‘mo) ‘s g'v)stedieue or3e3s pros 0zg

(1= = [0+5+(F8201)+(dFe8)+(3daT)] [D+Z+(F849) +(dFe¥)+2d]w
£103 = (1] [0+Z+(¥8+9)+(dFsy)+2d]u

}
(++2:21>0!0=3) ToF

‘9 jut

= 3TqUOP
1103 3woTy
t38'dz*ad 3ut

6139
{ 819
419
919
319
19
€19
19
119
} otg
609
809
109

(103’8 ‘dz‘ad‘uw)sesuvratfol ppe ptoa 909

{ 1~ = [(#+(3849)+(dF+¥)+2d] [0T+(3949) +(dFey)+2d)e
1= [+ (30e9) +(dFa¥) +3d] [+ (3849) + (dFep) +2d] ®

909
{ vo9
€03
zog
109




{++12 % > 12 !0=12) Xo}

{(Bue- ‘p30y)Lk3inoqejoy = {g]auod
{(8ue ‘pr0y)Lanoqueioy = [g]auod
! (Sue- ‘pjoy)xnoqeioy = [1)?uod
! (Jue ‘pjoy)xanoqezoy = [0]ouod

t(aduw)zozzoy = p3oy

t(p)suer] = adway

} o872
t(A = adway)
(0 =i £a) 3¢

113 3ur
ta30y ‘pdway ‘dmog ro3daa}

([]2uo> x0339a ‘Bue 3woly ‘A Xo3daa)suocjdy proa

<q qrIPis> apadury

<4-otp3s> epnTouTy

/=
2°39TId : eIy

*/

{

¢ (29d’ ,a\u\u\(3uea12d ;z'3%=) ‘D §o sworieqmirad,)Frurxd

1(13', 0Z8 ¥0 3INO PY I0F Ioy mnriqryiAbe ur sea deery wyw\u\,)ziursd

‘z°8/1> = xad

H(zyatLoyatzopal, oy (FY 3% FK) = 9 W)ysurd
{(vd/ogreBur 3z g% = 8w )y3uraed
{
{(wXa) F3uTxd

799
199
039
6¥9
8¥9
1%9
8¥9
9¥9
¥¥o
13 4:]
(4 4:]
1%9
0¥9
[.13:]
8¢9

i £4:]
[14]
24}
1ce
oze
619
819
L19
:24:]
18

¥l

asy2

{
w0,) F3urad

}

(0==9s®21) T

‘(asesry‘di‘qri’qn o3 ‘jurod ya‘dz‘od‘moy‘ya‘g w)srsiTRue d13038

L(9T+(FSeT1)+(dF+8)+(2deE) ‘ LT1+(F840) + (dFeg) +(2deZ) ‘®)TTIIREIVIT)

‘(ea’p)zmoxxioy = pa
uaﬂwﬂn.ﬂnuuﬂsonauoz = EA
}

(0z/1d =+ gPue !1dez => zue {oz/1d=zfuw)xox

_Amna.«bvnaaonuuoa = TA
}

(oz/dstp =+ Sue !dstp => Fue !g=Fuw)roy

!(9)zoa30y = 14 !y = 1D

f(0)3txd

(WU\E\U\ (0°0°'0) = D : stsiyeuw £31{IqQEU3is mrograd jomumwy w\m\w\,)z3urxd

}
(0==(9)qafuay) jt

‘ogr/td = dstp

'99z691¥1 '€ = 1d

‘ya‘gA‘TA’ TA 0300

‘td‘z8uw‘Sur jwory

HEMTLEL L3 3)

{%as TqUOP
‘detpqr’qn’ o3 juwory

‘mo)‘y xo3d0a

¥19
€19
z19
119
o019
609
809
109
209
909
09
€09
o9
1098
008
665
8639
169
969
969
¥69
€69
269
169
089
689
989
189
889
989
¥89
€89
89
189
089
6.9
8.9
119




tL-dotedsor 30+hutw- = £-[gJjutod

‘dyTes0T 32+xUTE- = X [g]juted
t&-doresor yoedutu = £ [zJautod (x-doresor-3d+xuTm = x°[Z]3utod
!A-doTesoT 3d+hxwn- = £-[7)3utod !x-daTesor 3d+xxew- = X" [1]3utod

‘K-doteaor-3a+dxen = £-[p]3uted ‘x-doyesor gdsxxem = x-[g]sutod

‘L = Lutw
X = xutwm
‘urou = mrouutm }
((0 =¢ £ urouaf) 3y
(0 =¢ X uIousx) I¥

((urouutw)yifusy > (urou)yzBuag)) 3t

‘L = Lxen
‘x = rYew
‘mrou - mrouxwu }
((0 =< £ urousd) 33
(0 =< I uIousx) 3§

((nrourem)gafusg < (wrou)giBusg)) zr

! (dway ‘uotrfarjawizuos-3d)penbrqosTeniof = wrouw

‘(K-dway ‘x-dusy ‘uorSaxiswzuod-is)anrepz = z'duay
th-doesor-39+£ = £-duay,

tx-dareser 39+x = x-duay

"AAAN¢Nw|Avak*.uuuvnk«.uuuvukm-vnnwwu = &

((001/PRIE 3D)=+X!PRIF 3I=D>T!pPRIJ 3D>-=X)IX0F
}

(Z=+uB18!1=>udrs! {-=ufre) 10}

! (dua] ‘worSoxiswiues’ 33)punbrqosTenzof = wrouurm

‘(K-dusy ‘x-dmayl ‘uorSerxzouzuos-is)entepz = z-duay

8ZL
L
8TL
§TL
¥l
€TL
TiL
1L
0TL
61L
81L
FAYA
-2 73
StL
¥
ETL
ZiL
1994
[ 192
60L
80L
104
90L
90L
yoL
E0L
oL
104
00L
668
869
169
969
969
¥69
€69
z69
169

t4-dotesor 3o+hutn = K duay

‘x-doTesor 3o+xuty = x-duay

‘pery-3d> = Lurw !9 = Tutw

{(dway ‘wotrBarxioeiuod-3o)penbrqojyenrof = urourew
((£-dual ‘x-dus] ‘uorForxiowiued-ya)snterz = z-dusy
t&-doesor 3d+hxen = £-duay

tx-dotesor-3o+xxen = x-dusy

‘0 = Axen !pexry-3s = xxeuw

‘ufrs‘yo jut

tdual’ (p]3uTtod  mromuty ‘wrourvn’ nIon 103334

utu’xute’{xes’xxea‘k‘x jeoly }

([0 s3utog I03294 ‘[Jouod I0333A ‘3D 3IEWIUCI)IUCIFS PIOA

<q°qQUP3s> epnyouty
<q-0tpas> eputouly

/=
373305 : 9113
./
{
{
‘(dasr)suexy = [12]9u02
} es18
t(dwey = [12]ewol)
(0 =i £:p) 3t
f([12]oucs ‘pduoy)zuworzioy = duwal
}

069
[3:3:]
889
189
989
989
89
€89
[4:1:]
189
089
6L9
8.9
119
819
919
¥i9
€19
TL9
L72:]
0L9
699
899
199
999
999
¥99
€99
99
199
099
639
839
139
999
998
99
€99




601

HCAF ST S 38 35 SNE S SR VANE 53

((sdye¥)+2d => [z2)dt 3y ((1-8dy)e¥)+ad <

= (z'&’'x)9d101

{(zda3‘3)Appe
f(zdu3’ (1] [1+23]°)A3Tre = zdus
! ({1du3jauos-[2]3utod ‘diteqord- [13]3uted ‘wos)anbiol = zduz

w,,,) §purxd

{
3

f(zdui‘g)appe = ¥
‘([rdu3]euea- [12]3uted ‘(1] (1+z3)%)A3Tna = zdu3
ti-((1-8dg)ey)-2d-[ga)dr =

1dumy

}

[z21dT) 3t

(++22:91+(38x0) +(d5e3) +(2dez)=>Z2!1222) xoF

tesndp 1,

: (juted tewor3stxy),)pjutxd

}

(z == odd3y-[12]3uted) zt

HE N S N S N 3]
HEIP SV SF 38 35 SIS YRS S AR 53

= (z'&'x)subioy

(z'£'x)as10}

S(3°[13[r+T2]°)A3Tn
! (uteqotd - [12] 3utod‘doteqor8- [10]2uted ‘moj)anbroy

! (ureqeT®- (12]3urod ‘(1] [1+Z3]®)A3TnU

()

{

u\,,) }3urad
m,,) y3utad

{

}

(sod == [z>]dr) gt

(++22191+(3949)+(d729) +(2dez)=>Z2!1=Z3) Io%

f4+m2d I(,

(3utoed ssaquotiatiy),) paurxd

}

(1 == adf33' [12]3uted) 3t

(1439, 0% IeFurg

(++12

f(uwu\u\ ‘** 32Futy youws o sontua enbroz/esxoy

t30+dzsod > 12 9

w) Faurxd
=&z=123
}
= 12) 103

eg3: arxe sxsf uw\uw\uw\,)jy3urxd

‘0

s38 = sdy = sdd

¥08
€08
zo8
108
008
68.L
86L
18L
86l
964
¥eL
€6L
(472
13:73
08L
68L
B8L
i8L
o8L
g98L

€8L
8L
182
08L
6LL
BLL
iLL
aLL
SiL
¥LiL
ELL
TiL
TiL
oLL
69L
89L
191

[ FES—

‘zduy*za‘3‘y zo3daa
‘ydm3‘ezs‘edz‘sddzo‘go 3jur}
‘mo) x03d3a
tys'dzod’ gdr 3ur
! {J3ured 3dw3juod
{"ss PTQUOP

(won*zs‘dz>d dr’aured’e)sasx0z~Lvrdstq pros

<q°qQTTP3s> opuouty
<q-0Tp3s> epnTIUTE

/e

3-asrxozdsxq : @1ty
»/
{

{(dwal’3>)uorjezoy = [13]9wod

{(dasy)estrentog = dmoy

t(dasy’ {13]3ured)xmorzioy = daay
!(votaatIz-33‘dusl)xanoqesoy = duay
f([13]euoa’ [13]3utod)x0330y = duay

‘g = £-[12)9uod
(0 > K- (12]eu024k " [12]3uted) T
0 = x°[13]ouod

(0 > X' [13]9u0d4x" [12]3uted) FT

f([12]3utod ‘worFaxyowiuos-3o)punbrqosyenrog = [po]euwcd

! ({15]3utod ‘3d)uorzvmrozsuwsl = [[3]83Utod
¢(K-[za)3uted ‘x- [15]3utod ‘uor¥exisujuos-in)entesz = z' [fd)3utod
}
(++12!9>130=13) x0F

994
98L
9L
€9L
[4:73
19L
09L
69L
83L
9L
99L
994
¥9L
€92

9L
09L
(173
8¥L
ivl
o¥L
9%
§ 472
EVL
(472
1373
o¥L
6EL
8EL
LEL
9€L
-1
¥eL
EEL
TEL
YEL
oEL
6TL




Ll

{3Tns9ay 03094}

(294 I0329a ‘3D 30VJUOD)UOTIVMICESURI] IOJIIA

{

‘ARI) WIn3ax

(TeAl =/ Z ARI)
iteag =/ L-awxy

{TeAg =/ X'avIy

L((z°9398 = Z°233)

+ (£:298 « £-233y)

+ (X294 = X°29p))31bs = Teag
129 z aeln
lavIn 103092

{TeA 3ROTF)}

(994 X03234)ISTTRWION I03D34

{

13TNSaY wIn3ax

‘Z°A w 3 = ZT'3TNBAY

th*a o 3 = h-3Tumay

‘A s F = X 3TREIY

13TNEIY I0300a}

(& 103294 ‘Z JWOTZ)AITNE IO3IIa

{

{3Tns9y wrnjax

!Z°TA 4+ TTIA = ZT3TNEIY
'£-za + K 1a = £-3TuBOy

lX"ZA ¢+ X'IA = XI°3TNEIY

{3TNROY X0309a}

(Ta 103934 ‘TA Y03D3A)APPR I03D0A

08s
618
8.8
118
9.8
9.8
¥.8
€48
Ti8
1.8
ole
698
898
198
808
988
¥98
€988
798
198
098
698
egs
198
898
998
98
€98
z98
198
098
6¥8
ay8
i¥8
:2 4
9¥8
¥¥8
€¥8

L —— s

<9°qQITpPis> IpaToury
<Y otp3isy apniouty

/*
2°38TY : ITTY

*/

{

! (wa\u\,,) J3utxd

{
Hzrzatlizatzezatu (B TR CRA) = (zthfx)mrons my,)piurxd
3kttt (3N EY ‘EY) = (z'A'x)enbroy w\,)p3urxd
(R KR xR (Y ‘R ‘L) = (z'd'z)escxox  w\,)y3utad
{
{
!(ureqeT® - [1a)aured ‘[1]([1+23]%)A3T0E = T3
u. 2812
{
t(zdoa‘a)ApPe = 3
f(zdma’ (1] [1+22)e) 3T = zduy
! ([yduz])euoa’ [r2]3utod
‘[ydus}szurod- [12}3utod ‘moj)anbroy = zduy
! (zdo3 p)Appe =
¢ ([1daz]emod’ [12]3utod ‘(1] (1+Z2]v)A3TN® = zdmy
} (¥ > 1dm3) 31
1-((1-879)29) - (dge¥) -2d-[22]dr = 1dm3
}
((8399)+(dpe¥)+2d => (z21dT 3% ((1-938)+9)+(dF+¥)+2d ¢ [z2]dT) 3t
(++22:9T+(39%9) + (d729) + (3dez)=>Z2:1273) o3
f+4838 I(,, H Avehumnmﬁ 3yos),,) y3urxd
}
(€ == odi3g- [12]3ured) 3y

{
z kX (FY RY ER) = (z'L'x)enbroz w\,)F3urxd

¥8
1¥8
0¥8
6e8
8€8
g8
p:13:}
g9€8
¥c8
EEB8
Tes
1e8
oes
628
88
128
:24:]
9T8
¥is
EZ8
[£4:]
18
[214:]
618
:1¢:
118
f18
918
¥ig
€18
zi8
118
018
608
808
108
908
sog




((Z°A » Z°R)
+ Ah.> - h.>u
+ (XA n.>uuuhvn = 3Tns8y

‘3Tnsay 3voTy}
(A x0329a)q3fua] 3wory

{

{(3Tnsey)uImiax

!x'urousk [a - L -WIOUeX"TA = Z-3TNSAY
{Z°WXOUeI [A - I CGIOUaZ 4 = K- 3Tnsay

! 'urousz 14 -~ z'mrousk ya = X' 3TNRAY

‘tz°d> - z'wo3 = z'1a
th°d> - £'wod = £-1a

tx-dd - x'wod = X (A

{1a'3TnEay 103094

}

(urou x0339a ‘d> ro3oes ‘wmo> rojznea)snbrol zogdea

{

{3Insay wrngax
{1- = z-3Tneay
‘£-uorSex
+ (T 3urod + £x-uorBar)
+ (K'3urod « KK'uwotBex « ) = £ 3tusey
‘x worfox
+ (Araured o £x-uorfax)

+ (x°3uted & xx wotBox & Z) = X 3TOSSY

{3Tussy I03d0a}

996
9396
¥36
€96
296
196
096
6%6
8¥6
L¥6
2%6
9%6
¥¥6
E¥S
T¥6
154:]
0¥6
6E6
8€6
Lit6
p:11:3
SE6
¥e6
EE6
f41:3
1€6
0cé
626
:24.)
16
976

¥i6
€Z6
(44}
134.]
oze
816

ol

(3uted 03594 ‘uwotrfax jry)penbrqoirenzog z03d33a

{

{3Tnsay wInlax

2((Zz°29A =+ [T}[z])xtx3vmaucd-3))
+ (K297 » [Z][1])TTI3RTAUCS"3D)
+ (X°2374 ¢ [Z][0)XTIIRTATOD 3D)) = Z" NSy

((z°294 » [1][Z)TTIiRTAUCD"3D)
+ (K297 « [1][1])XTI3RTWAUOS"3D)
+ (X297 « [1][0]XTI3emAU02"3))) = K 3Tnsay

$((z° 207 » [0][Z]TTIIRTWATODI 1))
+ (K295 « [0]([1]XTI3REATOD"3])

+ (X995 » [0]J(0)XTIINmAUOI"3D)) = X 3Tnsdy

{3Tnsay 203394}

(994 I0333a “3) 3J¥3IUOD)TOTIVIOY 303334

{

{3TNBYY UIN3DX

nA HNH HMHNdNﬂ“EﬂQU "3
+ (Z°29p  [Z][T]TTIIRmAUOS 3))
+ (K207 » [ZI[1]XTIIRWANOD 3D)
+ (x°29p » [Z][0]XTIjemaucd 3))) = Z'3Tns0y

f([1][e]xTIvmAUOD ‘3]
+ (z'29p » [1][T]XTI3WRATOD " 3))
+ (£-29p » [T][1]XTI30RAWOD"3D)
+ (X°294 » [1][0]XTI3RmAUOD"3))) = L-3Tnsay

¢ ([0] CE)XTIIv@AUOD " 3D
+ (Z°204 » [0]([Z])XTI3V@ATOD"3])
+ (£:204 o [0][1)TT230manw0d"3))
+ (x°20) = [0][0]TTI3emAUOD"3D)) = X 3[nEey

816
i18
816
918
¥ie
El6
16
116
o016
606
806
106
906
so06
%06
£06
206
106
006
668
868
168
868
968
¥68
€68
(4.1
168
068
688
888
188
988
988
¥88
€88
z88
188




{3Insay uwrnjax

1Z'TA = Z 3TNy
t(KZA w Z2) + (T°TA s 12-) = £-3Tmsay
C(X°TA » T2) + (K°ZA » 13) = x"3nsay

L&A » £°R) + (XA » X f))3xbe 7 £°p) = 22
S(((KA o £°p) + (x°A 2 x°p))axbs / xp) = 10

12212 w01}
!3TNEY 103534}

(ZTA 103334 ‘p I03D9A)XWOIFI0Y I03D3A

{3Tnsay urnjax

{Z°TA = z 3Tnsay
t(ATA » TI) + (X°ZA * 12) = k-3Tnsay
(A ZA » 12) - (X ZA » TD) = X 3Tnsdy

S(((K°A « £°8) + (X°A = T°p))33bs 7 £-p) = 22
S(((A"A o« £8) + (T°A » x°p))33bs s x°p) = 1>

1Z21> 3voT}
!3Tnsaey xo3daa}

(ZTA I0309a ‘p I03I94)X0330Y T03IIA

{3Tneey uxniaz

{ZTA » (T3/Z°A))

(£°ZA o (12/76°4-)) + (X°TA » ((TI#1)/Z AeX"A-)) = Z°3Tnsoy
(B TA + (22/4°R))

(K'TA » (33/Z°R)) + (T°TA » ((Z2#19)/& pwx"p~)) = K 3Tnsey
(FTA » (T2/X°A)) + (X°TA =+ (T2/12)) = x"3Tusey

+

+

Ze0t
1e0t
0€01
8zo1
BZO1
Lzot
8201
570t
¥zot
€zot
zzot
1z01
0zot
6101
BIOt
Lio01
9101
g10t
¥iot
€101
ziot
1101
0101
6001
800t
1001
800t
900t
¥001
€001
7001
1001
00071
666

866

L66

966

966

kil

((Z°A » Z°8) + (KA s £°p) 4 (XA & x°4))23bs = 72

C((Z°A » Z°A) + (K°p & £ p))azbs = 12

1T3°13 3e0T}

137NEdY I03DA}

(TA 103324 ‘p I03394)ZwWOIF30Y I03I3IA

!{3Tngey uwrnjax

HZTA e (T2/Z°R)) +

(LA« (T3/K°R)) + (x°A = (Z3/X°4)) = Z 3Tnsdy
(Z°A = (13/K°A-)) + (&°A # (19/Z°8)) = K aTnasy
(Z°A = ((TO012)/Z AeX"A-)) +
(K& « ((Zo#12) 7K pex"p<)) + (X°A » (T3/12)) = T°3TnS3Y

C((Z°A *Z°A) + (KA & £°4) + (X°p » x°8))3xbs = 20
C((Z°A = 2°8) + (KA » £:4))3xbs = 1o

17212 vwoT}
3TN0y X0333A}

(A 20339a)Z0330y 103294

f3Insay wInzax
'Z'A = z 3TnERy
tx'p = K-3Tusey

h'p = X 3nsoy

{3Tne0y X03204}

(A X03204)8URI] I03D0A

f3T080Y TINeX

o6
€66
66
166
066
686
886
186
986
986
¥86
€86
86
186
086
6L6
816
L16
8.6
916
¥i6
€16
(1.}
168
0l6
696
8986
196
996
396
¥96
€96
796
196
098
636
8396
196




L1y

0 = [TA]J[12]%® (++T2:109=>72!1=FI) IO}

(++12!m0x=>12!1=12) Xo3}

'Za'1> 3uT}

(709 3UT ‘AOX 3TT ‘Bes 2TQNOP)XTIIVWIRIT) PIOA

* (wU\u) Fruted
(LTI [12)% ", FT 8%.)FAUTId (++Z2!7092>Z3!1=Z3) X0

}

(++12'm0X=>12 1=1d) X0}

HAMEREL: 93

(102 30T ‘aorx jur ‘ves @7qUOp)rrrjvmiurdstg proa

JO\u\ : XTX3vw rardwrg zo aje3s w\u\,)jyjurxd

{3neey UINOX

¢ (2 punbrg) + (kek- penbrg) +

(x+x penbrg) + (Lexsix-penbrg) +
(Keksk&-penbrg) + (Xexoxx- penbry)

= 3insey

6601
8601
1601
9601
9601
¥601
€601
601
1601
0601
680¢
8801
1801
9801
9801
¥go1
€801
7801
1801
08071
8.0t
8Lot
LL0T
9101
9.0t
¥L0t
€LOT
TLOT
TL01

911

‘3Tnasay 3woTF}

(£ avworz ‘x jvory ‘penbig 3rz)entesz wet;

{3TN8ay uwrInjzax

{Z°pA = T 3Insay

t(£°pe(Buv)803) + (x'pe(Busv)urs) = £-3Tns0Y

! (K- pe(Fuw)urs) - (x°pe(Suw)sod) = x TSRy

f3Tnsey X03304}

(Fue 3e0Tz ‘A 20379a)2Z3n0qE3I0Y 033094

13Tusey wWIn3ax

{(z As(Fur)Bod) 4+ (X pe(Buw)urs-) = z'3Tnssy

th-p = £ 3Tns0y

{(z'Ae(Fur)urs) + (x°pe(Buw)sod) = I'3TnSOY

!3Tusey xo330a}

(Sue 3woTy ‘A ro3dea)ijnoqeizoy rojaea

{3Tusey uwInjaex

{(z2'A+(TFue)p03) 4+ (L' pe(Suw)urs) = z'3Tnmay

{ (2 Ax(Buv)ure) - (£ pge(Fuw)sod) = L 3Tmmey

{x°p = X°3TNsAY

{3Tnsey x0300a}

(Jue 3woTF ‘A I0329a)Tin0QEl0Y 103004

0L0T
6801
8901
1901
9901
9901
¥901
€901
7901
1901
0801
6901
8901
1501
9901
g9g0t
¥301
€901
T30t
1901
0301
6¥01
8¥01
L¥01
2%01
9¥01
¥vo1
€¥01
Z¥01
1vo1
0¥01
6E0T
BEOT
1eot
9E0QL
9E0T
¥eo1
€E0T




