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ABSTRACT

A system for PERT analysis using Monte Carlo methods to estimate

project completion times was designed u ;.ng a 2250 Display Unit

operating on an IBM 360/67 computer. The user enters the PERT network

and the distributions of activity times by using the light pen on the

2250 Display Unit.

After the computer performs the analysis, the probability of being

on the critical path is shown for each arc in the network and a histo-

gram of project completion times is displayed. The user may then

modify the network and run another analysis.

A discussion of the difference between this Monte Carlo PERT

analysis and the usual PERT analysis and details of the implementation

is included, along with operating instructions for the program. A user

with no programming experience on the 2250 Display Unit can utilize the

program by following the operating instructions.
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I. INTRODUCTION

PERT (Program Evaluation and Review Technique) is a technique for

determining the expected time of completion and the variance associated

with this expected time for a project involving a number of activities

which are interrelated. The usual PERT analysis, described in ref. 1

and 2, involves analyzing the network once using expected activity

durations and computing an expected completion time, a variance on this

completion time, and a critical path.

A Monte Carlo analysis, discussed in ref. 3, involves analyzing the

network a great many times using random numbers to draw activity duration

times from the distribution of each activity's duration times. This

method also computes an expected project completion time and a variance

on this completion time. However, instead of a single critical path, a

criticality index is calculated for each activity. This is the ratio

of the number of times an
;arc was on the critical path to the total

number of analyses.

A. STATEMENT OF THE PROBLEM

To analyze even a fairly simple PERT network by hand can be very

time consuming. To analyze a network many times as is done in a Monte

Carlo analysis would be i Herculean task if done by hand. At the same

time, a student who is to be expected to use PERT networks in the

future should know how a network is analyzed and have a good underst.-' ;ding

of the meaning of critical path, criticality indexes, and th effects

on these from cha. jes to the network and the activity duration times.

One way to accomplish these objectives is to combine the rapid





processing of the computer with a visual display which allows the student

to experiment and change the network.

This paper describes a computer program, PERT-O-GRAPH, which allows

a user to draw a PERT network by using a light pen on a graphic display

unit. Distributions of activity duration times can be entered by

drawing the distributions with the light pen or reading them from

punched cards. A single analysis, called a "Mean Time Calculation" in

this program, can be made which is similar to the usual PERT analysis.

The user can then run an analysis using Monte Carlo techniques to

estimate the distribution of project completion times. The program

illustrates the changing of the critical path as activity durations

vary, and the criticality indexes of each arc on the network after the

analysis is complete.

PERT-O-GRAPH has 1 een designed to operate on an IBM 360/67 computer

with an IBM 2250 Display Unit Model 1. After reading this paper a user

should be able to enter and analyze PERT networks even if he has no

previous experience with the IBM 2250. No knowledge of computer pro-

gramming techniques is necessary to use the program.

B. ORGANIZATION OF THE PAPER

Section II of this report describes the usual PERT analysis. A

method for analyzing a PERT network and an example analysis are given.

Section III explains the difference between the usual PERT analysis and

a Monte Carlo analysis. Section IV discusses the intended use- of the

program and describes the graphic displays and the hard copy output.

10





Section V contains operating instructions for the use of PERT-O-GRAPH.

The use of the light pen, the programed function keys, and the alpha-

numeric keyboard associated with the 2250 Display unit are described.

Section VI is an example problem. It contains photographs of the

graphic displays and illustrates how the user can change the PERT

network.

Section VII is a description of the program. Concluding remarks

appear in Section VIII, followed by the program listing.

11





II. PERT ANALYSIS

In the literature dealing with PERT networks the following terms

are commonly used, and these definitions will be used throughout this

discussion. The arcs of a PERT network are called activities and have

associated with them so..e duration called te. The nodes of a network

are called events, and they represent the completion of activities.

The PERT network is a description of the relationships among the

activities. These activities must be finished before final project

completion may be realized. There must be only one final event repre-

senting the job completion, and it must be possible to reach the final

event from each node by following the arcs to successor nodes.

In the usual PERT analysis as described in ref. 2 and 3, there are

three estimates required for each activity time. They are used to

describe a beta distribution and are a most likely amount of time

labeled m, and optimistic ^estimated on the time labeled a, and a

pessimistic estimate labeled b. The mean time of completion (te) is

computed by the formula:

te = a+4m+b
6

The variance of the completion time associated with this mean is:

v =|M .

A mean and a variance is associated with each activity in the net-

work. Then the network is analyzed "or the earliest expected project

completion time and the variance associated with this estimate.

A procedure and a computer program for solving a PERT network are

given in ref. 2. The program was used as a model for PER-O-GRAPH

12





described below. The procedure is explained using the network in

Figure 1.

FIGURE 1. Example PERT Network

The earliest expect time of occurrence, TE, oiid the associated

variance, V, for each event in the network if, computed by traversing

the network from beginning events towards the final event. The activity

preceding event 5 starts at time zero so the expected time of completion

of event 5 is time 10 and the variance is 9. The activity connecting

event 2-5 cannot begin until after the completion of event 5 or at time

10. The earliest event 2 could occur on the basis of event 5 and its

succeeding activity is 14 (10+4) . However, before the TE for event 2

can be determined the effect of other activities leading to event 2 must

be considered. The earliest activity 2-4 could be expected to be

completed is 27 (18+9). Therefore, activity 2-4 governs the TE of

event 2, and the TE of event 2 is 27. The variance for event 2 is

determined by adding the variance of its governing immediate predecessor

event and the variance of the activity connecting that event to event 2.

Therefore the variance associated with event 2 is 17 (11+6) . This

process is continued until the TE and V for each event is determined.

13





For the above example the TE for event 1, the final event, is 46.

Therefore the earliest expected time of completion of the job is 46

with a variance of 24.

The next step in solving the PERT network is to determine the

latest expected time at which an event can be allowed to occur without

delaying the completion of the project. This value is labeled TL and

is determined by traversing the network from right to left as follows.

Event 2 can be allowed to occur as late as time 33 (46-13) and event 3

can be allowed to occur as late as time 39 (46-7) . Event 4 has two

immediate successor events. The TL for event 4 is the smaller of the

TL's determined by basing TL for event 4 on each of its in: ediate

successor events. Basing it first on event 2, the TL for event 4 is

21 (33-9). Next basing it on event 3 the TL is 18 (39-21). Since this

is the smaller of the quantities, the TL for event 4 is 18. The

remainder of the network is then solved in this manner until the TL

for each event is determined.

Next the "Slack" of each event is determined. This is the difference

between the latest time at which the: event can be allowed to occur

without delaying the overall project completion time and the earliest

time at which it car: possibly occur. In formula form it is TL-TE.

Events with a "Slack" equal to zero are critical events, and the path

which joins the critical events is called the critical path.

Figure 2 i:. the solution of the PERT network in Figure 1. The

critical path is the path along the arcs connecting events 4, 3, and 1.

The project completion times in the usual PERT analysis are assumed

to approximate a normal distribution. In this example the project

14





completion times are assumed to be normal with mean 46 and standard

deviation of 4.9.

Event Numb<ers

5 4 3 2 1

TE 10 18 37 27 46

V 9 11 19 17 24

TL 23 18 39 33 46

SLACK 13 6

FIGURE 2. Solution for Example PERT Netv/ork

15





III. MONTE CARLO PERT ANALYSIS

The use of Monte Carlo techniques offers many advantages over the

usual PERT analysis described in the previous section.

For a Monte Carlo analysis the network is drawn in the usual manner.

Ho..ever, instead of describing the distribution of each activity with

the standard three parameters of m,a, and b, which assume a beta distri-

bution, any distribution can be associated with an activity's duration

time. This allows for greater flexibility and improved accuracy

depending on how closely the distributions can be est' >ated.

A Monte Carlo analysis consists of a large number of simulations of

the performance of the project. Each simulation has a possibility of

estimating the time the actual project will take and the activities

which will be critical. A simulation begins with the drawing of a

random te from the distribution associated with each activity. The

network is then solved in the usual manner except the variance is not

computed. The project completion time and the identity of each arc

which was on the critical path are saved. When the desired number of

simulations is completed, the overall project completion time distri-

bution can be determined by plotting the individual completion times or

by performing a mathematical analysis of the stored completion times.

The mean and str idard deviation of this distribution give a more

accurate prediction of the project completion time than the usual PERT

analysis since the distribution need not be normal as is assumed in

the usual method.

Rather t .an a prediction of a critical path, the criticality index

for each activity is given. This is simply the percentage of the

16





analyses for which each activity was on the critical path. This gives

an indication of how much attention on activity should be given by

management to ensure the earliest possible project completion. This

can be very valuable, especially if the completion times on two or

more paths are close.

17





IV . USES FOR MONTE CARLO PROGRAM

The Monte Carlo PERT analysis program, PERT-O-GRAPH, is intended

to demonstrate the way the critical path changes during a Monte Carlo

analysis and to be an aid to a person learning this method to estimate

project completion times. It can be used to solve small management

problems, but due to the small buffer (4K) on the 2250 Display Unit at

the Naval Postgraduate School for which this program was written, the

arrays are limited so no more than fifty events and two hundred

activities can be used. This number of events and activities could not

be displayed simultaneously due to the buffer. Since most problems are

larger than this, real life applications of the program are restricted.

The displays are designed to demonstrate the effect of changing

activity duration distributions upon the critic. I.ity indexes and the

distribution of project completion times, and the effects of adding and

deleting activities on the project completion times.

PERT-O-GRAPH contains three main displays which are drawn on the

2250 screen. The main display is that of the PERT network. The nodes

and arcs are displayed wherever indicated by the user. At the bottom

of this display are strir.gs of text called light pen functions which

enable the user to communicate with the program and indicate what

function he wishes to perform next. If the user indicates he wishes a

mean time analysis to b> performed, the mean time foi each activity is

displayed on the arcs and the mean time critical path is indicated by a

double line along the critical arcs. When performing a Monte Carlo

analysis the user may indicate that he wishes the analysis to be per-

formed in such a manner that after each single analysis the duration

18





time for each activity is displayed on its arc, and, when called, the

critical path for that single analysis will be displayed. This pro-

cedure gives an instructor the option of having his students calculate

the critical path by hand and then have the critical path displayed to

check the answer. It also demonstrates how the critical path can vary

depending upon the length of time required to complete the various

activities. After running a complete analysis the indicated number of

times this display has the criticality indexes drawn on each arc in the

network. Thxs emphasizes the point that there is not necessarily only

one critical path and that all activities must be supervised to varying

degrees in order to realize the shortest project completion time.

The second display is for entering the distribution of activity

duration times. The user can indicate and enter either a cumulative or

frequency distribution. Only discrete distribute is can be entered

with the choice of twenty values on both the X and Y axes. After

entering the distribution and returning to the main display, the user

may refer to any activity, and if a frequency distribution was entered,

a plot of either the frequency of cumulative distribution associated

with that activity will be displayed in the lower left of the main

display. If a cumulative distribution was entered, only the cumulative

distribution can be displayed.

The third display is a plot of the distribution of the project

completion times. The user designates the minimum time to be plotted,

the width of the plot increments, and th • total number of increments.

A plot of completion times takes up half of the display CRT. When more

than one complc te analysis is run, the display shows th. plot of the

most recent analysis and that of the previous analysis. This allows a

19





quick comparison of how altering the network changes the project

completion times.

In addition to the displays on the CRT there is a hard copy output

for each completed analysis. This copy gives the sequential number of

the analysis, how many iterations were made for that run, the mean and

standard deviation of the project completion times, the upper limit of

each increment, the per cent of total for each increment, and the

cumulative percentage for each increment going from lowest to highest

completion time recorded.

20





V . OPERATING INSTRUCTIONS FOR PERT-O-GRAPH

The operating instructions cover all the capabilities of PERT-O-

GRAPH in such a manner that the user need have no former experience

with the IBM 2250 display unit and he need not have any computer pro-

gramming ability. The use of the light pen, the 2250 keyboard, the

programed function keys and the displays are explained.

A PERT network entered into PERT-O-GRAPH has certain restrictions

which must be met for successful execution. Node 1 must be the final

event and it must be entered first. The rest of the noodes may be

placed anywhere in the network, however, the internal execution of the

program will be more efficient if the nodes are arran
v
cd such that the

lower numbered events are in the direction of the final event. This

arrangement is only an efficiency consideration and is not necessary

for successful execu: ion. A beginning event can have only one predeces-

sor activity and the final^ event cannot have any successors. All the

events in the network cannot have more than four immediate predecessor

events or four immediate successor events. However, a problem in which

an event has more than four immediate predecessors or immediate succes-

sors can be solved by using "dummy" events. The use of dummy events is

illustrated in Figure 3. A maximum of fifty events can be entered and

after event 50 appears no more events can be displayed. The maximum

number of different distributions that may be defined is fifty.

21





te=0

FIGURE 3. Use of "dummy" Events

A. LIGHT PEN FUNCTIONS

Most of the user controlled operations are communicated to the

computer by means of the light pen. The light pen operations which the

user can call are displayed in Figure A on page 39 as they appear at

the bottom of the main display. In order to call a light pen function

the light pen must be placed over the desired text and then the light

pen foot switch depressed.

1. Enter Node

Nodes are numbered sequentially from 1. The first node entered

will be 1, the second 2 etc.

After using the light pen to detect the "Enter Node" function

the user will be instructed to "Position light pen before pressing

function key." The light pen should then be positioned over the place

on the 2250 display screen where the user desires the next node to

appear. Next the programed function key four labeled "Locate L.P."

should be pressed, and then the light pen foot switch depressed. When

function key four is pressed the display will no longer be visible and

the screen will be filled with W's. After depressing the light pen

foot switch the PERT network will again be visible with the new node in

the indicated position. All the nodes do not have to be entered before

performing other functions.

22





2. Delete Last Node

The "Delete last node" light pen function causes the node just

previously entered to be erased. If any function such as entering an

arc has been performed since the last node was entered this option

cannot be used, and the "Delete node" function must be used to erase a

node. If the "Delete last node" function is used the node deleted can

be used again. This is not true if the "Delete node" function is used.

The "Delete node" function is explained below.

3. Enter Arc

After indicating the desire to enter an arc, the user is instructed

to "Indicate node, then predecessor." By means of the light pen the

user should indicate first the node, then the predecessor node between

which the arc is to he drawn. After the arc appears the user has the

option to delete tlr :irc, "Delete last arc", enter a new distribution

for the new arc's activity time, "Enter distribution", and "R ad Dist

from Card", or assc late a distribution which has already been entered

with the new arc, "Same distribution as arc."

If the "Delete last arc" option is selected with t ie light pen,

the arc will disappear and the original list of options will appear.

After selecting the "Same distribution ar arc" option, the user

indicates with the 3 <:
,ht pen which arc has the already defined distri-

bution and the new arc will share that di: tribution.

The "Enter distribution" option causes the screen to be erased

and the two op'' is "Cumulative distribution" and "Vtoquency distribu-

tion" tc- appear at 'he top center of the display surface. The method

for entering distributions is explained in B below.

23





4. Enter Beginning Arc

The "Enter beginning arc" option must be used to enter the arc

representing an activity with no predecessor event. After indicating

this option the user is instructed to "Indicate beginning event."' Then

the three choices for entering distributions described under the Enter

arc discussion are made available.

5. Delete Node

The "Delete node" light pen function allows the user to delete

a node anywhere in the PERT network. After selecting this function the

node to be deleted should then be indicated with the light pen, and it

will be erased. The number on this node will not be reused and the next

node entered will be sequenced as if no node were deleted. Since the

final event must always be node 1, this option should not be used to

delete node 1. After a node has been dele ted any arcs leading to or

from the deleted node must be deleted by using the "Delete arc" function,

6. Delete Arc

If the user wishes to delete an arc for which a distribution of

completion times has been entered, the "Delete arc" function must be

used. After choosing this function, the light pen is used to indicate

the arc to be deleted, and that arc is erased from the network.

7. Restart

"Restart" reinitializes the display. The PERT network displayed

is completely erased as are all distributions of completion times pre-

viously entered. The first node entered after a restart has 'he number

1. Thir fun tion is usually used before a completely new network is

entered for analysis.

24





8. Change Only Dist of Arc

The "Change only dist of arc" function allows the user to

change the distribution of an arc which is using a shared distribution

without changing the shared distribution or to change the distribution

of an arc which is not using a shared distribution. After selecting

this function the user should indicate which arc is to have its distri-

bution changed. Then the options to assign a new distribution or to

share a distribution are presented.

9

.

Change Common Dist of Arc

The "Change common dist of arc" function is used to change a

distribution which is associated with more than one arc. After

selecting this function, one of the arcs v ;ing the common, or shared

distribution should be indicated with the light pen. Then a new shared

distribution may be entered, or a previously defined distribution can be

associated with the arcs sharing the distribution by indicating which

arc is associated with the desired distribution. This function may also

be used to change the distribution of an arc which is not sharing a

distribution with other arcs, but the "Change only dist of arc" function

is more efficient for this purpose.

10. Display Freq Dist of Arc

The "Display freq. dist of arc" functic is used to display a

frequency distribution associated with an arc. It can only be used if

the distribution was entered as a frequency distribution. After

choosing this function, the user indicates the arc whose distribution

is to be displayed, and the frequency distribution will appear in the

lower left corner of the 2250 display. Pressing programed function key 3

25





labeled "Go on" erases the display of the distribution and allows

further function calls.

11. Display Cum Dist of Ar c

The "Display Cum dist of arc" function is used to display the

cumulative distribution associated with an arc. It does not matter

whether the distribution was entered as a frequency or a cumulative

distribution. After choosing this function, the arc whose distribution

is to be displayed should be indicated and the cumulative distribution

will appear in the lower left corner o r the 2250 display. To erase the

display of the distribution and allow further function calls the pro-

gramed function key 3 labeled "Go on" must be pressed.

12. Quit

The "Quit" light pen function ends the program and disables the

2250 display unit.

13. Execute

The "Execute" light pen function indicates that the PERT network

is complete and ready to be analysed. After selecting this light pen

function the user has no means of changing the network until the

analysis is completed.

B. PROGRAMMED FUNCTION KEYS

The IBM 2250 Display Unit has associated with it a programed function

keyboard. There are 32 keys numbered from to 31. In PERT-O-GRAFH,

keys through 6 are used. The lights inside these seven keys are on

only when they may be used, however the user must be careful to press

the correct key depending on what part of the program is currently being

executed. Pressing a key causes an interrupt and a message to be
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communicated to the program, and pressing the wrong key may cause

unpredictable results.

1. End Dist (P.F. Key 0)

This P.F. key is used when entering a distribution of activity

completion times. It indicates that the distribution has been

completely entered. Before pressing this key the user should check that

the distribution is correct, since after it is depressed the distribu-

tion is entered into the program and one of the functions to change the

distribution of an arc would have to be called to correct the

distribution.

2. End of Char (P.F. Key 1)

This P.F. key is used after entering characters by the alpha-
j

numeric keyboard. Pressing this key will remove the cursor from the

character string and enter the character string intc the program.

3. Restart Plot (P.F. Key 2)

This P.F. key can be used when entering the plot of a distribu-

tion of activity completion times. It causes the labels on the X axis

and the plot to be erased. It will be recognized only after the first

point is plotted.

A. Go On (P.F. Key 3)

This P.F. key communicates to PERT-O-GRAPH that the user wishes

the program to execute the next step in the program. The result depends

upon the step presently in progress.

a. Singl Step Execution

When pe. forming a Mo te Carlo analysis in single step mode,

the te for each arc is displayed when the single analysis is completed.
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Pressing this key after the te's are displayed will cause the critical

path to be drawn.

b. Criticality Indexes Displayed

Pressing P.P. key 3 when the criticality indexes are

displayed after a complete Monte Carlo analysis will cause the PERT

network to disappear and the plot of the project completion times to be

drawn

.

c. Distribution of Project Completion Times Displayed

Pressing P.F. key 3 when the distribution of project

completion times is display d will cause the distribution to be erased

from the screen, the PERT network to appear, and will allow alteration

of the networ. .

d. Mean Time Calculation

After a mean time calculation, the te's and critical path

are displayed. Pressing P.F. key 3 at this time will cause the te's

and critical path to be erased and allow the user to enter the number of

analyses to be performed in the Monte Carlo analysis.

5. Locate L.P. (P.F. Key A)

After indicating that a new node is to be entered, pressing P.F.

key 4 will cause the 2250 display area to be filled with W's. This is

necessary for the light pen to detect the coordinates where the new node

is to bf drawn.

6. Step (P.F. Key 5)

This key is used when performing a Monte Carlo aualysis in the

single execution mode. After the critical path is displayed pressing

this key will cause the nc :t analysis to be performed.
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7. Continue, No Reset (P.F. Key 6)

After a complete Monte Carlo analysis has been performed and

the plot of project completion times is displayed, this key is used to

indicate that the same network is to be solved an additional number of

times

.

C. ALPHANUMERIC KEYBOARD

The alphanumeric keyboard attached to the 2250 Display Unit allows

the user to enter characters into the display. In order for a character

to be entered into the display a cursor must be in the display. The

cursor is inserted automatically by PERT-O-GRAPH when information is to

be entered via this keyboard. After a character is ente d, the cursor

moves to the next position where a character can be entered.

The ADVANCE key moves the cursor one position without changing the

character above the cursor. Pressing P.F. key 1 will remove the cursor

and enter the text into PERT-O-GRAPH. Hitting the ALT and CANCEL keys

simultaneously will cause the display to disappear and the text "*TER-

MINATE", M *DUMP", and "PRESUME" to appear. Detecting on "^TERMINATE"

and "*DUMP" with the light pen will cause the program to terminate,

and "PRESUME" will return the display and execution will continue.

D. DRAWING A DISTRIBUTION

After entering an arc or indicating the desire to change the distri-

bution of an arc and then indicating a new distribution is to be entered

by the user the 2250 screen will be erased and the text "Cumulative

distribution" and "Frequency distribution" will appear at the top center

of the display. The lig'
.
t pen is used to indicate the type of distri-

bution to be entered. This will cause an X and Y axis to appear.
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Each axir is divided into twenty segments by strokes along the axis.

The Y axis is labeled from 0.0 to 1.0.

1. Labeling the X Axis

The extremes on the X axis are entered by the user. A cursor

first appears to the left of the axis where the left extreme is

entered. The extremes are entered by using the 2250 display unit key-

board. After entering the left extreme
,
pressing programed function

key 1 labeled "End of char." will cause the cursor to appear to the

right of the X axis. The right extreme is entered in the same manner.

The axis will be labeled along its length with increments of one-tenth

of the difference between the extremes. It is not necessvry to enter

ihe most optimistic and most pessimistic times as the extr< es . The

extremes should be chosen o the axis will be labeled with points that

are to be used in the plot. As an example, if the user wished to plot

points between 7 and 13 he might enter the extremes of 5 and 15. This

would cause 5.0, 5.5, 6.0, 6.5, etc. to be entered alo^g the axis. If

7 and 13 were entered as the extremes, the labels would be 7.0, 7.6, 8.2.

9.4, etc. The maximum value that can be entered as either extreme on

the X axis is 9999.9. All values entered must contain a decimal point

and may contain one digit to the right of the point.

2. Drawing a Cumulative Distribution

To enter the starting point of a distribution the light pen is

used to indicate the vertical hash mark on the X axis representing the

most optimistic estimate. The distribution is drawn by first indicating

the X value of the point by detecting one of the hash marks on the X

axis and then indicating the Y value by detecting one of the hash marks

on the Y axis. PERT-O-GRAJ I will draw lines between succeeding points.
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Any discrete cumulative distribution of twenty points or less can be

drawn. The last point entered must have a Y value of 1.0. When

finished entering the distribution, programed function key labeled

"End dist" should be pressed. The distribution will then be entered,

and the display of the PERT network will reappear.

3

.

Drawing a Frequency Distribution

To enter the starting point of a distribution the light pen is

used to indicate the vertical hash mark on the X axis representing the

most optimistic estimate. To draw he distribution first indicate the

X value of the point by detecting one of the hash marks on the X axis

and then indicate the position of the Y value by detecting one of the

hash marks on the Y axis. The values on the Y axis can be thought of

as positions instead of values since PERT-O-GR/PH will draw lines

between succeeding points and internally adjust the values so the area

under the finished plot is equal to 1.0. When finished entering the

distribution, programed function key labeled "End dist" should be

pressed. The distribution will then be entered, and the display of the

PERT network will reappear.

4. Error Correction

If an error is made when entering a distribution, the plot and

the X axis labels can be erased by pressing programed function key 2

labeled "Restart plot". This key can be used any time after the first

point is entered.

E. ENTERING A DISTRIBUTION FROM PUNCHED CARDS

A distribution may also be entered from punched cards by detecting

the "Enter dist from card" light pen function. If distributions are to
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be entered using this option, the punched cards must be entered at the

end of the program deck prior to submitting the program for execution.

Only cumulative distributions can be entered through this function.

The first card for each distribution must contain the number of

points used to describe the distribution. This number must be an

integer and it must be placed in the first six columns of a card. The

last digit must be in column six as any trailing blanks will be interpre-

ted as zeroes.

The points in the distribution are entered on separate cards. The

first number on a card is read as the X value. It must be entered in

the first six columns of a card. If no decimal point is entered the

default format of F6.1 will be assumed. The second number on a card is

read at the Y value of the point and it must be ent- red in card columns

seven through twelve. If no decimal point is entered, the default

format of F 6.3 will be assumed.

The user should be careful to place the distributions in the order

in which they are to be entered as they cannot be read out of order.

Once a distribution is read from cards it cannot be read again.

F. EXECUTION

After indicating that an execution is desired the original list of

options is erased from the screen and the two options "Mean time

calculation", and "Execute-Analyses" appear. The mean time calculation

will perform only one analysis and display the mean ^irne of project

completion using the meai :ime for each activity. This is similar to

the usual PERT analysis. F>y indicating the number of analyses to be

made the user indicates that a Monte Carlo analysis is to be made.
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1. Mean Time Calculation

When a mean time calculation is selected with the light pen the

mean time is written to the right of "Mean time calculation" and the

mean time of each activity's completion time is displayed on its arc.

Also the mean time critical path is indicated by a double line along

the arcs on the critical path in the PERT network. The user may now

indicate the number of analyses to be performed in the Monte Carlo

analysis.

2

.

Monte Carlo Analysis

To begin a Monte Carlo analysis enter the number of analyses to

be run in "Execute - Analyses" with the 2250 keyboard. The largest

number that can be entered is 9999. If less than 1000 analyses are

desired, this nu;..ber must end with a decimal point. After this number

is entered, function key 1 should be pressed, and then the user will be

direcv 3 to enter "Minimum time." This is the minimum time that will

be plott: d in the distribution of project completion times. The largest

number that can be entered here is 999999.9 and a decimal point must be

included. Next the user is directed to enter the "Width of increments."

This is the distance between points in the plot of project completion

times. This number also can be no larger than 999999.9 and must contain

a decimal point. After again pressing function key 1, the user is

directed to enter "No. of increments." This is the number of points to

be plotted in the distribute of project completion times. The

maximum nuii; er of points i 50, and the numbi r must end with a decimal

point.

After entering this information the user must make the choice of

"Single execution" or "Complete analysis."
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3. Single Execution

If the "Single execution" mode is chosen with the light pen,

one analysis will be performed, and the te picked for each activity

will be written on that activity's arc. Next, prograiv d function key 3

should be pressed, and the critical path will be displayed by a double

line along the arcs of the critical path. If another single execution

is desired, it may be performed by pressing function key 5 labeled

"Step" or by detecting "Single execution" with the light pen. After

any single execution the user may go to the complete analysis mode by

indicating "Complete analysis" with the light pen.

A. Complete Analysis

When the "Complete analysis" mode is selected, the nunber of

Monte Carlo analyses indicated are perfon ed, and when they are completed

the criticality index for each arc is written along each arc. This

indicates the percentage of the time an arc was on the critical path.

After the criticality indexes are displayed, pressing programed function

key 3 will cause the PERT network to be erased and a plot of the project

completion times to be displayed. The current plot fills half of the

screen and the previous plot fills the other half.

At this point, the user has two options. He can press function

key 3 ("Go On") and the progra? will return to the point where modifica-

tion of the PERT network is allowed. If function key 6 labeled "Continue,

no reset" is pressed the user will be directed to enter the number of

additional ar>- lyses to be performed and then to indicate step execution

or complete execution. The "Continue, no reset" function does not reset

any of the data already compiled and allows for additional executions to

smooth the curve of project completion •. imes

.
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G. SUBMITTING A RUN

PERT—O-GRAPH is complete by itself and can be run by a user with

no additions except a JOB card unless he wishes to read distributions

from cards . The green JOB card is placed at the beginning of the

program deck and it must contain the phrase TYPERUN=HOLD . Cards

containing distributions of activity duration times must be placed

immediately before the orange A card which is at the end of the

program deck.
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VI . SAMPI PROBLEM

The problem described in this section is to determine the distri-

butions of activity duration times necessary to cause the plot of

project completion times for tbe network shown in Figure 4 on page 39

to have a mean below 50.0. The network represents the jobs in the

project which must be completed and the order in which the jobs must

be started. Node 1 was entered first, then the remaining nodes and

arcs were entered.

Some of the distributions of activity durai ion times were entered

from punched cards and some were entered by drawing the distributions

on the display unit. The distribution for arc 5-8 was drawn, and is

shown in 2 igure 5 on page 40 . Before the begii, ing arc entering node

7 was entered, the distribution for arc 8-5 was displayed as shown in

Figure 6 on page 41 . Since this was the same as the distribution

desired for the beginning arc entering node 7 this arc was designated

to share the distribution of arc 5-8.

There were six distributions entered for the twelve arcs. The

points in the distributions and the arcs which were associated with

these distributions are given in Table 1 on page 50 .

After the complete network was entered, a mean time calculation was

executed. This resulted in a mean time of 51.4 and a critical path

along the arcs connecting nodes 8,6,3, and 1.

Next a Monte Carlo analysis of 1,000 executions was spe'ified.

Using the mean time calculation as a basis, a minimum time of 30.0, a

wi«!th of increment of 1.5, and the number of increments 30 were entered

for the plot of project completion times. When this analysis was
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completed, the mean time of the plot of the project completion times

was 54.9 with a standard deviation of 4.0. It was then run again for

another 1000 executions.

The criticality indexes has 1 on these 2000 executions are shown

in Figure 7 on page 42 . The mean time of project completion times

resulting from those 2000 analyses was 54.9 with a standard deviation

of 4.1. Since these values were so close to the values obtained from

1000 analyses, additional executions to smo: Lh the curve of completion

times and to calculate the criticality indexes were felt unnecessary.

The estimated mean time of project completion using a Monte Carol

analysis was 54.9 as compared to a mean time of 51.4 using a mean time

calculation which is similar to the usual PERT analysis. This is the

same type o" results as were described by Van Slyke ^.n ref. 3.

Next an attempt was made to lower the mean time of the project

completion times. The arcs with the highest criticality indexes

seemed to be the logical ones to alter. Arc 1-3 had a criticality

index of .73 so this arc was changed first. A uniform distribution

between the times of 5.0 and 12.0 was entered for this arc's distribu-

tion of duration times . 2000 analyses were specified and the same

parameters for the plot of project completion times were entered. This

is shown in Figure 8 on page 43.

This analysis was first run in the single step mode so the changing

of the critical path could be observed. The resulting critical path

from two individual an lyses re shown in Figu* i : 9 and 10 on pa; as 44

and 45,

The analysis was then run in the complete analysis mode to the

finish. This resulted in a plot of project completion time with a mean
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of 53.5 and a standard deviation of 4.2. The plots of the two complete

analyses are shown in Figure 11 with the old plot at the top of the

display and the new plot at the bottom.

Another attempt was then made to lower the mean of the distribution

of the project completion times. The arc with the highest criticality

index in the last analysis was arc 4-7 with an index of .65. The

distribution of duration times for this arc was changed .to a cumulative

distribution uniform over the times from 7 to 15. The network was then

analysed 2000 times with a resulting distribution of project completion

times with a me^n of 49.1 and a standard deviation of 4.0.

This problem illustrates how the user can experiment with a PERT

network usin^ PERT-O-GRAPH. He can see how the critical path changes

with differen. activity durations, and he can observe the effect of

altering the network on the distribution of project completion times.
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FIGURE 4. PEiLT Network Analyzed in Example Problem

39





FIGURE 5. Cumulative Distribution drawn by light pen
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IGURE 6. Display of Cumulative Distribution associated
with ai: Arc.
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FIGURE 7. Display of Criticality Indexes
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FIGURE 8. Display of Pararn. ! ers for Plot of Distribution
of Project Completion Times

.
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FIGURE 9. Display of Network with critical path shown
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FIGURE 10. Display of Network with Critical Path changed
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FIGURE 11. Display of Plots of Distributions of Project
Completion times
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VII . PROGRAM DESCRIPTION

PERT-O-GRAPH is written for an IBM 360/67 with an IBM Display Unit

Model 1. The Display Unit is described in detail in ref . 4. The

program is written in FORTRAN IV, described in ref. 5, to run on a

machine with OS/360 release 18 and an IBM Graphics Subroutine Package

described in ref. 6.

The program for the PERT analysis is modeled after a PERT program

given in ref. 1. The model program has been expanded to handle nodes

with four immediate successor and four immediate predecessor events.

A. MAIN PROGRAM

The main program controls the 2250 displays, the calling of sub-

routiner,, the filling of the various arrays, determining the critical

path and completion time of the PERT network, and the printing of the

hard copy output

.

1 . The 2250 Displays

The display fox the PERT network is entered into its own graphic

data set. This data set is equivalenced with two other data sets. One

of these data sets is used when entering a distribution and one is used

in the pic of project completion times. When one of these other data

sets is called, the data set with the network is overlayed in the 2250

buffer and a copy is retained in the 360' s core. When the datr. set

containing the network is recalled, it overlays an equivalent data set

in the buiier and reappears.

The nodes in the network have a correlation value assigned so

they can be identified by light pen detections. The correlation value

assigned is the same as the number of the node. The arcs in the
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network are correlated with a number which identifies the two nodes

between which the arc is drawn. For example, an arc correlation value

of 0310 identifies the arc going from node 3 to predecessor node 10.

The text which appears on the screen for light pen functions

and instructions to the user is placed in its own data set. This data

set is completely erased when the program jumps to another section of

code. The reason this text is not written just once and then placed in

include or omit status when needed is that it was found that the text

took up too much buffer space when used in this manner. By completely

resetting the data set, the buffer space used by this data set is

freed for other uses.

The display for entering a distribution is composed of two

graphic data sets. One data set contains the axes, the labels on the

axes, and the plot. The oth r contains only the hash marks on the X

and Y axes. The light pen is enabled to detect only the data set which

contains the hash marks. Only six characters can be entered for the

left and right extremes. This allows a space equal to the size of one

half character between strings of numbers after the entire X axis is

labeled. When the user enters the X coordinate of a point, the program

saves the absolute X coordinate for plotting the point. The time value

associated with this point is computed by scaling. The coordinate and

time value for the Y axis are handled similarly. The same display is

used to enter a frequency or a cumulative distribution.

The plot of the distribution of project completion times

involves the use of two data sets. After two complete analyses, both

data sets contain a plot. After the third analysis, the oldest plot is

erased and the new plot is entered in the cleared data set. In this

48





manner the current and last distribution are displayed simultaneousl .

The extremes on the X axis are determined by the values the user enters

for "Minimum Time", "Width of Increment," and "Number of Increments."

The smallest increment includes the number of completions which fall

in that increment as well as those that are less than the minimum value.

The largest valued increment includes the number of completions which

fall in that increment as well as those that are greater thav the right

extreme. The Y axis is labeled from 0.0 to the maximum percentage of

completions any increment contains. The plot is a series of straight

lines. The X coordinates for the end of each line plotted are the

centers of the increments except for the two extremes. The plot starts

at the Y axis ; 1 ends with the right extreme. The value of the Y

coordinate represents the percentage of completion times in each

increment

.

2. Arrays

There are three main arrays in the program. The EVT array,

dimensioned 50 by 20, contains the data necessary for the PERT analysis.

The IPT array, dimensioned 50 by 4, is Linked to the EVT array and

contains pointers to the array containing the distributions of activity

duration times . The DIS array is dimensioned 50 by 20 by 3 and contains

the distributions of activity duration times.

The first subscript of the EVT array indicates the number of

the node. The data contained in the EVT array is explained in Table 1

on pag'. 50.

The first subscript of the IPT array indicates the number of

the node. The second subscript indicates the location of a pointer in

the array for a particular arc's distribution of duration times.
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EVT(N, 2):

EVT(N. 3}:

EVT(N, 4):

EVT(N. 5):

EVT(N
S
6):

EVT(N. 7):

EVT(N. 8):

EVT(N. 9):

EVT(N. 10)

EVT(N 11)

EVT(N 12)

EVT(N. 13)

EVT(N ,14)

EVT(N ,15)

EVT(N ,16)

EVT(N ,3 7)

EVT(N ,18)

EVT(N ,19)

EVT(N ,20)

Number of event N's first I. P. (Immediate
Predecessor)

The te associated with N's first I. P.

Number of event N's second I. P.

The te associated with N's second I. P.

Number of event N's third I. P.

The te associated with N's third I. P.

Number of event N's fourth I. P.

The te associated with N's fourth I. P.

TE of event N

Number of event N's first I. S. (Immediate

Successor)

The te associated with N's first I. S.

Number of eve t N's second I. S.

The te associated with N's second I. S.

Number of event N's third I. S.

The te associated with N's third I. S.

Number of event N's fourth I. S.

The te associated with N's fourth I. S.

TL of event N

SLACK of event N

if event current, 1 if event deleted

TABLE 1. Definition of EVT Array
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For example IPT(N,1) contains a pointer to the distribution of duration

times for event N's first immediate predecessor, IPT(N,2) points to the

distribution for N's second immediate predecessor, etc.

The DIS array contains the distributions of activity duration

times. All the distributions are stored as cumulative distributions

even if they are entered as frequency distributions. The first sub-

script is the number of the distribution and is pointed to by the IPT

array. The second subscript is the number of the point in the distri-

bution. A distribution must be described with twenty points or fewer.

DIS (I,J,1) contains the cumulative distribution's Y value for the

Jth point of the Ith distribution; DIS (I, J, 2) contains the corresponding

X value; and DIS (I, J, 3) contains the corresponding Y value for the

frequency distribution if the user enters the distribution as a

i 2quency distribution. If the user enters a cumulative distribution,

the cells for the Y value for the frequency distribution are set to

zero.

When an arc is entered, the identity of the predecessor is

entered into the EVT array. Then the pointer to the distribution of

activity duration times is entered into the IPT array.

The ITCRT and ICRIT arrays are dimensioned 50 by 4. The ITCRT

arra> kee; s the information on which arcs are on the critical path when

doing a mean time calculation or a Monte Carlo analysis in the single

step mode. The ICRIT array keeps a count on how many times each arc

was on the critical path for the criticality incLx calculation. The

IHIS array is a vector of length 50 which contains the total number of

completions which fall into each increment. The LOC array is dimensioned

50 by 2 and contains the X and Y coordinates of each node. The PLOT

51





array is a 50 by 2 array of points to be plotted by the DISPLY sub-

routine. The P arrry is a vector of length 150 used as a stack of

pointers in the analysis of the PERT network.

3. Analyzing the PERT Network

If the user desires a "Mean Time Calculation" to be performed,

he must ind ; cate this before entering the number of iterations to be

performed in a Monte Carlo analy is.

Before determining the mean time critical path and completion

time, the mean duration of each arc is calculated. This is determined

by calling subroutine MEAN for each arc and then entering the mean time

for each arc's distribution into the EVT array as that arc's te. The

analysis is then run once and the mean time for each arc's duration,

the mean time for completion, and the mean time critical path are

displayed. The user may then chooose a Monte Carlo analysis.

In a Monte Carlo analysis, before determining the critical

path and completion time of a network, a te is determined for each arc.

This is accomplished by generating a random number between 0.0 and 1.0

in the RAND subroutine, entering the SETTE subroutine with this number,

and calculating a te from the associated distribution for an arc. The

te is then entered in the appropriate place in the EVT array. This

procedure is repeat. 1 for each arc in the network. After all the te's

are entered, the TE for each node is computed. The program then

calculates the TL for each node. Next the "SLACK" for each node is

calculated by si Lracting the TE from the TL for each node.

The pro^, un next determines which arcs are on the critical

path. This is done by first checking each node's slack. If the slack

is zero, it checks each arc that entered the node, and if the TL of the
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node minus the te associated with the arc equals the TL of the

predecessor, and the predecessor also has a slac:. of zero, then that

arc is on the critical path. The critical arcs are tabulated in the

ICRIT array for a complete analysis and in the ITCRT array for display

of the single step critical path. This process is repeated the number

of times specified by the user.

B. SUBROUTINES

The function of each of the subroutines in PERT-O-GRAPH and

descriptions oi their e: cution are included in this section.

1 . Subroutine DI .'.T

This subroutine enters a distributio -a of aa activity's duration

times into the D., S array. If a cumulative distribution is drawn on

the 2250, it is entered into the array exactly as plotted. If a

frequency distribution is drawn, the main program changes it into a

cumulative distribution. The user is cautioned that the cumulative

distribution resulting from this conversion is represented internally

as a series of straight lines, the same number of straight lines as was

used to draw the frequency distribution. If a greater number of lines

is used to draw the frequency distribution, the resulting cumulative

error will be reduced. For example, a triangular distribution drawn

with two lines becomes a straight line cumulative distribution. However,

if ma>.y short li segments are used to draw the same frequency

distribution, the resulting cumulative will more nearly resemble the

correct curved line cumulative distribution. Figure 12 illustrates

this result.
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An unavoidable error is caused by the 2250 light pen detections.

The 2250 rounds the raster unit coordinates of a detection so that

when the coordinates are converted to values on the X and Y axes,

slight errors may result.

2

.

Sub i itine MEAN

This .subroutine calculates the mean of the distribution of an

activity's duration times. The mean is determined by calculating the

average X value under each line segment of the cumulative distribution,

weighing these values according to the amount of the Y axis spanned by

each line segment and taking the sum of these weighted values. This

sum is returned as the mean of the distributic . .

3

.

Sub r

o

utine RAND

This subroutine is a random number genereior provided in ref. 7.

It starts with a seed of 65549 and generates random numbers between the

values of 0.0 and 1.0.

4. Subroutine SETTE

This subroutine enters a distribution of an activity's duration

times with a random number and determines a te for the activity. The Y

value of the cumulative distribution is searched sequentially until

value- bracketing the random number are found. Then the X value cor-

responding to these Y values is interpolated and the resulting X value

is returned as the te. This is the inverse transformation method of

generating stochastic variates as described in ref. 8.

5. Subroutine PLTII1S

This subroutine fills the PLOT array for plotting tl a distribu-

tion of project completion times. It labels the plot of completion

times, determines where the plot is to be placed in the display, and

calls the DISPLY subrout ae.
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1.0

Triangular Distribution
Using 2 Lines

1.0

Resulting Cumulative Dist
of 2 Lines

1.0

Triangula- Distribution
Using 10 Lines

Resulting Cumulative Dist
of 10 Lines

FIGURE 12. Drawing a Frequency Distribution
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.

Subroutine DISPLY

This subroutine is called to display the plot of project comple-

tion times and to display the distribution of an arc which has already

been entered. It determines how many labels will fit on the X and Y

axis, labels the axes, and plots the PLOT array.

7. Subroutine CRIT

This subroutine uses the ITCRT array and accentuates the arcs

on the critical path. It is called after a mean time calculation and

when performing a Monte Carlo analysis in the single step mode. Two

extra lines are drawn along the arcs on the critical path. One line is

displar ! four raster units to the left and four up from the arc. The

second line is displaced four raster units to the right and four up

from the arc.

8. Subroutine MARK

This subroutine generates text above the arcs in the network.

It displays the mean time te when doing a mean time calculation, the

te when doing a Monte Carlo analyses on the single step mode, and the

criticality indi-xes after the completion of a Monte Carlo analysis.
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VIII. CONCLUDING REMARKS

The program described in this report allows a user to draw a PERT

network on an IBM 2250 graphic display unit. The user can also draw

distributions of activity duration times or he can enter them from

punched cards. The network is then analyzed by the computer and the

results of the analysis are displayed on the graphic display unit.

One of the uses of the program is to demonstrate for typical

problems some of the differences between the usual PERT analysis and a

Monte Carlo PERT analysis. In the usua 1 PERT analysis the network is

solved only once and the result is one critical path and a project

completion time based on the mean times of activity durations. This

is what is done when a network is analyzed for a "Mean Time Calculation"

in t"
: 'is program. In a Monte C: lo analysis the project is simulated a

large number of times to produce a distribution of project completion

times. For each simulation the activity duration times may be

different, with resulting differences in the critical path. A

criticality index is associated with each activity as a measure of its

chances of being on the critical path. A Monte Carlo analysis usually

estimates a project completion time distribution with a mean time

greater than that of the usual PERT analysis. Also, it usually shows

that there are many potential critical paths.

Another use of the program is to allow the user to experiment with

making changes in the network. Nodes and arcs can be added or deleted

and the distributions of activity durations can be changed. The user

can then analyze the changed network and see what effect the changes

have on the criticality indexes and on the distribution of project

completion times.
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An improvement that could be made to the program would be to modify

it to accept an entire network, with associated distributions, from

punched cards. If the same network is to be analyzed and experimented

on many times this would save the user the time required to reenter

the network by light pen before each experiment.

Another improvement which could be made would be to add a sub-

routine which whenever called would plot whatever is displayed on the

graphics unit on a Calcomp Plotter. This would give the user the

capability of getting a hard copy output of the network, the plots of

the distributions or any other display which he might find useful.

58





m
ii

c
o
c

UJ

__
in
h-
t-t

ii

O
O
«

2T

O
»—

o
UJ
or
•-

*r
o
in

or

C
u.

O
»—

•

o
or*
—

_JO
o
OT*-*

Coo
LL>-

00
u «
LUf-
XO<
LUC

LL

X
a
<r
or
o

i

o
I

Qf
LU
a

:_:

—
t\i

__

*:
•

LU

O
in
<\i

<xi

7L
—

a.

>-

2!

oo

ore

>-K
*->
-U,

X»>*,

CjC

c

X
l~

C

X
LL

O
X
<
>-

o •>

c —
«—jnj

ook
*-hX
CLi

r—i w • —

• CMC'in

C- - -

- (\ifO>t
».- — «-

— •- *. »

— — m
Q- COLO CO

• » v. •—
t

.- cc »— vj r-

— » • •» K*« U - 2 O
>*- - or ^: I/jOC - J(/)f<» - . -
«—<— •• H-V.O- c- - i- «-uiu':-i •• » c? *
or— Xrr.u,h-- X •— - C v - - *-u.~
wr-ixt CH- »»_-• •• _'- > ^LLi - or LL
<£>-—' - X - *• X«— - «-'v» ctO' KILO
1- Xf*-— » LU" I. t~«l_5C '-/ '^0-4 •-•-'(_' * •-*•

XU r-<<N'«- - H - J- « »— - K-r- •'- h- 2T *V of !—
lui— h- *in *-> o -x^^c.:?- f- _jx- v» u;- -
j_ »xc — -J^ cs . » coo » c *x<lu *••(_>»
•— ujuo » <c:» h •- •->- ll^i-- 7~ a "^>-»
— vf.l_.w-fN: p/>-» C~ »X» t-h- h -J- <' •-<• - DT<1>0
vT)--- ••(—( • U- "»v_r»U-L.)»»>-, »»V. »•• <V' It—
~-(vj~cx »-v:_- t-Kzu. a:^-*^- u » » "^h-- C
lf\r-<0—Hi.' * i~» o «-l S*» o» ^' II CC'O x
H- 1- if- o i- r - x (- *-x_?-<X» ULi-i • *-< uaj- •
XXw- »- t— •-U.J* (/•,»- v/zC'-^Oh «• «-h-U.i» H C. •
U_u:oO'~-- I—- f— ai» \— -" LL.r^.C_'X « <3(- •• ty,»
Kh-»-iirvD »-•? »- *Z» vxroza 1*

•-x*--^- • C*v<r - UJOTV » I— » I— LU r •> ••-_ • C^T v. - c\) r< +
•_.,.»_-, (\(>. •-»—.» cj»—'>llv~i *-x +v l .• » «ai_)» n;» »•• » •»

rf.f\ »rv'f\i - h >_• __•• d h- • u.'« v.»—___ju: a^oC* •. •• »
-"»-*-|- f- l/)» OC •• »-Li. XLLK » h- - D_ilL<C» O" » » »
<Ji-<mxx o O* or» » u -*— - SuUJ» » ro *><i^OfOvC
I- r--<—-u U' CL •- 13. i— » U.:VKU;V^I~ fC) ' C • »-h- " • <\J(fi«d

XH."- I— >- o» O * O —I* <f O - <- • • X »- »•»
ujx'- » » ~z *-z- a^ v« » < h- v-^o a>-- *•••.
(— ILi f— ~ ~ *^~» "->UJ-il «» •• •» £ X «• If. U H-<l_>» » « •
•.^ v CMLLK-» >— » >. • • * X: U )<" r-

' h- O *—! C j nu;
_. „^-^ w- (— • LL.'«v_? ^LLLUCl/3-J* 21l-L_.s t-l/^ V- "SLOr-*^\^t
ro—rvv vo x •-^scll- ^^p'o. (_ w , x. . » »-o» » « •»

>-- sC •>-* CV fv ' U;» — » —' O 1"1 •U.'l/> »-V»U U' ^ ••h— » •• » •
m«-:7i-i~- y~ • x\zv. oo» i- u.;» • i~» - m_ •>•»•
KCj.jx x -<s> »-UJf-2?» •-•* —i— en: •— ii •• *w|-D^» » ar-4>vt
x»-:a.u. l, v.^-- (-!-»-< - *».v/": »» 2T« » ^CviO^a f-ir^vt
LUK •>!-

V

- —(— »X- Z'O'-'^- *^<— *«_• "-"• OU "''- •
— x—» • ••- • o*vll' -cujf^J-ju u"_r » v-> u z5' o ^v » - ••••»•
••l_JfV!-~"-— UJ «-LLi« H-» »— XI— - _Jf-i» h~Q~ • O'Nh » «p •

_»_ «~i_ w- vc r<"i ir> c; «» O- »-o» lux luH-v.i/) c * »-(vj^<» »-r-cir^
»-< Ovi ^vDww^wOi>o» I- >«vLU •-- LU- cxr-i— • • • • t- r •>• .—

f

r*"> ~-f

^,«^ r^.— ^IO^CVI^ l//*V_?«» CC» *V|— <T» U2r-*T - »0 xt-» — » •
_JfNJ «—sC(— {sjfNjfl «-U-sJlU hH ••2'*v|— (-• • * ?>U :XW4 •

_j ». (\jw-xi— »~i- • ori-» a* x«-' v-<r<'. *x z:z'SL-Ji-uit~- » » •
DO i-cru.'XXX2"" x »-c •aCK" »-»v.lu* <s c?2" *l-C; soa-rv
ZU\ X »— I— LU Uj Uj »Uj«» oo» --X(_J» h- • I- LL:aili.« » v. i-:<\>J
•"w- UJX »kl--l-Q-» ^->» LLi» U-Qi »X 7 5 1- ^ •-- v»,» » » _— l_s I— Ui-~ •• •• t-u Q. »-U .i »-l— -h-<m ll'OVUi* » •• » X» K^ »
OO >- f\.— • • "v. - < « «. ui|- o - a "^ »-oC» O" » * • •
rv!_j — •— ir.fivO »-ll » c^oav* k < » o» ore »-ir\ccr~!
• ^ n"i—-u >—-•—— • q: m ll- >-- «^ji » • <n:'l_' lu u » <<- r-<rvi-vt

•- C— — vC"-"^ v^ r—-»— • «-LJ »-l/1 » -J •- » h JCOU! Uj • • •
»— inc t—— Kt—Tvjr*'-z »-t_;» LU* -< i/>» - oxlu« » c« o-ni •.••«
C —m hcciXi-i-hU!» ocZ'-»-, »2r<''*~ »2ll'C». ••_?: •>•-•-•
J^l-r; XKUlXXX O- •-' •>£_ »-r - K -K - - . ftm ^ vfr-o
aO>^- UJXhU IL_,» LL *-Z"» _?• 2?0- IA- \2J'2:'- LL(N'» ^.f^>J-

*s.ouja.—.kuj hf-i-'vu.. -rrc-'O •• 5. <r - v.vj-<?< cr
00 »Zr— *-2T Sf —Z— »-• Q"vU>-. o^- • • II h-UU KX* • - • vCOOLL'U
Cy>c-K p-~^>m^x &:•> aoc>kc« • • ll x« . >• _jv^.>oc iiccd

_J 3_ O—
i- i— m r .'

<i »—< *»••_»

w xc

e —

arm
<w<

•-L.J;

o
ir

(\j

Xc;

aa ir>

oooorx

-r-J •« •> » Q_ > >
aju." ui/)C>3^ p-*"J'u-jjx »ix» a a. ;>>— (_*••»- U- x»»>-"LU >v(^vuoiiij;l_cj
"v*^ v.1— •— •._•',•- m.-i — •— »-u » a »-•- h- » X*—v.2 _j» r ;tr.a. *v»^i— I— x r-i (\i r •— 2-' 2T 5-"

ZZ _?a«/;c—«/>—'r-!00i/)Oh- » CC «-x cci-rv- v, • (_vcr~»--» »-H-» • • i-i -«»-« h-

CjOnCJZ-'2 lt i-2'r-. f- _'^r^ 2=" »-u.» ll- - xn; -U:?TX » mnj- oo^v • •• »w-

5. 5: cj^-" -uj«— ct iiii— xi- lui— <tll- co h- -• -- t- - j—_'- — <a — i— »»-<• <r- - - _j_j_j_j
? Ji-r>>: hu;xL">(JxhO>' x -l— »xh - or; -k-f-xx- CoK-fxio^cx i i i i

Oo 2* r": X •—'O k-^u.i- uj»—u <r- z; u.v.<'^. < - ll<t •• - ; <"U lu_j cf < *-* n f< x <r <3

<

ljo»-^u»—c •-<»— ci~ »i-ci-c «-uj- x» wo-cri— cv- m-u'ci- i-<» <jc- - - ztj>^<^>
f-H ^-< r-<<\j r-<(Min #-< r-i nj r<i >} u , vC h- a" n- co cr < r-< c\; r~n\U*~,^ tr- -.ifvfr,

-OOO

59





c
o

~--«--* o
<t *J <f ^ V> r-<

CMCvirvc >—— coco a? »*

i/"' t "• »».».» fo
CC <f >t -4 ^ 2"

• » h-
ffi<f •••.» o <\j

ooi/> OOOO ^ >
OC *•.*» 3 i£CO OOOO U- •-«

r~!f-l (Vf\l(\j<\l _J _J
«- • oooo co r>

fire ••••»» 2T •>— loir st^v^Nj- u; co
O i—ir~i r>jr\jr\ic\j —- r-i

IT* •• OOOO -4 ^
(\1 .-ifV r-tftftr-i _J *-»(*-,— LU >t

-~cv tr,t/) •.».» uj _j . r -i o k
_j>-~ tr OO OOOO >(-<)•• <I X
.j -a k cc——-»~—— ,-*<-..-» . - uj c i <i—— ia u
Z>0>t Uj MM(<;ff,,NMi'ff,,fC^^riri'i(fOOOO —J *-* *• •»—*r—4 00 k-

— » «-i—i c CJi-iNHr.ifMn^vff^f^i^ «*r-iCvirovfr 2? O •• »-(\lt-iO S. .-t—
Ci. Q. o • < trir*o'':o':ooooooo'ooo~ooooooo~c^i/-.i/H/r c i/>_j_jt^u' ir. oOt-<

to O. OOOOQ- H- C\iC DOCCCCCCGDDCDOCC •— r\H~>~OC<\! O Ooo
C CO CCo-' <t r-JO C CCCC'COCCCCCCC?CC t- fV«C<CC<\l •— CO
•—« c t—•—<C O •"-<•—it—1»—1»—.»—4i—.—<>—•»—. «—. i—i_,(_(^-i—<>~»—

i

jg >— ,— —, _ i_ *— 2C •""*c
a uj a>— uj wwj.5."5S5-J'5:?5?5^jjj..! (- JZChh? <r k—
O0 r^ sCi/-,LL'0 ^ COh>-«h<lh<rh<k<fi/:i/!i/iW (— h- I— U J <? < 0". CX XO
c *-« iicnui •— cc«ii<i<i<l<ircoc < <T<o.o.a_j c uiu.ch
5" _J — Z'*Cl -J ZZQCOUOCOUOUOOl'OCC (¥Z> _j_;_J<f I- X <•

j— <i ,_(»-H»—(/i < — •—i co oo i/: go oo oo to oo oo oo oo oo oo oo oo uo uj ouiS wt/)t/i a Qiuiro CO
»— ^ i—• h- 3 m ti ii ii

—i y~ _j_i~j_j i- _j_j_j_j_j_i_j_j_j_j_j_j_j_j_i_-)._i_j < -j- i_j_j_j_i j_j«ocdoocz
-) •— _i_j_'_; >— .-j_j_i_i_j_j_j_j_j_»_j_j_j_i_j_)_j_j tu _i_j_i_j«j_j t- jjiKiicr
< 2 z?<:<r< zr <<<r<r<t«3<<<i<<<<<r<<<f<t cr. <<<r<<[< u- «>(-sl.'U
O •— Z"COO «-* Oc;OOOOCOOOCCOOOOOO O UCUUUC OO 0»-»-'-J'— "-1

^i-^ coo ooo ooo

60





——O O -~ —
*•—•» oo«o r<" ~t?" • O000 — sj OH f-cr- OOr-f
oc< c *-I—' * vt O^rH
«—1^-<<—

<

f-O »-0 *o t-- »C
• » •coc cc OC
^DOC C^/.C•li^ mu-ir> Oir,ir>
nrm u*\ »ip •> •-•• IT' v

*••» H »-r—

i

r-ti—tt- l 1 ;

1—IHr-

1

r-* •—* * •> *> r-4

•.».». -(< »<f ir.^ct-- •-CH
.-i^'rO Hrfnn<f vt «t vt c tr^irv

cvrvrv (^>^> >>> S±>->-
>-> > >-*:>-:*r yy^: >^:^ ^»*

\A ^x.*: ^-itt— -'—<H-i ^ »-!»-. vj"

LU I—4H-tH-

*

—< »—* »•••• 1 . »• 2 m
2 *•••• _i .j _J_I_J -J-J LL) »-i(vr<- OC
*~> -J^-J _j_j_j—

1

-J-J-J _J_J_J CL > cocom
Y~ -J-J-J _o_j:t 3Z3Z3 -JZO DC C\. (V f\J vC vt

D Z3Z53 ZD2~2 222 322 h- <
C 222 2 *2 »•-• 2? •* •* X t— CCODO
ac •»•>•> .£> »H OlTiCO »vOvt O 2 H-h-K t-t-

<\ir\j<f CO--; CUt~) ~-«r-<r\ic\i sfrr-ifN. —• t—

t

o -"*»-> r-l{\l O • •• * *-* _J ODCC C
2: * •> • — r~irr\\r\>t fou-wor- OC Oh fV oeooc
1—i f-im if. OHHr-ifNJ r-jrv)(\ioj <N :<<<.<*< I
_J Hi- hh r^t-h-t-K t~ h 1- p-t-K t- h- O f-TvJCT-TO
_J XXX xxxx oxxx XXX •—

<

O (\)M(\ c< fO
<c vCU.'U.'UJ O Lb LL U' LU OLULULL C U LU LL 3 t- > >>>>

nhhH irt-t— t-t- lc>*-^-»- If'.hHl-
lu
2

2

r
X. X. ^ V it

a (\J(\iCV<\j-~f\!fv(Nlrv f\i—* r- i <\j c\j rv— rv r v
. c\ 1 cm -~ j « e © e

O co 00 co u^ c\. c^> co iy <.s, u- fs;cococ^c^rvcocococorv M Ji/iCC'OOC
Lc DDCCi/OOC:r.^COCLVCCODW I- H-CUJUJLUIL.UJ

c coocccceccooceococeoD ID <0 o p e c c
u- f- »—>i—(•—.(—iC«—ih^^hO •—•—

• i-< t—O 1— •— >—it—'O O i-*^^^.*--.-.

rillOCCOOOOOO LU to I- (-Hw cot- >-H >-— l/~,|-l— f—— <n»->(-" Zh— ^
II — II II II II II II II II II \~ OXXXOOXXXXOOXXXCJC XXXO h- |-LU>->>-X>-
2C" —»—

—

—•*— (XLIUiLL'U Q-U:lUUJU' JQ-UIU U U Q U LUU U'Q. X <CO D' CY O! d-' Q'

C r\.-r->f\ r^ J-ir.vcr^-cr c >- 1- h hi- xi-ht-i- 1- x>(- i-l-xh-t-h i-xj U' OU..<«<<
11 h •- •.«•.»».». < wQ.Q.Quji/'Q.aaf aii^a Q-auj^atQ uiu. 71 cl a:\-\- v-\- v-

"-0222, Z22222 -J H- 2 2 Z~Z?
c; r vo*-'^'--' — «^w-^„-w c- _j_j_j—i_j—i_j_.'_j_j_j_j_j__j_i —i_»_i_j_j ii^ _i j_i^mwi-ih
II LU H-l-hhl-l-l-h V- U- _J_J_J_J_!._I_J.. .J_J_J_J_l_J_J_'_l_J_I.J_J II _J _j_i«^«^^w-^
rot—c>>>>>>>>^-> >— <<<<<<<!«;: <t<<r<<<<<<! <i<r<l<ifri <r <<u.u.u.ua
ie'i^CUILULLU U.iUiLULUl U C UOL'UUCOUUUUUUUUUL'UUUOi: (_> LJC ^'-< »~ »-«M

•H c
O
nO CJ

OOO UUi:

61





>-

_J —> *-
— o -»c —
in x h- —coo
fV -J O Of"i-H»H
«. •• • sj »~ •- *

>C _J f\J OOC
r >J O — OLALfMri
t~< ^2 ro ,-i ir> •

•- Z •> O •»t-'iHr~<
,-J •> »—

i

I—

i

r->. » » «
• _J •> • •'CsM CV

»t _I IT — vcrocoir.
cm z> c\; o rv>-x>
> Z > *~ — ~ >bdi«i^ —

c c -. a: *-< ro. ro o: *~ ••••• r<"!

OOlfilTOOOO «— O •» * «* <r »-_j_j_j *

HOOCOOC a «J sJ 13 -J > — >- h- —l-J-J-J X
tr,c->)->J crri^-r-; _j •-< _j on «~or z jD^r a:

z> —i * D < a< - orzz <r

COCOOODO Z >J CV Z I- •— h- * Z •• •> l~

hl-hht-H-t- + Z) •• •> Z XZ — -vfvOO Z
CO Z *~ C\J •— Of —' 00 - rv'r-<r-l •—

oooooC'OO >* or m <a>w,H*>»»«
COOOOOCO • <\J-*C! * f\i t-CV X «-fv'vtM rv
<^^«-.^ -^ <»..— (Vj »-xo o •> "z. - cc r^f-»f-'ro »
m^stlPt^ C r-* K 0_J"-« h- C »-«C <* hht-K O
ro -4 ** -t vt ^ u u- x ~~o ••-' x «_> *o »-~ xxx x (_>XXXXXXXX Uvih-XX ID h- Xh Z LUUU UJ f~

i^ ^ *: yW ^ ^ h~ »-Z_Jt~ — »- Z _JZ •-• HKk-K Z
cooccroc f\j'~> •> ••—*»—ifvi •— r\j • rsl"**1 *-o i—• •> •—i *~ r\i f\i fv f\j rv;— »-c\j

COOC'OOCO co fv _J _i ir, ca + .-hoo—I i/^rv_iLO rvoo_j Or-.t/^ooo-ii/x^oj-Jco
LUUILUUJU'UJU LL CWhHCDX>-WCh Ol^)(-(\i vtOh O^GDCCCi'.hO
e e © o e p c r CO<<OOJJOC<1 OC<fSJ I C< NODCOCCCCCO

•—4 CD »—i»—»—« »—
' II II O*-'•--, •—

'O >—
i
•—

<— — >—'—
•
^» i^ •—

<o •— — t-* H-. *—
•o •—« •—

»

r-, «» >-i— ^^ >— s-' «- «-» t—Iw »— wWww^ CT«— w» >^ -f s— .-•s^- «_•«».«— ,^ His.,w
+ 1 WZZhr-MwHOO hvZ^ OCZ-'OLL'-^I-I- V l-H^2l-

>->->-xxx>- yc uj o:xui-kclx » »-olu»-o xoi— or >->-ci->-oZuijjx xxxokllj
or o: a en a or of a:o O Ouiuw <ou'a:o:u iVi«o O u_.uj<T_jor or a.<ror f-<>-u.,oou.iujii'UJL!j<roo
<<<<<<<: <:<v O Uh-XJOOhOCXU^JW a: KxG<<'<[hC?<'i' -IXLlKi-i-i-xOUj
t-Kt-l-l-t-i-h- Z' -aLuSa'^GDUaicirr < Q. llq^ lt<\~ f-i/>o'. K- ^o.ujnr'a ac. q u 0:0'zzzfzzzfc 11 »-.•— o zz z^:
^^^_,^-.^-(i-,»-,»«i_ i~ oc _j_i_j_j_j_J' j__ji~ ^ _j_j_)_j*-'»-'_j_jt~' 11 _j^j_j_j_j«j_j_j_j_i

-— <——-ww-^- c? CJJJ.»-J—Jt^O—IJJ O _J_J_JJII II _i —! H --'—
1 i_»_"_j_J 1 I )_J

aULUULLUULLC —I LJ<K<<<<Cr <<<D _J <<r <<r-iX<<M<;<1<<<3<:c<It!<t

»-^ ro
C C
<\J CM

OOO OOO

rv r\i (\i c\: r\j r\> rv r

62





•^ ~0~
o —coo
ro ON»-'r
* >J- * «- »-

u- *COO
vO C ir> in lt.

CO If\ •- ••

* •>r-^r — 1

r-! •—!•*• *
•> »(\Jvt<N!

oo vOfTr lt\

f\j rsj>->->- <M
>• -~ — >-iti^^ — r-4

-xL <T «-4 illfHHI-

1

^t ••

*H cr. o >—« • »- * r^ •—I

o o «h •- —

<

_J_I.-J •- cro ••

ON _J > «~ •• _J_J-J_J > or- r<i

<\>*- _J a •— »- jDri! en <\j>i *
t- D < a cr zzz:^*' < OOO oo *-*

OOr-< Z z h- >— w z •> •> •• H OO^ (\J(*>>t o oo
h-f- li Uj • z >- > ^ vOC- Z l-K~ II <N'<\<\.' a »—

i

-t > <r —

1

a CX 0(\J»— t-1 i—

i

>J- < O
OOr-« UJ f\J •> < < f—t • • • •b COh OOC? o »
coy * f\) h- ^- (\JnJ'<M <\! 0(J?V V-\-\r- ~-
<»»»-« ~+ o 00 m> z ^T- r^-l-^r-TP. •h »»»•«> O c fv
*V'»t <V z >- c »—

<

M-f h-H-h 1- o fV vj- fV ooc t—

<

LL'

mr^i/ t—

1

X o •. •• xxxx o r<" rr u coo r-j I •—

«

>>>- z UJ h- X X lUULilUUi K >>>- <•*_•> r\j O »-

*::*r:*: 2 V- z -J -J Kt-l-r- *_ i^y y c c e z ro
—ii—<»—

i

w • »— »- »• •** ^ »» * •• >*-<-* ——ii—i oc o O Z3 ^:~
c o c rv—» •- r-l i—I— c\.; cvCvrj(\j— ••fs! i C C o © c \- a wr^.

OOC U! O0Cv-J(\J O" C^t-i OOOOOOO^, OOP•jt/cec> coa oo o
UJUJU. cc Oook-n} c D^cccDC^t-ca-ujUj LL ; UJUI o 51 U-i UJi—isC
ceo OC< 1 o cccoccco<ic:i e e ?> e e c o C —

<

M-lCU-
..,1 «—. Cr: _o»— •-»— 1—

1

l—o Hh-( t—«MMO i ^--^—i~-—~«— -»-~-~(\r<- .—

.

a: "* ••«. .
r.|(\;f\j o w»—iw CC vj w w'•-

1

w_ n^^i—'^'W o.r- r-.' r-r iryy LL t-^ r-*(\r-'www LL r-^-z 00 CM-)-'— i-KJ-l-l—

—

•21- • • II n © o— II C e
>>-> <r XUh> >- c: c i'UUIXXXXC KU.:> >->- t~*r- i—(—"— o LO y- fMsO t~CVsC
oCaia'C O luu i<r cr cr D.O _n u i^U-lLLbJU U 1 <r oo cx or. o c iyyyN^uj O oo rji— rju.
<r<t<ri cx K xo<<r K^ •» JXlUI-l-l-hxCU '<T <r<: .- >;WW •> » (X) t—

4

^^-^ LP. •»•—

H-K-t- < Clu .'C/h- H- 00 | i-aajao ao. clil i or rr i— t— i— -*- ii h-h-l- •"*•-l>t c Lf^^- OLf' KZ22C ZZ X \/ y-~zz^ > > > ^ ^ r-t c C- —"C OJ^<
i—i k- i-

t h- _j _j _j >— -< 0_J_J ii jjjjjj i—J~ -<—<i—i y; -- II..U1LL'' 'X. sJ H- a II cs (NIC 5"

www- C _i_j_j ii it II -J II i-<jj _J _' _ 1 _' -J—i—:

.
-~-— |l u '- ^hl- —

• 11 c-^ •4 <rct <- or

ii. UU-O _J <J <S < X t-i c\ < xi_'<r<-i <<'< <? < <* <rr «.
i ii u rf1 1- L UL U > f ^* c LU Hll C O U JCw •—iwo a uuujy^uji-UUUUUOUlJl. ciHHWyy ' »—

. i_ i—1 LU > —^o Cr" i^ O LLOCXU.

ro sf COH rxi

O O HCO o
(NJ r\j (MfMOJ

f\ir\j<N'

f\l

(\looo OOO

63





o
U! —

.

2T

e o O *~ —
z h- -* o—

o

< *• K h- 0»-j
X o ZD vl

CJ o CG o -c
Z IT. *-i ircif'
r> CC •-in »

UJ * tn •-r-H •
oc r~ •—

«

<M •'CvJ

< ^ C mvCin
o >- t-< >-c\>.
tfZ ^ «x Uj in ^>-ii —
<o •—

«

>a- s: O' t->y i—

i

vj"

•—1 » rn < * <—
* • r<"i

li H- _j #k oo c: ^J -_i •

FTZD _j > 1
h- -J-J-J >

OCC D cc ceo o =>-iZ) a:—

t

*i < r-<rorr> z o o ZDZ <
u_o: * (- cro-o 1—1 ir>. a o z (-

ct- ro *^ 00 a <c » >* -o* Z
oo k\j —

•

ODO z> a «—• CVG*r-4 •—

<

2«- * »• t-kh c _J ^r—•' »* ••

oc r- r\j 00 H C p rj »r\i rv

*•* (M * cco »—

<

h- o r-*r^ ro •>

h-UJ i- o oco o UJ f-i-t~ C
D2 X o «»«•..«» o o O t> XXX o
cc< UJ (— fsj(\;<\j a »-> o —> UJU.iU t~
•—It/- 1- z >^vr^: < e -^ »— H >- K zr
c* •" t—

«

«~a.a a »-H ffi o •» «k » —i

h-t5 <\J—• •» (\l C f* cc C v: C f\irv (M— ^
0O2? or cm—i c 00C7OO u q:o r z O0O0 0O(N _j

*—>.—« Ov 't- o CUIUjUJ X CLL. o <t OOOo'if-
Coo cc< r-* O *> o o H- O C UJ OOOC<I

-JOO

V — r-; rei IT %t
^— • » ». •»

— u
z
<

J- & **

II

t—
1

•— •—o -<

o f-»fVr-4~5
i—4

»— t— t— — z
c 2cx XOH>-C < c Lbf—ir—<•—>r* C-- 0«H o—

<

II » II «-r- C4 — OJ XXXOK
U-O Olli UJU '<Trr ftyc^wi'yyi: sJ-i^ <f i^ <^ a *-<!-''-3»—iiriC6 ^I/^UJUjUjU'UIU <
3fO X H X:o<s I t-i vu. —w—-

~

a ^~ a «~ c — t-' w- w a u 5~ f»- DZTI- l-h-XG
"2. UJk O.U. 1 C H «V!rw II to' \~ \- \- k- >~ i— »- OH<'-'V- PUJt-i ZZClClClUJCC
—c cc Z ^ v^- a >>>Cl CD. OO. CO. i<: m>if^.CLC •>-K ^C 1-"-"

\~\- z _J_.l_J fc— ii -x-Zt _JU-U iU >-< (--• H- •""« >-•-< o O' UJ O•*-' \- wv^ V-- KKI- —1 —I
—

i 1—

i

Z <r>- _J._J_J II li Ps] II u 1-J— II •st II «—1 II C* li rc> l LI +mt •— —
• li f- 2'Z_J_'_l.J_i

CO 12 <^ • c\ .-i X'r-H" <LLU i . r*^ n C^ li C. f*-i II CC |l
T C"U 1nu Ou-roe. r c ci<r «^ < < <?

oo c:< <-'uO :*: ^ o ^ ^o •— •—— :£ _ic ^

.

joyjcvj o D«-i|2)»-.o»—ii: »~ ouoooouu
ir« o o o o O o hC^
o o r~< rv m *r o l^u^l/ ,

C\J

i

a a a (TO

_>ooo uoo

64





o
mc
C\IC\J

on

o
>o
«—

•

••

o
C-m
•»

r~i~
tK

>!

v*
>-

*. <—
»—

<

nJ
•> r^
_l »
-J >-
3 <x

2 <
^

QO *- • -j
CDO s± <\i _j
^»* (V » 3
%£>C\i h- o z
r. in X LJ *•

>->- UL! h- o
*:* h- 2 (-

«—.— »—

i

t—

i

1—I —

.

(\i 6 O CO— • CMOOO loc\j.j r-< CO
OLULU OWK co CC
O o o ro U-l oo<—c-<o o

o
2-

»— C*-1^ C II "-1 CC
<

K—2>wOh-
lu>~>- o — o xoKa:i-rvu- o 2
to or or O-J o <x LULU<r< — »-i/>o <
LM<T< <\l • Cj l-XCh 5"OUlCV
CC\-\- r-t UJ a-U'ccr?OK- or u.z^ncyoo K~ '-, »~< c t—

I*—it—

*

II 1 n t— LU _i_j._i i Jw_jf- UJ
_J~«-f-< 1—

.

~>. _J _J„J_H )_JK-_J _J
<HU.hDQ --<o LU <r <i < • v - <><o Lb
t^*~*->VO*-< :*ra C ut l_)»-'OLL.OO D

o m
l»- a
a> •&

o
o
If.

IT.

>-

*: —

-J
~i >
D a:
2: <r

ODD
t-«(N.lf*'i

O P'— oco
r-< «-<— \-y~y-

in. cm— ccc
f\j ••>- ooo
\- Oct «~—— i .

X 0< <\i(\jrv r^f\jmr^r--4
lu l—H vr^v »»*»»•.

cm- » o ooo :*r v *: j*: *: *: <m
l/)(\!JH r-< U. LULL' www—ww 00
COOK^ * ©OP h-t-Kl-t-h O
oc<io< -~«~«~ >c >a >q o C
l-C"-Ov)0 .—Iff,!/. Uit-cLut-LLMCC "
w.Mwl-wCr.C •> * II II II l| II II II II w
K-—Sw >- t-«VO r-t r-! w-< ———— —.— .-»-—(—

xc I— h- o:s ^:
r-i^ it ^o i-H ^ t r^ (vm f<^ h- «4 u ' c

uhii<;w<<\i i syyy.xf •.»»»•.•.«. ».iacj

-«'yy>»cyy^'yyyyy c
i » —

i

1 1 ii n nnumi-wwv^w.^w«jh
<<< <r ^m i^ i^Li. u. u. o>& >q >a >a <0
ooooi^^a ^HHtaOtL^'ii. »-.ai»-<nji-i..O

a-
o

o o o O
CM fO >t
>J •4" nJ

o
r-l

•h

o
o
IT,

o »
<Y r-(

<x •-

o
*1- in
< >-

^
UL •—

<

a •>

_i

2 _J
C IO
—i z:
K- •^

3 vt
CCi ro
*

—

'

*

••

a. O
1- m
(S) H
»-* X
o U;

1-

> 4K

o (M
^." lO
LU o
3> o
O K-

4

Uj w
CC 1—
LL X

LL:

> 1-

<r a
_j

ex. _j
i/: _i
—

<

•er

C c;

c
o
C
»—

i

ooo ooo uoo

65





o
o

o la
CL »

< r-!

T' f-t

<f IT.

>
IX S*
o t—

t

z _J

o -J
»—

t

3
\- 2
•=> »•

<r> <T
i—

i

f\)

o

o

o
r-l

^ o
la »
IT. i— O
o <~ —

O Al

o -j -J o
h- a _j ^

I! 3 -

O X Z <f

O <£ •• CM CL •>

— s: —» rsj o K —*
o >- O •» •—

4

to CO
——a - in o •"- t— —

—

raffia- x rv— <_> o c x r\ji-<

• •• e <J ^(fi|- LL1 •• »
. •—'— e 51 •—' *-"Z O—

-

LL' K- »—i>—.

«— — r dO u~) c _j •- »-aiaj • •— aj«~ — mro

oo (-O—w» «— Q-CD DhKCCI- « DCO >- O—•
—

•

C HXM(/!l/!ri <m 2T « 7<<I(.1C< -J <OC> i-<X C^JIS ir
{.5 <; »-Uj •->—<>-4 •- • »..-•» w(-h.-i>-<>-i-< 3 »—'O LL! c ——

•

• - omOrvjOO*-" •— ftr-* >—— H_s_-V jr _-. rAOO cmOCh
-^ li i<r it |i ii ii *o —o li »(V'_io0 2'*-_joo 3? \-~ *: ii ii ii ii ii +
(_; lt, — ~-— ——*«-. ft, la K *£> Mw^Qhhuit/>c o xu la ——— »-•.*—»(/)

uj o t-'tnei aj^vct oom «-'Ooo«-<<r i/>o»--, <'> u ll O ©cnrvj»-i rv.-<i—
X or »i-i *cr •» »«-•.-! Jnn r r ^oi- «_"— -JC*u_iO—lAJ >- h- x a: ?- •> » c - -C
lli r-<C:»-<iA>»-.-*o' *-o. ^ iroor-C ';••— C£.cl o<c.5" *-.? cluj ,_<cs --<»-<'-< «o— •— ?nCO- ii •~o-~«-—-C ti li C-OOvfr; ii a-_- n C _J i-*00 II II

*—•- li oc—— li

_J II I— li I— I- h~r-h I- C I- LA I- I K H II II II Xi-lCL l/)JJJJJJK a _J_J II I- II XI- I- I— LAr-iK I- t/~

_jro ajCTXC DC- I— x ZX>-X>-< «--;""
i —

>

' i • J t/5 _J_ir^ rf<Txr.'G(- COI-
<Tr- OHJUijCJJi OQ-U.IOCCODD5 CU 0<I<K<r<t<C •"-" «r-.Cr-^i''jJAC JJQ

LA
C
a

in OC' o
in LAvC r-
o a c- o

o LA
o O
cr a
r-< r-l

GOO

66





o — —
— v* o—

c

»t * r^ o i—
f\i o *<t- *
o o o o
r-< IP IT.C l^
• • •IfA »•

<t r-4 r-i t-r~I

f\l *• •»»"< ••

O vC ™ "CM
»-i «$• r^om
•- > >-r\J>-

—
' t- -J • -j •_) • ire

O co vf 3=> -J >- -J_j_J > or\j
so r\i cq Z> a ceo 3—iZ) a; (\jc\j

CD _J O -< Z < f-<rorr, ZD2 <
•-• _i •"« c£ •> I- cocca •s? • t- oo

D • K u> Z ^o^kk
O Z <i tO CV >- OCO (MO'H h
»- •> C\J »-* * •« f-l-k *~i-< - •« DC— f\J O O vO CM CM »-CM CV' CO
O o*-*-4 <M * COO ir>ir.r-ih-r<" •< —

—

O in O Ui K- O OOO COht-h C vO(\j

— rv.— 1_> o s: x o -~-~ *"* ocnxxx o cvm
O f\If«M— < UJ (— CVCViCM r-"-J U-lJUUJ I- >• >
e •-< »-2" O— V) I- Z i^i^i^ hhl- Z *:*:

r-i »»$-»_«^ ^.(^i -• ad-D. oo » » •-<— >-<-<

e _J •- fvJCV • C; CM—* •• e c c h-HCMCMCM—• -cm e o

LU _J_j_itotr_j Z tocv_J o OC3C \r. v~>m cm «J oo OO
Z~ Dt-KCDh- •-< Oi^K O U-'UJUJ DODOOt^hD LUU.
oCM Z*^'<00< i/) OC< r-< ceo OCOOCC<JC o c

.—. • ^,^-«_ ,!»—._• ^> *—i(J}>~— ^. »-.<^^.^^ ^ ,«. ^.«-» -«. t», >_l>_H (_;,_<— »~ —
r-4»-i >-^^w-~-—— wi-^w-vj— ,-> re ir\ %j i~< CV cor-t^^^r +*.»--w— cmcm
•—C NJi/'Zkw^ —I K-'Z-'C *...... ,. » e ef_ f_ >_w 2" h- -^—

•— V t-< (/,QhhUV,hO -J XO»— >-Cr-.© HrliHr-'C-HOHOHOCXXXUhU-i > >
-'Coouj c^ i/>— <r tr c •-<O < am-flQCf-'yor" vr v y v<f^vf ^<f^u:uiuujujLU<ror- arcc
»-_J-'3 ocCm.jOu.tr _jt\j I-- xO-^^ i ^ ^Tw- w__cr.«^'r^cr,.-. r -i— 1-kxGU < c3

Co. ? inci-c?. tret/" ; u.j a uj or>- (v rw. ii (-• t— »- - i- t— (-^"aaoiuo'a t- i-
_j ii c—ooxJ-r^' n O o zy^HCt»>a.cccccQ'r-'--f t-izz
ahhi- it ii ii i! t/i_j_j_i__j_j»- z » i i

•—«— ii ^rru.Luu. •-. i- — >—•-<-'-'*'- *:_) -J -.j_j—i-J ii
•-'-'

«^X ZX>X>CjJJJJJ < I t ) H I • 00 M U .

•— -— -— 1 1 II 11 II «~«^_j_;_j_'.J_JC > «---^

u.nCCCC3L",C<<- <«.<C X <x<'<rv .»- x i-'K a. U- u. (<"•O^Om rT1 f ll U-<3'<<r<I<:<, ^-iu_u_

OO O lO O O OO
•Ch O O h N Ck1
00 a a~ cc cr co act.

67





o
c O
»~t r-
•- »•

<r o
4- LO

m *
• f~>

r-< »
•» (\i

K m
CO >-

>- ^: ««•

^ c •—

>

vf
1—

«

u. •- fTi

* co ^ •

_l • »—

i

_j >-

-J DC Z) oc
=> O z: <

w~t z. l/"; •- H
o • LU vt z
cc D CVJ

a •> >~ <\J (\;

h-
a: <

-

—i
1/5

t—

1

c
o X C t-t => X o
o LU o O c LU K
—

>

h- »—

i

—

•

fc—

«

1- Z
m ^" •» • •* > pk *—

<

-~a
*: t-^l-l— LU t—t •—

<

LU cw- • oc
a- e l/",0Or-i a D i/; o </; 0C LT.CSJ.J LO^-!

C LU OCw o o o O a: O a Di/'h ro^
O Z cocci C e 04 z: O < O ec,<T— f\j —

»->>-. 0*Tvrv c •-< n

1/0

M »—

<

o
—

c

ll-HSf

W- \~*->r-> ,-<^<-~ r-J II ^4 H- 1 K 2:>
0- II H •> II o aixoii II II _J II *-<*- < LUCXC < UJO h- xuf-aa ^y
O t—i—jt—.— LULLO l/)UJLU*- -J^ UJ LULU •--<•-< »-LU -J t^no _J OOO r^ UILLi<r< _j(\i

i

CM — -J ~ 3 (M h- lil X V ~ r> T" •— I? v-r UJe-f^- U ifM cc (-xOk vrv.
OHh » zrz q: aro. lur-iooro »-Z; i:^tio-^i>" lu c£>—

<

LU Q »—

<

CLLUO'2 0".^: v
oo< voa»- .-.-<; < •-< r_(1_i»-<»—i'-'»—<^-<f—(^ >-<C- h- II O t~ o a: k— w^:
1— II cr cj>—

w

h 1 -1 h- _)_j_iir>irir — i- i KLfMn*-- \-\~ LU -JQH- LU _)(- H _l_i_j li _i ii it

O — l- **" r

'

<.a -J-i-J cr>~. 2! GCZ _J -JC 1 _J _J <r> -J_i_jr\i^je-(f\j
o^cciia r~H

f r * LU <<I<C OC"OQDOri >C D UJ <uo LU <o »—< <<? <: ^'<yyOyod-wUU(J a: UUUOCCCiuUUDC oo o o^o Q uo O oou^o^a
o l~!0 o fO(Mr-l ITlvJ" o o cr
u> *co 1—

1

1—(*-<i—( r-lr-< IT. r- o
a> met ir> mirir uv/i ^ tf ro

ooo ooo ooo ouu

68





Or-TvJ
r-»»-'r i

(MCsHM
Z1

coc (VJfMCVI o
h-l-l-

CCC r-oco h-»~H z>
ooc o o o cc
«»*»l—

.

ooooo r-i r-' f-< fc-1

mcvjcj if h-OOO CO CM CM Of.

itry^ cro CO CM cm r~
C-Clcl C </>

*» © * 9 OCCOO Q O C *—

>

fMOGC? 1— h— o K h- h- c <—

I/ILL'UIU.. OOC f—l

O « c o*"- <~ «— — OOU..UjU> O O C a LO
o —^ |H (V rnC C c e e rr> m m o CD e C o
1—'!-<(<-, Lfi • » • <\i^ fvi*: CSJ5£ CNJC l-~ CVC<~-- rv'ro— o

O—- • » *r-< r-< p-l HHrlH^ITiy^ *:*- y^ ** *:* ^^--i ^^r> LU »—

«

Oh-pJ^H^ * ^ S<i p f - - •- II || II II ii ii II Ii II Ii Ii II e II II e a •M
f-iu.^:^ id^r< IVTfT ^ro^r oc —'r-<, .—

—

o o«

—

c o C? LT— -~0 Ifs & >- K
^vOO^irC^r-'t-» *w*r—!»— r-i-'LIJUJ^ Vi XIs- 40^HOf^J Cij''-fr*0»-J »-tli cr (Nu. OLf^rOLL »- -r<-

CV * - 4 (\i •" *• « ^ M
vof t- H-t-cx Q. n Q. C. —< 1- 1- 1- r-i ri i—(r-* .-t—

<

Hi- r-*r-«v} r-!r-<4 r-»r ^sJ ti-i a n

*r >>>—c»-c —C ^r-^H>>>Vi: >^Ov^«^ C_;^v:C"XXC.X S^ r—

*

c^v:h GY.^f-1 <r. Q.

II _JLULLJU- II r-• II r- n »-•llyvu \S.\_^-~- \— W—H—-~• (~ ww|~_w v-^-.)- s^wN^O0H-«--wV c _j£
,-<_j^^^r~ r^ rf> r^ ^~ •--w«— — f— ! h-f- ^-l— kh hh II V-\~-~ II »— »—— II c -JU.
5«^<iu.u-u yryc'VC yai: u_ u ll> r. n>a o>cl c>o o>a L' •jp>au <? r > r- ' <r X <r |-

st: <_> •-••—•— ^ o^o xc ^ —•—*- ^-.-i ll>— CLIJ»— eu-•~ ouj>—Cu>>- »-<y cm*-1 -«:*: OUim•— 5£ o O^
O t-> <\if^ •-« f-< r-l o o o LO
t-i t—

<

f-'r-< (NJ ri sf f\l m ^ o
f\J (Nj <vrv (\J f\i rv rv cm cm (V

ooo

69





•

o *—

—

c

o *» *—

CO o r-» O
v*r- o •> O

•> f—"i r-1 C
in •»

1 tH
ITivO in -i

^OfT sC •> in
CO •- m ff' o
*-f* •- ^ m

fi f r-

1

w •>o » OO r-4

Of* _J *-t *
f\j>- _J O -J
>•:*: — ID + -J
*:.-, <T 2 — 3
»—i

•* m •» —

»

O 2
•--j p- t—

i

-J »-i o •»

_j_i > O —

J

• >- INJ -J
-JZ> DC ro Z5 1 2 -J
r>2 <. 2 ^L >• a O 3
2 K O O •» •»- i- i—i ^

>f 2 H •—

•

J" * I- —• >
vtfM »—

i

h CCV in o X 3 OvT
fv • > O 3 C - c •V CC orv.O (M O cc CO «— + —

»

— fc~ O
CTe-t »» —

»

—

t

r-<»-< *» •-« r-l o rH Q^ t—(O —

-

l-H- O a cc I- <} t* >• c »• O f- K •4-

XX u (\! h- mx oo —i — t-t k—

4

in 00 inoo oo
LUUJ (- > OO vOLL c •>. * ^ 00 1—1 vOLL' C
»-k- 2 bd — mt- o CO — O CO C ro»- o
» •• —i*- —t o » »• »—

1

:* »-4 *-»—Lb ^ o • » »—1»— ^»

C\JCV-- »-f\ 1 r fom— ^— •*. — «— X fvJ w.*^«-* t~ LL rnff,'-— ^r- -J-'—

-

i/)1/)^_joog > OOOOfi^ n-.c C^) cv 1 l^t^»•»— 00^-,^ > oo^r- C P O^O' r-ir-(

DOW)-C11j o CCju- uoco—

.

> — • X cc,r-t—- —<c/*/C~l CD »— COi/n/,iOCDc'iW
coo<c : 9 2 lS:OC- CDH>-UJO. T~

1

-» ^r oc 1 HlL'COO O »- oecccooco
»-H 1—IO •—— I •^•m LL. •—•—COO * II >-< II rv 1 r-

1

II »—.»—iLL.' •-•— II CO •— < »— t—oOO— •—
'oo

•—' ^_ —'w-

w

f\) ^> ^-^w —

'

..——<^<— ».—. « •- » «— s^w.•-iLb »>— —i —

(

•—

<

-J
h-l~ -'21- w o ooi w * COC^cr—-* •- k— »-< h-»- *•—

<

^,,-l^-^r 15 IT't-ww-w(-k>-—
XKUI-U)> UJ OX(_ —:h- f<> +•

II - m •» ^ LLU f ii ••>_;_; CO S CXOJHU U-O—

I

LL'UIU _ <X 00 C£ a QlUJU Oviyr-( »—l»—if' ^ro mU. l/) OO^ fC —•—11:0 LUO 3 Q_U.>U_>LJ0r 0O(XUJ lo
h-l- XC U :< UL >-l~ X. 2*— *— * *' •w b^ p-^UJU lw-ii X2 etvi U 1—K X 2»—UJU XS;
Q.Q. LDQiCr

>

OOO. Li •—•O IT f- f\J rr >.w oow r ^ a' o: ty>— r-irOLL'*—fOO t/-a lu »— Ci Ci' C LL. —
2 cc •»—

t

.*: 0:^00 •—

'

oo> yr»- l-il/.cx :I'-^C cr

-J-J-J—J — 1
— UL) _J_J_J -J-JC «—vl"- r^-_>>—

K

_i-IC i— vt'--'_l_J II b^f- UJ —j-j-j—i—i_i_'_i_j

_J—I—J—J_Iw 1- —!__) _l_J II
<j- \r>f~ II n ii II o^~ _)_i—C (/'.jjmw 1— i—j—i_j—i—i

i_j_j
<3<T <i <* <r i: 4L- <<<r <K>- *—

i

C ~ li r-4 1! ^~ >-»-C <t<ti_l ii C — <r <r :j/U-O 2 <r<r< < «? <r <r <i <
UUOUL(— UJ uuuuu>-ccc xx >->-:>>-cocoiwXCCUO^hO LU UULUUUUOU

o f\ I
r-l i-i

o C o O
vf »* •4 ro

ooo ooo

70





o
CT

o

c-i

>- O
^ r~

in — » v K
O t-t _J - "Z. —

ir\ ,>o •> _i •• *• r<>

OO «-< CO Z> -J t- »

t-ivc o ro •- ri/ <— u.1 j^c
rH v~ o co z h- * o>tr-~

O r-t l~i — » 2" t-< 2>>
r-C O •>—»C\iG •• OO •» oo -y^

»— O CO »-^Cc<i vOvC «v C (V»-«*-<

O — 7L —•in^ocCc\jo>o on o ••'•
o ooc — c «» o :?: • •> »k • - c> »-h c_jj
in c—o z: o 2 h-c — ^oocx oo c •> o_j_j
oo r-i o-~ s: c s: i~ rn-~o- — LT.u.' <tH •— o i-dd

-~ »-h c (—Oh- < or r 5: r* >- m^c. c Z?Z"
O CM OoO »> LU _J ^r-«»>»»»»**»'(_J_Jr— •- »-cv

K- * HO o oo o oo ID *- »-fVf\;f\jf\j— r-^r-i— C-~ •*" •tf\Jr-H •>

_J U'C >— —• •"• O -Jr-fooooo^oor-ooi/; r-i—Jrvl- f-*_JO~i/_JOK O eli-i CZh O —I h^CCCDWCOW oocr ooi— C Dhh
o <j o— * — 5r + ?: <r <(-coococccHCoc <ioc<z
•~» i—i

—-0«— (/' t H- a' ~-»G_^ (wJ »—
'> »—

'
*—— •—<O •—'

'

•*"
>O> O h~ O — •—

'
•—

*
—

'

r-t •—O KfVr-. i^i^ II i^ H^h wU.w^w-w»-1 ww,~<U,»-<t~-4»—w.^.— »-r-f e

e oo M 2 •• •• *«-— »vC «>-* || in 2 oO^oOl- oot—w-ooujwwww— 7Tr-\- oo |i oOO I eh-K KZahOK^^C <3 h>C ; XGXUCZuyUhUI-UJU;h>-ii
uio "-TVJ h^^: ^<yy>oy.<rO'«f) uj MZau-auHuat-Ujaui-tL'^^oow -~
»f\i _j«-'Q' r-< 0<—^Kr\wiu »^ r-wiu »^-i s: Juhi-Ki-xi-Jx<xo'XC! ira i _;Hcr
O 5. >-0 + e»-f-+ +v-S(-f hSi- S.ccooa o">a U'ooo. LusruuoujQCQ'a-s u ~
hc.h au k y->>w-a. c- M>rci i^o a o <m»-«

^i- |i_;<>-,cvcoyuJUiyyMj-u.K»-<jwi- uj n _i > i i_i_j—) f i i_i i i^j—i i

—

p_j^'—-

«~ 3" —-'I— ii II II M 11 «-«-—• || li tl —»l— — II _)»- H- 3:_J_J_j_i.j_J.J_J_J_i_i_J_j_J-J_J_J_J H-
u.ri/<2>i-^^MiU.u.(/iaa<>iica<>o 2" oo<<:<<3<f«r<r<r<<r<r<.<T <<i<**n<o>
-O'-'O'-'Zyyyy'-'i-'-'yyyuLL'-'Cyoujc uu -oouuuuuoouoooucuuccu'

O O .-i

r-t in in

•—

t

r-t r-l

o in v£>

o o O
(\i o s0
r-l r-l l-<

71





HCnOfti
•-CO m +(j
h-f— cfr-io^t—
rri ^fri «.fo •
>0> cc>-u,
y xoyirxyr
»—i (\! k—' 03 •—

(

— — C m C3
—O C r r-< o
h- *. • •> o ••o o ~ o in c o

»-!r-«o * o »-ro m »-cj o

y^r-ll— •- *
»—•-«••». r-l C""~ —

J

• »-f-<«J •• O*""1 —I _Jr-<_'«—l_Jr-< «-»{'<"• _J — nJ

_l_) »-_J >: CO •- Z) —I •-J *-J •* lH * D r-! •-

< m ^_J^_JZ'_J -J*-* _l»—
t- oh _j <o «o -o —>t- _j -it-
s' h-*- -J "tZnZo?- — *- —» — — Z)i—

I t—i •• 3 ~ »-l «.{\j »-(V •-r-' 2 *""~3 »-< l~i Z •>

•• Ch-Z O »-r<"i»-yt»-U"\»- »hOZ * • •»?-<

I rv O »-C •• »• f»- »cr »-cr- »-_j cm ».m or _j M »
I • «—»4"t- >t ** HaHCOriCTj •co»-<cc •• _J »tX

O c »*»••> t- •*— t— »0 O •> •» •> rv D C.

—u vt^o?: fv XZXZX2Z u^os- O 2 U5
Hh >-»-«f^»-H O U._JU!_U_' (-k«vCM (\J (-*->

i -Z if'l-r-t- oo h-a~.t~cct-c.-rf' Zt-r-Jt- - <f Zt-

;— • »-(m cc\ifV'rvj—-"£ (\j(\j(\j<\i{\irsfv«~ *<\jm<\!— -Jfvifv.— «-(\'

i/>coi/"t>ofv/i/)f^. _j_)i/'G^.^</"{\h </){/* is*. is" u~ns i/i ro_Ji/)(/>i/'at-wi/'. rv—it^
— OCCOWCW O hhOUJQCC^ •- CDDDOOCWI-CCCW 'CCWI-C
O OCCSOOOO h<fOO IT, «0 rCCCCI OCCCOOOO<CCODICCD<0

O. I— t- t— t- — </"— r-^l II •—lr—I r— «j0 2f 1/ :— Ol/">t-—— |-f- |-(- hkl/>»-ZC t/^l- wwU'.t/I-ZO
o >- xxxxl. (YO II r-t^-i— ii t-t-cr>ciCxo> xxxxxxcroi— a C xo>cc c^(_i— a"

ro t— uju'iuuiU-iZMU *——> • mj i-ni-cDwa-ii-'U!? Lua u u LLiu.rr'u.<3Q- c. u.uJ2riD~rai<iCL
nC I— I— |— I- XOXCY --••" 0jOO<WhhXO hi l-l-l-l-UXC^h-l-XlXL'.XCV,

u.1 a" q.q u •—uur -tt-- -'• rr^c 5T& a t- Ci^a llio .

:" a _ cvclci a •—ujc^ci/'au. a: rr. ^- uj o.oO t^> uc'C I- — c ii 2r t

t- O _i _j _i ~i _j ^j _i—o kl : ' h^c-j.jj'-'jjj_ui i i r i i »^j—i i ».. i i i i i i . i i

C _j_j_j_j_i_j_j ii t. *vZ •——.'--' i— i i —

i

i—<

r

_j _) _j _j _J _j _j _' _j_j_j_j ._)_j_'_j .j _i_j
O X <<«f<<"<<:t-cn CX.—< <. <3U_<r<' <•<?<»-<:<<. <:<<i<r<. <^' <.'<!<: < < ** <?<<r
O O UOUUUOOZOC JC:Q-Cl O^UUUl'U'-UUUUUUUUUOUUUUUuU'UU

O O Hsf ro

-J-J-J"D
3Z5-JZ
ZZID ••

•• Z'^
ccon »c\j

2 • *-t-4 ••

O i-JsO »-o
»—

<

r-lr-!^<M

H hh (-
=> xxzx
o UjUj_JUJ
UJ K»-DCt-
X •> •* #k *
UJ C^c\*fvr\J

>d s0 »i vC vO

ooo

72





o o
fO o

CO U\
in n
oo m

m
o— IT* _J h- _J_J •- vD

2" —3 r-<

(V •<> CO

O » • » cmur^s o

* * *-* -^ •• »—< *• * • C **• Cv
csjCNj—Xfvoj—• »-c\.(N.!rj— •— f\

oo oo r\> - o~ oo rv _j o" oo oo <\ 3l oo _j
DCl/; "CC^I-CDrw »r.h
ecc? oon<ococre<
—>—iChit—•"'O*—'•— •—"—<0 '"'''—'t—

«

ooK —*—» or oo w- Z" Cj oo h-w -^ oO oo
Dxt^acui- acxu>Q, H
Q-u.ui2'Z>r^uj< cl clu ul yr^M
\-\~ XUOUXOWhh XOUJ
o^ a uj a: otT •—u a- C oo o. u_: cc c*r s. C rv •—o c

oz •- »

ro oo _J
r-*CO •» _J
•> • rv ID
005 O z
tr.t— CV ••

ook- •> ic

—O
o»-<
t—I *o
oo

00 mm
»-H • •
00 r-« 1—

1

> »• ••

-J r-Hf\J

< <KT
2T >>•
<

—I*—" »*

X •» •• m
h- _J_I

s <r -J -J >
CL 3D

ZZ
0C

-J KhO
< vcr- 2 II II

o »-»f-! HCO
t—

1

» »oo
»- .-lOo f\ w— i—

<

—

1

rvrv .-«— -~

or h-K Oi—fM
<~> XX

LLLU l->->-
or h-l~ z:^^
c - •> —>»—<—!?;
U- rvrv—

oooor\
> OOooklulLj ••

3 < occ>< Cf-h
*—.

<

a ««Ch- - II klO
•- o: •»- >~»—< ^- <\) (Njd

r-: < 1— h- <- 2"—— UJ .-iO
II o xxuk > >-a.' it it

»—

1

n CC K- UJUjU •
< a' c^ »-"--~

— C > h-»-xO<r<r o
rv OC UJ rx cluu a" i~k a oc
o^ II 1! Z*2"Cro •-<

IT, oOO t~
«©rH

vC c-
o o
KG -^

t- e

O OOCCo—o O
r-l G~ — U-

w~t e UJ c
C cO K ~»

KG c •» M
LUO or r-<

O eUJ »- +
O— c -~au.io
-^O'- 00^H ¥-

1— fW-i ^:— ii •^

z •• -LU- •»

Bk- h" Chi-o HO
t~w Z * 1- i«£VO
O »-i cv < «- U ' *~- «C
01— t— + + ori-oof-t—
>~>>O00L> 0- * > c

jjjjjjjjjjjjj.jj2*^5:c _j jjjj'-'-'H.-iwC'^coyu-u yyMjwjwiit-
—

i

i—i_j_j—i__:_j_j_j_j i—1„ j i ii >-£X ~i _/_i_i_i^«-- |— ii it II ii^_-w|| n tt —r |( i!— *—<«««<t<«««30ll!D »— <r < <r <t u_ ll r C> t- K- oo n: U- u. u_ oo a- x <r Q. <•> u o

t\J O
O r<-.

^1 (*-

CO ITi ^0
V O o
f-» vC vD

ooo

73





IV

•
cc
•.

a
_<w|_
HJJ II

O \- 1 IT.

zyi-ao
C£h-l/)|—

>- CL v^C
•—

<

l»—

•

I— t

—

II _J II _JV—
x < a <r > r..

o

00
i—

<

CO

-I
<
<

*3

a

or
1

1

>
»-<a —i

in

O

o

st-

e-

er

2"

cr

C —
>

o

o

Zri

>f^l—
LL. •» II IT

+ 2T— ^4
r-t«— rr r-.

LUI U

00

o
r-4

o

o

—•cr
& -

wl_

ii ii (\j>r~( ii ^c:uj—»^>~>^:Cr-i n y>u
«~^wU, + — w»- ii I

w || u.:~f- + —— u_' II I

f\v ' ,c--yya i-.yair-i_ ^:*?o-«— ov.
|| ww || U |l w II C UJ II II LULL >C' II — II U LL II

o

<f<r

2-4

UJ •
+ 2
cv«—

— OJH-
yi- >
— II u:
a ^w
II LULL

LO

o

o

o

—-cr

a -

>
UJ—

r-4 II V

II w ||

*az
o
o oo

in
O c o

oc
o

cr-

o

>
Z uu

I- > <~U_'
>L_'r-'i1r:i-

UJ II | — ||w r-->^ c r-

U- UJ II II li

o

r<^

•-r-l

z

(M

O

o
z k- z—W > w|_-
h- 11 I- >
>t~l ii :*: >u:
U + —wUJ II— :*::*:& — <r

LL II — || UtL'
*-^a zm|-

w-t r\i

uco

74





ir\v£>r^ ir vC IT*

LUU u. UjUj U!
i-i-h ht- I-
ii n ii II II II <£>

v£ir-no ^h sC _<
—a-u u

'

LULL' UJ r-t

OChl-l- hh »— -
*•*-.—-~~~. «—,«> — r-

zor- o:. ^h- V^ F-iw U-' U-> UJ CO uuixir- U-'v£,r-t

hl-l-l- U; »— K- u_; l-U!
> o e eh e er~ e»— f^

r-» ro ir\

r\j cm CM
«-< r-( t-<

•• »«

C CM <J-

CC (\J CM <\!

C i—

i

«» f-4 — r-1 —
<S) * CM • CM • CV

CO o-o fr CM »- vT
uj —-.<v z cm z cm Z
o «-l»-l •V r-l «— r-t —

>

o H •_» h- —

*

H — y~

3 Z C~ > «»- > — >
oo •» —

.

ITCZ'UJ CMZ u. j-za,
»-»~ro ~.r~f,-l II II r-« II II r-I II II

U.' II r-4 - ir h- «-•— sC' ..~-.«—

.

£ •.«— «"*

K z Z •-. •O -'O i-1 cm »—c\l <*>(%;»-««$ m
<T ;ZwZ

ooooocooo
•-' II II II II II II II II II

U-h- h h- li if>i— l— ii ir.»— |i t-i ro li
—-»—.—-».—-.

+ C)OtJ'*^CC">nO'*^ OZOi-iMro^inoNoc
•^ »* 0" »- I r oO •-< cO •"" f—i •—<•—I «-'»-•If—(r—»—< r-4r-<

—- U-- IT. >C f~~ * lOvC » IT »-t-H — CDf**-*******-* -. Ov|>wwf>!H- * •• r— * - h- * *
r-iyi-UUiLil'CH-'li'^Cu^' lr-«^rCr-<ZZZi'ZZZZZ C u^»->l-K — >•—•-< C>'-'«-'C >•—'-'
l^llhKh-^l-l-K^r-l---^ | whHw«-w<---^^ww. Uj rJ>UJ>>i-li.'— l-UJw^hUi*'^
iiOfr wh wwh- w| -yf I— I— t— t— »- t- I— I— I

—

5" ir I! U UJ-*-l-|- -l-h -'»-(-
II II u U U-U. >C'U-L1 >Cl: . M II II CC >>>>>>>>> 57 O II r-< II II U U »CU»CL >>
$CZr-'-i*—**UjO>—-*UJC>—'t '••••I^ZOOUJl! U;UU LULU UJUJ •— O"— "5 *T _J— •— IXlUJ C—U, U 'C •• U- U-'

CO vllTwTh- CO o O »-< cm c<~ vf

t-4 t-« t-"f-< r-< r-< *-, cm cm cm cm f\J

r-< •—» f-«i—• r-l t-H #—4 •—

•

•—* r—

«

•—' r-1

uuu

75





O^ r-k fO
rsj re ro. ^ s »-« m r- <r
r-< «—If—I fO fO vf vt'^v}'•>•»• r-« •—» r-

1

t—' t«H r-

<

OOOfM «•»•* ».«.».
CM CO fO >0 CO O <f >C CC
f-( — r-*—»f-:-~— ro r*i >i- >t >t -4"

^ » «^ >4" •- v4" -4 t~4 -"- r—< ""— t—< »— ~— r-< «"*• rH *— r-1 *" •*
rvr^-cn *. o f\J •- •.«>*£> •»<) * o »oro •• cr> •• co - co oo
fvjCM 2 m 2: en 2 2ir>v£> > a o •> »-<h>t •> o • oo •> ^

2:r->~* ~ —i _ —« — ~roro 2 en 2 -* 2 2—<vf 2 <J" 2 ^ 2 2w •-—. ^—. —— I— —- ^

—

J— r-4»—<wt—j w r~< .—

•

«_- »r-< *— HI »» f—* -* —-

t~0~- > — > ~ > > •>— K — K — H |— —« h- —> H -« f- (-
>l/\02U. CJ2LL -4 21-1.1 irto- > — > — > >©— > — > — > >

2U!t~(t~i II || r-c |l II .-.II II II II 100 2111 OJ2U.' Nt2Ul 2UIT02U: CM2LL' vJ2a: 2U.
|| || «... «»<--~ *-~—. .-..-.pHi-MI || ,.-1 || n r-l || II || || ,_,,_( || || ,-1 || || ,_| || || || n

Nf>—— o»-«o<-<^''-'fMro >ti~<Nj m>j vCr* •> •—>—-r\> •.——oo •—~*~f\j— —» »• ——o •—~-~o •——~o-~—*

#—i .—I 1—( r-<w •- •-,—1«-^ »- »,-<^ » •>,_• •• ».U^—^r-;»—(r-^«— r-^»—'t—t«^f—:«-!«-«?--> r—I LPl »—«—< I—ft-."—' r—i t—' »—- -^ r—. »—i .—I r—t r—

I

J-h-^-"— l~K «-KI- —»-(- |_|-«-wh-|- — |— 1_. «-|~l— hl-^-hh —'»— K —'(— |- t— 1_

o>>u.u >>r >u >>C'U.. >>c>>u u.>>OL»t:u.»c»au.»cu >>cll>>o>>
OLUU.'*-"!— LLU C—'L:- LL'C>— U LL.CUJU- •—-<!. '0>— LUU- 0—'1'.'UJC'U-U'*—»— U>UUO»-, U-•LLlO'-'U.'ll OU1LL;

ir\ xor^co crc »-<<v m nj-it>nT f^cc o o *~* r rosj ir^ r^co a
CM f\jrv(\i cor^' fro co rorora mr r< -j <f >J vj vt »t -4" >i <f -J

-

76





o

a

>

cmcOn* ir
tfMTMf'.ir.

r- r r r

r\ir<-^Lr
If > IT- IT. IT

ir.

IT-.

00>C«4-f\J—-CO
- r ir<, ^'f. >r~l

111

z

00 »2ZZZ *2I
r-l, -*-^-?-
»-l-l-KI- •

>
LLI

I

CO

2" LO

>
LU

II

LOCO
r-lr-l

•-z

IT r-l

r-l II

»o
r>z

CO
r-l

O •
or;
—•in

r-l »•

OLO i-H

LLr-« —

-

oco c-*-1

(VH r—: *>

•- »- (\l r-r-i

ZZU'OPZS"

CM

CM

Lf\

— CC
f\jr-i

r-iC"1

rMr-«
• r-r-

'

ZZJ
l~»- II

>>r\)
UiU'-J
I I l-

co

r-

COCCfvrv —
r-i r-l _J _J — CO
• -t-r- Or-«

r-l •» r-l(\J C M r-l ^
(V fM C\J ZL 5. t~ —• CO fcr-i

lo,z;t ir—•— _jcr>irz?
r-l—— r—1|— »— crfr-i-"

—"lo \-\-~z \~y~ z t-r- z >>rH . i— i— z
'II OZ^-^ >>»-CJ>>r-; II 0>>r-(ll OLULL'_JZC>>'-, ll

I— r--~->LUUiU.lU.'>; + «— I—— *- ZHff-L.-UL-t— (— U-UJ + — r--K U.U > +— OJf- II H r-— I- Ll.UJ -f —»r-l

zzi-u ———

—

>u ^v-^- r-a— z z h— v*:>~ ii-yy?
C II > II LLLL.U- LL II ! II — II 0> II U C II LL U_ CC'-'U- II — II Ocvli. II

OitLLiZ »-•-•— »— 5 •-yaZCU'Z-'DZi->-'OC?'- v-'A 5*n>5r

r-ICXi— i- n—^v?
II 0-J_JU->C r-»U- II — II

^yaze^wyczoi- r-*-'LiJOS''—iiCtz

o
LP.

t-«rNjfO>tin vC
LO.LT.irMriA IP

r- cc
IP IP

a
IP

o r-l (\J LP nO P-

O
P»

cr

— or.

PJr-l

f—I »
f\j r-CVJ

mzr

o>>
y- luu'

i- —
C; p u_

(J55T —
CO

77





r\j ir r- O r-/

h- .—.——

»

h- r^ h- CO —

»

r-t r-«r^ir> r-^ r-4 r-l t-1 HflOh
•• r-«r~<t—

1

•• •» • • r-H r— * r—1 r—

i

r-t • » »-i-fr\j «fr vO CO c •. r- * H(\.rf',

r- zzz_j_j r^- h- h- CC ZZZZ_J_J_J
»-• — •— ^-i— »— r-< r-» »h f-( , H ^K-
•» »— »— i— it ii •1 •> •> •» l-r-K K II II H

r-1 >>>rvifn <<f sO cr >> > > rv O - vt

h- ILU.UjJJ r^ I
s- h- CC LL'U'U.!U'_^>J_i

r~t 1 1 1 r- H r^ r-( «-< r-l 1 1 1 1 r-r-l-
—

»

OXP-. -« «~— —

»

—>. •» —

.

»» ^— »——_ ^~—
«— ooonecrsif^cn —

*

— •~ -~ cccoa O0c\im>t
~cc t—ir- :t-H_l_J_j ~~a. a — 00 —.CO »-< r-i ?-< r- . —J -J —

J

^r~» » »-K h- »_ C>>-t cv|r-i Sfr-< *>r-l ••»- •-(— r— V—
t-i •« r-^fNim o e II r-4 •- r-J

1 i« r-< •> r~t • —t CV c< -. n? c e e

<m »-ro C\|2: 2T5 »~| CC -r-> CM ••CVJ cm »>m f\J »-nJ MSS"5 5: r- r— r—
ITNZS ir.«——" i_jcoif\2'5 in2 2" ITZ5' 102:2: in«-w— ^_j^_j
l- Iww f^K>~I- «• et—••—

'

i«—w —««—w ,-tww ,~!^.-

w

r- H- H r— r- f, C Ii

Z l-r~ z >>>r-.r\j »- r~h z hi- 2 r-r- z J-r- Z >>>>r-i(\J<f.
r-< II C>>r-MI C'LLL UJ_J_J2:0>>f-: II c> >rH II C>>r-« II C > > -. II CLi U.'U > U _:_J_J
+ — CVr-LUU-. + — rr-»— is 11 n 1— 1— -—

-
1

—

u u..' + ~ e-ir-u U' + —- CVjJ— UJUL + — fOJ—l J.I + ~ v*|- II II II II h-r-l—
^r^5" n«-v:^ ^^ t-iCMCT.*-^-•K 11 «-^n:5 n ~*V > II «— V i^ >' |!—V'^ SI r~. r\i c< • -J-— >—^
ii w ii emu. ii «— 11 O—1 —i_iu u_>r ,-(U |i ^ 11 OCN li. Ii w II C CM: II

•—
II C«J U_ II «- 11 r _j...jj_iu. a u..yazc7«ya ^ci-hi- •— »-«u_c : >-i^d ZOS! M^azcr* -i^a zes •—i^a 20I- 1 - r-l— «-«*-«»-«

C O r-l c\l m <f IT 1 sO r- 00 0^ f-1

*n r- h- r- r- r- r- h- r- r- r- 00 CO

78





cv
o

<J> O
*» o
r-4 a
O •

e o
c in

k- Cl
_J •>

c r-«^ ••

•«» CO
CC 4 —

.

»-l >- o
• ^ r-

>£ —1 >-

o i ^w _J —

•

X t-ih- r* _J •i

K cr> o Zj -j
—

.

<t io rHUJ «-( z _i
a Q_ CD 1

•b 3
•> r-< C7~ o re Z
Z _J ro i

—

»-r-l t—

t

*~t-4 *-*. ••

<— <X o cr r\i + + in O » oo
K o »- r-< ra c?~ — cc r-l vTr^ vC-O
> •—

<

p. e— O^-i •—

<

i—

i

O (\!« + OfM era
U t- o ic «C «"» •- •» »—

<

i—* \T\ » lc * x r- — o -»- » •>

1
—

<

o CC' CO H? r-y •• » COvJ- f\l > 1— vC CT r-< crox oo
-— Cl «-* *•< t-< O"— cz 2 na l-<»~-~>vOr-< + Hi-il^U^ «^^-l

cc o •• oK ©«-• w .-< CCC0—r-< X •- rriy- IC-vO
r-l T-4 C ^ o> •H h- O •> CnnC C— T—

'

"-O •^ •-

» z 1- CO hU: h- —

«

»—

•

h-«* K f_JC>l-^ + SK CJfM—• r--*-*

z o C* r— O 1 CD<y or. o^ ^-(f-!f-»— 00 ~ •—
' cc oo r j oo idw UJ o —

.

o— OO O O*-" O--— 1 O*- |»H ^LCCWDO
^ H-J- cc t- o —

•

-v—.cc —-H-«r-i >-<#-« c— OHI--CCT oooocoo
_J Z> C_> z~ "—

r-% r- c •-• II II II II «-.». -~> > a.O •» "< CC »—*-.—-, cj; •—. t—

<

t- UJ cr *C 1"- Q. Q. r-i •• ,-4— «— •»*• ^<a r-<U.li. , t-'~3 II
•—

<

Xr~l>-~«—^— *-
II r-4 II <I r-'f\J • •—

i

>- -z •r-ti—

1

.-•r-< »H e+ + •«-<-<— I •— OtCI— «—-COLL
•~-C0 II — II (M(-fs. •* ywf-J^>-M r -• -» »-h IT •UJ G5CH Or-itT | K—

'

IT, II hOXUCZ
CClO ZCT Ul Z2 + o + zz • +CC'zzu U'5'5' ^-»-U.'-f O II cr^--jQ.u'UJ0- «-
t—!•» i-< H w l-< CC «—<w »--•- >«- ~ZZ.- ZZi-^ c^Z! o^i-jo^r \-~- ^->"i rh- h- XI— _J
• cc <3 ICh-r-l CH Ol th-l-l |._— w ww HI- Z2Wi/)> n t>~* r-i •—'OcCCV u.Jtco-
zoer^ -J CC> 1 o »—"Cl»—•—l> > '-- -OrhChhCa>i->(/) ti ii u.y x^c:tM^c—

o

—i- ft*" 3 f-ILL! II ii O II '-' II -"LLU-U.:—-(- - a- —• <x H •—ai-•wUjK >—5C^'— •— <^t— <yoi-i^»-< _J_J_J-J_J
»- f~ cr «— r-4 fM II r-t— fXj II — II

«—

w

*"a o Cl'O >—•—

z

---'^ 5"
ii
«-—.»-. --< —<-—

-

f
—

I —1 —1 —

»

>or> <i Ou. a Cl hCUQ. t-:L_ i(rLLUGU-l_;l~frcil~OLLaC-, LL3^XLLU.XC?TC2'U-<I, << <-<<'
UJCClt1 \-

rvro >* w~* fi o CV *t vO ic i -0 r^ic
coco CO c cr O' Cr- a cr a r Cr cr-tr*

ooo

79





\-~ in
— Z
CO * >-
• h- ex

_J > < «

—

»» _J UJ »— OCfiO
t- r> z n vji--

z z r-< _ Cr>->-

oo •- o •-— .. •.

O O «-i Orv_i_j
O — l_J ~1_>»}_J_J

z—c »z:*:zz-~o »J" »-< (V -J vl-*-'•—' » »-r\!—Q— •- » »-~ r.f\i^-i »

«/) W(-hhai/,hhliCt?Kh
00>—o-4 *— t-C>—•»—«—••— '—'•—' •> *-o
MUJi- ww-w*-.^-lwwf\.> wr-v-l ||

w«wW2'Ww.w.l/)7w(-(. 00 II It ~-

U^CI-l-|-h l_'l-H-> U UJI- .-<-}->

LuOt'LLi»-<<rH-ii--uLn—<<s ex to (/*»-< UJii'ijit-ih- o5T •—' •— ©"-?*- + urn j

x<s x^jC-jocx ->c<3 u'uj_jc. i-<»— z2Z2Z>Ts Zh-o— c — u_'a r-<-or:~
iL5'U!Xa:5:uui5:a>Q:c?'^r-:^iw.Z7roOO>-'Oi-i!ikz »-ZZ

Z OOHHWlH OII^->r-> smOmhim
JJJJJJ _J_l_!_J'--»_J_J_Jr-lr-lCXh- Kh _J_J—<»-«.— Llir i U. ~5 «~ H- «-" t~ H-jjjjjjjjjjv _j_j_i ozzz_j_j««--c- — — _,|~. k-zz
<j<< <i«<r<-<r<u.«!<rrhr;cC'<i<uiiJCu cu-u. >o>c oUUCUUOULUU'-iCUUCCiHUUUUO'-a C»-<0»-"-'U:OUJOO

HC^ O »-• r\JOxO

r-<r-< »-l r—» r-«r-*r-<

a
U)

o ex
o *v

.»»«« h" —
r-l(M r-t <\J (\l

^4 O ^
>->- O h- f-< -~

r^i^O h- wt o. t—

<

1—1»—(I-

4

*• UJ +
• »r^ o r-« a: -5

j-ji-* c 00»V «—

_j_j ~— r-«c •

DDO c r-<r~»-i —i

2rzrt- r-f «H 1 •- —

-

• » C l—

'

»—

<

f-
CVf\lC' OcnjOC «— »—

t

toooo h-UJ •^|-(- CXDD- Z cf-r-. *—4 o
OOr-< ^#^- »— Oor t—'

•—tt— ^Crt^OO II

ww-O |l fvj II -3— M«0—
hhlL' •—i * *} •»—

1 II NOr-

o »—

i

sO 1

t> •—

<

*• ao UJ «—

in a >
m «^ UJ
• V, O

»-i r-» •*

o »> •—

•

z
tx OJ * <r
< <J- — UJ

>- — •

X V — o
o *-* rj in
< k * cv
Ui -J — « (M

».J ro 5." —

i

cx D •i 2 •>

o Z _j 3 _i
U- ••^ _J I/) _

r-t~ Z) -* Z3
X -hZ *1 » z
UJ o »- • •> •— •.

D vOCCCV (M r-l >f)

z O^CvJOO » a UO
»— l-C a U! Ooxo -~o CX c
>• ^LL'k- rri- V V—l

J- rOH- » »«z •—

t

•^

1—

»

<_) v}t^<~ «_ in

_J CvJ(MC"~ »• »-(\; «^ to
< tou')_jcy_i_j(r' 1 C
u CO -toi-K-C O c
1—

<

cci-o<< cr r-*^ *' >—

'

h- »-<(—i>C t—"»-4— Q-Z! >—
•—

<

o— UJW uj<r tA.

cC 00| —^Zh a— —>

o CX^OKI-LL ,«v'«^ X
Q.U:iXUIm< t/) 5TI- i~h-

> 1- h- <z X_'C UJ 5. Cr (J--J
< t^CV T UJ ^TcXCX DGlL't
-J l^tOCX
Q. _J_J_' -j _J _J . J II II II .J
to »J-J«J-Jjjj?>:S"_'
—

i

• - 'J < «J <<<< LU

1

~ <r

c { ..oooOOUUlQi—i_j

oou

80





Z •—

<

»
c H UJ
t—

<

<l o
H- _J <
<t D t-
—

(

T Z
> Z> LU
LU o o
o cy

LU

O X c
OC ir\ m
<I rH *
o *- X
z: * U"\

< H- r~l

»- Z •>

to LL: M
« o _J
•• <r
X a: »-

CM LU o —

.

en O- h- — o
^ m ON

»• LL t- •
u. X O -» o
5: r- m CM o«*
»—

"

.-< m* c LO(M—
>- *

»
X Oi

LU LL
*o

2! o r-< a * > •> •>

< LU » •> X -J-JO
UJ «-. > » •—

t

o _J-Jh-
«» s: (V CC >- ct f-l ^Oh
<& * c LU O 3 * z-z
•" *• cc OO 2 •» CM • »-r-t

m X u 10 LU «— © -J-J *
•• s* • O Z5 »—

<

O -J_)_l
_i fM X a* C w LL 3 -- -J
_i •» CM »- LU or, • ZZD
J3 « <+ X Of -< X -z —
2 U.' > h- LL X C- OOCr • T-t

• _J LLCM r-f m »—< HO •- »r—

»

•»

(V co c « * »• t—

<

»• r- r-<vO _J
•»•- » <i »cc p X X X «« vor^- »—(•-•. 4" »J
vOD f- Za. or nC K K CM —"t—

!

»-K- » ~

>

O < - LU *~( + + •k •i xxz: z —
r>h- «•• 2 LUX 0- » «•» *— *^-4 xc LU LU «J . r*z ~ *o fc—

c

-\i\ Cl. V CM CM o W CM- KJ-CC t-4 •-

>t»-. (V cc»-< HCM —
*. h- •• •> C K f—

i

•> • •> - ^
• ».«— .«-» ». <L - 00 O o o CM CM CM—•CM—
_l_lr-<CM_J H-- LU LUO •• 2 •— •— t-i _.' r-<c; OOOOOOCVO' (\J_I
HK-OOOOI— t—UJ >—

•

cc c X —

i

H NJ»— hJ* a o"— CCCWOiA;h«CC<f -~_).—a: —-vC-•o- -~-J C H-iD —i— »-• a o OOODLT<
•-"—CC"— r^Lua

OXC
: r-4 V—

rr, -
OX

-J
a
ii

•

11 n

•-•-< o
-o
XUJ +

—
1 1—<—o ^^o •--,

oo 2:*-— oo ii t-^ao o f-KK--OOw-OO
t-H UOI- a IMi-JOO CMrWCvIO f\JO — IT — -i— 3:r\' r*- cOt-i CM XXXUttUH
»—<<I U; U 1

*-• i- < «— *» »p—1 •» •-O0 CM f cma 1 I- + iJJ^COd r- LL^UiUJLUZ)UJ>-<
_jOxx_j ~^ t-vC- i/w- sOw-sC••^ vOw r-^ *"1» c\ i »3Ci«-<o<x>o:~-~L--CVLU t—

i

V- *- \~ X O X _J
soclulujt c «- h'— h- <~-t~ •»'K —(-

I ,-<—'IT •—<2 e.VJ--JLL ?hl- trc r-(G O. O-LLjfHLUS
II U-<11L< LLi<?LL.< U <I 2«-I r~' l *^»~COO O-LU"-<zc ; ii ii c II

_i—i_j_i-j o a:- 1- s ih- 5_ hShE"•t-5" >-KHC, K»~ 11 CM II II h-l— 5"i— 1- *~-z\~"—J_J_J_.UJJ
_j—1_j_j—

i

n: <I t—'Of I*-m —a •—'ty • »—>Cf ii a ii C?a •— or«-:PCrT— ar i C_l_J__<_J_J_J—

'

<A<<T< <I < t-ccGcrC'.rrc ci C.'U .'ore M_jX D -JOIL coru-o c c'llt ajuOL't* << <<r<ouuuu X t-«2:u_ jS U. » 3LL^LL >3-LL —•• LH-C.a<_?CLC:3ci 2ua HOa 1- ohUUUUUUO
* :*fc 5*

ir^ sO h- oo 0^ CM HC o o
ro r<^ ro m r. IA «^<f r-

1

h~
e O O O O O oo r*- r-
cm (\) CM cm CM CM CMCV f—

4

f—

j

uuu

81





•• s:

HO
(VI •• »

oO 5 (v

2! l~(\J

CO •-

CO_J
Cl-H>*
0<2! »0
•—•>-« »-r--i |l

ktA |l f-4r-i O
UJ J— •-.»-. i— r.
ooi—t »~u.u r-
u _ <j rr>— rr it- f~-

MNJCJS:
-JCOCOK
•-CO
<CC5
*—• »— i—i

»—

«

t-oro >
CUVU
o:a- oo:ax 0300—2:2:

_J_J_t_j ll _J_Ji-*f-<a:t— l-^-
_J_l_ J_j:r _J_J C^'2'

L)UOOmO(JCOwOUO

CO OU

2T

<C

e
c
a:
a

h

2!

>:

Cl

*hMC"»
_JCOCOL(", Q_
»~o o cm co

COCOcO>ft_
K OC Lu </hCCCO
? hl-l- h-

JJJ-uDC
<<<!< <f- 2T

o
a
CO

>t w-V
*: _Jt-
•» _J *

r<"> 3^
^ 2--
• •••-H

(V «"*• »»

y vj-^
*• •>*~-.

r« OX
^ m •

00 •» w-^
u UJ »-»
5- »—

<

— a 1

•—1 •» (V*-»
K -J «— ..^

H CM—

I

^». *—
2" <T XO(/l «• in
C —

«

uir-<<r >- h
»—

1

•k H-wO a
H >- - K •»

LU Lfi — a "^ O (\J

-J <VJ (V!<t- «r »-»

ev (V —H-O » LT<

s: —

<

»-, 2' r- IB •
•• Xwh LU »-<

_J UJ » ^»— *
_J 1 « UJ f—

(

> --\ ••rO» O UJ
\- 2? — »m » ^
+-* *> (vor- *v -<

> H w(\J r* fM »-

«— M a a •- *x -J
<» 1- —

<

50 - LU _J
CO O » LULf\«> I— ^< > H-wO ^*« 2^ —

0£ coin *vin •- e —

-

»—

<

IX <I —.1— r » ~ 1-cr — fc,-~cr
•• K (VI O- VXO •» O -C ft

ro Z «- .- *-a »-r-( rr <Trf a
co 2" •—

«

y-~ » ?>-(MX O • •»

O a * -JOLTU (_)!- (UJ vO >o

O •—

«

00 CD {S|CM t- • u .K K LfrWlAin
»—

<

H —

H

» »i Q ^ #* O *.••
«_. D —O* *^- <f-4 — _J fOfT.fTlffi

K cc •» LOLPi •» LLlALOvf a l/^ CO CO CO
00 —

<

\~ w«w- » hDCw OCC C
t—

<

a: > Xf-C uicr:CO cc OOOO
t~ CU K> f o»- •—

O

O »—1 >—•— >—
1 {X \ C'

^ >-UJCi» c- --- * **» k—

4

LL «^^-ww^ »a
UJ •—

1

r-4 - vv 00|-- — COU-'l/^a i-<r-(
2" CO ^2^«- riCXU CO DZDZ "

1

•—

1

O COX XCLU U »—

1

C_ »— CL — »-.O
l~ <x "V. h-^-Hf- U-h h- X X H- .-J h- _J (VI

I? 2- 0OtO>- h-COd UJ <I L//. COO. C (V
Q a. GP2Z - t—<*
CC UJ 57cjUJLL<I v. < _j_j_j 3 _'_ J-J^'^-
co K 5"(-5T5-|-

V

'•-_l—l-J < _-'-_! -J II

2T 2'*'—<—< _J <T <J <T c^ or <" < <5<IO>
00 iu OmCCCCCCIOO UUOUDJ

000 000 000

82





O rH CO

o — o » oxvCr^. O — »-! O^ <t <
ift » W O •-« cr I

• X
om o
» r-< o
X •* -t
-j a o — »• t-< •• Z

O _J r-l »- r-1 rH _J r-t _J O
Z -J •» »H •• r-l • -J •- _J-I5-J •> »-c » —-si d — s: r> oo
-J Z _i _J •> Jj -<a: Z r-^ar z z
-J 3 —I ) > UJ— •" «-LLi O
Z> -J Z D -J D JhCJ Jl- -J »-.

Z —I * Z Z5 Z _J«—i-(_j -» _)•"-« .j oo
•> o _J •- Z •> —

. 3 .o — r-« O •> O — *-•

CO Z _J _J rH r-( Zr-ICrZr-<«-ZrHZr-l >
»• * 3 _J r- J .— »-: I/)* •» »-»-l •> _J »• •.—» r- • •—

'

**.«» — r-i —Z »0«~ ^O •> •— _l rvivT »-viD sC _J fV'sOOsO vC c
>*-> > - C - OZOvOhvC x _j • »-m •> •• o • »H * •-

_J— _)T rf,r- rr ,_< r •• <T O DQWG r\i Z C Q- Q. cm onx oo »r-i «-i^c^ i z —oro? O U^OS O _J
«tr- vC< X>— X »-0 _Jvt-J— X • r-ir-UjOU' (\| r-< H U) ^ U f\) U)
rH>- inc. _ix _Jh-t-icr CJ'CC •-; i-i Zknh - ,-t ZH-OH »• —• CD

•- •"• • •* •» -*••*•'*• LL ^ ^" *—'*.•• _J *•*
' r »—» ••••. ^} -*"' (\j ^

(<m-o cf'<* ro<f ro>tf^.f<>r<"iro>t n— • *-mrf o"— Ornro—- fdmr-Cf" —

J

oooo ooootv oooorvj ooooooooooooo'.rf'Ni/ oor*"i_j_Joooooor*, •.u".ooc<~.-Jo'N o'"o" r< »-oO—

J

CD OO •• CO • DCCDCODi^W oo Di/ih-h OOOooa. C DcrhCCO^a Ct- OOOh COh OOO COOOOOOCC LU C50«fOOlSDrCOC<OC5t5CIO<I z—' »— (V t—'*—i f\J —1 1—< (NJ mi-h-mi-imi—'OO 2_ >—«O I-"" •—«—<—i»-<OLUt—'—'O k~'*~"_,fc—'OUj >—'»--< «3

0Or-r-«>J-O^I— r-< 00|— <\l OO I— 00 r- 00 r~ r- «-— CC 00— O0Z Oo' r- -^*-00o0~Z C OOf-—— 0000 00
OX II r-^OX M f-CK II r-GXC XOX<?Ol_> \— CCOr-KQ:OXC>CtC^Or-CLCXO>Crr- U-

Q-uj»— i auK—v* c. ai>-is.t a u r. Li.auQ.ujuj x r>U"-'<'Q.CLU | u izoouxa o uiuzr^»-< i— _j
H-t- vH-H r r-r- i r-h f-r- t-K -JXX tJJ (_JX _!O oO r- (- XOOO X OoOr-K XOO-J <f O
ooo. o<J ooclc»— oodtr ^-o'^q o^)Clooc_oouiuj »-.ujSQ:Oooau.'cra»— u^a'Oooa ujcc a:k _j j

fv* r>+ r»+ d:

_J_JrOH-< i_i_jrf.a _>_'^cr _J _j _j _j _J _j _J _J _J u —> i I—

J

! »^ i i—

i

) i_J i i > i —

i

i i—

»

—I_J «l —1—> II .J«J M _"—

"

)«^J I I _J —»—

J

r- _J_l_)_J_i^_-'^J^J_J«J_J_J-J_J-J—i_J_J-J
<; <rC>-<f<C.Xv:<CX'T<< <?<<<<t<< Z <5<T<r<<'«rT<^<<:<r<I<i«:'C-T<-<.T<r-iI<!<
000__lUOC_K_:i_>0_JOc_:i_;<_>00<-JoO LLi OOOc_>OOOLJi_>OOOUOOOOO<-:o

"2 o
o c
_J II

<r <
O c

o o LPivO
fNJ m mrf.
r"i rr. f*--m

ooo ouu

83





in it,

o> o-

* »
r\i (\j

in ^ in
m •

m •- m
•• CM »•—

t—

I

*• «—IvJ

5*T

•">
-CC
_J<
-Jl-

CC .DZ"

+ m •
<ir-cccv
OCX-
* "-CMC-NXU

cr •> •—

•

i_j oooocn >— c O—iir. -^ i/~.i/)_)_i-~o xia,u^_i
H<\jOC«/> K e oh-CM X CDhhH" «-'OCt-

O »-0-C;c.DC D oO<rcv.~ •— cc« I cm — n oo<-
_j K t—»—o co ii ii •—••—

. oc it
—•_»—•-< c o oc —«— >— «—a

(\j w^-4(^|_w a: .-tfOZ'S > CM lArf-l^Z'U-U' >- -isn~Z>
O ti > l cxo f- •> -h-c^cr * cxhK o c or aioxha
«-• 2T<—>C LULU uo

O JU-hi-V ""- »-0<fl-u •• I—^JOUO" h-m »^- (— Oi-Pi • +\— _iX<<Li-r ii.

f-ii-«Co;+i^au- c mi^a^z I rci/ic ?o;i-i- + /' I fr,i/)Qa, I mm (/'so. lux > © a :fcv
. <j + o- v:*: •— cd*:m 7rui^<y •<<**' i-.t-u i o ir.

C<mc_j--i_j_j_j i- --i«-w_j_j ii x-- |i _j_j_j_j >——'--< ii x>-_j_j_j n > •———

»

_j__i ii ii >— i- _j_jm
n c ii __i ii i—

i

i O ii ooo^_j_.'a:»— to cT' -J _j_j_j<~-— n *-—<^_j_j_j<»— i/oor'_J_'_Jcr eo— _j_j
cc ii cu<ix<: <?< _i u_.'i-"-i<< x it *-.> <-i < <r <i u_ u..ur h »-.<r< <t> n m«<<;<'x>u.C'<<C

r-l O r-4

xj- m. in

m, m m

vC — *o
•> o

CM HQ
o ••£."

~-< XUJ

ro LU o
•- • *: •»

>- HH >-

cc ^ a:

<. _J <
K _J H-

z z> 2
t~> co ~z •—.•

•• a in •• -o
CM + r-co MC -^

* <r CJN ».— mm
a o •*-iirvC m
o •x (NX »UP
K — -^lUQI-K O
Z in ITM

—

2T K
M«« <f • 4-—0
•c cr >tvt - -OC

oo_jir- -^ lAl/)_J_J—-O
e chM X CDh h-f-.-^oo«\- —-• CC<1< 1 rv -~

II II ->t-<0C it
—•—• <—<*—< t1 e co

•—»—«_•«—-— «— w _-.-—aa »~-

r-l(OZ5 >- CO l/>K</)Z'UJUi >-

-h-CC C •- OXI—H o e a:
*-<*- <S _J <T vC t—

•

CLUJi-<oc <
*o<r»- if I--I- ,;0(_)O»- h-

oo <r

>>
fr—i »_
^ •» C
co<\ oXX IT. —

O •—'•—

'

-H—•

•

CO •" •" c ••CM

acn" r<i— h- m
*v coccor<» </)_j

>-OCCVi a Ol-
ii ii eoo o C<TUJ——•—-o — »—< i—• —
_4ro^----. c: _••_- •-

* l/Oll — cm h-OO-^
LUlUO-?CJ eOU.ll- 11

»—<—i Q- •—« I!
.' CU 1 (/>•—! 1—1

84





CV

C
I

t-i o
1/

LU K-

eo

x>
en
»—

<

or
l-— i/)

z -*
5" O

oo

a.

CO

in

o

CM
o
cm

C

oc i—

i

a rf> LT a
If II o a » *—i

^»— » c c, »-<

i-*CM —» Q. z cm + e
• •* tv ^ < * *-~ H
—•»—

1

»• «-- LU O rvj _J
^ » _i 2 ST in » P

«—.—

»

y~ <I «~- »—

<

—
-tNf <i UU LU oo »> »-i

X-X *-* i. X »-< Q. »
• * •~- 1- a ^ •—

•

•-tr-t OO a.' w •»

yyvCt- z lu z oo Q.
«-*-'<[*>•— H-

1

1- o H-4 *T
l-t- rr._J h- < 1—

«

c «-^

Q-a X- Z —

-

_J oo «-' U)Z
•-"-1D a: c 3 Z O—1^- •-a:
VW| 13 ct o UU II + II CD
CO 00 _lh-C 00 -J 5 -<Z— z:^-'l-O
•— •—

JZ.CU7 x «r —

t

II > ii ? :ru. u'Z
DCOoa lu to o 0»-il- —1|- 1

— »-<QlUJ
t
>—

•

r\' O t-H

IT- o o
ro ITN (M

D
Z
<r
o-

z
»-i IXI

o
z

z
LU
LU
3:

LU
ec

LO

ec
UJ
CC
5"

X
Z

o
o
z
<r

or

X
o
ec

<
a:
LU
Z

O" O

K- •>»

< o
»—

•

fl
• »—

O >-

in a:
f\J <
rv i-
»— z
•• M

-) •>

_J «—

D m
Z * o

X » o CV
o 1- CM r-

cc CL »>

< t—

<

o o
LU •> ir> i-—

•

OO >- •_>

LU CC oo Ci
1- -J <3 i—i o
•i <r K C *~

CC —i <£ » cy
«- i- »—

<

—
CL z » e LU

t-l ^ UJ OO CV o
+ «• x> —

<

•i

ex r- LU o o o —

»

• >* 1- UJ •• ITi r~*

> sO 1 1- oo 1— »^ »
«— CO UJ LU > 1- 0.
•• CC m OO o LU > X
XCTvOvT «—

'

z >v LU »—'

•—to »-r~ vO IX' »—

<

r-* 9*

'•vU'wfivt >o z oo OO z 0.
arm »,-i tr> >—

<

x> CD o ^
v^>^^ o 1— *v H-« »-

Z-* — 4- vtZ Z5 LU' z OO' OO
(_><>>• co- U K OOZOJH"-1

5" __ _., > * Z) a. JUUi II II C
?•

|| —' II t—CYh-C cc K- 5"h-5: o. o«-
U>-LL>- ll ii ujz r) u: C'2'•—

X

_)LL
(Jmmmq; CC CCU.J oo OO U'-'C*-1 i. • —

.

t-4

ITivC ^1
O
o

ooo o ooo ooo

85





X -
r> «~
•—

' m •
•—- i—

i

>- <h i/)

c x >-

•— UJ _J

X If) •>+

c * - ?
•— — <ro

-t Z •
(/) w < *.

I X - •—
-* LU •»—

— — » h- - <
. > 2T 00 I- •—

t-ifV U< -J G0»
•- •> o •> *~ <I •>

co s: 4- -J-
_J_J Z f- — - >
• •» uj •• x rvC
aa- » ? in x
i^ O •— >- U.i»
«~w in •> 00 f— *-

O01/5 m »—< •. to»
—•—i (vj IE ^ »>Cj

I ^ » » M < »«.

«~X _J O _J OOD i-<

r-1* _l _J _J » - •>

#•-• D V) h D » —

'

a— z in » z <• *>»

Z3Csj *- 5: K » —Z I—
•— •- <J >-i X — oo< OO 00 I— UJ oj >-t- .J OQ_^jOa:»--Joo a. tr,

*:*-< o Z- • o • • 11 *w * *-< O K in ••>». *-* X i~<

00a •••— X—'»«4- X<
»— \: in h lu l- <r x I- sr oOw OOLUCC-2UI +>-h-
«~00 0_l«._J<I|— lfNf\l|r\— — in
*v*- o a x a 00 cvi-<\j m x Offi
—o — :r < •> - r -d- + >t < o^
—» I

—' C 21 -» »-*V ,-!«->,-! ,-< 5: — ,-(

t-!— 00 o >- O • - XI >> 1-4 *-«

•-rv »-• •- in 00 z: okcj — c oC^c
O • X U I- ~ »-«<T l~ I- + I- ^ h- Ol-t/i
-JCL H- C C 00 XUJ S OKX K DTK ~-:20 UU O
i-O _l _)ooi-i h-2. •— 00 _IXUj CXCOC t-'i— c eOO
•+- a x a.ox • • • *v \-uia csa.'O -* •* »~~ —o*~

cl a -vC2.-< ^^ i-< >- +0 11 -~c«~ma ^fvjt^ nj~w
^CL LU <I nJ"-< r-4fO 11 It jS 11

—- 1-4 11 rv 11 n — 11 C0I--
r-ir-ir-i^s^ 2: a: 00 »-2: xx i-»«— «-. ir.^ ^»(v c— o"—— k-»—»-i 5: ciu
+ +OoO«~ »-< O 000O u.UJ t— i-^Uj O c*-ifNJ LUfvJO CVU.'C -'U: _JOoo
0. O^i—oo K- v.f-*-> t-¥- 3 C— ^3 -J* X -3.r-i_J «»UJC OJCh^H--ixiUi

Z>_) 0*-<2! ID < ^d-OO ooo^*— hi/;*-"?' K >~l— n-<»-H 1 orv c(\i>-2:Q-i^r: 2^ + O ccdwhC I Dry. O GZZ~ HE«t^'-H || x II —~ 3cr — at <3r~*-< 11 <4-_j— :>. C 2 OO
II 11 i—fy.^X cc V- S »-u_f\'<r ,^ooh-»~Xl— >- 3=1— 1— t— 1— i— •—

•
—31— —5 •—**— l— x.r~*a.y- _j:f_j_j 11 11

clo —iii-o cr c ">' >-y wi-» i-t-H -czwyiixcc 11^0- oz< «-z 11 _jx>
3-JOiiUJU-r* X> _j UD>- 5. « t^O. 11 c 11 -JO H U)MU.:jJau. -JU. OJCE C u C" >- u u. < cc
•—Hcxi-am 00 a. <_)—dkd» zwo>-aor5Ci-cs'iiri.-5>-'ai~<cQ.o>-c>-uj>-«UM(-i

r-» f-« rH
c o
(\J 1-1

000

om CJ in
<\j<\i ro «•

>t<t- ^ •4

86





x_j x

c

oo

X

-~ o o c
o ro r~ h-
co O- cr

cr «- •• «— *• »
•• OOvl o CO CO

o r Oo ro f\. (V!

c cr<> o- >* >*

r-» «- •* *> * •
- O^t rv r-< ro

r-< r- en »> •>

•* r~<_J a: vO ITi

_J *•_! •» >- >-

_J i—<X r-i ^ it'

_J 23 2 x X)
3 Z 2 z
z: _j _j * •*

•-~_Jcr.~_j —•re. — ro
<fHDl-r-(D On Or~l

-> •• »z •• »-z r* f» -
Ofocr. »4-o'- * CJ H O'CNJ

mx »-or X ».cc X X
(MUJfSJ »-U-f\! •> CCUJ COLT
rvl- C > h- C 5" (\IK- OJt-
•—ii/)i—<t~ oo.-<t~ vtl^ sft/3

-~ o c O
c c f- h-
r^ a a> a
0> ^— * **•*- » *
»• o<\j OQC- CO

C tnrv cocvj O-i

o a>& a*t <f

r-t »• t- - •• »
•» OtH O r-> m

f-H r- en »• •»

* r-<_J cru vO

_J •-_) •> >-

_J r-o r-c* :*r

3 •2 t-H »—

i

z -J •• _J ^
» _J_J _-<_) _>

_J X_J X_J _i
-J ZD zr X
x *z •-Z Z
z* _J _j •> #»

_I00-«jm — fo.

v$ r-< ID t—1 r-l X I—

1

O^
*Z r* •

CfOCC ••*! CO -r-l a <\j

lf,X *0OX »-C Xlf X
OslLUCNj »-LL'r\i -ljit 00 U_

Nt-C;5(-C 5.1— <f (Mf-
•—IOO«~tt— OOr-lt— OOr-i >tto

X

o

-jot. >' vO? vO— sOvO— ir.Lf,—— ir

_Jl/)H-i/-l/>
l— «/>»Ci/•.t/^lTit/^t/, if ^r IS)

X>0 "DC Qi/CCViCCwi^ O
ZOZtDOOC ; C XOOD O
«-H<h-M|j.HC'-' -O^HGC •—

'

onc. x>x x>xu" xoOXOO»CU-'
»j- o^uizu ujzlli a Luujau'U-iu ^oo
rvfJM tT»-H»- OK I—Ot— > h- 1- X(-(-XXr-Ui
O^'-'DD uaatr.auiwti.ij.t/iciu'uj a
-'IT. II C

_J LT 5 IT if-. 5" IT. l/\ C —" ^''^

Z3 »CD DO wDCWi^zozoooo or.ooo c
wim<ii«hUJmnCCmimOC

ITl_J|— ^-l-whl-rl-l/'.t- «-w-
<^)Q.X>XX>XX 0OCXOO

%±vt cv u_'Zaiij_iZuju 'OLL'a ujuuiu
(MO. fv :C>- K C t- HI- (- LL,> l-t-- XX
i~:oc -'C a cr. a c. cr o_ a. ou'^cujl z

C U —<«-' II 5. CC
II II t^;—

i i I —i ) t > i i l—I
• —i ;i ( it II II it i/^_J_J.-j.-J_J_j..j_J_j_J_J_)_j_j~

X>0_J_j_J_J_J_J_j_'_J_j_J_J_j_J..< _ix>-x> Q_'_j..J_l_J_J_J_J— _J _J _l _J _j I-

O

3 X 1 1'? <3 <i<r <x <: <: <i< <• <r: < <: <r --: - : C ' <i C ' r 13 r^ ^ <: •-- ^' «.* «-r < <• <: U < <: <: < <-r I ; y

— X
c UJ
in (X
Cvj 9-

<vi r~
r—l X
» UJ

_l c
—I •

X X
z <
w 5:
> >-

_l •^

a K
(/> C
w-i -J
c: X a.

c •^

ID < CM
Z o. OO
•— o O
1- v»

X Z
c OO c
o: _£ s
CO < s.

X a a
00 n o

o
in lOvf.

ooo

87





O
•H

«— -~cr
o o
IP t-(vD
» CMP
o » •
» Oh

t—> •• •
•i H_J

_J --J
_J _0~
z> _jzo
4L- 3 »i/)

9» Z_J>-

«~l-e
o •>»-<

irv »

•— o oo* —* • o o —
X «-• IP t-lvO >-0 r-4 r-t O

-sip •- •• f<i

• *• c x
oh »-< vr x

CM O t—i • •» •-• •• •» ^
r-<_J r-*

-JZ> -J
JZ -J

Z-J z
_JCV_|— r JD H-J »-_J »

— 3 -JZCO "JZ — _! *0_J _J

O — Z<MT *cv.-< c\JZT) » 003 »0 _J
^ro— ce • 2'H-fv »Zh oo -7L CVZ D
o •c"-^ roc\ . vpi >$•*». xc\i •- er o •> z

MI/IXC ^~~- .C •- • C«-» ••«/>— CM »l/"! •? r-t » _J •- •- r-<

•<0 X>-OC'vO»0 X ••XOO— GX o »-o z COOC—O CClTr^l/ilT h>COM-H i-*U,'C O-OO ^ CjC t-

U> » •—1 1—• •>••>» *-c • •»—» + ^- co •>•-•. ^»o » »— CD <_> •- •- »
-"^ </"></"/

I I
(/".</ t/>l/~ t/; »-C/~,t/> + C)CT'r-< < >-</1l/) ^ •-(/) I— <r z*— </"- oo

i-» oo x>ooco oxcooo + -J lloo -~ko x _j »-xa o
i^GCCO DDCCCC O<OCC"Jc0 Z «-C:0 xxo a; Z Ouuc CO i e 1"* •—i •— •—

•
•—

•
•-

• •—i
>~

< <a i-jMwM^k.< • >--.,_, on c u. •— o cc • +(—•—< »-^

OftC ww^,ww^ _ — >. ^- c~-_J ,_<c Cs—"- h- •-c-',-' I <,_< KC- ~
^- - _J_J »vV. i/) U. (/"> IV X t-^l-HIUJVZ n r^cj-"t~i— X I «~I- I K-K _l II CCX-~I- (-
ZVU-,t-W^^CZC,Z < X>XX>-_JXw - + Z>XX < X>X(EXXZw+ U->X X
i/)Grc<'>-r\;(\'awa'- I UJZu;ao c<*»v cl«— zujujuj j dzu'<u'ujv uHZu.aoai
hHXOOXCC^-IKJ >- h-ut-l-t-cC^C rtoCU(-t-D X "-I ' h JO' CiOOZ C^h CH
cn/ih-(/.w<r-iHWTJ i/O. Clcdclo. — <>- a. ocv>— + cDO.0. z- «-cca.Z*-' ii vt c<~.>-< n oca + Q-
Z"Z ii ii _j ii —> it cr- *!*••, > >-< _J ii |i UKar^r h xuJ <^_j_)3oo_^~J-J_i uj _j_j_j_jct: .'o ii o—i~o_j i^ji— uj cd_i_ic:ux ii H»-x_j_ji^:_j
V5"W_J_J<V00^J_l_l cT _!_J_J_'«r;~2'C! II || tl -

—
' —• —T

^~ CD < _l _I<T Z U O II U..'_J I 1! —

I

D>-« <: a x><< **< < <<<i<t_ju. »—iA>-e :>->-< <i<rc <i j<t<j>-i- 2rxt-<<x<3
-ccuoC'hmouuu —i uuuur>D^ccnDuuuu —i zuuzcc-c^ouuyu

O H
CM CM
CO C>

88





o
X CM
I- *
< c
a. in

>
LU

<
O

>
a.

o
o
CO

O

o

ir.x
tn<
res

O—
K c

O
OCT.
OCT'
— #

C

rein
+ +xo

X c X

t-i/>* I

Q.O
C
O

l a
X c—

O

UIOQ «t-i f\iwi-<»-i

I O eLL'f- <— Cf-h-
UJt— Ullf* oC 0-OG
z> x r <r x _i rt-^_jcc
piuu-Cr <e. vmr>(/>a.a >
t->Cir»-< II

5
"
«— ITfO —««•»-<

K II 00>- II II i-«_J II li II

zu— z"«_<<<i _icrcr<r „

0»-U-»-U->-x , 0<">-X> X<OC»-«C<UJ2

CD

X

\n —
C IS)

O i/> o
>-< »- o
«—• n •—

<

LU in^l^w
Z in^roo
-•uj re in colli

CC_~'i-tvf r-'X
XdZ O- LU2
•-* *-»C II C Ct

II _JI- h-UhJD
—J2T r-

—If- c

X
«/)

o
c

o
o

or

o

o

c
CC

o
I/)

o
or

o
o

IX

o lu

uj *«

o in
CO m
re re

o
in
re

O to
sO UN
ro co

en
3:
<
or
D

O
IT.

O
a

o
LO

O
*£>

IT.

C
O

O
m
in

O

Oo
o

C
O

-LU

o
UJ
zr

ct: i—w «vt
OP" c-4--~^Csi
h- •— "J » +

II nj II »—f-i<M

P— o- - -

O
r\j

in
*"^ t—-»

>- *
_lO

Xm

xo
l//f-l

cm
Oh

rv
I +

r\j

— >-

>-J

— — xx

r\j

*

I

cm xx
<S)V>

DC
CO

WH Ok- \~ LUOO
o * ro> > zro
0l«o iou'vjuj i— a.

2ir>ir i-c C-J-J >x_j-JC'C:i_jC-J
LJHUJt— »-*^J_J II II _JLU_! 11 II I— —I II —I II -J«J
5- «-. —.— ft t ( hhjw ii (mc\/ ii r\i n rv_J_j
-CLLC"U_X>-X><CLLXX>r'XX>->-<r<r
CCmCmJJJJUmjJJC-JJ-J-CU

in

o O
CM CO
in in

ooo

89





*3- w
x: _J
> _J

ro =5
v: Z
* •>

f^i _
x: •^
«• #-

r-( o
X ir>

» w»
LL t-
H- C.

o

o >-

in or
fSJ <.
ro i-
—

i

z

>- >
-I _J
•• •

— X X
V ro J _i » >—

or •• •• •> _j •>

— O O »H r-t -J »~
»- 3: it. •• — - D Ci

Z H «- -J rv _J Z
•> LU o — -J _J

f\J Z O O <\JD r-3
00 _l <> Z * Z
o or «~ »-< <M *-j o -j— •-« uj o o cm _i «-<_j

(v •> c <m o o cd r>
>- LJ •- >-• f~* r-i—-Z 2—'Z
_> o z o » >- (->-
•• -j »— to c »-• z_jr- _ir-

(\» » *- o oo y- - * «—•.•
x ,_ oo t- — sc»c »-xz <~«~ f-ixz
—I > O > © »-<^ —JH »-^ (M + —

V

• LU OT U.I r-' »-t-4 C* •> •" • • fVO"T> » ••

x—» *•» <: •« © r-4 cocv— — —- Nlf-< *-rv r<—
i/)x v — Gkocmo hi/.i/iiv "5n I + (-iiaiacv
Ooo or z Mi-ai »>of-co u o— oci/> *• •> r\jf\)-~cooo
CO < O ^Z rf^r-< hXhKCCO -•— Wt-OCC
•—o 5 z *— —•c i — + > — •—o »->_<_-e:
w»— <T f— ^Q,-*—C —.— «-» LD<— w»-t h-hr-i(MM(\iL!jw w«-«
til— UJ (— II <\J II -J-^HCM^onwwO>> • t-X^w-tAt— w-
ZO ZT < Zh ~5 »r-i © »->Cxo<:'U.'U-—•-_J_J>CXt_>
-ujuiUJ H-t c c "-• •— e>- !-•—za a u 1 ^>— «-——- 4- + zo u lmu'ujjxrr »- HO-0-uvjwui-i-XHOui..O'r.GHi-x-D
C-luZZZ 3 to oovCj-u^h-^i, corciAauj ODCf x>-t;v.auZZz

•-"—or o H ZO><> «CXO C—J-J— '-J—i <— —-a
-j-jt- h z> or z u.i.-<Lr.-iu-,, -}_j_j_i_j_j_i_i»- ii ii ii : —

-

—

» ! i it— t

—

it;

J—i
^" ; \—C cc — 7i —

- —— I » — f * r
.-

» i r\irv- >~< ii H jjjJZZh C
<J<c_ f luz .3 cc. Hcaca.iLxa>-<<T<i<rox>-x>x>«<MCCuz
OOL'L'O'Uj oo a. DCi-O^HjMJoUUUOJJJJJ-'uOUUUUali

O^O t-i IM oo
Lf^ <£> CJ O IT, sO

r~>r-1 r-4 l—I r-(f-<

•» o
>- (\J

a *•

t-H o
*> LTi

>- •^
o- oo
<r •—4

K c
Z ••

—

«

o-
•• o

t// <\J*^
—

t

c
o O c
*k mo
H *"*
> l-O
LI >c
^. LLO

< t—

i

r<,

1- oo z^
<• O Oc^
c ^v fc—« 1—

4

Z tr^O
b^ coz
u> JUli-<
O r i- r^i—
_J CZ |-'<
CD u-cc

90





O I

Q-C
</)lT\

Or\j

*- II— h-

•-z

* to
>-o

c
tUr-'C
7COO
t-Oti
l^_III ~z

2: (^ 7? *- 1/5

UJ ot—ih >-

^ U.c/1

2f r> p
*-" CO
-J oo
v. ^^

91





LIST OF REFERENCES

1. McMillan, C, and Gonzales, R. F. , Systems Analysis , revised ed.,

p. 291-310, Richard D. Irwin, Inc., 1968.

2. Hillier, F. S., and Lieberman, G. J., Introduction to Operations
Research

, p. 225-234, Holden - Day, Inc., 1967.

3. Van Slyke, R. M., "Monte Carlo Methods and the Pert Problem"
Operations Research , v. 11, n. 5, Sept. -Oct., 1963.

4. InternationilBusiness Machines Corporation Form A27 - 270 1-0,
IBM System/360 Component Description IBM 2250 Display Unit Model 1

,

1969.

5. International Business Machines Corporation Form C28-6515-7, IBM
System/360 FORTRAN IV Language , 1968.

6. International Business Machines Corporation Form C27-6932-3, IBM
System/360 Operating System Graphic Subroutine Package (GSP) for

FORTRAN IV, COBOL, and PL/

I

, 1968.

7. International Business Machines Corporation Form H20, 0205-3, IBM
System/360 Scientific Subroutine Package (360-CM-03X) Version
III Programers Manual , p. 77, 1968.

8. Naylor, T. H. and others, Computer Simulation Techniques , p. 70-73,

John Wiley and Sons^ 1966.

92





INITIAL DISTRIBUTION LIST

No. Copies

1. Defense Documentation Center 2

Cameron Station
Alexandria, Virginia 22314

2. Library, Code 0212 2

Naval Postgraduate School
Monterey, California 93940

3. Associate Professor G. E. Heidorn 5

Code 55 Hd
Department of Operations Analysis
Naval Postgraduate School
Monterey, California 93940

4. Asst. Professor R. L. Ferguson 1

Code 55 Fr

Department of Operations Analysis
Naval Postgraduate School
Monterey, California 93940

5. LT R. A. Kottke, USN 1

Office of the Chief of Naval Operations (OP-433C)

Navy Department
Washington, D. C. 20350

93





Security Classification

DOCUMENT CONTROL DATA -R&D
[Security classification of title, body of abstract and indexing annotation must be entered when the overall report is classified)

1. ORIGINATING ACTIVITY (Corporate author)

Naval Postgraduate School
Monterey, California 93940

Ze. REPORT SECURITY CLASSIFICATION

Unclassified
2b. GROUP

3 REPORT TITLE

A Monte Carlo PERT Analysis Sytem Utilizing the Graphic Display of an IBM 360

Computer

4. DESCRIPTIVE NOTES (Type of report and,inclusive dates)

Master's The is ; June 19 70
5. AUTHORlS) (First name, middle initial, last name)

Robert A. Kottke Jr.

6 REPOR T O A TE

June 1970
Ba. CONTRACT OR GRANT NO.

b. PROJEC T NO.

7a. TOTAL NO. OF PAGES

92

7b. NO. OF REFS

9a. ORIGINATOR'S REPORT NUMBER(S)

8b. OTHER REPORT NO(S) (Any other numbers that may be assigned
this report)

10. DISTRIBUTION STATEMENT

This document has been approved for public release and sale; its distribution
is unlimited.

II. SUPPLEMENTARY NOTES 12. SPONSORING MILITARY ACTIVITY

Naval Postgraduate School
Monterey, California 93940

13. ABSTRACT

A system for PERT analysis using Monte Carlo methods to estimate projt ct completi

times was designed using a 2250 Display Unit operating on an IBM 360/67 computer.

The user enters the PERT network and the distributions of activity times by using the

light pen on the 2250 Display Unit.

After the computer performs the analysis, the probability of being on the critical

path is shown for each arc in the network and a histogram of project ompletion times

is displayed. The user may then modify the network and run another analysis.

A discussion of the difference between this Monte Carlo PERT analysis and the

usual PERT analysis and details of the implementation is included, along with

i aerating instructions for the program. A user with no programming experience on

the 2250 Display Unit can utilize the program by following the operating instructions

?n

DD F0RM 1A7^ (PAGE II
i no v es I *T / sj

5/N 0101 -807-681 1

;ions .

Security Classification

95
A-31408





Security Classification

KEY WO R DS

PERT

Monte Carlo PERT

Graphic Display

),T»
K„1473 <™«

0101 -607-6821
96 Security Classification A - 3 1 A 9









Cjaxjlord —
—

PAMPHLET BINDER
.

"

Syracuse, N. Y.

Stockton, Calif.

.

71
- I

JUM 7*
JUL 76

2 3 8 7

2U253
2 U U 5 1

119D9

7

Thesis
K«346
c.1

KOttk
AVnte Carlo FW

analysis system ut.l

ulnfl the gwh
^o '

play of an IBM Jbu

compu te r

.

71
7 i

JUN7*
JUL 76

2038?

2U253
2 U U 5 l

ii r

Kottke
A Monte Carlo PERT

analysis system util-

izing the graphic dis-

play of an IBM 360

compu te r

.



nScarloPERTanalysis.sytemuJ

\ ?768 002 10506 6

VUDLEY KNOX LIBRARY


