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Abstract

The study of intrinsic hardware evolution relies

heavily on commercial FPGA devices which can

be configured in real time. Use of these devices

presents certain drawbacks to the researcher

desirous of studying the fundamentals of

hardware evolution, since he has no control over

the arch
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component to be used, logical functions,

amplification factors etc.  An initial population

of strings is created at random, and each

individual string is evaluated according to how

well the circuit it represents (the phenotype)

achieves some behavioural specification, or

fitness function.  A breeding phase follows,

using a variety of genetic operators depending

on the particular EA used,  in which fitter

individuals are likely to survive and/or have

offspring, and less fit individuals are likely to die

out.  The circle of evaluation-breeding continues

until a fitness level equating to the solution of

the problem is achieved.

2.2 Choice of EA

At present there is little consensus among

researchers as to the most appropriate EA for

hardware evolution.  Among those currently

being explored are Genetic Algorithms (GA)

(Holland, 1975), Genetic Programming (GP)

(Koza, 1992), and Evolutionary Programming

(EP) (Fogel et al.,1966).  The selection of a

particular EA often depends on the researcher’s

desire to incorporate domain specific knowledge

into the evolutionary process.  Koza has pointed

out differences in GP trees and electronic circuit

graphs (Koza et al., 1996a) olln1996a) c  c ar do coh st uc ting r ed c volutio h
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components; or fluctuations on the power lines

can be exploited.  Unfortunately, since circuits

are usually instantiated on configurable

integrated circuits such as FPGAs, analysis is

difficult or impossible because the internal parts

of these devices are inaccessible to measuring

equipment.  Furthermore, the variety of currently

available configurable devices suitable for EHW

is severely limited, mainly to digital functions.

3 Target domains for EHW

3.1 EHW versus conventional design
techniques

Electronic circuitry is currently designed using a

methodology that is now firmly established -

successive divisions or abstractions of the main

task into sub-tasks which can be tackled using

industry-standard building blocks.  The building

blocks used in this process are either custom-

designed integrated circuits (for example

oscillators, multiplexers, amplifiers, logical

functions, etc.) or configurations of discrete

components whos
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operational amplifier; two-band crossover filter

for loudspeakers (Koza et al, 1996b); Slow

oscillator and Tone discriminator (Thompson,

1996b).  Note however, that of these examples,

only the slow oscillator and Tone discriminator
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population moved away from the isolated global

optimum in favour of the slightly inferior fitness

peak.  After investigating the effect further with

NK fitness landscapes (Kaufmann, 1993)

Thompson concl



7

3.5 Complex behaviour

Complexity is a relative term.  EHW is nowhere

near producing its first aircraft control system,

hence I use the ter
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parameter (sometimes loosely referred to as the

DC current gain) for bipolar transistors.  One

commonly used transistor, the BC109 has a

typical value 
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5 The Evolvable Motherboard - A

testbed for hardware evolution

5.1 Surmounting obstacles in
unconstrained intrinsic EHW

With its rich dynamics, efficient use of silicon

and ability to realise directly in hardware new

ways of exploiting electronic components,

unconstrained intrinsic EHW h
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be configured with various different switches to

determine whether subtle properties of particular

switches are indeed being exploited, and part of

the analytical procedure will include duplicating

the circuit on conventional platforms,

substituting the switches with resistors.  If for

example switch capacitance is being exploited, it

should show up at this stage.

5.1.4 Dealing with illegal configurations

Of the many circuit configurations possible with

this testbed, certain of them could lead to its self-

destruction.  An obvious example of this is if the

power lines become shorted together.  Each

switch can only handle a relatively small current

(around 25mA) and if this current is exceeded,eln Ao 
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6 Experimentation and results

To illustrate the capabilities of the motherboard,

and to highlight its potential as a tool for

investigating many issues current in EHW, three

experiments are presented in this section. While

the tasks are relatively simple, the following

experiments are significant in that they are the

first ever circuits evolved intrinsically at the

transistor level.

6.1 An intrinsically evolved NOT Gate

As a starting point for experimentation, bipolar

transistors were used as the evolutionary

building block, and the task was to evolve a

NOT gate.  Whilst in itself a fairly trivial

function, the NOT gate is an interesting test,

firstly because as with many digital functions,

evolution can easily tend to a local optimum

which does not achieve the required behaviour,

and secondly because it is difficult to envisage

how gradual improvement can be catered for by

the fitness function.

6.2 The experimental set-up

Figure 6.1 shows the complete experimental set-

up.  The digital input to the testbed is provided

by a personal computer via a digital I/O board,

and the output is connected to an A/D converter

card in differential mode to minimise external

noise.  R1 prevents the I/O card being damaged

should its output be shorted to the power supply

lines, and is of a high value to encourage the

evolved circuit to have a high input impedance.

A high value of R1 also prevents configurations

that would use the input to power the circuit -

undesirable for digital devices.  R2 is a necessary

requirement when using the A/D converter in

differential mode.  The testbed is powered by

two separate supplies (not shown): one to

provide a +5V supply for the analogue switches,

and the other to provide the lower voltage supply

to the evolved circuit.  By setting the appropriate

switches, evolution can make whatever use of

this supply it requires, including none, but it

does not have access to the +5V switch supply.

The evolutionary algorithm used was a

generational GA with single-point crossover,

rank-based selection, and elitism.  Only a small

portion of the testbed was available for this

simple circuit, allowing the use of just one NPN

transistor and one PNP.   To evaluate the circuit,
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d
0.6 Tw
Tj
0.0777p Tc
4.56016 0 Td
776 Tc
5.28008Tc
5.28008 0 Td
(l)Tj
-0.48 Tc
7c
3.83984 0 Td
(e4.3176 Tc
5.2Tc
3.83984 08 0 Td
(h)Tj
-0.15552 Tc
5.28008 0 m Tc
4.31992 0 Td
P)Tj
0.12Td
(t)Tj
0.88008 0 Td
 Tc
4.31992 0 Td
PTc
3.83984 d
(a)Tj
0 Tc
4.56016 0 Td
(g)Tj
-0.1555215552 Tc
-0.12.88008Tj
-0.24 Tc
c
2.88008 0 Td
(e4.3176 Tc
d
(t)Tj
0.82 0 Td
P)Tj
0.12Td
(t)Tj
0.88008 0 Td
 782c
4.31992 0 Td
Ptssrie j 
 - 0 . 1 5 5 5 2 1 5 5 5 2  T c 
 . 3 1 9 9 2  0  T d 
 0 . 4 4 1 1 2  
  T w 
 ( o  ) 0 7 7 7 6  T c 
 3 . 6  0  T d 
 ( t i ) T 8 0 0 8  0  T d 
 2 . 2 8  T w 
 ( y  ) T j 
 - 0 . 2 4  T c 
 8 . 8 8 0 0 8  0  T d 
 ( b ) T j 
 - 0 . 1 5 5 5 2  T c 
 4 . 8 T j 
 - 0 . 0 8 1 5 2  T c 
 4 . 8  0  T d T c 
 5 . 3 6  T c 
 4 . 3 1 9 9 2  0  t 3 5 5 2  1 1 2  T c 
 5 . 0 3 9 8 4  0  T d 
 ( s ) T j 
 - . 1 5 5 5 2 1 5 5 5 2  
 1 . 9 2  T w 
 ( ,  ) T j 
 0 . 0 8 
 ( f  ) T j 
 0 . 0 8 4 4 8  T c 
 7 . 6 6 j 
 0 . 2 4  T c 
 2 . 8 8 c 
 3 . 6  0  T d 
 . 9 2  T w 
 ( ,  ) T 7 7 7 6  T c 
 1 0 . 0 8 0 1  0  T d 
 ( i ) T j 
 0 . 2 4  T c 
 2 . 8 8 0 0 8  0  T d 
 ( n ) T j 
 0  T c 
 5 . 2 8 0l i t is Td
(t)Tj
0.24 Tc
2.88008 0 Td
(h)08 0 Td
1.08 Tw
(d )Tj
-0.15552(l)Tj
-0.24 Tc
2.88008 0 Td
00.07776 Tc
5.28008 0 0.24 T112 Tc
5.039ly wrh-0.15552 Tc
2.880084 0 Td
(r)Tj
0.12Tc
4.56016 1
(n)Tj
0 Tc
5.2824 Tc
4.8 0 Td
(n)Tj
0.12 Tc
5.28008 0 Td
0.96 TwsThe tid  seove
tm4.31992 0 Td
(s07776 Tc
5.03984 0 Td
(l)Tj
-0.150.24 Tc
7.43984 0 Td
(o)Tj 0 Td
(a)Tj
0.07776 Tc
4.56016 0 Td08112 Tc
4.56016 0 Td
(s)Tj
-0.15552 Tc
3.81 Td

7.91992 0 Td
(64 Tc
10.56j
-0.150F-0.08112 Tc
11.5
0.07776 Tc
5.03984 0 Td
(l)Tj
-0.150.23664 Tc
2.88008 0 Td
(ff)Tj
-0.1e0.84 Tw
(d )Tj
d
(a)Tj
0 Tc
4.5601t)Tj
0.24 Tc
2j
-0.15552 T6 Tc
5.03984 0 Td
(ti)Tj
-.2801 0 T Tc
4.56016 0 Td
(n6224 Tc
6.48008 01992 0 Td
(c)Tj
-0.24 Tc
4.31992 0 Td
(o)Tj
0.24 Tc
4.8 0 Td
(n)Tj
0.07776 Tc
5.28008 0 0 Td
0.84 Tw
(d )Tc
2.8800831992 0 Td
1.55664 Tw
(r )Tj
0.07776 Tc
7.91992 0 Td
(t)Tj
0.24 Tc( 0 Td
0.44112
776 Tc
5.28008Tj
0.24 Tc
2.880
0.24 Tc
67224 Tc
6.48008 0 Td
(j)Tj
0 Tc
2.63984 0 Td
(u)Tj
-0.08112 Tc
5.03984 992 0 Td
(o)Tj
0.24 Tc
4.8 0 Td
(nn)Tj
-0.15552 Tc
10.5602 0 Td
(ec)Tj
0.07776 Tc
8.63984 0 Td
(t)Tj
-0.15552 Tc
2.88008 0 Td
(e)Tj
0 Tc
4.31992 0 Td
0.84 Twc
5.36 Tc
4.31992 0 t776 Tc
-194.641 -12 Td
(t)Tj
-0.24 Tc
2.88008 0 Td
0.36 Tw
(o )Tj
0.07776 Tc
7.43984 0 Td
(t)Tj
0.24 Tc
2.88008 0 992 0 Td
(o)Tj
0.240.24 Tc
c
20 Td
(nn)Tj
(b)Tj
0.07776 Tc
4.8 0 Td
(l)Tj
-0.15552 Tc
2.88008 0 Td
3.88 0 Td
(e)Tj
0.07776 Tc
4.31992 0 Td
(t)Tj
Td
(u)Tj
-0.08112 Tc
5.03984 0 Td
(s)Tw
(d )Tj
d
(a)Tj
0 Tc
4.5601t)T.24 Tc
5.76016 0 Td
(o)Tj
0.0)Tj
0.07776 Tc
18 
4.31992 0 Td
(vo)Tj
0.07776 Tc
9.6Tc
10.0801 0 Td
(i)Tj
0.24 28008 0 Td
0.96 Tw)d-0.08112
0.07776Td
(o)Tj
0 Tc
4.8361 -12 Td
(t)Tj
0.24 Tc
2.88008 0 e t

n

hTd
(t)Tj
0.00336 T
0 Tc
4.8 0 T0.24 Tc
2.88008 0 Td
(n)Tj
0 Tc
5.28008 0 Td
2.76 Tw
(g )766j
0.24 Tc
2.-ped seove a o 8 c 
 9 . 8 3 9 8 4  0  T d 
 ( v ) T j 
 0 . 0 8 4 1 4  T d 
 ( a ) T j d 
 ( a ) T j 
 0 . 0 7 7 7 6  T c 
 4 . 5 6 0 1 6  0  T d 
 ( 4 3 3 6  T c 
 1 0 . 0 8 0 1  0  T d 
 ( r ) T c 
 2 . ) T j 
 - 0 . 2 4  T c 6  0  T d 
 ( t ) T j 
 - 0 . 1 5 5 5 2  ssaaud ao voi usi e(a)Tj
0. Tc
2.88008 0 Td
(h5a)Tj
0 Tc
4.56016 5.51992 0 Td
0.24 Tw
(.   )Tj
0.08112 Tc
11.2Bf ectgr64 Tc
100 Td
(a)TjF Td
(ec)Tj
0.07775aas oimbl

cli

m31992 0ET
Q
Q
q
328 Td
48Tc
2
2496 136552  re W n 282828rg
q
12828281282828cm BT
/R5.05.03f
1828281 34.
-0.48 0 d
(m31592 0ET
Q
Q
q
48 d
4901.6 93 Td Tc136552  re W n 282828rg
q
12828281282828cm BT
/R5.05.03f
1828281 4974 0 494338
(m31692 0ET
Q
Q
q
490.0814901.6 8.07136552  re W n 282828rg
q
12828281282828cm BT
/R5.05.03f
1828281 5045.28494338
(m31992 0ET
Q
Q
q
36.56014901.6 216
0.0136552  re W n 282828rg
q
12828281282828cm BT
1555776 Tc/R2105.03f
1828281 375552 4)0 0d
(m31v92 0ET
Q
Q
q
40870814901.6 169Tc136552  re W n 282828rg
q
12828281282828cm BT
1555776 Tc/R2105.03f
1828281 42Tw
( 4)0 0d
(m31v92 0ET
Q
Q
q
3730.488
0.020412 T81336 T re W n 282828rg
q
12828281282828cm BT
15551Tj
-0.2/R21068 Tc
f
1828281 3877761490.1 Td
m07p Tc
ET
Q
Q
q
352d
4803.2
22532 T8138 0 Tre W n 282828rg
q
12828281282828cm BT
15551Tj
-0.2/R21068 Tc
f
1828281 36008 
482.216d
m07p Tc
ET
Q
Q
q
3593.2
4803.2
2186 Td8138 0 Tre W n 282828rg
q
12828281282828cm BT
4 .31992/R21068 Tc
f
1828281 3676 Tc482.216d
m07S92 0ET
Q
Q
q
42026j
488
0.0157.88081336 T re W n 282828rg
q
12828281282828cm BT
15551Tj
-0.2/R21068 Tc
f
1828281 42448 1490.1 Td
m07p Tc
ET
Q
Q
q
3991.d
4803.2
1788T8138 0 Tre W n 282828rg
q
12828281282828cm BT
15551Tj
-0.2/R21068 Tc
f
1828281 407
-0.482.216d
m07p Tc
ET
Q
Q
q
40586j
4803.2
17j
0.d8138 0 Tre W n 282828rg
q
12828281282828cm BT
4 .31992/R21068 Tc
f
1828281 414 0d
482.216d
m07S92 0ET
Q
Q
q
365j
4791.2
2121.d
5c
203  re W n 282828rg
q
12828281282828cm BT
(ec)Tj
0.07/R21076 Tc3f
1828281 3784 0 480.10d
(m31L Tc
ET
Q
Q
q
412 Td
4791.2
165d
5c
203  re W n 282828rg
q
12828281282828cm BT
155538j
-0.2/R21076 Tc3f
1828281 418c
9 480.10d
(m31H Tc
ET
Q
Q
q
1900200
5c812 T8040 re W n 282828rg
q
12828281282828cm BT
(ec)T531992/R55068 Tc
f
1828281 363.d
482
(m3[(Î)-5967754(Î)]TJ.)Tj
541992/R55018c
f
-1
9
(n)T6 1
(780398[(å)(o)030 d(å)]TJ.)Tj5776 Tc/R5501.03f
-Tc
7c
3.077740)Tj
0.æ Tc
j
08448 Tè
5.2  Td
(i)Tj
0.ç Tc
30776 Tc52 Tc
4.j
0.ö Tc
(ø
5.2  Td
(i)Tj
0.÷23664 Tc0o)Tj
-0.236644 T
7c
3)Tj
0.15552 Tc0 Tc
100 640)3 j
0 Tc
4j
0.æ Tc
Tè
5.2  Td
(i)Tj
0.ç Tc
3072398 52 Tc
4.j
0.ö Tc
(ø
5.2  Td
(i)Tj
0.÷23664 Tc692 0 T83.2Tc
4.04 -12 j
0.ì2366d
0.797448 Tí
5.2 6 1
(n)Tj
0.ï Tc
j1.d
48 Tî
5.2  Td
j
0.ï Tc
8122Tc
4j1.359)Tj
0.ü2366d
0.797448 Tý
5.2 6 1
(n)Tj
0.ï Tc
j1.d
48 Tþ
5.2  Td
j
0.ï Tc
ET
Q
Q
q
48026j
4901.6 976552  136552  re W n 282828rg
q
12828281282828cm BT

0.076 Tc/R5.05.03f
1828281 49.0811494338
(m31 0 Td
ET
Q
Q
q
48986j
4901.6 76 552  136552  re W n 282828rg
q
12828281282828cm BT

0.31992/R5.05.03f
1828281 50Tc
11494338
(m31.92 0ET
Q
Q
q
4960 Td4901.6 7Td
(03 136552  re W n 282828rg
q
12828281282828cm BT

0.076 Tc/R5.05.03f
1828281 5096j
494338
(m31 ) Tc
ET
Q
Q
q
1900200
5c812 T8040 re W n 282828rg
q
12828281282828cm BT
)Tj
-0.24 Tc/R5.050008 0f
1828281 325 45 0 38
(m31.07776 Tc
10.0801 0 Td
(t)Tj
0.24 Tc
2.88008 0 Td
(h)Tj
-0.15552 Tc12 Tc
12.7199 0 Td
(s)Tj
-0.15552 Tc
3.83984 0 
2.04 Tw
(o )Tj
0 Tc
9.11992 /R21050008 0f
0 Td
.05
(i0663984 0 Td
(t)T/R5.050008 0f
Tc
796944 T05
(i06639884 0 Td
(48 Tc
6. Tw
(f )T40 Tcd
0.12 Tw
(d )Tj
-0.24 Tc
7.68008 0 Td
(o)Tj
(t)Tj
-0.15552 Tc
88)Tj
0.07776 Tc
176 Tc
d
(c
4.56016 0 Td
(g)Tj
-0.1555215552 8112
0.07776Tc
15.8398 0 Td61 -12 Td
(t)Tj
0.24 Tc
2.88008 0 e )2 0 Td
(c)Tj
-0.24 Tc
4.31992 0 Td
(o)Tj
0.24 Tc
4.8 10.08d
(e)Tj
0.07776 Tc
4.319.00336 Tc
10.0801 0 Td
(-)Tj
0 Tc
-195.841 -12 Td
(u)Tj
0.24 Tc
5.03984 0.04 Tw
(o )Tj
0 Tc
9.11992 0 Td
(p)Tj
-0.21992 0 Td
(c)Tj
-0.24 Tc
4.31992 0 Td
(o)Tj
0.24 Tc
4.8 0 Td
(n)Tj
0.07776 Tc
5.28008 
8.4 0 Td
(t)T
(d )Tc
2.880w
(e c)Tj
0.07.55664 Tw
(r )Tj
0.07776 Tc
7.91992 0 Td
(t)Tj
0.24 Tc(  07776 Tc
10.0801 0 Td
(t)T.55664 Tw
(r )Tj
0.077760 Td
(ec)Tj
0.07776 Tc
8.63984m01 -12 Td
(c).00336 Tc
10.0d
(a)Tj
0.07776 Tc
4.56016 0 Td
(4Td08112 Tc
4.56016 0 Td
(s)Tj
-0.15552 Tc
3.81 6j
0.24 Tc
2.8992 /R21050008 0f
0801 550
.05
(i0663984S31992 0 02j
-0.2/R2106848 0f
776 Tc
8-552 99663984L0 Td
(t)T/R5.050008 0f
52 T5520957
3.81 8 Td
(48 Tc5c
3.83984 d
(a)Tj
0 Tc
4.56016  Td
(s)Tj
-0.15552 Tc
3.83984 0 Td
(e)Tj
0.0d-0.0/R21050008 0f
c
4.8 0 Td1
949663984S3199j
-0144-0.2/R2106848 0f
776 Tc
8-552 99663984H0 Td
(t)T/R5.050008 0f
c
4.5520957
3.85552 Tw
(664 Tw
(f )Tj
-0.16224 Tc
6.48008 0 Td
(j)Tj
0 Tc
2.63984 0 Td
(u)Tj
-0.08112 Tc
5.0398(e )Tj
0.08448 Tc
2 0 Td
(o)Tjd
0.51552 Tw
(
0.24 Tc
4.56016 0 Td
(n)Tj
0 Tc
5.28008 0 Td
1.08 Tw
(d )Tj775 0 Td
(r)Tj
0.08448 Tc
3 Td
(i)Tj
0.24Td
(pu)Tj
0.07776 Tc
10.085c
7Tc
7.68008 0 Td
(Nj
-0.0811d
(t)Tj
-0.15Tc
5.36 Tc
4.31992 0 t3552 112 Tc
5.03984 0 Td
(6.16 Tc
4.31w602 0 Td
(u)Tj
-0.032 Tc
-195..56016  Td
(s)Tj
-0.15552 Tc
3.83984 0 Td
(e)Tj
0.52 Tc
5.2 Td
(a)Tj
-0.24 Tc
348 Tc
15.6 0 Td
(e4.3176 Tc
d
(t)Tj
0.82 0 Td
P)Tj
0.12Td
(t)Tj
0.88)Tj
0.07776 Tc
176 Tc
d
5552 Tw
( Tc
4.56016 0 Td
T
0 Tc
4.8 0 T
-0.21992 0 Td
(c)Tj
-0.24 Tc
4.31992 0 Td
(o)Tj
0.24 Tc
4.8 0 Td
(n)Tj
0.07776 Tc
5.28008 52 0 0 Td
(t)T
(d )Tc
2.880Td
(s)Tj
0.0770.07776 Tc
4.56016 0 Td
(.28008 0 Td
d
0.6 Tw
Tj
0.0777p Tc
4.56016 0 Td
776 Tc
5.2800 Td
5.795(e)Tj
0 Tc1.56 Tw
(d u)T7776 Tc
10.0801 0 Td
(i)Tj
0.24 Tc
2.88008 0 Td
(n)Tj
0 Tc
5.280)Tj
0.07776 Tc
18 Tj
0.07776 Tc
5.28008 0 Td
(i)Tj.07776 Tc
4.31992 0 Td
(liti)Tj
-0.08112 Tc
11.5199 0 Td
(s Td
(t)Tj
0.24 Tc
2.88008 0 Td
(h)08 0 Td
1.08 Tw
(d )Tj
-0.15552(l)Tj
-0.24 Tc
2.880y(s)Tj
-0.1558008 0 Td
3.88 76016 06 Tw
(.  )Tj
-0.07c
-195..56016  Td
(s)Tj
-0.15552 Tc
3.83984 0 Td
(e)Tj
0.
(, )Tj
0.08448.  )Tj
-0.0/R21050008 0f
0 Td
.05
(i06639845552 Tc11851992 /R2106848 0f
)Tj
-0.1-552 99663984 0 Td
(t)T/R5.050008 0f
1
9
(n)T5520957
3.8(776 Tc
4.03.6 0 Td

7c
3.83984 c
5.2800
9.11992 /R21050008 0f
552 Tc
5..05
(i0663984 0 Td
(t)T/R5.050008 0f
Tc
796944 T05
(i066398(664 Tw
(fTj
-0.2552 Tc
5.)Tj
17765d
(e)Tj=Tc
2.8992 9Td
 782c
4.31992 04 .31992 0 Td
(r)Tj
0.24 Tc
)Tj
-00 Td
(liti)T2…1006 Tc
4.03.6 0 T30776 Tc.)Tj
1777Tc
7.680)0.07776 Tc
4.31992 0 Td
(t)Tj
801 0 Td
(-)Tj
0 Tc
-195.841 -12 Td
(u)Tj
0.24 Tc
5.03984 00 Td
(pu)Tj
0.07
6. Tw
(f )Tj
9
(n)Tj
0 Tc
5.280)Tj
0.07776 Tc
18 0 Td
(ec)Tj
0.07776 Tc
8.63984mTd
(t)Tj
0.00336 Tc
2.88008 0 Tj
0 Tc
2.88008 0 Td
(g)Tj
0.28112 Tc
1Td
(o)59c
5.0398
-0.15552 Tc
10.5602 0 Td
(ec)Tj
0.07776 Tc
8.63984 0 Td
(t)Tj
-0.15552 Tc
2.88008 0 Td
(e)Tj
0 Tc
4.319952 0 0 Td
(t)T
0.08448 Tc
3 Td)Tj
0 Tc
4.31992 0 Td
(u)Tj
0.07776 Tc

-0.24 Tc
2.88008 0 Td
0.36 Tw
(o )Tj
0.07776 Tc
7.43984 0 Td
(t)Tj
0.24 Tc
2.88008 6 Tcd
(n)Tj
0 88008 0 Td
(e)Tj2.2398 0 Td
(
5.28008 0 Td
(ti)Tj
0.0845552 Tw
((t)Tj
-0.15552 Tc

0 Tc
4.8 0 Tmill
-0.08112 Tc
18448 Tc
15.6 0 Td
(a)Tj
0.07776 Tc
4.56016p Tc
4.56016 0 Td8 0 Td
0.36 T6
-194.64 -12 Td
(92 0 Td
(s00.51552 Tw
(Td
(pu)Tj
0.07776 Tc
10.08688008 0 Td
0 Td
(b)Tj
-0.1550 Td
(o)Tj
-0.801 0 Td
(-)Tj
0 Tc
-195.841 -12 Td
(u)Tj
0.24 Tc
5.039846
(r)Tj
-0.155s)Tj
-0.15552 Tc
5602 0 Td
(h)(e)Tj
0.24336 Tc
4.31992 0 Td
(r)Tj
0.07776 Tc
3.6 0 Td
(i)Tj
-0.15552 Tc
2.88008 0 Td
(e)Tj
-0.08112 Tc
4.31992 0 Td4 Tc
2.88008 0 0 Td Tw
(d u)T601 -12 Td
(c)Tj
0.08448 Tc
4.31992 00 Td
(l)Tj
-0.150.(r)Tj
0.07776 Tc

2.88008 00.24 Tc
2.88008 0 Td
(n)Tj
0 Tc
5.280)Tj
0.07776 Tc
18 Tj
0.07788008 0 Td
(h)Tj
-0.15552 Tc
d
(l)Tj
-0.150c
3.83984 0 Td
(e)Tj
0.0d-0.0
(e)Tj
-0.08112 Tc
4.3199201 0 Td
(-)Tj
0 Tc
-195.84c
3.83984 0 Td
(e)Tj
0.4 Td

7.9
4.31992 0 Td
(o)T0 Td
(r)Tc
2.)Tjd
(-)Tj
0 Tc
-195.84 6j
0.24 )Tj
-0.15552 Tc
0 Td
(o)Tj
-0.801 01992 0 Td
(c)Tj
-0.24 Tc
4.31992 0 Td
(o)Tj
0.24 Tc
4.8 0 Td
(n)Tj
0.07776 Tc
5.28008 4Td T0 Td
(t)T
0.02 0 Td
(s Tw
Tj
0.0777.55664 Tw
(r )Tj
0.077760 Td
(ec)Tj
0.07776 Tc
8.63984m01 -12 Td
(c).00336 Tc
10.0d
(a)Tj
0.07776 Tc
4.56016 0 Td
(4Td08112 Tc
4.56016 0 T4 T3Tc
2.88008 0 Td
0.75552 T/R21050008 0f
.56j00Td
.05
(i0663984 0 Td
0.31992/R5.050008 0f
Tc
)Tj
04 T05
(i06639844 0 Td
(.76 Tc
4.56016 0 w
(e c)Tj
0.07
(e)Tj
0 Tc
4.31992 0 Td
2.52 Tw
(d )Tj
0.07776 Tc
10.080c
4cd
(n)Tj
0 88008 Tc
0 T83984 0 Td
194.639 -12 Td
(t)Tj
-0.31776 Tc
2.88008 0 Td
(w)Tj
-0.24 Tc
6.96016 0 Td
5.64 Tw
(o )Tj
-0.08112 Tc
12.7199 0 Td
(s)Tj
-0.1j
-0.15552 T.081u)Tj
0.07776 T)Tj
0.07776 Tc
18 08 0 Td
0.99552 Tw
(e )Tj
0.08448 Tc
7.68008 0 Td
(a)Tj
0.24 c
4.56016 0 Tc
9.11992 0 Td
(p)Tj
-0.21998 0 Td
(ti)Tj
0.084j
 0 Td
( )Tj
-0.15552 Tc
2 0 Td
(liti)Tj01 0 Td
(-)Tj
0 Tc
-195.841 -12 Td
(u)Tj
0.24 Tc
5.03984 04r)Tj
-0.155s)Tj
-0.15552 Tc
00.51552 Tw
( Tc
5.03984 0 Td
(e)Tj
-0.08112 Tc
4.31992 0 Td
(s)Tj
0.07776 Tc
3.83984 0 Td
(i)Tj
0.24336 Tc
2.88008 0 Td
(r)T24, )Tj
0.07776 T-0 Tc
8.88008 6)Tj
-0.24 Tc
0.07776 Tc
4.8 0 Td
(l)Tj
-0.15552 Tc
2.88008 0 Td
3.80 Td
1.8 Tw
(yd
(i)24 Tc
4.8 0 6 T83984 0 Td
 Td
(h)08 0 Td
1.08 Tw
(d )Tj)T24, )Tj
0.t Tw
(.  )Tj
-0.07

7c
3.83984 
1.71552 Tw
(e )Tj
0.07776 Tc
8.4 0 Td
(t)Tj
0.06 Tc
4.8 0 Td
(l)T292 04 .31992 0 Td
(r)Tj
0..4 Tc
)Tj
-00 Td
(liti)T8
-0.1555)Tj
0.07776 Tc
8.63984V92 04 .31992
2.88008 1 Td

7.9 Tc
2.880
0.24 TcTd
(gu)Tj
-0.15552 Tc
10.0801 0 Td
(e )Tj
-0.04 Tw
(r )Tj
0.077760 Td
4.56016 0 Td8 008 0 Td
(r)T.08d
(e)Tj
0.077.240.24 Tc
c
2 Tw
(g )Tj
0.07776 Tc
4.31992 0 Td
(-)Tj
0 Tc
3.36016 0 Td
(p)Tj
-0.20.24336 Tc
2.8800(o)0 Td
(a)Tj
0.0 Td
(i)Tj
0.08448 Tc
2.88008 0 Td
(a)Tj
0.07776 Tc
4.56016 0 Td
(t)Tj
-0.15552 Tc
2.88008 0 Td
(e)Tj-6  Td
(s)Tj
-0.15552 Tbd
(b)Tj
0.08448 Tc14 Td
(a)Tj07776 Tc
3.83984 08008 0 Td
d61 -12 Td
(t)Tj
0.24 Tc
2.8800Td
(a)Tj
-0.08112 Tc
4.560112 Tw
(s )Tj
-0.24 Tc
8.4 0 Td
(o)Tj
-0.23664 Tc
4.8 0 Td
2.208Tc
5.28008 sTc
2.)Tj3.83984 0 Td
(im)Tj
0 Tc
10.0t)Tj
0.24 Tc
2.8808 0 Td
(l)Tj
-0.15552 Tc
2.88008
(s )Tj
-0.24 Tc
8.4 0 Td
08 0 Td
(e)Tj
0.12 Tc
4.31992 j
-0.08112 Tc
11.5199 0 Td
(s)Tj
0.07776 Tc
3.83984 0 Td
(m)Tj
0.12 Tc
7.91992 0a)Tj
0. Tc
2.882 0 Td
(vo)5.56016 0 Td
(s)Tj
w
(d )Tj
-0.08112 Tc
8.4 0 Td
(s)Tj
-0.15552 Tc
3.83984 0 Td
(e)Tj
0.028008 0 Td
(a)Tj
0.07776 Tc
4.56016 
-0.23664 Tc
4.8 0 Td
2.2080 Td
(e)Tj
0.07736 Tc
4.31c
5.03984 0 Td
(r)u)Tj
0.07776 Tc
10.0856j308 0 Td
0 d61 -12 Td
(t)Tj9Td
 782c
4.310Td
(a)Tj
-0.08112 Tc
4.560112 Tw
(s )Tj
-0.24 Tc
8.4 0 Td
(o)Tj
-0.23664 Tc
4.8 0 Td
2.2080 Td
(e)Tj
sTc
2.)Tj3.83984 0 Td8398 0 Td61 -122 0 Td
(v
0.24 Tc
2.880984 0 Td
(w)Tj
0.07776 Tc
6.96
(i)Tj
-0.08112 Tc
22801 0 T127.15552 TTd)T1c
5.03984 0 Td-140,000 6016140,000 are expected.8 0 Td
141552 T/R23  Td
Tc3f
24.9571
48 T688 Tailoring60he GA6016 0 Ttestbed)'.1555)Tj
0.07/R5.050008 0f
15c
5.d
48 TA
5.28d
(,)Tj
0.08448 Tc1 0 Td
(imi)ll Td
(a)Tj
-0.013008 0 Td
52 Tw
(d )Tj
0.07776 Tc
10.0801 1)Tj
0.08448j
0 Tc
2.813008 0 Td
xTj
0.07776 Tc
5.26.23984 0 Td
(s)Tj
-0.1j
-0.15552 Tc
2.88008 0 Td
(e)Tj
-0.08112 Tc
4.3Td
(t)Tj
0.00336 T0
4.56016 0 Td
(4Td0.15552 Tc
2.88008 0 Td
(i)Tj
0.24 Tc
2.88008 07p Tc
4.56016 0 Td
776 Tc
5.2802c
9.83984 0 Td
(v0992 0 Td
(p)Tj(o)Tj 0 Td
(a)Tj
0.07776 Tc
4.56016 0 
(e)Tj
0.12 Tc
4.31992  Td
P)Tj
0.12Td
(t)Tj
0.88008 0 Td
 Tc
4.31992 0 Td
P)Tj
0.12 0 Td
(a)Tj
0.0774 Tc
5.28008 0 Td
(-0.15552 Tc
2.8800 Td
1.95512336 Tw
(r )Tj
0Tj
-0.15552 Tc
698 0 Td
(ti)Tj
0.084j
8 Tw
((t)Tj
-0.15552 Tcw
(e c)Tj
0.07776 Tc
11.7602 0 Td
(i)Tj
0.24336 Tc
2.88008 0 Td
(r)Tj
-0.15552 Tc
3.6 0 Td
(c)Tj
0 Tc2c
9.83984 0 Td
(v00.1j
-0.150 Td
(p)Tj.23664 Tc
2.88008 Td
(i)Tj
0.24 28008 0 Td
0.96 Tw)24 Tc
2.88008 0 Td
(h)Tj
-0.15552 Tc
5.28008 0 Td
3.87552 Tw
(e )Tj
0.07776 Tc
1 0 Td
(imi))Tj
0.06 Tc
20 Td
(nn)Tj
41 -12 Td
(g)Tj
-0.15552 Tc
5.03984 0 Td
(e)Tj
0.24 Tc
4.31992 0 Td
(n)T2 Tc
7.68008 0 Td-0.0
(e)Tj
-0.08112 Tc
4.3199201 0 Td
88008 0 Td
(ud)Tj
0.07776 Tc
10.0801 0 Td
(i)Tj
0.07776 Tc
4.31992 0 Td
(liti)Tj 2801 0 Td
(o)Tj
0.032 Tc
-195..560161992 0 Td
P)Tj
0.18 0 Td
(r)Tj
-0.15 Tw
Tj
0.07778 0 Td
(u)Tj
0.07776 Tc
5.03984 0 Td
2.92224 Tw
(t i0d

7.9
4.319)Tj3.83984 0Tj
-0.1555d61 -122 0 Td
(v
0.24 Tc
2.880984 0 Td
(w)Tj
0.07776 Tc
6.96
(i)Tj
-0.08112 Tc
1 0 Td
(imi)01 0 Td
(a)T00.51552 Tw
(28008 0 Td
(a)Tj
0.07776 Tc
4.56016 0 Td
4.12224 Tw
(l )Tj
-0.077788008 0 d
(: )Tj
-0.24 Tc
10.8 0 Td
(o)Tj
0.27p Tc
4.5(l)Tj
-0.24 Tc
2.880y(s)Tj1992 0 Td
P)Tj
0.188008 0 Td
(a)Tj
0.07776 Tc
4.1 1)Tj
0.0844807776 Tc
4.31992 8
2.88008 07p Tc
4.5(u)Tj
0.07776 Tc
5.36016 0 T28008 0 Td
9d
(ss)Tj
-0.24 Tc

0.07776 Tc
176 Tc
d
( j
-0.15c
2.88008 0 Td
(h)Tj
-0.15552 Tc
4.12224 Tw
(l )Tj
-0.077788008 0 d
(: )Tj
-0.24 Tc
10.8 0 Td
(o)Tj
0.27p Tc
4.5(l)Tj
-0.24 Tc
2.880y(s)Tj1992 0 Td
P)Tj
0.188008 0 Td
(a)Tj
0.07776 Tc
4.1 1)Tj
0.0844807776 Tc
4.31992 8
2.88008 07.28008 0 Td
(o)Tj
0.24 Tc
4.8 0 Td
2 Tc
1Td
0 Td1c
5.0398
-0.15584 0 Td
(l)Tj
-0.150.24 Tc
7.43984 0 Td
(o)Tj 0 Td
(a)Tj
0.07776 Tc
4.56016 0 Td08112 Tc
4.56016 0 T360 Tc
2.88008 0 Td
0.75552 T2 0 Td
(liti)Tj01 04.5(u)Tj
0.07776 Tc
5.3
0.24 )Tj
-0.15552 Tc
0 Tw
Tj
0.0777(e)Tj
-0.24 Tc
4.31992 0 Td
(v)Tj
-0.15552 Tc
4.8 0 Tdx-0.0
(e)Tj
-0.08112 Tc
4.31992mTd
0.99552 Tw
(a )
0 Tc
4.8 0 T0 Td
(upp)Tj
0.07776 Tc
15.1199 0 Td
(l)Tj
-0.48Tw
(r )Tj
0Tj
-0.1555j
0.07776 Tc
9.6 0 Td
(lt)Tj
0.08448 Tc
5.76016 0 Td
(a)Tj
0 Tc
99552 Tw
(a Tj
-0.1555
0.24 Tc
4.56016 0 Td
(n)Tj
0 Tc
5.28003.83984 d
(a)Tj
0 Tc
4.56016  T0.07776 Tc
5.28008 0 Td
8.4421992 0 Td
(s)Tj
0.07776 T Tc
4.12224 Tw
(l )T Td
(e)Tj3984 0 Td
(o)Tj
0.0Td
(im)Tj
0 T
5.280)Tj
0.07776 Tc
18 Tj
0.4 Tc
2.88008 Tc
3.6 0 Td
(c)TjTj
0.07776 Tc
j
-0.15552 T6
6.23984 0 Td2 0 Td
(liti)Tj
0.24 Tc
10.3199 0 Td
(n)Tj
-0.24 Tc
5.28008 6 0 Td
776 Tc
5.2800.c)TjTj
0.07776 T28008 0 Td
1.56 Tw
(y
(o)Tj
0.24 Tc
4.8 0.j
0.07776 Tc
7.2 0 c
5.03984 0 Td
(s)Tw
(d )Tj
d
(a)Tj
0 Tc
4.5601t)Tj
0.24 Tc
2j
-0.15552 T6 Tc
5.03984 0 Td
(ti)Tj
-( j
-0.1555215552 Td
0 T1968008 0 Td
(e)Tj
-0.24 Tc
4.31992 0 Td
(vo)Tj
0.07776 Tc
9.6 0 Td
(l)Tj
0 Tc
2.88008 0 Td
(u)Tj
0.07776 Tc
5.03984 0 Td
(ti)Tj
-3 Tw
( Tc
4.56016 0 Td
TTd
(i)Tj
0.240.15552 Tc
3.6 0 Td
(c)Tj
0 Tc3.39.83984 0 Td
(v00.1j
-0.15Tj
-0.1555.23664 Tc
2.88008 Td
(i)Tj
0.24 28008 0 Td
0.96 Tw)24 Tc992 0 Td
(vo)Tj
0.07776 Tc
9.6Tc
10.0801 0 Td
(i)Tj
0.24 2 0 Td
(o)Tj
0.24 Tc
4.8 0 Td
( Tc
4.56016 0 Td
(n)Tj
0 Tc
5.280Td0.15552 Tc
2.88008 0 Td
(i)Tj
0.24 Tc
2.88008 07p Tc
4.5c
4.31992 0 Td
(r)Tj
-0.24 Tc984 0 Td
(ti)Tj
-30a)Tj
0.d
(T)Tj
-0.24 TT0
4.56016 d
(a)Tj
28008 0 Td
(e c5.76016 09602 0 Td
(u)Tj
-004 -12 Td
0 3.30.24 Tc
5.760160j
0.0Td
(im)Tj
0 T8 0 Td
(l)Tj
-0.15552 Tc
2.880086 Tc
2.88008 0 Td
(r)Tj
-0.15501992 0 Td
(r)Tj
-0Tj
0.024 Tc
4.8 0 6.23984 0 Td
 Td Td
(pu)Tj
0.07
6.0.24 TT0
 -12 Td
0 Tb4 Tc
10.8 0 Td
(o)Tj
0.23.40, )Tj
0.077
(d )Tc
2.880Td
 0 84 0 Td.08112 Tc
4.31956016 0 Td
TTd2
Tj
0.0777p Tc
7776 Tc
9.6 0 Td
(lt)Tj
0.08448 Tc
5.76016 0 Td
(a)Tj
0 Td
(n)T2 Tc
7.68008 0 T28008 0 Td
(a)Tj
0.07776 Tc
4.56016 0 Td
4.12224 Tw
(l )Tj
-0.077788008 0 d
(: )Tj
-0.24 Tc
10.8 0 Td
(o)Tj
0.27p Tc
4.5(l)Tj
-0.24 Tc
2.880y(s)Tj1992 0 Td
P)Tj
0.188008 0 Td
(a)Tj
0.07776 Tc
4.c
6.23984 0 Td
(h)Tj
-0.1555210 Td
(.776 Tc
4.56016 0 T7776 Tc
4.8 0
(e)Tj
0 Tc
4.31992 0 Td
2.52 Tw
(d )Tj
0.07776 Tc
10.0800.15552 Tc12 Tc
12.7199 0 Td
(s)Tj
-0.15552 Tc
3.83984 0 2Tc
3.6 0 Td
90.48Tw
(r )Tj
0Tj.24 Tc
2.88008 0 e )Tc
3.6 0 Td
(c)Tj
0 Tc2c3644112 
 Tw
(o )07776 Tc
3.60 Td
(liti)Tjc
3.6 0 Tda8008 0 Td
9dP)Tj
0.188008 0 2 Tc
11.d
(ov)Tj
-0.15552 Tc
9.6 0 Td
(e)Tj
07p Tc
4.5c
4.31992 0 Td
(r)Tj
-0.24 Tc0Td0.15552 Tc
2.88008 0 Td
(i)Tj
0.24 Tc
2.88008 07ph)Tj
-0.15552 Tc
5.28008 0 Td
2.67552 Tw
(e )Tj
0.07776 Tc
248 Tc
14.88lTj
0.06 Tc
29Td
0.96 Tw)24 Tc992 0 Td
(vo)Tj
0.07776 Tc
9.6Tc

(w)Tj
0.07776 Tcb4 Tc
10.8 0 Td
0.07776 Tc
5.03984c
4.31992 0 Td
(r)Tj
-0.24 Tc
336 Tc
10.0801 0 Td
(r)T1 0 Td
(a)T000 Tc
-194.641 -12 Td
(g)Tj
-0.15552 Tc
5.03984 nn t  i r cy s ae  bt u 
 - 0 . 2 4  T c 
 4 . 3 1 9 9 2  0  T d 
 ( v ) T j 
 - 0 . 1 5 5 5 2  T c 
 4 . 8  0  T d 8  0  T d 
 ( r ) T j 
 - 0 . 1 5  T w 
 T j 
 0 . 0 7 7 7 8  0  T d 
 ( u ) T j 
 0 . 0 7 7 7 6  T c 
 5 . 0 3 9 8 4  0  T d 
 2 . 9 2 2 2 4  T w 
 ( t j 
 - 0 . 1 5 5 5 
 4 . 3 1 9 ) T j - 0 . 2 4  T c 
 2  8 
 2 . 8 8 0 0 8  0 7 . 0 7 7 7 6  T c 
 4 . 3 1 9 9 2  0  T d 
 ( - ) T j 
 0  T c 
 3 . 3 6 0 1 6  0  T d 
 ( p ) T j 
 - 0 . 2 0 . 9 0 . 4 8 T w 
 ( r  ) T j 
 0 T j  T c 
 4 . 8  0  T d 
 ( e ) T j 
 0  T c 
 4 . 3 1 9 9 2  0  T d 
 3 . 7 2  T w 
 ( d  ) T j 
 - 0 . 3 1 7 7 6  T c 
 1 1 . 2 8  0 . 0 4  T w 
 ( o  ) T j 
 0  T c 
 9 . 1 1 9 9 2  0  T d 
 ( p ) T j 
 - 0 . 2 1 9 9 2  0  T d 
 ( c ) T j 
 - 0 . 2 4  T c 
 4 . 3 1 9 9 2  0  T d 
 ( o ) T j 
 0 . 2 4  T c 
 4 . 8  0  T d 
 ( n ) T j 
 0 . 0 7 7 7 6  T c 
 5 . 2 8 0 0 8  0  T d 
 ( v ) T j 
 0 . 0 8 4 4 8  T c 
 4 . 8  0  T d 
 ( a ) T j 
 0 . 0 7 7 7 6  T c 
 4 . 5 6 0 1 6  0  T d 
 ( i l ) T j 
 0 . 0 8 4 4 8  T c 
 T d - 0 . 0 
 ( e ) T j 
 - 0 . 0 8 1 1 2  T c 
 4 . 3 1 9 
 8 . 4  0  T d 
 ( t : T c 
 3 . 8 3 9 8 4  0  T d 
 ( 2  0  T d 
 ( - ) T j 
 0 G A 8 4  0  T d 
 ( o ) T j 
 0 . 0 4  T d 
 ( a ) T 1 0 . 0 8 d 
 ( e ) T j 
 0 . 0 7 7 7 6  d 
 ( o ) T j 
 - 0 . 2 3 6 6 4  T c 
 4 . 8  0  T d 
  T 0 . 0 7 7 7 6  T c 
 5 . 2 8 0 0 8  0  T d 
 8 . 4 4 2 1 9 9 2  0  T d 
 ( s ) T j 
 0 . 0 
 0  T d 
 ( n ) T 2  T c 
 7 . d 
 ( a ) T j 
 0 . 4 1  - 1 2  T d 
 ( g ) T j 
 - 0 . 1 5 5 5 2  T c 
 5 . 0 3 9 8 4  n 0 7 7 7 6  T c 
 5 . 2 8 0 0 8  0 T d 
 ( r ) T j 
 - 0 . 1 5 5 5 2  T c 
 3 . 6  0  T d 
 ( c ) T j 
 0  T c 
 4 . 3 1 9 9 2  0  T d 
 ( u ) T j 
  ) T j 
 0  T c 5 5 2  T c 
 5 . 2 8 0 0 8  0  T d 9 . 7 6 0 1 6  0 9 6 0 2  0  T d 
 ( o ) T j 
 0 . 0 6 
  - 1 2  T d 
 0  T  T d 
 (  T c 
 4 . 5 6 0 1 6  0  T d 
 ( n ) T j 
 0  T c 
 0  T d 
 ( n ) T 2  0  T d 
 ( l i t i ) T ( o ) T j  0  T d 
 ( a ) T j 
 0 . 0 7 7 7 6  T c 
 4 . 5 6 0 1 6  0 i l ) T j 
 0 . 0 8 4 4 8  T c 
 9 0 a ) T j 
 0 . d 
 ( T ) T j 
 - j 
 0 . 2 4 3 3 6  T c 8 8 0 0 8  0 7 . 0 7 7 7 6  T c 
 4 . 3 1 9 9 2  0  T d 
 ( - ) T j 
 0  T c 
 3 . 3 6 0 1 6  0  T d 
 ( p ) T j 
 - 0 . 2 9 0  T d 
 ( e ) T j 
 c 
 7 . 9 1 9 9 2  0  7 d 
 ( i ) T j 
 0 . 2 4  T c 
 2 j 
 w 
 ( d  ) T j 
 - 0 . 0 8 1 1 2  T c 
 8 . 4  0  T d 
 ( s ) T j 
 - 0 . 1 5 5 5 2  T c 
 3 . 8 3 9 8 4  0  T d 
 ( e ) T j 
 0 . 0 d - 0 . 0 8 1 1 2  T c 
 1 1 . d 
 ( o v ) T j 
 - 0 . 1 5 5 5 2  T c 
 9 . 6  0  T d 
 ( e ) T j 
 0 9 . 4 0 ,  o v t u r t 
 ( ,  ) T j 
 0 g w 
 ( o  ) 0 7 7 7 6  T c 
 3 . 6 . 6  0  T d 
 ( c ) T j 
 . 1 5 5 5 2  T c 
 4 . 8  0  T d 8  0  T d 
 ( 7 . 9 1 9 9 2  0   T w 
 T j 
 0 . 0 7 7 7 9 8 4  0  T d 
 ( w ) T j 
 0 . 0 7 7 7 6  T c 
 6 . 9 6 7 6  T c 
 3 . 8 3 9 8 4  x - 0 . 0 
 ( e ) T j 
 - 0 . 0 8 1 1 2  T c 
 4 . 3 1 9 9 2 m 0 2  0  T d 
 ( u ) T j 
 - 0 0 4 0 . 8 8 0 0 8  0  T d 
 
 0  T c 
 4 . 3 1 9 9 2  0  T d 
 ( u ) T j 
 j 5 . 0 3 9 8 4 c 
 4 . 3 1 9 9 2  0  T d 
 ( r ) T j 
 - 0 . 2 4  T c 
 3 3 6  T c 
 1 0 . 0 8 0 1  0  T d 
 ( r ) 9 8 4  0  T d 
 ( o ) T j 
 0 . 2 4 3 3 6  T c 
 4 . 8  0  T d 
 ( r ) T j 
 0 9 8 4 c 
 4 . 3 1 9 9 2 . 1 6 2 2 4  T c 
 6 . 4 8 5 5 5 2  T c 
 5 . 2 8 0 0 8  0  T d 
 ( c ) T j 
 0 . 0 7 7 7 6 4  T c 
 1 0 . 5 6 0 2  0  T d 
 ( f ) T j 
 - 0 5 5 2  T w 
 ( e  ) T j 
 0 . 0 7 7 7 6  T c 
 8 0 0 T c 
 1 4 . 8 8 l T j 
 0 . 0 
 0  T c 
 4 . 3 4 c 
 5 . 2 8 0 0 8  0  T d 
 4 . 3 6 2 2 4  T w 
 ( t  ) T j 
 - 0 0  T d 
 ( e c ) T j 
 0 . 0 7 7 7 6  T c 
 8 . 6 3 9 8 4 m 0 1  - 1 2  T d 
 ( c ) . 0 0 3 3 6  T c 
 1 0 . 0 d 
 ( a ) T j 
 0 . 0 7 7 7 6  T c 
 4 . 5 6 0 1 6  0  T d 
 ( 4 T d 0 8 1 1 2  T c 
 4 . 5 6 0 1 6  0  T d 
 ( s ) T 2  T d 
 ( g ) T j 
 - 0 7 7 7 6  T c 
 1  1 6 T d 
 ( e ) T j 
 0 . 0 7 7 3 6  T c 
 4 . 3 8  0  T d 
 ( n n ) T j 
 - 0 . 1 5 9 9 5 5 2  T w 
 ( e  ) T j 
 - 0 . 0 7 7 7 3 1 0 8  0  T d 
 0  T d 
 ( b ) T 0 3 . 6  0  T d 
 
 7 c 
 3 . 8 3 9 8 4  
 0 . 8 8 0 0 8  0  T d 
  7 8 2 c 
 4 . 3 1 9 9 2  0 0 c 
 4 . 3 1 9 9 2  0  T d 
 ( l ) T j 
 - 0 . ’ ( s ) T 2  T d 
 ( g ) T j 
 - 0 7 d 
  7 8 2 c 
 4 . 3 1 s 
 0 . 0 7 7 7 6 4  T c 
 1 0  T c 1 . 5 6  T w 
 ( d  u ) T c 
 8 . 4  0  T d 
 ( s ) T j 
 - 0 . 1 5 5 5 2  T c 
 3 . 8 3 9 8 4  0  T d 
 ( e ) T j 
 0 . 4  T c 
 5 . 0 d  T d 
 ( b ) T 0 3 . 6  0  T 0  T d 
 ( o ) T j 
 - 0 . 7 6  T c 
 3 . 1 5 5 5 2  T c 
 5 . ) T j 
 0 . 2 4 3 3 0 c 
 4 . 3 1 9 9 2  0  T d 
 ( l ) T j 
 - 0 . ’ ( s ) T 2  T d 
 ( g ) T j 
 - 0 7 d 
  7 8 2 c 
 4 . 3 1 s 
 0 . 0 7 7 2  T c 
 5 . 2 8 0 0 8  0  T d 
 ( 4 0 0 8  0 d 
 ( . 7 7 6  T c 
 4 . 5 6 0 1 6  0  T T c 
 4 . 3 1 9 9 2  0  
 ( e ) T j 
 0  T c 
 4 . 3 1 9 9 2  0  T d 
 2 . 5 2  T w 6  T c 
 2 . 8 8 0 0 8  0  T d 
 ( r ) T j 
 - 0 . 1 5 5 5 2  T c 
 3 . 6  0  T d 
 ( c ) T j 
 0  T c 4 d ) T 1 d 
 ( e ) T j 
 0 . 0 7 7 3 6  T c 
 4 . 8  0  6 . 2 5 2  T c 
 - 1 9 5 . 5 5 5 2  T c 
 5 . 2 8 0 0 8  0  T d 
 ( c ) T j 
 0 . 0 7 7 7 6 4  T c 
 1 0 . 5 6 0 2  0  T d 
 ( f ) T j 
 - 0 5 5 2  T w 
 ( e  ) T j 
 0 . 0 7 7 7 6  T c j 
 - 0 . 2 1 9 9 2  0  T d 
 ( c ) T j 
 - 0 . 2 4  T c 
 4 . 3 1 9 9 2  0  T d 
 ( o ) T j 
 0 . 2 4  T c 
 4 . 8  0  ) T j 
 - 0 . 1 5 5 5 2  T c 
 0  T  0  T d 
 ( a ) T j 
 - 0 . 0 8 1 1 d 
 ( - ) T j 
 0  T c 
 - 1 9 5 . 8 4  T d 
 
 7 . 9 o T j 
 0 . 0 
 0  T c 
 4 6  T 8 3 9 8 4  0  T d 
 h 
 0 . 0 7 7 7 6 4  T c 
 1 0 8 4  0  T d 
 ( i ) T j 
 0 . 2 4  T c 
 2 . 8 8 0 0 8  0  T d 
 ( n ) T j 
 0  ) 9 8 4  0  T d 2 
 0 . 0 7 7 7 6 T c 
 1 5 . 8 3 9 8  0  4  T 3 T c 
 2 . 8 8 0 0  T d 
 ( b ) T j 
 - 0 . 1 5 5 5 2 ( e  c ) T j 
 0 . 0 7 7 7 6  T c 
 1 1 . 7 6 0 2  0  T d 
 ( i ) T j 
 0 . 2 4 3 3 
 ( d  ) T j 
 - 0 . 3 1 7 7 6  T c 
 1 1 . 2 8 
 0 . T d 
 ( n ) T j 
 0  8 8 0 0 8  0  T d 
 ( e ) T j T d 
 ( i ) T j 
 0 . 2 4 
 - 0 . 2 1 9 9 2  0  T d 
 ( c ) T j 
 - 0 . 2 4  T c 
 4 . 3 1 9 9 2  0  T d 
 ( o ) T j 
 0 . 2 4  T c 
 4 . 8  0  T d 
 ( n ) T j 
 0 . 0 7 7 7 6  T c 
 5 . 2 8 0 0 8  0  T d 
 ( v ) T j 
 0 . 0 8 4 4 8  T c 
 4 . 8  0  T d 
 ( a ) T j 
 0 . 0 7 7 7 6  T c 
 4 . 5 6 0 1 6  0  T d 
 ( i l ) T j 
 0 . 0 8 4 4 8  T c 
 T d - 0 . 0 . 1 5 5 5 2 1 5 5 5 2  T d 
 ( o ) T j 
 0  T c 
 4 . 8 d 
 ( e ) T j 
 - 0 . 2 4  T c 
 4 . 3 1 9 9 2  0  T d 
 ( v o ) T j 
 0 . 0 7 7 7 6  T c 
 9 . 6  0  T d 
 ( l ) T j 
 0  T c 
 2 . 8 8 0 0 8  0  T d 
 ( u ) T j 
 0 . 0 7 7 7 6  T c 
 5 . 0 3 9 8 4  0  T d 
 ( t i ) T j 
 - . 5 2  T w 
 ( d  ) T j 
 0 . 0 7 7 7 6  T c 
 1 0 . 0 8 0 0 . 1 5 5 5 2  0  T d 
 ( o ) T j 
 0 . 2 4  T c 
 4 . 8  6 
 - 1 9 4 . 6 4  - 1 2  T d 
 ( 9 2  0  T d 
 ( s 0 0 . 5 1 5 5 2  T w 
 ( d 
 ( a ) T j 
 0 . 0 7 7 7 6  T c 
 4 . 5 6 0 1 6  0  T d 
 ( 4 3 3 6  T c 
 1 0 . 0 8 0 1  0  T d 
 ( r ) 0 . 1 5 5 0 
 ( u ) T j 
 0 . 0 7 7 7 6  T c 
 5 . 0 3 9 8 4  0  T d 
 2 . 9 2 2 2 4  T w 
 ( t 6 2 8 0 1  0  T g  T d 
 ( 9 2  0  T d 
 ( s 
 0  T c 
 4 . 8  0  T 4 . 3 1 9 9 2  0 7 6  T c 
 3 . 8 3 9 8 4 5 2  T c 
 5 . 2 n w 
 ( o  ) 0 7 7 7 6  T c 
 3 1 3 0 . 2 3 6 ) T j 
 0 . 1 0 . 2 4  T c 
 2 . 8 8 0 0 8  0  T d 
 ( n ) T j 
 0  6  T d 
 ( t ) T j 
 0 . 0 
 ( o  ) 0 7 7 7 6  T c 
 3 1  T d 
 ( o ) T j 
 - 0 . ( a ) T j 
 0 . 2 4  T c 
 4 . 5 6 0 1 6  0  T d 
 ( n ) T j 
 0   T c 
 1 0 8 4  0  T d 
 ( i ) T j 6 ( ,  ) T j 
 0 y  T d 
 ( 9 2  0  T d 
 ( s 
 0 8  T c 
 1 5 . 6  0 
 0 . 6  T w 
 ( o  ) T j 
 - 0 . 1 5 5 5 2  T c 
 7 . 6 8 0 0 8  0  T d 
 ( e ) T j 
 - 0 . 2 4  T 6 0 . 1 2  T c 
 5 . 7 6 0 1 6  0  T d 
 ( , ) T j 
 0 1 3 0 0 8  0  T d 
 ( h T d 
 ( t ) T j 
 0 . 0 0 3 3 6  T 
 0  T c 
 4 . 8  0  T 0  T d 
 ( b ) T 0 3 . 6  0  T 0 3 0 0 8  0  T d 6 8 8 0 0 8  0  T d 
 - 0 
 ( o  ) 0 7 7 7 6  T c 
 3 1 7 7 7 6  T c 
 4 . 8  0 . 5 6 0 1 t ) T j 
 0 . 2 4  T c ) T j 
 0 . 0 8 4 4 8  T c 
 5 . 6 0 1  - 1 2  T d 
 ( c ) T j 
 0 . 0 8 4 4 8  T c 
 4 . 3 1 9 9 2  0 7 6  T c 
 3 . 8 3 9 8 4  0  T d 
  T d 2 
 0 . 0 7 7 7 6 7 7 6  T c 
 1 0 . 0 8 0 0 d 6 1  - 1 2  T d 
 ( t ) T j 
 0 . 2 4  T c 
 2 . 8 8 0 0 8  0  0 ) T j 
 0 . 0 7 7 7 6  T c 
 5 . 0 g 
 4 . 3 1 9 9 2  0  T d 
 ( v   T w 
 T j 
 0 . 0 7 7 7 9 8 4  0 j 
 w 
 ( d  ) T j 
 - 0 . 0 8 1 1 2  T c 
 8 . 4  0  T c 
 4 . 3 1 9 9 2  0  T d 
 ( u ) T j 
 j 
 - 0 . 0 8 1 1 2  T c 
 1 1 . 5 1 9 9  0  T d 
 ( s ) T j 
 0 . 0 7 7 7 6  T c 
 3 . 8 3 9 8 4 0 2 8 0 1  0  T n 4 . 3 1 9 ) T j - 0 . 2 4  T c 
 2  6 2 2 4  T c 
 6 . 4 8 . 0 7 7 7 6  T c 
 1 0 . 0 8 0 1  0  T d 
 ( t ) T j 
 0 . 2 6  T c 
 2 . 8 8 0 0 8  0  T d 
 ( r ) T j 
 - 0 . 1 5 5 5 2  ) T j 
 - 0 . 1 5 5 5 2  T c 
 3 . 6  0  T d 
 ( c ) 5 c 0 3 9 8 4  0  T d 
 ( t i ) T j 
 - . 5 6 6 4  T w 
 ( f  ) T j 
 - 0 . 1 6 2 2 4  T c 
 6 . 4 8 0 . 1 5 5 5 2  T c 
 3 . 6  0  T d 
 ( c ) T j 
 0  T c 0 8 T c 
 5 . 2 8 0 0 8  0  T d 
 j 
 w 
 ( d  ) T j 
 7 
 
 7 c 
 3 . 8 3 9 8 4  
 1 . 7 1 5 5 2  T w 
 ( e  ) T j 
 0 . 0 7 7 7 6  T c ( l m 0 1  - 1 2  T d 
 ( c ) 0 0 4 0 . 8 8 0 0 8  ( k ) T j 
 0 . 0 0 3 3 6  T c 
 5 . 0 3 9 8 4  0  T T d 
 ( n ) T j 
 0 . 0 7 7 7 6  T c 
 5 . 2 8 0 0 8  0  T d 
 ( t ) T j 
 0 . 0 
 ( o  
 2 . 8 8 0 0 8  0  T d 
 ( u ) T j 
 0 . 0 7 7 7 6 0  T d 
 ( 4 T d 0 8 1 1 2  T 2  0  T d 
 ( l i t i ) T 5 5 2  T w 
 ( e  ) T j 
 0 . 0 7 7 7 6  T c 
 1 0  T c 
 ) T j 
 0 . 1 2 T d 
 ( t ) T j 
 0 . 8 8 0 0 8  0  T d 
  T c 
 4 . 3 1 9 9 2  0  T d 
 P ) T j 
 0 . 1 2  0  T d 
 ( u ) T j 
 0 . 0 7 7 7 6  T c 
 5 . 0 2 8 0 1  0  T n 4 . 3 1 9 w 
 ( f  ) T j 
 - 0 . 1 6 2 2 4  T c 
 6 . 4 8  T d 
 ( v ) T j 
 0 . 0 8 4 4 8  T c 
 4 . 8  0   T w 
 ( e  ) T j 
 0 . 0 ( 4 T d 0 8 1 1 2  T ) T 6 
 2 . 8 8 0 0 8  0 7 7 7 7 6  T c 
 1 0 . 0 8 0 1  0  T d 
 ( i ) T j 
 0 . 2 4  T c 
 2 . 8 8 0 0 8  0  T d 
 ( n ) T j 
 0  T c 
 5 . 2 8 0 ) T j 
 0 . 0 7 7 7 6  T c 
 1 8  0  T d 
 ( e c ) T j 
 0 . 0 7 7 7 6  T c 
 8 . 6 3 9 8 0  T d 
 ( t ) T j 
 0 l 7 7 
 ( d  ) T c 
 2 . 8 8 0 T  T 8 3 9 8 4  0  T d 
 n  T c 
 ) T j 
 0 . 1 2 T d 
 T d 
 0  T d 1 c 
 5 . 0 3 9 8 
 0  T d 
  T c 
 4 . 3 1 9 9 2  0  T d 
 P ) T j 
 0 . 3 ( N ) T j 
 - 0 m i ) l l  T d 
 ( a ) T j 
 - 0 . 0 1 4  T d 
 ( a ) T j 7 2  T w 
 ( d  ) T j 
 - 0 . 3 1 7 7 6  T c 
 1 1 . 2 8 0 1 3 ) T j 
 0 . 0 8 4 4 8  T c 
 2  0 
 - 0 . 2 4  T c 
 T d w 
 T j 
 0 . 0 7 7 7 ) T j 
 - 0 . 1 5 5 5 2  T c 
 3 . 8 3 9 8 4  0  T d 
 ( e  ) T j 
 - 0 . 8 8 0 0 8  0  T d 
 ( u d ) T j 
 0 . 0 7 7 7 6  T c 
 1 0 . 0 8 0 1  0  T d 
 ( i ) T j 
 0 . 2 4  T c 
 2 . 8 8 0 0 8  0  T d 
 ( n ) T j 
 0  T 3 . 3 9 . 8 3 9 8 4  0  T d 
 ( v T c 
 1 0 . 0 8 0 1  0 9 ( s ) T j 
 0 . 0 7 7 7 6  1 2  T d 
 ( c ) T j 
 0 . 0 8 4 4 8  T c 
 4 . 3 1 9 9 2  0 7 6  T c 
 3 . 8 3 9 8 4  0  T c 
 7 . 6 8 0 0 8  0  T d 
 6 . 2 5 2  T c 
 - 1 9 5 . 5 . 0 7 7 7 6  T c 
 4 . 3 1 9 9 2  0  T d 
 ( l i t i ) T j - 0 . 2 1 9 9 2  0  T d 
 ( c ) T j 
 - 0 . 2 4  T c 
 4 . 3 1 9 9 ( i l ) T j 
 0 . 0 8 4 4 8  T c 
 3 0 a ) T j 
 0 . d 
 ( T ) T 0 . 1 5 5 5 2  T c 
 0  T 8 8 0 0 8  0 7 p  T c 
 4 . 5 ( u ) T j 
 0 . 0 7 7 7 6  T c 
 5 . 3 8 T j 
 0 . 2 4 T j 
 0 . 0 7 7 7 6  T c 
 7 . 2  6 . 2 5 2  T c 
 - 1 9 5 . 5 5 5 2  T T w 
 ( d  ) T j 
 d 
 ( a ) T j 
 0  T c 
 4 . 5 6 0 1 tt i n 2  0  T d 
 ( l i t i ) T j 0 1  0  T d 
 ( - ) T j 
 0  T c 
 - 1 9 5 . 8 4 1  - 1 2  T d 
 ( u ) T j 
 0 . 2 4  T c 
 5 . 0 3 9 8 4 0 . 1 5 5 5 2  T c 1 2  T c 
 1 2 . 7 1 9 9  0  T d 
 ( s ) T j 
 - 0 . 1 5 5 5 2  T c 
 3 . 8 3 9 8 4  0  2 4  T c 
 2 . 8 8 0 0 8  0  T d 
 ( h ) T j 
 - 0 . 1 d 
 ( a ) T j 
 2 8 0 0 8  0  T d 
 ( e  c T y 5 6 0 1 t ) T . 2 4  T c 
 5 .:  e o v o  es i 32801 0 T.776 Tc
4.56016 0 T4 (s)Tj
0.077
(e)Tj
0 Tc
4.31992 0 Td
2.52 Tw
(d )Tj
0.07776 Tc
10.0800.15552c
5.o vc e c

T a , n oa T - pn T ato n o v

o

c l n h l e - t 4  T c 
 5 . 0 
 4 . 3 1 9 9 2  0  T d 
 ( o ) T  T d 
 ( o ) T j 
 - 0 . 8 0 1  0 1 9 9 d 
 ( - ) T j 
 0  T c 
 - 1 9 5 . 8 4  T d 
 
 7 . 9 o T j 
 0 . 0 
 7 7 7 6  T c 
 3 1  T 8 3 9 8 4  0  T d 4  ( 1 d 
 ( n ) T j 
 a 
 ( T ) T 9 2  0  T d 
 ( o ) T  T 2 
 T j 
 0 . 0 7 7 7 ( e ) T j 
 1 2  T ) T 9  T c 
 2 . 8 8 0 0 8 j 
 0 . 0 2 4  T c 
 4 . 8  0  8 1 1 2  T c 
 4 . 3 1 9 9 6  T c 
 5 . 0 3 9 8 4  0  T d 
 ( t i ) T j 
 - 3 8  T c 
o n u 
 - 0 . 2 4  T c 
 4 . 3 1 9 9 2  0  T d 
 ( v ) T j 
 - 0 0  T c 
 4 . 3 1 9 9 2  0  T d 
 ( u ) T j 
  - 0 . 1 j 
 - 0 . 1 5 5 5 2  T c 
 2 . 8 8 0 0 8  0  T d 
 1 2  T 2  T . 0 8 1 u v o w t s e cr a 49 0 Td
(n)Tj
-0.24 Tc
5 Td
(v)Tj
0.08448 Tc
4.8 0  Tw
(e )Tj
0.0(44 0 Td
(n)T6
2.88008 07p Tc
 Td
(-)Tj
0 Tc
-195.841 -12 Td
(u)Tj
0.24 Tc
5.039844 992 0 Td
(o)Tj
0.24 Tc
4.8 0 Td
(nn)Tj
b24 Tc
33.83984 d
d
(i)Tj
0.24 Tc
2.88008 0 Td
(n)Tj
0 )984 0t n oa 4 3 3 6  T c 
 1 0 . 0 8 0 1  0  T d 
 ( r ) 0 . 1 5 5 0 
 ( u ) T j 
 0 . 0 7 7 7 6  T c 
 5 . 0 3 9 8 4  0  T d 
 2 . 9 2 2 2 4  T w 
 ( t  T w 
 ( e  ) g 4 . 3 1 9 ) T j 6  T c 
 7 . 2  . 1 6 2 2 4  T c 
 6 . 4 8 5 5 5 2  T c 
 5 . 2 8 0 0 8  0  T d 
 ( c ) T j 
 0 . 0 7 7 7 6 4  T c 
 1 0 . 5 6 0 2  0  T d 
 ( f ) T j 
 - 0 5 5 2  T w 
 ( e  ) T j 
 0 . 0 7 7 7 6  T c 2  0  T d 
 0 . 8 4  l T j 
 0 . 0 
 7 7 7 6  T c 
 3 6 
 0  T c 
 4 . 5 6 0 1 6 1 9 9 2  0  T d 
 Pc u u c u

t r T 0 0 8  0  T d 
 ( c ) v od  t e o v cf w e e c sf  vt s d  u rtf w e  l

se

li p uu a o a- a v ol ti e 4 T d 0 8 1 1 2  T c 
 4 . 5 6 0 1 6  0  T d 
 ( s ) T 2  T d 
 ( g ) T j 
 - 0 7 7 7 6  T c 
 1 s 
 0 . 0 7 7 7 6 4  T c 
 1 0 3 2 ( e  c ) T j 
 0 . 0 7 . 5 6 0 1 0 
 - 0 . 1 5 5 8 0 0 8  0  T d 
 3 . 8 3 T w 
 ( e  ) . 7 7 6  T c 
 4 . 0 3 . 6  0  T 
 ( e  ) T j 
 0 . 0 8 4 4 I 6 1  - 1 2  T d 
 ( t ) T j 
 0 3 8  0  T d 
 3 . 8 3 T w 4  0  T d 
 ( t ) T 
 ( d  )  T d 
 ( o ) T j 
 0 . 0 T c 
 4 . 8  0  T d 
 ( E T 
 Q 
 Q 
 2 8 2 8 2 8 r g 
 0 . 0 5 6 j 
 4 4 7 . 8 8 0 7 . . 5 6 0 2  4 6 j 0 0 7 8  r e 
 f * 
 0 . 4  T d 
 4 4 7 . 8 8 0 9 3 3 6  6 6  4 6 j 0 0 7 8  r e 
 f * 
 0 . s 0 0 . 
 4 4 7 . 8 8 0 9 3 8  0 5 6  4 6 j 0 0 7 8  r e 
 f * 
 0 4 8 1 . 2 
 4 4 7 . 8 8 0 9 3 8  0 5 6  4 6 j 0 0 7 8  r e 
 f * 
 0 4 5 0 
 4 4 7 . 8 8 0 9 3 8  0 5 6  4 6 j 0 0 7 8  r e 
 f * 
 0 4 1 8 6 j 
 4 4 7 . 8 8 0 9 3 3 6  6 6  4 6 j 0 0 7 8  r e 
 f * 
 0 3 8 7 0 8 1 4 4 7 . 8 8 0 9 3 3 6  6 6  4 6 j 0 0 7 8  r e 
 f * 
 0 3 5 6 0 . 
 4 4 7 . 8 8 0 9 3 8  0 5 6  4 6 j 0 0 7 8  r e 
 f * 
 0 3 2 5 . 2 
 4 4 7 . 8 8 0 9 3 8  0 5 6  4 6 j 0 0 7 8  r e 
 f * 
 0 2 9 . 
 4 4 7 . 8 8 0 9 3 8  0 5 6  4 6 j 0 0 7 8  r e 
 f * 
 0 2 6 2 6 j 
 4 4 7 . 8 8 0 9 3 3 6  6 6  4 6 j 0 0 7 8  r e 
 f * 
 0 2 3 1 0 8 1 4 4 7 . 8 8 0 9 3 3 6  6 6  4 6 j 0 0 7 8  r e 
 f * 
 0 1 9 j 
 4 4 7 . 8 8 0 1 2  4 6 j 0 0 7 8  r e 
 f * 
 0 1 6 6 . j 
 4 4 7 . 8 8 0 1 2  4 6 j 0 0 7 8  r e 
 f * 
 0 1 3 8 
 4 4 7 . 8 8 0 9 3 8  0 5 6  4 6 j 0 0 7 8  r e 
 f * 
 0 1 0 6 6 j 
 4 4 7 . 8 8 0 9 3 3 6  6 6  4 6 j 0 0 7 8  r e 
 f * 
 0 0 7 5 0 8 1 4 4 7 . 8 8 0 9 3 3 6  6 6  4 6 j 0 0 7 8  r e 
 f * 
 0 0 4 4 0 . 
 4 4 7 . 8 8 0 9 3 8  0 5 6  4 6 j 0 0 7 8  r e 
 f * 
 0 0 0 3 0 0 8 4 4 7 . 8 8 0 9 3 8  0 5 6  4 6 j 0 0 7 8  r e 
 f * 
 9 8 0 8 4 4 7 . 8 8 0 9 3 8  0 5 6  4 6 j 0 0 7 8  r e 
 f * 
 9 5  5 5 2   4 4 7 . 8 8 0 9 3 3 6  6 6  4 6 j 0 0 7 8  r e 
 f * 
 0 3 3 T d  T c 4 4 7 . 8 8 0 9 3 3 6  6 6  4 6 j 0 0 7 8  r e 
 f * 
 8 9 j 
 4 4 6 
 0 . 0 4 6 j 0 0 7 8  9 3 8  0 5 6  r e 
 f * 
 8 9 j 
 4 4 3 1 . 2 
 4 6 j 0 0 7 8  9 3 8  0 5 6  r e 
 f * 
 8 9 j 
 4 4 0 0 
 4 6 j 0 0 7 8  9 3 8  0 5 6  r e 
 f * 
 8 9 j 
 4 3 6 8 6 j 
 4 6 j 0 0 7 8  9 3 8  0 5 6  r e 
 f * 
 8 9 j 
 4 3 3 7 0 8 1 4 6 j 0 0 7 8  9 3 3 6  6 6  r e 
 f * 
 8 9 j 
 4 3 0 6 0 . 0 4 6 j 0 0 7 8  9 3 8  0 5 6  r e 
 f * 
 8 9 j 
 4 2 7 5 . 2 
 4 6 j 0 0 7 8  9 3 8  0 5 6  r e 
 f * 
 8 9 j 
 4 2 4 . 0 4 6 j 0 0 7 8  9 3 8  0 5 6  r e 
 f * 
 8 9 j 
 4 2 1 2 6 j 
 4 6 j 0 0 7 8  9 3 8  0 5 6  r e 
 f * 
 8 9 j 
 4 1 8 1 0 8 1 4 6 j 0 0 7 8  1 2  r e 
 f * 
 8 9 j 
 4 1 5 0 0 . 0 4 6 j 0 0 7 8  1 2  r e 
 f * 
 8 9 j 
 4 1 3 3 T 2 0 4 6 j 0 0 7 8  1 2  r e 
 f * 
 8 9 j 
 4 0 8 8 0 4 6 j 0 0 7 8  1 2  r e 
 f * 
 8 9 j 
 4 0 5 6 . 8 0 4 6 j 0 0 7 8  1 2  r e 
 f * 
 8 9 j 
 4 0 2 5 0 8 1 4 6 j 0 0 7 8  1 2  r e 
 f * 
 8 9 j 
 3 9 9 4 0 . 0 4 6 j 0 0 7 8  1 2  r e 
 f * 
 8 9 j 
 3 9 6 7 7 8 1 4 6 j 0 0 7 8  9 3 3 6  6 6  r e 
 f * 
 8 9 j 
 3 9 3 4 0 . 0 4 6 j 0 0 7 8  9 3 3 6  6 6  r e 
 f * 
 8 9 j 
 3 9 0 3 . 2 
 4 6 j 0 0 7 8  9 3 8  0 5 6  r e 
 f * 
 8 9 j 
 3 8 7 2 
 4 6 j 0 0 7 8  9 3 8  0 5 6  r e 
 f * 
 8 9 j 
 3 8 4 0 6 j 
 4 6 j 0 0 7 8  9 3 8  0 5 6  r e 
 f * 
 8 9 j 
 3 8 0 9 7 8 1 4 6 j 0 0 7 8  9 3 3 6  6 6  r e 
 f * 
 8 9 j 
 3 7 7 8 0 . 0 4 6 j 0 0 7 8  9 3 3 6  6 6  r e 
 f * 
 8 9 j 
 3 7 4 7 . 2 
 4 6 j 0 0 7 8  9 3 8  0 5 6  r e 
 f * 
 8 9 j 
 3 7 1 6 
 4 6 j 0 0 7 8  9 3 8  0 5 6  r e 
 f * 
 8 9 j 
 3 6 8 4 6 j 
 4 6 j 0 0 7 8  9 3 8  0 5 6  r e 
 f * 
 8 9 j 
 3 6 5 3 2  T 4 6 j 0 0 7 8  9 3 3 6  6 6  r e 
 f * 
 8 9 j 
 3 6 2 2 0 . 0 4 6 j 0 0 7 8  9 3 3 6  6 6  r e 
 f * 
 8 9 j 
 3 5 9 1 . 2 
 4 6 j 0 0 7 8  9 3 8  0 5 6  r e 
 f * 
 8 9 j 
 3 5 6 0 
 4 6 j 0 0 7 8  9 3 8  0 5 6  r e 
 f * 
 8 9 j 
 3 5 2 8 . 8 0 4 6 j 0 0 7 8  1 2  r e 
 f * 
 8 9 j 
 3 4 9 7 0 8 1 4 6 j 0 0 7 8  1 2  r e 
 f * 
 8 9 j 
 3 4 6 6 0 . 0 4 6 j 0 0 7 8  1 2  r e 
 f * 
 8 9 j 
 3 4 3 5 T 2 0 4 6 j 0 0 7 8  1 2  r e 
 f * 
 8 9 j 
 3 4 0 . 0 4 6 j 0 0 7 8  1 2  r e 
 f * 
 8 9 j 
 3 3 7 2 . 8 0 4 6 j 0 0 7 8  1 2  r e 
 f * 
 8 9 j 
 3 3 4 1 0 8 1 4 6 j 0 0 7 8  1 2  r e 
 f * 
 9 1 2 6 3 9 j 
 3 3 2 7 . 2 
 1 2  4 6 j 0 0 7 8  r e 
 f * 
 9 4  T d  T c 3 3 2 7 . 2 
 1 2  4 6 j 0 0 7 8  r e 
 f * 
 9 7 4 5 5 2   3 3 2 7 . 2 
 1 2  4 6 j 0 0 7 8  r e 
 f * 
 1 0 0 6  3 3 2 7 . 2 
 1 2  4 6 j 0 0 7 8  r e 
 f * 
 1 0 3 7 . 2 
 3 3 2 7 . 2 
 1 2  4 6 j 0 0 7 8  r e 
 f * 
 1 0 6 0  T d 3 3 2 7 . 2 
 1 2  4 6 j 0 0 7 8  r e 
 f * 
 1 0 9 9 7 8 1 3 3 2 7 . 2 
 1 2  4 6 j 0 0 7 8  r e 
 f * 
 1 1 3 0 6 j 
 3 3 2 7 . 2 
 1 2  4 6 j 0 0 7 8  r e 
 f * 
 1 1 6 2 
 3 3 2 7 . 2 
 1 2  4 6 j 0 0 7 8  r e 
 f * 
 1 1 9 3 . 2 
 3 3 2 7 . 2 
 1 2  4 6 j 0 0 7 8  r e 
 f * 
 1  0   T d 3 3 2 7 . 2 
 1 2  4 6 j 0 0 7 8  r e 
 f * 
 1 2 5 j 
 3 3 2 7 . 2 
 9 3 8  0 5 6  4 6 j 0 0 7 8  r e 
 f * 
 0 2 8 1 2 2 
 3 3 2 7 . 2 
 9 3 8  0 5 6  4 6 j 0 0 7 8  r e 
 f * 
 0 3 j 
 0 8 4 3 3 2 7 . 2 
 9 3 8  0 5 6  4 6 j 0 0 7 8  r e 
 f * 
 0 3 5 1 7 8 1 3 3 2 7 . 2 
 9 3 3 6  6 6  4 6 j 0 0 7 8  r e 
 f * 
 0 3 8 2 . 8 1 3 3 2 7 . 2 
 9 3 3 6  6 6  4 6 j 0 0 7 8  r e 
 f * 
 0 4 1 8 4 3 3 2 7 . 2 
 9 3 8  0 5 6  4 6 j 0 0 7 8  r e 
 f * 
 0 4 4 5 2 2 
 3 3 2 7 . 2 
 9 3 8  0 5 6  4 6 j 0 0 7 8  r e 
 f * 
 0 4 7 . 8 8 4 3 3 2 7 . 2 
 9 3 8  0 5 6  4 6 j 0 0 7 8  r e 
 f * 
 0 5 0 7 7 8 1 3 3 2 7 . 2 
 9 3 3 6  6 6  4 6 j 0 0 7 8  r e 
 f * 
 0 5 3 8 . 8 1 3 3 2 7 . 2 
 9 3 3 6  6 6  4 6 j 0 0 7 8  r e 
 f * 
 0 . 0 5 6 j 
 3 3 5 1 7 2 
 4 6 j 0 0 7 8  9 3 8  0 5 6  r e 
 f * 
 0 . 0 5 6 j 
 3 3 8 2 0 . 0 4 6 j 0 0 7 8  9 3 3 6  6 6  r e 
 f * 
 0 . 0 5 6 j 
 3 4 1 3 2  T 4 6 j 0 0 7 8  9 3 3 6  6 6  r e 
 f * 
 0 . 0 5 6 j 
 3 4 4 4 6 j 
 4 6 j 0 0 7 8  9 3 3 6  6 6  r e 
 f * 
 0 . 0 5 6 j 
 3 4 7 6 
 4 6 j 0 0 7 8  9 3 8  0 5 6  r e 
 f * 
 0 . 0 5 6 j 
 3 5 0 4 . 8 0 4 6 j 0 0 7 8  1 2  r e 
 f * 
 0 . 0 5 6 j 
 3 5 3 8 1 4 6 j 0 0 7 8  1 2  r e 
 f * 
 0 . 0 5 6 j 
 3 5 6 7 T 2 0 4 6 j 0 0 7 8  1 2  r e 
 f * 
 0 . 0 5 6 j 
 3 5 9 8 0 . 0 4 6 j 0 0 7 8  d 1 
 9 9 6 1  r e 
 f * 
 0 . 0 5 6 j 
 3 6 2 9 0 8 1 4 6 j 0 0 7 8  1 2  r e 
 f * 
 0 . 0 5 6 j 
 3 6 6 0 . 8 0 4 6 j 0 0 7 8  1 2  r e 
 f * 
 0 . 0 5 6 j 
 3 6 9 2 0 4 6 j 0 0 7 8  1 2  r e 
 f * 
 0 . 0 5 6 j 
 3 7 2 3 . 2 
 4 6 j 0 0 7 8  9 3 8  0 5 6  r e 
 f * 
 0 . 0 5 6 j 
 3 7 5 4 0 . 0 4 6 j 0 0 7 8  9 3 3 6  6 6  r e 
 f * 
 0 . 0 5 6 j 
 3 7 8 7 7 8 1 4 6 j 0 0 7 8  9 3 3 6  6 6  r e 
 f * 
 0 . 0 5 6 j 
 3 8 1 6 6 j 
 4 6 j 0 0 7 8  9 3 3 6  6 6  r e 
 f * 
 0 . 0 5 6 j 
 3 8 4 j 
 4 6 j 0 0 7 8  9 3 8  0 5 6  r e 
 f * 
 0 . 0 5 6 j 
 3 8 7 9 . 2 
 4 6 j 0 0 7 8  9 3 8  0 5 6  r e 
 f * 
 0 . 0 5 6 j 
 3 9 1 0 0 . 0 4 6 j 0 0 7 8  9 3 3 6  6 6  r e 
 f * 
 0 . 0 5 6 j 
 3 9 4 1 0 8 1 4 6 j 0 0 7 8  9 3 3 6  6 6  r e 
 f * 
 0 . 0 5 6 j 
 3 9 7 2 6 j 
 4 6 j 0 0 7 8  9 3 3 6  6 6  r e 
 f * 
 0 . 0 5 6 j 
 4 0 0 . 0 4 6 j 0 0 7 8  9 3 8  0 5 6  r e 
 f * 
 0 . 0 5 6 j 
 4 0 3 5 . 2 
 4 6 j 0 0 7 8  9 3 8  0 5 6  r e 
 f * 
 0 . 0 5 6 j 
 4 0 6 6 0 . 0 4 6 j 0 0 7 8  9 3 3 6  6 6  r e 
 f * 
 0 . 0 5 6 j 
 4 0 9 7 0 8 1 4 6 j 0 0 7 8  9 3 3 6  6 6  r e 
 f * 
 0 . 0 5 6 j 
 4 1 2 8 6 j 
 4 6 j 0 0 7 8  9 3 3 6  6 6  r e 
 f * 
 0 . 0 5 6 j 
 4 1 5 7 0 8 1 4 6 j 0 0 7 8  1 2  r e 
 f * 
 0 . 0 5 6 j 
 4 1 8 8 . 8 0 4 6 j 0 0 7 8  1 2  r e 
 f * 
 0 . 0 5 6 j 
 4 2 2 0 0 4 6 j 0 0 7 8  1 2  r e 
 f * 
 0 . 0 5 6 j 
 4 2 5 1 7 2 
 4 6 j 0 0 7 8  1 2  r e 
 f * 
 0 . 0 5 6 j 
 4 2 8 2 0 . 0 4 6 j 0 0 7 8  d 1 
 9 9 6 1  r e 
 f * 
 0 . 0 5 6 j 
 4 3 1 3 0 8 1 4 6 j 0 0 7 8  1 2  r e 
 f * 
 0 . 0 5 6 j 
 4 3 4 4 . 8 0 4 6 j 0 0 7 8  1 2  r e 
 f * 
 0 . 0 5 6 j 
 4 3 7 6 
 4 6 j 0 0 7 8  9 3 8  0 5 6  r e 
 f * 
 0 . 0 5 6 j 
 4 4 0 7 . 2 
 4 6 j 0 0 7 8  9 3 8  0 5 6  r e 
 f * 
 0 . 0 5 6 j 
 4 4 3 8 0 . 0 4 6 j 0 0 7 8  9 3 3 6  6 6  r e 
 f * 
 0 . 0 5 6 j 
 4 4 6 9 0 8 1 4 6 j 0 0 7 8  7 . . 5 6 0 2  r e 
 f * 
 0 . 0 5 6 j 
 4 4 7 . 8 8 0 7 . . 5 6 0 2  4 6 j 0 0 7 8  r e 
 f * 
 0  J 
 0  j 
 9 7 7 . . 5 6 
 3 6 3 4 0 . 0 5 0 1 . 6  T c 3 0 9 3 3 6 8  r e 
 S 
 9 7 7 . . 5 6 
 4 0 1 8 0 . 0 5 0 1 . 6  T c 3 0 9 3 6  T c r e 
 S 
 1  J 
 1  j 
 0 4 7 . 8 8 4 3 9 0 7 7 8 1 m 
 1 6 6 8 8 8 4 3 9 0 7 7 8 1 l 
 S 
 0  J 
 0  j 
 1 6 6 8 8 8 4 3 8 6 7 T 2 0 0 5 6  7 . 8 8 T c 
 3 r e 
 S 
 2 0 1 8 4 3 7 1 1 7 2 
 4 9 9 7 . 5 6 
 3 0 9 3 6  T c r e 
 S 
 1  J 
 1  j 
 0 8 0 2  3 9 0 7 7 8 1 m 
 2 0 1 8 4 3 9 0 7 7 8 1 l 
 S 
 0  J 
 0  j 
 2 6 2 8 8 8 4 3 5 9 8 0 . 0 7 . 8 8 T c 
 3 0 5 3 3 3 6 8  r e 
 S 
 1  J 
 1  j 
 2 5 1 3 . 2 
 3 7 9 0 0 . 0 m 
 2 6 6 6 . j 
 3 7 9 0 0 . 0 l 
 S 
 2 5 9 0  3 9 0 7 7 8 1 m 
 2 5 1 3 . 2 
 3 9 0 7 7 8 1 l 
 S 
 2 6 6 6 . j 
 3 7 9 0 0 . 0 m 
 2 6 6 6 . j 
 3 7 5 2 1 l 
 S 
 2 6 6 6 . j 
 3 5 9 8 0 . 0 m 
 2 6 6 6 . j 
 3 5 2 1 7 8 1 l 
 S 
 2 7 4  T d 
 3 5 2 1 7 8 1 m 
 1 7 8  T d 
 3 5 2 1 7 8 1 l 
 S 
 2 6 6 6 . j 
 3 7 9 0 0 . 0 m 
 2 6 6 6 . j 
 4 2 1 2 6 j 
 l 
 S 
 2 6 6 6 . j 
 4 2 1 2 6 j 
 m 
 1 4 3 j 
 4 2 1 2 6 j 
 l 
 S 
 2 5 9 0  3 9 0 7 7 8 1 m 
 2 5 9 0  4 1 3 6 
 l 
 S 
 2 5 9 0  4 1 3 6 
 m 
 1 4 3 j 
 4 1 3 6 
 l 
 S 
 1 4 3 j 
 4 2 4 8 6 j 
 m 
 1 4 3 j 
 4 0 9 7 0 8 1 l 
 S 
 1 4 3 j 
 4 0 9 7 0 8 1 m 
 0 3 j 2 6 j 
 4 1 7 2 1 l 
 S 
 0 3 j 2 6 j 
 4 1 7 2 1 m 
 1 4 3 j 
 4 2 4 8 6 j 
 l 
 S 
 2 0 1 8 4 3 7 9 0 0 . 0 m 
 0 4 7 . 8 8 4 3 7 9 0 0 . 0 l 
 S 
 1 7 8  T d 
 3 7 9 0 0 . 0 m 
 0 7 8  T d 
 3 5 2 1 7 8 1 l 
 S 
 2 7 4  T d 
 3 5 2 1 7 8 1 m 
 2 7 4  T d 
 3 4 0 6 0 . 0 l 
 S 
 2 7 0 5 2 2 
 3 4 0 6 0 . 0 m 
 2 7 8 2 
 3 4 0 6 0 . 0 l 
 S 
 2 0 1 8 4 3 7 8 8 0 9 3 8  0 5 6  4 6 j 0 0 7 8  r e 
 f * 
 2 0 4 5 2 2 
 3 7 8 8 0 9 3 8  0 5 6  4 6 j 0 0 7 8  r e 
 f * 
 2 0 7 . 8 8 4 3 7 8 8 0 9 3 8  0 5 6  4 6 j 0 0 7 8  r e 
 f * 
 2 1 0 7 7 8 1 3 7 8 8 0 9 3 3 6  6 6  4 6 j 0 0 7 8  r e 
 f * 
 2 1 3 8 . 8 1 3 7 8 8 0 9 3 3 6  6 6  4 6 j 0 0 7 8  r e 
 f * 
 2 1 7 0 4 3 7 8 8 0 9 3 8  0 5 6  4 6 j 0 0 7 8  r e 
 f * 
 2 2 0 1 2 2 
 3 7 8 8 0 9 3 8  0 5 6  4 6 j 0 0 7 8  r e 
 f * 
 2 2 3 2 8 8 4 3 7 8 8 0 9 3 8  0 5 6  4 6 j 0 0 7 8  r e 
 f * 
 2 2 6 3 7 8 1 3 7 8 8 0 9 3 3 6  6 6  4 6 j 0 0 7 8  r e 
 f * 
 2 2 4 . 8 8 1 3 7 8 8 0 9 3 3 6  6 6  4 6 j 0 0 7 8  r e 
 f * 
 2 3 2 6 4 3 7 8 8 0 9 3 8  0 5 6  4 6 j 0 0 7 8  r e 
 f * 
 2 3 5 7 2 2 
 3 7 8 8 0 9 3 8  0 5 6  4 6 j 0 0 7 8  r e 
 f * 
 2 3 8 8 8 8 4 3 7 8 8 0 9 3 8  0 5 6  4 6 j 0 0 7 8  r e 
 f * 
 2 4 1 9 7 8 1 3 7 8 8 0 9 3 3 6  6 6  4 6 j 0 0 7 8  r e 
 f * 
 2 4 0 5 6 j 
 3 7 8 8 0 9 3 3 6  6 6  4 6 j 0 0 7 8  r e 
 f * 
 2 4 8 2 
 3 7 8 8 0 9 3 8  0 5 6  4 6 j 0 0 7 8  r e 
 f * 
 q 
 1 0 j 
 0 8 4 3 3 7 2 6 j 
 4 5  T d  T c 1 0 7 7 8  T c r e  W  n 
 q 
 1 0 8 2 8 2 8 1 0 8 2 8 2 8 c m  B T ) T j 
 0 8 9







15

6.5 Evolving a NOT gate from scratch

One unexpected observation from various

experimental runs with the hand-seeded gate

was that the fit
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for previous experiments, however the

normalisation factor was changed from 1/5 to

1/250 to ref
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