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Abstract

This report introduces a customized software tool to enable automation of optical inspection

optical and SEM images of a superconducting quantum processor during its fabrication. This

is achieved by implementing image processing algorithms using the Python package OpenCV.

This suite consist of three components; pyclq_base, pyclq_jj, pyclq_ab. The first component

will template match the base layer to its CAD design. The second component will be a validation

for the airbridges. These have 3D components and therefore can not be matched to their

CAD design. The results had about twice as many false positives for, broken bridges, and no

false negatives. The third component measures the width and overlap area for Manhattan-

style Josephson junctions using two different filtering methods; k-mean segmentation and

thresholding. The results of these three components are used as a tool to understand the

sources of spread in the conductance of Josephson junctions therefore optimizing the fabrication

process.
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1. Introduction

Superconducting qubits is one of the most promising platforms for developing quantum computing

applications. A lot of research development is carried out by for example Google, IBM and

Rigetti[1, 2, 3]. To progress to real world application in quantum computing it is important to

scale the number of qubits and suppress noise in the computer. Similar to classical computing,

quantum computing at its early stage suffers errors induced by bit-flips and phase-flips [4]. A

solution is to increase the number of qubits with nearest neighbor interactions using surface

code[5]. One of the key requirements needed to make superconducting quantum processors

(SQP) fault-tolerant is to improve the fabrication efficiency yield and scalability. This project:

pyclq is an attempt to solve these problems by introducing image processing tools to automate

device inspection and metrology. This is a pioneering effort in the field of quantum computing

and results in the following research question;

Is it possible to automate the optical inspection on SEM and microscope images of a

superconducting quantum processor during fabrication?

This automation needs to contains a software package that measures the quality of key components

from (SEM) images during fabrication of the the superconducting quantum processor . They

will be measured in a software suite pyclq [6]. First the basic theory of the quantum hardware

is given with some concepts in image processing, chapter 2.

The following chapters are separated into the three main components following the production

processes of SQP. The three components are: the base layer in chapter 3, Manhattan style

Josephson junctions in chapter 4 and air bridges in chapter 5. Each chapter starts with

the fabrication process of the component, resulting in the need for automation. Then the

method/pseudo code is given resulting in the results.

The last chapter, chapter 6, will conclude these results and give a final verdict on the possibility

to automate the optical inspection. Jupyter notebook tutorials and the source code for pyclq

can be found on the Dicarlo lab pyclq Github [6].
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2. Theory

The semiconductor industry already applies image

recognition to improve critical parts in their production.

They are used to improve the number of components

that can be used versus the number of parts that are

produced, better known as yield. The yield can be

improved when the critical areas, the areas that are

most susceptible to defects, are inspected and possibly

repaired. Moreover, an overall improvement can be made

if a defect appears to be systematic instead of random by

adjusting the fabrication method [7]. An example from

IBM is given in figure 2.1 where they have produced

different shapes and investigated the automation to find

defects in these shapes.

Figure 2.1: An image of a chip from

IBM with the areas susceptible to shorts

colored. Image is taken from [8]

More recent developments in image recognition and the use of machine learning this process

are made on improving the yield of semiconductor quantum-dot qubits [9]. Similarly, pyclq is

and attempts to apply image recognition during the fabrication of the quantum computers. In

the case of pyclq, the first layer produced, the base layer, is the most susceptible to defects.
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2.1 Harmonic resonators and coplanar waveguide

The transmission lines are coplanar waveguides used for

controlling the qubits and connect the SQP to the external

cables. A coplanar waveguide is a parallel plate capacitor

able to capacitively couple to the components in the chip.

The parallel plate capacitors act similar to a dielectric mirror

passing electromagnetic frequencies with given wavelength

dependent on the designed dimensions of the coplanar wave

guide [10, 11, 12].

The coplanar waveguide can be represented as a harmonic

oscillator with inductance L and capacitance C. A harmonic

oscillator can be compared to an LC-circuit with an impedance

given by Z0;

Z0 =
(

1

iωL
+ iωC

)−1

(2.1)

The ground frequency can be found when the capacitive

and inductive resistances cancel out. Classically any higher

order is will be multiple of the frequency of the ground state

resulting in;

Figure 2.2: A schematic

representation of a coplanar

waveguide. It is a plate with

an cross sectional area A, length

x and is capacity coupled C to

other resonators. The cooper-pairs

have a velocity of v in the coplanar

waveguide with a density of ns.

The ground frequency and first

order frequency are drawn in the

coplanar wave guide. The planes

parallel to the coplanar waveguide

are grounded to prevent interference.

Any electrical components are only

shown for ease of the viewer.ω0 =
1

p
LC

ωn =ω0(n+1) (2.2)

To prevent higher harmonics airbridges are incorporated over the transmission lines, chapter

5. Adding this additional dimension of ground plane suppresses higher harmonic. The ground

frequency and first harmonic frequency are drawn in figure 2.2.

The alternating current in a coplanar waveguide causes changes in the magnetic flux, which in

itself induces a negative voltage opposite to the change of current flowing through it. Inductance

can be interpreted as a property to counteract change of current in a conductor. The inertia of

the electrons, current, in a cryogenic cooled superconductor will behave similarly, resulting in

a kinetic inductance. [10, 12, 13] In an ideal situation the kinetic inductance for a coplanar

waveguide on a non-magnetic substrate can be derived from its dimensions by;

Lk =
me

2nse2

x

A
(2.3)

With me the mass of an electron, ns the number of electrons in the wave guide that will form

cooper pairs, A the area of the cross section of the waveguide and x the length of the waveguide.
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2.2 Qubit

Classical computing works by encoding information as

a binary digit either 0 or 1. Likewise, information is

encoded in the quantum state of a qubit represented

by Dirac notation as |0〉 and |1〉. These form the basis

states which comprise a pure qubit state due to a linear

quantum superposition.

The main benefit of the qubit is its quantum

entanglement allowing a super position of different

different binary strings. This makes it possible for a

quantum computer to calculate with multiple binary

strings at once reducing calculation time [14, 15] .

The transmon qubit is comprised of two capasitve pads

and a superconducting quantum interference device

(SQUID) containing two parallel Josephson junctions,

figure 2.3. The SQUID allows tuning of the Josephson

coupling energy [16, 17].

Figure 2.3: Transmon qubit designed

by DiCarlo lab, nicknamed ’Starmon’;

it contains two capacitve pads and a

SQUID loop. In the squid loop are two

Josephson junctions. The overlap area

of the two electrodes of the Josephson

junction is marked red.

To be able to measure if the qubit is in a |0〉 or |1〉 state the frequency difference of the the

ground frequency to the first exited state can be measured [18]. This difference can be be

found by obtaining the energy stored in sum of capacitive effects EC and energy stored in the

Josephson junction E j;

f01 =
√

8E jEC −EC (2.4)

During fabrication the energy in the Josephson junction can be related by the room temperature

resistance RRT and material/geometrical properties of the aluminium and aluminium oxide M;

E j =
M

RRT

(2.5)

By designing the geometrical properties of the junction accurate there is less need for adjustment

and therefore error. pycl_jj will measure the overlap area to gain a better insight in these

geometric properties.

2.3 Image processing

In pyclq grayscale SEM or microscopy gray scale images are processed to validate or measure

components. Image processing contains multiple filters and functions to obtain the desired
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image. These filters are referred to as nodes and when then nodes are weighted by previous

notes it is referred to as a (neural) network. The programming language used will be Python

with the main modules of Numpy and OpenCV[19, 20].

Image processing at its core contains four nodes of which the second and third can be repeated

multiple times to improve the result in the network. First the image needs be acquired. In this

case using a camera or SEM. Second and third, an image is filtered and its desired features are

separated from the image [21]. Finally, these segments are measured or validated. A simplified

schematic representation is shown in figure 2.4.

Figure 2.4: A simplified representation of image processing, first an image is obtained, then it is filters

to make the desired feature more prominent. This feature is separated from the image and finally can be

measured.

2.3.1 Separating an feature

To be able to detect features or measure an area, the feature or area of interest needs to

be separated from the background. Some of the most common methods used in pyclq are

thresholding, segmentation and masking [20].

Thresholding separates a image into two, one for pixels with a value above the threshold and

one for pixels with a value below the threshold.

Segmentation is able to split an image into multiple images. Each image contains a range of

pixel values known as bins. In addition, this can be combined with a k-means algorithm for

automation and self learning[22, 23], chapter 2.3.3.

Masking is similar to a template used to add or remove material from a chip, with masking an

area on an image can be kept whilst the rest will be masked by the mask. This mask could be

the result of a previous filter over the image in the network as is applied in chapter 5.2.

After separating an image the desired feature can be measured, either by detecting the edges of

the separated feature (hull detection), by counting pixels of the desired feature or by matching
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it to an another feature.

2.3.2 Convolution filters

Convolution filters can be applied to improve the quality of the

desired feature that will be separated. A convolution filter, when

applied to an image, are known as blur filters as they often will

blur out an image.

A convolution filter will add or subtract the neighboring values

in an array or image. This is used to reduce noise or filter for

a feature in the image. With the right filter it will be easier to

separate a desired feature.

Four major convolution filters for image processing used in pyclq

are Gaussian filters, Gabor filters and opening/closing.

Gaussian filters will blur an image, taking the original pixel

value and following a Gaussian curve for the strength of the

neighboring pixel. This can be utilised to reduce noise, however

an image can become blurry if the filter is too large. An extreme

example is visible in 2.5(a).

Gabor filters will detect directional patterns or lines by applying

a Gaussian filter with alternating the strength of the neighboring

values 2.5(b). An example of its use is found in chapter 4 where

the charging effect of the electrodes will be reduced with this filter.

(a) Gaussian filter

(b) Vertical Gabor weight

Figure 2.5: A visual

representation of the weights

against the distance from a

pixel in a Gaussian (a) and

Gabor filter (b).

Opening/closing is used to highlight pixels or reduce noise in an image. With dilation the

weight of the higher neighbouring pixel values will be increased in the convolution filter and

therefore increase the amount of bright pixels. Similarly, with erosion the weight of the lower

pixel values will be increased in the convolution filter and reduce the amount of bright pixels.

Opening is dilation followed by erosion and closing is erosion followed by dilation. Opening and

closing are used in chapter 5.
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Figure 2.6: a visual representation of the k-means method wherein (a) all the hues (1D) of an image are

separated by occurrence in an image (b) the a separation of two clusters from a scatter in a 2D data set

and (c) an exaggerated example of wrong clustering stuck in a local minimum.

2.3.3 K-means algorithm

A k-means algorithm is a clustering algorithm that is able to separate data sets into different

categories that are grouped together. By searching for the nearest point from an origin the data

set can be separated into different bins. This is often used in image processing and machine

learning as it is able to separate different colors or features in an image or multidimensional

space [20, 24, 25]. The only downside is that a k-means algorithm can get stuck in a local

minimum. This can be prevented by using either smart starting points or repetition of the

algorithm with different starting points. The latter takes more calculation power and does not

always give a desired result [22]. An example of the k-mean algorithm is given in figure 2.6.

In pyclq k-means will be used to separate different pixel values corresponding to edges, different

material or heights in the chip. Making smart use of various starting points will prevent the

algorithm from getting stuck in local minima.

2.3.4 Template matching

To find similarity between two images template matching can be applied. A correlation can

be obtained by comparing the individual pixel between an image and template [26]. In pyclq

template matching is applied with a normalized cross correlation to obtain similarities. From

the OpenCV documentation [20] follows for the cross correlation R;

R(x, y)=
∑

x′,y′
(

T ′ (x′, y′
)

· I ′
(

x+ x′, y+ y′
))

√

∑

x′,y′ T
′ (x′, y′)2 ·

∑

x′,y′ I ′ (x+ x′, y+ y′)2
(2.6)
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where,

T ′ (x′, y′
)

= T
(

x′, y′
)

−1/(w ·h) ·
∑

x′′,y′′
T

(

x′′, y′′
)

I ′
(

x+ x′, y+ y′
)

= I
(

x+ x′, y+ y′
)

−1/(w ·h) ·
∑

x′′,y′′
I
(

x+ x′′, y+ y′′
)

On an image I with a template T. Whereas (x′, y′) and (x′′, y′′) are the relative location of the

pixels on the template with a width w and height h at an given location on the image (x, y)

and I ′ and T ′ are normalized pixel value. These values are normalized by subtracting the

average value of the template from the pixel at T ′ or the average value from the image under

the template at I ′. These normalizing factors are not always necessary if the image have a

similar brightness. This will be used as a part of the validation for finding defects in the base

layer and for airbridges chapter 3.2 and 5.2.

If an image is larger than as the template multiple matches for the template can be made

over the image. This results in a matrix of matches and can be used for feature detection or

detecting a part in an image. The highest value in this matrix is the most likely location of the

template on the image. An example is find Waldo in a ’Where’s Waldo?’ image [27].
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3. Base layer
The base layer is the first step

in the fabrication, covering the

largest surface area of the chip. In

this layer, a bulk of the functional

components of a SQP are defined

namely transmission lines namely

feedlines, flux bias lines and

microwave drive lines,readout

resonators, Purcell resonators and

superconducting buses comprising

the resonating transmission lines

and qubit capacitor pads. A

Surface-7 layout is shown in figure

3.1, where each component is

highlighted.

3.1 Fabrication

The base layer fabrication process

is outlined in figure 4.2. The

first step involves cleaning of a

100 mm diameter high-resistivity

silicon wafer with organic solvents

followed by inorganic treatments

with hot piranha solution.

Figure 3.1: Surface-7 quantum

processor; (a) Layout of nearest

neighbor interaction in a Surface-

7 device (b) Optical image of the

quantum hardware with added false-

color to emphasize different circuit

elements. Figure taken from [5]

Prior to deposition of the superconducting base layer, the wafer is

treated with buffered oxide etch (BOE) solution which removes native

oxides from the silicon surface. The wafer is transferred to a physical

vapor deposition system for wafer metallization with 200 nm of

niobium titanium nitride (NbTiN). The pattern transfer of the CAD

layout of the SQP is done using electron beam lithography followed by

subtractive patterning of the base layer using a combination of dry and

wet etching techniques. For the purpose of this hybrid etching process,

the subsequent step after NbTiN deposition is the introduction of an

inorganic ’sacrificial layer’ which is necessary for the terminal wet etch

step as shown from step 8.

Figure 3.2: Fabrication

process flow for the base

layer.
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(a) (b) (c)

Figure 3.3: Examples of damage in the base layer, whereas; (a) discontinuities interrupting the

transmission lines leading to open circuit,(b) a short due to not etching away around the transmission

line and (c) damage to the qubit due to discontinuity of resist.

Defects in base layer

As with any manufacturing process, defects can accumulate at every fabrication step of the base

layer. Some of the possible sources which introduce defects in the base layer are as follows:

• Introduction of particles at any or every fabrication step.

• Irregularities in resist during spinning.

• Peeling/cracking of the resist due to end of shelf-life and high/low dose during e-beam

exposure.

• Non-uniform pattern development.

Any damage to the base layer could occur during or after this process. Examples of damage

in the base layer are given in figure 3.3. Such unintentional changes to the geometry of

the transmission lines may result in altered function and could even render it useless due

to the lines being shorted or opened. Therefore pyclq_base will help detect defects in the

transmission lines and base layer will be a module that will help catch such pattern transfer

errors.

Effect of SQP scaling

As the device size increases from Surface-7 to Surface-17, the number of components in the

SQP scales almost linearly. For example, the Surface-7 layout has 7 qubits with a dedicated

flux bias line, readout resonator, and microwave drive line, 2 feed lines and 12 superconducting

buses. Such scaling efforts is needed for realization of quantum fault-tolerance. However this

also means that achieving full yield of device components becomes more challenging. This is

where the need for automation becomes evident, necessitating the development of pyclq_base.

10



3.2 pyclq_base method

The code can be found at the Dicarlo lab pyclq Github

[6] and a schematic representation is in the appendix.

pyclq_base is a Python script to help to detect errors

in the base layer. Using the CAD layout an image of a

perfect chip is created and this is matched to the base

layer to find any defects. Only the key components

are inspected or it will take between 16 hours or 16

days to inspect an entire device due to frame-rate and

the underlying software for acquiring the images. The

method of the script will follow the following steps.

Replicating the chip from the CAD files of the masks

for e-beam lithography to an image of the device. By

choosing the same scale for pixels as the acquired image

this replicated chip can be used for template matching.

Figure 3.4: APS-LASIQ system, this

is an automated room-temperature

resistance measurement setup with the

components for pyclq marked. The

original image is taken from [28]

It should be noted that although the design concepts between pyclq_base and pyclq_AB are

similar, the airbridges can’t be matched to a template from the CAD design due to its 3D

feature; therefore they have their own validation method, see chapter 5.

The CSV is created by dicing the replicate chip in a chessboard pattern any tile containing a

key component is put in the CSV file. In addition the centers of the qubits are put in the CSV

file as extra check as any error will be critical.

Image acquisition is achieved with the APS-LASIQ system, this is an automated room-

temperature resistance measurement setup designed and built by members of the DiCarlo lab

and is located in the Kavli Nanolab in TU Delft. A schematic of the APS-LASIQ system is

shown in figure 3.4 .

For pyclq, the components which are used are the camera (Thorlabs Model:DCU224M), the

10X objective lens and the motorized XY stage (Thorlabs Model:MLS203-1). The various hardware

components connected to the APS-LASIQ system are controlled by a LabView interface, developed

by Dr. Matvey Finkel and Sean van der Meer [28].

The variable parameters of the camera in the software are the gain, closing time and frame

rate. The closing time and frame rate is kept at a constant 200 ms and 5 Hz respectively. For

manual inspection the gain is set to 400 as the human eye is better in catching bright features.

However, to make use of the larger range of a gray scale image the gain is set to 300 for pyclq.

11
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By sending the CSV file of chip coordinates of the critical locations to the Labview program,

images of these locations can be obtained by the pyclq module. These images are stored and

can be opened by pyclq with the same CSV file. The size of the images is 1280 x 1024 with

2.35±0.05 pixel/µm for a 10X magnification.

Template matching is applied between a cutout of the replicated chip and the acquired

images. By making the cutout smaller as the acquired image and matching at the highest

cross correlation match any drift will be mitigated. Repeating this for multiple locations at the

base layer results in a map where any differences from design are highlighted. This will help

locate any defects in the base layer.

Validation is done by manually inspecting the SQP and comparing it to the highlighted areas

created by pyclq_base any faults can be detected. By counting the images with false positives

and false negatives and comparing it to the total amount of images taken from the SQP this

results in a correctness in faulty detection in the base layer by pyclq_base.

12



3.3 Results

As pyclq_base is still in development there

are no final results yet. However, template

matching is already applied successfully in

pyclq_ab, chapter 5.

In figure 3.5 an replication of a perfect chip

is shown with all the different layers from

the CAD design. The original image is at

the same resolution as the camera, but due

to compression the resolution is lowered. The

full template match has not been finished. It

is planned after this report.

(a)

(b) (c)

Figure 3.5: An image generated from the CAD design; (a) all the different layers and segments, (b) a of

the base from these layers and (c) the full chip with 2D airbridges.
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4. Josephson Junctions

Figure 4.1: A schematic representation

of (a) the Manhattan style junction

and (b) Niemeyer-Dolan style junction.

It shows a cross section how the

aluminium and the aluminium oxide

layer is stacked in these junctions.

Schematic not to scale.

Superconducting tunnel

junctions, also known as

Josephson junctions (JJ)

consists of two overlapping

electrodes separated by a thin

insulating layer. One of the

most widely used materials for

fabricating Josephson junctions

is aluminium, since a thin tunnel

barrier of aluminium oxide

can be grown in a controlled

manner. Josephson junctions are

contained within the transmon

qubit, which is the fundamental

unit of a quantum computer. The

working principles of transmon

qubit is similar to an LC

circuit.The parallel metal pads

contribute to the capacitance

and the JJ contribute a highly

non-linear inductance. This

important difference from a linear oscillator such as resonators gives

rise to the non-equal energy-level spacings. This is needed in order to

limit the functioning of a qubit as a two-level system [29].

4.1 Design and fabrication

The fabrication process for JJs is shown in figure 4.2. Josephson

junctions can be fabricated in different geometries depending on the

’shadowing’ mechanism. The earliest technique developed for pattern

transfer of JJs with sub-micron feature size is using the Niemeyer-

Dolan bridge technique [30]. Such junctions fabricated using a resist

bridge as the shadowing mechanism are called Dolan-bridge junctions,

shown in figure 4.1 (a). Figure 4.2: Fabrication

process flow for the base

layer.
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Another fabrication process for JJs was developed by changing the deposition tilt angle and

resist stack thickness [31]. These ’bridgeless’ junctions have been termed in previous literature

as Manhattan-style junctions due to the orthogonal layout of the Al contacts as shown in figure

4.3 [32, 33]. As mentioned in the theory section 2.2, the qubit frequency can be related to the

room-temperature resistance of the JJs. RN is further dependent on two factors, namely the

overlap area of the electrodes and the tunnel barrier thickness.[34]. By sweeping the junction

widths, it is possible to vary the range of JJ resistance. In the case of Manhattan-style junctions

designed for this work, the widths of the bottom electrode is varied while the top electrode is

kept constant. Prior works in wafer-scale fabrication revealed a systematic variation of junction

conductance as a function of its position on the wafer. A geometric model has been proposed

to linking the conductance variation to a variation in the overlap area due to shadowing of Al

deposition by the resist. This may imply that when the junction pattern is at the center, the

metal deposition is perpendicular. On the other hand, when the junction pattern is at the edge

of the wafer the Al is deposited at an angle [17, 35]. However, more work is needed to quantify

the extent of variation in the overlap area. pyclq_jj is a tool to automate the extraction of the

overlap area from Scanning Electron Microscope (SEM) images.

4.2 pyclq_jj method

The code can be found at the Dicarlo lab pyclq

Github [6] and a schematic representation is in

the appendix. The SEM images were acquired by N.

Muthusubramanian using the Hitachi Regulus 8230

system in the Kavli Nanolab. pyclq_jj measures three

variables from the SEM images; the width of the top

horizontal electrode (wtop, the width of the bottom

vertical electrode wbottom and the overlap area poverlap.

After importing the grey-scale images taken with SEM

pyclq_jj will process them in the following steps:

Reading the image and its metadata from a user

specified folder. The pixel size is obtained from the

metadata.

Figure 4.3: A example of an SEM image of

blackbird 4, at the 5_5_right. Where the

area measured is poverlap and the width

of the horizontal top electrode and vertical

bottom electrode.

16

https://github.com/DiCarloLab-Delft/PyCLQ
https://github.com/DiCarloLab-Delft/PyCLQ


Filtering the images is done using two techniques, segmentation or thresholding as described

in table 4.1 below. Both methods return the edges of the electrodes as well as the widths of the

electrode.

Table 4.1: A comparison of the separation method between thresholding and segmentation. In these

methods the widths of the electrodes are measured as well.

Step Thresholding Segmentation

Pre-filter An option for a Gaussian filter is

possible but not necessary.

An option for a Gaussian filter is possible

but not necessary. In addition, a horizontal

and vertical Gabor filter is applied to

reduce the halo effect caused by the charge

of the SEM. The result of the Gabor

filter will be subtracted from the image to

reduce the halo.

Separation The average pixel value of the image

is obtained, this is multiplied by a set

range of thresholds to detect the edge.

This range of thresholds is used to

filter the image and obtain the best

edge.

The image is segmented into 6 bins with

the use of a k-mean segmentation the

amount of segmented bins can be changed

and pyclq_jj will assign these segments

automatically. The lowest two bins (or

30%) will be the background.

Top

horizontal

electrode

wtop is detected by measuring the

sum of pixel values over the y-axis.

The top horizontal electrode will be

filled in to reduce noise to find the

bottom electrode.

The top electrode will be the top two bins

(or 30%). wtop is detected by averaging y

coordinates of the edges of these bins.

Bottom

vertical

electrode

Similarly, wbottom is found by

summing value of the pixels over

the x-axis. Within the range of

thresholds, the widths closest to the

center are used to estimated the

overlap.

The leftover bins correspond to the bottom

electrode. Remnant top electrode pixels

are further separated by taking the edges

in the same method as the thresholding

method resulting in wbottom.

The overlap poverlap will be obtained after the edges have been found. Then the pixels of wtop

above wbottom are counted and multiplied by the pixel size. Al the measured parameters are

stored as .csv file together with the widths and filter settings.

A GUI inspection can be done for the thresholding method. A simple GUI with a fillable form

for selecting the folders and changing the parameters is made. After measurement the overlap

areas are shown in tiles and adjustments can be made with a drag-and-drop function where
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only the bottom electrode needs to be dragged for the thresholding method.

Validation is done by comparing data from pyclq_jj and manually extracted data using the

image analysis software ImageJ. From the two measurement methods, the data poverlap, wtop

and wbottom were obtained from different devices as described in table 4.2. The thickness

of the AlOx tunnel barrier is assumed to be a constant across all the junctions, therefore

all conductance variations are attributed to geometric variations of the sampled junctions.

In addition, the measured overlap areas by pyclq_jj have be marked and attached in the

appendix.

4.2.1 Devices

The junctions deposited on five devices, these have been analyzed for this project. A description

of the device layout is given below.

Blackbird 1 (BB1) was a device series fabricated on a NbTiN sputtered base layer consisting

of 8 chips of size 17 x 17 mm. The junctions were deposited on each device separately. The

device design has a SQUID layout, so from each location, 2 junctions were imaged, highlighted

with a blue box as shown in figure 4.4. The designed width of the electrodes is; wtop = 160 nm

and wbottom = {84, 136, 196} nm.

Blackbird 2 (BB2) has the same layout as BB1, however it is a half-wafer layout where all

the junctions were deposited in a single step. The same set of junctions have been imaged for

this device as BB1. The designed width of the electrodes is; wtop = 160 nm and wbottom = {84,

136, 196} nm.

Blackbird 4 (BB4) was a full-wafer dataset with the junctions arranged in a 35 x 35 square

array. All the junctions in BB4 are of the same designed widths, with both wtop and wbottom =

200 nm.

Jason was a Surface-17 device which was characterized in a dilution fridge. The widths of

the electrodes in this device are; The designed width of the electrodes is; wtop = 140 nm and

wbottom = {140, 220, 276} nm.

Nighthawk 2 was a full-wafer dataset fabricated on a bare silicon substrate with both junctions

and test pads made fully of aluminium and has the same layout as BB4, including the dimensions

of the electrodes.
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Figure 4.4: Device layout for Blackbird 1 and 2. The junctions analyzed are highlighted by the blue box.

[35]

4.3 Results

Below the results of the scripts, first the areas and widths measured with pyclq_jj are compared

to the manual measured areas and electrode widths in ImageJ. The results of the five datasets

are shown in table 4.2.

Table 4.2: An comparison of the successful measurements of pyclq_jj and the found conductance over

the area. The nighthawk dataset is left out of the average R2 as it does not fit the data.

ImageJ Thresholding Segmentation

failed cond µS/µm2 R2 failed range cond µS/µm2 R2 failed K condµS/µm2 R2

BB1 0/73 2992 ± 90 0.73 11/73 [1.2-2.2] 3007 ± 89 0.74 6/72 6 2990 ±145 0.32

BB2 0/48 3339 ± 124 0.72 6/48 [1.2-2.2] 2961 ± 109 0.73 1/48 5 3081 ± 112 0.73

BB4 0/34 2873 ± 179 0.59 0/34 [1.1-2.2] 2890 ±231 0.34 2/34 6 2489 ± 223 0.20

Jason 0/34 2165 ± 16 0.98 1/34 [0.9-1.8] 2145 ±39 0.89 1/34 6 2008 ± 40 0.86

Nighthawk 0/34 1993 ± 120 0.06* 1/34 [1.2-2.2] 2208 ± 176 -0.53* 1/34 6 1659 ± 101 -0.04*

Average 100% 0.75 91% 0.67 96% 0.52

*left out of the average
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The thresholding method had the most

failed measurements, this was mostly

due to the sharpness of the edges. This

was mostly at the smaller overlaps of the

Josephson junctions. The brighter and

sharper the edge of the electrode the better

the thresholding method works. As the

thresholding method takes the brightest

pixel values of the edge it was able to

obtain the overlap area more accurate as

the widths of the electrodes. This means

a high contrast image with a small halo

performs better as a low contrast image.

Therefore, BB4 performed 100% and

Nighthawk the worst for the Thresholding

method.

The segmentation method was able to

handle a wider variety of brightness

and contrasts in the image. Therefore it

was able to obtain more data from the

Blackbird 1 image set and Nighthawk

image set compared to the thresholding

method. However, the halo effect was

still too strong for the segmentation

method and increasing the strength of

the Gabor filter would remove the edge of

the electrodes. This resulted in a larger

perceived width of the electrodes using

the segmentation method. Gaussian

filters and opening had been applied, but

with no success. As the halo effect is

less prominent for smaller junctions and

junctions with low contrast, segmentation

performed better for these junctions as the

thresholding method.

Figure 4.5: Fits of the conductance against the overlapping area for

nighthawk and blackbird 4. Both measurements are shown from

ImageJ and the Pyclq_jj thresholding method with the coefficient

of determination, R2. Blackbird 4 had a single junction at 0.08µm

and two shorts around 0.06µm, these shorts are omitted from the fit.
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As a result the fit of the measured conductance against the surface area of the Josephson

junction was plotted for the thresholding method together with the manual measured ImageJ

fit. Any shorts are omitted from the fit and are shown as having 0 conductance. Moreover, the

conductance per unit area was calculated individually and shown in figure 4.6. The spread and

center of the histogram should correspond close to the slope of the fits as it is the same dataset.

Figure 4.6: A histogram of the normalized conductance over the area measured with pycl_jj and hand

measured by ImageJ. The Blackbird 4 and Nighthawk data set are shown here, all histograms can be

found in the appendix. For both histograms the binsizes are the same with a width of 200µS/µm2 where

pyclq and ImageJ overlap the colors are mixed to a darker brown.
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5. Airbridges
The airbridges is the last step in the fabrication, placing 3D

airbridges over all transmission lines on the SQP. The airbridges

have two main purposes; helping to ground the device and

suppressing higher harmonic oscillation in the transmission lines,

chapter 2.1. Moreover, airbridges are used to make crossovers

where two transmission lines meet making one transmission line

pass another without physically touching each other. Damage to

an airbridge could cause a short and similar problems as a broken

transmission line, chapter 3.

5.1 Fabrication

The airbridge fabrication process is outlined in figure 5.1. The

first step is spinning of a 6 µ thick layer of polymethyl glutarimide

(PMGI) resist. The first pattern transfer of the CAD layout for the

aibridges is done using e-beam lithography followed by heating

the device to 200◦C for resist reflow, figure 5.1 (4). After the device

has cooled down the second resist layer polymethylmethacrylate

(PMMA). followed by a second pattern transfer with e-beam

lithography. On this second mask 450 nm aluminium is deposited.

When the PMMA and PMGA is removed only the airbridge is left

behind.

pyclq_ab will significantly reduce the number of bridges that need

to be inspected, reducing labor. As the size of the SQP scales so

does the amount of airbridges. Surface-7 has over 500 airbridges,

as a Surface-17 has over 1000 or even more than 1500 airbridges

in the latest versions. Manual inspection becomes labor intensive

and automation is needed.
Figure 5.1: The different

steps taken in order to

make an airbridge on top

of the base layer.
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5.2 pyclq_ab method

The code can be found at the Dicarlo lab pyclq Github [6] and a schematic representation is

in the appendix. pyclq_ab is a tool to help detect faulty and broken airbridges. Due to the 3D

nature the airbridges, the images can’t be directly be matched to their template as the curves

will reflect light in a gradient. Therefore a different method is needed to find defects in the air

bridges as pyclq_base. In order to validate the airbridges the following steps are taken;

Image acquisition is done with the APS-LASIQ system in the same manner as acquiring

images for the base layer, chapter 3.2. With two differences; the camera is centered on top of

the bridge and the gain of the camera is set to 200. This to reduce glare and shape deformation

due to the 3D nature of the aluminium from airbridge.

Image segmentation was applied twice with a k-mean segmentation, first to remove the

glare and darkest features and a second time to separate the image. The top bins of both

segmentation correspond to the aluminium edges of the airbridge. To filter any noise the result

is closed and opened and finally the airbridge nearest to the center will be cut out from the

original image for validation.

Cross section, sweep and path validation are three of the four methods a bridge is validated.

These three harsh basic validation methods are used as a first line to filter the airbridges for

their quality.

The middle cross section must follow a pattern according to obtained centers of the bins of the

second segmentation. This gives a quality value C ∈ {0,1,2}.

Moreover, the cross section validation will be applied over the original image for all airbriges

vissible. This results in the quality as a neighboring airbridge N ∈ [0,2] with a weight depending

on the average distance from their neighbors Nw ∈ [0,1] and encounters Nk ∈Z≥0.

The entire width of the bridge should follow a pattern similar to the middle cross section and

results in a quality factor S ∈ {0,1,2}. The last validation before template matching will be

searching for stray aluminium at near the edge of the airbridge P ∈ {0,1}.

For each of these methods the highest value is a pass and the lowest value a fail.

Template matching is applied to all airbridges. The template is made out of the average of

all airbridge that passes all the harsh basic validations for a given device. All the airbridges

will be matched to the perfect airbridge resulting in their cross correlation R as described in

chapter 2.3. For semi-self-learning a perfect bridge with a weight can be given, guiding the

template matching to a pre-set design.

Weights will of the template matching will be adjusted to the other validation methods. This

adjustment will be capped at -1 resulting in a confidence of correctness of the bridge R′ = [−1,1];
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R′(R,C′,S,P)= R+ (1−R)
C′+S+P −4

6
(5.1)

with;

C′ =











C i f Nk < 2

C(1−Nw)+N ·Nw i f C = 2 & Nk > 5
C(1−Nw)+N·Nw·Nk

Nk+1
else

Any airbridge will be labeled as bad if its confidence of correctness is below 0.50 and doubtful if

below 0.75. The second value can be adjusted by the end user if they are more or less confident

in the airbridges on the device.

Validation can be achieved by manually inspecting the images acquired. Both their quality

and how they are labeled by pyclq_ab needs to be taken into account. No broken bridge should

pass and, preferably, the least amount of unbroken airbridges should be labeled as bad or

doubtful.

During the first measurement a drift was observed, this could either be human error by locating

the markers or caused by the xy stage. To rule out the xy stage two stress test had been done.

First, to rule out fatigue, four airbridges at the corners will repeatedly be measured for 1028

rounds. Second, to rule out deviation due to small movements, four airbridges in close proximity

on a straight line will repeatedly be measured for 124 rounds. If any of the stress tests see an

change in drift over the measurements it will be the result of the xy-stage.

For the stress test we are interested in locating the airbridges accurately and not validating

the airbridges, therefore the gain was set to 300, making it more accurate to locate the bright

edge of the airbridge, but harder to validate its correctness.

24



Figure 5.2: The confidence of correctness plotted on the locations of the aibridges corresponding to the

design on the S17 v2 and S17 v3 2_3 device, both devices share the same colormap, x- and y-axis. The

colormap is capped at 0 as everything below 0 will have a similar confidence as 0.

5.3 Results

In table 5.1 the result of bridges marked

by pyclq_ab are shown. No broken bridge

passed pyclq_ab and the majority of the defect

airbridges will be marked as bad. A random

assortment of airbridges marked bad from

the S17 v3 2_3 is shown in figure 5.4. As

can be seen some of them are blurred due

to movement of the camera, some of them

collapsed or had a dent in their reflection.

The confidence of correctness capped at 0

R′ = [0,1] is plotted in figure 5.2 for every

location on the device. All the different types

of airbridges validated by pyclq_ab are shown

in figure 5.3. The first few rows of the .csv file

generated by pyclq_ab can be found in the

appendix together with the images of these

airbridges.

(a)

(b)

(c)

(d)

Figure 5.3: The four types of airbridges found,

whereas; (a) is a crossover, (b) an airbridge of

40×116 µm, (c) the most common airbridge of

30×70µm and (d) an airbridge of 40×84 µm
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Figure 5.4: a random assortment of 30×70µm airbridges cut from the image by pyclq_ab marked as bad.

The first two airbridges have failed to locate the edges well enough due to reflections of other aluminium

features near the bridge, the third is due to movement of the camera, fourth and fifth are either collapsed

or the camera moved and the last three collapsed.

Due to the lack of crossovers of the same size (< 15) the airbridge validation for the transmission

line crossovers have been left out. The sample size to generate the ’perfect’ feature have been

to small and therefore the template matching will be non-sensible as they will either match to

themselves, noting or only a single crossover. Moreover, due to the close proximity of the bridges

at the crossover, the bridges at the crossover reflect of each other. This results in overexposure

at crossover and made it even difficult to inspect manually with the current setup, figure 5.3 c.

Halve of the false positives are caused by the movement of the camera. The movement was

likely caused by a combination of the architecture of Labvieuw and its communication to

external drivers like the xy-stage and camera. All communication is pushed trough a single

channel in the computer, causing desynchronisation in the delays what matches the camera

movement and taking an image.

Table 5.1: For two different chip designs the amount of airbridges are shown, followed by the amount of

airbridges marked as bad or doubtful by pyclq_ab. These bridges have been manually inspected and the

actual bad arbridges have been counted in every marked category.

marked as bad marked as doubtful marked as good

device bridges marked broken unbroken marked broken unbroken marked broken unbroken

S17 v2 1197 73 51/73* 22/73 113 1/113 112/113 1084 0/1084 1084/1084

S17 v3 2_3 1549 312 267/312 45/312 278 159/278 119/278 1004 0/1004 1004/1004

* of which 20 are due to a difference in size between the CSV file and design
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Figure 5.5: The capture of drift at every location, first plot is the the drift in the x direction, second is the

plot of the drift in y direction and the last is drift in both x and y direction. Where the left half of the orb

is drift in x direction and right half of the orb is the drift in y direction. All variables are in micrometers.

Drift and stress test

In figure 5.5 the locations of the airbriges in S17 v2 are shown with their drift. As can be seen

this drift is quite significant resulting in the stress tests. Moreover, there seem to have been

some design changes in the device, between the obtained .csv files and validating the airbridges,

resulting in a perceived drift for some of the airbridges.

For the first stress tests there was no drift found, figure 5.6. This means the xy stage doesn’t

fatigue over time. Similarly, for the second stress test there was no change in drift found

between the first and last point when moving small movements figure 5.7. This means the drift

is caused by placing the markers in the automated room temperature resistance measurement

unit whereas a deviation of 1 pixel already results in 1µm deviation depended on the location.
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Figure 5.6: The change of the drift is shown for 4096 measurements of four airbridges near the corners

taken repeatedly of a S17 V3_2. 1 µm drift deviations are caused by image processing due to opening

and closing the image. Most of the outliers out of the 1µm drift are caused by unsharp images due to

movement of the camera while taking the image.

Figure 5.7: The drift of the first and last airbridge is shown for 124 rounds of short steps on a S17 V3_2

device. Most of the outliers out of the 1µm drift are caused by unsharp images due to movement of the

camera while taking the image. The band shows the drift caused by image processing due to opening and

closing the image.
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6. Conclusion

The written software suite, pyclq, is able to automate parts of the optical inspection of a

superconducting quantum processor during fabrication. This reduces the workload and is a

first step in helping the fabrication process cope with the increased demands of device scaling

using automation by image processing.

With three simple scripts the components of the chip can be inspected using convolution filters,

segmentation, thresholding and template matching; automated by a k-means algorithm. For

the measurements and yield it is important to keep in mind the geometry of 3D features,

charging effects and the reflections dependent on the material.

pyclq_base helps tracing any defect in the base layer helping to quantify yield metrics. There

have been no template matching results for pyclq_base yet, but the template matching method

is expected to be easily applied for the base layer as well as it has been already applied for

pyclq_ab. Whereas pyclq_base is not designed to detect airbridges due to their reflective 3D

nature pyclq_ab is.

pyclq_jj is able to obtain the overlap area of the Manhattan-style Josephson junctions with

two different methods. A k-means segmentation had the most successful measurements, however

it overestimates the area even after reducing the halo from the SEM images. Hence thresholding

method was the most accurate when compared to manual measurements with ImageJ. It should

be noted that a k-means segmentation shines for low contrast images and smaller junctions as

the halo effect is less prominent. These are the images the thresholding have difficulty with.

By automating the extraction of overlap areas, errors introduced due to human bias is avoided

and also reduces several hours of repetitive tasks.

pyclq_ab had some false positives, but no false negatives in detecting broken airbridges. This

will ensure no mismanufactured airbridge will pass through the optical inspection. The only

downside is a minimum requirement of airbridges > 15 what was one of the reasons pyclq_ab

had a hard time validating the crossovers. The other reason is reflections from neighboring

bridges due to close proximity, what makes it even difficult to validate those airbridges with

the human eye under the APS-LASIQ automated probe station. Another possibility to improve

validation of crossovers is to switch to a 20x objective lens for higher resolution.
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.1 Pseudo codes

Bellow are the flow diagrams representing the code. Each component shows what it does to the

image and how it relates to the method obtaining the data.

Figure 1: A perfect base layer is created from the file where an image is taken. The microscope image is

obtained from ASP-Lasiq these two images are template matched for their individual locations resulting

in a map with similarities between the two images. The more they vary the brighter the feature becomes

what means that area needs inspection.
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Figure 2: A visual representation of pyclq_jj at the top is the thresholding method, applying an sweep

over the x- and y-axis to obtain the edges from the highes pixel value. This is repeated for multiple

thresholds to improve accuracy. The segmentation method removes the ’glow’ effect of the SEM first before

segmenting into different layer of which the top layer(s) will be the edge from the top electrode. The bottom

vertical electrode is obtained in a similar manner as the thresholding method. Both methods are filling

the area of the top electrode that is overlapping the bottom electrode and storing it in a CSV file for future

reference.



Figure 3: A visual representation of accusation and validation of bridges, fits the acquired image with

ASP-lasiq is filtered and segmented in the different components of the chip. by opening, chapter ??, the

white shine and bridge grey colors the bridges can be obtained (the top two bins). Next a surrounding

pad and cross section validation made with expected values form the segmentation. From the the cross

section validation is compared to a full scan over the width of the bridge to gain a third quality of the

bridge, if passed with a high enough value it will be combined with other bridges of the same shape for

template matching of all the airbridges for the last quality check.
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.2 Pyclq_AB

Below the first ten rows of airbridge validation by pyclq_ab of S17 v2 3_2.

Table 1: Below the first ten airbridges validated by pyclq_ab all widths and lengths are in µm and

angles in degrees

Design Found by pyclq_ab

x y angle transmission_line width length drift_x drift_y width length C S P R N Nw Nk R′

5944.437 1873.431 -135 Microwave drive line D1 30 70 -3 0 31 63 2 0 1 0.809584 0 0 0 0.777848

4376.569 305.5635 -135 Microwave drive line D1 30 70 -3 0 31 66 2 2 1 0.848954 0 0 0 0.874128

5720.455 1649.45 -135 Microwave drive line D1 30 70 -3 0 30 63 2 0 1 0.814407 0 0 0 0.783474

5496.474 1425.469 -135 Microwave drive line D1 30 70 -3 0 31 66 2 2 1 0.859434 0 0 0 0.882862

5272.493 1201.488 -135 Microwave drive line D1 30 70 -3 0 31 66 2 2 1 0.815088 0 0 0 0.845907

5048.512 977.5069 -135 Microwave drive line D1 30 70 -4 0 31 66 2 2 1 0.799738 0 0 0 0.833115

4824.531 753.5258 -135 Microwave drive line D1 30 70 -3 0 31 65 2 0 1 0.895164 0 0 0 0.877691

4600.55 529.5446 -135 Microwave drive line D1 30 70 -3 0 30 65 2 0 1 0.859872 0 0 0 0.836518

4250 42 -90 Microwave drive line D1 30 70 0 -6 20 26 0 0 1 -0.04892 0 0 0 -0.57339

5000 -5950 90 Microwave drive line D2 30 70 0 -3 29 64 2 2 1 0.899661 0 0 0 0.916384

Figure 4: From left to right, top to bottom the airbridges validated in the table above, table 1. When taking

the 9th, second last airbridge in figure and table there seem to be movement due to the communication

between the computer and its external components.
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.3 Pyclq_jj

.3.1 Plots

plots of conductance against area

Below all the fits of the conductance against the overlapping area measured with ImageJ

and Pyclq_jj tresholding method are shown with the coefficient of determination, R2. The

numerical values and standaard deviation can be found in table ??. This is followed up by a

histogram of the conductance over the area for every measurements. The widths of all bins in

the histograms have a bin size of 100µS/µm2
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Figure 5: All the fits of the conductance against the overlapping area measured with ImageJ and

Pyclq_jj tresholding method are shown with the coefficient of determination, R2.
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Figure 6: All points of conductance against the overlapping area measured with ImageJ and Pyclq_jj

tresholding method are shown in a histogram.
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Plots of widths

Below are the plots of the widths of the top horizontal and bottom vertical electrodes plotted

against a hat function. For the locations of the Jason dataset the locations are unsuited to plot

against x or y.

(a) The line width of the bottom electrode of blackbird 1 of the c and e

series fitted with a hat function against the x coordinates of the chip.

(b) The line width of the bottom electrode of blackbird 1 fitted with a hat

function against the x coordinates of the chip.

(c) The line width of the top electrode of blackbird 1 fitted with a hat

function against the x coordinates of the chip.

Figure 7: The fits of the widths of the bottom horizontal electrode and top vertical electrode in blackbird

1 are shown above, in (a) the sets are fitted for the c and e series separately for the bottom horizontal

electrode. The exact values are found in table .3.2.
41



(a) The line width of the bottom electrode of blackbird 2 of the c and e

series fitted with a hat function against the x coordinates of the chip.

(b) The line width of the bottom electrode of blackbird 2 fitted with a hat

function against the x coordinates of the chip.

(c) The line width of the top electrode of blackbird 2 fitted with a hat

function against the x coordinates of the chip.

Figure 8: The fits of the widths of the bottom horizontal electrode and top vertical electrode in blackbird

2 are shown above, in (a) the sets are fitted for the c and e series separately for the bottom horizontal

electrode. The exact values are found in table .3.2.
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(a) The line width of the bottom horizontal electrode of blackbird 4 fitted

with a hat function against the x coordinates of the chip.

(b) The line width of the bottom horizontal electrode of blackbird 4 fitted

with a hat function against the y coordinates of the chip.

(c) The line width of the top vertical electrode of blackbird 4 fitted with a

hat function against the x coordinates of the chip.

(c) The line width of the top vertical electrode of blackbird 4 fitted with a

hat function against the y coordinates of the chip.

Figure 9: The fits of the widths of the bottom horizontal electrode (a,c) and top vertical electrode (b,d) in

blackbird 4 are shown above, The exact values are found in table .3.2.



(a) The line width of the bottom horizontal electrode of nighthawk fitted

with a hat function against the x coordinates of the chip.

(b) The line width of the bottom horizontal electrode of nighthawk fitted

with a hat function against the y coordinates of the chip.

(c) The line width of the top vertical electrode of nighthawk fitted with a

hat function against the x coordinates of the chip.

(c) The line width of the top vertical electrode of nighthawk fitted with a

hat function against the y coordinates of the chip.

Figure 10: The fits of the widths of the bottom horizontal electrode (a,c) and top vertical electrode (b,d) in

blackbird 4 are shown above, The exact values are found in table .3.2.



Plots of widths

Below are the plots of the widths of the top horizontal and bottom vertical electrodes plotted

against a polynomial function. For the locations of the Jason dataset the locations are unsuited

to plot against x or y.

(a) The line width of the bottom electrode of blackbird 1 of the c and e

series fitted with a polynomial function against the x coordinates of the

chip.

(b) The line width of the bottom electrode of blackbird 1 fitted with a

polynomial function against the x coordinates of the chip.

(c) The line width of the top electrode of blackbird 1 fitted with a

polynomial function against the x coordinates of the chip.

Figure 11: The fits of the widths of the bottom horizontal electrode and top vertical electrode in blackbird

1 are shown above, in (a) the sets are fitted for the c and e series separately for the bottom horizontal

electrode. The exact values are found in table .3.2. 45



(a) The line width of the bottom electrode of blackbird 2 of the c and e

series fitted with a polynomial function against the x coordinates of the

chip.

(b) The line width of the bottom electrode of blackbird 2 fitted with a

polynomial function against the x coordinates of the chip.

(c) The line width of the top electrode of blackbird 2 fitted with a

polynomial function against the x coordinates of the chip.

Figure 12: The fits of the widths of the bottom horizontal electrode and top vertical electrode in blackbird

2 are shown above, in (a) the sets are fitted for the c and e series separately for the bottom horizontal

electrode. The exact values are found in table .3.2.
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(a) The line width of the bottom horizontal electrode of blackbird 4 fitted

with a polynomial function against the x coordinates of the chip.

(b) The line width of the bottom horizontal electrode of blackbird 4 fitted

with a polynomial function against the y coordinates of the chip.

(c) The line width of the top vertical electrode of blackbird 4 fitted with a

polynomial function against the x coordinates of the chip.

(c) The line width of the top vertical electrode of blackbird 4 fitted with a

polynomial function against the y coordinates of the chip.

Figure 13: The fits of the widths of the bottom horizontal electrode (a,c) and top vertical electrode (b,d) in

blackbird 4 are shown above, The exact values are found in table .3.2.



(a) The line width of the bottom horizontal electrode of nighthawk fitted

with a polynomial function against the x coordinates of the chip.

(b) The line width of the bottom horizontal electrode of nighthawk fitted

with a polynomial function against the y coordinates of the chip.

(c) The line width of the top vertical electrode of nighthawk fitted with a

polynomial function against the x coordinates of the chip.

(c) The line width of the top vertical electrode of nighthawk fitted with a

polynomial function against the y coordinates of the chip.

Figure 14: The fits of the widths of the bottom horizontal electrode (a,c) and top vertical electrode (b,d) in

blackbird 4 are shown above, The exact values are found in table ??.



.3.2 Tables

All fits for all chips are on the following page, followed by the tables of the the raw data itself for

every chip. In these tables; seg is shortened for segmentation, thres is shortened for threshold,

and the result of the fits are in nm. When a Josephson junction has shortened it is shown with

a -.
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Fits:
serie ﾏethode loI R^ヲ a H I R^ヲ
HHヱ I thres Hottoﾏ ┝ -ヰ.ヱΒ ± ヰ.ヱΓ Α.ンヲ ± ヱヱ.Αヰ ヱヵ ± ン.ΒΓ ヰ.ヰンΓ -ヰ.ヰヰヴヲヴ ± ヰ.ヰヰヶ ヰ.ヱヲヴ ± ヰ.ヰΓヲ ヱン.ヰヵヶ ± ン.ヰΒΓ ヰ.ヰΑヴ
HHヱ I seg Hottoﾏ ┝ -ヰ.ヲヱ ± ヰ.ヴヶ -ヲΑ.ヴヵ ± ヵ.ヴヶE+ヰΒ ヲヴ ± ヱ.ヱンE+ヰΒ ヰ.ヰヰΒ -ヱ.ヴヱE-ヱヶ ± ヰ.ヰンヱ -ヰ.ヲヰΑ ± ヰ.ヴヴヰ ヱΒ.ヴヲヲ ± ヱヴ.ΑΓヲ ヰ.ヰヰΒ
HHヱ I iﾏgj Hottoﾏ ┝ -ヰ.ヴヶ ± ヰ.ヱヱ -ヱ.ヱヴ ± ヲ.ヰΑ ヲヴ ± ヲ.ヲヰ ヰ.ンΑン -ヰ.ヰヱンヶン ± ヰ.ヰヰン ヰ.ヰΑΑ ± ヰ.ヰヴヵ ヲヱ.ΒンΒ ± ヱ.ヵヱン ヰ.ヴンヵ
HHヱ e thres Hottoﾏ ┝ ヰ.ヰヰ ± ヰ.Βヱ ヰ.ヰヶ ± ヰ.ヰヰ ヱヴ ± ヱン.ΒΓ ヰ.ヰヰヰ -ン.ヰヲE-ヲン ± ヰ.ヰヲン -ヰ.ヰヶヱ ± ヰ.ンΒヲ ヱヴ.ヲヱヶ ± Γ.ヵヴヱ ヰ.ヰヰヱ
HHヱ e seg Hottoﾏ ┝ ヰ.ヰヰ ± ヰ.ヴン ヲΓ.ヲΓ ± ヰ.ヰヰ ヱヲ ± ヱン.ΒΑ ヰ.ヰヰヰ -ヱ.ヱヲE-ヱΑ ± ヰ.ヰヲヶ -ヰ.ヱΑΑ ± ヰ.ヴヲヵ ヱヱ.ΓΓヶ ± ヱヰ.ヶヲヱ ヰ.ヰヰヵ
HHヱ e iﾏgj Hottoﾏ ┝ -ヰ.ヲヵ ± ヰ.ンΑ ヲヶ.ンΓ ± ヱ.ヰヶE+ヰΓ ヲΑ ± ヲ.ヶヶE+ヰΒ ヰ.ヰヱΒ -ヱ.ヲΑE-ヲヱ ± ヰ.ヰヱΓ ヰ.ヲヵヲ ± ヰ.ンヱヱ ヲヰ.ヰΓΒ ± Α.Αヶヰ ヰ.ヰヱΒ
HHヱ thres Hottoﾏ ┝ -ヰ.ヰヵ ± ヰ.ヲヰ ヲヶ.ヰヰ ± Α.ΓヲE+ヰΒ ヱヴ ± ン.ヵΑE+ヰΑ ヰ.ヰヰヱ -ン.ヶヴE-ヲヵ ± ヰ.ヰヱン ヰ.ヰヴヵ ± ヰ.ヱΓヵ ヱヲ.Αヴヶ ± ヵ.ヵΒヶ ヰ.ヰヰヱ
HHヱ seg Hottoﾏ ┝ -ヰ.ヲヱ ± ヰ.ヵヱ -Β.ヲヰ ± ヲΒ.ヴヲ ヱΒ ± Γ.Βン ヰ.ヰヰン -ヲ.ヴンE-ヲヲ ± ヰ.ヰヱΓ -ヰ.ヲヱヲ ± ヰ.ヲΓΑ ヱヴ.Γヶヰ ± Β.ヵヱヶ ヰ.ヰヰΒ
HHヱ iﾏgj Hottoﾏ ┝ -ヰ.ヱΑ ± ヰ.ヱヶ ヲΑ.ヴヱ ± Γ.ΓヱE+ヰΒ ヲン ± ヱ.ΑヲE+ヰΒ ヰ.ヰヱΒ -ヴ.ンΓE-ヲヶ ± ヰ.ヰヱヰ ヰ.ヱΑン ± ヰ.ヱヵΑ ヱΒ.ヶヲヵ ± ヴ.ヵヰヵ ヰ.ヰヱΒ
HHヱ thres Hottoﾏ ┞ -ヰ.ヰヵ ± ヰ.ヴヲ Β.ヲヶ ± ヲ.ヰンE+ヰΒ ヱヴ ± ヱ.ヰヲE+ヰΑ ヰ.ヰヰヰ -ヰ.ヰヶヶΑΒ ± ヰ.ヱヲヲ -ヲ.ヶンヴ ± ヴ.Γヰヲ -Β.ヱΓΑ ± ヴヰ.Βヱヲ ヰ.ヰヰヵ
HHヱ seg Hottoﾏ ┞ ヰ.ヰヰ ± ヰ.ヶン ヲΓ.ΓΒ ± ヰ.ヰヰ ヱヵ ± ンヱ.Αヵ ヰ.ヰヰヰ -ン.ヵヰE-ヱΓ ± ヰ.ヱΒヱ -ヱ.ヲヱヴ ± Α.ンヰΒ -Β.ヴヵヱ ± ヶヰ.Βヴン ヰ.ヰヵヵ
HHヱ iﾏgj Hottoﾏ ┞ -ヰ.ヱΒ ± ヰ.ンヵ ヶ.ヵヲ ± ヱ.ンΓE+ヰΒ ヲン ± ヲ.ヵヱE+ヰΑ ヰ.ヰヰヴ -ヰ.ヰンΓヶΑ ± ヰ.ヰΓΓ -ヱ.ヴヱヴ ± ン.ΓΒヴ Γ.ヰヵΓ ± ンン.ヱヶΑ ヰ.ヰヰΑ
HHヱ thres top ┝ -ヰ.ヲン ± ヰ.ヱヶ ヱ.ヲΒ ± ヵ.ΓΒ Γ ± ヲ.Γヶ ヰ.ヰンヱ -ヰ.ヰヰヵΓΒ ± ヰ.ヰヰヵ -ヰ.ヰヶヲ ± ヰ.ヰΑン Α.ヱヴン ± ヲ.ヰΒヰ ヰ.ヰンン
HHヱ seg top ┝ -ヰ.Αヴ ± ヰ.ンン ヱヱ.ンΒ ± ヶ.ヶヴ ヱΓ ± Α.ンヵ ヰ.ヰΑヱ -ヰ.ヰンΒΓヲ ± ヰ.ヰヱヴ ヰ.ンヵヱ ± ヰ.ヲヱン ヱΒ.ヵΓヵ ± ヶ.ヰΓヶ ヰ.ヱヴン
HHヱ iﾏgj top ┝ -ヰ.ンヰ ± ヰ.ヱヰ -ヴ.Αヲ ± ヲ.Γヴ ヱヲ ± ヱ.Αヶ ヰ.ヱヵヵ -ヰ.ヰヰΒヲン ± ヰ.ヰヰン -ヰ.ヰヱヵ ± ヰ.ヰヴヴ Γ.ヶヰヲ ± ヱ.ヲヶヵ ヰ.ヱヱヲ
HHヱ thres top ┞ ヰ.ヰヰ ± ヰ.ヱヶ -ヲ.ヵヰ ± ヰ.ヰヰ ヵ ± ヲ.ΓΑ ヰ.ヰヰヰ -Α.ヱΒE-ヱΓ ± ヰ.ヰヴヶ -ヰ.ヰΓヶ ± ヱ.Βヵヵ ン.ヲヶヰ ± ヱヵ.ヴヴヱ ヰ.ヰヰヶ
HHヱ seg top ┞ -ヱ.ヰΑ ± ヰ.ヴΒ ヲ.ヶヱ ± ヴ.ンヰE+ヰΑ ヲΓ ± ヴ.ヵΓE+ヰΑ ヰ.ヰΑヱ -ヰ.ヰΒヰヵΒ ± ヰ.ヱンΒ -ヲ.ヱΑヱ ± ヵ.ヵヶヴ -ヰ.ヵヴΒ ± ヴヶ.ンヲΓ ヰ.ヰΑヶ
HHヱ iﾏgj top ┞ -ヰ.ヲヱ ± ヰ.ヱヰ Β.ヰヲ ± ヱ.ヲヰE+ヰΒ ヱン ± ヲ.ヵΑE+ヰΑ ヰ.ヰヶΓ -ヰ.ヰヰヶΓヱ ± ヰ.ヰヲΒ -ヰ.ヰヶヴ ± ヱ.ヱンΓ Β.ヶヶヱ ± Γ.ヴΒヰ ヰ.ヰヶΓ
HHヲ I thres Hottoﾏ ┝ -ヰ.ヴΒ ± ヰ.ヵヵ ヴ.ンΓ ± ヱヰ.ΒΑ ンヲ ± ヱヰ.ヵΓ ヰ.ヰヴヲ -ヰ.ヰヱヴヱ ± ヰ.ヰヱヶ ヰ.ヱヱヴ ± ヰ.ヲヴΒ ヲΓ.ヱΑヱ ± Α.ヵΒヰ ヰ.ヰヴン
HHヲ I seg Hottoﾏ ┝ -ヰ.ヱヵ ± ヰ.ΑΒ ヱΒ.ΒΓ ± ΒΑ.ヱヵ ヲΓ ± ヱΑ.ヱヱ ヰ.ヰヰン -ヰ.ヰヰヲヰヶ ± ヰ.ヰンヲ ヰ.ヱヱヶ ± ヰ.ヴΓヱ ヲヶ.ΒンΑ ± ヱヵ.ヰヰヱ ヰ.ヰヰン
HHヲ I iﾏgj Hottoﾏ ┝ -ヱ.ヲヱ ± ヰ.ヰΑ ヲ.ンΒ ± ヰ.ヵヲ ヲΒ ± ヱ.ンΒ ヰ.Γンヴ -ヰ.ヰンヵンΑ ± ヰ.ヰヰヲ ヰ.ヱンヰ ± ヰ.ヰンヶ ヱΓ.Αヶヱ ± ヱ.ヱヰヶ ヰ.ΓヱΑ
HHヲ e thres Hottoﾏ ┝ -ヰ.ヵΑ ± ヰ.ヵヵ ヲ.ヰヲ ± Β.ヴヶ ンΒ ± ヱヰ.ヵヴ ヰ.ヰヵヰ -ヰ.ヰヱヶヵΓ ± ヰ.ヰヱヶ ヰ.ヰΑΑ ± ヰ.ヲヴΑ ンヴ.ヲΑン ± Α.ヵンヶ ヰ.ヰヵヱ
HHヲ e seg Hottoﾏ ┝ -ヰ.ヱヴ ± ヰ.ΑΓ ヲヰ.ヲヲ ± ヱヰヱ.ヴΑ ンヵ ± ヱΑ.ンヶ ヰ.ヰヰヲ -ヰ.ヰヰヱヴヲ ± ヰ.ヰンン ヰ.ヱヱヲ ± ヰ.ヴΓΒ ンヲ.ヰΒΒ ± ヱヵ.ヲヱΓ ヰ.ヰヰヲ
HHヲ e iﾏgj Hottoﾏ ┝ -ヱ.ヱΒ ± ヰ.ヱヰ ヱ.ヵヰ ± ヰ.Αヴ ヲΒ ± ヱ.Γヴ ヰ.ΒヶΑ -ヰ.ヰンヴヴ ± ヰ.ヰヰン ヰ.ヰヵン ± ヰ.ヰヴΒ ヲヰ.ヵヰヰ ± ヱ.ヴヵヵ ヰ.Βヵヴ
HHヲ thres Hottoﾏ ┝ -ヰ.ヵヲ ± ヰ.ンΒ ン.ヱヱ ± ヶ.ヵヰ ンヵ ± Α.ヲヵ ヰ.ヰヴヵ -ヰ.ヰヱヵンヴ ± ヰ.ヰヱヱ ヰ.ヰΓヶ ± ヰ.ヱΑヰ ンヱ.Αヲヲ ± ヵ.ヱΒΓ ヰ.ヰヴヶ
HHヲ seg Hottoﾏ ┝ -ヰ.ヱヵ ± ヰ.ヵン ヱΓ.ヵン ± ヶヴ.ヲン ンヲ ± ヱヱ.Βヰ ヰ.ヰヰン -ヰ.ヰヰヱΑヴ ± ヰ.ヰヲヲ ヰ.ヱヱヴ ± ヰ.ンンΒ ヲΓ.ヴヶン ± ヱヰ.ンヴン ヰ.ヰヰン
HHヲ iﾏgj Hottoﾏ ┝ -ヱ.ヱΓ ± ヰ.ヰヶ ヱ.Γヵ ± ヰ.ヴヵ ヲΒ ± ヱ.ヱΒ ヰ.ΒΓヶ -ヰ.ヰンヴΒΒ ± ヰ.ヰヰヲ ヰ.ヰΓヱ ± ヰ.ヰンヰ ヲヰ.ヱンヱ ± ヰ.ΓヰΓ ヰ.ΒΑΓ
HHヲ thres Hottoﾏ ┞ -ヰ.ヲン ± ヱ.Αヴ -ヱン.Βヰ ± ヵヰ.ヰヲ ヲΒ ± ヱヵ.ンヰ ヰ.ヰヰヵ -ヱ.ヱンE-ヲン ± ヰ.ヱヰヱ -ヰ.ヲヵΓ ± ヴ.ヰΑヵ ヲヰ.Γヴヰ ± ンン.ΓΑヵ ヰ.ヰヱヰ
HHヲ seg Hottoﾏ ┞ -ヰ.ヵヲ ± ヰ.ΒΒ -ンヰ.ヰヰ ± ヱΒ.ΓΒ ンヴ ± ヱヰ.ヴヰ ヰ.ヰヱヰ -ヱ.ヰンE-ヱΓ ± ヰ.ヱΓヶ -ヰ.ヶΒΑ ± Α.Γヱヰ ヱヵ.ヰΒヵ ± ヶヵ.Γヴヴ ヰ.ヰヱΓ
HHヲ iﾏgj Hottoﾏ ┞ -ヰ.ヱヰ ± ヰ.ヱΓ Β.Βン ± ヲ.ΒヶE+ヰΒ ヱヰ ± ヲ.ΓΓE+ヰΑ ヰ.ヰヰΑ -ン.ΑヵE-ヱヶ ± ヰ.ヰヵヰ ヰ.ヱヰヵ ± ヲ.ヰヱヰ Γ.ヵヰΒ ± ヱヶ.Αヶヰ ヰ.ヰヰΑ
HHヲ thres top ┝ -ヰ.ヰン ± ヰ.ヰヴ ヲヶ.ヶン ± Α.ヴヲE+ヰΒ ヲ ± ヱ.ΓンE+ヰΑ ヰ.ヰヰΒ -Γ.ヵΒE-ヱΑ ± ヰ.ヰヰン ヰ.ヰヲヶ ± ヰ.ヰヴヲ ヱ.ヱヴヵ ± ヱ.ヲΓヶ ヰ.ヰヰΒ
HHヲ seg top ┝ -ヰ.ヰヶ ± ヱ.Γヰ Β.Γヰ ± ンヵヴ.ヶヰ ヱΑヴ ± ンヶ.ンヶ ヰ.ヰヰヰ -Α.ンヵE-ヲヱ ± ヰ.ヰヵヶ -ヰ.ヱΑヶ ± ヰ.Βヵヱ ヱΑヲ.ヶΒン ± ヲヶ.ヰヱン ヰ.ヰヰヱ
HHヲ iﾏgj top ┝ -ヲ.ヵヵ ± ヲ.ヵン ヲヶ.ヰヰ ± ヲヱ.ヰΓ Γヴ ± ヵン.ΒΑ ヰ.ヰΓΒ -ン.ΑΑE-ヲヵ ± ヰ.ヰΓΓ ヲ.ΒΒΒ ± ヱ.ヵヲン ンヱ.ヶヰΒ ± ヴヶ.ヰΒΑ ヰ.ヱヰヰ
HHヲ thres top ┞ -ヰ.ンヲ ± ヰ.ヱヰ Γ.ヵン ± ヱ.ンΒE+ヰΒ ヱヱ ± ヴ.ヴヲE+ヰΑ ヰ.ヲヶΑ -ヰ.ヰΑヰヰヶ ± ヰ.ヰヱΓ -ヲ.ヴΓン ± ヰ.ΑヴΓ -ヱヵ.ヲヵΒ ± ヶ.ヲヴΑ ヰ.ヴヴン
HHヲ seg top ┞ -ヱ.ΓΑ ± ヲ.ヱΓ -ヱヱ.ヵヰ ± ヱヱ.ΒΒ ヱΒΓ ± ヲヵ.Βン ヰ.ヰヲΒ -ン.ヵヱE-ヲヱ ± ヰ.ヴΓヱ ヲ.ヰΑヴ ± ヱΓ.ΑΒΓ ヲヱヴ.ヲンン ± ヱヶヴ.ΓΒΑ ヰ.ヰヲΒ
HHヲ iﾏgj top ┞ ヰ.ヰヰ ± ヱヶ.ヶヴ -ヱΒ.ヲΒ ± ヰ.ヰヰ ンヵ ± ヱヴヱ.ΒΑ ヰ.ヰヰヰ -ヲ.ンヴE-ヱヶ ± ヱ.ヱΒン -ヱ.ΓΓン ± ヴヵ.ヵΒヴ -ヲ.ヱンヵ ± ンヵΒ.ヲヲヲ ヰ.ヰヰΓ
HHヴ thres Hottoﾏ ┝ -ヰ.Γヵ ± ヰ.ヰヶ ヵ.Βヴ ± ヰ.ΑΒ ヲヲ ± ヱ.ンヴ ヰ.ΒΒヱ -ヰ.ヰヲンΓΒ ± ヰ.ヰヰヲ ヰ.ヲヴン ± ヰ.ヰヴヰ ヱヵ.ヱヰヶ ± ヱ.ヱヴン ヰ.Βヴン
HHヴ seg Hottoﾏ ┝ -ヰ.Αヵ ± ヰ.ヲヵ ヶ.ンヶ ± ン.Βヴ ヱヶ ± ヵ.ヲン ヰ.ヲンヱ -ヰ.ヰヱヶンヶ ± ヰ.ヰヰΑ ヰ.ヱΓΑ ± ヰ.ヱヴン Β.ΓヰΑ ± ヴ.ヰンΑ ヰ.ヱΑヶ
HHヴ iﾏgj Hottoﾏ ┝ -ヰ.ΒΑ ± ヰ.ヰΑ ヵ.ンΒ ± ヰ.Γヵ ンヱ ± ヱ.ヴヱ ヰ.ΒヴΑ -ヰ.ヰヲヲΒΒ ± ヰ.ヰヰヲ ヰ.ヱヶヵ ± ヰ.ヰヴヶ ヲヴ.Βヵン ± ヱ.ヲヱΑ ヰ.ΑΓΒ
HHヴ thres Hottoﾏ ┞ -ヰ.Βン ± ヰ.ヱヰ -ヱ.ヰヲ ± ヱ.ンヶ ヱΓ ± ヱ.Γヵ ヰ.ΑヰΒ -ヰ.ヰヲヱΑヴ ± ヰ.ヰヰン -ヰ.ヰヶヰ ± ヰ.ヰヵΓ ヱヴ.ヵΒン ± ヱ.ヶヵヴ ヰ.ヶΑヱ
HHヴ seg Hottoﾏ ┞ -ヰ.ヶヵ ± ヰ.ヲン -ヵ.ヲΓ ± ヴ.ヵΓ ヱヴ ± ヴ.Γヱ ヰ.ヲヰヶ -ヰ.ヰヱヲΓヴ ± ヰ.ヰヰΑ -ヰ.ヲヲΓ ± ヰ.ヱヴン Β.ヱヶヱ ± ン.ΓΓΓ ヰ.ヱΓヲ
HHヴ iﾏgj Hottoﾏ ┞ -ヰ.Βン ± ヰ.ヱヰ ヱ.ヵン ± ヱ.ヲヵ ンヰ ± ヱ.Βヴ ヰ.Αヲヴ -ヰ.ヰヲンヲΒ ± ヰ.ヰヰン ヰ.ヰヶヱ ± ヰ.ヰヵヴ ヲヴ.Βヶン ± ヱ.ヴヲΓ ヰ.Αヲヱ
HHヴ thres top ┝ -ヰ.ΑΑ ± ヰ.ヱヰ -ヰ.ヴΑ ± ヱ.ヵΑ ヴヱ ± ヲ.ヱヲ ヰ.ヶンヶ -ヰ.ヰヲヲヲΓ ± ヰ.ヰヰン ヰ.ヰヰン ± ヰ.ヰヵヵ ンΑ.ンンヶ ± ヱ.ヵヴン ヰ.ヶΓΑ
HHヴ seg top ┝ -ヱ.ンン ± ヰ.ヵΓ Β.ヱヰ ± ヵ.ヲヱ ヶΒ ± ヱヲ.ヴヲ ヰ.ヱヴヶ -ヰ.ヰヲヶンヴ ± ヰ.ヰヱヶ ヰ.ンヵヶ ± ヰ.ンンΑ ヵヴ.ヰヶΒ ± Γ.ヵヲヵ ヰ.ヰΓヵ
HHヴ iﾏgj top ┝ -ヰ.ヶΒ ± ヰ.ヱヲ ヰ.Αヶ ± ヱ.Γヰ ヴヶ ± ヲ.ヲヶ ヰ.ヵンヵ -ヰ.ヰヱΓΓΓ ± ヰ.ヰヰン ヰ.ヰヵΓ ± ヰ.ヰヶヴ ヴヲ.ンヰヲ ± ヱ.ヶΑヴ ヰ.ヵΒΑ
HHヴ thres top ┞ -ヰ.ΑΒ ± ヰ.ヰΑ -Β.ヱヴ ± ヱ.ンヰ ヴン ± ヱ.ヶヱ ヰ.ΑΓヴ -ヰ.ヰヱΓΓΓ ± ヰ.ヰヰヱ -ヰ.ヲヵヵ ± ヰ.ヰンヱ ンヶ.ΒΑヶ ± ヰ.ΒヵΓ ヰ.Γヰヶ
HHヴ seg top ┞ -ヱ.ヱΓ ± ヰ.ヵン -Γ.ンΓ ± ヶ.ンヲ ヶヶ ± ヱヱ.Αヰ ヰ.ヱヵヱ -ヰ.ヰヱΒΒヲ ± ヰ.ヰヱヶ -ヰ.ヵヶヱ ± ヰ.ンンヲ ヵヲ.ヴヵヶ ± Γ.ヲΑΒ ヰ.ヱヴヲ
HHヴ iﾏgj top ┞ -ヰ.Αヵ ± ヰ.ヰΒ -Β.ヵヶ ± ヱ.ンΓ ヴΒ ± ヱ.Αヲ ヰ.Αヴン -ヰ.ヰヲヰヰヴ ± ヰ.ヰヰヲ -ヰ.ヲヶΓ ± ヰ.ヰヴヱ ヴヲ.ヲンヶ ± ヱ.ヰΑヱ ヰ.Βンヱ
jasoﾐ thres Hottoﾏ ┝ -ヵ.ヰヰ ± ヴ.ヱヰ -Α.ヰヶ ± ヱ.ヴヴE+ヰΒ ンヲ ± Α.ヱΓE+ヰΒ ヰ.ヱΓヰ -ヵ.ヲヱE-ヱΑ ± ヱ.ヲΑヵ -ヱヴ.ヵΑΑ ± ン.Βヰヱ -ヶ.ンヵΑ ± ヱン.Βンヰ ヰ.ンンヴ
jasoﾐ seg Hottoﾏ ┝ -ヵ.ヰヰ ± ヵ.ヱヱ -Α.ヲヶ ± ヲ.ンンE+ヰΒ ンヱ ± ヱ.ヱΑE+ヰΓ ヰ.ヱΓヵ -ヱ.ンΑE-ヱΓ ± ヱ.ヱヰヵ -ヱヱ.ヰΓヵ ± ン.ヲΓヵ -Α.ΒンΒ ± ヱヱ.ΓΒΓ ヰ.ヲΑΓ
jasoﾐ iﾏgj Hottoﾏ ┝ -ン.Αヲ ± ヲ.Γヰ -ヵ.ヰン ± ヱ.ヰヱE+ヰΒ ヱヰΒ ± ン.ΑヶE+ヰΒ ヰ.ヱヱΑ -ヱ.ヲΑヲΒヱ ± ヱ.ンンン -Α.ヲヴΑ ± ヴ.ヵΓヶ Γヵ.Αヰヶ ± ヱヰ.ヶヶヴ ヰ.ヱΑヵ
jasoﾐ thres Hottoﾏ ┞ -ヵ.ヰヰ ± ヴ.ヲヴ -ヱヵ.Αン ± ヴ.ンンE+ヰΒ ヵヲ ± ヲ.ヱΑE+ヰΓ ヰ.ヱンン -ヰ.ヰヴヰヴン ± ヱ.ヴヰΒ Β.ヴヶン ± Αヴ.ンヰヲ ヲヵヰ.ヰヰヰ ± ΓΑヲ.Γヵヵ ヰ.ヱΒΒ
jasoﾐ seg Hottoﾏ ┞ -ヵ.ヰヰ ± ン.Βヱ -ヶ.ヴΑ ± ヱ.ヴヴE+ヰΒ Γヵ ± Α.ヱΒE+ヰΒ ヰ.ヱヴヴ -ン.ΑΓE-ヲヲ ± ヱ.ヱΒヰ Β.Βヴヶ ± ヶヲ.ヲΓヱ ヲヲΓ.ヱンΑ ± Βヱヵ.ヶΒン ヰ.ヱΑΑ
jasoﾐ iﾏgj Hottoﾏ ┞ -ヲ.ΓΑ ± Β.ヶヴ -ヱヰ.ヵヵ ± ン.ΒΑE+ヰΒ ヱヴヰ ± ヱ.ヱヵE+ヰΓ ヰ.ヰΓヰ -ヰ.ヲヱヶΓヶ ± ヰ.ΑΒΓ -Β.ンヴン ± ヴヱ.ヱΒヴ ヲヵ.ヵヴΒ ± ヵンヲ.ΒヶΓ ヰ.ヰΓヶ
jasoﾐ thres top ┝ -ヱ.ヵΒ ± ヲ.ヰΑ ヵ.ΑΒ ± Β.ヲヶE+ヰΑ ヲヵ ± ヱ.ンヰE+ヰΒ ヰ.ヰヲヰ -ヰ.ンΑヰΑ ± ヰ.ヶΒΒ ヱ.ンヱΒ ± ヲ.ヰヵヲ ヱΒ.ヴΓン ± Α.ヴヶヵ ヰ.ヰヲΓ
jasoﾐ seg top ┝ -ヱ.ンヶ ± ヱ.Γヶ -ン.ヲヶ ± ヵ.ヰヰ ヲヰ ± Β.ンヰ ヰ.ヰヱヶ -Γ.ヲヲE-ヲン ± ヰ.ヵンン -ヱ.ヰヲヵ ± ヱ.ヵΓヰ ヱヵ.ヲヰΓ ± ヵ.ΑΒヵ ヰ.ヰヱヴ
jasoﾐ iﾏgj top ┝ -ヰ.ヲヱ ± ヰ.ヲΒ Α.ヰン ± ヴ.ΒΒE+ヰΑ ヱΓ ± ヱ.ヰヲE+ヰΑ ヰ.ヰヲン -ヱ.ンΓE-ヱヶ ± ヰ.ヰΒヴ ヰ.ヲヰΒ ± ヰ.ヲヵヲ ヱΑ.ヲヴΓ ± ヰ.ΓヱΑ ヰ.ヰヲン
jasoﾐ thres top ┞ ヰ.ヰヰ ± ヲ.ヰヲ ヱΓ.Γヶ ± ヰ.ヰヰ ヱヵ ± Γン.ΒΑ ヰ.ヰヰヰ -ヲ.ΒΓE-ヱヴ ± ヰ.ヶヶヰ -ン.ヶΒヰ ± ンヴ.Βヲヵ -Βヱ.Αヵヶ ± ヴヵヶ.ヰヱΑ ヰ.ヱヰΑ
jasoﾐ seg top ┞ -ヰ.Γヰ ± ヱ.ヶン ヴ.ヵヴ ± Γ.ヰンE+ヰΑ ヴン ± Β.ヱヱE+ヰΑ ヰ.ヰヱヱ -ヱ.ヱヵE-ヱヴ ± ヰ.ヵンヴ ヰ.ΒΓΓ ± ヲΒ.ヱΒΑ ンΓ.ヲヴΓ ± ンヶΓ.ヱヰヴ ヰ.ヰヱヱ
jasoﾐ iﾏgj top ┞ ヰ.ヰヰ ± ヰ.ヲヵ Β.ヵΓ ± ヰ.ヰヰ ヱΑ ± Β.ヶΒ ヰ.ヰヰヰ -ヰ.ヰヲヵΓヶ ± ヰ.ヰΒン -ヱ.ヶΓヴ ± ヴ.ンΑヵ -Γ.ヲヴΓ ± ヵΑ.ヲΓヵ ヰ.ヰヵΓ
Nighthawk thres Hottoﾏ ┝ -ヰ.ヰヲ ± ヰ.ヰヲ -ヰ.ンヲ ± ヰ.ンヵ Γ.Βヶ ± ヱヰ.ヰヴ ヰ.ヱンΓ -ヰ.Γヲ ± ヰ.ヵヲ -Β.ヱヰ ± ヰ.ンヵ ヱΒ.Αヲ ± ヱヲ.ンヲ ヰ.ヱヱΒ
Nighthawk seg Hottoﾏ ┝ -ヰ.ヰヲ ± ヰ.ヰヰ ヰ.ヱン ± ヰ.ヰΑ ヴヱ.ヴヰ ± ヲ.ヰΑ ヰ.ヵヶΒ -ヰ.Αヴ ± ヰ.ヱヴ ヲ.ンヲ ± ヰ.ヰΑ ヴヵ.ヵΓ ± ヲ.Βン ヰ.ヵΓヶ
Nighthawk iﾏgj Hottoﾏ ┝ -ヰ.ヰヲ ± ヰ.ヰヰ ヰ.ヰヲ ± ヰ.ヰヵ ヱヴ.ヲΒ ± ヱ.ヴΑ ヰ.Αヲヵ -ヰ.ヶヰ ± ヰ.ヱヰ ヰ.ヱヲ ± ヰ.ヰヵ ヱΑ.ンン ± ヱ.ΓΒ ヰ.Αンン
Nighthawk thres Hottoﾏ ┞ -ヰ.ヰヲ ± ヰ.ヰヲ -ヰ.ヰヴ ± ヰ.ンヲ Β.ヲΑ ± ヱヰ.ヱヱ ヰ.ヰΑヵ -ヰ.Αヶ ± ヰ.ヶヰ -ヰ.ヱヱ ± ヰ.ンヲ ヱヴ.ヲヵ ± ヱヲ.ΑΓ ヰ.ヰヵヱ
Nighthawk seg Hottoﾏ ┞ -ヰ.ヰヲ ± ヰ.ヰヰ -ヰ.ヲヶ ± ヰ.ヰヶ ンΓ.ンΑ ± ヱ.Αン ヰ.ヶヶヱ -ヰ.ヶΓ ± ヰ.ヱヱ -Α.Γヲ ± ヰ.ヰヶ ヴヵ.Αヴ ± ヲ.ヴン ヰ.ΑヰΒ
Nighthawk iﾏgj Hottoﾏ ┞ -ヰ.ヰヲ ± ヰ.ヰヰ -ヰ.ヱΑ ± ヰ.ヰン ヱン.ΑΒ ± ヰ.ΒΒ ヰ.Βヱヰ -ヰ.ヶン ± ヰ.ヰΑ -ヵ.ヲン ± ヰ.ヰン ヱΒ.ンヲ ± ヱ.ヴン ヰ.ΒΑン
Nighthawk thres top ┝ -ヰ.ヰヱ ± ヰ.ヰヲ ヰ.ヰΓ ± ヰ.ヲΓ ヴヱ.ヱン ± Β.ンΑ ヰ.ヰヲヶ -ヰ.ンヶ ± ヰ.ヵヱ -ヱ.ヱヰ ± ヰ.ヲΓ ヴヴ.ヶン ± ヱヰ.ヴヴ ヰ.ヰヱヴ
Nighthawk seg top ┝ -ヰ.ヰヲ ± ヰ.ヰヱ ヰ.ヲヱ ± ヰ.ヱン ヶヵ.ヱΓ ± ン.ヶヶ ヰ.ンヰΓ -ヰ.ΑΑ ± ヰ.ヲヶ ヶ.ヱヶ ± ヰ.ヱン ヶΓ.Αヱ ± ヵ.ヲΑ ヰ.ンΒΑ
Nighthawk iﾏgj top ┝ -ヰ.ヰヲ ± ヰ.ヰヰ ヰ.ヱΓ ± ヰ.ヰン ヵヶ.Γヱ ± ヰ.Βヲ ヰ.Γヰヶ -ヰ.Αヴ ± ヰ.ヰヶ ヶ.ヶヰ ± ヰ.ヰン ヶヲ.ヴヱ ± ヱ.ヲヰ ヰ.Γヱヲ
Nighthawk thres top ┞ -ヰ.ヰヲ ± ヰ.ヰヱ -ヰ.ヰン ± ヰ.ヲヵ ヴΑ.ΒΒ ± Α.Αン ヰ.ヱヰヵ -ヰ.Αヴ ± ヰ.ヴΑ -ン.ヶΑ ± ヰ.ヲヵ ヵヱ.Αヴ ± Γ.Γヶ ヰ.ヱヱΒ
Nighthawk seg top ┞ -ヰ.ヰヱ ± ヰ.ヰヰ -ヰ.ヵヵ ± ヰ.ヰヶ ヶヱ.ヶヲ ± ヱ.ΒΑ ヰ.Αヶヲ -ヰ.Βヱ ± ヰ.ヱヱ -ヱΑ.Αヲ ± ヰ.ヰヶ Αン.Αヶ ± ヲ.Αヲ ヰ.Βヴヰ
Nighthawk iﾏgj top ┞ -ヰ.ヰヱ ± ヰ.ヰヰ -ヰ.ヰヶ ± ヰ.ヰヵ ヵヵ.ヵヱ ± ヱ.ヶヲ ヰ.ヵΒΒ -ヰ.ヵン ± ヰ.ヰΓ -ヱ.Αヶ ± ヰ.ヰヵ ヵΒ.Γン ± ヲ.ヰヱ ヰ.ヵヵΓ
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Iﾏage ﾐaﾏe ┝ ┞ IﾏageJ Threshold Segﾏeﾐt IﾏageJ Threshold Segﾏeﾐt IﾏageJ Threshold Segﾏeﾐt IﾏageJ Threshold Segﾏeﾐt IﾏageJ Threshold Segﾏeﾐt
ヱI_┝t┞pe_Dン_Hン_L -ヲヵ.ン -ヱン.Β ヱΓΑンヴ.Γヴン ヲンΑヵヰ.ンン ヱΑヶンΑ.ヴヴ ンΓヲΒΑ.ヶヱ ヴンヴヰヶ.ΑΒ ンヵヴヵヴ.ヲヴ ヱヱヱ ヱヱヱ.ΒΓヴ ヱヵΒ.Αヴヶ ヱΑン ヱΑヰ.ΒΑヲ ヱンヵ.ヰヴヴ Βヲ.Β ヲヱヰΒ.ヵΒ ヱΓヰΒ.ヴΒ ヲンンヶ.ヵヶ
ヱI_┝t┞pe_Dン_Hン_R -ヲヵ.ン -ヱン.Β ヱΓヵヵヲ.ヶヶヶ ヱΓヶヵヶ.ヴヵ ヱΑΒヱヶ.Β ヱヰΑ ヱヰΒ.ンヱン ヱヶヲ.ΒΒヴ ヱΑヵ.ヵ ヱヶΑ.Βヴヴ ヱンヶ.ヴヲヵ Βヲ.Β ヲヱヰΒ.ヵΒ ヱΓヰΒ.ヴΒ ヲンンヶ.ヵヶ
ヱI_┝t┞pe_Dヶ_Hン_L -ヲΒ.ン -ヱヱ.ヱヵ ンΓΓヵン.ヰヵヵ ンΓヲΑン.Γヴ ンΓヴΓヶ.Β ΑΓヴヶΓ.ンヴ ΑヶヴΑヲ.Αヴ ΑヶΑンΑ.ヶヱ ヲヱヴ ヲヲΑ.ンΑヶ ヱヶΓ.ヴΓΒ ヱΑΒ ヱΓヵ.Γヵヶ ヲヰヰ.ヵヰヴ ヱヶΒ.ン ヲヱヱΑ.ヱΒ ヲヲヰヰ.ヱヴ ヲヱΓヲ.ヵヵ
ヱI_┝t┞pe_Dヶ_Hン_R -ヲΒ.ン -ヱヱ.ヱヵ ンΓヵヱヶ.ヲΒΑ ンΑヱΓΒ.Β ンΑヲヴヰ.Βヲ ヲヱヵ ヲヱヱ.ΒΒヵ ヱヶヴ.ヵンΑ ヱΑヶ ヱΑヰ.Γヲヴ ヱΓヵ.ヱン ヱヶΒ.ン ヲヱヱΑ.ヱΒ ヲヲヰヰ.ヱヴ ヲヱΓヲ.ヵヵ
ヱI_┝t┞pe_Xヲ_Hン_L -ヲヵ.ン -ヱヱ.ヵ ヲΓヶンヲ.ヲンΑ ヲΑヰヶΑ.ΓΓ ヲヶヶヴヵ.ヵヲ ヴΓΓヵヱ.ヱΑ ヴヶンヶΓ.ヶヴ ヴヴΑンヶ.ヴヵ ヱヵΑ ヱヵヶ.ΑンΒ ヱヶヱ.Βヰン ヱΑΑ ヱヶヰ.Βンヱ ヱヶヲ.ヱΒヴ ヱヱヶ.ヵ ヲンンヱ.ΓΒ ヲヵヱヲ.ヱヰ ヲヶヰン.Βヱ
ヱI_┝t┞pe_Xヲ_Hン_R -ヲヵ.ン -ヱヱ.ヵ ヲヰンヱΒ.Γンヴ ヱΓンヰヱ.ヶヵ ヱΒヰΓヰ.Γヴ ヱヲヰ ヱヰヴ.ヵΓン ヱヵヱ.ンヰΒ ヱΑヶ ヱΑヲ.Βヰヵ ヱンヴ.ΑΑヲ ヱヱヶ.ヵ ヲンンヱ.ΓΒ ヲヵヱヲ.ヱヰ ヲヶヰン.Βヱ
ヱe_┝t┞pe_Dン_Hン_L -ヲヵ.ン -ンヱ ヱヵンンΑ.ンンン ヱΑΒンヲ.ヵヲ ヱヵンヱΒ.ヱン ンヰヶヰΒ.ヵヱ ンヵΑΓヰ.ヶン ンヰヱンΓ.Γヴ Γヶ ヱヰヰ.ΒΑヲ ヱヶヱ.ヲン ヱヵヱ.ヵ ヱΒヲ.ΑヲΑ ヱヲΑ.ンン ΑΒ.ヰ ヲヵヴΒ.ンヱ ヲヱΑΓ.ンヴ ヲヵΒΑ.Γン
ヱe_┝t┞pe_Dン_Hン_R -ヲヵ.ン -ンヱ ヱヵヲΑヱ.ヱΒ ヱΑΓヵΒ.ヱ ヱヴΒヲヱ.Βヱ Γヵ ΓΑ.ヲヴヱヲ ヱヵΑ.ヰΓヶ ヱヵヲ ヱヶヰ.ヴヵΑ ヱヲヵ.ヲヶン ΑΒ.ヰ ヲヵヴΒ.ンヱ ヲヱΑΓ.ンヴ ヲヵΒΑ.Γン
ヱe_┝t┞pe_Dヵ_Hン_L_inverted on Si-ヲヵ.ン -ヲヶ.ン ンヲヰンΓ.ヲヵΑ ンンΒヵヰ.Γヲ ンヵヵΑΒ.ヲヲ ヶンΒΓΒ.ヱヴ ヶΑヱΓΑ.ヱヰ ΑヰΓンヰ.ヱΑ ヱΓΒ ヱΓヴ.ヲヴヱ ヱヶヴ.ヵンΑ ヱヵΒ ヱヵΑ.ンΑヴ ヱΒΓ.ンヴヲ -ヱ.ヰ -ヱヵ.ヶヵ -ヱヴ.ΒΒ -ヱヴ.ヱヰ
ヱe_┝t┞pe_Dヵ_Hン_R_on Si -ヲヵ.ン -ヲヶ.ン ンヱΒヵΒ.ΒΒヵ ンンンヴヶ.ヱΑ ンヵンヵヱ.Γヴ ヱΓΓ ヲヰヱ.ヱヵヶ ヱヶヴ.ヵンΑ ヱヵヴ ヱヴΒ.ΓΒン ヱΒΒ.ΓヲΒ -ヱ.ヰ -ヱヵ.ヶヵ -ヱヴ.ΒΒ -ヱヴ.ヱヰ
ヲI_┝t┞pe_Dン_Hン_L -Β.ヲ -ヱン.Β ヲヰΑヶΒ.ンΓΓ ヲヱヱヲヱ.ΑΓ ヲヱヰヵン.ヱヱ ヴヰΒΓΑ.ΑΒ ヴヰヱヲΑ.Βヶ ヴヱヵΒヱ.ヱヶ ヱヱヱ ヱヰヴ.ヵΑヵ ヱΒヱ.ヰΑヴ ヱΑΒ ヱΑΓ.Αヰヲ ヱヴΒ.ヰヰヱ ヱヴΑ.ヰ ンヵΓヴ.ンン ンヶヶン.ヲΓ ンヵンヵ.ヲヵ
ヲI_┝t┞pe_Dン_Hン_R -Β.ヲ -ヱン.Β ヲヰヱヲΓ.ンΑΓ ヱΓヰヰヶ.ヰΑ ヲヰヵヲΒ.ヰヵ ヱヱヰ ΓΓ.ヲヶΒヶ ヱΑヶ.ンヰヴ ヱΑヵ ヱΑヰ.ヴΒΓ ヱヴヵ.ンΓン ヱヴΑ.ヰ ンヵΓヴ.ンン ンヶヶン.ヲΓ ンヵンヵ.ヲヵ
ヲI_┝t┞pe_Dヶ_Hン_L -ヱヱ.ヱヵ -ヱヱ.ヱヵ ヴヰヲヱヱ.ヰヵヱ ンヶヱヱΒ.ヶヵ ンΓンΒヰ.ヵΒ ΑΓヰヵヲ.ヶヶ ΑヴヵΑン.Βヰ ΑΓンンΒ.Βン ヲヱΒ ヲヱヱ.ヲンΒ ヱΑヲ.Βヰヵ ヱΑヶ ヱヵヵ.ΒΑ ヱΓΓ.ヶΑΑ ヲヶヵ.ヲ ンンヵヴ.Αヰ ンヵヵヶ.ヱΒ ンンヴヲ.ヶヰ
ヲI_┝t┞pe_Dヶ_Hン_R -ヱヱ.ヱヵ -ヱヱ.ヱヵ ンΒΒヴヱ.ヶヰΓ ンΒヴヵヵ.ヱヵ ンΓΓヵΒ.ヲヵ ヲヲヰ ヲヱヵ.Αヶヶ ヱΑン.ヶンヲ ヱΑヴ ヱヶン.ヴヵΑ ヲヰヱ.ンンヱ ヲヶヵ.ヲ ンンヵヴ.Αヰ ンヵヵヶ.ヱΒ ンンヴヲ.ヶヰ
ヲI_┝t┞pe_Dヶ_dヱ_L -ヱヱ.ヱヵ -ヱヱ.ヱヵ ヴヰヲヱヱ.ヰヵヱ ヴヰヲヲΓ.ヶヲ ヴヴヱΑヶ.Γヴ ΑΓヰヵヲ.ヶヶ Βヱヲヲン.ヴヰ ΒΓヱヴΓ.ヶヲ ヲヱΒ ヲンヵ.Γヴヲ ヱΑヶ.ヱヱン ヱΑヶ ヱヵヵ.ヱヵヲ ヲヱヲ.Γヰヶ ヲヶヵ.ヲ ンンヵヴ.Αヰ ンヲヶヵ.ヰヴ ヲΓΑヴ.Αヵ
ヲI_┝t┞pe_Dヶ_dヱ_R -ヱヱ.ヱヵ -ヱヱ.ヱヵ ンΒΒヴヱ.ヶヰΓ ヴヰΓΓン.ΑΒ ヴヴΓΑヲ.ヶΓ ヲヲヰ ヲヴヱ.ヴヲヴ ヱΑヴ.ヴヵΓ ヱΑヴ ヱヶヰ.ヱヶン ヲヱヵ.Β ヲヶヵ.ヲ ンンヵヴ.Αヰ ンヲヶヵ.ヰヴ ヲΓΑヴ.Αヵ
ヲI_┝t┞pe_Dヶ_dヲ_L -ヱヱ.ヱヵ -ヱヱ.ヱヵ ヴヰヲヱヱ.ヰヵヱ ヴヰヵヵヶ.ヱヲ ヴヴΒヰヴ.ヵヱ ΑΓヰヵヲ.ヶヶ ΒヱΑΒΓ.ヲΓ ΒΒヱΓΓ.ンΒ ヲヱΒ ヲヴヶ.ンヶΓ ヱΑヲ.Βヰヵ ヱΑヶ ヱヵヲ.ヶン ヲヱヵ.ンΒΑ ヲヶヵ.ヲ ンンヵヴ.Αヰ ンヲヴヲ.ヴヵ ンヰヰヶ.Βヰ
ヲI_┝t┞pe_Dヶ_dヲ_R -ヱヱ.ヱヵ -ヱヱ.ヱヵ ンΒΒヴヱ.ヶヰΓ ヴヱヲンン.ヱΑ ヴンンΓヴ.Βヶ ヲヲヰ ヲヴヰ.Αヶヱ ヱΑヱ.ヱヵヲ ヱΑヴ ヱヵΑ.ΑΓΒ ヲヱヱ.ヶヶヶ ヲヶヵ.ヲ ンンヵヴ.Αヰ ンヲヴヲ.ヴヵ ンヰヰヶ.Βヰ
ヲI_┝t┞pe_Xヲ_Hン_L -Β.ヲ -Γ.ヲ ヲΓヲΒヴ.ヱンヲ ヲΓΒΒヲ.ヱΓ ンヰヲヵヱ.Αヱ ヵΒンヰン.ヴΑ ヵΓヵΓヱ.ΑΑ ヶヰヲΑン.ΓΓ ヱヶヶ ヱヵΓ.ヶヱ ヱΑヴ.ΓΒヴ ヱΑン ヱΑヱ.ヴヴヴ ヱΑン.ヱΒ ヱΓヵ.ヰ ンンヴヴ.ヵΑ ンヲΑヲ.ヲヶ ンヲンヵ.ヲン
ヲI_┝t┞pe_Xヲ_Hン_R -Β.ヲ -Γ.ヲ ヲΓヰヱΓ.ンンΓ ヲΓΑヰΓ.ヵΒ ンヰヰヲヲ.ヲΒ ヱヵΓ ヱヵΑ.ンΑΒ ヱΑヶ.ΑΒΒ ヱΑヱ ヱΑヱ.ΒヱΑ ヱΑヲ.ΑヲΓ ヱΓヵ.ヰ ンンヴヴ.ヵΑ ンヲΑヲ.ヲヶ ンヲンヵ.ヲン
ヲe_┝t┞pe_Dヶ_Hン_L -ヱヱ.ヱヵ -ヲΒ.ン ンΒヲヶン.ΑΒ ンヶΒΑΓ.ヵ ヴヰヴヶヱ.ヴ ΑヵヱΒヰ.ヶヶ ΑヱΓヶヱ.Αン ΑΒΓヵΒ.Αン ヲヱΒ ヲヰΑ.ΓΑヴ ヱΑヴ.ヴヵΓ ヱヶΓ ヱヶΑ.ヵヶヴ ヲヰン.ンΓΒ ヲヴヵ.ヴ ンヲヶヴ.ヴヰ ンヴヱヰ.ヴヲ ンヱヰΒ.ヲヰ
ヲe_┝t┞pe_Dヶ_Hン_R -ヱヱ.ヱヵ -ヲΒ.ン ンヶΓヱヶ.ΒΑΑ ンヵヰΒヲ.ヲン ンΒヴΓΑ.ンン ヲヱΓ ヲヰヴ.ヴヰヲ ヱΑヰ.ンヲヵ ヱヶヵ ヱヶヰ.ヰヱン ヱΓΑ.ヶヱ ヲヴヵ.ヴ ンヲヶヴ.ヴヰ ンヴヱヰ.ヴヲ ンヱヰΒ.ヲヰ
ンC_┝t┞pe_Dン_Hン_L Β.Γ -ヱン.Β ヱΑヱΑΒ.ヰン ヱΑヴヰヰ.ヰヴ ヱΑΓヰヲ.Α ンヴヲヲヶ.Γン ンヴンヰヰ.ヶΓ ンヶヰヵヴ.Αヲ ヱヰヶ ΒΓ.ンヰヴ ヱΑヲ.ヴΒΒ ヱヶン ヱヶΓ.Γ ヱンΑ.Αヶヱ ヱヲΒ.ヰ ンΑンΓ.Αヵ ンΑンヱ.Αヰ ンヵヵヰ.ヱヶ
ンC_┝t┞pe_Dン_Hン_R Β.Γ -ヱン.Β ヱΑヰヴΒ.ΒΓΒ ヱヶΓヰヰ.ヶヵ ヱΒヱヵヲ.ヰヱ ヱヰヶ ΒΑ.ΓΑンヲ ヱヶΒ.ヶΑヲ ヱヶヴ ヱヶΑ.ヶヶン ヱンΑ.Αヶヱ ヱヲΒ.ヰ ンΑンΓ.Αヵ ンΑンヱ.Αヰ ンヵヵヰ.ヱヶ
ンC_┝t┞pe_Dヵ_Hン_L Β.Γ -Γ.ヲ ンヶΒヱヶ.ヶンΑ ンΒΒヶΑ.ヶΑ ヴΑヵ.ΓンΑヲ Αヲヲヰヲ.ヲΑ ΑヵΑヵン.ンヴ ンΒヲΒΑ.ンヲ ヲヱヵ ヲヱヱ.ヱヶヴ ヱΑヴ.ヰΒヲ ヱヶΑ ヱヶΓ.ΓΑン ΒΑ.Γヴンヱ ヲンヴ.ヰ ンヲヴヰ.Γヰ ンヰΒΒ.ΓΑ ヶヱヱヱ.ヶΒ
ンC_┝t┞pe_Dヵ_Hン_R Β.Γ -Γ.ヲ ンヵンΒヵ.ヶン ンヶΒΒヵ.ヶΒ ンΑΒヱヱ.ンΒ ヲヱヱ ヲヰヰ.ヲヲΑ ヱΑヴ.ヰΒヲ ヱヶヲ ヱヶΓ.ヴヶヴ ヱΓヵ.Αン ヲンヴ.ヰ ンヲヴヰ.Γヰ ンヰΒΒ.ΓΑ ヶヱヱヱ.ヶΒ
ンC_┝t┞pe_Dヶ_Hン_L ヵ.Βヵ -ヱヱ.ヱヵ ンヶΓΓヴ.ヱΑン ンΒヲヶヲ.Γヶ ヴヲヲヲヲ.ヴヴ ΑヲヲΒΓ.ヵヰ Αンヴンヶ.ヲΓ ΑΑΒンヰ.ヰヶ ヲヱΓ ヲヰヵ.Αヲヴ ヱΑン.ヶンヲ ヱヶΓ ヱΑヱ.ヶΑヱ ヲヰΑ.ヵンヲ ヲヴΑ.ヰ ンヴヱヶ.Βヲ ンンヶン.ヴヶ ンヱΑン.ヵΒ
ンC_┝t┞pe_Dヶ_Hン_R ヵ.Βヵ -ヱヱ.ヱヵ ンヵヲΓヵ.ンン ンヵヱΑン.ンン ンヵヶヰΑ.ヶヲ ヲヱΑ ヲヰヲ.ヵΑΑ ヱヶΑ.Βヴヴ ヱヶヵ ヱヶヱ.ンヰヲ ヱΓヰ.ヵΒヲ ヲヴΑ.ヰ ンヴヱヶ.Βヲ ンンヶン.ヴヶ ンヱΑン.ヵΒ
ンC_┝t┞pe_Xヲ_Hン_L Β.Γ -ヱヱ.ヵ ヲヵヲヱヴ.ヰヵヵ ヲΑヱヱΒ.ヲヴ ヲΑヱΒΑ.Βヱ ヵヰヵヱン.ヴΓ ヵヴヵヱヶ.ヱヶ ヵヴヴヵヶ.ヱΑ ヱヵヲ ヱヴヱ.ヵΑΓ ヱΑヲ.ヲΑΒ ヱヶヵ ヱヶΑ.ヱΓン ヱヶヵ.ヰヶヲ ヱΑΓ.ヰ ンヵヴン.ヶヱ ンヲΒン.ヴン ンヲΒΑ.ヰヵ
ンC_┝t┞pe_Xヲ_Hン_R Β.Γ -ヱヱ.ヵ ヲヵヲΓΓ.ヴンン ヲΑンΓΑ.Γヲ ヲΑヲヶΒ.ンヶ ヱヵヴ ヱヴン.ヱヶ ヱΑヰ.ヴΑヴ ヱヶヴ ヱヶΑ.ンヶヱ ヱヶヴ.ヶヱヱ ヱΑΓ.ヰ ンヵヴン.ヶヱ ンヲΒン.ヴン ンヲΒΑ.ヰヵ
ンe_┝t┞pe_Dン_Hン_L Β.Γ -ンヱ ヱΑΓンン.ンヱ ヱΒヶヱΓ.Γヶ ヱΒヶΒヲ.ヰΓ ンヴΑヰヵ.ヵΒ ンヶΒンΒ.ヰヶ ンヶヶヵヵ.ヲΒ ΓΑ ΓΑ.ヶヵヱヵ ヱΑヶ.ンヰヴ ヱΑヴ ヱΑヰ.ヴヶΒ ヱヴヰ.ヴンヲ ヱヲヴ.ヰ ンヵΑヲ.Γヱ ンンヶヶ.ヰΒ ンンΒヲ.ΒΑ
ンe_┝t┞pe_Dン_Hン_R Β.Γ -ンヱ ヱヶΑΑヲ.ヲヶΒ ヱΒヲヱΒ.ヱ ヱΑΓΑン.ヱΒ ヱヰヱ Γン.ヴヶンヲ ヱΑヰ.ヱΓΒ ヱΑヰ ヱΑヱ.ンΑヴ ヱンΑ.ンΒ ヱヲヴ.ヰ ンヵΑヲ.Γヱ ンンヶヶ.ヰΒ ンンΒヲ.ΒΑ
ンe_┝t┞pe_Dヵ_Hン_L Β.Γ -ヲヶ.ン ンΑヵΒン.ΑΒヲ ンΒΒヴΓ.ΑΒ ヴヰヱンヵ.Αヵ ΑンヱΓヵ.Γヰ ΑヴΑヱヲ.ヰΒ ΑΒヰヴΓ.ヶヴ ヲヰヵ ヱΓΓ.ヴヵヴ ヱΒヲ.ヲ ヱヶΑ ヱΑΒ.ヲヱヴ ヲヰヰ.ヶΓヱ ヲヴヵ.ヰ ンンヴΑ.ヱΒ ンヲΑΓ.ヲヶ ンヱンΓ.ヰン
ンe_┝t┞pe_Dヵ_Hン_R Β.Γ -ヲヶ.ン ンヵヶヱヲ.ヱヱΒ ンヵΒヶヲ.ン ンΑΓヱン.ΒΓ ヲヰヴ ヱΓヴ.ヴヵΒ ヱΑヴ.ΓΒヴ ヱヶヲ ヱΑヱ.ヴΓヴ ヱΓヵ.ヲΑΓ ヲヴヵ.ヰ ンンヴΑ.ヱΒ ンヲΑΓ.ヲヶ ンヱンΓ.ヰン
ンe_┝t┞pe_Dヶ_Hン_L ヵ.Βヵ -ヲΒ.ン ンヵΒΓヱ.Αヲヵ ンΑヵヰヶ.ヰヶ ンヶΑΑΓ.ンヶ ΑヲΑヱΒ.Βヰ ΑヴヱΑヴ.ヵΓ ΑヴヴヲΓ.ヶΒ ヲヰΒ ヲヱヴ.ヱヴヶ ヱΑヱ.ΓΑΓ ヱΑヲ ヱΓヰ.ΓΓヵ ヱΓヲ.ヲンヶ ヲヴヱ.ヰ ンンヱヴ.ヱヴ ンヲヴΓ.ヰΓ ンヲンΑ.Γヶ
ンe_┝t┞pe_Dヶ_Hン_R ヵ.Βヵ -ヲΒ.ン ンヶΒヲΑ.ヰΑヴ ンヶヶヶΒ.ヵヲ ンΑヶヵヰ.ンヱ ヲヰΒ ヲヰン.ンΓΒ ヱΑン.ヶンヲ ヱヶΓ ヱヶΑ.ΑヶΒ ヱΓヴ.Αヱヶ ヲヴヱ.ヰ ンンヱヴ.ヱヴ ンヲヴΓ.ヰΓ ンヲンΑ.Γヶ
ヴI_┝t┞pe_Dン_Hン_L ヲヶ -ヱン.Β ヱヶΓΓヶ.ΑΓ ヱΑヰΓヰ.ヱヱ ヱΑヴヰヱ.Βヴ ンヴヵΑヰ.ヰヴ ンンヵヴΒ.Γヵ ンヴヶヰヶ.ヱヰ ヲヱヰ.ヶ ヲヱン.ヱヴΓ ヱヶヵ.ンヶヴ ヱヶヲ ヱヵΓ.ヶヲヱ ヱンヵ.ヱΒヵ Βヰ.Γ ヲンンΓ.ΒΒ ヲヴヱヱ.ヱヰ ヲンンΑ.ヴヴ
ヴI_┝t┞pe_Dン_Hン_R ヲヶ -ヱン.Β ヱΑヵΑン.ヲヵン ヱヶヴヵΒ.Βヴ ヱΑヲヰヴ.ヲΑ ヲヱヰ ヲヰΒ.Βヰヲ ヱヶヵ.ンヶヴ ヱヶヲ ヱヵΒ.ヱΓΑ ヱンヴ.ΑΑヲ Βヰ.Γ ヲンンΓ.ΒΒ ヲヴヱヱ.ヱヰ ヲンンΑ.ヴヴ
ヴI_┝t┞pe_Dヵ_Hン_L ヲヶ -Γ.ヲ ンヵΑヶΓ.ヴヱヵ ンヴヶヴヱ.Γヲ ンヶΒヴヶ.ンヶ ヶΓンヶΓ.ヵΒ ヶΒヶヱΑ.ΑΒ ΑヱΓΑΓ.ヵヴ ヲヱヱ ヲヰヲ.ΓヶΓ ヱヶン.Αヱ ヱヶヰ ヱヵΓ.ンΒヱ ヱΓン.ΒΒΓ ヱヵヶ.ン ヲヲヵン.ンヱ ヲヲΑΒ.ヰヰ ヲヱΑヱ.ヶヰ
ヴI_┝t┞pe_Dヵ_Hン_R ヲヶ -Γ.ヲ ンンヶヰヰ.ヱヶヴ ンンΓΑヵ.ΒΑ ンヵヱンン.ヱΒ ヲヰΑ ヱΓΓ.Βヰヴ ヱヵΓ.ヵΑヶ ヱヶヵ ヱヵヴ.ヴΑヶ ヱΒΒ.ΓヲΒ ヱヵヶ.ン ヲヲヵン.ンヱ ヲヲΑΒ.ヰヰ ヲヱΑヱ.ヶヰ
ヴI_┝t┞pe_Dヶ_Hン_L ヲン -ヱヱ.ヱヵ ンヵヲΓヵ.ヴヰン ンヲΓヲヱ.ヲヵ ンヴΓΒΒ.ヲヵ ヶΓΓヴヶ.Αン ヶヵヴヴヵ.Γヰ ヶΓンヲΑ.Αヴ ヲヰΑ ヲヰヰ.Βンヱ ヱヶヵ.ンヶヴ ヱヶヲ ヱヴΑ.Βヵ ヱΒΒ.ΓヲΒ ヱヶヰ.Β ヲヲΓΒ.Αヶ ヲヴヵヶ.Βヵ ヲンヱΓ.ヲΒ
ヴI_┝t┞pe_Dヶ_Hン_R ヲン -ヱヱ.ヱヵ ンヴヶヵヱ.ンヲヲ ンヲヵヲヴ.ヶヵ ンヴンンΓ.ヴΒ ヲヰΓ ヱΒΒ.ヱンΑ ヱヶヵ.ンヶヴ ヱヶヱ ヱヵヶ.Βヴヴ ヱΒヶ.ヰンヵ ヱヶヰ.Β ヲヲΓΒ.Αヶ ヲヴヵヶ.Βヵ ヲンヱΓ.ヲΒ
ヴI_┝t┞pe_Xヲ_Hン_L ヲヶ -ヱヱ.ヵ ヲヵヲヱΑ.ヵヴ ヲヵヶΓヴ.Αン ヲヵヶヰヵ.ヴヱ ヵヰヱヱヶ.Βヰ ヵヰヱΒヴ.Αヶ ヵヱヰΑヴ.ヱヰ ヱヵヴ ヱヵヰ.ヶヱン ヱヵΓ.ヵΑヶ ヱヶΒ ヱヴΒ.ΓヶΑ ヱヵΓ.ヱヶン ヱヲヱ.ヰ ヲヴヱヴ.Αヲ ヲヴヱヱ.ヴヵ ヲンヶΓ.ヴヶ
ヴI_┝t┞pe_Xヲ_Hン_R ヲヶ -ヱヱ.ヵ ヲヴΒΓΓ.ヲヵヶ ヲヴヴΓヰ.ヰヲ ヲヵヴヶΒ.ヶΒ ヱヵン ヱヴヶ.ヵヲヲ ヱヶヲ.ヰヵΑ ヱヵΒ ヱヴヶ.ヱヶヱ ヱヵΓ.ヱヶン ヱヲヱ.ヰ ヲヴヱヴ.Αヲ ヲヴヱヱ.ヴヵ ヲンヶΓ.ヴヶ
ヴe_┝t┞pe_Dン_Hン_L ヲヶ -ンヱ ヱΒヴΓン.ヶΓ ヱΓンヴヰ.ヲΑ ヱヶΓΑヱ.ヱヵ ンヶヴヰヲ.ヵン ンΑヶΒヴ.Βン ンンヴΑヱ.Γヶ ヱヰヴ Γヴ.ヲヵΑヵ ヱヶヴ.ヵンΑ ヱΑヰ ヱΑヰ.ΑンΒ ヱンヵ.ヵΓΒ Γヱ.ヰ ヲヴΓΓ.ヱヲ ヲヴヱヴ.ヰΓ ヲΑヱΑ.Γン
ヴe_┝t┞pe_Dン_Hン_R ヲヶ -ンヱ ヱΑΓヰΒ.Βヴン ヱΒンヴヴ.ヵヶ ヱヶヵヰヰ.Βヱ ΓΓ ΒΒ.ヰヵヶン ヱヶヲ.ΒΒヴ ヱΑヰ ヱヶΓ.ヰΒヵ ヱンン.ヵンヱ Γヱ.ヰ ヲヴΓΓ.ヱヲ ヲヴヱヴ.ヰΓ ヲΑヱΑ.Γン
ヴe_┝t┞pe_Dヵ_Hン_L ヲヶ -ヲヶ.ン ンヶヲヰヰ.ンΓヶ ンヴンヴヵ.ヱΑ ンヴンヶヶ.ヱヵ ΑヲヱΑヱ.ンヰ ヶΒヱΓヶ.ΑΒ ヶΒンΒヲ.ヲΑ ヲヰΒ ヲヱヰ.ヵヱΑ ヱヵΓ.ヵΑヶ ヱΑヲ ヱヴΒ.ヱヶヶ ヱΒΒ.ヱヰヲ ヱΒヵ.Γ ヲヵΑヵ.Αヲ ヲΑヲヵ.Βン ヲΑヱΒ.ヴヴ
ヴe_┝t┞pe_Dヵ_Hン_R ヲヶ -ヲヶ.ン ンヵΓΑヰ.Γヰヴ ンンΒヵヱ.ヶヱ ンヴヰヱヶ.ヱン ヲヰヶ ヲヰヱ.ヶΓヵ ヱヵΒ.ΑヴΓ ヱヶΑ ヱヵン.ヵΑン ヱΒΒ.ヱヰヲ ヱΒヵ.Γ ヲヵΑヵ.Αヲ ヲΑヲヵ.Βン ヲΑヱΒ.ヴヴ
ヴe_┝t┞pe_Dヶ_Hン_L ヲン -ヲΒ.ン ンΑヲンヰ.ンΒ ンヵヱΓヴ.Αヱ ンヴヴΓヵ.ンヵ ΑンΓヶヶ.Γヴ ヶΑΒヰヰ.ヵヰ ヶΓヰヰヶ.ヴン ヲヰΑ ヲヱヵ.Β ヱヶヵ.ンヶヴ ヱヶΓ ヱΓヲ.ヶヴΓ ヱΓヰ.ヱヶΓ ヱΒヲ.Γ ヲヴΑヲ.ΑΒ ヲヶΓΑ.ヶΒ ヲヶヵヰ.ヵヴ
ヴe_┝t┞pe_Dヶ_Hン_R ヲン -ヲΒ.ン ンヶΑンヶ.ヵヶヲ ンヲヶヰヵ.Β ンヴヵヱヱ.ヰΒ ヲヱヰ ヲヰヱ.Αヰヱ ヱヵΓ.ヵΑヶ ヱヶン ヱヴΑ.ンヴヱ ヱΒΒ.ΓヲΒ ヱΒヲ.Γ ヲヴΑヲ.ΑΒ ヲヶΓΑ.ヶΒ ヲヶヵヰ.ヵヴ
ヴe_┝t┞pe_Xヲ_Hン_L ヲヶ -ヲΒ.ヶ ヲΑヵΒΓ.ヶヴヶ ヲΒンヵΒ.ンΓ ヲヶヵΓΒ.Αン ヵヲΓΒΒ.ヱΒ ヵンヲンヴ.ヰΓ ヵヱヵヰΑ.ヵヲ ヱヵヴ ヱヶヶ.ヱΓヱ ヱヶヲ.ΒΒヴ ヱヶヶ ヱΓΑ.ヶヱ ヱヶヲ.ヴΑ ヱヴヰ.ヲ ヲヶヴヶ.ヴン ヲヶンヴ.ヲヰ ヲΑヲヲ.ヵヰ
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ヴe_┝t┞pe_Xヲ_Hン_R ヲヶ -ヲΒ.ヶ ヲヵンΓΒ.ヵンΒ ヲヴΒΑヵ.Α ヲヴΓヰΒ.ΑΓ ヱヵヴ ヱヴヴ.ヴヲヵ ヱヵΑ.Γヲン ヱヶΑ ヱヵヱ.ヶΒヶ ヱヵΓ.ヱヶン ヱヴヰ.ヲ ヲヶヴヶ.ヴン ヲヶンヴ.ヲヰ ヲΑヲヲ.ヵヰ
ヱe_┝t┞pe_Dン_Hン_jj_left -ヲヵ.ン -ンヱ ヱヵンンΑ.ンンン ヱΓΑヱヵ.Γン ヱヵΓΑン.Αン ンヰヶヰΒ.ヵヱ ンΒΓンヴ.ンヱ ンヰΑΒΓ.ンΓ Γヶ ヱヱヱ.ヶヲヱ ヱヶヴ.ヵンΑ ヱヵヱ.ヵ ヱΒヰ.ヲヴΑ ヱヲΓ.Βヱヱ ΑΒ.ヰ ヲヵヴΒ.ンヱ ヲヰヰン.ンΑ ヲヵンン.ンヴ
ヱe_┝t┞pe_Dン_Hン_jj_right -ヲヵ.ン -ンヱ ヱヵヲΑヱ.ヱΒ ヱΓヲヱΒ.ンΒ ヱヴΒヱヵ.ヶヶ Γヵ ヱヱン.ヵヶ ヱヵヵ.ヴヴヲ ヱヵヲ ヱヴヶ.ΓΒヵ ヱヲヴ.ヴンヶ ΑΒ.ヰ ヲヵヴΒ.ンヱ ヲヰヰン.ンΑ ヲヵンン.ンヴ
ヱe_┝t┞pe_Dヶ_Hン_jj_left -ヲヵ.ン -ヲヶ.ン ンヲンヰヴ.ヴΒΑ ンヱヶヰヴ.ン ンΓΑ.ΒΑンヴ ヶヵヱΑヲ.ヴヶ ヶヲΓヶΒ.ヱヰ Βヱヲ.ヱヵ ヲヰヰ ヱΒン.ヵΑヲ ヱヶヵ.ンヶヴ ヱヶヰ ヱヶヱ.ヰΑΑ Βヰ.ヴヰΒヲ ヱヶヵ.ヴ ヲヵンΑ.ンΒ ヲヶヲヶ.ヲヱ ヲヰンヶヱヵ.Βヶ
ヱe_┝t┞pe_Dヶ_Hン_jj_right -ヲヵ.ン -ヲヶ.ン ンヲΒヶΑ.ΓΑン ンヱンヶン.Βヱ ヴヱヴ.ヲΒヰヶ ヲヰヲ ヱΒヴ.ヶヰΒ ヱヶヵ.ンヶヴ ヱヵヴ ヱヵΒ.ヲヱヵ Βン.ヵヰΒΒ ヱヶヵ.ヴ ヲヵンΑ.ンΒ ヲヶヲヶ.ヲヱ ヲヰンヶヱヵ.Βヶ
ヱe_┝t┞pe_Xヲ_Hン_jj_left -ヲヵ.ン -ヲΒ.ヶ ヲンヰヶン.ヶΓン ヲヲンヵヱ.ヶヶ ヴヰヵ.ンΓンヴ ヴヶンΒヰ.ヶΒ ヴヶヴヲヲ.ヵΑ ΑΓΓ.Βヵ ヱヴヵ ヱヲヱ.ΑΑヵ ヱヶヴ.ヵンΑ ヱヵヶ.ヵ ヱヶン.Βンヵ Βヱ.Βヵヵヲ ヱヲヵ.ヰ ヲヶΓヵ.ヰΓ ヲヶΓヲ.ヶヶ ヱヵヶヲΑΓ.ヵΑ
ヱe_┝t┞pe_Xヲ_Hン_jj_right -ヲヵ.ン -ヲΒ.ヶ ヲンンヱヶ.ΓΒヵ ヲヴヰΑヰ.Γヱ ンΓヴ.ヴヵヵン ヱヴヶ ヱンヴ.ヰヱ ヱヶヰ.ヴヰン ヱヵΑ ヱヵΓ.ヴΑヲ ΑΓ.ΑΒΒヱ ヱヲヵ.ヰ ヲヶΓヵ.ヰΓ ヲヶΓヲ.ヶヶ ヱヵヶヲΑΓ.ヵΑ
ヲe_┝t┞pe_Dン_Hン_jj_left -Β.ヲ -ンヱ ヱΒヶヴヶ.Γヵ ヱΒヶヴΓ.ヵΑ ヲヰΓΑヰ.ンΓ ンΒヱヰン.Γヵ ンヶンヴン.Αヰ ヴンンヱヲ.ヱヵ ヱヱン Γヵ.ΒΓΒΒ ヱΑヰ.ンヲヵ ヱΑΒ ヱヶヲ.ΑΑヲ ヱヴヵ.Γンヴ ヱヴΑ.ヰ ンΒヵΑ.ΒΑ ヴヰヴヴ.Αヲ ンンΓン.ΓΑ
ヲe_┝t┞pe_Dン_Hン_jj_right -Β.ヲ -ンヱ ヱΓヴヵΑ.ヰヰヴ ヱΑヶΓヴ.ヱン ヲヲンヴヱ.Αヵ ヱヱヰ Γヱ.ΒΓヴヲ ヱΑヱ.ΓΑΓ ヱΑヵ ヱヶヵ.ΒΒΓ ヱヵヰ.ヰヶΒ ヱヴΑ.ヰ ンΒヵΑ.ΒΑ ヴヰヴヴ.Αヲ ンンΓン.ΓΑ
ヲe_┝t┞pe_Dヵ_Hン_jj_left -Β.ヲ -ヲヶ.ン ンΑヰヴヶ.ヴヲヵ ンΑヲΓヵ.Βヱ ヴヰンΑヰ.ヴΒ Αヴヴヱヵ.ヰΓ ΑヲヵΓン.ヵヱ ΑΓヵヵΑ.ヵΓ ヲヱΒ ヲヰヱ.ΒΒΓ ヱΑヱ.ΓΑΓ ヱΑヱ ヱヶΓ.ンΓヲ ヲヰヲ.ヵΑヱ -ヱ.ヰ -ヱン.ヴヴ -ヱン.ΑΒ -ヱヲ.ヵΑ
ヲe_┝t┞pe_Dヵ_Hン_jj_right -Β.ヲ -ヲヶ.ン ンΑンヶΒ.ヶヶヲ ンヵヲΓΑ.Α ンΓヱΒΑ.ヱヱ ヲヱΑ ヲヱヰ.ΑΓΑ ヱΑヰ.ンヲヵ ヱΑヲ ヱヶヱ.Γヲヵ ヱΓΓ.ヶΑΑ -ヱ.ヰ -ヱン.ヴヴ -ヱン.ΑΒ -ヱヲ.ヵΑ
ヲe_┝t┞pe_Xヲ_Hン_jj_left -Β.ヲ -ヲΒ.ヶ ヲヶΓΓヶ.ΑΓ ヲΑヰンΒ.ヴΓ ヲΓΒヵン.ヵ ヵヴヵヰΑ.ヲヱ ヵヲヲΓヴ.ンΓ ヵΒヲヴヶ.Αヶ ヱヶヰ ヱヵヲ.ヱヱヵ ヱΑヲ.Βヰヵ ヱヶΒ ヱヶヴ.ΑΑΒ ヱΑヱ.ΓΑΓ ヱΓヵ.ヰ ンヵΑΑ.ヵヱ ンΑヲΒ.ΒΓ ンンヴΑ.Βン
ヲe_┝t┞pe_Xヲ_Hン_jj_right -Β.ヲ -ヲΒ.ヶ ヲΑヵヱヰ.ヴヱヶ ヲヵヲヵヵ.Γヱ ヲΒンΓン.ヲヶ ヱヵΒ ヱヵヰ.ヴΒヱ ヱヶΑ.ヰヱΒ ヱヶΑ ヱヴΒ.ΓΒ ヱヶΑ.Βヴヴ ヱΓヵ.ヰ ンヵΑΑ.ヵヱ ンΑヲΒ.ΒΓ ンンヴΑ.Βン
ンC_┝t┞pe_Dヵ_aヱ_left_JJ Β.Γ -Γ.ヲ ンヶΒヱヶ.ヶンΑ ンヲΓヲΒ.ヴヶ ンヴヰンヴ.ンΓ Αヲヲヰヲ.ヲΑ ヶヵヲヵヴ.Γヴ ヶΑヵΑン.ヶヲ ヲヱヵ ヱΑヰ.ヶΑΒ ヱΑヱ.ヶヴΑ ヱヶΑ ヱヶΓ.ヰヰヲ ヱΒヴ.ヰヴΓ ヲンヴ.ヰ ンヲヴヰ.Γヰ ンヵΒヵ.Γヴ ンヴヶヲ.ΒΓ
ンC_┝t┞pe_Dヵ_aヱ_right_JJ Β.Γ -Γ.ヲ ンヵンΒヵ.ヶン ンヲンヲヶ.ヴΒ ンンヵンΓ.ヲン ヲヱヱ ヱヶΒ.ヱヲヵ ヱΑヰ.ヶヵヵ ヱヶヲ ヱΑヱ.ヱヶ ヱΒヲ.ヵヶヱ ヲンヴ.ヰ ンヲヴヰ.Γヰ ンヵΒヵ.Γヴ ンヴヶヲ.ΒΓ
ンC_┝t┞pe_Xン_aヱ_left Β.Γ -ヱヱ.ヵ ヲヵヲヱヴ.ヰヵヵ ヲンヵΑヱ.ヰΓ ヲヲΓヶΑ.ヵン ヵヰヵヱン.ヴΓ ヴヶヱンΓ.ΓΒ ヴヵヴΓヰ.ヱヰ ヱヵヲ ヱヱΑ.ヰΑ ヱΑン.ヶンヲ ヱヶヵ ヱヶΑ.ΒヶΑ ヱヵヲ.ン ヱΑΓ.ヰ ンヵヴン.ヶヱ ンΒΑΓ.ヵヰ ンΓンヴ.Γヲ
ンC_┝t┞pe_Xン_aヱ_right Β.Γ -ヱヱ.ヵ ヲヵヲΓΓ.ヴンン ヲヲヵヶΒ.ΒΒ ヲヲヵヲヲ.ヵΑ ヱヵヴ ヱヱヵ.ヱヰΑ ヱヶΓ.ヶヶン ヱヶヴ ヱヶヰ.ヱΓヵ ヱヵヰ.ンヱヵ ヱΑΓ.ヰ ンヵヴン.ヶヱ ンΒΑΓ.ヵヰ ンΓンヴ.Γヲ
ンC_┝t┞pe_Xン_Iン_left Β.Γ -ヱン.Β ヲヵヲヱヴ.ヰヵヵ ンヰヴΒΑ.ヵヲ ンヱヴヶΒ.ヰヱ ヵヰヵヱン.ヴΓ ヶヱヱΑン.ンΑ ヶヱΑヴン.ΒΒ ヱヵヲ ヱヵΓ.ヰΑΑ ヱΑン.ヶンヲ ヱヶヵ ヱΑヱ.ンヵΒ ヱΑヶ.ヶヰΒ ヱΑΓ.ヰ ンヵヴン.ヶヱ ヲΓヲヶ.ヱヱ ヲΒΓΓ.ヰΑ
ンC_┝t┞pe_Xン_Iン_right Β.Γ -ヱン.Β ヲヵヲΓΓ.ヴンン ンヰヶΒヵ.Βヵ ンヰヲΑヵ.ΒΑ ヱヵヴ ヱヶヴ.ヶヴヱ ヱΑヰ.ヶヵヵ ヱヶヴ ヱヶヲ.ΓヵΓ ヱΑン.ヱンヵ ヱΑΓ.ヰ ンヵヴン.ヶヱ ヲΓヲヶ.ヱヱ ヲΒΓΓ.ヰΑ
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ヱI_┝t┞pe_Dン_Hン_L -ヲヵ.ン -ヱン.Β ヱヶンヲヲ.Γ ヱヶヵヵΒ.Βヶ ヱヶΑンヱ.ΒΑ ンヲヲヱン.Βヶ ンヲヲヴΑ.ヴヶ ンヲヱヴΒ.ヴヴ Βヱ.ヰ ヱンヲ.Β ヱヶヶ.ヴ Γヶ.ヲ ヱΑΒ.ヰ ヱΒヵ.ヵ ΑΓ.ヲヲ ヲヴヵヶ.ヶΒ ヲヴヵΓ.ヲヴ ヲヴヶヴ.ヲヵ
ヱI_┝t┞pe_Dン_Hン_R -ヲヵ.ン -ヱン.Β ヱヵヶヵヵ ヱヵヶΒΒ.ヶ ヱヵヵΒΓ.ヵΒ Βヱ.ヰ ヱヲΒ.ヶ ヱヶン.ン Γン.Γ ヱΑヴ.ヰ ヱΒヰ.Γ ΑΓ.ヲヲ ヲヴヵヶ.ヶΒ ヲヴヵΓ.ヲヴ ヲヴヶヴ.ヲヵ
ヱI_┝t┞pe_Dヵ_Hン_L -ヲヵ.ン -Γ.ヲ ンヱヵΒヰ.ヲン ンヶヱヶヱ.ンΓ ンヵヶンン.ヴヶ ヴΑヶヴΓ.ヶΒ ヵヲΑンヲ.ΑΒ ヵヲヵヲΓ.Γヶ ヱΓヵ.ヰ ヱΒΓ.ヰ ヱヶヵ.ヱ ヱΑヰ.ヵ ヱヶヴ.ヰ ンΒΒ.ン ヱΒヰ.ヲヲ ンヴヱΑ.ヶΒ ンΑΒヲ.ヲΑ ンヴンヰ.ΒΒ
ヱI_┝t┞pe_Dヵ_Hン_R -ヲヵ.ン -Γ.ヲ ンヱヰΓヰ.Βヲ ンヶヱΑン.Γヱ ンヵΓΑヱ.ヰΓ ヱΓヱ.ヰ ヱΒΓ.ヴ ヱヶΒ.Α ヱΑヲ.ン ヱヶヰ.ヰ ヴヵヱ.Γ ヱΒヰ.ヲヲ ンヴヱΑ.ヶΒ ンΑΒヲ.ヲΑ ンヴンヰ.ΒΒ
ヱI_┝t┞pe_Xヲ_Hン_L -ヲヵ.ン -ヱヱ.ヵ ヲヱヶヶヶ.ヲヶ ンンΑヲΓ.ヰヴ ヲヴΑΓΑ.ヵヵ ンヶンヶヰ.Βン ヴヵΑヵヰ.Βヱ ヴヱヴヴヵ.Γヱ ヱンヲ.ヰ ヱヵヶ.ヵ ヱヶヶ.Γ ヱヲヰ.Γ ヱヶΒ.ヰ ヴΓΒ.Β ヱヲΑ.ヵΑ ヲΑΒΒ.ンヱ ンヵヰΒ.ンΑ ンヰΑΑ.Γヲ
ヱI_┝t┞pe_Xヲ_Hン_R -ヲヵ.ン -ヱヱ.ヵ ヱΓΒヰヱ.Γヶ ヲΓヱΓヱ.Γヴ ヲヴΒΒΑ.ヰヴ ヱンヲ.ヰ ヱヵヶ.Γ ヱヶヴ.ヲ ヱヱヶ.ヴ ヱヶヲ.ヰ ヴヴΑ.ヴ ヱヲΑ.ヵΑ ヲΑΒΒ.ンヱ ンヵヰΒ.ンΑ ンヰΑΑ.Γヲ
ヱe_┝t┞pe_Dン_Hン_L -ヲヵ.ン -ンヱ ヱヲΓΓΓ.ヶΓ ヲヵンヲΓ.ヶΓ ヱヵヱΓヶ.ンΒ ヲΓヲヵヵ.ヵン ンヲヴΒヴ.ヵヴ ンヲヲンヱ.ヱヵ Βヱ.ヰ ヱヲヶ.ン ヱヵΒ.ヰ Βン.ヲ ヱヵン.ヰ ンΑΓ.ン ヶヵ.ヰヶ ヲヰヰヲ.ΑΓ ヲヲヲン.Βヴ ヲヰヱΒ.ヵヴ
ヱe_┝t┞pe_Dン_Hン_R -ヲヵ.ン -ンヱ ヱヲヶΓヶ.ヶΑ ヱヵΓヲヵ.ヶΒ ヱヵヶΑヲ.ヲΓ Αヶ.ヰ ヱヲΑ.ヱ ヱヵヴ.ヲ ヱヰヰ.Α ヱヵヱ.ヰ ヱΑヱ.ヰ ヶヵ.ヰヶ ヲヰヰヲ.ΑΓ ヲヲヲン.Βヴ ヲヰヱΒ.ヵヴ
ヱe_┝t┞pe_Dヵ_Hン_L -ヲヵ.ン -ヲヶ.ン ヲΒヴヵヶ.ヲΓ ンンヵヲΒ.ΓΑ ンヲヴヵヶ.ヴΒ ヴヶヵヱヰ.ΓΒ ヵヰヶヰヰ.ヲヲ ヵヱヲンヴ.Αヶ ヱΒΑ.ヰ ヱΒヰ.Β ヱヵン.ン ヱΑヰ.ヵ ヱヶン.ヰ ヴヰヱ.ヴ ヱヵΓ.ヴヰ ンヱヵヰ.ヲヵ ンヴヲΑ.ヲヲ ンヱヱヱ.ヲヴ
ヱe_┝t┞pe_Dヵ_Hン_R -ヲヵ.ン -ヲヶ.ン ヲΓΓヵヲ.ヱヱ ンヴヰヴヱ.ンヶ ンヴヶΑヵ.ΒΓ ヱΓヴ.ヰ ヱΒヶ.ン ヱヶン.ン ヱΑヱ.ヴ ヱヵΒ.ヰ ンヰヵ.Β ヱヵΓ.ヴヰ ンヱヵヰ.ヲヵ ンヴヲΑ.ヲヲ ンヱヱヱ.ヲヴ
ヱe_┝t┞pe_Xヲ_Hン_L -ヲヵ.ン -ヲΒ.ヶ ヲヱヵヶヰ.Αヵ ヲヶΒヴヵ.ヱヵ ヲヴΓヲヲ.Βヴ ンヶΒΓヵ.ヶΓ ヴΑΑヶヶ.ヱΓ ンΓヵヶヱ.ヶΒ ヱヲΑ.ヰ ヱヵΑ.ヴ ヱΑヱ.ヴ ヱヱン.ヶ ヱヵヱ.ヰ ヴンヱ.ヱ ヱヱン.ΓΑ ヲンΒヶ.ヰΑ ンヰΒΓ.ヰΒ ヲΒΒヰ.Γヱ
ヱe_┝t┞pe_Xヲ_Hン_R -ヲヵ.ン -ヲΒ.ヶ ヲヰンンヶ.Βヲ ンヱヲヰΑ.ンヲ ヲンヰヰヲ.Βヲ ヱヲヶ.ヰ ヱヵヰ.ヶ ヱヵΓ.Α ヱヲヲ.Α ヱヵヶ.ヰ ンΒΒ.Β ヱヱン.ΓΑ ヲンΒヶ.ヰΑ ンヰΒΓ.ヰΒ ヲΒΒヰ.Γヱ
ヲI_┝t┞pe_Dン_Hン_L -Β.ヲ -ヱン.Β ヱヵΓヲヲ.ヵヱ ヲヰΑヲヱ.ヰΒ ヱΓΓヵン.ヲン ンヲヵΓヰ.Βヴ ンΒヰンヱ.ンヶ ンヶンヱン.ヱヱ Γヱ.ヰ ヱヴヲ.ヴ ヱヶΑ.Α ヱヲヰ.ヱ ヱヶン.ヰ ヱΓヱ.ヵ Γヲ.ヴヰ ヲヴヲΓ.ヵΒ ヲΒンヵ.ヱヶ ヲヵヴヴ.ヵヵ
ヲI_┝t┞pe_Dン_Hン_R -Β.ヲ -ヱン.Β ヱヶヰンヱ.ΓΒ ヲヱヴΑヲ.ヵ ヱΓΑヵヴ.ヲヴ Γン.ヰ ヱヴヱ.ヶ ヱヶヵ.ヱ ヱヲΑ.ヲ ヱヵΓ.ヰ ヱΓヶ.ヶ Γヲ.ヴヰ ヲヴヲΓ.ヵΒ ヲΒンヵ.ヱヶ ヲヵヴヴ.ヵヵ
ヲI_┝t┞pe_Dヵ_Hン_L -Β.ヲ -ヱヱ.ヵ ンンヶΓΑ.ヲΓ ヴヴヶヶヲ.ヴヲ ンΒヴンヴ.Αヶ ヴΓヲヴン.Βヶ ヵヶヵヶヵ.ヲ ヵヶヰヵΑ.ΑΒ ヲヰΓ.ヰ ヱΓヶ.ヵ ヱヶΒ.Α ヱΓヲ.ヵ ヱヶン.ヰ ヴヶヰ.ヴ ヲヰヵ.ヱΑ ンヶヲΑ.ヲヲ ヴヱヶヶ.ヵヰ ンヶヶヰ.ヰヵ
ヲI_┝t┞pe_Dヵ_Hン_R -Β.ヲ -ヱヱ.ヵ ンヲヶΒヵ ヴヰヰヰヶ.ンン ンΓヴΓΒ.Γヱ ヲヰΒ.ヰ ヱΓΓ.Γ ヱヶΒ.Α ヱΒΒ.ヵ ヱヵΓ.ヰ ヴヶヵ.ン ヲヰヵ.ヱΑ ンヶヲΑ.ヲヲ ヴヱヶヶ.ヵヰ ンヶヶヰ.ヰヵ
ヲI_┝t┞pe_Xヲ_Hン_L -Β.ヲ -Γ.ヲ ヲヵヵヱヲ.ヵヴ ヲΓヱンン.ンΓ ンヰヵヴヴ.ヵΓ ヴヰΑΒヰ.ヱヱ ヴΑンヱヵ.ヴ ヴヵンヱヱ.ヱΑ ヱヵヴ.ヰ ヱΑン.ヶ ヱΑヱ.ヴ ヱンヱ.Α ヱヶヱ.ヰ ヲヶヵ.ヲ ヱヵヵ.ヰΑ ンヲΑΑ.ンΒ ンΒヰヲ.ヶヰ ンヴヲヲ.ンヵ
ヲI_┝t┞pe_Xヲ_Hン_R -Β.ヲ -Γ.ヲ ヲヴヲヲヱ.ヲヵ ンヰΑヵヶ.ヵヴ ヲΒΑヵヲ.ン ヱヶヰ.ヰ ヱヶΒ.ヲ ヱヶΑ.Β ヱンヴ.ヴ ヱヵヶ.ヰ ンΑン.ヰ ヱヵヵ.ヰΑ ンヲΑΑ.ンΒ ンΒヰヲ.ヶヰ ンヴヲヲ.ンヵ
ヲe_┝t┞pe_Dン_Hン_L -Β.ヲ -ンヱ ヱヴΒンヵ.ヵヵ ヱΑヲンヴ.ンヶ ヱΒヱヲヶ.ンΒ ンヲヰΒヰ.Γヵ ンヵヵンヱ.Γ ンヴヴヴヱ.ヱΒ ΓΒ.ヰ ヱンヶ.ヲ ヱヵΓ.ヵ Βヰ.ヱ ヱヵヵ.ヰ ヲヶヰ.ン Αヱ.ンヲ ヲヰヰΑ.ヱヱ ヲヲヲン.ヰヱ ヲヰΑヰ.ヶΑ
ヲe_┝t┞pe_Dン_Hン_R -Β.ヲ -ンヱ ヱヵヵヲヲ.ヰΒ ヱΒΓΑン.ヰン ヱΑΒΒヲ.ンヱ ヱヰヱ.ヰ ヱンヵ.ヱ ヱヵΒ.Α ΒΑ.ヰ ヱヵヲ.ヰ ヲヶヵ.ヶ Αヱ.ンヲ ヲヰヰΑ.ヱヱ ヲヲヲン.ヰヱ ヲヰΑヰ.ヶΑ
ヲe_┝t┞pe_Dヵ_Hン_L -Β.ヲ -ヲヶ.ン ンヴヴΑヲ.Βヵ ヴンヴヴヰ ンΑΒヲヶ.ヰン ヴΒヶヴヵ.ヵヴ ヵΓンヵΓ.ヶΒ ヵヲヵンΓ.Αヲ ヲヰΑ.ヰ ヱΓヴ.Β ヱヶΒ.Α ヲヰヲ.ヰ ヱヶヴ.ヵ ンヲヲ.Γ ヱΒヰ.Βヰ ンヰヴヵ.Γヰ ンΑヱヶ.Αヵ ンヴヴヱ.ヲΑ
ヲe_┝t┞pe_Dヵ_Hン_R -Β.ヲ -ヲヶ.ン ンヲヰΒヶ.ヶΒ ヴヲΒヰヰ.Βヲ ンヵΓΒヰ.Βヵ ヲヰΓ.ヰ ヱΓヰ.ン ヱヶヲ.ヴ ヱΓΒ.ヴ ヱヵΒ.ヵ ンΒΓ.Α ヱΒヰ.Βヰ ンヰヴヵ.Γヰ ンΑヱヶ.Αヵ ンヴヴヱ.ヲΑ
ヲe_┝t┞pe_Xヲ_Hン_L -Β.ヲ -ヲΒ.ヶ ヲヴヲヲΑ.Αヴ ンヰヵンン.ヶΓ ヲヶΒヰヰ.ヵヵ ヴヲヰΒΒ.ヴヵ ヴンヵΒヲ.ヰΒ ヴヴヲヱヲ.Βヵ ヱヴヶ.ヰ ヱヶヲ.Β ヱヶヵ.ヱ ヱヴヰ.Α ヱヶン.ヰ ヱΑン.ヲ ヱヲΑ.ヴヴ ヲΓヲヴ.ヱΑ ンヰヲΑ.Γヴ ヲΒΒヲ.ヴヵ
ヲe_┝t┞pe_Xヲ_Hン_R -Β.ヲ -ヲΒ.ヶ ヲヵヵヲΓ.ヵΒ ヲΑヰヲン.ヲヲ ヲΑヶヵン.ΓΓ ヱヴΓ.ヰ ヱヶヵ.ヵ ヱヶン.ン ヱヲΓ.ヰ ヱヶヱ.ヰ ヲヲヵ.ヵ ヱヲΑ.ヴヴ ヲΓヲヴ.ヱΑ ンヰヲΑ.Γヴ ヲΒΒヲ.ヴヵ
ンI_┝t┞pe_Dン_Hン_L Β.Γ -ヱン.Β ヱヶヴヵヴ.ヲヴ ヱΒヱヴヶ.ヲ ヲヱヶンヰ.Αン ンヲヵΓヵ.Βヶ ンΑンンン.Α ンヶヲΓヰ.ヰヵ ヱヰヱ.ヵ ヱヴΒ.ヴ ヱΑヴ.ヰ ΑΒ.ヶ ヱヶΑ.ヵ ンヶヰ.ヲ Γヵ.ヲヶ ヲヵヵヱ.ヶΓ ヲΓヲヲ.ヵΒ ヲヶヲヵ.ヰΒ
ンI_┝t┞pe_Dン_Hン_R Β.Γ -ヱン.Β ヱヶヰンΑ ヲヰΑΑヴ.Βヴ ヱΓΑンヱ.ヱΒ ヱヰヰ.ヵ ヱヴヲ.ヰ ヱヶΑ.ヱ Βヵ.ヵ ヱヶヴ.ヰ ンヵヱ.ヱ Γヵ.ヲヶ ヲヵヵヱ.ヶΓ ヲΓヲヲ.ヵΒ ヲヶヲヵ.ヰΒ
ンI_┝t┞pe_Dヵ_Hン_L Β.Γ -Γ.ヲ ンンΑΑヴ.Βヶ ヴヰヰンヵ.ヰΒ ンヶΑヵΓ.ヴヴ ヵヱΑヲΒ.ヰΓ ヵΑヴΒヱ.Α ヵヴΓΒン.ヶΒ ヲヱヶ.ヰ ヱΓン.ヵ ヱヶΒ.Α ヱΓΒ.ヴ ヱヵΓ.Α ヲヱヱ.ヱ ヲヰン.Γヶ ンヵヴΒ.ヲΓ ンΓヴヲ.Γヵ ンΑヰΓ.ヴΓ
ンI_┝t┞pe_Dヵ_Hン_R Β.Γ -Γ.ヲ ンヵヱヶΓ.ヲヲ ヴヰΓヲヲ.Βヴ ンΒヴヲヴ.Βヱ ヲヱΓ.ヰ ヱΓヶ.ヶ ヱΑヱ.ヴ ヱΓΑ.ヵ ヱヶン.ヰ ヲヵヵ.ン ヲヰン.Γヶ ンヵヴΒ.ヲΓ ンΓヴヲ.Γヵ ンΑヰΓ.ヴΓ
ンI_┝t┞pe_Xヲ_Hン_L Β.Γ -ヱヱ.ヵ ヲΑΒヶヰ.ヵヶ ンヲンヵン.ンヴ ヲΓΒンΒ.ヴヲ ヴヲΓヰン.ンヲ ヴヶヴンヴ.Γヱ ヴヵΓΒΑ.ヲヴ ヱヵヵ.ヰ ヱΑヱ.Β ヱΑヴ.ヱ ヱンヴ.ヴ ヱヶヵ.Α ヴヶヵ.ヰ ヱヴヶ.Αヱ ンヱヵΓ.ヵヱ ンヴヱΓ.ヵΓ ンヱΓヰ.ヲΑ
ンI_┝t┞pe_Xヲ_Hン_R Β.Γ -ヱヱ.ヵ ヲヶンヴヴ.ヴヵ ヲΓΒΑヶ.ヰヴ ヲΓヴヲΒ.ンΒ ヱヵΑ.ヰ ヱΑヰ.ヵ ヱヶΑ.Β ヱンヵ.ン ヱヶヲ.ヰ ヴヶΑ.ヲ ヱヴヶ.Αヱ ンヱヵΓ.ヵヱ ンヴヱΓ.ヵΓ ンヱΓヰ.ヲΑ
ンe_┝t┞pe_Dン_Hン_L Β.Γ -ンヱ ヱヶヲヰヱ.Αヲ ヱΓΓヴヴ.ヲヲ ヱΒヲヵン.ンΑ ンヲΑヴヱ.ンヶ ンヶヴヱヲ.ヴΑ ンヵヰヵン.ΓΑ ヱヰヴ.ヰ ヱンヶ.ヶ ヱヶヲ.ヶ Γン.ヱ ヱヵΒ.ヵ ヱΑヲ.ヵ ΒΒ.ヰΒ ヲヴヱΒ.Γヴ ヲヶΓヰ.ヱヶ ヲヵヱヲ.ヶΒ
ンe_┝t┞pe_Dン_Hン_R Β.Γ -ンヱ ヱヶヱΒヲ.ヵ ヱΓΒヵン.ヶヱ ヱΒヴΓヵ.ヱヱ ヱヰヲ.ヶ ヱンΑ.ヴ ヱヶヱ.Β Γヲ.ン ヱヵン.ヰ ンンヱ.ヲ ΒΒ.ヰΒ ヲヴヱΒ.Γヴ ヲヶΓヰ.ヱヶ ヲヵヱヲ.ヶΒ
ンe_┝t┞pe_Dヵ_Hン_L Β.Γ -ヲヶ.ン ンヵヰヶヵ.ヱΓ ヴンΓヲヴ.ヲヲ ヴヰヴΒヲ.ンヵ ヵヰΒΑヰ.ヲ ヵヶンΓヰ.ΑΓ ヵヴンΑΑ.ヵΑ ヲヱヵ.ヰ ヲヰヲ.ヴ ヱΑヰ.Α ヱΓΒ.ヴ ヱヶヵ.ヰ ヴヵΒ.ヴ ヱΓヴ.ヰヱ ンヴヴヰ.ヴン ンΒヱン.Βヰ ンヵヶΑ.Βヱ
ンe_┝t┞pe_Dヵ_Hン_R Β.Γ -ヲヶ.ン ンヴンヱヱ.ンヴ ンΓΒンヱ.Γン ンΑΒヱΒ.Α ヲヰΓ.ヰ ヱΓヶ.ヲ ヱヶΓ.ヶ ヱΓΒ.ヴ ヱヵΑ.ヰ ヲΑヴ.Α ヱΓヴ.ヰヱ ンヴヴヰ.ヴン ンΒヱン.Βヰ ンヵヶΑ.Βヱ
ンe_┝t┞pe_Xヲ_Hン_L Β.Γ -ヲΒ.ヶ ヲヵンヵヰ.ヲヲ ンヱヵヱΒ.ΒΑ ヲΑΓヵヵ.Βヲ ヴヰΓヵン.Β ヴΒΒンヰ.ヶヵ ヴンヲヴΓ.ヵΓ ヱヵヴ.ヰ ヱヶヶ.ヴ ヱヶヵ.ヱ ヱンヶ.ヲ ヱヶヱ.ヰ ヴΑヰ.Β ヱンン.ヶΒ ヲΑンΑ.ヶヶ ンヲヶヴ.ヲヱ ンヰΓヰ.Γヴ
ンe_┝t┞pe_Xヲ_Hン_R Β.Γ -ヲΒ.ヶ ヲヴンΓヴ.Γヴ ンヲヲΑヱ.ΑΓ ヲヶヶΓヰ.Αヲ ヱヶヰ.ヰ ヱヶヲ.ヴ ヱヶヱ.ヵ ヱンΓ.Β ヱヵヶ.ヰ ヴヴン.Β ヱンン.ヶΒ ヲΑンΑ.ヶヶ ンヲヶヴ.ヲヱ ンヰΓヰ.Γヴ
ヴI_┝t┞pe_Dン_Hン_L ヲヶ -ヱン.Β ヱンヲΓΓ.ヲン ヱヶヱヶヵ.ヶヵ ヱΒΒヵΓ.ヱΑ ンヰΒヲヴ.ヶヲ ンヴヶΑΒ.ヲヶ ンヲヱヲヲ.ヲン Βヰ.ヰ ヱヴヱ.ヲ ヱΑヵ.ヵ ΒΓΓ.Β ヱヶΒ.ヶ ヱΑン.ン Βヵ.ンヶ ヲヴヶヱ.ヶヲ ヲΑヶΓ.ンΑ ヲヶヵΑ.ヵヰ
ヴI_┝t┞pe_Dン_Hン_R ヲヶ -ヱン.Β ヱヴヲヶヵ.Αヶ ヱΒヱヱΓ.ンΓ ヱヵヵヶン.ンヶ Βヱ.ヰ ヱヲΓ.ヴ ヱヶヶ.ヴ ヱヰΒ.ヴ ヱヶヶ.ヰ ヱΓヶ.Γ Βヵ.ンヶ ヲヴヶヱ.ヶヲ ヲΑヶΓ.ンΑ ヲヶヵΑ.ヵヰ
ヴI_┝t┞pe_Dヵ_Hン_L ヲヶ -Γ.ヲ ンヱヲヲヶ.ンヶ ンΑヵΓヵ.ンヶ ンヶヵΓΑ.ヵヴ ヴΒΒンΑ.Γ ヵンヰヱヲ.ヶΓ ヵヴヵヵヲ.ヴΓ ヱΓヱ.ヶ ヱΓヲ.ヱ ヱΑヰ.ヵ ヱΑヶ.Β ヱヵΓ.Α ヴΒヰ.Β ヱΓヰ.ヴΑ ンヵΓヲ.Γン ンΓヰヰ.ヰヶ ンヴΓヱ.ヵヲ
ヴI_┝t┞pe_Dヵ_Hン_R ヲヶ -Γ.ヲ ンヲヲΑΓ.ヰヴ ンヶヴヵン.Βン ンΑΓΓン.ヶヲ ヱΓヲ.ヰ ヱΓヴ.Β ヱΑヵ.Γ ヱΑヴ.ヱ ヱヶヴ.ヵ ンヴヴ.ヱ ヱΓヰ.ヴΑ ンヵΓヲ.Γン ンΓヰヰ.ヰヶ ンヴΓヱ.ヵヲ
ヴI_┝t┞pe_Xヲ_Hン_L ヲヶ -ヱヱ.ヵ ヲンヲヴΓ.Αヴ ヲヵンΓヰ.Βン ヲヵンヰヱ.ヱヵ ンΒンヰヴ.ンヵ ヴヱヱΓヱ.ヵン ヴヲヰヵΒ.ヵΓ ヱンヲ.ヰ ヱヵΒ.Α ヱΑン.ヲ ヱヱヲ.Α ヱヶΓ.ヰ ヴΑヲ.ヶ Αヱ.ヱヱ ヱΑヲヶ.ヲΒ ヱΒヵヶ.ヴヰ ヱヶΓヰ.ヶΓ
ヴI_┝t┞pe_Xヲ_Hン_R ヲヶ -ヱヱ.ヵ ヲヱΑヴヵ.ヴΓ ヲヴヶンヲ.ヶヶ ヲヵヴΓΓ.Αン ヱンヴ.ヰ ヱヵΓ.ヱ ヱヶヶ.ヴ ヱヱヶ.Β ヱヶヲ.ヰ ンヵヶ.ヰ Αヱ.ヱヱ ヱΑヲヶ.ヲΒ ヱΒヵヶ.ヴヰ ヱヶΓヰ.ヶΓ
ヴe_┝t┞pe_Dン_Hン_L ヲヶ -ンヱ ヱヲΓΓΑ.Αヵ ンヲヲヵΓ.ヲヶ ヱΑヴンΓ.ヴン ンヲンンΒ.ヵヲ ンヵΒヱン.ΓΒ ンヵンヴヴ.ヰヶ Βヱ.ヰ ヱンヵ.ヲ ヱヶΑ.Β Γヰヵ.ヴ ヱヵΑ.ヰ ヱΒヶ.Γ Αヶ.ヱヲ ヲヱヲヵ.ヴヱ ヲンヵン.Βン ヲヱヵン.ヶΑ
ヴe_┝t┞pe_Dン_Hン_R ヲヶ -ンヱ ヱヵΑΑΓ.ヶヶ ヱΓヲヵヵ.ヱヱ ヱΒΑΒヵ.ヲ Βヲ.ヰ ヱンΒ.Γ ヱヶヶ.ヴ Βヲ.ヴ ヱヶヵ.ヰ ンヶヴ.Β Αヶ.ヱヲ ヲヱヲヵ.ヴヱ ヲンヵン.Βン ヲヱヵン.ヶΑ
ヴe_┝t┞pe_Dヵ_Hン_L ヲヶ -ヲヶ.ン ンヰヲΑヱ.ヰΒ ンヵΑΒヰ.Βヱ ンヴヰンΓ.ヶΒ ヴΑヰヴヵ.ヰン ヵヱヵΑヱ.Αヶ ヴΓヰヵヴ.ンΓ ヱΓヱ.ヰ ヱΒヴ.Γ ヱヶヴ.ヲ ヱΑΑ.Α ヱヵΓ.Α ヲΓヲ.Α ヱヶヶ.ヵΑ ンヲヲΓ.Γヴ ンヵヴヰ.Αヲ ンンΓヵ.ヶΓ
ヴe_┝t┞pe_Dヵ_Hン_R ヲヶ -ヲヶ.ン ンヰヴΒヶ.ヱヶ ンヵヰヱヲ.ΒΓ ンヲヴΓヵ.ヵン ヱΓヲ.Α ヱΒヰ.Β ヱヶン.ン ヱΑΒ.ヶ ヱヵΑ.ヰ ヱヶン.ン ヱヶヶ.ヵΑ ンヲヲΓ.Γヴ ンヵヴヰ.Αヲ ンンΓヵ.ヶΓ
ヴe_┝t┞pe_Xヲ_Hン_L ヲヶ -ヲΒ.ヶ ヲヲヴヱン.ΑΑ ヲΓヵンヰ.ΒΑ ヲヶンヱヱ.ヶ ンΒンヰン.Βヵ ヴヲΓΑヰ.Βヱ ヴヱヴンヲ.ΒΓ ヱンン.ヰ ヱヶヱ.Γ ヱヶヶ.Γ ヱヱΓ.ヱ ヱヶン.ヰ ヴヶヵ.ヴ ヱヱΑ.ンン ヲΑンヰ.ヴヱ ンヰヶン.ヰΒ ヲΒンヱ.Αヵ
ヴe_┝t┞pe_Xヲ_Hン_R ヲヶ -ヲΒ.ヶ ヲヱΑヴヴ.ΓΓ ヲヶヴヱヱ.Γヴ ヲヴΒΑヴ.ヰン ヱンヵ.Α ヱヵヶ.Γ ヱヶヶ.ヰ ヱヱヰ.Γ ヱヵΒ.ヵ ンΒΒ.Β ヱヱΑ.ンン ヲΑンヰ.ヴヱ ンヰヶン.ヰΒ ヲΒンヱ.Αヵ
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BlaIkHird 4
Iﾏage ﾐaﾏe ┝ ┞ IﾏageJ Threshold Segﾏeﾐt IﾏageJ Threshold Segﾏeﾐt IﾏageJ Threshold Segﾏeﾐt IﾏageJ Threshold Segﾏeﾐt IﾏageJ Threshold Segﾏeﾐt
ヱヰ_ヱヰ_jj_left -ヱヶ -ヱヶ ヴヲヶΑン.ヱンヰ ンΓヲヴヲ.ヶ ヵヱヶヱヶ.Βヴ Βヲヱヴヶ.Β ΑΓΓΒン.ン ヱヰヰヲΑΒ.Α ヲヰヵ.ヰ ヱΓン.ヱ ヲヱヰ.ン ヲヱヰ.ヰ ヱΓΑ.Β ヲヲΑ.ヵ ヲンΓ.ヱヵ ヲΓヱヱ.ヲヲ ヲΓΒΓ.ΓΑ ヲンΒヴ.Βン

ヱヰ_ヱヰ_jj_right -ヱヶ -ヱヶ ンΓヴΑン.ヶΒヴ ヴヰΑヴヰ.Αヲ ヴΒヶヶヱ.Βヵ ヲヰヵ.ヰ ヱΓΓ.ヱ ヱンヶ.ヱ ヲヰヰ.ヰ ヱΓヵ.Β ヱヴヶ.ヱ ヲンΓ.ヱヵ ヲΓヱヱ.ヲヲ ヲΓΒΓ.ΓΑ ヲンΒヴ.Βン
ヱヰ_ヲヶ_jj_left -ヱヶ ヱヶ ンΒヵΒヵ.ヰΓン ンヴΓヱΒ.ヲ ヴΒヶヶヱ.Βヵ ΑΒΒヲΑ.ヵ ΑヲΒンΓ.ヶ ヴΓヰヴヱ.ヲ ヱΓΒ.ヰ ヱΑΑ.Γ ヱンヶ.ヱ ヱΓヶ.ヰ ヱΓヰ.ヵ ヱヴヶ.ヱ ヲヵヲ.Αヲ ンヲヰヵ.ΓΒ ンヴヶΓ.ヵン ヵヱヵン.ヲヰ

ヱヰ_ヲヶ_jj_right -ヱヶ ヱヶ ヴヰヲヴヲ.ンΒヲ ンΑΓヲヱ.ヴ ンΑΓ.ンヲヶヵ ヲヰヴ.ヰ ヱΓヶ.ヵ ヱΓヵ.ヱ ヱΓΑ.ヰ ヱΒΑ.ヲ Γヶ.ヱ ヲヵヲ.Αヲ ンヲヰヵ.ΓΒ ンヴヶΓ.ヵン ヵヱヵン.ヲヰ
ヱヵ_ヱヵ_jj_left -ヶ -ヶ ヴヱヰΓΑ.ヶヴヵ ヴヰンΓヰ.ヰΒ ヴΑヱヰヵ.ヶヱ Βヵンンヴ.ヱ ΒヱΓヲヰ.Β ΓヶヰΒヵ.ヵ ヲヲヱ.ヰ ヲヰヵ.Α ヱΓΑ.Β ヱΓン.ヰ ヱΒΑ.ヲ ヲヱΑ.ヶ ヲΒヰ.ヰン ンヲΒヱ.ヵヶ ンヴヱΒ.ヲΓ ヲΓヱヴ.ンΑ

ヱヵ_ヱヵ_jj_right -ヶ -ヶ ヴヴヲンヶ.ヴΓヶ ヴヱヵンヰ.ΑΑ ヴΒΓΑΓ.Γン ヲヱヶ.ヰ ヲヰヵ.ヰ ヲヰヶ.ヴ ヲヰヶ.ヰ ヱΓΑ.Β ヲヲヱ.Γ ヲΒヰ.ヰン ンヲΒヱ.ヵヶ ンヴヱΒ.ヲΓ ヲΓヱヴ.ンΑ
ヱヵ_ヲヱ_jj_left -ヶ ヶ ヴヴヲΓン.ヶヲΓ ヴヲヱヱヶ.ヱヶ ヴΒンヴΑ.ヲΒ ΒΑΑΒヴ.ヴ ΒンΑヵヵ.ヲ ヱヰヰΓΒヲ.Α ヲヰΓ.ヰ ヲヰヶ.ヴ ヲヰヵ.Α ヱΓΒ.ヰ ヱΓヵ.ヱ ヲヱΓ.Γ ヲΑヴ.ΑΓ ンヱンヰ.ヲΒ ンヲΒヰ.ΒΑ ヲΑヲヱ.ヱヶ

ヱヵ_ヲヱ_jj_right -ヶ ヶ ヴンヴΓヰ.ΑンΒ ヴヱヶンΓ.ヰヵ ヵヲヶンヵ.ンΑ ヲヲヰ.ヰ ヲヰヶ.ヴ ヲヰΒ.ヴ ヲヰン.ヰ ヱΓΒ.ヴ ヲヲΓ.Γ ヲΑヴ.ΑΓ ンヱンヰ.ヲΒ ンヲΒヰ.ΒΑ ヲΑヲヱ.ヱヶ
ヱΑ_ヱΑ_jj_left -ヲ -ヲ ヴヵヰΒン.ヱヰヲ ヴヲヰヲヶ.ンン ヵヱヴヴΑ.Γヶ ΒΓンヱΓ.ヶ Βヴヵンヲ.ヴ ΓΓヰΑン.Β ヲヱΒ.ヰ ヲヰン.Α ヲヰヵ.Α ヲヰヴ.ヰ ヱΓΓ.Β ヲヲΑ.ヵ ヲΑΒ.ンΒ ンヱヱヶ.ヶヵ ンヲΓン.ヱヵ ヲΒヰΓ.Βヰ

ヱΑ_ヱΑ_jj_right -ヲ -ヲ ヴヴヲンヶ.ヴΓヶ ヴヲヵヰヶ.ヰΒ ヴΑヶヲヵ.Βヲ ヲヱン.ヰ ヲヰΑ.Α ヲヰン.Α ヲヰヴ.ヰ ヱΓヵ.Β ヲヱΒ.ヶ ヲΑΒ.ンΒ ンヱヱヶ.ヶヵ ンヲΓン.ヱヵ ヲΒヰΓ.Βヰ
ヱΒ_ヱΒ_jj_left ヰ ヰ ヴヴΑヰン.ヵヱヵ ヴヲΒンヰ.ヱ ヴΒΓΓヲ.ヶヲ ΒΒヴヱン.ン ΒヵΒンΑ.Α ΓΑΒΑヲ.ヴ ヲヱΒ.ヰ ヲヱヲ.ン ヲヰヶ.ヴ ヲヰヵ.ヰ ヱΓΑ.Β ヲヲヱ.ヶ ヲンΓ.ヰΒ ヲΑヰヴ.ヱヴ ヲΑΒヵ.ヲΑ ヲヴヴヲ.ΑΓ

ヱΒ_ヱΒ_jj_right ヰ ヰ ヴンΑヰΓ.ΑヴΑ ヴンヰヰΑ.ヶヴ ヴΒΒΑΓ.Αヴ ヲヱヶ.ヰ ヲヰΒ.ヴ ヲヰΑ.ヰ ヲヰヰ.ヰ ヱΓΑ.Β ヲヲヰ.Γ ヲンΓ.ヰΒ ヲΑヰヴ.ヱヴ ヲΑΒヵ.ヲΑ ヲヴヴヲ.ΑΓ
ヱ_ンヵ_jj_left -ンヴ ンヴ ンンヲンヱ.ヴΑヵ ヲΓヵΒヲ.Γヲ ヴヴヲヰΑ.ヰヶ ヶヶヵヵΒ.ヶ ヶヱΒΓΒ.ヵ ΒヵヱΓヶ.ヶ ヱΓン.ヰ ヱΑヲ.ヰ ヱΑΓ.ン ヱΑヴ.ヰ ヱヶヴ.ヰ ヲヱン.ヰ -

ヱ_ンヵ_jj_right -ンヴ ンヴ ンンンヲΑ.ヱン ンヲンヱヵ.ヵΓ ヴヰΓΒΓ.ヵΑ ヱΓヵ.ヰ ヱΑΒ.ヶ ヱΑΒ.ヶ ヱヶΒ.ヰ ヱヶΓ.ン ヲヰヴ.Α -
ヲヰ_ヱヶ_jj_left ヴ -ヴ ヴヴヶヲン.ヰヰΓ ヴヲヵヱΑ.ヴΓ ヴΓヴヰヶ.Γヴ ΓヰヰヰΒ.ヲ ΒヵヲΒヴ.ヶ ΓΓΑΓヵ.ヲ ヲヲヰ.ヰ ヲヱヲ.ン ヲヰヵ.ヰ ヱΓヶ.ヰ ヱΓヲ.ヵ ヲヲン.ヲ ヲΓン.ヰΓ ンヲヵヶ.ンヱ ンヴンヶ.ヶヶ ヲΓンヶ.Γヶ

ヲヰ_ヱヶ_jj_right ヴ -ヴ ヴヵンΒヵ.ヲヱヵ ヴヲΑヶΑ.ヱヵ ヵヰンΒΒ.ヲΓ ヲヱΑ.ヰ ヲヰΓ.ヰ ヲヰヶ.ヴ ヲヰン.ヰ ヱΓΒ.ヱ ヲヲヴ.Γ ヲΓン.ヰΓ ンヲヵヶ.ンヱ ンヴンヶ.ヶヶ ヲΓンヶ.Γヶ
ヲヰ_ヲヰ_jj_left ヴ ヴ ヴヴヲヱヰ.ヵヲヶ ヴヲンΓΒ.ヶΒ ヴΒヱンヱ.ヱヵ ΒΒヵヴヴ.ヴ ΒヶヱΒΑ.ヲ ΓΒΑヲヴ.ヶ ヲヲヱ.ヰ ヲヱヱ.Α ヲヰン.Α ヱΓヶ.ヰ ヱΓヴ.ヵ ヲヱΓ.ヶ ヲヵΒ.ンン ヲΓヱΑ.ヵヰ ヲΓΓΑ.ヲΓ ヲヶヱヶ.ヶヶ

ヲヰ_ヲヰ_jj_right ヴ ヴ ヴヴンンン.ΒΒヲ ヴンΑΒΒ.ヵヲ ヵヰヵΓン.ヴΓ ヲヲヱ.ヰ ヲヱヱ.Α ヲヱヱ.ヰ ヲヱヰ.ヰ ヲヰヱ.ヱ ヲヲヵ.ヲ ヲヵΒ.ンン ヲΓヱΑ.ヵヰ ヲΓΓΑ.ヲΓ ヲヶヱヶ.ヶヶ
ヲヵ_ヱヱ_jj_left ヱヴ -ヱヴ ヴヴヶΑヲ.ΑΒヴ ヴヰΓンΒ.Γヲ ヴΓヱヵン.ヱΒ ΒΓヶンヱ.Α ΒヲンΑン.ン ヱヰヰヰヶΑ.Β ヲヱΑ.ヰ ヲヰヵ.ヰ ヲヰヴ.ヴ ヲヰヲ.ヰ ヱΓヴ.ヵ ヲヲヱ.Γ ヲΒヰ.ヵΓ ンヱンヰ.ヴΓ ンヴヰヶ.ンン ヲΒヰヴ.ヰヱ

ヲヵ_ヱヱ_jj_right ヱヴ -ヱヴ ヴヴΓヵΒ.ΒΒヲ ヴヱヴンヴ.ヴヱ ヵヰΓヱヴ.ヶヲ ヲヱヵ.ヰ ヲヰΑ.Α ヲヰΓ.Α ヲヰヱ.ヰ ヱΓヴ.ヵ ヲヲヶ.ヲ ヲΒヰ.ヵΓ ンヱンヰ.ヴΓ ンヴヰヶ.ンン ヲΒヰヴ.ヰヱ
ヲヵ_ヲヵ_jj_left ヱヴ ヱヴ ヴヰヴヱン.ンヴΒ ヴヰヱヲΓ.ヶ ヴヶヴヵヵ.ヴヶ Βヴヵヰヴ.Β Βヱヵヰヱ.ヰ ΓヴΒンヴ.Α ヲヱヴ.ヰ ヲヰン.Α ヱΓヵ.Β ヱΓン.ヰ ヱΒΓ.Β ヲヱヶ.ヰ ヲΒン.ヱヴ ンンヵヰ.ヶヱ ンヴΑヴ.ヱヱ ヲΓΒヵ.ヶヵ

ヲヵ_ヲヵ_jj_right ヱヴ ヱヴ ヴヴヰΓヱ.ヴΓΓ ヴヱンΑヱ.ヴ ヴΒンΑΓ.ヲヲ ヲヲヰ.ヰ ヲヰヴ.ヴ ヲヰヰ.ヴ ヱΓΑ.ヰ ヱΓヵ.ヱ ヲヲヰ.ン ヲΒン.ヱヴ ンンヵヰ.ヶヱ ンヴΑヴ.ヱヱ ヲΓΒヵ.ヶヵ
ンヰ_ンヰ_jj_left ヲヴ ヲヴ ンΓヶヲヲ.ヵΑヶ ンヶΓΓΒ.ヵヱ ヴΒヶΓヵ.ΓΒ ΑΓヰヴヲ.ヶ ΑヴΑンΒ.Γ ΓヲヲΓヴ.ヰ ヲヱヴ.ヰ ヱΓΓ.ヱ ヱΒヶ.ヵ ヱΒン.ヰ ヱΑΒ.Γ ヲヲン.ヲ ヱンヴ.ヵΑ ヱΑヰヲ.ヵヶ ヱΒヰヰ.ヶヰ ヱヴヵΒ.ヱヱ

ンヰ_ンヰ_jj_right ヲヴ ヲヴ ンΓヴヲヰ.ヰヱヴ ンΑΑヴヰ.ンヵ ヴンヵΓΒ.ヰヴ ヲヱン.ヰ ヲヰヱ.ヱ ヱΒΑ.ヲ ヱΒヴ.ヰ ヱΑΒ.ヶ ヲヱヰ.ヰ ヱンヴ.ヵΑ ヱΑヰヲ.ヵヶ ヱΒヰヰ.ヶヰ ヱヴヵΒ.ヱヱ
ンヰ_ヶ_jj_left ヲヴ -ヲヴ ヴヰヰヵΑ.ΓΓΓ ンΒヲヶヶ.ヵΒ ヴヵンヲヵ.ンヶ ΑΓΓヶΒ.ヴ ΑヵΓヱΑ.Γ ΓヲΒΑヲ.ヴ ヲヰヴ.ヰ ヱΓヵ.Β ヱΓΑ.ヱ ヱΓヱ.ヰ ヱΒΑ.ヲ ヲヱン.ヰ ヲヶヰ.Αヱ ンヲヶヰ.ヲヰ ンヴンヴ.ヱヵ ヲΒヰΑ.ヲヲ

ンヰ_ヶ_jj_right ヲヴ -ヲヴ ンΓΓヱヰ.ヴヰヵ ンΑヶヵヱ.ン ヴΑヵヴΑ.ヰヶ ヲヰヴ.ヰ ヱΓヴ.ヵ ヱΓΒ.ヴ ヱΓン.ヰ ヱΒΑ.ヲ ヲヱΒ.ヶ ヲヶヰ.Αヱ ンヲヶヰ.ヲヰ ンヴンヴ.ヱヵ ヲΒヰΑ.ヲヲ
ンヵ_ヱ_jj_left ンヴ -ンヴ ンヶンヴヰ.ヰヲΒ ンΑヶヱヶ.Βヱ ヴヲヰΒΑ.ン ΑンヵヶΑ.ン Αンヰヲヶ.Α Βヶンンヰ.ヲ ヱΓヰ.ヰ ヱΓヵ.Β ヱΓン.Β ヱΒΓ.ヰ ヱΒヲ.ヶ ヲヰヵ.Α ヲヵΑ.ヴヲ ンヴΓΓ.ヰヴ ンヵヲヴ.Γヵ ヲΓΒヱ.Αヵ

ンヵ_ヱ_jj_right ンヴ -ンヴ ンΑヲヲΑ.ンヲ ンヵヴヰΓ.Γン ヴヴヲヴヲ.Γヴ ヱΓン.ヰ ヱΒヴ.ヵ ヱΓヴ.ヵ ヱΒΒ.ヰ ヱΒヵ.ヲ ヲヱヰ.ン ヲヵΑ.ヴヲ ンヴΓΓ.ヰヴ ンヵヲヴ.Γヵ ヲΓΒヱ.Αヵ
ンヵ_ンヵ_jj_left ンヴ ンヴ - ンヲヰヶΓ.ヵΓ ヵヱヶヶΒ.Γ -ヱ.ヰ ヶヲΓヱヱ.ヵ ヵヲヰヰヵ.ヴ -ヱ.ヰ ヱΒヴ.ヵ ヱΓヱ.ヲ -ヱ.ヰ ヱヶヰ.Α ヲンヰ.Β -

ンヵ_ンヵ_jj_right ンヴ ンヴ - ンヰΒヴヱ.Γヶ ンンヶ.ヴヴΓΓ -ヱ.ヰ ヱΒヶ.ヵ ヱΑヴ.ヰ -ヱ.ヰ ヱヶヲ.Α Βン.Β -
ヵ_ンヱ_jj_left -ヲヶ ヲヶ ンヴヵヴン.ンヶΓ ンヵヰヰヱ.Γ ヴヴヰヴン.ΒΑ ΑヰΒヱΑ.ヶ ヶΓヲヶヶ.ヰ ヴヴヴヱヰ.Γ ヱΓヶ.ヰ ヱΒヶ.ヵ ヱΒヱ.ヲ ヱΑΑ.ヰ ヱΑヴ.ヰ ヲヱヱ.Α ヱΓヲ.ヲΓ ヲΑヱヵ.ンヵ ヲΑΑヶ.ヱΑ ヴンヲΓ.ΒΓ

ヵ_ンヱ_jj_right -ヲヶ ヲヶ ンヶヲΑヴ.ヲンΒ ンヴヲヶヴ.ヱヵ ンヶΑ.ヰΑヶ ヱΓヵ.ヰ ヱΒヱ.ヲ ヱΒヶ.ヵ ヱΑΓ.ヰ ヱΑΒ.ヶ Γヲ.Γ ヱΓヲ.ヲΓ ヲΑヱヵ.ンヵ ヲΑΑヶ.ヱΑ ヴンヲΓ.ΒΓ
ヵ_ヵ_jj_left -ヲヶ -ヲヶ ンヶΒΑヱ.ヱヰヵ ンヶヴヵヰ.ヲヱ ヴヶヲΓヲ.Α ΑヵヵΓΓ.Γ Αヴンンヱ.ヴ ΓヴΒヱヲ.ヴ ヱΓヰ.ヰ ヱΒン.ヲ ヲヰヲ.ヴ ヱΓΑ.ヰ ヱΓヱ.Β ヲヱヵ.ン ヱΓヲ.ンヰ ヲヵヴン.ヶヰ ヲヵΒΑ.ヰヰ ヲヰヲΒ.ヱΑ

ヵ_ヵ_jj_right -ヲヶ -ヲヶ ンΒΑヲΒ.ΑΓヲ ンΑΒΒヱ.ヲヱ ヴΒヵヱΓ.ヶヶ ヱΓン.ヰ ヱΒヵ.ヲ ヲヰヴ.ヴ ヲヰヲ.ヰ ヱΓヶ.ヵ ヲヲヰ.ン ヱΓヲ.ンヰ ヲヵヴン.ヶヰ ヲヵΒΑ.ヰヰ ヲヰヲΒ.ヱΑ
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Dヱ_left ヴ.ヲヵ -ヱン.ンヵ ヲンヰΓヵ ヲヶンヶヱ.ヲ ヲΑΒヰヴ.ΓΒ ヴヶヱヰΑ.ン ヵヱΒヱΑ.Β ヵヶΒΓΓ.ヵ ヱンΓ.ヰ ヱヲヵ.ヰ ヱヶヵ.Α ヱヶΑ.ヰ ヱヵΑ.Β ヱヶン.Α ヱヰヵ.ヲ ヲヲΒヱ.ヶ ヲヰンヰ.ヱ ヱΒヴΒ.Β
Dヱ_right ヴ.ヲヵ -ヱン.ンヵ ヲンヰヱヲ.ンン ヲヵヴヵヶ.ヵヵ ヲΓヰΓヴ.ヵΑ ヱヴヲ.ヰ ヱンヰ.ヰ ヱΑヰ.ヲ ヱヶヱ.ヰ ヱヵヱ.Β ヱヶヱ.Α ヱヰヵ.ヲ ヲヲΒヱ.ヶ ヲヰンヰ.ヱ ヱΒヴΒ.Β
Dヲ_left ヱ.Γヵ -ヱヵ.ヶヵ ヲンヴΓヴ.ヵΒ ンヴΒンン.ンヴ ンヴヶン.ヱΓヴ ヴヵΑΓΑ.ン ヵΒヶヰヴ.ヱ ヲΒヵΑヰ.Γ ヱヴヴ.ヰ ヱヲΒ.ヰ Βヵ.Β ヱヵΒ.ヰ ンヰヴ.ヶ ヲヰ.Β ΓΓ.ヴ ヲヱΑヰ.ヵ ヱヶΓヶ.ヲ ンヴΑΓ.ヲ
Dヲ_right ヱ.Γヵ -ヱヵ.ヶヵ ヲヲンヰヲ.Αン ヲンΑΑヰ.ΑΒ ヲヵヱヰΑ.ヶヶ ヱンΒ.ヰ ヱヲΑ.ヰ ヱヵΑ.ン ヱヵΒ.ヰ ヱヴヲ.Γ ヱヵヵ.Β ΓΓ.ヴ ヲヱΑヰ.ヵ ヱヶΓヶ.ヲ ンヴΑΓ.ヲ
Dン_left -ヰ.ンヵ -ヱΑ.Γヵ ヲヴヱヵΒ.Γヱ ンヵΓΓヰ.ヶ ヲヶヱヶヰ.ΓΓ ヴΑヵΒヲ.ヶ ヶヰヰヴヵ.Β ヵヲヲヱヵ.Α ヱヴヶ.ヰ ヱヲΓ.ヰ ヱヶヰ.Α ヱヶヰ.ヰ ヲンΓ.ヱ ヱヵΓ.Α ヱヰΑ.ヰ ヲヲヴΒ.Α ヱΑΒヱ.Γ ヲヰヴΓ.ヱ
Dン_right -ヰ.ンヵ -ヱΑ.Γヵ ヲンヴヲン.Αヲ ヲヴヰヵヵ.ヲヵ ヲヶヰヵヴ.ヶΑ ヱヴヵ.ヰ ヱンン.Γ ヱヶヰ.ヲ ヱヵヶ.ヰ ヱヴΒ.Β ヱヵΓ.Α ヱヰΑ.ヰ ヲヲヴΒ.Α ヱΑΒヱ.Γ ヲヰヴΓ.ヱ
Dヴ_left ヱ.Γヵ -ヱヱ.ヰヵ ヴヵヴヰヵ.ヶ ヴヲΑンΒ.ヲヶ ヴΒヶヶヲ.ΒΓ ΒΓΒΑΑ.ヲ ΒヵΑΑΓ.ヰ ΓヵΒヵヱ.ヱ ヲヱン.ヰ ヲヶヱ.Γ ヲンヰ.ヲ ヱヵン.ヰ ヱヴΒ.Β ヱヶヵ.Α ヱΒヵ.Β ヲヰヶΑ.ン ヲヱヶヶ.ヱ ヱΓンΒ.ヵ
Dヴ_right ヱ.Γヵ -ヱヱ.ヰヵ ヴヴヴΑヱ.ヶヱ ヴンヰヴヰ.Αヱ ヴΑヱΒΒ.ヲン ヲヱヵ.ヰ ヲヶヵ.Γ ヲヲΒ.ヲ ヱヵヴ.ヰ ヱヴΓ.Β ヱヵヶ.Β ヱΒヵ.Β ヲヰヶΑ.ン ヲヱヶヶ.ヱ ヱΓンΒ.ヵ
Dヵ_left -ヰ.ンヵ -ヱン.ンヵ ヴヴヲΑΒ.Αヱ ヴンンヴΓ.ヰヴ ヴΒΑΑヴ.ヱン ΒΓヴΑヴ.Α ΒΒヵヴヵ.ヴ ΓΑンヲヲ.Β ヲヲヰ.ヰ ヲヶヵ.Γ ヲンヱ.ヲ ヱヶヰ.ヰ ヱヴヵ.Γ ヱヶヱ.Α ヱΓン.ヰ ヲヱヵΑ.ヲ ヲヱΑΓ.Β ヱΓΒン.ヲ
Dヵ_right -ヰ.ンヵ -ヱン.ンヵ ヴヵヱΓヵ.ΓΑ ヴヵヱΓヶ.ンヶ ヴΒヵヴΒ.Α ヲヱΓ.ヰ ヲヶΑ.Γ ヲンヰ.Α ヱヵΓ.ヰ ヱヵヱ.Β ヱヶヱ.Α ヱΓン.ヰ ヲヱヵΑ.ヲ ヲヱΑΓ.Β ヱΓΒン.ヲ
Dヶ_left -ヲ.ヶヵ -ヱヵ.ヶヵ ヴヵヲΒヰ.ヶヱ ヴヶΓンΒ.ヵヱ ヴΓヴΓΒ.ヶヶ Γヰヵンヵ.ヶ Γヲヱヴヶ.ヱ ΓΒンΑン.ヲ ヲヱヵ.ヰ ヲヶヵ.Γ ヲンヱ.Α ヱヵヰ.ヰ ヱヵヶ.Β ヱヶヶ.Α ヱΓΑ.ン ヲヱΑΓ.ヴ ヲヱヴヱ.ン ヲヰヰヵ.Β
Dヶ_right -ヲ.ヶヵ -ヱヵ.ヶヵ ヴヵヲヵヵ.ヰヲ ヴヵヲヰΑ.ヶ ヴΒΒΑヴ.ヵヴ ヲヲヲ.ヰ ヲヶΓ.Γ ヲンヱ.ヲ ヱヵヴ.ヰ ヱヵヱ.Β ヱヶヲ.Α ヱΓΑ.ン ヲヱΑΓ.ヴ ヲヱヴヱ.ン ヲヰヰヵ.Β
DΑ_left ヴ.ヲヵ -ヱヵ.ヶヵ ヲンΒヴヲ ヲヶヵΒヶ.ヵ ヲΒヴヲヴ.ヱΒ ヴヶヰヶヵ.ヰ ヵヲヲΑΑ.ヶ ヵヵヲΒヶ.ヱ ヱヴヵ.ヰ ヱンヴ.Γ ヱヶΑ.Α ヱヵヶ.ヰ ヱヵン.Β ヱヶヲ.Α ヱヰΒ.ヰ ヲンヴヴ.ヶ ヲヰヶヶ.ヰ ヱΓヵン.ヵ
DΑ_right ヴ.ヲヵ -ヱヵ.ヶヵ ヲヲヲヲン.ヰヱ ヲヵヶΓヱ.ヱヱ ヲヶΒヶヱ.Γ ヱヴΒ.ヰ ヱンΑ.Γ ヱヶヲ.Α ヱヶヰ.ヰ ヱヴΒ.Β ヱヶヵ.Α ヱヰΒ.ヰ ヲンヴヴ.ヶ ヲヰヶヶ.ヰ ヱΓヵン.ヵ
DΒ_left -ヰ.ンヵ -ヱヵ.ヶヵ ヲヴΒンヱ.ヱヱ ヲヶΒンヶ.ヲヲ ヲΓヱΓン.ΓΓ ヴΓΒヵヴ.ヱ ヵヲΓヴヲ.ヴ ヵΑヴΓヱ.ヲ ヱヴΑ.ヰ ヱンン.ヰ ヱΑヰ.ヲ ヱヶヰ.ヰ ヱヵヵ.Β ヱヶヲ.Α ヱヰΑ.Α ヲヱヶヰ.ン ヲヰンヴ.ン ヱΒΑン.ン
DΒ_right -ヰ.ンヵ -ヱヵ.ヶヵ ヲヵヰヲン.ヰン ヲヶヱヰヶ.ヲヱ ヲΒヲΓΑ.ヱΓ ヱヵヲ.ヰ ヱヴヰ.Γ ヱヶΑ.Α ヱヵヵ.ヰ ヱヴΒ.Β ヱヶヰ.Α ヱヰΑ.Α ヲヱヶヰ.ン ヲヰンヴ.ン ヱΒΑン.ン
DΓ_left -ヰ.ンヵ -ヱヱ.ヰヵ ヲンヵヱΒ.ヲ ヲヵΒヰヱ.ンΓ ヲΑヱヶン.ヱン ヴΑΒヱン.Γ ヵヱΒヰヵ.Β ヵヵヴヰン.ヲ ヱヴヶ.ヰ ヱンΒ.Γ ヱヶヴ.ヲ ヱヵヰ.ヰ ヱヴヴ.Γ ヱヵン.Β ヱヰヶ.ヲ ヲヲヲヱ.ヲ ヲヰヵヰ.ヰ ヱΓヱヶ.Γ
DΓ_right -ヰ.ンヵ -ヱヱ.ヰヵ ヲヴヲΓヵ.Αヱ ヲヶヰヰヴ.ンヶ ヲΒヲヴヰ.ヰΓ ヱヴヶ.ヰ ヱンΓ.Γ ヱヶΑ.ヲ ヱヶヵ.ヰ ヱヵヱ.Β ヱヵΑ.Β ヱヰヶ.ヲ ヲヲヲヱ.ヲ ヲヰヵヰ.ヰ ヱΓヱヶ.Γ
Xヱ_left -ヰ.ンヵ -Β.Αヵ ンヵヲヶヴ.ヵヱ ンンヵンン.ヰヶ ンΑヱンΒ.ヲΑ ΑヰΓヰヶ.ヰ ヶΑヴヰヵ.ン ΑヶヱΑΑ.ヵ ヲΑΒ.ヰ ヲヰヶ.ヴ ヱΓヶ.ヵ ヱヵヴ.ヰ ヱヴヰ.Γ ヱヵン.Β ヱヵン.Β ヲヱヶΓ.ヱ ヲヲΒヱ.Α ヲヰヱΓ.ヰ
Xヱ_right -ヰ.ンヵ -Β.Αヵ ンヵヶヴヱ.ヴヶ ンンΒΑヲ.ヲΒ ンΓヰンΓ.ヱΓ ヲΑヵ.ヰ ヲヰヶ.ヴ ヲヰヱ.Γ ヱヵΑ.ヰ ヱヴヵ.Γ ヱヵΑ.Β ヱヵン.Β ヲヱヶΓ.ヱ ヲヲΒヱ.Α ヲヰヱΓ.ヰ
Xヲ_left -ヲ.ヶヵ -ヱヱ.ヰヵ ンヵΓヶヱ.ンヲ ンヴヵヶΑ.ヰヵ ンΒンンΑ.ン ΑヲヱンΑ.ヲ ヶΒヶンΑ.ヴ ΑΑΒΒン.ヵ ヲΑヴ.ヰ ヲヰΓ.ン ヱΓΒ.Γ ヱヵヰ.ヰ ヱヴヵ.Γ ヱヶヰ.Α ヱヴΓ.Γ ヲヰΑΒ.ヰ ヲヱΒヴ.ヰ ヱΓヲヴ.Α
Xヲ_right -ヲ.ヶヵ -ヱヱ.ヰヵ ンヶヱΑヵ.ΒΑ ンヴヰΑヰ.ンΓ ンΓヵヴヶ.ヱΑ ヲΑヵ.ヰ ヲヱヰ.ン ヲヰヲ.Γ ヱヵヴ.ヰ ヱヴヲ.Γ ヱヶヰ.Α ヱヴΓ.Γ ヲヰΑΒ.ヰ ヲヱΒヴ.ヰ ヱΓヲヴ.Α
Xン_left -ヴ.Γヵ -ヱン.ンヵ ンヴヰヵΑ.ΒΓ ンヵヴヴヰ.ンヱ ンΒΑΓΑ.ヰヲ ΑヰΓヵΒ.ヱ ΑンΓΓヶ.ヶ ΑΓンヰン.ヰ ヲΑヶ.ヵ ヲヰΒ.ヴ ヲヰヰ.Γ ヱヵΑ.ヰ ヱヴΓ.Β ヱヵΒ.Α ヱヵヵ.ン ヲヱΒΒ.Α ヲヰΓΒ.Β ヱΓヵΒ.ヴ
Xン_right -ヴ.Γヵ -ヱン.ンヵ ンヶΓヰヰ.ヲヴ ンΒヵヵヶ.ンン ヴヰヵヰヵ.ΓΒ ヲΑΑ.ヰ ヲヱΑ.ン ヲヰヵ.Γ ヱヵΓ.ヰ ヱヵン.Β ヱヵΒ.Α ヱヵヵ.ン ヲヱΒΒ.Α ヲヰΓΒ.Β ヱΓヵΒ.ヴ
Xヴ_left -ヴ.Γヵ -ヱヱ.ヰヵ ンΑヲΓヲ.Γン ンヴヵヴヲ.ヰン ンΒヶΓヲ.ヶΑ Αヲヶヰヶ.ヶ ヶΓヱΒヲ.Γ ΑΑヲΒΓ.Γ ヲヲヵ.ヰ ヲヱヶ.ン ヲヰヰ.Γ ヱヶヰ.ヰ ヱヴヱ.ヴ ヱヵΑ.Β ヱヵン.Α ヲヱヱヶ.Γ ヲヲヲヱ.Α ヱΓΒΒ.Α
Xヴ_right -ヴ.Γヵ -ヱヱ.ヰヵ ンヵンヱン.Αヲ ンヴヶヴヰ.Βヵ ンΒヵΓΑ.ヱΒ ヲヲヲ.ヰ ヲヱヶ.ン ヲヰヱ.ヴ ヱヵΑ.ヰ ヱヴヱ.Γ ヱヵヵ.Β ヱヵン.Α ヲヱヱヶ.Γ ヲヲヲヱ.Α ヱΓΒΒ.Α
Zヱ_left ヱ.Γヵ -ヱン.ンヵ ンヵヱΓン.ヶヵ ンヴΑヵヰ.ヶΒ ンヶΓΑヵ.Βヴ ΑヰヲΒΓ.Γ ヶヶΓヶヲ.ン ΑンンヱΓ.Α ヲヱン.ヰ ヲヰΑ.ヴ ヱΓヶ.ヰ ヱヵヵ.ヰ ヱヴヶ.Β ヱヵヲ.Β ヱヶヱ.ヰ ヲヲΓヰ.ヶ ヲヴヰヴ.ヴ ヲヱΓヵ.Γ
Zヱ_right ヱ.Γヵ -ヱン.ンヵ ンヵヰΓヶ.ヲヱ ンヲヲヱヱ.ヶヶ ンヶンヴン.Βヴ ヲヱン.ヰ ヲヰヵ.ヴ ヱΓン.ヵ ヱヵヶ.ヰ ヱヲΒ.ヵ ヱヵΑ.Β ヱヶヱ.ヰ ヲヲΓヰ.ヶ ヲヴヰヴ.ヴ ヲヱΓヵ.Γ
Zヲ_left -ヲ.ヶヵ -ヱΑ.Γヵ ンヶΑヵΒ.ヵヱ ンヶンヰヲ.ヶヱ ンヶΑヱΒ.Γヱ ΑンヲΒΑ.Α ヶΓΑヰン.ヱ ΑヴヴヶΒ.ヵ ヲヱΑ.ヰ ヲヱヲ.ン ヱΓヴ.ヵ ヱヶヱ.ヰ ヱヵΑ.Β ヱヵΓ.Α ヱヵΒ.ヴ ヲヱヶヱ.ヴ ヲヲΑヲ.ヵ ヲヱヲΑ.ヱ
Zヲ_right -ヲ.ヶヵ -ヱΑ.Γヵ ンヶヵヲΓ.ヲ ンンヴヰヰ.ヴΑ ンΑΑヴΓ.ヶ ヲヲヵ.ヰ ヲヱヱ.ン ヱΓΑ.Γ ヱヶヰ.ヰ ヱンΒ.Γ ヱヵヶ.Β ヱヵΒ.ヴ ヲヱヶヱ.ヴ ヲヲΑヲ.ヵ ヲヱヲΑ.ヱ
Zン_left ヱ.Γヵ -Β.Αヵ ンヵヵΓΒ.ヱヵ ンヴヲヶΑ.Αヲ ンΑヰヴΑ.Αヱ ΑヱヰΓン.Γ ヶΒヰヲン.ヴ ΑンΑΑヱ.ヵ ヲヱヵ.ヰ ヲヰヶ.ヴ ヱΓヵ.ヰ ヱヵΒ.ヰ ヱヴΒ.Β ヱヵΒ.Α ヱヵヵ.ヰ ヲヱΒヰ.ヱ ヲヲΑΒ.ヵ ヲヱヰヱ.ヰ
Zン_right ヱ.Γヵ -Β.Αヵ ンヵヴΓヵ.Β ンンΑヵヵ.ヶΓ ンヶΑヲン.Βン ヲヱΓ.ヰ ヲヰΒ.ヴ ヱΓヴ.ヵ ヱヵヴ.ヰ ヱヴン.Γ ヱヵΓ.Α ヱヵヵ.ヰ ヲヱΒヰ.ヱ ヲヲΑΒ.ヵ ヲヱヰヱ.ヰ
Zヴ_left -ヲ.ヶヵ -ヱン.ンヵ ンヶヶヵヱ.ヲヴ ンヵヶヱΒ.ΒΒ ヴヰヰヲヰ.ヶヶ Αヲヱヶヴ.Α ヶΓンヶΒ.ヱ ΑΑΑヰヶ.ン ヲヲヱ.ヰ ヲヱヰ.ン ヲヰヴ.ヴ ヱヵΑ.ヰ ヱヵヱ.Β ヱヶヰ.Α ヱヵヲ.ヱ ヲヱヰΑ.ヶ ヲヱΓヲ.ヵ ヱΓヵΑ.ン
Zヴ_right -ヲ.ヶヵ -ヱン.ンヵ ンヵヵヱン.ヵヱ ンンΑヴΓ.ヲン ンΑヶΒヵ.ヶヱ ヲヱΓ.ヰ ヲヰΓ.ン ヱΓΑ.Γ ヱヵΓ.ヰ ヱヴヴ.Γ ヱヵΒ.Α ヱヵヲ.ヱ ヲヱヰΑ.ヶ ヲヱΓヲ.ヵ ヱΓヵΑ.ン
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ヱヰ_ヱヰ -ヱヶ.ヰヰ -ヱヶ.ヰヰ ヴンΑヱヴ.ヶ ヴヴヲヴヰ.ン ヵヲヵヰΑ.Α ΒΑヴヲΓ.ヲ ΒΒヴΒヰ.ヶ ヱヰヵヰヱヵ.ン ヱΓΓ.ヰ ヲヰヴ.Α ヲヲΒ.ヲ ヲヰン.ヰ ヲヰヰ.ヲ ヲヲヲ.Β ヱΓヴ.ヴ ヲヲヲン.ヶ ヲヱΓΑ.ヲ ヱΒヵヱ.ン
ヱヰ_ヲヶ -ヱヶ.ヰヰ ヱヶ.ヰヰ ヴヲヴヵΓ.ヵ ヴヰΓヴヰ.ヰ ヴΑヶヶヶ.ヱ ΒヴΓヱΒ.Γ ΒヱΒΒヰ.ヰ Γヵンンヲ.ン ヱΓΓ.ヰ ヱΓン.Γ ヲヱΒ.ン ヲヰΑ.ヰ ヲヰヰ.ヲ ヲヰヴ.Α ヱΓΓ.ヲ ヲンヴヵ.ン ヲヴンヲ.ン ヲヰΒΓ.ヱ
ヱヴ_ヱン -Β.ヰヰ -ヱヰ.ヰヰ ヴヶンΓヱ.ヴ ヴヵΑヴヰ.Γ ヵヵΓΑヶ.Α ΓヲΑΒヲ.Β ΓヱヴΒヱ.Α ヱヱヱΓヵン.ヵ ヲヰヵ.ヰ ヲヱヱ.ヵ ヲンヵ.Γ ヲヱヵ.ヰ ヲヰン.Β ヲヲΑ.ン ヱΓン.ヴ ヲヰΒン.Γ ヲヱヱン.ヵ ヱΑヲΑ.ヱ
ヱヵ_ヱヵ -ヶ.ヰヰ -ヶ.ヰヰ ヴヶヱヵヴ.ヴ ヴヵヶヴヶ.ヵ ヵンヵヱヵ.Α ΓヲンヰΒ.Γ ΓヱヲΓン.ヰ ヱヰΑヰンヱ.ヴ ヲヰン.ヰ ヲヰヴ.Α ヲンヰ.ヵ ヲヱΑ.ヰ ヲヰΑ.ヵ ヲヲヲ.Β ヱΓヰ.ヴ ヲヰヶヲ.ヵ ヲヰΒヵ.ヵ ヱΑΑΒ.Β
ヱヵ_ヲヱ -ヶ.ヰヰ ヶ.ヰヰ ヴΒヰヱヴ.ヵ ヴΑヶΑΑ.Β ヵヵヵΓΓ.ヲ ΓヶヰヲΒ.Γ Γヵンヵヵ.Α ヱヱヱヱΓΒ.ヵ ヲヰΒ.ヰ ヲヰヶ.ヶ ヲンヵ.Γ ヲヱヱ.ヰ ヲヱヲ.Γ ヲヲヱ.Γ ヱΓΓ.ヱ ヲヰΑン.ヵ ヲヰΒΒ.ヲ ヱΑΓヰ.Α
ヱΑ_ヱΑ -ヲ.ヰヰ ヲ.ヰヰ ヴヵヵンΑ.ヴ ヴヵΑヲヰ.ヱ ヵヵヰヱン.ヵ ΓヱヰΑヴ.Β Γヱヴヴヰ.ヲ ヱヱヰヰヲヶ.Γ ヲヰΒ.ヰ ヲヰヵ.Α ヲンン.Β ヲヱΒ.ヰ ヲヱヱ.ヱ ヲンヲ.Α ヱΓヰ.ヵ ヲヰΓヱ.ヶ ヲヰΒン.ヲ ヱΑンヱ.ン
ヱΒ_ヱΑ ヰ.ヰヰ ヲ.ヰヰ ヴヶヰヵヵ.ヰ ヴヶンヶン.Γ ヵΑヵヵヱ.Β ΓヲヱヰΓ.Γ ΓヲΑヲΑ.Β ヱヱヵヱヰン.ヶ ヲヰΓ.ヰ ヲヰΑ.ヵ ヲンΓ.Γ ヲヱΑ.ヰ ヲヰヶ.ヶ ヲヲΓ.ヱ ヱΓヱ.ヵ ヲヰΑΒ.Α ヲヰヶヴ.Γ ヱヶヶン.ヵ
ヱΒ_ヱΒ ヰ.ヰヰ ヰ.ヰヰ ヴヵヴヶヵ.ヴ ヴヴヵヶヶ.ヶ ヵンΑヶヲ.ヲ ΓヰΓンヰ.Γ ΒΓヱンン.ヲ ヱヰΑヵヲヴ.ヴ ヲヰΓ.ヰ ヲヰヶ.ヶ ヲンヱ.Β ヲヱΑ.ヰ ヲヰΑ.ヵ ヲヲヰ.ヱ ヲヰヰ.ン ヲヲヰヲ.ヲ ヲヲヴヶ.ヶ ヱΒヶヲ.ヴ
ヲヰ_ヱヶ ヴ.ヰヰ -ヴ.ヰヰ ヴヵΓヰヲ.Γ ヴヵヵΒヲ.ヱ ヵヵヱヰヰ.ヵ ΓヱΒヰヵ.Γ Γヱヱヶヴ.ヱ ヱヱヰヲヰヱ.ヰ ヲヰヶ.ヰ ヲヰヴ.Α ヲンヴ.ヵ ヲヱΑ.ヰ ヲヰΑ.ヵ ヲヱΒ.ン ヱΓΓ.ヱ ヲヱヶΓ.ヱ ヲヱΒヴ.ヴ ヱΒヰΑ.ヱ
ヲヰ_ヲヰ ヴ.ヰヰ ヴ.ヰヰ ヴヵヶヵヵ.ヵ ヴヶンヱヵ.Γ ヵンヱヶヱ.Β Γヱンヱヰ.Γ Γヲヶンヱ.Α ヱヰヶンヲン.ヶ ヲヰヶ.ヰ ヲヰヲ.Γ ヲンヰ.ヵ ヲヱΑ.ヰ ヲヱヲ.Γ ヲヱヶ.ヵ ヱΓΓ.ヵ ヲヱΒヵ.ヲ ヲヱヵヴ.ヰ ヱΒΑヶ.ヶ
ヲヵ_ヱヱ ヲヴ.ヰヰ -ヱヴ.ヰヰ ヴヴヶヱヶ.ン ヱΒヲΒヵ.Α ヵヱヴヱン.ヴ ΒΓヲンヲ.ヶ ンヶヵΑヱ.ン ヱヰヲΒヲヶ.Β ヲヰヶ.ヰ ヲヰヲ.ヰ ヲヲヵ.ヵ ヲヱヶ.ヰ ヲヰヴ.Α ヲヲヶ.ヴ ヱΒヵ.ヵ ヲヰΑΒ.Β ヵヰΑヲ.ン ヱΒヰヴ.ヰ
ヲヵ_ヲヵ ヱヴ.ヰヰ ヱヴ.ヰヰ ヴンΒΓヵ.Α ヴヲヵヵヰ.ヴ ヴΓヱヵΒ.ヲ ΒΑΑΓヱ.ヵ Βヵヱヰヰ.Β ΓΒンヱヶ.ヴ ヱΓΒ.ヰ ヱΓヴ.Β ヲヲヱ.Γ ヲヱヶ.ヰ ヲヰヵ.Α ヲヰヶ.ヶ ヱΒン.ン ヲヰΒΒ.ヴ ヲヱヵヴ.ヴ ヱΒヶヴ.Β
ヲヶ_ヲヲ ヱヶ.ヰヰ Β.ヰヰ ヴンΑΑヱ.ヲ ヵヶΒヴ.ヶ ヵヲヵΑΒ.ヵ ΒΑヵヴヲ.ヴ ヱヱンヶΓ.ヲ ヱヰヵヱヵヶ.Γ ヱΓΓ.ヰ ヲヰヱ.ヶ ヲヲΒ.Α ヲヱΒ.ヰ ヱヶヵ.ヱ ヲヱヶ.ヵ ヱΒΒ.ン ヲヱヵヰ.ヴ ヱヶヵヵΑ.Γ ヱΑΓヰ.ヲ
ヲΑ_ヱ ヱΒ.ヰヰ -ンヴ.ヰヰ ヴンヲΒヱ.Γ ヲヴヰンヱ.ヲ ヵヱΑヰヱ.ヴ Βヶヵヶン.Β ヴΒヰヶヲ.ン ヱヰンヴヰヲ.Γ ヱΓヶ.ヰ ヲヰヱ.ヱ ヲヲヶ.ヴ ヲヱヶ.ヰ ΓΓ.ヲ ヲンヰ.ヰ ヱヶΒ.ヰ ヱΓヴヰ.ヴ ンヴΓヴ.Β ヱヶヲヴ.ヴ
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.3.3 Images

Below the SEM images where the overlap area is marked red. Four red lines are drawn

where the edges have been found for the thresholding method. The next page contains the

segmentation method.

(a) Blackbird 1.

(b) Blackbird 4.

(c) Jason.

(d)Nighthawk.

(e)Blackbird 2.

Figure 15: All the junctions measured with the thresholding method stitched together for each data set.

Any remeasurement with the GUI is represented next to the original measurement in the stitched image.



(a) Blackbird 1.

(b) Blackbird 4.

(c) Jason.

(d)Nighthawk.

(e)Blackbird 2.

Figure 16: All the junctions measured with the segmentation method stitched together for each data set.
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