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As the technology node of integrated circuits rapidly scales down
to 7nm and beyond, the electronic design automation (EDA) in
very large-scale integration (VLSI), which has been developed over
the last few decades, is challenged by the ever-increasing design
complexity of integrated circuits (ICs). To combat progressively
large IC design space more effectively and efficiently is in demand.

Recently, with the surge of artificial intelligence, increasingly so-
phisticated machine learning (ML) including deep learning (DL)
techniques have been heavily introduced into our EDA community.
These technologies innovate and accelerate the chip design from the
front-end stage to the back-end stage. However, several critical
issues emerge during the evolutional process, among which are ex-
tracting features and optimizing the associated attribute values of
features in some applications in the EDA domain. Particularly, ex-
ceedingly relying on the domain knowledge, many of the ML-based
EDA solutions still manually craft feature and corresponding at-
tribute values, and the feature extraction is frequently isolated from
the model training. On this account, the quality of the ML-based
solutions is jeopardized.

This thesis outlines several methodologies alleviating the afore-
mentioned issues in different applications at distinct stages of VLSI
design. It is mainly composed of the following four themes.
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• Revising the feature extraction method of ML techniques-based
sub-resolution assist feature (SRAF) insertion, and developing
the integer linear programming framework for insertion process
at mask synthesis stage.

• Proposing a new deep learning-accelerated layout hotspot de-
tector at the early phase of mask synthesis.

• Offering a sequential optimization-based framework with an
elaborated feature extractor for high-speed adder design space
exploration (DSE).

• Presenting a new multi-objective optimization framework for
parameter tuning of a certain physical design tool.

We expect and believe that the thesis will contribute to feature
learning and optimization in the EDA domain, and our ideas will
enlighten future studies.
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摘要 �

超大規模集成電路（VLSI）中的電子設計自動化（EDA）技術已
歷經數十年的發展。而伴隨著集成電路工藝節點快速演變到 7nm
以下，與日俱增的電路設計複雜性向 EDA 技術發起了挑戰。因此，
我們需要更有效的技術去應對超大規模的集成電路（ICs）設計空
間。

近年來，隨著人工智能浪潮的興起，包括深度學習（DL）在內
的機器學習 (ML) 技術愈發成熟，並且已被大量引入 EDA 領域。
這些技術革新並加速了從前端到後端的整個芯片設計流程。然而，

一些關鍵問題逐步凸顯在人工智能技術引進的過程中。其中就包

括在 EDA 的相關應用中，如何提取特徵以及優化特徵的屬性值。
尤其是，很多 EDA 領域的工作雖然採用了機器學習算法，但嚴重
依賴於專家知識去人為的設計特徵和屬性值。並且，還孤立地看待

特徵的提取和模型的學習過程。這大大降低了這些工作的性能。

本論文提出了在 VLSI 設計的不同階段及不同應用中緩解上述
問題的幾種方法論。主要由以下四個主題組成。

• 在掩膜版合成階段，改進了基於機器學習技術的亞分辨率輔
助特徵（SRAF）插入的特徵提取方法，並開發了基於整數線
性規劃的 SRAF 插入流程。

• 在掩膜版合成早期階段，提出一種新的基於深度學習技術加
速的版圖熱點檢測器。

• 提出了一個基於連續優化技術的加法器設計空間探索架構並
設計了相應地特徵提取技術。

• 面對特定物理設計工具的參數調優問題，提出了一種新的多
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目標優化框架。

我們期望並且也相信該論文將有助於 EDA 領域的特徵學習和
優化，同時會對未來的研究有所啟迪。
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Chapter 1

Introduction

1.1 Challenges and Motivations

With the ever-shrinking of advanced technology nodes, the com-
munity of electronic design automation (EDA) in very large-scale
integration (VLSI) has witnessed a dramatic leap in design com-
plexity recently. The challenge from the scalability, reliability of
the chip design flow (shown in Fig. 1.1) drives EDA techniques to
be upgraded rapidly. The recent advances of machine learning (ML)
methods have shown the transcendent potential to be incorporated
into techniques to tackle EDA tasks. Essentially, ML techniques
including DL methods have already been heavily introduced into
the EDA domain. These technologies innovate and accelerate the
chip design from the front-end stage to the back-end stage. Nev-
ertheless, a few crucial challenges appear during the accelerating
process, which are feature extracting and optimizing the associated
attribute values of features in design space exploration (DSE) appli-
cations. Specifically, excessively relying on the domain knowledge,
many of the ML-based EDA arts still exploit hand-crafted feature
design and attribute values. What’s worse, the feature extraction is
frequently independent of the model training. It is conspicuous that
effective, automatic feature learning or extraction will enable the
downstream learning tasks, and jointly handling the extraction and

1
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Figure 1.1 The chip design flow (partially referencing [70]).

model calibration will benefit the whole training step. Besides, de-
veloping an appropriate optimization method for some applications
like design space exploration (DSE) for CAD tool parameter tuning
will increase the quality as well as the yield of chips and further
speed up the whole chip design process.

In the following, we will present the current research status of
some post-layout applications to exemplify how the ML techniques
aid academia and industry to address the specific EDA issues and
the importance of feature learning.

Under current advanced technology nodes, lithographic process
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variations emerge more commonly in the manufacturing process. It
will lead to manufacturing defects and decrease yield. Although
lithographic simulation is able to generate fabrication results ac-
curately, it suffers from great runtime consumption. To address
these problems, different kinds of approaches are proposed. One
is mask optimization through various resolution enhancement tech-
niques (RETs) [8,23,45,54,55,71,93,153,157,160]. This strategy is
of importance in patterning and litho-friendly layout design [121],
which can improve the yield of semiconductors. Sub-resolution assist
feature (SRAF) [142] is a representative strategy of numerous RET
techniques. There are plenty of algorithms to generate SRAFs such
as rule-based [76], model-based [120], traditional machine learning
model-based approach [54,55,152] and deep learning-based solutions
like [8]. Rule-based SRAF generation method is very fast, but it is
hard to define and extract rules from model-based SRAFs. Con-
sequently, the performance can not be guaranteed. Although the
model-based method is more accurate, it is time-intensive. Further-
more, it is hard for conventional algorithms to generate consistent
SRAF patterns and may require too much engineering effort. By
contrast, the machine learning model-based scheme can faster and
more precisely obtain consistent SRAF patterns.

Another way to lighten lithographic process variations, especially
for some sensitive layout patterns, is so-called hotspot detection.
Many methods such as pattern matching-based [20, 137, 145, 163],
machine learning model-based [102, 113, 130, 159, 168] and recently
convolutional neural network (CNN) model-based [25, 25, 28, 33, 52,
72,155] hotspot detection algorithms are proposed. Pattern match-
ing provides speedup in comparison with lithographic simulation.
However, it is merely applicable to detect already known or similar
patterns and has a poor hotspot recognition rate on unknown pat-
terns. The approaches based on machine learning, especially deep
learning techniques have been able to achieve reasonably good re-
sults for hotspot detection with less time consumption.
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In these ML-based post-layout tasks, measuring the similarity
among different layout designs is extremely imperative and mean-
while involved in almost all applications in the field [22, 51, 70,
151]. Capturing and representing the intrinsic characteristics such
as topological information of a layout is the kernel to resolve the
problem. Since pattern intuitively describes and summarizes two-
dimensional polygon configurations in a layout design, pattern-based
schemes are widely used in layout design. For instance, design rule
check (DRC) plus exploiting a library of patterns to identify prob-
lematic 2D patterns, has been proven to be effective [131]. Neverthe-
less, as integrated circuit feature sizes continue to decrease, pattern-
ing technology may have a poor process margin [21]. Additionally,
the number of patterns increases dramatically, which brings about
challenges in identifying, organizing, and carrying forward the learn-
ing of each pattern from test layout designs to mature products. In
one aspect, to a machine learning model, the features directly affect
the quality of regression and prediction. Namely, with more rep-
resentative and generalized features, the learning model has better
performance on approximation and prediction. Besides, the better-
extracted features can avoid overfitting to some extent. Therefore,
the problem of how to extract characteristics from numerous layout
patterns properly demands prompt solutions.

1.2 Thesis Structure and Contributions

This thesis attempts to investigate several methodologies lightening
the aforementioned issues mainly at physical synthesis (pre-layout)
and mask synthesis (post-layout) stages. The corresponding contri-
butions are illustrated in Fig. 1.1.

The first contribution of the thesis is revising the feature extrac-
tion method in ML techniques-based sub-resolution assist feature
(SRAF) insertion, and developing the integer linear programming
framework for the insertion process [54,55]. In modern VLSI design
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flow, SRAF insertion as part of mask synthesis is one of the RETs to
improve chip manufacturing yield. With aggressive feature size con-
tinuously scaling down, layout feature learning becomes extremely
critical. In this thesis, for the first time, we enhance conventional
manual feature construction, by proposing a supervised online dic-
tionary learning algorithm for simultaneous feature extraction and
dimensionality reduction. By taking advantage of label informa-
tion, the proposed dictionary learning framework can discrimina-
tively and accurately represent the input data. We further consider
SRAF design rules in a global view, and design two integer linear
programming models in the post-processing stage of the SRAF inser-
tion framework. Experimental results demonstrate that, compared
with a state-of-the-art SRAF insertion tool, our insertion design not
only boosts the performance of the machine learning model, but also
improves the mask optimization quality in terms of edge placement
error (EPE) and process variation (PV) band area.

The second contribution of the thesis is proposing a new DL-
accelerated hotspot detection framework at the early stage of mask
synthesis [52, 53]. With the feature size of circuits entering the
nanometer era, hotspot detection has become a crucial and challeng-
ing problem in the generation of optimized mask design for better
printability. ML techniques, especially DL, have attained notable
success on hotspot detection tasks as well. However, most existing
hotspot detectors suffer from suboptimal performance due to two-
stage flow and less efficient representations of layout features. What
is more, most works can only solve simple benchmarks with appar-
ent hotspot patterns like ICCAD 2012 Contest benchmarks. In this
thesis, we firstly develop a new end-to-end hotspot detection flow
where layout feature embedding and hotspot detection are jointly
performed. An attention mechanism-based deep convolutional neu-
ral network is exploited as the backbone to learn embeddings for
layout features and classify the hotspots simultaneously. Experi-
mental results demonstrate that our detection framework achieves
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accuracy improvement over prior arts with fewer false alarms and
faster inference speed on much more challenging benchmarks.

The third contribution is offering a sequential optimization frame-
work with an elaborated feature extractor for 64-bit high-speed
adders in the application of adder DSE [49]. As we know, adders
are the primary components in the data-path logic of a micropro-
cessor, and thus adder design has been always a critical issue in
the VLSI industry. However, it is infeasible for designers to obtain
optimal adder architecture by exhaustively running EDA flow due
to the extremely large design space. Previous arts have proposed
the machine learning-based framework to explore the design space.
Nevertheless, they fall into sub-optimality due to a two-stage flow of
the learning process and less efficient nor effective feature represen-
tations of prefix adder structures. In this thesis, we first integrate
a variational graph auto-encoder and a neural process into an end-
to-end, multi-branch framework which is termed as a graph neural
process. The former performs automatic feature learning of prefix
adder structures, whilst the latter one is designed as an alterna-
tive to the Gaussian process. Then, we propose a sequential opti-
mization framework with the graph neural process as the surrogate
model to explore the Pareto-optimal prefix adder structures with
trade-offs among quality-of-result (QoR) metrics like power, area,
and delay. Experimental results show that, compared with state-
of-the-art methodologies, our framework can achieve a much better
Pareto frontier in multiple QoR metric spaces with fewer design-flow
evaluations.

Our fourth contribution is investigating a new optimization frame-
work for parameter tuning of a certain physical design tool. Physical
design flow through physical design tools plays a critical role in ad-
vanced integrated circuit design. Mostly, the parameters fed into
physical design tools are mainly manually determined based on the
domain knowledge of the experts. Nevertheless, owing to the ever-
shrinking scaling down of technology nodes and the complexity of
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the design space spanned by combinations of the parameters, even
coupled with the time-consuming simulation process, such manual
explorations for parameter configurations of physical design tools
have become extremely laborious. A few works are proposed in
the field of design flow parameter tuning. However, very limited
prior arts explore the complex correlations among multiple quality-
of-result (QoR) metrics of interest (e.g., delay, power and area)
and explicitly optimize these goals simultaneously. To overcome
these weaknesses and seek effective parameter settings (or values)
of physical design tools, in this thesis, we introduce a multi-objective
Bayesian optimization framework with a multi-task Gaussian model
as the surrogate model. An information gain-based acquisition func-
tion is adopted to sequentially choose candidates for tool simulation
to efficiently approximate the Pareto-optimal parameter configura-
tions. The experimental results on two industrial benchmarks un-
der the 7nm technology node prove the superiority of the proposed
framework compared to the cutting-edge works.

The structure of the thesis is organized as follows. Chapter 2 pro-
vides related backgrounds about some common features designed in
different ML-aided design flow stages. Chapter 3 covers the first
contribution with corresponding technique details, while the second
contribution is introduced in Chapter 4. Chapter 5 describes the
the third contribution, and the last contribution is shown in Chap-
ter 6. Chapter 7 summarizes this thesis and delivers the possible
future study directions with Appendix A supplementing the associ-
ated derivation and proof of equations.

2 End of chapter.



Chapter 2

Literature Review

In this chapter, the features learning methods in machine learning
techniques-based solutions for different EDA tasks will be intro-
duced. Besides, the developing status of four specific EDA appli-
cations covered by the thesis (i.e. SRAF insertion, layout hotspot
detection, high speed adder design exploration and parameter tun-
ing of physical design tool) will be discussed as well.

2.1 Feature Learning in ML-based Post-Layout
Applications

In a large amount of ML-based post-layout applications, layout fea-
ture extraction is indispensable. To describe layout efficiently and
effectively, numerous feature extraction methods have been pro-
posed in previous works.

2.1.1 Density-based Feature

The density-based feature [104, 145] summarizes the local pattern
density of a layout grid-wisely. It is plausible to measure mask
printability since layouts with high pattern density have a higher
risk of suffering defects. The essence behind this feature is first
placing a layout onto a canvas full of few squared grids, and then

8
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calculate the ratio between the area occupied by the pattern in one
grid and the associated grid area. Compared with other features,
the density-based feature vectors are prone to be separated in low-
dimension space. It benefits the training and inference of a machine
learning model. However, this rough idea will lead to global infor-
mation loss and degeneration of a machine learning model in high-
dimension space. In some extreme cases, the extraction method even
extracts the same feature vectors from different patterns. Hence, a
modified version of density-based feature extracted by the local grid
density differential (LGDD) method is proposed in [167]. The tra-
ditional density-based feature just calculates the density value of a
gird. However, the new scheme sets triangles locating at 4 corners
of a grid as sampling area and concatenates density values from
different sampling areas to form a feature vector. But the longer
feature dimensionality may increase the risk of overfitting. To re-
lieve the overfitting problem, some extended approaches are inves-
tigated. In [102], the parameters like grid size and window size of a
density-based feature are optimized by maximizing the Mahalanobis
distance [97] between non-hotspot and hotspot features. The prin-
cipal component analysis (PCA) method [75] is exploited to reduce
the dimensionality of feature vectors. However, information loss is
inevitable since non-principal components are ignored. In addition,
there also exists a problem that how many principal components
need to be kept. To give a direct understanding, the density feature
is shown in Fig. 2.1(b).

2.1.2 Spectrum-based Feature

As illustrated in Fig. 2.1(c), spectrum-based feature applies fre-
quency domain transforms such as the discrete Fourier transform
(DFT), discrete cosine transform (DCT). In [104, 123], a feature
vector consists of the coefficients of Fourier transform of a layout
pattern. Since the feature reflects an effect due to projection op-
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Figure 2.1 The visualizations of layout features: (a) Original layout; (b) Density-
based feature; (c) Spectrum-based feature; (d) CCAS feature.

tics, it is expected to benefit a machine learning model with highly
accurate prediction. In addition, in [123], the feature has made a
remarkable success on reflected and shifted patterns.

After achieving success on wafer clustering tasks [122,172], DCT
coefficients are also exploited as the input of convolutional neural
network (CNN) [25, 33, 155, 156]. Compared with raw layouts as
inputs, CNN with DCT as inputs can achieve higher accuracy. The
success of DCT is that the extracted features will be easier to ob-
tain high sparsity and global representations than raw images. The
defect is that the feature extraction process lacks guided informa-
tion from the follow-up network training owing to the independence
between them.
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2.1.3 Concentric Circle Area Sampling Feature

Recently proposed concentric circle area sampling (CCAS) [103] is
developed from concentric square sampling (CSS) [60]. It takes ad-
vantage of layout properties and lithography process, thus has made
considerable improvements on hotspot detection accuracy. Mean-
while, because of reflecting light diffraction effects, CCAS layout fea-
tures are also exerted to generate SRAFs in [152]. With considering
concentric propagation of diffracted light from mask patterns, the
core method of CCAS is sub-sampling on concentric circles. How-
ever, since adjacent circles contain similar information, the CCAS
features have much redundant information. The redundancy will
result in several problems like hindering the fitting of a machine
learning model. As a result, the concentric circle sampling (CCS)
method which exploits the mutual information to select import cir-
cles of CCAS is proposed in [168]. The objective of circle selection is
to maximize the dependency of selected circles on the corresponding
classification variable. Because of reducing redundancy of CCAS,
CCS is benefit for calibrating machine learning models. Fig. 2.1(d)
displays the CCAS feature extraction method.

2.1.4 Other Successful Features

Besides the above features, there are many kinds of other success-
ful features such as modified transitive closure graph representation
[163], fragmentation-based context characterization feature [40,161],
histogram of oriented light propagation (HOLP) [134], improved
tangent space-based characterization [61] and so on. In [163], the
authors modified the transitive closure graph (TCG) [88] method
to extract critical topological features within a pattern. Meanwhile,
in [61], the improved tangent space representation which reflects
the radius and angle of a polygon in a layout clip has been pro-
posed. Considering the geometric shape of a layout pattern and
the combined impact of its neighboring patterns, Yu et al. inves-
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tigated a fragmentation-based feature [161] consisting of important
information such as pattern shapes, the distance between patterns
and corner information (convex or concave). Recently, inspired by
the histogram of oriented gradient (HOG) [37], HOLP [134] feature
which reflects light propagation in the exposure process has been
presented. This feature is robust to small shifts of layout patterns.

Currently, a large quantity of state-of-the-art works based on
deep neural networks (DNNs) [8, 23, 28, 52, 72, 153] treat the post-
layout tasks as image-related issues. After translating the layouts
into images, the networks are directly fed with the images. Very
recently, Li et al. propose point-wise layout features in a two-stage
hotspot detector, where each layout feature is decomposed to dis-
crete points [85].

2.2 Feature Learning in ML-based Pre-Layout
Applications

In oceans of ML-based pre-layout applications, features can be coarsely
categorized according to the extraction paradigms: manual design
and automatic design.

First, let us exemplify manual feature design in EDA applica-
tions. In high-level synthesis (HLS, which translates C/C++/System
C-based specifications to hardware description languages such as
VHDL or Verilog) applications, features (e.g. clock periods, resources,
memory, etc.) are usually manually selected and extract from the
HLS reports [36, 99]. Xie et al. first propose a RouteNet [149] to
apply CNN for design rule checking (DRC) hotspot detection at
the placement synthesis phase. The input features are elaborately
designed by hand, which contain the information about density dis-
tribution of macros, cells, DRC violations, and so forth. Another
example is the work [94] in adder design space exploration (cov-
ering logic synthesis and physical synthesis stages). It exploits the
two-stage framework where the feature extractor for adders and sub-
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sequent machine learning models are separated. The feature repre-
sentations (e.g. sum-path-fan-out, maximum-fan-out, node size) are
determined manually to characterize the adder structure.

Regarding the examples of automatic feature extraction, the very
recent work for floorplanning [107] exploits the graph neural net-
work to extract the features from netlists. In [87] for DRC hotspot
prediction, the input features are images translated from pins and
macros density. [7] first casts the routing congestion prediction for
large-scale FPGAs to an image translating issue, and then exploits
conditional GAN to combat it. Chen et al. investigate a practical
plug-in for routability optimization, where the placement results are
converted into images like horizontal/vertical track capacity map,
cell density map, and cell pin density map, etc. Then these fea-
tures in image format are sent into fully convolution networks to
predict routing congestion. For the work on the clock tree predic-
tion and optimization, [91] regards flip flop distribution, clock net
distribution, and trial routing results as input images. In [86] to
construct routing tree, Li et al. consider the pins of a net as point
cloud and develop a deep neural network termed as TreeNet to ac-
quire the feature embedding of the point cloud. In addition, several
arts [5, 82, 138, 148], which regard the parameters as features to be
encoded and automatic determine the attribute values, are proposed
to concentrate on design flow parameter tuning.

To sum up, the feature learning techniques exploited in ML-based
EDA applications remain at the coarse level (e.g. mainly hand-
crafted without automatic learning).

2.3 Survey on Four Specific EDA Applications

2.3.1 Case I: SRAF insertion

As feature size of semiconductors enters nanometer era, lithographic
process variations are emerging as more severe issues in chip man-
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ufacturing process. That is, these process variations may result in
manufacturing defects and a decrease of yield. Besides some design
for manufacturability (DFM) approaches such as multiple pattern-
ing and litho-friendly layout design [109, 121], a de facto solution
alleviating variations is mask optimization through various resolu-
tion enhancement techniques (RETs) (e.g. [8,12,23,24,45,54,55,93,
153,157,164]). Optical proximity correction (OPC) is the most suc-
cessful representative strategy among numerous RETs, which aims
at compensating lithography proximity effects by correcting mask
pattern shapes and inserting assist features.

Although conventional OPC can size the mask to give the correct
critical dimension (CD) on the wafer, it cannot make the isolated
target pattern become dense [96]. As a result, sub-resolution as-
sist feature (SRAF) [142] insertion was proposed. Without printing
SRAF patterns themselves, the small SRAF patterns can transfer
light to the positions of target patterns, and therefore SRAFs are
able to improve the robustness of the target patterns under different
lithographic variations. A lithographic simulation example demon-
strating the benefit of SRAF insertion is illustrated in Fig. 2.2. Here
process variation (PV) band [152] (i.e. yellow circuit) area is applied
to measure the performance of lithographic process window. As a
matter of fact, the smaller area of the PV band, the better printing
performance. In Fig. 2.2(a), only OPC is conducted to improve the
printability of the target pattern, while in Fig. 2.2(b) both SRAF
insertion and OPC are applied. We can see that, through SRAF
insertion, the PV band area of the printed target pattern is effec-
tively reduced from 2688 nm2 as in Fig. 2.2(a) to 2318 nm2 as in
Fig. 2.2(b).

There is a wealth of literature on the topic of SRAF insertion for
mask optimization, which can be roughly divided into three cate-
gories: rule-based approach [76], model-based approach [120], and
machine learning-based approach [152]. Rule-based approach is able
to achieve high performance on simple designs, but it cannot handle
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Figure 2.2 The impact of SRAF insertion on lithography: (a) Printing with
OPC only (2688 nm2 PV band area); (b) Printing with both OPC and SRAF
(2318 nm2 PV band area).

complicated target patterns. Although model-based approach has
a better performance, it is unfortunately very time-consuming. Re-
cently, Xu et al. investigated an SRAF insertion framework based
on machine learning techniques [152]. After trained on the training
data set, the machine learning model draws inferences that can guide
SRAF insertion on testing data. However, on account of coarse fea-
ture extraction techniques and lack of a global view of SRAF designs,
the lithographic simulation results may not be good enough.

2.3.2 Case II: Layout Hotspot Detection

As the technology node of integrated circuits scales down to 7nm
and beyond, the techniques for lithographic processes are supposed
to manage the ever-shrinking feature size. However, owing to the
delayed progress of lithography techniques, lithographic processes
variations emerge during the manufacturing, and thus lead to yield
loss. For example, lower fidelity patterns on a wafer (a.k.a. lithogra-
phy hotspot) is one of the crucial issues. Many techniques of early
detection for hotspots have been proposed to ensure manufacturabil-
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ity. The prevalently applied lithography simulation technique could
attain high accuracy, nevertheless, it is also known to be pretty time-
consuming. Therefore, two other types of quick detection methods
are proposed as alternatives to lithography simulation. One is based
on pattern matching [89,137,145], and the other is machine learning-
driven. The pattern matching approaches take input pre-defined
pattern library of known hotspots, but they cannot detect unknown
hotspots. Fortunately, detection methods which are built upon ma-
chine learning methodologies [40,51,102,130,154,159,161,168], and
particularly deep learning techniques [25–28,33,52,72,155,173], are
able to offer fast and accurate solutions to both known and unknown
hotspot patterns.

Motivated by the recent advances of deep learning in other do-
mains like computer vision, Yang et al. firstly proposed the hotspot
detector based on a shallow convolutional neural network (CNN),
where layout clips were firstly converted into the frequency domain
via discrete cosine transform (DCT) before fed into networks [155].
To extract DCT features in different scales, the inception modules
are introduced in the work [25] to modify the structure of neural net-
works. In [33], to overcome the limitation imposed by the number
of labelled hotspots or non-hotspots, the concept of semi-supervised
learning was introduced so that unlabeled data can be harnessed
as well. By considering input layout clips as binary images, Jiang
et al. employed a binarized neural network to further speed up the
detection process [72].

2.3.3 Case III: Adder Design Space Exploration

Very large scale integration (VLSI) design methodologies have devel-
oped for about 50 years, from manually-crafted design to computer-
aided design (CAD) with increasingly higher levels of design spec-
ifications. Unfortunately, with the aggressive and amazing scal-
ing down of semiconductor technology nodes, design complexity in-
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creases dramatically. As a result, efficient design space exploration
(DSE) [11, 62, 84, 90, 92, 94, 111, 116, 126, 127, 170, 171] has emerged
as a promising solution due to the exponentially increasing size of
design space of microprocessors and the consequent time-consuming
synthesis runs.

Quintessential DSE optimizes a single objective when other ob-
jectives are considered as constraints. But, for VLSI design, ex-
ploration in multiple quality-of-result (QoR) metrics space such as
performance, power and area is required, which naturally involves
trade-offs. In this case, multi-objective DSE seeks optimal solu-
tions [94, 116] which trade off multiple objectives rather than find-
ing one single optimal point. In other words, without any further
information, none of these Pareto-optimal points can be regarded
as being better than the others in all the objectives simultaneously.
Nevertheless, obtaining a set of Pareto-optimal points with an ac-
ceptable cost is a big challenge. One main reason is that the ob-
jective functions are often unknown, and can only be determined
through a point-wise evaluation which is expensive and necessitates
large computational and time resources. Existing EDA design flow,
including synthesis tool and physical design tool, can only return
one implementation per call and even worse, the implementation
is not guaranteed to be in a Pareto set. Therefore, it is not diffi-
cult to imagine that searching for the Pareto-optimal set is time-
consuming since massive evaluations are required. In summary, the
goal of multi-objective DSE is to find a set of Pareto-optimal points
in as few evaluations of the multiple objective functions as possible
so that the total expense is minimized.

In the VLSI domain, DSE is widely exploited but not limited to
handling analog circuit synthesis [92, 171], FPGA CAD flow [90],
FPGA HLS directives design optimization [127], DNN hardware
deployment [126], processor architecture design [11], adder design
[94, 116]. To search for Pareto-optimal solutions as efficiently and
effectively as possible, most of them are based on machine learning
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techniques. Although the above DSE technologies have achieved
great success in different scenarios, most of them utilize the Gaus-
sian process which has a high computational complexity as the re-
gressor for performance estimation.

In this thesis, we focus on DSE techniques for adder design.
Adder design is one of the fundamental problems in VLSI, where
designing carry-propagation units plays the most critical role. Al-
though the unit can be implemented by enormous parallel pre-
fix structures, real synthesis and physical design running are still
needed. Regular adder structures proposed in [80, 124] and some
recently developed works [101, 115] which try to generate a single
prefix adder network under a set of structural constraints cannot
cover a large design space yet. By incorporating two pruning tech-
niques in the prior, Ma et al. [94] proposed a state-of-the-art algo-
rithm to generate the prefix graph structures, and exploit an active
learning-based optimization model to explore Pareto-optimal adder
designs.

2.3.4 Case IV: Parameter Tuning of Physical Design Tool

Over the past decades, both academia and industry have made great
efforts on studying physical design flow which is the core of modern
VLSI design. As a result, several physical design tools with dozens
of sophisticated algorithms incorporated are developed to improve
chip productivity, design quality and reduce time-to-market. Man-
ual configuring the input parameters of physical design tools relies
on expertise and domain knowledge, which may be time-intensive
and un-robust. Therefore, automatic parameter tuning is highly
desirable.

Recently, several works [5, 82, 138, 148] focus on design flow pa-
rameter tuning. For example, Ustun et al. [138] accelerate FPGA
design closure by utilizing XGBoost [132] regressor-based machine
learning tuning framework with design-specific features extracted
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from early stages of the design flow as guidance. [82] uses a tensor
decomposition-based recommender system to tune parameters for
macros. Agnesina et al. [5] optimize the placement parameters via a
deep reinforcement learning framework fed with a mixture of hand-
crafted features covering graph topology theory along and graph
embeddings generated using Graph Neural Networks. In [148], the
active learning-based approach leveraging the feature importance
sampling and XGBoost regressor is proposed for automatic parame-
ter tuning. Although these pioneered parameter tuning frameworks
have started the research explorations in this field and achieved some
progress, they have their own limitations. [138] only considers the
single QoR metric, while deep reinforcement learning framework
utilized in [5] is hard to train and requires a large amount of train-
ing data. Neither [82] nor [148] explicitly explores the correlations
among QoR metrics to be optimized, which may lead to performance
degradation.

It is worth mentioning that the parameter tuning issue often in-
volves optimizing multiple QoR metrics simultaneously. However,
these QoR metrics (e.g. delay, power and area) are usually in con-
flict or coupled. The trade-offs naturally needs to be considered.
What is more, “white-box” and “Black-box” optimization problems
emerge. For “white-box” optimization problems, the objective func-
tions have explicit formulations, which can be directly addressed by
meta-heuristics like evolutionary strategies [38] and gradient-based
optimization methods [39]. Nevertheless, there are no explicit func-
tions for optimized objectives in “Black-box” problems. Parameter
tuning of physical design tools is required to combat the “Black-
box” optimization. To a certain extent, the physical design tool
parameter tuning issue, which can be treated as parameter space ex-
ploration, is analogous to design space exploration (DSE). Thereby,
some QoR metrics optimization frameworks developed in DSE may
have the potential to be harnessed for reference. Some arts like [95]
exploit single-objective Bayesian optimization (BO) framework with
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a scalarization trick to handle multiple objectives. In these works,
scalar weights of multi-objective functions are commonly sampled
from a uniform distribution to construct a single-objective-like func-
tion. However, they are not really designed to seek near Pareto-
optimal solutions to real QoR metrics (e.g. area vs. delay, power
vs. delay and area vs. delay vs. power). Pareto active learning (PAL)
based works [94] try to classify the input points based on the learned
models into three classes: Pareto-optimal, non-Pareto-optimal, and
uncertain. In each iteration, they select the candidate input for
evaluation towards the goal of minimizing the size of uncertain set.
Although PAL flow provides theoretical guarantees, it is only appli-
cable to input space with finite dataset of discrete points.

2 End of chapter.



Chapter 3

SRAF Insertion

3.1 Introduction and Motivation

In a learning-based SRAF insertion flow, firstly, features are ex-
tracted from raw layout clips. One of the key takeaways of previous
arts is the importance of features extracted from clips that lever-
age prior gained knowledge to achieve expected results. Namely,
with more representative, generalized and discriminative layout fea-
tures, the calibrated model can perform better. In this paper, we
argue that the label information utilized in learning stage can be
further imposed in feature extraction stage, which in turn will ben-
efit the learning counterpart. In accordance with this argument,
we propose a supervised online dictionary learning algorithm, which
converts features from a high-dimension space into a low-dimension
space with label information integrated into the feature representa-
tions at the same time. To the best of our knowledge, this is the first
layout feature extraction work seamlessly combining with label in-
formation. There is no prior art in applying the dictionary learning
techniques or further supervised dictionary approaches into SRAF
insertion issue. Our main contributions are listed as follows.

• Leverage supervised online dictionary learning algorithm to
handle a large amount of layout patterns.

21
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• Our proposed feature is more discriminative and representative,
and is embedded into SRAF insertion framework.

• The SRAF insertion with design rules is modeled as an integer
linear programming (ILP) problem, and two ILP models are
proposed.

• Experimental results show that our method not only boosts the
performance of the machine learning model, but also improves
the mask optimization quality.

The rest of this chapter is organized as following. Section 5.2.1 in-
troduces some preliminaries on metrics, problem formulation in the
paper and illustrates the whole working flow of our framework to
insert SRAFs. Section 3.3 describes the specific feature extraction
method, and our supervised online dictionary learning algorithm.
Section 3.4 reveals two ILP models in post-processing stage. Sec-
tion 6.5 presents the experiment results, followed by the summary
in Section 6.6.

3.2 Preliminaries

3.2.1 Problem Formulation

Given a machine learning model, F1 score is used to measure its
accuracy. Specifically, the higher, the better. In addition, we em-
ploy PV band area and edge placement error (EPE) to quantify
lithographic simulation results.

Definition 1 (F1 Score [58]). F1 score is the harmonic mean of
two metrics, precision and recall. Precision is the number of true
positive results divided by the number of all positive results, while
recall is the ratio between number of true positive results and the
number of positive results should be returned.

F1 =
2× precision× recall

precision + recall . (3.1)
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Figure 3.1 The proposed SRAF generation flow.

Definition 2 (PV Band). Given a lithography simulation contours
at a set of process conditions, the process variation (PV) band is the
area between the outer contour and inner contour.

Definition 3 (EPE [152]). Given a lithography simulation contour
at the nominal condition, the edge placement error (EPE) is de-
fined as the displacement between the target pattern contour and the
nominal contour.

Based on the above metrics, we define the SRAF insertion prob-
lem as follows.

Problem 1 (SRAF Insertion). Given a training set of layout clips
and specific SRAF design rules, the objective of SRAF insertion
is to place SRAFs in the testing set of layout clips such that the
corresponding PV band and the EPE are minimized.

3.2.2 Overall Flow

The overall flow of our proposed SRAF insertion is shown in Fig. 3.1,
which consists of two stages: feature extraction and SRAF inser-
tion. In the feature extraction stage, after feature extraction via
concentric circle area sampling (CCAS), we propose supervised fea-
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ture revision, namely, mapping features into a discriminative low-
dimension space. A dictionary consists of atoms which are the
representatives of the original features. Sparsely encoded over a
well-trained dictionary, the original features are described as com-
binations of atoms. Due to space transformation, the new features
(i.e. sparse codes) are more abstract and discriminative with negli-
gible information loss for classification. Therefore, proposed super-
vised feature revision is expected to avoid over-fitting of a machine
learning model. In the second stage, based on the predictions in-
ferred by learning model, SRAF insertion can be treated as a math-
ematical optimization problem accompanied by taking design rules
into consideration.

3.3 Feature Extraction

In this section, we firstly introduce the CCAS feature extraction
method, and supervised feature revision. By the end, we give the
details about our supervised online dictionary learning algorithm
and corresponding analysis.

3.3.1 CCAS Feature Extraction

With considering concentric propagation of diffracted light from
mask patterns, recently proposed CCAS [103] layout feature is used
in SRAF generation domain.

In SRAF insertion, the raw training data set is made up of a set
of layout clips which include a set of target patterns and model-
based SRAFs. Each layout clip is put on a 2-D grid plane with a
specific grid size so that real training samples can be extracted via
CCAS method at each grid. For every sample, according to the
model-based SRAFs, the corresponding label is either “1” or “0”.
As Fig. 3.2(a) illustrates, “1” means inserting an SRAF at this grid,
while “0” indicates there is no assist feature. Fig. 3.2(b) shows the
CCAS feature extraction method.
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Figure 3.2 The CCAS feature extraction method: (a) SRAF label; (b) CCAS
for feature extraction in machine learning model-based SRAF generation.

However, since adjacent circles contain similar information, the
CCAS feature has much redundancy. In fact, the redundancy will
hinder the fitting of a machine learning model.

3.3.2 Supervised Feature Revision

With CCAS features as inputs, the dictionary learning model is ex-
pected to output the discriminative feature of low-dimension. In the
topic of data representation [43], a self-adaptive dictionary learning
model can sparsely and accurately represent data as linear combina-
tions of atoms (i.e., columns) from a dictionary matrix. This model
reveals the intrinsic characteristics of raw data.

In recent arts, sparse decomposition and dictionary construction
are coupled in a self-adaptive dictionary learning framework. As
a result, the framework can be modeled as an unconstrained opti-
mization problem. The joint objective function of a self-adaptive
dictionary model for feature revision problem is proposed as Equa-
tion (3.2):

min
x,D

1

N

N∑
t=1

{1
2
∥yt −Dxt∥22 + λ ∥xt∥p}, (3.2)

where yt ∈ Rn is an input CCAS feature vector, and D = {dj}sj=1 ,dj ∈
Rn represents the dictionary made up of atoms to encode input
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Figure 3.3 The overview of dictionary learning.

features. xt ∈ Rs denotes sparse codes (i.e. sparse decomposition
coefficients) with p referring to the type of norm. Meanwhile, N

is the total number of training data vectors in memory. The above
equation, illustrated in Fig. 3.3, consists of a series of reconstruction
error, ∥yt −Dxt∥22, and a regularization term ∥xt∥p. In Fig. 3.3, ev-
ery grid represents a numerical value, and dark grids of xt indicate
zero. It can be seen that the motivation of dictionary learning is to
sparsely encode input CCAS features over a well-trained dictionary.

Latent Supervised Information

However, from Equation (3.2), it is easy to discover that the main
optimization goal is minimizing the reconstruction error in a mean
squared sense, which may not be compatible with the goal of classi-
fication. Therefore, we try to explore the latent label information,
and then propose our joint objective function as Equation (3.3). As
aforementioned, a label indicates whether a grid is occupied with an
SRAF or not. Here, an assumption has been made in advance that
every atom is associated with a particular label. It is true because
in initialization, atoms are trained by CCAS features for each class.
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In Equation (3.3), α is a hyper-parameter balancing the contribution
of each part to reconstruction error. qt ∈ Rs is defined as discrim-
inative sparse code of t-th input feature vector. Thus, A ∈ Rs×s

transforms original sparse code xt into discriminative sparse code.
Filled with constants (“0.0” or “1.0”), qt reflects the categorical rela-
tionship between corresponding atoms and t-th input. For example,
“1.0” means the input shares the same label with the corresponding
atom, while “0.0” vice versa. Given the input and the dictionary D,
it is obvious that qt is not undetermined. On the contrary, it has
some fixed types and once an input is given, one type is selected.

For example, assume D = {d1,d2,d3,d4} with d1 and d2 from
class 1, d3 and d4 from class 2, then qt for the corresponding input
yt is supposed to be either (1.0, 1.0, 0.0, 0.0)⊤ or (0.0, 0.0, 1.0, 1.0)⊤.
For further explanation, we merge different types of qt as a Q matrix:

Q =
(
q1, q2

)
=


1.0 0.0

1.0 0.0

0.0 1.0

0.0 1.0

 , (3.4)

where (1.0, 1.0, 0.0, 0.0)⊤ means input sample shares the same label
with d1 and d2, and (0.0, 0.0, 1.0, 1.0)⊤ indicates that the input, d3

and d4 are from the same class.
To illustrate physical meaning of Equation (3.3) clearly, we can

also rewrite it via splitting the reconstruction term into two terms
within l2-norm as Equation (3.5):

min
x,D,A

1

N

N∑
t=1

{1
2
∥yt −Dxt∥22 +

α

2
∥qt −Axt∥22 + λ∥xt∥p}. (3.5)

The first term ∥yt −Dxt∥22 is still the reconstruction error term.
The second term ∥qt −Axt∥22 represents discriminative error, which
imposes a constraint on the approximation of qt. As a result, the
input CCAS features from same class share quite similar represen-
tations.
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<latexit sha1_base64="9uRmigbRU2gk7L38QsMLLMB+/9s=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSIIhZKIoMeiF48VTFtoQ9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dtbWNza3tks75d29/YPDytFxSyeZYuizRCSqE1KNgkv0DTcCO6lCGocC2+H4bua3n1BpnshHM0kxiOlQ8ogzaqzky5quef1K1a27c5BV4hWkCgWa/cpXb5CwLEZpmKBadz03NUFOleFM4LTcyzSmlI3pELuWShqjDvL5sVNybpUBiRJlSxoyV39P5DTWehKHtjOmZqSXvZn4n9fNTHQT5FymmUHJFouiTBCTkNnnZMAVMiMmllCmuL2VsBFVlBmbT9mG4C2/vEpal3XPrXsPV9XGbRFHCU7hDC7Ag2towD00wQcGHJ7hFd4c6bw4787HonXNKWZO4A+czx/o/Y4U</latexit><latexit sha1_base64="9uRmigbRU2gk7L38QsMLLMB+/9s=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSIIhZKIoMeiF48VTFtoQ9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dtbWNza3tks75d29/YPDytFxSyeZYuizRCSqE1KNgkv0DTcCO6lCGocC2+H4bua3n1BpnshHM0kxiOlQ8ogzaqzky5quef1K1a27c5BV4hWkCgWa/cpXb5CwLEZpmKBadz03NUFOleFM4LTcyzSmlI3pELuWShqjDvL5sVNybpUBiRJlSxoyV39P5DTWehKHtjOmZqSXvZn4n9fNTHQT5FymmUHJFouiTBCTkNnnZMAVMiMmllCmuL2VsBFVlBmbT9mG4C2/vEpal3XPrXsPV9XGbRFHCU7hDC7Ag2towD00wQcGHJ7hFd4c6bw4787HonXNKWZO4A+czx/o/Y4U</latexit><latexit sha1_base64="9uRmigbRU2gk7L38QsMLLMB+/9s=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSIIhZKIoMeiF48VTFtoQ9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dtbWNza3tks75d29/YPDytFxSyeZYuizRCSqE1KNgkv0DTcCO6lCGocC2+H4bua3n1BpnshHM0kxiOlQ8ogzaqzky5quef1K1a27c5BV4hWkCgWa/cpXb5CwLEZpmKBadz03NUFOleFM4LTcyzSmlI3pELuWShqjDvL5sVNybpUBiRJlSxoyV39P5DTWehKHtjOmZqSXvZn4n9fNTHQT5FymmUHJFouiTBCTkNnnZMAVMiMmllCmuL2VsBFVlBmbT9mG4C2/vEpal3XPrXsPV9XGbRFHCU7hDC7Ag2towD00wQcGHJ7hFd4c6bw4787HonXNKWZO4A+czx/o/Y4U</latexit><latexit sha1_base64="9uRmigbRU2gk7L38QsMLLMB+/9s=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSIIhZKIoMeiF48VTFtoQ9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dtbWNza3tks75d29/YPDytFxSyeZYuizRCSqE1KNgkv0DTcCO6lCGocC2+H4bua3n1BpnshHM0kxiOlQ8ogzaqzky5quef1K1a27c5BV4hWkCgWa/cpXb5CwLEZpmKBadz03NUFOleFM4LTcyzSmlI3pELuWShqjDvL5sVNybpUBiRJlSxoyV39P5DTWehKHtjOmZqSXvZn4n9fNTHQT5FymmUHJFouiTBCTkNnnZMAVMiMmllCmuL2VsBFVlBmbT9mG4C2/vEpal3XPrXsPV9XGbRFHCU7hDC7Ag2towD00wQcGHJ7hFd4c6bw4787HonXNKWZO4A+czx/o/Y4U</latexit>

{ N { {{
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s
<latexit sha1_base64="N1eK0lTaQQAFA6yHzcECkl4oWJk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/epYz3</latexit><latexit sha1_base64="N1eK0lTaQQAFA6yHzcECkl4oWJk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/epYz3</latexit><latexit sha1_base64="N1eK0lTaQQAFA6yHzcECkl4oWJk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/epYz3</latexit><latexit sha1_base64="N1eK0lTaQQAFA6yHzcECkl4oWJk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/epYz3</latexit>
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<latexit sha1_base64="pllvYHRduEvsHhXfv04wTS8CO7g="></latexit><latexit sha1_base64="pllvYHRduEvsHhXfv04wTS8CO7g="></latexit><latexit sha1_base64="pllvYHRduEvsHhXfv04wTS8CO7g="></latexit><latexit sha1_base64="pllvYHRduEvsHhXfv04wTS8CO7g="></latexit>
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<latexit sha1_base64="Ep9PhwZ48W8s50rMVlok5byKlns=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4KjMi6LLoxmUF+4B2GDKZtA3NJEOSKZahf+LGhSJu/RN3/o2ZdhbaeiDkcM695OREKWfaeN63s7a+sbm1Xdmp7u7tHxy6R8dtLTNFaItILlU3wppyJmjLMMNpN1UUJxGnnWh8V/idCVWaSfFopikNEjwUbMAINlYKXbcfSR7raWIv9BSaaujWvLo3B1olfklqUKIZul/9WJIsocIQjrXu+V5qghwrwwins2o/0zTFZIyHtGepwAnVQT5PPkPnVonRQCp7hEFz9fdGjhNdhLOTCTYjvewV4n9eLzODmyBnIs0MFWTx0CDjyEhU1IBipigxfGoJJorZrIiMsMLE2LKKEvzlL6+S9mXd9+r+w1WtcVvWUYFTOIML8OEaGnAPTWgBgQk8wyu8Obnz4rw7H4vRNafcOYE/cD5/ACeTk1M=</latexit><latexit sha1_base64="Ep9PhwZ48W8s50rMVlok5byKlns=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4KjMi6LLoxmUF+4B2GDKZtA3NJEOSKZahf+LGhSJu/RN3/o2ZdhbaeiDkcM695OREKWfaeN63s7a+sbm1Xdmp7u7tHxy6R8dtLTNFaItILlU3wppyJmjLMMNpN1UUJxGnnWh8V/idCVWaSfFopikNEjwUbMAINlYKXbcfSR7raWIv9BSaaujWvLo3B1olfklqUKIZul/9WJIsocIQjrXu+V5qghwrwwins2o/0zTFZIyHtGepwAnVQT5PPkPnVonRQCp7hEFz9fdGjhNdhLOTCTYjvewV4n9eLzODmyBnIs0MFWTx0CDjyEhU1IBipigxfGoJJorZrIiMsMLE2LKKEvzlL6+S9mXd9+r+w1WtcVvWUYFTOIML8OEaGnAPTWgBgQk8wyu8Obnz4rw7H4vRNafcOYE/cD5/ACeTk1M=</latexit><latexit sha1_base64="Ep9PhwZ48W8s50rMVlok5byKlns=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4KjMi6LLoxmUF+4B2GDKZtA3NJEOSKZahf+LGhSJu/RN3/o2ZdhbaeiDkcM695OREKWfaeN63s7a+sbm1Xdmp7u7tHxy6R8dtLTNFaItILlU3wppyJmjLMMNpN1UUJxGnnWh8V/idCVWaSfFopikNEjwUbMAINlYKXbcfSR7raWIv9BSaaujWvLo3B1olfklqUKIZul/9WJIsocIQjrXu+V5qghwrwwins2o/0zTFZIyHtGepwAnVQT5PPkPnVonRQCp7hEFz9fdGjhNdhLOTCTYjvewV4n9eLzODmyBnIs0MFWTx0CDjyEhU1IBipigxfGoJJorZrIiMsMLE2LKKEvzlL6+S9mXd9+r+w1WtcVvWUYFTOIML8OEaGnAPTWgBgQk8wyu8Obnz4rw7H4vRNafcOYE/cD5/ACeTk1M=</latexit><latexit sha1_base64="Ep9PhwZ48W8s50rMVlok5byKlns=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4KjMi6LLoxmUF+4B2GDKZtA3NJEOSKZahf+LGhSJu/RN3/o2ZdhbaeiDkcM695OREKWfaeN63s7a+sbm1Xdmp7u7tHxy6R8dtLTNFaItILlU3wppyJmjLMMNpN1UUJxGnnWh8V/idCVWaSfFopikNEjwUbMAINlYKXbcfSR7raWIv9BSaaujWvLo3B1olfklqUKIZul/9WJIsocIQjrXu+V5qghwrwwins2o/0zTFZIyHtGepwAnVQT5PPkPnVonRQCp7hEFz9fdGjhNdhLOTCTYjvewV4n9eLzODmyBnIs0MFWTx0CDjyEhU1IBipigxfGoJJorZrIiMsMLE2LKKEvzlL6+S9mXd9+r+w1WtcVvWUYFTOIML8OEaGnAPTWgBgQk8wyu8Obnz4rw7H4vRNafcOYE/cD5/ACeTk1M=</latexit>

s
<latexit sha1_base64="N1eK0lTaQQAFA6yHzcECkl4oWJk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/epYz3</latexit><latexit sha1_base64="N1eK0lTaQQAFA6yHzcECkl4oWJk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/epYz3</latexit><latexit sha1_base64="N1eK0lTaQQAFA6yHzcECkl4oWJk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/epYz3</latexit><latexit sha1_base64="N1eK0lTaQQAFA6yHzcECkl4oWJk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/epYz3</latexit>
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Figure 3.4 The illustration of supervised dictionary learning.

Direct Supervised Information

Since the latent class information has been exploited, the label infor-
mation can also be directly harnessed. After adding the prediction
error term into initial objective function Equation (3.3), we propose
our final joint objective function as Equation (3.6):

min
x,D,A,W

1

N

N∑
t=1

{1
2

∥∥∥∥∥∥∥
(
y⊤
t ,
√
αq⊤

t ,
√
βht

)⊤
−

 D
√
αA

√
βW

xt

∥∥∥∥∥∥∥
2

2

+ λ∥xt∥p}, (3.6)

where ht ∈ R is the label with W ∈ R1×s the related weight vector,
and therefore ∥ht −Wxt∥22 refers to the classification error. α and
β are hyper-parameters which control the contribution of each term
to reconstruction error and balance the trade-off. It can be seen that
Equation (3.6) restricts the representation of original data. Further-
more, it is expected to let the original data vectors from the same
class share similar representations, thus benefits the calibration of
a machine learning model. The illustration for supervised dictio-
nary learning is shown in Fig. 3.4, where the supervised information
is appended to the end of the unsupervised data vector and new
feature vectors from same class are similar in terms of structure.

The discriminative property in low-dimension of the new feature
is demonstrated in Fig. 3.5, where blue color refers to the non-zero
number. More than 1000 CCAS features and their corresponding
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Figure 3.5 Feature map comparison: (a) CCAS based; (b) The same features
after supervised feature revision.

new features are selected as exemplars. Fig. 3.5(a) shows the original
CCAS feature which is sparse due to benchmark layouts. The di-
mensionality of the CCAS features is over 1000. On the other hand,
as shown in Fig. 3.5(b), the new features are in low-dimension space
(dimensionality only 200) meanwhile they can be roughly divided
into two classes.

3.3.3 Online Algorithm

Recently, some attempts which explore label information are pro-
posed in succession such as Discriminative K-SVD [169], kernel-
ized supervised dictionary learning [44], label consistent K-SVD [73]
(LCK-SVD) dictionary learning and supervised K-SVD with dual-
graph constraints [158].

However, most of them are based on K-SVD [6] which belongs
to batch-learning method. They are not suitable for dealing with
large dataset since the computation overhead (e.g. computing the
inverse of a very large matrix) may be high. Online learning method
applied in dictionary learning model [98,125] is a good idea, yet these
algorithms are unsupervised.

Therefore, we develop an efficient online learning method, which
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seamlessly combines aforementioned supervised dictionary learning.
Unlike the batch approaches, online approaches process training
samples incrementally, one training sample (or a small batch of
training samples) at a time, similarly to stochastic gradient descent.

According to our proposed formulation (i.e. Equation (3.6)), the
joint optimization of both dictionary and sparse codes is non-convex,
but sub-problem with one variable fixed is convex. Hence, Equa-
tion (3.6) can be divided into two convex sub-problems. Note that,
in a taste of linear algebra, our new input with label information, i.e.(
y⊤
t ,
√
αq⊤

t ,
√
βht

)⊤ in Equation (3.6), can be still regarded as the
original yt in Equation (3.2). So is the new merged dictionary con-
sisting of D, A and W . For simplicity of description and derivation,
in following analysis, we will use yt referring to

(
y⊤
t ,
√
αq⊤

t ,
√
βht

)⊤
and D standing for merged dictionary with x as the sparse codes.

The two stages, i.e. sparse coding and dictionary constructing,
will be alternatively performed in iterations. Thus, in t-th iteration,
the algorithm firstly draws the input sample yt or a mini-batch over
the current dictionary Dt−1 and obtains the corresponding sparse
codes xt. Then use two updated auxiliary matrices, Bt and Ct to
help compute Dt.

The objective function for sparse coding is showed in Equation (3.7):

xt
∆
= arg min

x

1

2
∥yt −Dt−1x∥22 + λ∥x∥1. (3.7)

If the regularizer adopts l0-norm, solving Equation (3.7) is NP-hard.
Although there exist some classical algorithms like matching pursuit
(MP) [100] and orthogonal matching pursuit (OMP) [114] to address
problem with l0-norm regularizer, nowadays, adopting l1-norm is
much more popular. The reason is that l1-norm is a convex replace-
ment of l0-norm, and thus many more fancy optimization algorithms
can be exploited. In statistical community, Equation (3.7) is a model
called Lasso [133], which is short for the least absolute shrinkage and
selection operator. As we can see in Equation (3.7), Lasso is a penal-
ized least squares technique that puts l1 constraint on the estimated
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regression coefficients. It is mainly based on the following two con-
cepts. One is that l1 regularization approximates l0 regularization.
The other is that shrinkage operation improves prediction perfor-
mance. Lasso can be solved by coordinate descent [41, 136] and
some other first-order algorithms which are critical in large-scale
machine learning and deep learning [117]. For example, fast iter-
ative shrinkage-threshold algorithm (FISTA) [13] is a fancy Lasso
solver, which achieves the optimal convergence rate of first-order
algorithms. Although various variants exist, gradient descent and
mirror descent are the foundations of first-order methods [9].

Two auxiliary matrices Bt ∈ R(n+s+1)×s and Ct ∈ Rs×s are de-
fined respectively in Equation (3.8) and Equation (3.9):

Bt ←
t− 1

t
Bt−1 +

1

t
ytx

⊤
t , (3.8)

Ct ←
t− 1

t
Ct−1 +

1

t
xtx

⊤
t . (3.9)

The objective function for dictionary construction is:

Dt
∆
= arg min

D

1

t

t∑
i=1

{1
2
∥yi −Dxi∥22 + λ∥xi∥1}. (3.10)

Algorithm 1 summarizes the algorithm details of the proposed
supervised online dictionary learning (SODL) algorithm. First, in
initialization stage, we randomly pick some data of two categories
from training dataset as inputs Y . To initialize D, several iterations
of K-SVD [6] for each class are computed, and then all the outputs
of each K-SVD are combined. As a result, atoms are naturally
allocated to corresponding classes. After initialization of D, initial
Q is ready. For initialization of A, we adopt ridge regression model
[56], as showed in Equation (3.11):

arg min
A

∥Q−AX∥+ λ2 ∥A∥22 . (3.11)

Similarly, for initial W , the ridge regression model is again ex-
ploited. Then, we use coordinate descent algorithm [41, 136] as
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Algorithm 1 Supervised Online Dictionary Learning (SODL)

Require: Input merged features Y ← {yt}Nt=1 ,yt ∈ R(n+s+1) (including orig-
inal CCAS features, discriminative sparse code Q ← {qt}Nt=1 , qt ∈ Rs and
label information H ← {ht}Nt=1 , ht ∈ R).

Ensure: New features X ← {xt}Nt=1 ,xt ∈ Rs, dictionary D ← {dj}sj=1 ,dj ∈
R(n+s+1).

1: Initialization: Initial merged dictionary D0,dj ∈ R(n+s+1) (including
initial transformation matrix A0 ∈ Rs×s and initial label weight matrix
W0 ∈ R1×s), C0 ∈ Rs×s ← 0, B0 ∈ R(n+s+1)×s ← 0;

2: for t← 1 to N do
3: Sparse coding yt and obtaining xt; ▷ Equation (3.7)
4: Update auxiliary variable Bt; ▷ Equation (3.8)
5: Update auxiliary variable Ct; ▷ Equation (3.9)
6: Update dictionary Dt; ▷ Algorithm 2;
7: end for

the solving scheme to Equation (3.7) (line 3). To accelerate the
convergence speed, Equation (3.10) involves the computations of
past signals y1, . . . ,yt and the sparse codes x1, ...,xt. One way
to efficiently update dictionary is that introduce some sufficient
statistics, i.e. Bt ∈ R(n+s+1)×s (line 4) and Ct ∈ Rs×s (line 5),
into Equation (3.10) without directly storing the past information,
namely input data sample yi and corresponding sparse codes xi for
i ≤ t. These two auxiliary variables play important roles in updating
atoms, which aggregates the past information during computations.
We further exploit block coordinate method with warm start [41]
to resolve Equation (3.10) (line 6). As a result, through some gra-
dient calculations, we bridge the gap between Equation (3.10) and
sequentially updating atoms based on Equations (3.12) and (3.13).

uj ←
1

C [j, j]
(bj −Dcj) + dj. (3.12)

dj ←
1

max
(
∥uj∥2, 1

)uj. (3.13)

For each atom dj, the updating rule is illustrated in Algorithm 2.
In Equation (3.12), Dt−1 is selected as the warm start of D. bj in-
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Algorithm 2 Rules for Updating Atoms
Require: Dt−1 ← {dj}sj=1 ,dj ∈ R(n+s+1),

Bt ← {bj}sj=1 , bj ∈ R(n+s+1),
Ct ← {cj}sj=1 , cj ∈ Rs.

Ensure: dictionary Dt ← {dj}sj=1 ,dj ∈ R(n+s+1).
1: for j ← 1 to s do
2: Update the j-th atom dj ; ▷ Equations (3.12) and (3.13)
3: end for

dicates the j-th column of Bt, while cj is the j-th column of Ct.
C [j, j] denotes the j-th element on diagonal of Ct. Equation (3.13)
is an l2-norm constraint on atoms to prevent atoms becoming arbi-
trarily large (which may lead to arbitrarily small sparse codes). [15]
proves that in the stage of constructing dictionary, the convex op-
timization problem allowing separable constraints in the updated
blocks (columns) will guarantee the convergence to a global opti-
mum.

3.3.4 Convergence Analysis

Proposed algorithm deals the non-convex optimization problem in
an alternative framework. As a result, our algorithm converges to a
stationary point of the objective function, while finding the global
optimum is not guaranteed [59]. In fact, for practical applications,
stationary points are enough empirically.

Before our analysis, some definitions should be made in advance.
The optimal value of the sparse coding problem is defined as Equa-
tion (3.14).

l (yi,D) ≜ min
x
{1
2
∥yi −Dx∥22 + λ ∥x∥1}. (3.14)

As illustrated in Equation (3.15), we denote the empirical cost
function (whose value is supposed to be small) to check whether D
is good at representing the input data.

ft (D) ≜ 1

t

t∑
i=1

l (yi,D) . (3.15)
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Actually, according to [18], the minimization of empirical cost
ft (D) with high accuracy is not the real spotlight. By contrast, the
minimization of expected cost f (D), i.e. Equation (3.16) , is what
we want to explore.

f (D) ≜ Eyt [l (yt,D)] = lim
t→∞

ft (D) . (3.16)

We define the surrogate function, f̂t in Equation (3.17), for ft. It
can be seen that it upperbounds the empirical cost ft (Dt).

f̂t (D) ≜ 1

t

t∑
i=1

{1
2
∥yi −Dxi∥22 + λ ∥xi∥1}. (3.17)

The f̂t (Dt) and ft (Dt) converge almost to the same limit and
hence that f̂t plays a role as the surrogate function for ft. As a
result, Dt is close to Dt−1 for large value of t, which motivates us
to use Dt−1 as a warm start when computing Dt.

Theorem 1. Assume the surrogate function f̂t are strictly convex
with lower-bounded Hessians, when t goes infinity, the distance be-
tween the stationary points of proposed dictionary learning problem
and dictionary Dt will converge to 0.

The detailed proof is provided in Appendix A.1.2.

3.4 SRAF Insertion

3.4.1 SRAF Probability Learning

After feature extraction via CCAS and revision through SODL frame-
work, the discriminative, low-dimension features of grids on a lay-
out are obtained. Therefore, a machine learning model is calibrated
by new features of training set, and predicts the probabilities of
inserting SRAF patterns into gridded testing layout. This proce-
dure is named as SRAF Probability Learning, which not only guides
the SRAF insertion, but also bridges the gap between the previous
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continuous optimization problem and the consequent discrete opti-
mization issue. For fair comparison, we exploit the same classifier,
logistic regression, as used in [152]. This widely used model har-
nesses the logistic function as the core to predict the probabilities
for classes.

3.4.2 SRAF Insertion via ILP

Through SODL model and classifier, the probabilities of 2-D grids
can be obtained. Based on design rules for the machine learning
model, the label for a grid with probability less than the threshold
is “0”. It means that the grid will be ignored when doing SRAF
insertion. However, in [152], the scheme to insert SRAFs is a little
naive and greedy. Actually, combined with some SRAF design rules
such as maximum length and width, minimum spacing, the SRAF
insertion can be modeled as an integer linear programming problem.
With ILP model to formulate SRAF insertion, we will obtain a
global view of SRAF generation.

In the objective of the ILP approach, we only consider valid grids
whose probabilities are larger than the threshold. The probability
of each grid is denoted as p(i, j), where i and j indicate the index
of a grid. For simplicity, we merge the current small grids into new
bigger grids, as shown in Fig. 3.6. Then we define c(x, y) as the
value of each merged grid, where x, y denote the index of a merged
grid. The rule to compute c(x, y) follows Equation (3.18).

c(x, y) =


∑

(i,j)∈(x,y) p(i, j), if ∃ p(i, j) ≥ threshold,

−1, if all p(i, j) < threshold.
(3.18)

The motivation behind this approach is twofold. One is to speed
up the ILP via reducing the problem size. Because we can pre-
determine some decision variables whose values are negative. The
other is to keep the consistency of predictions in SRAF probability
learning.
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Figure 3.7 Relaxed design rules for SRAF insertion under the grid model.

Although the grid mergence may lead to some quality degrada-
tion, it is acceptable compared to the magnificent efficiency increase.
The quality degradation is caused by the a few location deviations
of SRAF patterns under grid models with different sizes. However,
in SRAF insertion, the lithographic performance mainly depends
on the number of SRAF patterns and SRAF pattern shapes, while
few location deviations affects the lithographic performance minorly.
On the other hand, according to the design rules, the minimum size
of an SRAF pattern is 40nm× 40nm, and the size of a merged grid
is also 40nm × 40nm. It is more natural to exploit grid mergence,
and thus boosts the ILP. Otherwise, it would be time-consuming to
find solutions for ILP since constraints are much more complicated.

ILP with Relaxed Design Rules

In ILP for SRAF insertion, our real target is to maximize the total
probability of valid grids with feasible SRAF insertion. Accordingly,
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it is manifest to put up with the objective function, which is to
maximize the total value of merged grids. With considering relaxed
design rules (e.g. relaxing maximum length from 90nm to 120nm),
the ILP formulation is shown in Formula (3.19).

max
a(x,y)

∑
x,y

c(x, y) · a(x, y) (3.19a)

s.t. a(x, y) + a(x− 1, y − 1) ≤ 1, ∀(x, y), (3.19b)

a(x, y) + a(x− 1, y + 1) ≤ 1, ∀(x, y), (3.19c)

a(x, y) + a(x+ 1, y − 1) ≤ 1, ∀(x, y), (3.19d)

a(x, y) + a(x+ 1, y + 1) ≤ 1, ∀(x, y), (3.19e)

a(x, y) + a(x, y + 1) + a(x, y + 2)

+ a(x, y + 3) ≤ 3, ∀(x, y), (3.19f)

a(x, y) + a(x+ 1, y) + a(x+ 2, y)

+ a(x+ 3, y) ≤ 3, ∀(x, y), (3.19g)

a(x, y) ∈ {0, 1}, ∀(x, y). (3.19h)

Here a(x, y) refers to the insertion situation at the merged grid
(x, y). According to the rectangular shape of an SRAF and the
spacing rule, the situation of two adjacent SRAFs on the diagonal is
forbidden by Constraints (3.19b) to (3.19e); e.g. Constraint (3.19b)
requires the a(x, y) and the left upper neighbor a(x− 1, y − 1) can-
not be 1 at the same time, otherwise which will lead to the violation
against design rules. Constraints (3.19f) to (3.19g) restrict the max-
imum length of SRAFs. The Fig. 3.7 actively illustrates these linear
constraints coming from design rules.

ILP with General Design Rules

Previous case is a relaxed version. However, in most scenarios, more
general design rules for inserting SRAFs are considered. Especially,
the off-grid pattern is allowed. Now 90nm as maximum length for
SRAFs and 40nm still the minimum length is taken into account,
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Figure 3.8 Five basic types of SRAF patterns under general design rules.

and thus we choose 5 most representative types for SRAF patterns
which are shown in Fig. 3.8.

After considering the flexibility for more general rules, the new
ILP model is proposed in Formula (3.20).

max
a(x,y,i)

∑
x,y,i

wi · a(x, y, i) · v(x, y, i) (3.20a)

s.t. v(x, y, 1) = c(x, y) + c(x− 1, y)

+ 0.25 · c(x− 2, y), ∀(x, y), (3.20b)

v(x, y, 2) = c(x, y) + c(x− 1, y), ∀(x, y), (3.20c)

v(x, y, 3) = c(x, y), ∀(x, y), (3.20d)

v(x, y, 4) = c(x, y) + c(x, y + 1), ∀(x, y), (3.20e)

v(x, y, 5) = c(x, y) + c(x, y + 1)

+ 0.25 · c(x, y + 2), ∀(x, y), (3.20f)∑
i

a(x, y, i) ≤ 1, ∀(x, y), (3.20g)

a(x1, y1, i) + a(x2, y2, j) ≤ 1,

∀(x1, y1, i), (x2, y2, j) ∈ C, (3.20h)

a(x, y, i) ∈ {0, 1}, ∀(x, y, i). (3.20i)

The decision variable a(x, y, i) is extended to three dimensions,
which indicates whether the i-th type of SRAF pattern should be
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inserted at the merged grid (x, y). v(x, y, i) means the contribu-
tion of inserting the i-th type into the merged grid (x, y) to the
objective function, while wi is the corresponding weight parameter.
The values for w1, w2, w3, w4, w5 are set to be 1.4, 0.1, 1.0, 0.1,
1.4 respectively, which indicates that SRAF patterns of 90nm in
length are more encouraged to insert over patterns of 80nm. Since
the regular SRAFs around the target pattern benefit lithography,
we set the same value for w1 and w5, and the same principle of
assignment works on w2 and w4. The different values for differ-
ent SRAF patterns are defined in Constraints (3.20b) to (3.20f).
Constraint (3.20g) sets the restriction that at most only one SRAF
pattern can be inserted in one grid. We introduce a conflict set C in
the formulation (see Constraint (3.20h)), and it contains the conflict
pairs of SRAF patterns between one grid and its neighbors. Here,
the “conflict” means the distance between two patterns violates the
spacing design rule. For instance, (x, y, 1) and (x− 3, y+1, 5) form
one conflict pair, which is exemplified in Fig. 3.9. To address the
problem efficiently, we can assume the main directions for inserting
an SRAF pattern are up and right. Hence, under current spacing
design rule, we only consider the partial neighborhood of the merged
grid (x, y) ( i.e. the grid labeled with “1” in Fig. 3.9 ), which is the
area filled with small green dots and the grids labeled with “2” and
“3”. It can be seen that by introducing the concept of conflict set,
the new ILP model is more flexible than previous one and able to
to handle new spacing design rule.

3.5 Experimental Results

We implement the framework using python on an 8-core 3.7GHz
Intel platform. To verify the effectiveness and the efficiency of our
SODL algorithm, we employ the same benchmark set as applied
in [152], which consists of 8 dense layouts and 10 sparse layouts
with contacts sized 70nm. The spacing for dense and sparse layouts
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Figure 3.9 The illustration of new ILP model.

are set to 70nm and ≥ 70nm respectively.
TABLE 3.1 and TABLE 3.2 compare our results with a state-of-

the-art machine learning based SRAF insertion tool [152]. Column
“Benchmark” lists all the test layouts in both tables. In TABLE 3.1,
Column “ISPD’16” refers to the performance of the machine learning
framework in [152], while Column “SODL” denotes the results of our
model. Within TABLE 3.2, Columns “SODL+Greedy” corresponds
to the results of our supervised online dictionary learning frame-
work without ILP model in post-processing, while “SODL+ILP”
and “SODL+NewILP” indicate the results from different ILP mod-
els with and without relaxed SRAF rules. Columns “F1 score”, “PV
band”, “EPE” and “CPU” are the evaluation metrics in terms of
the learning model performance, the PV band area, the EPE, and
the total runtime. Note that in “SODL+Greedy”, the same greedy
SRAF generation approach as in [152] is utilized.

It can be seen from TABLE 3.1 that the SODL algorithm out-
performs [152] in terms of F1 score by 5.5%. This indicates the
predicted SRAFs by our model match the reference results better
than [152]. In other words, the proposed SODL based feature revi-
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Table 3.1 F1 Score (%) Comparison with [152].

Benchmark ISPD’16 [152] SODL

Dense1 95.37 96.69
Dense2 94.77 97.00
Dense3 93.70 96.87
Dense4 93.89 96.49
Dense5 93.54 96.16
Dense6 93.02 96.86
Dense7 94.22 97.13
Dense8 93.24 96.85
Sparse1 90.51 93.62
Sparse2 87.65 94.03
Sparse3 85.75 91.68
Sparse4 85.56 93.35
Sparse5 85.69 90.48
Sparse6 84.65 91.57
Sparse7 85.00 93.01
Sparse8 84.05 92.72
Sparse9 84.71 90.21
Sparse10 84.03 92.60

Average 89.41 94.30
Ratio 1.000 1.055
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Figure 3.10 The trend of changing number of atoms.

sion can efficiently improve machine learning model generality.
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Table 3.2 Lithographic Performance Comparison with [152].

Benchmark
ISPD’16 [152] SODL+Greedy SODL+ILP SODL+NewILP

PV band EPE CPU PV band EPE CPU PV band EPE CPU PV band EPE CPU
(.001µm2) (nm) (s) (.001µm2) (nm) (s) (.001µm2) (nm) (s) (.001µm2) (nm) (s)

Dense1 1.891 0.625 1.46 1.840 0.625 1.12 1.823 0.750 1.26 1.850 0.667 2.22
Dense2 1.960 0.313 1.35 2.033 0.500 1.06 2.003 0.438 1.20 1.987 0.438 2.03
Dense3 2.677 1.625 1.25 2.718 1.375 0.97 2.445 1.375 1.07 2.545 1.750 1.88
Dense4 2.426 1.313 1.47 2.288 1.125 1.13 2.459 1.625 1.29 2.363 1.125 2.21
Dense5 2.445 1.250 1.47 2.428 1.375 1.18 2.336 1.375 1.28 2.413 0.938 2.26
Dense6 2.933 0.750 1.17 2.871 1.000 0.91 2.886 0.250 1.00 2.538 0.000 1.78
Dense7 2.426 1.500 1.42 2.409 1.333 1.09 2.318 1.500 1.21 2.277 1.083 2.10
Dense8 2.354 1.417 1.40 2.436 1.417 1.10 2.366 1.167 1.20 2.445 1.000 2.14
Sparse1 2.937 0.438 2.61 2.866 0.563 2.04 2.803 0.375 2.18 2.813 0.500 4.01
Sparse2 2.870 0.625 7.02 2.872 0.516 5.25 2.873 0.594 5.63 2.803 0.625 10.44
Sparse3 2.882 0.556 14.07 2.911 0.535 10.74 2.829 0.528 11.50 2.764 0.563 21.77
Sparse4 2.896 0.566 23.81 2.891 0.496 18.44 2.830 0.547 19.66 2.785 0.547 37.00
Sparse5 2.889 0.565 28.96 2.931 0.571 23.18 2.850 0.580 24.80 2.799 0.633 45.86
Sparse6 2.875 0.558 41.87 2.852 0.630 32.43 2.787 0.572 34.29 2.789 0.552 65.28
Sparse7 2.881 0.540 56.95 2.921 0.611 44.87 2.841 0.575 47.58 2.786 0.536 90.51
Sparse8 2.899 0.564 74.56 2.860 0.573 59.70 2.835 0.560 63.08 2.780 0.610 117.52
Sparse9 2.885 0.586 94.93 2.940 0.549 75.34 2.833 0.568 79.58 2.801 0.573 151.87
Sparse10 2.884 0.599 106.33 2.915 0.512 82.90 2.836 0.560 88.00 2.790 0.555 165.34

Average 2.667 0.799 25.67 2.666 0.795 20.19 2.609 0.774 21.43 2.574 0.705 40.35
Ratio 1.000 1.000 1.000 0.999 0.994 0.787 0.978 0.969 0.835 0.965 0.882 1.572

We exemplify the trends of runtime and F1 score with respect
to the changing of number of atoms, which is depicted in Fig. 3.10.
With an increment in number of atoms, runtime ascends. Mean-
while, F1 score goes down until number of atoms reaches a thresh-
old. According to the theory of dictionary learning, the number of
atoms is the dimension of the new feature. Dimension of features
impacts the fitting of a machine learning model. Inappropriate di-
mensionality may cause under-fitting or over-fitting issues. That
is the main reason why F1 scores fluctuate. On the other hand,
with the dimension increase of new features, the machine learning
model suffers the running time issue. The fitting time of some ma-
chine learning models like SVM, increases non-linearly. One reason
is the time complexities of algorithms. More importantly, the non-
converge problem affects the running time.

We also feed the SRAFed layouts into Calibre [106] to go through
a simulation flow that includes OPC and lithography simulation,
which will generate printed contours under a given process window.
The simulation results summarized in TABLE 3.2 show that we
get better PV band and EPE results. In particular, after incorpo-
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(a) Model-based (b) ISPD’16 [152]

(c) SODL+ILP (d) SODL+NewILP

TargetOPCSRAF

Figure 3.11 Different SRAF insertion methods on a dense layout example.

(a) Model-based (b) ISPD’16 [152]

(c) SODL+ILP (d) SODL+NewILP

TargetOPCSRAF

Figure 3.12 Different SRAF insertion methods on a sparse layout example.

rating relaxed SRAF design rules with an ILP solution, proposed
algorithm behaves even much better with an average PV band of
2.609×10−3µm2 and an average EPE of 0.774nm that surpass [152]
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with 2% less PV band and 3% less EPE. With considering general
SRAF design rules in a new ILP model, our method also performs
better in terms of 3.5% less PV band area and 11.8% less EPE
within an acceptable runtime. The reason why the running time in-
creases is that general design rules are much more complicated. For
example, we need to consider the off-grid patterns. On the other
hand, the neighborhood considered in the new ILP model also af-
fects the running time. For one grid, the neighborhood area where
SRAF patterns may conflict with others becomes much larger than
in the original ILP (see Fig. 3.9). Although the runtime of new ILP
model is almost as twice as the original one’s, it is worth adopting
the model considering the increase of lithographic performance and
size of benchmarks.

To further demonstrate the effectiveness and efficiency of pro-
posed ILP models, scalability is explored. In TABLE 3.2, the area
of different benchmarks ranges from 1070 × 1070 nm2 to 10630 ×
10670 nm2. We drew the relationship curve between the layout area
and the runtime, which is visualized in Fig. 3.13 to clarify the scal-
ability issue further. Note that the benchmarks of same area are
removed in the illustration. For example, the benchmarks “Dense4”
and “Dense5” are of the same size, and we only keep “Dense4”.

The visualizations of simulation results for dense and sparse pat-
terns are exemplified in Fig. 3.11 and Fig. 3.12 respectively. The dif-
ferences between Figs. 3.11(c) and 3.11(d), Figs. 3.12(c) and 3.12(d)
are mainly due to different ILP models following different design
rules. Although the predictions from the machine learning model
guide the inserting, however, they do not dominate the inserting
process. The learning model only filters the invalid small grids.
Hence, after solving, the feasible solutions of two ILPs to insert
SRAFs can differ a lot.

In addition, the comparisons of total area of inserted SRAFs
among different methods are also summarized in TABLE 3.3. Ac-
cording to the results in TABLE 3.2 and TABLE 3.3, we can infer
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Table 3.3 The Comparisons of total Area (µm2) of Inserted SRAFs.

Benchmark ISPD’16 [152] SODL+Greedy SODL+ILP SODL+NewILP

Dense1 0.072 0.078 0.090 0.122
Dense2 0.099 0.087 0.118 0.149
Dense3 0.123 0.127 0.142 0.120
Dense4 0.138 0.131 0.157 0.157
Dense5 0.107 0.107 0.146 0.148
Dense6 0.146 0.142 0.133 0.140
Dense7 0.138 0.153 0.157 0.136
Dense8 0.116 0.117 0.142 0.145
Sparse1 0.387 0.336 0.408 0.311
Sparse2 1.213 1.299 1.150 0.958
Sparse3 2.350 1.977 2.502 1.943
Sparse4 4.004 4.028 4.027 3.123
Sparse5 4.832 4.909 4.950 3.875
Sparse6 6.922 6.937 7.136 5.510
Sparse7 9.688 7.602 9.658 7.776
Sparse8 12.61 11.73 12.64 9.925
Sparse9 16.18 10.46 16.37 12.54
Sparse10 17.97 14.00 17.68 13.94

Average 4.283 3.568 4.311 3.389
Ratio 1.000 0.833 1.007 0.791

that the total area of inserted SRAF is not the critical factor affects
the lithography performance.

3.6 Summary

In this chapter, for the first time, we have introduced the concept
of dictionary learning into the layout feature extraction stage and
further proposed a supervised online algorithm constructing dictio-
nary. This algorithm has been exploited into a machine learning-
based SRAF insertion framework. To get a global view of SRAF
generation, combined with design rules, two ILP models have been
built to generate SRAFs. The experimental results show that the
F1 score of machine learning model in SRAF insertion has been



CHAPTER 3. SRAF INSERTION 46

0 20 40 60 80 100 120

0

50

100

150

Layout Area (106 nm2)

Ru
nt

im
e

(s
)

New ILP

Figure 3.13 The scalability of proposed New ILP model.

boosted and runtime overhead is also acceptable compared with a
state-of-the-art SRAF insertion tool. More importantly, the results
of lithography simulations demonstrate the promising lithography
performance in terms of PV band area and EPE. With the transis-
tor size shrinking rapidly and the layouts becoming more and more
complicated, we expect to apply our ideas into general VLSI layout
feature learning and encoding.

2 End of chapter.



Chapter 4

Layout Hotspot Detection

4.1 Introduction and Motivation

Layout hotspot detection is imperative at the early stage of the
mask synthesis. It is usually employed to find and revise prob-
lematic designs at an early stage of the whole layout verification
flow. As described in Chapter 2, many machine learning and deep
learning-based works are proposed and have achieved notable suc-
cess. Nevertheless, most of them fall into a two-stage flow, where
layout feature extraction and detection process are separable. More-
over, existing techniques for layout feature extraction lack both
good understandings of similarity among different layout clips and
guidances from supervised information. Only a few hotspot detec-
tors [72] ensemble the feature extraction and detection into a one-
stage framework. Unfortunately, the features which are automat-
ically learned by convolutional kernels may be ill-separated owing
to the lack of discrimination-oriented similarity metrics. Without
an effective weighing procedure on the features per their informa-
tive significance, those redundant or even misleading features may
very well degrade the overall prediction accuracy and performance.
In light of these facts, those existing works can only solve simple
benchmarks with apparent hotspot patterns like ICCAD 2012 Con-
test benchmarks, whilst in the case where non-hotspot patterns and

47
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HS:

NHS:

(a)

(b)

(c)

Figure 4.1 The snapshots of layout clips from ICCAD12 benchmarks [135] and
Barnes-Hut t-SNE [139] visualizations of feature embeddings on the same bench-
marks: (a) The examples of hotspots and non-hotspots; (b) The DCT feature
embeddings of TCAD’19 [155]; (c) The feature embeddings of our proposed
framework. “HS” is used to represent hotspot clips, while “NHS” refers to non-
hotspot clips.

hotspot patterns become increasing similar brings a big challenge to
them. To visualize our concern, we sample some hotspots and non-
hotspots from ICCAD12 [135] and new via layer benchmarks as ex-
emplars in Figs. 4.1(a) and 4.2(a). Besides, the embeddings learned
from TCAD’19 and ours on both benchmark suites are projected
into a two-dimension space (shown in Figs. 4.1(b), 4.1(c), 4.2(b)
and 4.2(c)). It can be seen that, in easy benchmarks like ICCAD12,
the layout clips sharing the same label are usually similar, while the
layout clips from different classes have prominent differences. Op-
posite to ICCAD12 benchmarks, layout clips in the via benchmarks
from different classes may look very similar. What’s worse, the lack
of diversity of via layer patterns introduces an additional challenge
to existing hotspot detectors. According to the distributions of lay-
out feature embeddings displayed in Figs. 4.1(b) and 4.2(b), we
can infer that although existing works like TCAD’19 work well on
ICCAD12 benchmarks, they may have poor performance on more
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HS:

NHS:

(a)

(b)

(c)

Figure 4.2 The snapshots of layout clips from the via layer benchmarks and
Barnes-Hut t-SNE visualizations of feature embeddings on the same bench-
marks: (a) The examples of hotspots and non-hotspots; (b) The DCT feature
embeddings of TCAD’19; (c) The feature embeddings of our proposed frame-
work. The via layer benchmarks consist of via patterns that contain vias and
model-based sub-resolution assist features (SRAFs). Here “via” refers to the via
connecting multiple metal layers.

challenging benchmarks. As demonstrated above, layout patterns
in such easy benchmarks like ICCAD12 contain too much discrimi-
native information to determine the true states of hotspot detectors.

In this work, we argue that it is of great importance to learn
good embeddings of layout clips, which can be assembled into one-
stage hotspot detection flow. In accordance with this argument, we
propose an end-to-end detection framework where the two tasks,
learning embeddings and classification, are jointly performed and
mutually benefited. Furthermore, in order to focus on important
features and suppressing unnecessary ones, we introduce an atten-
tion module and incorporate it into the proposed hotspot detector.
To the best of our knowledge, this is the first work for layout em-
bedding learning seamlessly combining with hotspot detection task,
and there is no prior work applying attention mechanism based deep
metric learning into hotspot detection. To evaluate the true efficacy
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of existing works and the proposed detector, we adopt a much more
challenging benchmark suite. Figs. 4.1(c) and 4.2(c) prove the per-
formance of the proposed framework on both easy and more chal-
lenging benchmarks to some extent. Our main contributions are
listed as follows.

• Leverage deep layout metric learning model to learn the good
layout feature embeddings.

• Analyze the generalized representation ability of triplet-based
deep metric learning algorithm.

• Incorporate feature embedding and hotspot detection into a
one-stage multi-branch flow.

• Apply attention mechanism to learn better feature embeddings.

• A more challenging benchmark suite that fills the void created
by previous easy benchmarks will be released.

• The proposed detector improves the performance on accuracy,
false alarm, and runtime of inference compared to the state-of-
the-art frameworks.

The rest of the chapter is organized as follows. Section 5.2.1
introduces some preliminaries on metrics and problem formulation.
Section 4.3 first gives a whole view of the proposed framework, then
illustrates the backbone network with the applied inception and
attention modules, as well as multi-branch design. Section 4.4 de-
scribes the loss functions for each branch and some training strate-
gies. Section 6.5 depicts the new via benchmarks and then provides
experimental results, followed by the summary in Section 6.6.

4.2 Problem Formulation

In general, our task can be defined as an image classification prob-
lem. Our proposed framework treats input layout clips as images.
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The label of a layout clip is given according to the information that
whether the core region [135] of the clip contains hotspots or not.

We adopt the same metrics exploited in previous work to evaluate
the performance of our proposed hotspot detector. The following
show definitions of these metrics.

Definition 4 (Accuracy). The ratio between the number of correctly
categorized hotspot clips and the number of real hotspot clips.

Definition 5 (False Alarm). The number of non-hotspot clips that
are classified as hotspots by the classifier.

With the evaluation metrics above, our problem is formulated as
follows.

Problem 2 (Hotspot Detection). Given a collection of clips con-
taining hotspot and non-hotspot layout patterns, the objective of deep
layout metric learning-based hotspot detection is training a model to
learn optimal feature embeddings and classify all the clips so that the
detection accuracy is maximized whilst the false alarm is minimized
with a less runtime overhead.

4.3 Hotspot Detection Architecture

4.3.1 Overall Framework

The prior arts are either in a two-stage framework or lacking dis-
criminative feature extractor. By contrast, our proposed algorithm
adopts a well-designed multi-branch flow which works in an end-to-
end manner. During the training, the proposed multi-branch flow
simultaneously works on two branches: one is feature embedding
and the other is classification. When the training process finishes,
our hotspot detector identifies not only layout feature embeddings,
but also a pretty good boundary to divide the hotspots and non-
hotspots in embedding space. By the merit of the end-to-end na-
ture, our detector is fast and flexible for both training and inference
phases.



CHAPTER 4. LAYOUT HOTSPOT DETECTION 52

Lmetric
<latexit sha1_base64="nSCvaNZUcYDETBxU1ZSlY9QfHUM=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoMuiGxcuKthaaEOYTG/aoTNJmJkINQR/xY0LRdz6H+78GydtFtp6YOBwzr3cMydIOFPacb6tytLyyupadb22sbm1vWPv7nVUnEoKbRrzWHYDooCzCNqaaQ7dRAIRAYf7YHxV+PcPIBWLozs9ScATZBixkFGijeTbB31B9IgSnt3kfiZAS0Zz3647DWcKvEjcktRRiZZvf/UHMU0FRJpyolTPdRLtZURqRjnktX6qICF0TIbQMzQiApSXTdPn+NgoAxzG0rxI46n6eyMjQqmJCMxkkVXNe4X4n9dLdXjhZSxKUg0RnR0KU451jIsq8IBJoJpPDCFUMpMV0xGRhGpTWM2U4M5/eZF0Thuu03Bvz+rNy7KOKjpER+gEuegcNdE1aqE2ougRPaNX9GY9WS/Wu/UxG61Y5c4++gPr8wdWOpXI</latexit><latexit sha1_base64="nSCvaNZUcYDETBxU1ZSlY9QfHUM=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoMuiGxcuKthaaEOYTG/aoTNJmJkINQR/xY0LRdz6H+78GydtFtp6YOBwzr3cMydIOFPacb6tytLyyupadb22sbm1vWPv7nVUnEoKbRrzWHYDooCzCNqaaQ7dRAIRAYf7YHxV+PcPIBWLozs9ScATZBixkFGijeTbB31B9IgSnt3kfiZAS0Zz3647DWcKvEjcktRRiZZvf/UHMU0FRJpyolTPdRLtZURqRjnktX6qICF0TIbQMzQiApSXTdPn+NgoAxzG0rxI46n6eyMjQqmJCMxkkVXNe4X4n9dLdXjhZSxKUg0RnR0KU451jIsq8IBJoJpPDCFUMpMV0xGRhGpTWM2U4M5/eZF0Thuu03Bvz+rNy7KOKjpER+gEuegcNdE1aqE2ougRPaNX9GY9WS/Wu/UxG61Y5c4++gPr8wdWOpXI</latexit><latexit sha1_base64="nSCvaNZUcYDETBxU1ZSlY9QfHUM=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoMuiGxcuKthaaEOYTG/aoTNJmJkINQR/xY0LRdz6H+78GydtFtp6YOBwzr3cMydIOFPacb6tytLyyupadb22sbm1vWPv7nVUnEoKbRrzWHYDooCzCNqaaQ7dRAIRAYf7YHxV+PcPIBWLozs9ScATZBixkFGijeTbB31B9IgSnt3kfiZAS0Zz3647DWcKvEjcktRRiZZvf/UHMU0FRJpyolTPdRLtZURqRjnktX6qICF0TIbQMzQiApSXTdPn+NgoAxzG0rxI46n6eyMjQqmJCMxkkVXNe4X4n9dLdXjhZSxKUg0RnR0KU451jIsq8IBJoJpPDCFUMpMV0xGRhGpTWM2U4M5/eZF0Thuu03Bvz+rNy7KOKjpER+gEuegcNdE1aqE2ougRPaNX9GY9WS/Wu/UxG61Y5c4++gPr8wdWOpXI</latexit><latexit sha1_base64="nSCvaNZUcYDETBxU1ZSlY9QfHUM=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoMuiGxcuKthaaEOYTG/aoTNJmJkINQR/xY0LRdz6H+78GydtFtp6YOBwzr3cMydIOFPacb6tytLyyupadb22sbm1vWPv7nVUnEoKbRrzWHYDooCzCNqaaQ7dRAIRAYf7YHxV+PcPIBWLozs9ScATZBixkFGijeTbB31B9IgSnt3kfiZAS0Zz3647DWcKvEjcktRRiZZvf/UHMU0FRJpyolTPdRLtZURqRjnktX6qICF0TIbQMzQiApSXTdPn+NgoAxzG0rxI46n6eyMjQqmJCMxkkVXNe4X4n9dLdXjhZSxKUg0RnR0KU451jIsq8IBJoJpPDCFUMpMV0xGRhGpTWM2U4M5/eZF0Thuu03Bvz+rNy7KOKjpER+gEuegcNdE1aqE2ougRPaNX9GY9WS/Wu/UxG61Y5c4++gPr8wdWOpXI</latexit>

Branch I: Deep
Metric Learner 

1024

Attention

Inputs

Backbone 
Network

250

Branch II: Hotspot
Classification

Lprediction
<latexit sha1_base64="FEbh6ZDeaQk19n40r4wkcTrinRs=">AAACAXicbVBNS8NAFHypX7V+Rb0IXhaL4KkkIuix6MWDhwq2FtoQNptNu3SzCbsboYR68a948aCIV/+FN/+NmzYHbR1YGGbesO9NkHKmtON8W5Wl5ZXVtep6bWNza3vH3t3rqCSThLZJwhPZDbCinAna1kxz2k0lxXHA6X0wuir8+wcqFUvEnR6n1IvxQLCIEayN5NsH/RjrIcE8v5n4uYmGjBTOxLfrTsOZAi0StyR1KNHy7a9+mJAspkITjpXquU6qvRxLzQink1o/UzTFZIQHtGeowDFVXj69YIKOjRKiKJHmCY2m6u9EjmOlxnFgJot91bxXiP95vUxHF17ORJppKsjsoyjjSCeoqAOFTFKi+dgQTCQzuyIyxBITbUqrmRLc+ZMXSee04ToN9/as3rws66jCIRzBCbhwDk24hha0gcAjPMMrvFlP1ov1bn3MRitWmdmHP7A+fwCYu5ed</latexit><latexit sha1_base64="FEbh6ZDeaQk19n40r4wkcTrinRs=">AAACAXicbVBNS8NAFHypX7V+Rb0IXhaL4KkkIuix6MWDhwq2FtoQNptNu3SzCbsboYR68a948aCIV/+FN/+NmzYHbR1YGGbesO9NkHKmtON8W5Wl5ZXVtep6bWNza3vH3t3rqCSThLZJwhPZDbCinAna1kxz2k0lxXHA6X0wuir8+wcqFUvEnR6n1IvxQLCIEayN5NsH/RjrIcE8v5n4uYmGjBTOxLfrTsOZAi0StyR1KNHy7a9+mJAspkITjpXquU6qvRxLzQink1o/UzTFZIQHtGeowDFVXj69YIKOjRKiKJHmCY2m6u9EjmOlxnFgJot91bxXiP95vUxHF17ORJppKsjsoyjjSCeoqAOFTFKi+dgQTCQzuyIyxBITbUqrmRLc+ZMXSee04ToN9/as3rws66jCIRzBCbhwDk24hha0gcAjPMMrvFlP1ov1bn3MRitWmdmHP7A+fwCYu5ed</latexit><latexit sha1_base64="FEbh6ZDeaQk19n40r4wkcTrinRs=">AAACAXicbVBNS8NAFHypX7V+Rb0IXhaL4KkkIuix6MWDhwq2FtoQNptNu3SzCbsboYR68a948aCIV/+FN/+NmzYHbR1YGGbesO9NkHKmtON8W5Wl5ZXVtep6bWNza3vH3t3rqCSThLZJwhPZDbCinAna1kxz2k0lxXHA6X0wuir8+wcqFUvEnR6n1IvxQLCIEayN5NsH/RjrIcE8v5n4uYmGjBTOxLfrTsOZAi0StyR1KNHy7a9+mJAspkITjpXquU6qvRxLzQink1o/UzTFZIQHtGeowDFVXj69YIKOjRKiKJHmCY2m6u9EjmOlxnFgJot91bxXiP95vUxHF17ORJppKsjsoyjjSCeoqAOFTFKi+dgQTCQzuyIyxBITbUqrmRLc+ZMXSee04ToN9/as3rws66jCIRzBCbhwDk24hha0gcAjPMMrvFlP1ov1bn3MRitWmdmHP7A+fwCYu5ed</latexit><latexit sha1_base64="FEbh6ZDeaQk19n40r4wkcTrinRs=">AAACAXicbVBNS8NAFHypX7V+Rb0IXhaL4KkkIuix6MWDhwq2FtoQNptNu3SzCbsboYR68a948aCIV/+FN/+NmzYHbR1YGGbesO9NkHKmtON8W5Wl5ZXVtep6bWNza3vH3t3rqCSThLZJwhPZDbCinAna1kxz2k0lxXHA6X0wuir8+wcqFUvEnR6n1IvxQLCIEayN5NsH/RjrIcE8v5n4uYmGjBTOxLfrTsOZAi0StyR1KNHy7a9+mJAspkITjpXquU6qvRxLzQink1o/UzTFZIQHtGeowDFVXj69YIKOjRKiKJHmCY2m6u9EjmOlxnFgJot91bxXiP95vUxHF17ORJppKsjsoyjjSCeoqAOFTFKi+dgQTCQzuyIyxBITbUqrmRLc+ZMXSee04ToN9/as3rws66jCIRzBCbhwDk24hha0gcAjPMMrvFlP1ov1bn3MRitWmdmHP7A+fwCYu5ed</latexit>

2

Inception 

Attention Module

Concat
Convolution

Fully Connected 

Channel-Wise
Attention

Input Feature 
Tensor

Spatial-Wise
Attention

Output Feature 
Tensor

Attention 
Block

Pooling

1⇥ 1<latexit sha1_base64="j9vx1RjYCMBpnTdRJQe7cbq2vQU=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzAOTJcxOZpMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTJW06PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZLho8UYlph8wKJbVooEQl2qkRLA6VaIWj25nfehLGykQ/4DgVQcwGWkaSM3TSIyVdlLGwhPbKFb/qz0FWCc1JBXLUe+Wvbj/hWSw0csWs7VA/xWDCDEquxLTUzaxIGR+xgeg4qplbE0zmF0/JmVP6JEqMK41krv6emLDY2nEcus6Y4dAuezPxP6+TYXQdTKROMxSaLxZFmSKYkNn7pC+N4KjGjjBupLuV8CEzjKMLqeRCoMsvr5LmRZX6VXp/Wand5HEU4QRO4RwoXEEN7qAODeCg4Rle4c2z3ov37n0sWgtePnMMf+B9/gBHao/+</latexit><latexit sha1_base64="j9vx1RjYCMBpnTdRJQe7cbq2vQU=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzAOTJcxOZpMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTJW06PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZLho8UYlph8wKJbVooEQl2qkRLA6VaIWj25nfehLGykQ/4DgVQcwGWkaSM3TSIyVdlLGwhPbKFb/qz0FWCc1JBXLUe+Wvbj/hWSw0csWs7VA/xWDCDEquxLTUzaxIGR+xgeg4qplbE0zmF0/JmVP6JEqMK41krv6emLDY2nEcus6Y4dAuezPxP6+TYXQdTKROMxSaLxZFmSKYkNn7pC+N4KjGjjBupLuV8CEzjKMLqeRCoMsvr5LmRZX6VXp/Wand5HEU4QRO4RwoXEEN7qAODeCg4Rle4c2z3ov37n0sWgtePnMMf+B9/gBHao/+</latexit><latexit sha1_base64="j9vx1RjYCMBpnTdRJQe7cbq2vQU=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzAOTJcxOZpMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTJW06PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZLho8UYlph8wKJbVooEQl2qkRLA6VaIWj25nfehLGykQ/4DgVQcwGWkaSM3TSIyVdlLGwhPbKFb/qz0FWCc1JBXLUe+Wvbj/hWSw0csWs7VA/xWDCDEquxLTUzaxIGR+xgeg4qplbE0zmF0/JmVP6JEqMK41krv6emLDY2nEcus6Y4dAuezPxP6+TYXQdTKROMxSaLxZFmSKYkNn7pC+N4KjGjjBupLuV8CEzjKMLqeRCoMsvr5LmRZX6VXp/Wand5HEU4QRO4RwoXEEN7qAODeCg4Rle4c2z3ov37n0sWgtePnMMf+B9/gBHao/+</latexit><latexit sha1_base64="j9vx1RjYCMBpnTdRJQe7cbq2vQU=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzAOTJcxOZpMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTJW06PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZLho8UYlph8wKJbVooEQl2qkRLA6VaIWj25nfehLGykQ/4DgVQcwGWkaSM3TSIyVdlLGwhPbKFb/qz0FWCc1JBXLUe+Wvbj/hWSw0csWs7VA/xWDCDEquxLTUzaxIGR+xgeg4qplbE0zmF0/JmVP6JEqMK41krv6emLDY2nEcus6Y4dAuezPxP6+TYXQdTKROMxSaLxZFmSKYkNn7pC+N4KjGjjBupLuV8CEzjKMLqeRCoMsvr5LmRZX6VXp/Wand5HEU4QRO4RwoXEEN7qAODeCg4Rle4c2z3ov37n0sWgtePnMMf+B9/gBHao/+</latexit>

1⇥ 1<latexit sha1_base64="j9vx1RjYCMBpnTdRJQe7cbq2vQU=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzAOTJcxOZpMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTJW06PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZLho8UYlph8wKJbVooEQl2qkRLA6VaIWj25nfehLGykQ/4DgVQcwGWkaSM3TSIyVdlLGwhPbKFb/qz0FWCc1JBXLUe+Wvbj/hWSw0csWs7VA/xWDCDEquxLTUzaxIGR+xgeg4qplbE0zmF0/JmVP6JEqMK41krv6emLDY2nEcus6Y4dAuezPxP6+TYXQdTKROMxSaLxZFmSKYkNn7pC+N4KjGjjBupLuV8CEzjKMLqeRCoMsvr5LmRZX6VXp/Wand5HEU4QRO4RwoXEEN7qAODeCg4Rle4c2z3ov37n0sWgtePnMMf+B9/gBHao/+</latexit><latexit sha1_base64="j9vx1RjYCMBpnTdRJQe7cbq2vQU=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzAOTJcxOZpMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTJW06PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZLho8UYlph8wKJbVooEQl2qkRLA6VaIWj25nfehLGykQ/4DgVQcwGWkaSM3TSIyVdlLGwhPbKFb/qz0FWCc1JBXLUe+Wvbj/hWSw0csWs7VA/xWDCDEquxLTUzaxIGR+xgeg4qplbE0zmF0/JmVP6JEqMK41krv6emLDY2nEcus6Y4dAuezPxP6+TYXQdTKROMxSaLxZFmSKYkNn7pC+N4KjGjjBupLuV8CEzjKMLqeRCoMsvr5LmRZX6VXp/Wand5HEU4QRO4RwoXEEN7qAODeCg4Rle4c2z3ov37n0sWgtePnMMf+B9/gBHao/+</latexit><latexit sha1_base64="j9vx1RjYCMBpnTdRJQe7cbq2vQU=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzAOTJcxOZpMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTJW06PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZLho8UYlph8wKJbVooEQl2qkRLA6VaIWj25nfehLGykQ/4DgVQcwGWkaSM3TSIyVdlLGwhPbKFb/qz0FWCc1JBXLUe+Wvbj/hWSw0csWs7VA/xWDCDEquxLTUzaxIGR+xgeg4qplbE0zmF0/JmVP6JEqMK41krv6emLDY2nEcus6Y4dAuezPxP6+TYXQdTKROMxSaLxZFmSKYkNn7pC+N4KjGjjBupLuV8CEzjKMLqeRCoMsvr5LmRZX6VXp/Wand5HEU4QRO4RwoXEEN7qAODeCg4Rle4c2z3ov37n0sWgtePnMMf+B9/gBHao/+</latexit><latexit sha1_base64="j9vx1RjYCMBpnTdRJQe7cbq2vQU=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzAOTJcxOZpMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTJW06PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZLho8UYlph8wKJbVooEQl2qkRLA6VaIWj25nfehLGykQ/4DgVQcwGWkaSM3TSIyVdlLGwhPbKFb/qz0FWCc1JBXLUe+Wvbj/hWSw0csWs7VA/xWDCDEquxLTUzaxIGR+xgeg4qplbE0zmF0/JmVP6JEqMK41krv6emLDY2nEcus6Y4dAuezPxP6+TYXQdTKROMxSaLxZFmSKYkNn7pC+N4KjGjjBupLuV8CEzjKMLqeRCoMsvr5LmRZX6VXp/Wand5HEU4QRO4RwoXEEN7qAODeCg4Rle4c2z3ov37n0sWgtePnMMf+B9/gBHao/+</latexit>

Pooling

3⇥ 3
<latexit sha1_base64="RkNE8MEvJZAEPXGXaqKWq/fviZA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0msoMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilxxrpoYi4IbV+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lipq1/jZ/OIpObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMzeJwOhOUM5sYQyLeythI2opgxtSCUbgrf88ippXVQ9t+rdX1bqN3kcRTiBUzgHD66gDnfQgCYwUPAMr/DmGOfFeXc+Fq0FJ585hj9wPn8ATYyQAg==</latexit><latexit sha1_base64="RkNE8MEvJZAEPXGXaqKWq/fviZA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0msoMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilxxrpoYi4IbV+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lipq1/jZ/OIpObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMzeJwOhOUM5sYQyLeythI2opgxtSCUbgrf88ippXVQ9t+rdX1bqN3kcRTiBUzgHD66gDnfQgCYwUPAMr/DmGOfFeXc+Fq0FJ585hj9wPn8ATYyQAg==</latexit><latexit sha1_base64="RkNE8MEvJZAEPXGXaqKWq/fviZA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0msoMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilxxrpoYi4IbV+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lipq1/jZ/OIpObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMzeJwOhOUM5sYQyLeythI2opgxtSCUbgrf88ippXVQ9t+rdX1bqN3kcRTiBUzgHD66gDnfQgCYwUPAMr/DmGOfFeXc+Fq0FJ585hj9wPn8ATYyQAg==</latexit><latexit sha1_base64="RkNE8MEvJZAEPXGXaqKWq/fviZA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0msoMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilxxrpoYi4IbV+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lipq1/jZ/OIpObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMzeJwOhOUM5sYQyLeythI2opgxtSCUbgrf88ippXVQ9t+rdX1bqN3kcRTiBUzgHD66gDnfQgCYwUPAMr/DmGOfFeXc+Fq0FJ585hj9wPn8ATYyQAg==</latexit>

1⇥ 1<latexit sha1_base64="j9vx1RjYCMBpnTdRJQe7cbq2vQU=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzAOTJcxOZpMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTJW06PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZLho8UYlph8wKJbVooEQl2qkRLA6VaIWj25nfehLGykQ/4DgVQcwGWkaSM3TSIyVdlLGwhPbKFb/qz0FWCc1JBXLUe+Wvbj/hWSw0csWs7VA/xWDCDEquxLTUzaxIGR+xgeg4qplbE0zmF0/JmVP6JEqMK41krv6emLDY2nEcus6Y4dAuezPxP6+TYXQdTKROMxSaLxZFmSKYkNn7pC+N4KjGjjBupLuV8CEzjKMLqeRCoMsvr5LmRZX6VXp/Wand5HEU4QRO4RwoXEEN7qAODeCg4Rle4c2z3ov37n0sWgtePnMMf+B9/gBHao/+</latexit><latexit sha1_base64="j9vx1RjYCMBpnTdRJQe7cbq2vQU=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzAOTJcxOZpMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTJW06PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZLho8UYlph8wKJbVooEQl2qkRLA6VaIWj25nfehLGykQ/4DgVQcwGWkaSM3TSIyVdlLGwhPbKFb/qz0FWCc1JBXLUe+Wvbj/hWSw0csWs7VA/xWDCDEquxLTUzaxIGR+xgeg4qplbE0zmF0/JmVP6JEqMK41krv6emLDY2nEcus6Y4dAuezPxP6+TYXQdTKROMxSaLxZFmSKYkNn7pC+N4KjGjjBupLuV8CEzjKMLqeRCoMsvr5LmRZX6VXp/Wand5HEU4QRO4RwoXEEN7qAODeCg4Rle4c2z3ov37n0sWgtePnMMf+B9/gBHao/+</latexit><latexit sha1_base64="j9vx1RjYCMBpnTdRJQe7cbq2vQU=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzAOTJcxOZpMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTJW06PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZLho8UYlph8wKJbVooEQl2qkRLA6VaIWj25nfehLGykQ/4DgVQcwGWkaSM3TSIyVdlLGwhPbKFb/qz0FWCc1JBXLUe+Wvbj/hWSw0csWs7VA/xWDCDEquxLTUzaxIGR+xgeg4qplbE0zmF0/JmVP6JEqMK41krv6emLDY2nEcus6Y4dAuezPxP6+TYXQdTKROMxSaLxZFmSKYkNn7pC+N4KjGjjBupLuV8CEzjKMLqeRCoMsvr5LmRZX6VXp/Wand5HEU4QRO4RwoXEEN7qAODeCg4Rle4c2z3ov37n0sWgtePnMMf+B9/gBHao/+</latexit><latexit sha1_base64="j9vx1RjYCMBpnTdRJQe7cbq2vQU=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzAOTJcxOZpMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTJW06PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZLho8UYlph8wKJbVooEQl2qkRLA6VaIWj25nfehLGykQ/4DgVQcwGWkaSM3TSIyVdlLGwhPbKFb/qz0FWCc1JBXLUe+Wvbj/hWSw0csWs7VA/xWDCDEquxLTUzaxIGR+xgeg4qplbE0zmF0/JmVP6JEqMK41krv6emLDY2nEcus6Y4dAuezPxP6+TYXQdTKROMxSaLxZFmSKYkNn7pC+N4KjGjjBupLuV8CEzjKMLqeRCoMsvr5LmRZX6VXp/Wand5HEU4QRO4RwoXEEN7qAODeCg4Rle4c2z3ov37n0sWgtePnMMf+B9/gBHao/+</latexit>

Pooling

5⇥ 5
<latexit sha1_base64="zbZeJlMGwOt2ITpbmuhYH7DXjqs=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilxxrpoYi4IbV+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lipq1/jZ/OIpObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMzeJwOhOUM5sYQyLeythI2opgxtSCUbgrf88ippXVQ9t+rdX1bqN3kcRTiBUzgHD66gDnfQgCYwUPAMr/DmGOfFeXc+Fq0FJ585hj9wPn8AU66QBg==</latexit><latexit sha1_base64="zbZeJlMGwOt2ITpbmuhYH7DXjqs=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilxxrpoYi4IbV+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lipq1/jZ/OIpObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMzeJwOhOUM5sYQyLeythI2opgxtSCUbgrf88ippXVQ9t+rdX1bqN3kcRTiBUzgHD66gDnfQgCYwUPAMr/DmGOfFeXc+Fq0FJ585hj9wPn8AU66QBg==</latexit><latexit sha1_base64="zbZeJlMGwOt2ITpbmuhYH7DXjqs=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilxxrpoYi4IbV+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lipq1/jZ/OIpObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMzeJwOhOUM5sYQyLeythI2opgxtSCUbgrf88ippXVQ9t+rdX1bqN3kcRTiBUzgHD66gDnfQgCYwUPAMr/DmGOfFeXc+Fq0FJ585hj9wPn8AU66QBg==</latexit><latexit sha1_base64="zbZeJlMGwOt2ITpbmuhYH7DXjqs=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilxxrpoYi4IbV+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lipq1/jZ/OIpObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMzeJwOhOUM5sYQyLeythI2opgxtSCUbgrf88ippXVQ9t+rdX1bqN3kcRTiBUzgHD66gDnfQgCYwUPAMr/DmGOfFeXc+Fq0FJ585hj9wPn8AU66QBg==</latexit>

1⇥ 1<latexit sha1_base64="j9vx1RjYCMBpnTdRJQe7cbq2vQU=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzAOTJcxOZpMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTJW06PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZLho8UYlph8wKJbVooEQl2qkRLA6VaIWj25nfehLGykQ/4DgVQcwGWkaSM3TSIyVdlLGwhPbKFb/qz0FWCc1JBXLUe+Wvbj/hWSw0csWs7VA/xWDCDEquxLTUzaxIGR+xgeg4qplbE0zmF0/JmVP6JEqMK41krv6emLDY2nEcus6Y4dAuezPxP6+TYXQdTKROMxSaLxZFmSKYkNn7pC+N4KjGjjBupLuV8CEzjKMLqeRCoMsvr5LmRZX6VXp/Wand5HEU4QRO4RwoXEEN7qAODeCg4Rle4c2z3ov37n0sWgtePnMMf+B9/gBHao/+</latexit><latexit sha1_base64="j9vx1RjYCMBpnTdRJQe7cbq2vQU=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzAOTJcxOZpMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTJW06PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZLho8UYlph8wKJbVooEQl2qkRLA6VaIWj25nfehLGykQ/4DgVQcwGWkaSM3TSIyVdlLGwhPbKFb/qz0FWCc1JBXLUe+Wvbj/hWSw0csWs7VA/xWDCDEquxLTUzaxIGR+xgeg4qplbE0zmF0/JmVP6JEqMK41krv6emLDY2nEcus6Y4dAuezPxP6+TYXQdTKROMxSaLxZFmSKYkNn7pC+N4KjGjjBupLuV8CEzjKMLqeRCoMsvr5LmRZX6VXp/Wand5HEU4QRO4RwoXEEN7qAODeCg4Rle4c2z3ov37n0sWgtePnMMf+B9/gBHao/+</latexit><latexit sha1_base64="j9vx1RjYCMBpnTdRJQe7cbq2vQU=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzAOTJcxOZpMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTJW06PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZLho8UYlph8wKJbVooEQl2qkRLA6VaIWj25nfehLGykQ/4DgVQcwGWkaSM3TSIyVdlLGwhPbKFb/qz0FWCc1JBXLUe+Wvbj/hWSw0csWs7VA/xWDCDEquxLTUzaxIGR+xgeg4qplbE0zmF0/JmVP6JEqMK41krv6emLDY2nEcus6Y4dAuezPxP6+TYXQdTKROMxSaLxZFmSKYkNn7pC+N4KjGjjBupLuV8CEzjKMLqeRCoMsvr5LmRZX6VXp/Wand5HEU4QRO4RwoXEEN7qAODeCg4Rle4c2z3ov37n0sWgtePnMMf+B9/gBHao/+</latexit><latexit sha1_base64="j9vx1RjYCMBpnTdRJQe7cbq2vQU=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzAOTJcxOZpMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTJW06PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZLho8UYlph8wKJbVooEQl2qkRLA6VaIWj25nfehLGykQ/4DgVQcwGWkaSM3TSIyVdlLGwhPbKFb/qz0FWCc1JBXLUe+Wvbj/hWSw0csWs7VA/xWDCDEquxLTUzaxIGR+xgeg4qplbE0zmF0/JmVP6JEqMK41krv6emLDY2nEcus6Y4dAuezPxP6+TYXQdTKROMxSaLxZFmSKYkNn7pC+N4KjGjjBupLuV8CEzjKMLqeRCoMsvr5LmRZX6VXp/Wand5HEU4QRO4RwoXEEN7qAODeCg4Rle4c2z3ov37n0sWgtePnMMf+B9/gBHao/+</latexit>

Pooling

Input Feature Maps

Output Feature Maps

Inception 
Block

Inception 

Attention

Inception 

Attention

Inception 

Attention

Inception 

Attention

Figure 4.3 The architecture of the proposed hotspot detector.

Fig. 4.3 shows the architecture of the proposed framework, where
“⊗” stands for the element-wise multiplication. The proposed frame-
work is composed of three main components: (1) Backbone network
which is based on inception structures and attention modules. It
is shared by two jointly learned tasks and then is split into two
branches. The whole backbone includes 5 inception modules, 5 at-
tention modules and 1 fully connected layer; (2) For deep layout
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metric learner branch, it is guided by a triplet loss function to strive
for good embeddings of layout clips; (3) For hotspot classification
branch, it behaves as an ordinary learning model-based hotspot de-
tector as in other works.

4.3.2 Backbone: Inception Block

Recent progress of deep learning techniques in computer vision re-
veals that by virtue of the increasing model complexity, a deeper
neural network achieves a more robust feature expression and a
higher accuracy comparing to a shallow one. However, deeper net-
works are susceptible to be overfitted, and gradient vanish emerges.
What is worse, the turn-around-time at inference stage and training
stage are greatly affected, too.

In our context, more cases are needed to concern. For instance, a
layout pattern which usually contains several rectangles is monotonous.
Another example is in our via pattern, the distances between vias
and surrounding SRAFs, the distances among vias have pretty large
variations. A single-sized kernel cannot capture multi-scale infor-
mation. To tackle these issues, we employ an Inception-based struc-
ture [129] which consists of several convolutional kernels with mul-
tiple sizes. At the same level, these convolutional kernels perform
convolution operations with different kernel scales on layout pat-
terns, and the outputs are concatenated in the channel dimension.
After going through pooling layers, the fused feature maps are scaled
down in height and width dimensions. As a result, the feature maps
are comprehensive and rich. The backbone network based on incep-
tion structure is illustrated in Fig. 4.3.

4.3.3 Backbone: Attention Block

Recently presented attention mechanism which mimics human per-
ception has achieved much success in the computer vision domain
[42, 144, 147]. With attention techniques, neural networks focus on
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the salient parts of input features and generate attention-aware fea-
ture maps. In order to capture structures of feature maps better,
we exploit this mechanism and embed the corresponding modules
into our backbone network.

As we know, the features include both cross-channel and spa-
tial information on the back of convolution computations. Based
on that fact, the embedded attention modules can emphasize in-
formative parts and suppress unimportant ones along the channel
and spatial axes. Channel-wise attention focuses on the informa-
tive part itself, while spatial attention concentrates on its spatial
location. They are complementary to each other. To fit the motiva-
tion, the structure of one attention module consists of two sub-parts:
one is channel-wise, and the other is spatial-wise. For a better un-
derstanding, we visualize an attention module and zoom in on its
intra-structure in Fig. 4.3. The whole attention module sequentially
infers a 1D channel attention map, and then a 2D spatial attention
map. Through the broadcasting operation, each attention map will
perform element-wise multiplication with input feature maps.

The whole process of channel-wise attention is concluded in Equa-
tions (4.1) and (4.2), and visualized in Fig. 4.4. First, given an input
feature tensor T , spatial information of T is firstly aggregated by
average-pooling and max-pooling operations, and then two differ-
ent spatial context descriptors are produced. Next, two descriptors
go through a shared encoder-decoder network (i.e. a single hidden
layer perceptron named ED() in Equation (4.2)), and output feature
vectors are merged using element-wise summation. After activa-
tion operation (i.e. defined by σ() in Equation (4.2)), the elements
of the channel-wise attention masks Ac(T ) are firstly broadcasted
along the spatial dimension, then multiplied with corresponding el-
ements in feature maps. Finally, the module outputs the feature
tensor T ′. In a nutshell, the channel-wise attention module infers
the channel-wise attention masks, and each mask will be multiplied
element-wisely with input feature maps.
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1 C

(

<latexit sha1_base64="hwEvS6s7EhEAAl74HbsI950M5gY=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFi0SU5V0gbGChbFI9AM1UeW4TmrVdiLbQaqi/goWBhBi5eew8W9w2wzQ8qSTnt670929MOVMG9f9dkobm1vbO+Xdyt7+weFR9fikq5NMEdohCU9UP8SaciZpxzDDaT9VFIuQ0144uZ37vSeqNEvkg5mmNBA4lixiBBsrPdb9GxbHfl4fVmtuw10ArROvIDUo0B5Wv/xRQjJBpSEcaz3w3NQEOVaGEU5nFT/TNMVkgmM6sFRiQXWQLw6eoQurjFCUKFvSoIX6eyLHQuupCG2nwGasV725+J83yEx0HeRMppmhkiwXRRlHJkHz79GIKUoMn1qCiWL2VkTGWGFibEYVG4K3+vI66TYbntvw7pu1Vr2IowxncA6X4MEVtOAO2tABAgKe4RXeHOW8OO/Ox7K15BQzp/AHzucP02ePqA==</latexit> <latexit sha1_base64="hwEvS6s7EhEAAl74HbsI950M5gY=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFi0SU5V0gbGChbFI9AM1UeW4TmrVdiLbQaqi/goWBhBi5eew8W9w2wzQ8qSTnt670929MOVMG9f9dkobm1vbO+Xdyt7+weFR9fikq5NMEdohCU9UP8SaciZpxzDDaT9VFIuQ0144uZ37vSeqNEvkg5mmNBA4lixiBBsrPdb9GxbHfl4fVmtuw10ArROvIDUo0B5Wv/xRQjJBpSEcaz3w3NQEOVaGEU5nFT/TNMVkgmM6sFRiQXWQLw6eoQurjFCUKFvSoIX6eyLHQuupCG2nwGasV725+J83yEx0HeRMppmhkiwXRRlHJkHz79GIKUoMn1qCiWL2VkTGWGFibEYVG4K3+vI66TYbntvw7pu1Vr2IowxncA6X4MEVtOAO2tABAgKe4RXeHOW8OO/Ox7K15BQzp/AHzucP02ePqA==</latexit> <latexit sha1_base64="hwEvS6s7EhEAAl74HbsI950M5gY=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFi0SU5V0gbGChbFI9AM1UeW4TmrVdiLbQaqi/goWBhBi5eew8W9w2wzQ8qSTnt670929MOVMG9f9dkobm1vbO+Xdyt7+weFR9fikq5NMEdohCU9UP8SaciZpxzDDaT9VFIuQ0144uZ37vSeqNEvkg5mmNBA4lixiBBsrPdb9GxbHfl4fVmtuw10ArROvIDUo0B5Wv/xRQjJBpSEcaz3w3NQEOVaGEU5nFT/TNMVkgmM6sFRiQXWQLw6eoQurjFCUKFvSoIX6eyLHQuupCG2nwGasV725+J83yEx0HeRMppmhkiwXRRlHJkHz79GIKUoMn1qCiWL2VkTGWGFibEYVG4K3+vI66TYbntvw7pu1Vr2IowxncA6X4MEVtOAO2tABAgKe4RXeHOW8OO/Ox7K15BQzp/AHzucP02ePqA==</latexit> <latexit sha1_base64="hwEvS6s7EhEAAl74HbsI950M5gY=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFi0SU5V0gbGChbFI9AM1UeW4TmrVdiLbQaqi/goWBhBi5eew8W9w2wzQ8qSTnt670929MOVMG9f9dkobm1vbO+Xdyt7+weFR9fikq5NMEdohCU9UP8SaciZpxzDDaT9VFIuQ0144uZ37vSeqNEvkg5mmNBA4lixiBBsrPdb9GxbHfl4fVmtuw10ArROvIDUo0B5Wv/xRQjJBpSEcaz3w3NQEOVaGEU5nFT/TNMVkgmM6sFRiQXWQLw6eoQurjFCUKFvSoIX6eyLHQuupCG2nwGasV725+J83yEx0HeRMppmhkiwXRRlHJkHz79GIKUoMn1qCiWL2VkTGWGFibEYVG4K3+vI66TYbntvw7pu1Vr2IowxncA6X4MEVtOAO2tABAgKe4RXeHOW8OO/Ox7K15BQzp/AHzucP02ePqA==</latexit>

W

H C
(

<latexit sha1_base64="hwEvS6s7EhEAAl74HbsI950M5gY=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFi0SU5V0gbGChbFI9AM1UeW4TmrVdiLbQaqi/goWBhBi5eew8W9w2wzQ8qSTnt670929MOVMG9f9dkobm1vbO+Xdyt7+weFR9fikq5NMEdohCU9UP8SaciZpxzDDaT9VFIuQ0144uZ37vSeqNEvkg5mmNBA4lixiBBsrPdb9GxbHfl4fVmtuw10ArROvIDUo0B5Wv/xRQjJBpSEcaz3w3NQEOVaGEU5nFT/TNMVkgmM6sFRiQXWQLw6eoQurjFCUKFvSoIX6eyLHQuupCG2nwGasV725+J83yEx0HeRMppmhkiwXRRlHJkHz79GIKUoMn1qCiWL2VkTGWGFibEYVG4K3+vI66TYbntvw7pu1Vr2IowxncA6X4MEVtOAO2tABAgKe4RXeHOW8OO/Ox7K15BQzp/AHzucP02ePqA==</latexit> <latexit sha1_base64="hwEvS6s7EhEAAl74HbsI950M5gY=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFi0SU5V0gbGChbFI9AM1UeW4TmrVdiLbQaqi/goWBhBi5eew8W9w2wzQ8qSTnt670929MOVMG9f9dkobm1vbO+Xdyt7+weFR9fikq5NMEdohCU9UP8SaciZpxzDDaT9VFIuQ0144uZ37vSeqNEvkg5mmNBA4lixiBBsrPdb9GxbHfl4fVmtuw10ArROvIDUo0B5Wv/xRQjJBpSEcaz3w3NQEOVaGEU5nFT/TNMVkgmM6sFRiQXWQLw6eoQurjFCUKFvSoIX6eyLHQuupCG2nwGasV725+J83yEx0HeRMppmhkiwXRRlHJkHz79GIKUoMn1qCiWL2VkTGWGFibEYVG4K3+vI66TYbntvw7pu1Vr2IowxncA6X4MEVtOAO2tABAgKe4RXeHOW8OO/Ox7K15BQzp/AHzucP02ePqA==</latexit> <latexit sha1_base64="hwEvS6s7EhEAAl74HbsI950M5gY=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFi0SU5V0gbGChbFI9AM1UeW4TmrVdiLbQaqi/goWBhBi5eew8W9w2wzQ8qSTnt670929MOVMG9f9dkobm1vbO+Xdyt7+weFR9fikq5NMEdohCU9UP8SaciZpxzDDaT9VFIuQ0144uZ37vSeqNEvkg5mmNBA4lixiBBsrPdb9GxbHfl4fVmtuw10ArROvIDUo0B5Wv/xRQjJBpSEcaz3w3NQEOVaGEU5nFT/TNMVkgmM6sFRiQXWQLw6eoQurjFCUKFvSoIX6eyLHQuupCG2nwGasV725+J83yEx0HeRMppmhkiwXRRlHJkHz79GIKUoMn1qCiWL2VkTGWGFibEYVG4K3+vI66TYbntvw7pu1Vr2IowxncA6X4MEVtOAO2tABAgKe4RXeHOW8OO/Ox7K15BQzp/AHzucP02ePqA==</latexit> <latexit sha1_base64="hwEvS6s7EhEAAl74HbsI950M5gY=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFi0SU5V0gbGChbFI9AM1UeW4TmrVdiLbQaqi/goWBhBi5eew8W9w2wzQ8qSTnt670929MOVMG9f9dkobm1vbO+Xdyt7+weFR9fikq5NMEdohCU9UP8SaciZpxzDDaT9VFIuQ0144uZ37vSeqNEvkg5mmNBA4lixiBBsrPdb9GxbHfl4fVmtuw10ArROvIDUo0B5Wv/xRQjJBpSEcaz3w3NQEOVaGEU5nFT/TNMVkgmM6sFRiQXWQLw6eoQurjFCUKFvSoIX6eyLHQuupCG2nwGasV725+J83yEx0HeRMppmhkiwXRRlHJkHz79GIKUoMn1qCiWL2VkTGWGFibEYVG4K3+vI66TYbntvw7pu1Vr2IowxncA6X4MEVtOAO2tABAgKe4RXeHOW8OO/Ox7K15BQzp/AHzucP02ePqA==</latexit>
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H C

(

<latexit sha1_base64="hwEvS6s7EhEAAl74HbsI950M5gY=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFi0SU5V0gbGChbFI9AM1UeW4TmrVdiLbQaqi/goWBhBi5eew8W9w2wzQ8qSTnt670929MOVMG9f9dkobm1vbO+Xdyt7+weFR9fikq5NMEdohCU9UP8SaciZpxzDDaT9VFIuQ0144uZ37vSeqNEvkg5mmNBA4lixiBBsrPdb9GxbHfl4fVmtuw10ArROvIDUo0B5Wv/xRQjJBpSEcaz3w3NQEOVaGEU5nFT/TNMVkgmM6sFRiQXWQLw6eoQurjFCUKFvSoIX6eyLHQuupCG2nwGasV725+J83yEx0HeRMppmhkiwXRRlHJkHz79GIKUoMn1qCiWL2VkTGWGFibEYVG4K3+vI66TYbntvw7pu1Vr2IowxncA6X4MEVtOAO2tABAgKe4RXeHOW8OO/Ox7K15BQzp/AHzucP02ePqA==</latexit> <latexit sha1_base64="hwEvS6s7EhEAAl74HbsI950M5gY=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFi0SU5V0gbGChbFI9AM1UeW4TmrVdiLbQaqi/goWBhBi5eew8W9w2wzQ8qSTnt670929MOVMG9f9dkobm1vbO+Xdyt7+weFR9fikq5NMEdohCU9UP8SaciZpxzDDaT9VFIuQ0144uZ37vSeqNEvkg5mmNBA4lixiBBsrPdb9GxbHfl4fVmtuw10ArROvIDUo0B5Wv/xRQjJBpSEcaz3w3NQEOVaGEU5nFT/TNMVkgmM6sFRiQXWQLw6eoQurjFCUKFvSoIX6eyLHQuupCG2nwGasV725+J83yEx0HeRMppmhkiwXRRlHJkHz79GIKUoMn1qCiWL2VkTGWGFibEYVG4K3+vI66TYbntvw7pu1Vr2IowxncA6X4MEVtOAO2tABAgKe4RXeHOW8OO/Ox7K15BQzp/AHzucP02ePqA==</latexit> <latexit sha1_base64="hwEvS6s7EhEAAl74HbsI950M5gY=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFi0SU5V0gbGChbFI9AM1UeW4TmrVdiLbQaqi/goWBhBi5eew8W9w2wzQ8qSTnt670929MOVMG9f9dkobm1vbO+Xdyt7+weFR9fikq5NMEdohCU9UP8SaciZpxzDDaT9VFIuQ0144uZ37vSeqNEvkg5mmNBA4lixiBBsrPdb9GxbHfl4fVmtuw10ArROvIDUo0B5Wv/xRQjJBpSEcaz3w3NQEOVaGEU5nFT/TNMVkgmM6sFRiQXWQLw6eoQurjFCUKFvSoIX6eyLHQuupCG2nwGasV725+J83yEx0HeRMppmhkiwXRRlHJkHz79GIKUoMn1qCiWL2VkTGWGFibEYVG4K3+vI66TYbntvw7pu1Vr2IowxncA6X4MEVtOAO2tABAgKe4RXeHOW8OO/Ox7K15BQzp/AHzucP02ePqA==</latexit> <latexit sha1_base64="hwEvS6s7EhEAAl74HbsI950M5gY=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFi0SU5V0gbGChbFI9AM1UeW4TmrVdiLbQaqi/goWBhBi5eew8W9w2wzQ8qSTnt670929MOVMG9f9dkobm1vbO+Xdyt7+weFR9fikq5NMEdohCU9UP8SaciZpxzDDaT9VFIuQ0144uZ37vSeqNEvkg5mmNBA4lixiBBsrPdb9GxbHfl4fVmtuw10ArROvIDUo0B5Wv/xRQjJBpSEcaz3w3NQEOVaGEU5nFT/TNMVkgmM6sFRiQXWQLw6eoQurjFCUKFvSoIX6eyLHQuupCG2nwGasV725+J83yEx0HeRMppmhkiwXRRlHJkHz79GIKUoMn1qCiWL2VkTGWGFibEYVG4K3+vI66TYbntvw7pu1Vr2IowxncA6X4MEVtOAO2tABAgKe4RXeHOW8OO/Ox7K15BQzp/AHzucP02ePqA==</latexit>
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1 C

(

<latexit sha1_base64="hwEvS6s7EhEAAl74HbsI950M5gY=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFi0SU5V0gbGChbFI9AM1UeW4TmrVdiLbQaqi/goWBhBi5eew8W9w2wzQ8qSTnt670929MOVMG9f9dkobm1vbO+Xdyt7+weFR9fikq5NMEdohCU9UP8SaciZpxzDDaT9VFIuQ0144uZ37vSeqNEvkg5mmNBA4lixiBBsrPdb9GxbHfl4fVmtuw10ArROvIDUo0B5Wv/xRQjJBpSEcaz3w3NQEOVaGEU5nFT/TNMVkgmM6sFRiQXWQLw6eoQurjFCUKFvSoIX6eyLHQuupCG2nwGasV725+J83yEx0HeRMppmhkiwXRRlHJkHz79GIKUoMn1qCiWL2VkTGWGFibEYVG4K3+vI66TYbntvw7pu1Vr2IowxncA6X4MEVtOAO2tABAgKe4RXeHOW8OO/Ox7K15BQzp/AHzucP02ePqA==</latexit> <latexit sha1_base64="hwEvS6s7EhEAAl74HbsI950M5gY=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFi0SU5V0gbGChbFI9AM1UeW4TmrVdiLbQaqi/goWBhBi5eew8W9w2wzQ8qSTnt670929MOVMG9f9dkobm1vbO+Xdyt7+weFR9fikq5NMEdohCU9UP8SaciZpxzDDaT9VFIuQ0144uZ37vSeqNEvkg5mmNBA4lixiBBsrPdb9GxbHfl4fVmtuw10ArROvIDUo0B5Wv/xRQjJBpSEcaz3w3NQEOVaGEU5nFT/TNMVkgmM6sFRiQXWQLw6eoQurjFCUKFvSoIX6eyLHQuupCG2nwGasV725+J83yEx0HeRMppmhkiwXRRlHJkHz79GIKUoMn1qCiWL2VkTGWGFibEYVG4K3+vI66TYbntvw7pu1Vr2IowxncA6X4MEVtOAO2tABAgKe4RXeHOW8OO/Ox7K15BQzp/AHzucP02ePqA==</latexit> <latexit sha1_base64="hwEvS6s7EhEAAl74HbsI950M5gY=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFi0SU5V0gbGChbFI9AM1UeW4TmrVdiLbQaqi/goWBhBi5eew8W9w2wzQ8qSTnt670929MOVMG9f9dkobm1vbO+Xdyt7+weFR9fikq5NMEdohCU9UP8SaciZpxzDDaT9VFIuQ0144uZ37vSeqNEvkg5mmNBA4lixiBBsrPdb9GxbHfl4fVmtuw10ArROvIDUo0B5Wv/xRQjJBpSEcaz3w3NQEOVaGEU5nFT/TNMVkgmM6sFRiQXWQLw6eoQurjFCUKFvSoIX6eyLHQuupCG2nwGasV725+J83yEx0HeRMppmhkiwXRRlHJkHz79GIKUoMn1qCiWL2VkTGWGFibEYVG4K3+vI66TYbntvw7pu1Vr2IowxncA6X4MEVtOAO2tABAgKe4RXeHOW8OO/Ox7K15BQzp/AHzucP02ePqA==</latexit> <latexit sha1_base64="hwEvS6s7EhEAAl74HbsI950M5gY=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFi0SU5V0gbGChbFI9AM1UeW4TmrVdiLbQaqi/goWBhBi5eew8W9w2wzQ8qSTnt670929MOVMG9f9dkobm1vbO+Xdyt7+weFR9fikq5NMEdohCU9UP8SaciZpxzDDaT9VFIuQ0144uZ37vSeqNEvkg5mmNBA4lixiBBsrPdb9GxbHfl4fVmtuw10ArROvIDUo0B5Wv/xRQjJBpSEcaz3w3NQEOVaGEU5nFT/TNMVkgmM6sFRiQXWQLw6eoQurjFCUKFvSoIX6eyLHQuupCG2nwGasV725+J83yEx0HeRMppmhkiwXRRlHJkHz79GIKUoMn1qCiWL2VkTGWGFibEYVG4K3+vI66TYbntvw7pu1Vr2IowxncA6X4MEVtOAO2tABAgKe4RXeHOW8OO/Ox7K15BQzp/AHzucP02ePqA==</latexit> 1
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  C/4
(

<latexit sha1_base64="hwEvS6s7EhEAAl74HbsI950M5gY=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFi0SU5V0gbGChbFI9AM1UeW4TmrVdiLbQaqi/goWBhBi5eew8W9w2wzQ8qSTnt670929MOVMG9f9dkobm1vbO+Xdyt7+weFR9fikq5NMEdohCU9UP8SaciZpxzDDaT9VFIuQ0144uZ37vSeqNEvkg5mmNBA4lixiBBsrPdb9GxbHfl4fVmtuw10ArROvIDUo0B5Wv/xRQjJBpSEcaz3w3NQEOVaGEU5nFT/TNMVkgmM6sFRiQXWQLw6eoQurjFCUKFvSoIX6eyLHQuupCG2nwGasV725+J83yEx0HeRMppmhkiwXRRlHJkHz79GIKUoMn1qCiWL2VkTGWGFibEYVG4K3+vI66TYbntvw7pu1Vr2IowxncA6X4MEVtOAO2tABAgKe4RXeHOW8OO/Ox7K15BQzp/AHzucP02ePqA==</latexit> <latexit sha1_base64="hwEvS6s7EhEAAl74HbsI950M5gY=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFi0SU5V0gbGChbFI9AM1UeW4TmrVdiLbQaqi/goWBhBi5eew8W9w2wzQ8qSTnt670929MOVMG9f9dkobm1vbO+Xdyt7+weFR9fikq5NMEdohCU9UP8SaciZpxzDDaT9VFIuQ0144uZ37vSeqNEvkg5mmNBA4lixiBBsrPdb9GxbHfl4fVmtuw10ArROvIDUo0B5Wv/xRQjJBpSEcaz3w3NQEOVaGEU5nFT/TNMVkgmM6sFRiQXWQLw6eoQurjFCUKFvSoIX6eyLHQuupCG2nwGasV725+J83yEx0HeRMppmhkiwXRRlHJkHz79GIKUoMn1qCiWL2VkTGWGFibEYVG4K3+vI66TYbntvw7pu1Vr2IowxncA6X4MEVtOAO2tABAgKe4RXeHOW8OO/Ox7K15BQzp/AHzucP02ePqA==</latexit> <latexit sha1_base64="hwEvS6s7EhEAAl74HbsI950M5gY=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFi0SU5V0gbGChbFI9AM1UeW4TmrVdiLbQaqi/goWBhBi5eew8W9w2wzQ8qSTnt670929MOVMG9f9dkobm1vbO+Xdyt7+weFR9fikq5NMEdohCU9UP8SaciZpxzDDaT9VFIuQ0144uZ37vSeqNEvkg5mmNBA4lixiBBsrPdb9GxbHfl4fVmtuw10ArROvIDUo0B5Wv/xRQjJBpSEcaz3w3NQEOVaGEU5nFT/TNMVkgmM6sFRiQXWQLw6eoQurjFCUKFvSoIX6eyLHQuupCG2nwGasV725+J83yEx0HeRMppmhkiwXRRlHJkHz79GIKUoMn1qCiWL2VkTGWGFibEYVG4K3+vI66TYbntvw7pu1Vr2IowxncA6X4MEVtOAO2tABAgKe4RXeHOW8OO/Ox7K15BQzp/AHzucP02ePqA==</latexit> <latexit sha1_base64="hwEvS6s7EhEAAl74HbsI950M5gY=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFi0SU5V0gbGChbFI9AM1UeW4TmrVdiLbQaqi/goWBhBi5eew8W9w2wzQ8qSTnt670929MOVMG9f9dkobm1vbO+Xdyt7+weFR9fikq5NMEdohCU9UP8SaciZpxzDDaT9VFIuQ0144uZ37vSeqNEvkg5mmNBA4lixiBBsrPdb9GxbHfl4fVmtuw10ArROvIDUo0B5Wv/xRQjJBpSEcaz3w3NQEOVaGEU5nFT/TNMVkgmM6sFRiQXWQLw6eoQurjFCUKFvSoIX6eyLHQuupCG2nwGasV725+J83yEx0HeRMppmhkiwXRRlHJkHz79GIKUoMn1qCiWL2VkTGWGFibEYVG4K3+vI66TYbntvw7pu1Vr2IowxncA6X4MEVtOAO2tABAgKe4RXeHOW8OO/Ox7K15BQzp/AHzucP02ePqA==</latexit>
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1 C

(
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Figure 4.4 The channel-wise attention module.
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Figure 4.5 The spatial-wise attention module.

T ′ = Ac(T )⊗ T , (4.1)

Ac(T ) = σ(ED(AvgPool(T )) + ED(MaxPool(T ))). (4.2)

We mathematically summarize the computation process for spatial-
wise attention module in Equations (4.3) and (4.4), and visualize it
in Fig. 4.5. First, through pooling operations, we aggregate channel
information of the input feature tensor T ′, which is also the out-
put of channel-wise attention module. Then, concatenate (denoted
by Cat() in Equation (4.4)) two aggregated features and perform
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convolution computation (i.e. Conv()) on the concatenation. After
activated by sigmoid function, the spatial attention mask As(T

′) is
generated. At last, the mask will be multiplied with T ′ element-
wisely, which is shown in Equation (4.3).

T ′′ = As(T
′)⊗ T ′, (4.3)

As(T
′) = σ(Conv(Cat(AvgPool(T ′),MaxPool(T ′)))). (4.4)

4.3.4 Multi-branch Design

Our end-to-end framework has two jointly-performed tasks: hotspot
classification and deep layout metric learning. The two tasks share
the backbone network for feature extraction, but are guided by dif-
ferent loss functions. For the deep layout metric learner, the pro-
posed triplet loss is directly calculated on the high dimensional vec-
tor which is the output of the fully connected layer in the backbone
network. The learner searches for a good feature embedding which
non-linearly maps the image representations of layout patterns (i.e.
grey images) into a new space. Therefore, pairs of hotspot patterns
and non-hotspot patterns can be effectively measured and sepa-
rated by Euclidean distance metric. For hotspot detection, the main
task is to find an appropriate boundary that well divides hotspots
and non-hotspots. Via back-propagation, the guide information (i.e.
gradients) from two branches update the backbone collectively.

4.4 Loss Functions and Training

4.4.1 Metric Learning Loss in Branch I

Metric learning is typically referred to learning a distance metric or
pursuing an embedding function to map images onto a new manifold.
Given a similarity metric function, similar images are projected into
a neighbourhood, while dissimilar images are mapped apart from
each other. Note that the term “similar images” means the im-
ages share the same label. Over past decades, the machine learning
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community has witnessed a remarkable growth of metric learning
algorithms used in a variety of tasks such as classification [35], clus-
tering [150], image retrieval [46] and etc. However, many metric
learning approaches explore only linear correlations, thus may suf-
fer from nonlinearities among samples. Although kernel tricks have
been developed, it is resource-consuming to find an appropriate one.
With a notable success achieved by deep learning, deep metric learn-
ing methods have been proposed to find the non-linear embeddings.
By taking advantage of deep neural networks to learn a non-linear
mapping from the original data space to the embedding space, deep
metric learning methods measuring Euclidean distance in the em-
bedding space can reflect the actual semantic distance between data
points.

Contrastive loss [68] and triplet loss [34] are two conventional
measures which are widely utilized in most existing deep metric
learning methods. The contrastive loss is designed to separate sam-
ples of different classes with a fixed margin and pull closer samples
of the same category as near as possible. The triplet loss is more
effective and more complicated, which contains the triplets of an-
chors, positive and negative samples. Since the triplet loss takes
into consideration of higher-order relationships in embedding space
and thus can achieve better performance than the contrastive loss.
Therefore, in the proposed deep layout metric learning, we adopt
the triplet loss.

As aforementioned, the goal of deep metric learning aims at find-
ing a good embedding which is denoted by fw(x) ∈ Rd with w as
the parameter of f in our assumption. The embedding function
fw(·) projects the layout pattern x onto a hypersphere located in
a d−dimensional compact Euclidean space, where distance directly
corresponds to a measure of layout similarity. In other words, the
normalization constraint ||fw(x)||22 = 1 is attached to all embed-
dings. The mechanism behind the triplet loss is based on the fol-
lowing rules:
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• During training, the layout clips constitute several triplet in-
stances, where fw(xi), fw(xi

+), fw(xi
−) denote an anchor lay-

out clip, a layout clip sharing the same label with the anchor
and a layout clip which has the opposite label, respectively;

• Each triplet instance indicates the triplet relationship among
three layout clips as:

S(fw(xi), fw(xi
−)) +M < S(fw(xi), fw(xi

+)),

∀(fw(xi), fw(xi
+), fw(xi

−)) ∈ T. (4.5)

In Equation (4.5), S is the similarity measurement metric and
can produce the similarity values always satisfying the triplet
relationship. M refers to a margin between positive and nega-
tive pairs, and T collects all valid triplets in training set with
|T| = n.

• The Euclidean distance is employed as the metric to mea-
sure the similarity between the embedding pairs in new feature
space.

To explore the relationship among triplet layout clips, the objec-
tive function of deep layout metric learning can be formulated as
a loss function Lmetric((fw(xi), fw(xi

+), fw(xi
−))), which is based

on the hinge loss (displayed in Equation (4.6a)) with Constraint
(4.6b). Lmetric((fw(xi), fw(xi

+), fw(xi
−))) is also called empirical

loss. Minimizing the empirical loss is equivalent to minimizing the
violations on the relationship defined in Equation (4.5).

min
w

1

n

n∑
i=1

max(0,M + ||fw(xi)− fw(xi
+)||22

− ||fw(xi)− fw(xi
−)||22) (4.6a)

s.t. ||fw(xi)||22 = 1, ∀(fw(xi), fw(xi
+), fw(xi

−)) ∈ T. (4.6b)

The illustration for the proposed loss is shown in Fig. 4.6. It can
be seen that after training, the layout clips of the same category
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will be kept apart from the one which is from the other class. The
proposed layout triplet loss attempts to enforce a margin between
each pair of layout clips from hotspot to non-hotspot. To prove the
property, we calculate the gradients of Lmetric with respect to the
embedding vectors by the following Equations (4.7a) to (4.7c).

∂Lmetric(fw(xi), fw(xi
+), fw(xi

−))

∂fw(xi
+)

=
2

n

(
fw(xi

+)− fw(xi)
)

· 1
(
Lmetric(fw(xi), fw(xi

+), fw(xi
−)) > 0

)
, (4.7a)

∂Lmetric(fw(xi), fw(xi
+), fw(xi

−))

∂fw(xi
−)

=
2

n

(
fw(xi)− fw(xi

−)
)

· 1
(
Lmetric(fw(xi), fw(xi

+), fw(xi
−)) > 0

)
, (4.7b)

∂Lmetric(fw(xi), fw(xi
+), fw(xi

−))

∂fw(xi)
=

2

n

(
fw(xi

−)− fw(xi
+)
)

· 1
(
Lmetric(fw(xi), fw(xi

+), fw(xi
−)) > 0

)
, (4.7c)

where 1 is the indicator function which is defined as:

1(x) =

1 if x is true,

0 otherwise.
(4.8)

When the distance constraint is satisfied, i.e. there are no violations
on the triplet relationship, gradients become zeros. As a result,
triplet loss Lmetric allows the layouts from one category to live on a
manifold, while still keep the distance and hence discriminative to
another category.

We further analyze the effectiveness of triplet loss by offering
its bias between the generalization error and the empirical error.
In other words, we evaluate the upper-bound of the network rep-
resentation ability in a more mathematical way. In the following
descriptions, for a better explanation, we use (xi,xj,xk) express-
ing a valid triplet. Before showing the bias, we readily extend the
pair-based definitions in [74] to the triplet scenarios, as in Lemma 1.

Lemma 1. A triplet-based metric learning algorithm has β-uniform
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stability (β ≥ 0), if

sup
xi,xj ,xk∼D

∣∣∣ℓ (fwT
(·),xi,xj,xk)− ℓ

(
fwTi

(·),xi,xj,xk

)∣∣∣ ≤ β, ∀T,Ti,

(4.9)
where ℓ indicates a loss function, Ti is the training set T with sample
xi replaced by an independent and identically distributed exemplar
x′
i, and D is some kind of distribution. fwT

(·) and fwTi
(·) are map-

ping functions learned over the training set T and Ti, respectively.

Theorem 2. Assume ℓ be a loss function upper-bounded by B ≥ 0,
and let T be a training set consisting of n valid triplets drawn from
distribution D, and fwT

(·) the mapping function parameterized by w

which is learned over the training set T by a β-uniformly stable deep
metric learner. The empirical loss over T is L(fwT

(·)), while the
expected loss of learned mapping function fwT

(·) over distribution
D is Exi,xj ,xk∼D[ℓ(fwT

(·),xi,xj,xk)]. Then, for 0 < δ < 1, with
confidence 1− δ approaching to 1, the following inequality exists:

Exi,xj ,xk∼D[ℓ(fwT
(·),xi,xj,xk)]− L(fwT

(·))

≤ 3β + (2nβ + 3B)

√
log 1

δ

2n
.

(4.10)

The proof of Theorem 2 is detailed in Appendix A.2.1. It can be
observed that with the increasing of the number of training triplets,
the bias converges. Our analyses for generalized representation abil-
ity of triplet-based deep metric learning demonstrate the perfor-
mance of the proposed layout metric learner.

4.4.2 Classification Loss in Branch II

Except for the same backbone network, there are two fully-connected
layers in our classification branch. Different from those hotspot de-
tectors in previous deep learning-based work, the proposed classifier
predicts labels based on the features learned by backbone network
and deep layout metric learner. Like prior art [155], the loss function
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Figure 4.6 The visualization of the proposed deep layout metric learning. In
the worst case, the anchor is much similar to the negative than to the positive.
In other words, in original space, the distance between the anchor and the
negative is shorter than the one between the anchor and the positive. But after
deep layout metric learning, in a new manifold, the two hotspot layout clips are
kept apart from the non-hotspot clip.

for classification, defined by Lprediction, is cross-entropy loss:

− (y log(y∗) + (1− y) log(1− y∗)), (4.11)

where y∗ is the predicted probability of a layout clip, while y is the
relevant ground truth (binary indicator).

4.4.3 Training Strategies

Hotspot detection is haunted with a crucial issue that relative datasets
(e.g. ICCAD12 benchmark suite [135]), no matter in academia or
industry, are quite unbalanced. That is, the number of hotspots
is much less than that of non-hotspots. This property results in a
biased classification towards the non-hotspots. Additionally, lim-
ited by the bottleneck of hardware, it is infeasible to compute the
arg min or arg max across the whole training set. Hence, sampling
matters in our framework.

What we do is to generate triplets from a balanced mini-batch in
an online fashion. This can be done by constructing a balanced mini-
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batch (i.e. the numbers of hotspots and non-hotspots are equal) in
one iteration and then selecting the hard negative exemplars from
within the batch. Here we divide the negative samples based on
a simple rule that easy negatives will lead the loss to become zero,
whilst the hard negatives make the loss valid. Since only picking the
hardest negatives leads to bad local minima early during training,
we keep all anchor-positive pairs in a mini-batch while selectivity
sample some hard negatives. Besides hardest negatives, we also
consider some negative exemplars which are further away from the
anchor than the positive samples but still hard. Those so-called
“semi-hard” negatives which lie inside the margin obey the following
inequality:

||fw(xi)− fw(xi
+)||2

2 ≤ ||fw(xi)− fw(xi
−)||22

≤M + ||fw(xi)− fw(xi
+)||22. (4.12)

Aiming at progressively selecting false-positive samples that will
benefit training, this kind of sampling strategy is widely used in
deep metric learning methodologies. Many visual tasks [64, 69, 119,
162,165] have proven its effectiveness. One reason is that it reduces
the number of layout tuples that can be formed for training, and
thus enhances the training efficiency.

Nonetheless, the problem that the hotspot clip number is much
less than the non-hotspot clip number still exists. We perform top-
bottom and left-right flipping on hotspot clips, as flipping a clip does
not affect its property during lithography process [155]. This data
augmentation will introduce diversity to the dataset and further
increase the generalization of our model.

4.5 Experiment Results

The implementation of our framework is in Python with the TensorFlow
library [4], and we test it on a platform with the Xeon Silver 4114
CPU processor and Nvidia TITAN Xp Graphic card. To verify the
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Table 4.1 Benchmark Statistics

Benchmarks
Training Set Testing Set Size/Clip

HS# NHS# HS# NHS# (µm2)

ICCAD12 1204 17096 2524 13503 3.6× 3.6

Via-1 3418 10302 2267 6878 2.0× 2.0

Via-2 1029 11319 724 7489 2.0× 2.0

Via-3 614 19034 432 12614 2.0× 2.0

Via-4 39 23010 26 15313 2.0× 2.0

Via-Merge 5100 63665 3449 42294 2.0× 2.0

effectiveness and efficiency of our detector, two benchmarks are em-
ployed. One is ICCAD12 benchmarks [135], and the other is a more
challenging via layer benchmark suite which is under 45nm tech-
nology node. For fair comparisons against previous works, follow-
ing these arts, all 28nm designs in ICCAD12 benchmarks [135] are
merged into a unified case named ICCAD12. The details for ICCAD12
and the via benchmarks are listed in TABLE 4.1.

Columns “Train HS#” and “Train NHS#” list the total number
of hotspots and the total number of non-hotspots in the training
set, whilst columns “Test HS#” and “Test NHS#” refer to the total
number of hotspots and the total number of non-hotspots in the
testing set. “Size/Clip (µm2)” shows the resolution for each bench-
mark. It is manifest that the via benchmark suite has four individual
cases, which are arranged in order of the density of target designs.
For example, Via-1 has the highest density of target designs in its
layout clips among other cases. As a result, it contains the most
hotspot patterns. In a low-density case, like Via-4, the number of
hotspot clips are reduced accordingly. We also merge all four small
cases into a big one named “Via-Merge”. Note that, as listed in
TABLE 4.1, images in the testing set of ICCAD12 have a resolution
of 3600×3600 which is larger than the images in the via benchmarks
of 2048× 2048, and in all benchmarks, the pixel size is 1 nm.
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Mask images in our employed benchmarks are from distinct stages
of optical proximity correction (OPC), and have different targets.
For the ICCAD12 benchmark, layout patterns are before OPC, while
regarding the rest via layer benchmarks, they are from intermedi-
ate OPC results (i.e. inserting SRAFs without OPC). We expect to
mimic two scenarios. One is to target at finding and revising prob-
lematic designs at an early stage of the whole layout verification
flow which is associated with ICCAD12 benchmark. This benchmark
is labeled according to the results of the entire layout verification
flow containing OPC and lithography simulation. The other is to
demonstrate the potential of incorporating the hotspot detectors
into OPC engines and facilitate the procedure, which corresponds
to the via layer benchmarks (each layout has model-based SRAFs
and un-OPCed vias). The labelling on hotspot or non-hotspot pat-
terns in via layer benchmarks is based on the lithography simulation
results of current OPC step.

TABLE 4.2 summarizes the comparing results between the pro-
posed framework and several state-of-the-art hotspot detectors. Col-
umn “Bench” lists 6 benchmarks used in our experiments. Columns
“Accu”, “FA”, “Time” are hotspot detection accuracy, false alarm
count and detection runtime, respectively. Columns “TCAD’19
[155]”, “DAC’19 [72]”, “ASPDAC’19 [33]” and “JM3’19 [25]” denote
the results of selected baseline frameworks respectively. We can see
that our framework outperforms TCAD’19 averagely with 15.22%
improvement on detection accuracy and 2% less false alarm penalty.
Especially, our framework behaves much better on average with
89.89% detection accuracy compared to 77.78%, 83.06%, 58.93%
and 62.9% for TCAD’19, DAC’19, ASPDAC’19, JM3’19, respec-
tively. Moreover, the advantage of the proposed one-stage multi-
branch flow can also be noticed that it achieves over 3× speedup
compared to previous two-stage flows. Note that DAC’19 exhibits a
slightly better accuracy on ICCAD12 case, it suffers from high false
alarm penalties over almost all cases due to the nature of the bina-
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Figure 4.7 Comparison among different configurations on (a) average accuracy
and (b) average false alarm.

rized neural network.
An ablation study is also performed on the proposed flow to inves-

tigate how different configurations affect the performance. Fig. 4.7
illustrates the contribution of attention module, inception block and
layout metric learning loss to our flow. “w/o. Atten” refers to the
detector without attention modules, “w/o. Incept” stands for the de-
tector with inception blocks replaced by vanilla convolutional layers,
“w/o. Metric” denotes the detector trained without layout metric
learning loss, whilst “Full” is our detector with entire techniques.
The histogram shows that with attention modules, 1.29% accuracy
improvement without additional false alarms on average is achieved,
which confirms that the attention modules help the backbone net-
work extract feature more efficiently. With inception blocks, we
get a notable reduction on false alarm penalties, i.e. 1245 less on
average, which means under the same experiment settings, the in-
ception blocks capture richer information on layout patterns than
vanilla convolutional layers. Comparing the whole framework with
the model trained without layout metric learning, the model trained
with layout metric learning loss reduces 49.72% of the false alarm
and get 6.41% further improvement on accuracy.
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4.6 Summary

In this chapter, for the first time, we have proposed a new end-to-end
hotspot detection flow where layout feature embedding and hotspot
detection are simultaneously performed. The deep layout metric
learning mechanism offers a new solution to extract features from
via layer patterns that contain much less discriminative information
than metal layer patterns. We further exploit attention techniques
to make backbone network self-adaptively emphasize on more infor-
mative parts. Additionally, to test the true performance of hotspot
detectors, a new via layer benchmark suite has been used for com-
prehensive verification. The experimental results demonstrate the
superiority of our framework over current deep learning-based de-
tectors. The corresponding theoretical analyses are also provided as
the pillars. With the transistor size shrinking rapidly and the lay-
outs becoming more and more complicated, we hope to apply our
ideas into more general VLSI layout feature learning and encoding.

2 End of chapter.
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Chapter 5

Adder Design Space
Exploration

5.1 Introduction and Motivation

Recently, to handle the increasingly complicated design complex-
ity, obtaining high-quality IC design becomes a design space ex-
ploration problem. Machine learning techniques are started to be
applied into the huge IC design space searching. High-speed adder
design space exploration is not an exception. However, there ex-
ist two main issues in ML-based adder DSE works like [94]. One
is that [94] exploits the two-stage framework where the feature ex-
tractor for prefix adders and subsequent machine learning models
are separated. Namely, the feature extraction process lacks guided
information from the learning models. The other is feature represen-
tations are still manually crafted based on domain knowledge, which
would be likely to lose useful latent information. More specifically,
the manually-crafted attributes like sum-path-fan-out, maximum-
fan-out are calculated to characterize the prefix adder structures.
However, these attributes only partially represent the prefix adder
structure. Therefore, even with a lot of hand-engineered efforts,
information loss is still inevitable. We argue that learning represen-
tations of prefix adder networks plays a critical role in our framework

68
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i1<latexit sha1_base64="b7BubAM6qP1Knl+FWTT7to8Obdc=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpQfT9vlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AfTHjZE=</latexit><latexit sha1_base64="b7BubAM6qP1Knl+FWTT7to8Obdc=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpQfT9vlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AfTHjZE=</latexit><latexit sha1_base64="b7BubAM6qP1Knl+FWTT7to8Obdc=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpQfT9vlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AfTHjZE=</latexit><latexit sha1_base64="b7BubAM6qP1Knl+FWTT7to8Obdc=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpQfT9vlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AfTHjZE=</latexit>

i2<latexit sha1_base64="5G41/ktPlmNFVbqyiT4lhU+U6ps=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ9qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH/ZLjZI=</latexit><latexit sha1_base64="5G41/ktPlmNFVbqyiT4lhU+U6ps=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ9qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH/ZLjZI=</latexit><latexit sha1_base64="5G41/ktPlmNFVbqyiT4lhU+U6ps=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ9qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH/ZLjZI=</latexit><latexit sha1_base64="5G41/ktPlmNFVbqyiT4lhU+U6ps=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ9qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH/ZLjZI=</latexit>

i3<latexit sha1_base64="EgIclSzl+oLqR9SCSXaNb265wyg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPuX/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teve1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/fPjZM=</latexit><latexit sha1_base64="EgIclSzl+oLqR9SCSXaNb265wyg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPuX/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teve1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/fPjZM=</latexit><latexit sha1_base64="EgIclSzl+oLqR9SCSXaNb265wyg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPuX/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teve1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/fPjZM=</latexit><latexit sha1_base64="EgIclSzl+oLqR9SCSXaNb265wyg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPuX/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teve1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/fPjZM=</latexit>

i4<latexit sha1_base64="b1NHmi14boAPXTbh/cg4QI/LBAM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ9qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68TtpXVc+teve1SuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH/lTjZQ=</latexit><latexit sha1_base64="b1NHmi14boAPXTbh/cg4QI/LBAM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ9qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68TtpXVc+teve1SuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH/lTjZQ=</latexit><latexit sha1_base64="b1NHmi14boAPXTbh/cg4QI/LBAM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ9qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68TtpXVc+teve1SuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH/lTjZQ=</latexit><latexit sha1_base64="b1NHmi14boAPXTbh/cg4QI/LBAM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ9qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68TtpXVc+teve1SuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH/lTjZQ=</latexit>

i5<latexit sha1_base64="RH9xNRs8XNIdZ0YNb0YYmnjIw2w=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqudWvfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/rXjZU=</latexit><latexit sha1_base64="RH9xNRs8XNIdZ0YNb0YYmnjIw2w=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqudWvfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/rXjZU=</latexit><latexit sha1_base64="RH9xNRs8XNIdZ0YNb0YYmnjIw2w=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqudWvfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/rXjZU=</latexit><latexit sha1_base64="RH9xNRs8XNIdZ0YNb0YYmnjIw2w=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqudWvfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/rXjZU=</latexit>

i0<latexit sha1_base64="frwMZLG9Em2o39t04c4M0O3fnWw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2k3bp7ibsboQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEAturOt+O6WNza3tnfJuZW//4PCoenzSMVGiGbZZJCLdC6hBwRW2LbcCe7FGKgOB3WB6l/vdJ9SGR+rRzmL0JR0rHnJGbS7xoVsZVmtu3V2ArBOvIDUo0BpWvwajiCUSlWWCGtP33Nj6KdWWM4HzyiAxGFM2pWPsZ1RRicZPF7fOyUWmjEgY6ayUJQv190RKpTEzGWSdktqJWfVy8T+vn9jwxk+5ihOLii0XhYkgNiL542TENTIrZhmhTPPsVsImVFNms3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnRenHfnY9lacoqZU/gD5/MHKFqNpA==</latexit><latexit sha1_base64="frwMZLG9Em2o39t04c4M0O3fnWw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2k3bp7ibsboQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEAturOt+O6WNza3tnfJuZW//4PCoenzSMVGiGbZZJCLdC6hBwRW2LbcCe7FGKgOB3WB6l/vdJ9SGR+rRzmL0JR0rHnJGbS7xoVsZVmtu3V2ArBOvIDUo0BpWvwajiCUSlWWCGtP33Nj6KdWWM4HzyiAxGFM2pWPsZ1RRicZPF7fOyUWmjEgY6ayUJQv190RKpTEzGWSdktqJWfVy8T+vn9jwxk+5ihOLii0XhYkgNiL542TENTIrZhmhTPPsVsImVFNms3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnRenHfnY9lacoqZU/gD5/MHKFqNpA==</latexit><latexit sha1_base64="frwMZLG9Em2o39t04c4M0O3fnWw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2k3bp7ibsboQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEAturOt+O6WNza3tnfJuZW//4PCoenzSMVGiGbZZJCLdC6hBwRW2LbcCe7FGKgOB3WB6l/vdJ9SGR+rRzmL0JR0rHnJGbS7xoVsZVmtu3V2ArBOvIDUo0BpWvwajiCUSlWWCGtP33Nj6KdWWM4HzyiAxGFM2pWPsZ1RRicZPF7fOyUWmjEgY6ayUJQv190RKpTEzGWSdktqJWfVy8T+vn9jwxk+5ihOLii0XhYkgNiL542TENTIrZhmhTPPsVsImVFNms3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnRenHfnY9lacoqZU/gD5/MHKFqNpA==</latexit><latexit sha1_base64="frwMZLG9Em2o39t04c4M0O3fnWw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2k3bp7ibsboQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEAturOt+O6WNza3tnfJuZW//4PCoenzSMVGiGbZZJCLdC6hBwRW2LbcCe7FGKgOB3WB6l/vdJ9SGR+rRzmL0JR0rHnJGbS7xoVsZVmtu3V2ArBOvIDUo0BpWvwajiCUSlWWCGtP33Nj6KdWWM4HzyiAxGFM2pWPsZ1RRicZPF7fOyUWmjEgY6ayUJQv190RKpTEzGWSdktqJWfVy8T+vn9jwxk+5ihOLii0XhYkgNiL542TENTIrZhmhTPPsVsImVFNms3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnRenHfnY9lacoqZU/gD5/MHKFqNpA==</latexit>

m1<latexit sha1_base64="ecfuW5MC7U5M/aH8TnOYDRF8Ys0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHNJDb3KsFpz6+4CZJ14BalBgdaw+jUYRSxRXCOT1Nq+58bop9SgYJLPK4PE8piyKR3zfkY1Vdz66eLWObnIlBEJI5OVRrJQf0+kVFk7U0HWqShO7KqXi/95/QTDGz8VOk6Qa7ZcFCaSYETyx8lIGM5QzjJCmRHZrYRNqKEMs3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnJenHfnY9lacoqZU/gD5/MHL/uNqQ==</latexit><latexit sha1_base64="ecfuW5MC7U5M/aH8TnOYDRF8Ys0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHNJDb3KsFpz6+4CZJ14BalBgdaw+jUYRSxRXCOT1Nq+58bop9SgYJLPK4PE8piyKR3zfkY1Vdz66eLWObnIlBEJI5OVRrJQf0+kVFk7U0HWqShO7KqXi/95/QTDGz8VOk6Qa7ZcFCaSYETyx8lIGM5QzjJCmRHZrYRNqKEMs3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnJenHfnY9lacoqZU/gD5/MHL/uNqQ==</latexit><latexit sha1_base64="ecfuW5MC7U5M/aH8TnOYDRF8Ys0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHNJDb3KsFpz6+4CZJ14BalBgdaw+jUYRSxRXCOT1Nq+58bop9SgYJLPK4PE8piyKR3zfkY1Vdz66eLWObnIlBEJI5OVRrJQf0+kVFk7U0HWqShO7KqXi/95/QTDGz8VOk6Qa7ZcFCaSYETyx8lIGM5QzjJCmRHZrYRNqKEMs3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnJenHfnY9lacoqZU/gD5/MHL/uNqQ==</latexit><latexit sha1_base64="ecfuW5MC7U5M/aH8TnOYDRF8Ys0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHNJDb3KsFpz6+4CZJ14BalBgdaw+jUYRSxRXCOT1Nq+58bop9SgYJLPK4PE8piyKR3zfkY1Vdz66eLWObnIlBEJI5OVRrJQf0+kVFk7U0HWqShO7KqXi/95/QTDGz8VOk6Qa7ZcFCaSYETyx8lIGM5QzjJCmRHZrYRNqKEMs3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnJenHfnY9lacoqZU/gD5/MHL/uNqQ==</latexit>

m0
<latexit sha1_base64="tRRY4GhpYWw3gUyqfZ8GzRmfFGY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhM7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcZzyUNGBFrFgFJ30oHp+r1zxq/4cZJUEOalAjnqv/NXtJyxTXCOT1NpO4KcYTqhBwSSflrqZ5SllIzrgHUc1VdyGk/mpU3LmlD6JE+NKI5mrvycmVFk7VpHrVBSHdtmbif95nQzj63AidJoh12yxKM4kwYTM/iZ9YThDOXaEMiPcrYQNqaEMXTolF0Kw/PIqaV5UA78a3F9Wajd5HEU4gVM4hwCuoAZ3UIcGMBjAM7zCmye9F+/d+1i0Frx85hj+wPv8AflbjZQ=</latexit><latexit sha1_base64="tRRY4GhpYWw3gUyqfZ8GzRmfFGY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhM7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcZzyUNGBFrFgFJ30oHp+r1zxq/4cZJUEOalAjnqv/NXtJyxTXCOT1NpO4KcYTqhBwSSflrqZ5SllIzrgHUc1VdyGk/mpU3LmlD6JE+NKI5mrvycmVFk7VpHrVBSHdtmbif95nQzj63AidJoh12yxKM4kwYTM/iZ9YThDOXaEMiPcrYQNqaEMXTolF0Kw/PIqaV5UA78a3F9Wajd5HEU4gVM4hwCuoAZ3UIcGMBjAM7zCmye9F+/d+1i0Frx85hj+wPv8AflbjZQ=</latexit><latexit sha1_base64="tRRY4GhpYWw3gUyqfZ8GzRmfFGY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhM7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcZzyUNGBFrFgFJ30oHp+r1zxq/4cZJUEOalAjnqv/NXtJyxTXCOT1NpO4KcYTqhBwSSflrqZ5SllIzrgHUc1VdyGk/mpU3LmlD6JE+NKI5mrvycmVFk7VpHrVBSHdtmbif95nQzj63AidJoh12yxKM4kwYTM/iZ9YThDOXaEMiPcrYQNqaEMXTolF0Kw/PIqaV5UA78a3F9Wajd5HEU4gVM4hwCuoAZ3UIcGMBjAM7zCmye9F+/d+1i0Frx85hj+wPv8AflbjZQ=</latexit><latexit sha1_base64="tRRY4GhpYWw3gUyqfZ8GzRmfFGY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhM7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcZzyUNGBFrFgFJ30oHp+r1zxq/4cZJUEOalAjnqv/NXtJyxTXCOT1NpO4KcYTqhBwSSflrqZ5SllIzrgHUc1VdyGk/mpU3LmlD6JE+NKI5mrvycmVFk7VpHrVBSHdtmbif95nQzj63AidJoh12yxKM4kwYTM/iZ9YThDOXaEMiPcrYQNqaEMXTolF0Kw/PIqaV5UA78a3F9Wajd5HEU4gVM4hwCuoAZ3UIcGMBjAM7zCmye9F+/d+1i0Frx85hj+wPv8AflbjZQ=</latexit> c1<latexit sha1_base64="xCHdF7HzcmuY2O2Yflp1NYn7Tz0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHOJDb3KsFpz6+4CZJ14BalBgdaw+jUYRSxRXCOT1Nq+58bop9SgYJLPK4PE8piyKR3zfkY1Vdz66eLWObnIlBEJI5OVRrJQf0+kVFk7U0HWqShO7KqXi/95/QTDGz8VOk6Qa7ZcFCaSYETyx8lIGM5QzjJCmRHZrYRNqKEMs3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnJenHfnY9lacoqZU/gD5/MHILWNnw==</latexit><latexit sha1_base64="xCHdF7HzcmuY2O2Yflp1NYn7Tz0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHOJDb3KsFpz6+4CZJ14BalBgdaw+jUYRSxRXCOT1Nq+58bop9SgYJLPK4PE8piyKR3zfkY1Vdz66eLWObnIlBEJI5OVRrJQf0+kVFk7U0HWqShO7KqXi/95/QTDGz8VOk6Qa7ZcFCaSYETyx8lIGM5QzjJCmRHZrYRNqKEMs3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnJenHfnY9lacoqZU/gD5/MHILWNnw==</latexit><latexit sha1_base64="xCHdF7HzcmuY2O2Yflp1NYn7Tz0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHOJDb3KsFpz6+4CZJ14BalBgdaw+jUYRSxRXCOT1Nq+58bop9SgYJLPK4PE8piyKR3zfkY1Vdz66eLWObnIlBEJI5OVRrJQf0+kVFk7U0HWqShO7KqXi/95/QTDGz8VOk6Qa7ZcFCaSYETyx8lIGM5QzjJCmRHZrYRNqKEMs3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnJenHfnY9lacoqZU/gD5/MHILWNnw==</latexit><latexit sha1_base64="xCHdF7HzcmuY2O2Yflp1NYn7Tz0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHOJDb3KsFpz6+4CZJ14BalBgdaw+jUYRSxRXCOT1Nq+58bop9SgYJLPK4PE8piyKR3zfkY1Vdz66eLWObnIlBEJI5OVRrJQf0+kVFk7U0HWqShO7KqXi/95/QTDGz8VOk6Qa7ZcFCaSYETyx8lIGM5QzjJCmRHZrYRNqKEMs3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnJenHfnY9lacoqZU/gD5/MHILWNnw==</latexit>

c2<latexit sha1_base64="tH/lnfdmPbXeWx2i9xfZDS+3iMU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ1qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH+0njYw=</latexit><latexit sha1_base64="tH/lnfdmPbXeWx2i9xfZDS+3iMU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ1qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH+0njYw=</latexit><latexit sha1_base64="tH/lnfdmPbXeWx2i9xfZDS+3iMU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ1qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH+0njYw=</latexit><latexit sha1_base64="tH/lnfdmPbXeWx2i9xfZDS+3iMU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ1qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH+0njYw=</latexit>

c3
<latexit sha1_base64="z+eTTvCMDCz8piPM6gBxcLrfdTs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPqX/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teve1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP+6rjY0=</latexit><latexit sha1_base64="z+eTTvCMDCz8piPM6gBxcLrfdTs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPqX/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teve1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP+6rjY0=</latexit><latexit sha1_base64="z+eTTvCMDCz8piPM6gBxcLrfdTs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPqX/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teve1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP+6rjY0=</latexit><latexit sha1_base64="z+eTTvCMDCz8piPM6gBxcLrfdTs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPqX/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teve1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP+6rjY0=</latexit>

c4<latexit sha1_base64="ypzjBHHz1k2rmAf3Jp3DJGBI4uE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ1qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68TtpXVc+teve1SuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH/AvjY4=</latexit><latexit sha1_base64="ypzjBHHz1k2rmAf3Jp3DJGBI4uE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ1qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68TtpXVc+teve1SuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH/AvjY4=</latexit><latexit sha1_base64="ypzjBHHz1k2rmAf3Jp3DJGBI4uE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ1qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68TtpXVc+teve1SuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH/AvjY4=</latexit><latexit sha1_base64="ypzjBHHz1k2rmAf3Jp3DJGBI4uE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ1qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68TtpXVc+teve1SuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH/AvjY4=</latexit>

c5
<latexit sha1_base64="LxO/yXw7L0hYzFEtg5wEptC0xMA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPq1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqudWvfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/GzjY8=</latexit><latexit sha1_base64="LxO/yXw7L0hYzFEtg5wEptC0xMA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPq1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqudWvfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/GzjY8=</latexit><latexit sha1_base64="LxO/yXw7L0hYzFEtg5wEptC0xMA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPq1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqudWvfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/GzjY8=</latexit><latexit sha1_base64="LxO/yXw7L0hYzFEtg5wEptC0xMA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPq1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqudWvfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/GzjY8=</latexit>

c0
<latexit sha1_base64="iZoACAjBTntNhppTAMeRnwy3muY=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpgfW9vlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AeofjYo=</latexit><latexit sha1_base64="iZoACAjBTntNhppTAMeRnwy3muY=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpgfW9vlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AeofjYo=</latexit><latexit sha1_base64="iZoACAjBTntNhppTAMeRnwy3muY=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpgfW9vlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AeofjYo=</latexit><latexit sha1_base64="iZoACAjBTntNhppTAMeRnwy3muY=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpgfW9vlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AeofjYo=</latexit>

i1<latexit sha1_base64="b7BubAM6qP1Knl+FWTT7to8Obdc=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpQfT9vlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AfTHjZE=</latexit><latexit sha1_base64="b7BubAM6qP1Knl+FWTT7to8Obdc=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpQfT9vlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AfTHjZE=</latexit><latexit sha1_base64="b7BubAM6qP1Knl+FWTT7to8Obdc=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpQfT9vlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AfTHjZE=</latexit><latexit sha1_base64="b7BubAM6qP1Knl+FWTT7to8Obdc=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpQfT9vlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AfTHjZE=</latexit>

i2<latexit sha1_base64="5G41/ktPlmNFVbqyiT4lhU+U6ps=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ9qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH/ZLjZI=</latexit><latexit sha1_base64="5G41/ktPlmNFVbqyiT4lhU+U6ps=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ9qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH/ZLjZI=</latexit><latexit sha1_base64="5G41/ktPlmNFVbqyiT4lhU+U6ps=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ9qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH/ZLjZI=</latexit><latexit sha1_base64="5G41/ktPlmNFVbqyiT4lhU+U6ps=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ9qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH/ZLjZI=</latexit>

i3<latexit sha1_base64="EgIclSzl+oLqR9SCSXaNb265wyg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPuX/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teve1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/fPjZM=</latexit><latexit sha1_base64="EgIclSzl+oLqR9SCSXaNb265wyg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPuX/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teve1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/fPjZM=</latexit><latexit sha1_base64="EgIclSzl+oLqR9SCSXaNb265wyg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPuX/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teve1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/fPjZM=</latexit><latexit sha1_base64="EgIclSzl+oLqR9SCSXaNb265wyg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPuX/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teve1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/fPjZM=</latexit>

i4<latexit sha1_base64="b1NHmi14boAPXTbh/cg4QI/LBAM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ9qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68TtpXVc+teve1SuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH/lTjZQ=</latexit><latexit sha1_base64="b1NHmi14boAPXTbh/cg4QI/LBAM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ9qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68TtpXVc+teve1SuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH/lTjZQ=</latexit><latexit sha1_base64="b1NHmi14boAPXTbh/cg4QI/LBAM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ9qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68TtpXVc+teve1SuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH/lTjZQ=</latexit><latexit sha1_base64="b1NHmi14boAPXTbh/cg4QI/LBAM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ9qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68TtpXVc+teve1SuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH/lTjZQ=</latexit>

i5<latexit sha1_base64="RH9xNRs8XNIdZ0YNb0YYmnjIw2w=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqudWvfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/rXjZU=</latexit><latexit sha1_base64="RH9xNRs8XNIdZ0YNb0YYmnjIw2w=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqudWvfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/rXjZU=</latexit><latexit sha1_base64="RH9xNRs8XNIdZ0YNb0YYmnjIw2w=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqudWvfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/rXjZU=</latexit><latexit sha1_base64="RH9xNRs8XNIdZ0YNb0YYmnjIw2w=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqudWvfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/rXjZU=</latexit>

i0<latexit sha1_base64="frwMZLG9Em2o39t04c4M0O3fnWw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2k3bp7ibsboQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEAturOt+O6WNza3tnfJuZW//4PCoenzSMVGiGbZZJCLdC6hBwRW2LbcCe7FGKgOB3WB6l/vdJ9SGR+rRzmL0JR0rHnJGbS7xoVsZVmtu3V2ArBOvIDUo0BpWvwajiCUSlWWCGtP33Nj6KdWWM4HzyiAxGFM2pWPsZ1RRicZPF7fOyUWmjEgY6ayUJQv190RKpTEzGWSdktqJWfVy8T+vn9jwxk+5ihOLii0XhYkgNiL542TENTIrZhmhTPPsVsImVFNms3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnRenHfnY9lacoqZU/gD5/MHKFqNpA==</latexit><latexit sha1_base64="frwMZLG9Em2o39t04c4M0O3fnWw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2k3bp7ibsboQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEAturOt+O6WNza3tnfJuZW//4PCoenzSMVGiGbZZJCLdC6hBwRW2LbcCe7FGKgOB3WB6l/vdJ9SGR+rRzmL0JR0rHnJGbS7xoVsZVmtu3V2ArBOvIDUo0BpWvwajiCUSlWWCGtP33Nj6KdWWM4HzyiAxGFM2pWPsZ1RRicZPF7fOyUWmjEgY6ayUJQv190RKpTEzGWSdktqJWfVy8T+vn9jwxk+5ihOLii0XhYkgNiL542TENTIrZhmhTPPsVsImVFNms3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnRenHfnY9lacoqZU/gD5/MHKFqNpA==</latexit><latexit sha1_base64="frwMZLG9Em2o39t04c4M0O3fnWw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2k3bp7ibsboQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEAturOt+O6WNza3tnfJuZW//4PCoenzSMVGiGbZZJCLdC6hBwRW2LbcCe7FGKgOB3WB6l/vdJ9SGR+rRzmL0JR0rHnJGbS7xoVsZVmtu3V2ArBOvIDUo0BpWvwajiCUSlWWCGtP33Nj6KdWWM4HzyiAxGFM2pWPsZ1RRicZPF7fOyUWmjEgY6ayUJQv190RKpTEzGWSdktqJWfVy8T+vn9jwxk+5ihOLii0XhYkgNiL542TENTIrZhmhTPPsVsImVFNms3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnRenHfnY9lacoqZU/gD5/MHKFqNpA==</latexit><latexit sha1_base64="frwMZLG9Em2o39t04c4M0O3fnWw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2k3bp7ibsboQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEAturOt+O6WNza3tnfJuZW//4PCoenzSMVGiGbZZJCLdC6hBwRW2LbcCe7FGKgOB3WB6l/vdJ9SGR+rRzmL0JR0rHnJGbS7xoVsZVmtu3V2ArBOvIDUo0BpWvwajiCUSlWWCGtP33Nj6KdWWM4HzyiAxGFM2pWPsZ1RRicZPF7fOyUWmjEgY6ayUJQv190RKpTEzGWSdktqJWfVy8T+vn9jwxk+5ihOLii0XhYkgNiL542TENTIrZhmhTPPsVsImVFNms3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnRenHfnY9lacoqZU/gD5/MHKFqNpA==</latexit>

m1<latexit sha1_base64="ecfuW5MC7U5M/aH8TnOYDRF8Ys0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHNJDb3KsFpz6+4CZJ14BalBgdaw+jUYRSxRXCOT1Nq+58bop9SgYJLPK4PE8piyKR3zfkY1Vdz66eLWObnIlBEJI5OVRrJQf0+kVFk7U0HWqShO7KqXi/95/QTDGz8VOk6Qa7ZcFCaSYETyx8lIGM5QzjJCmRHZrYRNqKEMs3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnJenHfnY9lacoqZU/gD5/MHL/uNqQ==</latexit><latexit sha1_base64="ecfuW5MC7U5M/aH8TnOYDRF8Ys0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHNJDb3KsFpz6+4CZJ14BalBgdaw+jUYRSxRXCOT1Nq+58bop9SgYJLPK4PE8piyKR3zfkY1Vdz66eLWObnIlBEJI5OVRrJQf0+kVFk7U0HWqShO7KqXi/95/QTDGz8VOk6Qa7ZcFCaSYETyx8lIGM5QzjJCmRHZrYRNqKEMs3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnJenHfnY9lacoqZU/gD5/MHL/uNqQ==</latexit><latexit sha1_base64="ecfuW5MC7U5M/aH8TnOYDRF8Ys0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHNJDb3KsFpz6+4CZJ14BalBgdaw+jUYRSxRXCOT1Nq+58bop9SgYJLPK4PE8piyKR3zfkY1Vdz66eLWObnIlBEJI5OVRrJQf0+kVFk7U0HWqShO7KqXi/95/QTDGz8VOk6Qa7ZcFCaSYETyx8lIGM5QzjJCmRHZrYRNqKEMs3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnJenHfnY9lacoqZU/gD5/MHL/uNqQ==</latexit><latexit sha1_base64="ecfuW5MC7U5M/aH8TnOYDRF8Ys0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHNJDb3KsFpz6+4CZJ14BalBgdaw+jUYRSxRXCOT1Nq+58bop9SgYJLPK4PE8piyKR3zfkY1Vdz66eLWObnIlBEJI5OVRrJQf0+kVFk7U0HWqShO7KqXi/95/QTDGz8VOk6Qa7ZcFCaSYETyx8lIGM5QzjJCmRHZrYRNqKEMs3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnJenHfnY9lacoqZU/gD5/MHL/uNqQ==</latexit>

m0
<latexit sha1_base64="tRRY4GhpYWw3gUyqfZ8GzRmfFGY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhM7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcZzyUNGBFrFgFJ30oHp+r1zxq/4cZJUEOalAjnqv/NXtJyxTXCOT1NpO4KcYTqhBwSSflrqZ5SllIzrgHUc1VdyGk/mpU3LmlD6JE+NKI5mrvycmVFk7VpHrVBSHdtmbif95nQzj63AidJoh12yxKM4kwYTM/iZ9YThDOXaEMiPcrYQNqaEMXTolF0Kw/PIqaV5UA78a3F9Wajd5HEU4gVM4hwCuoAZ3UIcGMBjAM7zCmye9F+/d+1i0Frx85hj+wPv8AflbjZQ=</latexit><latexit sha1_base64="tRRY4GhpYWw3gUyqfZ8GzRmfFGY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhM7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcZzyUNGBFrFgFJ30oHp+r1zxq/4cZJUEOalAjnqv/NXtJyxTXCOT1NpO4KcYTqhBwSSflrqZ5SllIzrgHUc1VdyGk/mpU3LmlD6JE+NKI5mrvycmVFk7VpHrVBSHdtmbif95nQzj63AidJoh12yxKM4kwYTM/iZ9YThDOXaEMiPcrYQNqaEMXTolF0Kw/PIqaV5UA78a3F9Wajd5HEU4gVM4hwCuoAZ3UIcGMBjAM7zCmye9F+/d+1i0Frx85hj+wPv8AflbjZQ=</latexit><latexit sha1_base64="tRRY4GhpYWw3gUyqfZ8GzRmfFGY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhM7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcZzyUNGBFrFgFJ30oHp+r1zxq/4cZJUEOalAjnqv/NXtJyxTXCOT1NpO4KcYTqhBwSSflrqZ5SllIzrgHUc1VdyGk/mpU3LmlD6JE+NKI5mrvycmVFk7VpHrVBSHdtmbif95nQzj63AidJoh12yxKM4kwYTM/iZ9YThDOXaEMiPcrYQNqaEMXTolF0Kw/PIqaV5UA78a3F9Wajd5HEU4gVM4hwCuoAZ3UIcGMBjAM7zCmye9F+/d+1i0Frx85hj+wPv8AflbjZQ=</latexit><latexit sha1_base64="tRRY4GhpYWw3gUyqfZ8GzRmfFGY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhM7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcZzyUNGBFrFgFJ30oHp+r1zxq/4cZJUEOalAjnqv/NXtJyxTXCOT1NpO4KcYTqhBwSSflrqZ5SllIzrgHUc1VdyGk/mpU3LmlD6JE+NKI5mrvycmVFk7VpHrVBSHdtmbif95nQzj63AidJoh12yxKM4kwYTM/iZ9YThDOXaEMiPcrYQNqaEMXTolF0Kw/PIqaV5UA78a3F9Wajd5HEU4gVM4hwCuoAZ3UIcGMBjAM7zCmye9F+/d+1i0Frx85hj+wPv8AflbjZQ=</latexit> c1<latexit sha1_base64="xCHdF7HzcmuY2O2Yflp1NYn7Tz0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHOJDb3KsFpz6+4CZJ14BalBgdaw+jUYRSxRXCOT1Nq+58bop9SgYJLPK4PE8piyKR3zfkY1Vdz66eLWObnIlBEJI5OVRrJQf0+kVFk7U0HWqShO7KqXi/95/QTDGz8VOk6Qa7ZcFCaSYETyx8lIGM5QzjJCmRHZrYRNqKEMs3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnJenHfnY9lacoqZU/gD5/MHILWNnw==</latexit><latexit sha1_base64="xCHdF7HzcmuY2O2Yflp1NYn7Tz0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHOJDb3KsFpz6+4CZJ14BalBgdaw+jUYRSxRXCOT1Nq+58bop9SgYJLPK4PE8piyKR3zfkY1Vdz66eLWObnIlBEJI5OVRrJQf0+kVFk7U0HWqShO7KqXi/95/QTDGz8VOk6Qa7ZcFCaSYETyx8lIGM5QzjJCmRHZrYRNqKEMs3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnJenHfnY9lacoqZU/gD5/MHILWNnw==</latexit><latexit sha1_base64="xCHdF7HzcmuY2O2Yflp1NYn7Tz0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHOJDb3KsFpz6+4CZJ14BalBgdaw+jUYRSxRXCOT1Nq+58bop9SgYJLPK4PE8piyKR3zfkY1Vdz66eLWObnIlBEJI5OVRrJQf0+kVFk7U0HWqShO7KqXi/95/QTDGz8VOk6Qa7ZcFCaSYETyx8lIGM5QzjJCmRHZrYRNqKEMs3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnJenHfnY9lacoqZU/gD5/MHILWNnw==</latexit><latexit sha1_base64="xCHdF7HzcmuY2O2Yflp1NYn7Tz0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHOJDb3KsFpz6+4CZJ14BalBgdaw+jUYRSxRXCOT1Nq+58bop9SgYJLPK4PE8piyKR3zfkY1Vdz66eLWObnIlBEJI5OVRrJQf0+kVFk7U0HWqShO7KqXi/95/QTDGz8VOk6Qa7ZcFCaSYETyx8lIGM5QzjJCmRHZrYRNqKEMs3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnJenHfnY9lacoqZU/gD5/MHILWNnw==</latexit>

c2<latexit sha1_base64="tH/lnfdmPbXeWx2i9xfZDS+3iMU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ1qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH+0njYw=</latexit><latexit sha1_base64="tH/lnfdmPbXeWx2i9xfZDS+3iMU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ1qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH+0njYw=</latexit><latexit sha1_base64="tH/lnfdmPbXeWx2i9xfZDS+3iMU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ1qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH+0njYw=</latexit><latexit sha1_base64="tH/lnfdmPbXeWx2i9xfZDS+3iMU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ1qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH+0njYw=</latexit>

c3
<latexit sha1_base64="z+eTTvCMDCz8piPM6gBxcLrfdTs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPqX/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teve1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP+6rjY0=</latexit><latexit sha1_base64="z+eTTvCMDCz8piPM6gBxcLrfdTs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPqX/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teve1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP+6rjY0=</latexit><latexit sha1_base64="z+eTTvCMDCz8piPM6gBxcLrfdTs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPqX/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teve1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP+6rjY0=</latexit><latexit sha1_base64="z+eTTvCMDCz8piPM6gBxcLrfdTs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPqX/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teve1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP+6rjY0=</latexit>

c4<latexit sha1_base64="ypzjBHHz1k2rmAf3Jp3DJGBI4uE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ1qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68TtpXVc+teve1SuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH/AvjY4=</latexit><latexit sha1_base64="ypzjBHHz1k2rmAf3Jp3DJGBI4uE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ1qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68TtpXVc+teve1SuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH/AvjY4=</latexit><latexit sha1_base64="ypzjBHHz1k2rmAf3Jp3DJGBI4uE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ1qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68TtpXVc+teve1SuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH/AvjY4=</latexit><latexit sha1_base64="ypzjBHHz1k2rmAf3Jp3DJGBI4uE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ1qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68TtpXVc+teve1SuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH/AvjY4=</latexit>

c5
<latexit sha1_base64="LxO/yXw7L0hYzFEtg5wEptC0xMA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPq1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqudWvfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/GzjY8=</latexit><latexit sha1_base64="LxO/yXw7L0hYzFEtg5wEptC0xMA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPq1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqudWvfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/GzjY8=</latexit><latexit sha1_base64="LxO/yXw7L0hYzFEtg5wEptC0xMA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPq1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqudWvfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/GzjY8=</latexit><latexit sha1_base64="LxO/yXw7L0hYzFEtg5wEptC0xMA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPq1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqudWvfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/GzjY8=</latexit>

c0
<latexit sha1_base64="iZoACAjBTntNhppTAMeRnwy3muY=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpgfW9vlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AeofjYo=</latexit><latexit sha1_base64="iZoACAjBTntNhppTAMeRnwy3muY=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpgfW9vlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AeofjYo=</latexit><latexit sha1_base64="iZoACAjBTntNhppTAMeRnwy3muY=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpgfW9vlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AeofjYo=</latexit><latexit sha1_base64="iZoACAjBTntNhppTAMeRnwy3muY=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpgfW9vlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AeofjYo=</latexit>

i1
<latexit sha1_base64="b7BubAM6qP1Knl+FWTT7to8Obdc=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpQfT9vlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AfTHjZE=</latexit><latexit sha1_base64="b7BubAM6qP1Knl+FWTT7to8Obdc=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpQfT9vlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AfTHjZE=</latexit><latexit sha1_base64="b7BubAM6qP1Knl+FWTT7to8Obdc=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpQfT9vlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AfTHjZE=</latexit><latexit sha1_base64="b7BubAM6qP1Knl+FWTT7to8Obdc=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpQfT9vlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AfTHjZE=</latexit>

i2
<latexit sha1_base64="5G41/ktPlmNFVbqyiT4lhU+U6ps=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ9qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH/ZLjZI=</latexit><latexit sha1_base64="5G41/ktPlmNFVbqyiT4lhU+U6ps=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ9qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH/ZLjZI=</latexit><latexit sha1_base64="5G41/ktPlmNFVbqyiT4lhU+U6ps=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ9qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH/ZLjZI=</latexit><latexit sha1_base64="5G41/ktPlmNFVbqyiT4lhU+U6ps=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ9qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH/ZLjZI=</latexit>

i3
<latexit sha1_base64="EgIclSzl+oLqR9SCSXaNb265wyg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPuX/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teve1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/fPjZM=</latexit><latexit sha1_base64="EgIclSzl+oLqR9SCSXaNb265wyg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPuX/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teve1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/fPjZM=</latexit><latexit sha1_base64="EgIclSzl+oLqR9SCSXaNb265wyg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPuX/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teve1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/fPjZM=</latexit><latexit sha1_base64="EgIclSzl+oLqR9SCSXaNb265wyg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPuX/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teve1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/fPjZM=</latexit>

i4
<latexit sha1_base64="b1NHmi14boAPXTbh/cg4QI/LBAM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ9qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68TtpXVc+teve1SuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH/lTjZQ=</latexit><latexit sha1_base64="b1NHmi14boAPXTbh/cg4QI/LBAM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ9qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68TtpXVc+teve1SuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH/lTjZQ=</latexit><latexit sha1_base64="b1NHmi14boAPXTbh/cg4QI/LBAM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ9qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68TtpXVc+teve1SuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH/lTjZQ=</latexit><latexit sha1_base64="b1NHmi14boAPXTbh/cg4QI/LBAM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ9qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68TtpXVc+teve1SuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH/lTjZQ=</latexit>

i5
<latexit sha1_base64="RH9xNRs8XNIdZ0YNb0YYmnjIw2w=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqudWvfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/rXjZU=</latexit><latexit sha1_base64="RH9xNRs8XNIdZ0YNb0YYmnjIw2w=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqudWvfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/rXjZU=</latexit><latexit sha1_base64="RH9xNRs8XNIdZ0YNb0YYmnjIw2w=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqudWvfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/rXjZU=</latexit><latexit sha1_base64="RH9xNRs8XNIdZ0YNb0YYmnjIw2w=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqudWvfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/rXjZU=</latexit>

i0
<latexit sha1_base64="frwMZLG9Em2o39t04c4M0O3fnWw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2k3bp7ibsboQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEAturOt+O6WNza3tnfJuZW//4PCoenzSMVGiGbZZJCLdC6hBwRW2LbcCe7FGKgOB3WB6l/vdJ9SGR+rRzmL0JR0rHnJGbS7xoVsZVmtu3V2ArBOvIDUo0BpWvwajiCUSlWWCGtP33Nj6KdWWM4HzyiAxGFM2pWPsZ1RRicZPF7fOyUWmjEgY6ayUJQv190RKpTEzGWSdktqJWfVy8T+vn9jwxk+5ihOLii0XhYkgNiL542TENTIrZhmhTPPsVsImVFNms3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnRenHfnY9lacoqZU/gD5/MHKFqNpA==</latexit><latexit sha1_base64="frwMZLG9Em2o39t04c4M0O3fnWw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2k3bp7ibsboQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEAturOt+O6WNza3tnfJuZW//4PCoenzSMVGiGbZZJCLdC6hBwRW2LbcCe7FGKgOB3WB6l/vdJ9SGR+rRzmL0JR0rHnJGbS7xoVsZVmtu3V2ArBOvIDUo0BpWvwajiCUSlWWCGtP33Nj6KdWWM4HzyiAxGFM2pWPsZ1RRicZPF7fOyUWmjEgY6ayUJQv190RKpTEzGWSdktqJWfVy8T+vn9jwxk+5ihOLii0XhYkgNiL542TENTIrZhmhTPPsVsImVFNms3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnRenHfnY9lacoqZU/gD5/MHKFqNpA==</latexit><latexit sha1_base64="frwMZLG9Em2o39t04c4M0O3fnWw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2k3bp7ibsboQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEAturOt+O6WNza3tnfJuZW//4PCoenzSMVGiGbZZJCLdC6hBwRW2LbcCe7FGKgOB3WB6l/vdJ9SGR+rRzmL0JR0rHnJGbS7xoVsZVmtu3V2ArBOvIDUo0BpWvwajiCUSlWWCGtP33Nj6KdWWM4HzyiAxGFM2pWPsZ1RRicZPF7fOyUWmjEgY6ayUJQv190RKpTEzGWSdktqJWfVy8T+vn9jwxk+5ihOLii0XhYkgNiL542TENTIrZhmhTPPsVsImVFNms3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnRenHfnY9lacoqZU/gD5/MHKFqNpA==</latexit><latexit sha1_base64="frwMZLG9Em2o39t04c4M0O3fnWw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2k3bp7ibsboQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEAturOt+O6WNza3tnfJuZW//4PCoenzSMVGiGbZZJCLdC6hBwRW2LbcCe7FGKgOB3WB6l/vdJ9SGR+rRzmL0JR0rHnJGbS7xoVsZVmtu3V2ArBOvIDUo0BpWvwajiCUSlWWCGtP33Nj6KdWWM4HzyiAxGFM2pWPsZ1RRicZPF7fOyUWmjEgY6ayUJQv190RKpTEzGWSdktqJWfVy8T+vn9jwxk+5ihOLii0XhYkgNiL542TENTIrZhmhTPPsVsImVFNms3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnRenHfnY9lacoqZU/gD5/MHKFqNpA==</latexit>

m2<latexit sha1_base64="z+1j/6iuRAmmyWJz/F4TPtFlJ98=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHNJDRuVYbXm1t0FyDrxClKDAq1h9WswiliiuEYmqbV9z43RT6lBwSSfVwaJ5TFlUzrm/Yxqqrj108Wtc3KRKSMSRiYrjWSh/p5IqbJ2poKsU1Gc2FUvF//z+gmGN34qdJwg12y5KEwkwYjkj5ORMJyhnGWEMiOyWwmbUEMZZvHkIXirL6+TTqPuuXXv4arWvC3iKMMZnMMleHANTbiHFrSBwQSe4RXeHOW8OO/Ox7K15BQzp/AHzucPMYCNqg==</latexit><latexit sha1_base64="z+1j/6iuRAmmyWJz/F4TPtFlJ98=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHNJDRuVYbXm1t0FyDrxClKDAq1h9WswiliiuEYmqbV9z43RT6lBwSSfVwaJ5TFlUzrm/Yxqqrj108Wtc3KRKSMSRiYrjWSh/p5IqbJ2poKsU1Gc2FUvF//z+gmGN34qdJwg12y5KEwkwYjkj5ORMJyhnGWEMiOyWwmbUEMZZvHkIXirL6+TTqPuuXXv4arWvC3iKMMZnMMleHANTbiHFrSBwQSe4RXeHOW8OO/Ox7K15BQzp/AHzucPMYCNqg==</latexit><latexit sha1_base64="z+1j/6iuRAmmyWJz/F4TPtFlJ98=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHNJDRuVYbXm1t0FyDrxClKDAq1h9WswiliiuEYmqbV9z43RT6lBwSSfVwaJ5TFlUzrm/Yxqqrj108Wtc3KRKSMSRiYrjWSh/p5IqbJ2poKsU1Gc2FUvF//z+gmGN34qdJwg12y5KEwkwYjkj5ORMJyhnGWEMiOyWwmbUEMZZvHkIXirL6+TTqPuuXXv4arWvC3iKMMZnMMleHANTbiHFrSBwQSe4RXeHOW8OO/Ox7K15BQzp/AHzucPMYCNqg==</latexit><latexit sha1_base64="z+1j/6iuRAmmyWJz/F4TPtFlJ98=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHNJDRuVYbXm1t0FyDrxClKDAq1h9WswiliiuEYmqbV9z43RT6lBwSSfVwaJ5TFlUzrm/Yxqqrj108Wtc3KRKSMSRiYrjWSh/p5IqbJ2poKsU1Gc2FUvF//z+gmGN34qdJwg12y5KEwkwYjkj5ORMJyhnGWEMiOyWwmbUEMZZvHkIXirL6+TTqPuuXXv4arWvC3iKMMZnMMleHANTbiHFrSBwQSe4RXeHOW8OO/Ox7K15BQzp/AHzucPMYCNqg==</latexit>

m0
<latexit sha1_base64="tRRY4GhpYWw3gUyqfZ8GzRmfFGY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhM7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcZzyUNGBFrFgFJ30oHp+r1zxq/4cZJUEOalAjnqv/NXtJyxTXCOT1NpO4KcYTqhBwSSflrqZ5SllIzrgHUc1VdyGk/mpU3LmlD6JE+NKI5mrvycmVFk7VpHrVBSHdtmbif95nQzj63AidJoh12yxKM4kwYTM/iZ9YThDOXaEMiPcrYQNqaEMXTolF0Kw/PIqaV5UA78a3F9Wajd5HEU4gVM4hwCuoAZ3UIcGMBjAM7zCmye9F+/d+1i0Frx85hj+wPv8AflbjZQ=</latexit><latexit sha1_base64="tRRY4GhpYWw3gUyqfZ8GzRmfFGY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhM7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcZzyUNGBFrFgFJ30oHp+r1zxq/4cZJUEOalAjnqv/NXtJyxTXCOT1NpO4KcYTqhBwSSflrqZ5SllIzrgHUc1VdyGk/mpU3LmlD6JE+NKI5mrvycmVFk7VpHrVBSHdtmbif95nQzj63AidJoh12yxKM4kwYTM/iZ9YThDOXaEMiPcrYQNqaEMXTolF0Kw/PIqaV5UA78a3F9Wajd5HEU4gVM4hwCuoAZ3UIcGMBjAM7zCmye9F+/d+1i0Frx85hj+wPv8AflbjZQ=</latexit><latexit sha1_base64="tRRY4GhpYWw3gUyqfZ8GzRmfFGY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhM7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcZzyUNGBFrFgFJ30oHp+r1zxq/4cZJUEOalAjnqv/NXtJyxTXCOT1NpO4KcYTqhBwSSflrqZ5SllIzrgHUc1VdyGk/mpU3LmlD6JE+NKI5mrvycmVFk7VpHrVBSHdtmbif95nQzj63AidJoh12yxKM4kwYTM/iZ9YThDOXaEMiPcrYQNqaEMXTolF0Kw/PIqaV5UA78a3F9Wajd5HEU4gVM4hwCuoAZ3UIcGMBjAM7zCmye9F+/d+1i0Frx85hj+wPv8AflbjZQ=</latexit><latexit sha1_base64="tRRY4GhpYWw3gUyqfZ8GzRmfFGY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhM7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcZzyUNGBFrFgFJ30oHp+r1zxq/4cZJUEOalAjnqv/NXtJyxTXCOT1NpO4KcYTqhBwSSflrqZ5SllIzrgHUc1VdyGk/mpU3LmlD6JE+NKI5mrvycmVFk7VpHrVBSHdtmbif95nQzj63AidJoh12yxKM4kwYTM/iZ9YThDOXaEMiPcrYQNqaEMXTolF0Kw/PIqaV5UA78a3F9Wajd5HEU4gVM4hwCuoAZ3UIcGMBjAM7zCmye9F+/d+1i0Frx85hj+wPv8AflbjZQ=</latexit> c1<latexit sha1_base64="xCHdF7HzcmuY2O2Yflp1NYn7Tz0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHOJDb3KsFpz6+4CZJ14BalBgdaw+jUYRSxRXCOT1Nq+58bop9SgYJLPK4PE8piyKR3zfkY1Vdz66eLWObnIlBEJI5OVRrJQf0+kVFk7U0HWqShO7KqXi/95/QTDGz8VOk6Qa7ZcFCaSYETyx8lIGM5QzjJCmRHZrYRNqKEMs3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnJenHfnY9lacoqZU/gD5/MHILWNnw==</latexit><latexit sha1_base64="xCHdF7HzcmuY2O2Yflp1NYn7Tz0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHOJDb3KsFpz6+4CZJ14BalBgdaw+jUYRSxRXCOT1Nq+58bop9SgYJLPK4PE8piyKR3zfkY1Vdz66eLWObnIlBEJI5OVRrJQf0+kVFk7U0HWqShO7KqXi/95/QTDGz8VOk6Qa7ZcFCaSYETyx8lIGM5QzjJCmRHZrYRNqKEMs3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnJenHfnY9lacoqZU/gD5/MHILWNnw==</latexit><latexit sha1_base64="xCHdF7HzcmuY2O2Yflp1NYn7Tz0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHOJDb3KsFpz6+4CZJ14BalBgdaw+jUYRSxRXCOT1Nq+58bop9SgYJLPK4PE8piyKR3zfkY1Vdz66eLWObnIlBEJI5OVRrJQf0+kVFk7U0HWqShO7KqXi/95/QTDGz8VOk6Qa7ZcFCaSYETyx8lIGM5QzjJCmRHZrYRNqKEMs3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnJenHfnY9lacoqZU/gD5/MHILWNnw==</latexit><latexit sha1_base64="xCHdF7HzcmuY2O2Yflp1NYn7Tz0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHOJDb3KsFpz6+4CZJ14BalBgdaw+jUYRSxRXCOT1Nq+58bop9SgYJLPK4PE8piyKR3zfkY1Vdz66eLWObnIlBEJI5OVRrJQf0+kVFk7U0HWqShO7KqXi/95/QTDGz8VOk6Qa7ZcFCaSYETyx8lIGM5QzjJCmRHZrYRNqKEMs3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnJenHfnY9lacoqZU/gD5/MHILWNnw==</latexit>

c2<latexit sha1_base64="tH/lnfdmPbXeWx2i9xfZDS+3iMU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ1qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH+0njYw=</latexit><latexit sha1_base64="tH/lnfdmPbXeWx2i9xfZDS+3iMU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ1qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH+0njYw=</latexit><latexit sha1_base64="tH/lnfdmPbXeWx2i9xfZDS+3iMU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ1qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH+0njYw=</latexit><latexit sha1_base64="tH/lnfdmPbXeWx2i9xfZDS+3iMU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ1qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH+0njYw=</latexit>

c3
<latexit sha1_base64="z+eTTvCMDCz8piPM6gBxcLrfdTs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPqX/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teve1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP+6rjY0=</latexit><latexit sha1_base64="z+eTTvCMDCz8piPM6gBxcLrfdTs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPqX/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teve1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP+6rjY0=</latexit><latexit sha1_base64="z+eTTvCMDCz8piPM6gBxcLrfdTs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPqX/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teve1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP+6rjY0=</latexit><latexit sha1_base64="z+eTTvCMDCz8piPM6gBxcLrfdTs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPqX/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teve1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP+6rjY0=</latexit>

c4<latexit sha1_base64="ypzjBHHz1k2rmAf3Jp3DJGBI4uE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ1qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68TtpXVc+teve1SuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH/AvjY4=</latexit><latexit sha1_base64="ypzjBHHz1k2rmAf3Jp3DJGBI4uE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ1qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68TtpXVc+teve1SuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH/AvjY4=</latexit><latexit sha1_base64="ypzjBHHz1k2rmAf3Jp3DJGBI4uE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ1qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68TtpXVc+teve1SuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH/AvjY4=</latexit><latexit sha1_base64="ypzjBHHz1k2rmAf3Jp3DJGBI4uE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ1qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68TtpXVc+teve1SuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH/AvjY4=</latexit>

c5
<latexit sha1_base64="LxO/yXw7L0hYzFEtg5wEptC0xMA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPq1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqudWvfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/GzjY8=</latexit><latexit sha1_base64="LxO/yXw7L0hYzFEtg5wEptC0xMA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPq1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqudWvfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/GzjY8=</latexit><latexit sha1_base64="LxO/yXw7L0hYzFEtg5wEptC0xMA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPq1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqudWvfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/GzjY8=</latexit><latexit sha1_base64="LxO/yXw7L0hYzFEtg5wEptC0xMA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPq1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqudWvfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/GzjY8=</latexit>

c0
<latexit sha1_base64="iZoACAjBTntNhppTAMeRnwy3muY=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpgfW9vlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AeofjYo=</latexit><latexit sha1_base64="iZoACAjBTntNhppTAMeRnwy3muY=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpgfW9vlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AeofjYo=</latexit><latexit sha1_base64="iZoACAjBTntNhppTAMeRnwy3muY=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpgfW9vlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AeofjYo=</latexit><latexit sha1_base64="iZoACAjBTntNhppTAMeRnwy3muY=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpgfW9vlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AeofjYo=</latexit>

m1<latexit sha1_base64="ecfuW5MC7U5M/aH8TnOYDRF8Ys0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHNJDb3KsFpz6+4CZJ14BalBgdaw+jUYRSxRXCOT1Nq+58bop9SgYJLPK4PE8piyKR3zfkY1Vdz66eLWObnIlBEJI5OVRrJQf0+kVFk7U0HWqShO7KqXi/95/QTDGz8VOk6Qa7ZcFCaSYETyx8lIGM5QzjJCmRHZrYRNqKEMs3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnJenHfnY9lacoqZU/gD5/MHL/uNqQ==</latexit><latexit sha1_base64="ecfuW5MC7U5M/aH8TnOYDRF8Ys0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHNJDb3KsFpz6+4CZJ14BalBgdaw+jUYRSxRXCOT1Nq+58bop9SgYJLPK4PE8piyKR3zfkY1Vdz66eLWObnIlBEJI5OVRrJQf0+kVFk7U0HWqShO7KqXi/95/QTDGz8VOk6Qa7ZcFCaSYETyx8lIGM5QzjJCmRHZrYRNqKEMs3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnJenHfnY9lacoqZU/gD5/MHL/uNqQ==</latexit><latexit sha1_base64="ecfuW5MC7U5M/aH8TnOYDRF8Ys0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHNJDb3KsFpz6+4CZJ14BalBgdaw+jUYRSxRXCOT1Nq+58bop9SgYJLPK4PE8piyKR3zfkY1Vdz66eLWObnIlBEJI5OVRrJQf0+kVFk7U0HWqShO7KqXi/95/QTDGz8VOk6Qa7ZcFCaSYETyx8lIGM5QzjJCmRHZrYRNqKEMs3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnJenHfnY9lacoqZU/gD5/MHL/uNqQ==</latexit><latexit sha1_base64="ecfuW5MC7U5M/aH8TnOYDRF8Ys0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHNJDb3KsFpz6+4CZJ14BalBgdaw+jUYRSxRXCOT1Nq+58bop9SgYJLPK4PE8piyKR3zfkY1Vdz66eLWObnIlBEJI5OVRrJQf0+kVFk7U0HWqShO7KqXi/95/QTDGz8VOk6Qa7ZcFCaSYETyx8lIGM5QzjJCmRHZrYRNqKEMs3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnJenHfnY9lacoqZU/gD5/MHL/uNqQ==</latexit> . .
.

<latexit sha1_base64="4fajA5Sub0emPp2TPmVj1aHk3ls=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3ZehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AvB+POA==</latexit><latexit sha1_base64="4fajA5Sub0emPp2TPmVj1aHk3ls=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3ZehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AvB+POA==</latexit><latexit sha1_base64="4fajA5Sub0emPp2TPmVj1aHk3ls=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3ZehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AvB+POA==</latexit><latexit sha1_base64="4fajA5Sub0emPp2TPmVj1aHk3ls=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3ZehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AvB+POA==</latexit>
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Figure 5.1 The objective spaces include area vs. delay space, power vs. delay
space and area vs. power vs. delay space.

because they enable many downstream learning tasks, and a unified
feature learning and model training paradigm could boost the DSE
process.

In this chapter, we propose an end-to-end deep learning model,
graph neural process (GNP), which outputs predictions and uncer-
tainties based on the feature representations automatically learned
from adder structures. With GNP as the surrogate model, in this pa-
per, we harness a sequential optimization algorithm [14,175] to per-
form the design space exploration in physical solution space. The vi-
sualization of adder design space exploration is displayed in Fig. 5.1.
Our main contributions are summarized as follows:

• A variational graph autoencoder is built to extract features
from prefix adder structures automatically.

• A neural process is exploited as an alternative to the Gaussian
process to reduce computational complexity.

• A multi-branch, end-to-end surrogate model (i.e. GNP) which
incorporates a variational graph autoencoder and a neural pro-
cess is proposed.

• A GNP-based sequential optimization algorithm to explore Pareto-
optimal solutions is investigated.
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• The proposed optimization framework with the developed sur-
rogate model uses less labeled data and achieves better Pareto
frontiers.

The rest of the chapter is organized as follows. Section 6.2 intro-
duces some prior knowledge about prefix adder synthesis, multi-
objective optimization, and then gives the problem formulation.
Section 5.3 proposes our graph neural process, while Section 5.4
discusses the sequential optimization framework for design space
exploration. Section 6.5 presents the experimental results, followed
by the summary in Section 6.6.

5.2 Preliminaries

In this section, the backgrounds of the prefix adder synthesis and
multi-objective optimization are offered, and then we give the prob-
lem formulation.

5.2.1 Prefix Adder Network

An l bit binary adder eats two l bit inputs A = {al−1..a1, a0} and
B = {bl−1..b1, b0}, and outputs the sum S = {sl−1..s1, s0} with a
carry out Cout = cl−1, where si = ai⊕bi⊕ci−1 and ci = aibi+aici−1+

bici−1. According to the recent study in [166], given the bitwise
generation function and propagate function, l-bit binary addition
can be represented as a prefix computation process. We visualize
the computation process in Fig. 5.2. It can be seen that the process
consists of three main steps. The first one is pre-processing where
inputs for prefix processing (i.e. g and p) are generated bit-wisely.
The second is prefix processing which is the main carry-propagation
step, and the last is post-processing or carry-out generation.

The prefix processing or carry propagation network can be mapped
to a prefix graph problem by taking the outputs of the pre-processing
part as inputs and generates cout. Each grey node in Fig. 5.2 is called
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b0
<latexit sha1_base64="+ZdNkrFQgXoXHLtRoPLiY6avoqI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHMpGLqVYbXm1t0FyDrxClKDAq1h9WswiliiuEYmqbV9z43RT6lBwSSfVwaJ5TFlUzrm/Yxqqrj108Wtc3KRKSMSRiYrjWSh/p5IqbJ2poKsU1Gc2FUvF//z+gmGN34qdJwg12y5KEwkwYjkj5ORMJyhnGWEMiOyWwmbUEMZZvHkIXirL6+TzlXdc+vew3WteVvEUYYzOIdL8KABTbiHFrSBwQSe4RXeHOW8OO/Ox7K15BQzp/AHzucPHamNnQ==</latexit><latexit sha1_base64="+ZdNkrFQgXoXHLtRoPLiY6avoqI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHMpGLqVYbXm1t0FyDrxClKDAq1h9WswiliiuEYmqbV9z43RT6lBwSSfVwaJ5TFlUzrm/Yxqqrj108Wtc3KRKSMSRiYrjWSh/p5IqbJ2poKsU1Gc2FUvF//z+gmGN34qdJwg12y5KEwkwYjkj5ORMJyhnGWEMiOyWwmbUEMZZvHkIXirL6+TzlXdc+vew3WteVvEUYYzOIdL8KABTbiHFrSBwQSe4RXeHOW8OO/Ox7K15BQzp/AHzucPHamNnQ==</latexit><latexit sha1_base64="+ZdNkrFQgXoXHLtRoPLiY6avoqI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHMpGLqVYbXm1t0FyDrxClKDAq1h9WswiliiuEYmqbV9z43RT6lBwSSfVwaJ5TFlUzrm/Yxqqrj108Wtc3KRKSMSRiYrjWSh/p5IqbJ2poKsU1Gc2FUvF//z+gmGN34qdJwg12y5KEwkwYjkj5ORMJyhnGWEMiOyWwmbUEMZZvHkIXirL6+TzlXdc+vew3WteVvEUYYzOIdL8KABTbiHFrSBwQSe4RXeHOW8OO/Ox7K15BQzp/AHzucPHamNnQ==</latexit><latexit sha1_base64="+ZdNkrFQgXoXHLtRoPLiY6avoqI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHMpGLqVYbXm1t0FyDrxClKDAq1h9WswiliiuEYmqbV9z43RT6lBwSSfVwaJ5TFlUzrm/Yxqqrj108Wtc3KRKSMSRiYrjWSh/p5IqbJ2poKsU1Gc2FUvF//z+gmGN34qdJwg12y5KEwkwYjkj5ORMJyhnGWEMiOyWwmbUEMZZvHkIXirL6+TzlXdc+vew3WteVvEUYYzOIdL8KABTbiHFrSBwQSe4RXeHOW8OO/Ox7K15BQzp/AHzucPHamNnQ==</latexit>

g0
<latexit sha1_base64="QA18cdbMrl6Wv0WBqJdGfTdK9Ks=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbp0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8O/M7T6g0T+SjmaToxzSSPOSMGis9RAN3UK25dXcOskq8gtSgQHNQ/eoPE5bFKA0TVOue56bGz6kynAmcVvqZxpSyMY2wZ6mkMWo/n586JWdWGZIwUbakIXP190ROY60ncWA7Y2pGetmbif95vcyE137OZZoZlGyxKMwEMQmZ/U2GXCEzYmIJZYrbWwkbUUWZselUbAje8surpH1R99y6d39Za9wUcZThBE7hHDy4ggbcQRNawCCCZ3iFN0c4L86787FoLTnFzDH8gfP5A/A3jY4=</latexit><latexit sha1_base64="QA18cdbMrl6Wv0WBqJdGfTdK9Ks=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbp0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8O/M7T6g0T+SjmaToxzSSPOSMGis9RAN3UK25dXcOskq8gtSgQHNQ/eoPE5bFKA0TVOue56bGz6kynAmcVvqZxpSyMY2wZ6mkMWo/n586JWdWGZIwUbakIXP190ROY60ncWA7Y2pGetmbif95vcyE137OZZoZlGyxKMwEMQmZ/U2GXCEzYmIJZYrbWwkbUUWZselUbAje8surpH1R99y6d39Za9wUcZThBE7hHDy4ggbcQRNawCCCZ3iFN0c4L86787FoLTnFzDH8gfP5A/A3jY4=</latexit><latexit sha1_base64="QA18cdbMrl6Wv0WBqJdGfTdK9Ks=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbp0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8O/M7T6g0T+SjmaToxzSSPOSMGis9RAN3UK25dXcOskq8gtSgQHNQ/eoPE5bFKA0TVOue56bGz6kynAmcVvqZxpSyMY2wZ6mkMWo/n586JWdWGZIwUbakIXP190ROY60ncWA7Y2pGetmbif95vcyE137OZZoZlGyxKMwEMQmZ/U2GXCEzYmIJZYrbWwkbUUWZselUbAje8surpH1R99y6d39Za9wUcZThBE7hHDy4ggbcQRNawCCCZ3iFN0c4L86787FoLTnFzDH8gfP5A/A3jY4=</latexit><latexit sha1_base64="QA18cdbMrl6Wv0WBqJdGfTdK9Ks=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbp0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8O/M7T6g0T+SjmaToxzSSPOSMGis9RAN3UK25dXcOskq8gtSgQHNQ/eoPE5bFKA0TVOue56bGz6kynAmcVvqZxpSyMY2wZ6mkMWo/n586JWdWGZIwUbakIXP190ROY60ncWA7Y2pGetmbif95vcyE137OZZoZlGyxKMwEMQmZ/U2GXCEzYmIJZYrbWwkbUUWZselUbAje8surpH1R99y6d39Za9wUcZThBE7hHDy4ggbcQRNawCCCZ3iFN0c4L86787FoLTnFzDH8gfP5A/A3jY4=</latexit>

p0
<latexit sha1_base64="yC3o/DLFgngsjsIl0fhBVdlLNVU=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpIe17fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5A/3tjZc=</latexit><latexit sha1_base64="yC3o/DLFgngsjsIl0fhBVdlLNVU=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpIe17fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5A/3tjZc=</latexit><latexit sha1_base64="yC3o/DLFgngsjsIl0fhBVdlLNVU=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpIe17fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5A/3tjZc=</latexit><latexit sha1_base64="yC3o/DLFgngsjsIl0fhBVdlLNVU=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpIe17fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5A/3tjZc=</latexit>

m2
<latexit sha1_base64="z+1j/6iuRAmmyWJz/F4TPtFlJ98=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHNJDRuVYbXm1t0FyDrxClKDAq1h9WswiliiuEYmqbV9z43RT6lBwSSfVwaJ5TFlUzrm/Yxqqrj108Wtc3KRKSMSRiYrjWSh/p5IqbJ2poKsU1Gc2FUvF//z+gmGN34qdJwg12y5KEwkwYjkj5ORMJyhnGWEMiOyWwmbUEMZZvHkIXirL6+TTqPuuXXv4arWvC3iKMMZnMMleHANTbiHFrSBwQSe4RXeHOW8OO/Ox7K15BQzp/AHzucPMYCNqg==</latexit><latexit sha1_base64="z+1j/6iuRAmmyWJz/F4TPtFlJ98=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHNJDRuVYbXm1t0FyDrxClKDAq1h9WswiliiuEYmqbV9z43RT6lBwSSfVwaJ5TFlUzrm/Yxqqrj108Wtc3KRKSMSRiYrjWSh/p5IqbJ2poKsU1Gc2FUvF//z+gmGN34qdJwg12y5KEwkwYjkj5ORMJyhnGWEMiOyWwmbUEMZZvHkIXirL6+TTqPuuXXv4arWvC3iKMMZnMMleHANTbiHFrSBwQSe4RXeHOW8OO/Ox7K15BQzp/AHzucPMYCNqg==</latexit><latexit sha1_base64="z+1j/6iuRAmmyWJz/F4TPtFlJ98=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHNJDRuVYbXm1t0FyDrxClKDAq1h9WswiliiuEYmqbV9z43RT6lBwSSfVwaJ5TFlUzrm/Yxqqrj108Wtc3KRKSMSRiYrjWSh/p5IqbJ2poKsU1Gc2FUvF//z+gmGN34qdJwg12y5KEwkwYjkj5ORMJyhnGWEMiOyWwmbUEMZZvHkIXirL6+TTqPuuXXv4arWvC3iKMMZnMMleHANTbiHFrSBwQSe4RXeHOW8OO/Ox7K15BQzp/AHzucPMYCNqg==</latexit><latexit sha1_base64="z+1j/6iuRAmmyWJz/F4TPtFlJ98=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHNJDRuVYbXm1t0FyDrxClKDAq1h9WswiliiuEYmqbV9z43RT6lBwSSfVwaJ5TFlUzrm/Yxqqrj108Wtc3KRKSMSRiYrjWSh/p5IqbJ2poKsU1Gc2FUvF//z+gmGN34qdJwg12y5KEwkwYjkj5ORMJyhnGWEMiOyWwmbUEMZZvHkIXirL6+TTqPuuXXv4arWvC3iKMMZnMMleHANTbiHFrSBwQSe4RXeHOW8OO/Ox7K15BQzp/AHzucPMYCNqg==</latexit>

m0
<latexit sha1_base64="tRRY4GhpYWw3gUyqfZ8GzRmfFGY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhM7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcZzyUNGBFrFgFJ30oHp+r1zxq/4cZJUEOalAjnqv/NXtJyxTXCOT1NpO4KcYTqhBwSSflrqZ5SllIzrgHUc1VdyGk/mpU3LmlD6JE+NKI5mrvycmVFk7VpHrVBSHdtmbif95nQzj63AidJoh12yxKM4kwYTM/iZ9YThDOXaEMiPcrYQNqaEMXTolF0Kw/PIqaV5UA78a3F9Wajd5HEU4gVM4hwCuoAZ3UIcGMBjAM7zCmye9F+/d+1i0Frx85hj+wPv8AflbjZQ=</latexit><latexit sha1_base64="tRRY4GhpYWw3gUyqfZ8GzRmfFGY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhM7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcZzyUNGBFrFgFJ30oHp+r1zxq/4cZJUEOalAjnqv/NXtJyxTXCOT1NpO4KcYTqhBwSSflrqZ5SllIzrgHUc1VdyGk/mpU3LmlD6JE+NKI5mrvycmVFk7VpHrVBSHdtmbif95nQzj63AidJoh12yxKM4kwYTM/iZ9YThDOXaEMiPcrYQNqaEMXTolF0Kw/PIqaV5UA78a3F9Wajd5HEU4gVM4hwCuoAZ3UIcGMBjAM7zCmye9F+/d+1i0Frx85hj+wPv8AflbjZQ=</latexit><latexit sha1_base64="tRRY4GhpYWw3gUyqfZ8GzRmfFGY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhM7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcZzyUNGBFrFgFJ30oHp+r1zxq/4cZJUEOalAjnqv/NXtJyxTXCOT1NpO4KcYTqhBwSSflrqZ5SllIzrgHUc1VdyGk/mpU3LmlD6JE+NKI5mrvycmVFk7VpHrVBSHdtmbif95nQzj63AidJoh12yxKM4kwYTM/iZ9YThDOXaEMiPcrYQNqaEMXTolF0Kw/PIqaV5UA78a3F9Wajd5HEU4gVM4hwCuoAZ3UIcGMBjAM7zCmye9F+/d+1i0Frx85hj+wPv8AflbjZQ=</latexit><latexit sha1_base64="tRRY4GhpYWw3gUyqfZ8GzRmfFGY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhM7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcZzyUNGBFrFgFJ30oHp+r1zxq/4cZJUEOalAjnqv/NXtJyxTXCOT1NpO4KcYTqhBwSSflrqZ5SllIzrgHUc1VdyGk/mpU3LmlD6JE+NKI5mrvycmVFk7VpHrVBSHdtmbif95nQzj63AidJoh12yxKM4kwYTM/iZ9YThDOXaEMiPcrYQNqaEMXTolF0Kw/PIqaV5UA78a3F9Wajd5HEU4gVM4hwCuoAZ3UIcGMBjAM7zCmye9F+/d+1i0Frx85hj+wPv8AflbjZQ=</latexit> c1

<latexit sha1_base64="xCHdF7HzcmuY2O2Yflp1NYn7Tz0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHOJDb3KsFpz6+4CZJ14BalBgdaw+jUYRSxRXCOT1Nq+58bop9SgYJLPK4PE8piyKR3zfkY1Vdz66eLWObnIlBEJI5OVRrJQf0+kVFk7U0HWqShO7KqXi/95/QTDGz8VOk6Qa7ZcFCaSYETyx8lIGM5QzjJCmRHZrYRNqKEMs3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnJenHfnY9lacoqZU/gD5/MHILWNnw==</latexit><latexit sha1_base64="xCHdF7HzcmuY2O2Yflp1NYn7Tz0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHOJDb3KsFpz6+4CZJ14BalBgdaw+jUYRSxRXCOT1Nq+58bop9SgYJLPK4PE8piyKR3zfkY1Vdz66eLWObnIlBEJI5OVRrJQf0+kVFk7U0HWqShO7KqXi/95/QTDGz8VOk6Qa7ZcFCaSYETyx8lIGM5QzjJCmRHZrYRNqKEMs3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnJenHfnY9lacoqZU/gD5/MHILWNnw==</latexit><latexit sha1_base64="xCHdF7HzcmuY2O2Yflp1NYn7Tz0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHOJDb3KsFpz6+4CZJ14BalBgdaw+jUYRSxRXCOT1Nq+58bop9SgYJLPK4PE8piyKR3zfkY1Vdz66eLWObnIlBEJI5OVRrJQf0+kVFk7U0HWqShO7KqXi/95/QTDGz8VOk6Qa7ZcFCaSYETyx8lIGM5QzjJCmRHZrYRNqKEMs3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnJenHfnY9lacoqZU/gD5/MHILWNnw==</latexit><latexit sha1_base64="xCHdF7HzcmuY2O2Yflp1NYn7Tz0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHOJDb3KsFpz6+4CZJ14BalBgdaw+jUYRSxRXCOT1Nq+58bop9SgYJLPK4PE8piyKR3zfkY1Vdz66eLWObnIlBEJI5OVRrJQf0+kVFk7U0HWqShO7KqXi/95/QTDGz8VOk6Qa7ZcFCaSYETyx8lIGM5QzjJCmRHZrYRNqKEMs3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnJenHfnY9lacoqZU/gD5/MHILWNnw==</latexit>

c2
<latexit sha1_base64="tH/lnfdmPbXeWx2i9xfZDS+3iMU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ1qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH+0njYw=</latexit><latexit sha1_base64="tH/lnfdmPbXeWx2i9xfZDS+3iMU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ1qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH+0njYw=</latexit><latexit sha1_base64="tH/lnfdmPbXeWx2i9xfZDS+3iMU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ1qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH+0njYw=</latexit><latexit sha1_base64="tH/lnfdmPbXeWx2i9xfZDS+3iMU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ1qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH+0njYw=</latexit>

c3
<latexit sha1_base64="z+eTTvCMDCz8piPM6gBxcLrfdTs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPqX/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teve1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP+6rjY0=</latexit><latexit sha1_base64="z+eTTvCMDCz8piPM6gBxcLrfdTs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPqX/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teve1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP+6rjY0=</latexit><latexit sha1_base64="z+eTTvCMDCz8piPM6gBxcLrfdTs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPqX/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teve1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP+6rjY0=</latexit><latexit sha1_base64="z+eTTvCMDCz8piPM6gBxcLrfdTs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPqX/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teve1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP+6rjY0=</latexit>

c4
<latexit sha1_base64="ypzjBHHz1k2rmAf3Jp3DJGBI4uE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ1qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68TtpXVc+teve1SuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH/AvjY4=</latexit><latexit sha1_base64="ypzjBHHz1k2rmAf3Jp3DJGBI4uE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ1qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68TtpXVc+teve1SuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH/AvjY4=</latexit><latexit sha1_base64="ypzjBHHz1k2rmAf3Jp3DJGBI4uE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ1qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68TtpXVc+teve1SuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH/AvjY4=</latexit><latexit sha1_base64="ypzjBHHz1k2rmAf3Jp3DJGBI4uE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ1qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68TtpXVc+teve1SuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH/AvjY4=</latexit>

c5
<latexit sha1_base64="LxO/yXw7L0hYzFEtg5wEptC0xMA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPq1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqudWvfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/GzjY8=</latexit><latexit sha1_base64="LxO/yXw7L0hYzFEtg5wEptC0xMA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPq1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqudWvfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/GzjY8=</latexit><latexit sha1_base64="LxO/yXw7L0hYzFEtg5wEptC0xMA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPq1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqudWvfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/GzjY8=</latexit><latexit sha1_base64="LxO/yXw7L0hYzFEtg5wEptC0xMA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPq1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqudWvfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/GzjY8=</latexit>

c0
<latexit sha1_base64="iZoACAjBTntNhppTAMeRnwy3muY=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpgfW9vlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AeofjYo=</latexit><latexit sha1_base64="iZoACAjBTntNhppTAMeRnwy3muY=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpgfW9vlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AeofjYo=</latexit><latexit sha1_base64="iZoACAjBTntNhppTAMeRnwy3muY=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpgfW9vlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AeofjYo=</latexit><latexit sha1_base64="iZoACAjBTntNhppTAMeRnwy3muY=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpgfW9vlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AeofjYo=</latexit>

m1
<latexit sha1_base64="ecfuW5MC7U5M/aH8TnOYDRF8Ys0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHNJDb3KsFpz6+4CZJ14BalBgdaw+jUYRSxRXCOT1Nq+58bop9SgYJLPK4PE8piyKR3zfkY1Vdz66eLWObnIlBEJI5OVRrJQf0+kVFk7U0HWqShO7KqXi/95/QTDGz8VOk6Qa7ZcFCaSYETyx8lIGM5QzjJCmRHZrYRNqKEMs3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnJenHfnY9lacoqZU/gD5/MHL/uNqQ==</latexit><latexit sha1_base64="ecfuW5MC7U5M/aH8TnOYDRF8Ys0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHNJDb3KsFpz6+4CZJ14BalBgdaw+jUYRSxRXCOT1Nq+58bop9SgYJLPK4PE8piyKR3zfkY1Vdz66eLWObnIlBEJI5OVRrJQf0+kVFk7U0HWqShO7KqXi/95/QTDGz8VOk6Qa7ZcFCaSYETyx8lIGM5QzjJCmRHZrYRNqKEMs3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnJenHfnY9lacoqZU/gD5/MHL/uNqQ==</latexit><latexit sha1_base64="ecfuW5MC7U5M/aH8TnOYDRF8Ys0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHNJDb3KsFpz6+4CZJ14BalBgdaw+jUYRSxRXCOT1Nq+58bop9SgYJLPK4PE8piyKR3zfkY1Vdz66eLWObnIlBEJI5OVRrJQf0+kVFk7U0HWqShO7KqXi/95/QTDGz8VOk6Qa7ZcFCaSYETyx8lIGM5QzjJCmRHZrYRNqKEMs3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnJenHfnY9lacoqZU/gD5/MHL/uNqQ==</latexit><latexit sha1_base64="ecfuW5MC7U5M/aH8TnOYDRF8Ys0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHNJDb3KsFpz6+4CZJ14BalBgdaw+jUYRSxRXCOT1Nq+58bop9SgYJLPK4PE8piyKR3zfkY1Vdz66eLWObnIlBEJI5OVRrJQf0+kVFk7U0HWqShO7KqXi/95/QTDGz8VOk6Qa7ZcFCaSYETyx8lIGM5QzjJCmRHZrYRNqKEMs3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnJenHfnY9lacoqZU/gD5/MHL/uNqQ==</latexit>

a1
<latexit sha1_base64="7mH5Ywrx+9Rxd6ivXBCFNjHbTKk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHOJDr3KsFpz6+4CZJ14BalBgdaw+jUYRSxRXCOT1Nq+58bop9SgYJLPK4PE8piyKR3zfkY1Vdz66eLWObnIlBEJI5OVRrJQf0+kVFk7U0HWqShO7KqXi/95/QTDGz8VOk6Qa7ZcFCaSYETyx8lIGM5QzjJCmRHZrYRNqKEMs3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnJenHfnY9lacoqZU/gD5/MHHaeNnQ==</latexit><latexit sha1_base64="7mH5Ywrx+9Rxd6ivXBCFNjHbTKk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHOJDr3KsFpz6+4CZJ14BalBgdaw+jUYRSxRXCOT1Nq+58bop9SgYJLPK4PE8piyKR3zfkY1Vdz66eLWObnIlBEJI5OVRrJQf0+kVFk7U0HWqShO7KqXi/95/QTDGz8VOk6Qa7ZcFCaSYETyx8lIGM5QzjJCmRHZrYRNqKEMs3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnJenHfnY9lacoqZU/gD5/MHHaeNnQ==</latexit><latexit sha1_base64="7mH5Ywrx+9Rxd6ivXBCFNjHbTKk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHOJDr3KsFpz6+4CZJ14BalBgdaw+jUYRSxRXCOT1Nq+58bop9SgYJLPK4PE8piyKR3zfkY1Vdz66eLWObnIlBEJI5OVRrJQf0+kVFk7U0HWqShO7KqXi/95/QTDGz8VOk6Qa7ZcFCaSYETyx8lIGM5QzjJCmRHZrYRNqKEMs3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnJenHfnY9lacoqZU/gD5/MHHaeNnQ==</latexit><latexit sha1_base64="7mH5Ywrx+9Rxd6ivXBCFNjHbTKk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHOJDr3KsFpz6+4CZJ14BalBgdaw+jUYRSxRXCOT1Nq+58bop9SgYJLPK4PE8piyKR3zfkY1Vdz66eLWObnIlBEJI5OVRrJQf0+kVFk7U0HWqShO7KqXi/95/QTDGz8VOk6Qa7ZcFCaSYETyx8lIGM5QzjJCmRHZrYRNqKEMs3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnJenHfnY9lacoqZU/gD5/MHHaeNnQ==</latexit>

b1
<latexit sha1_base64="PGQ3zapYc5KhiRMkrhAw0y09cK8=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHMpGHqVYbXm1t0FyDrxClKDAq1h9WswiliiuEYmqbV9z43RT6lBwSSfVwaJ5TFlUzrm/Yxqqrj108Wtc3KRKSMSRiYrjWSh/p5IqbJ2poKsU1Gc2FUvF//z+gmGN34qdJwg12y5KEwkwYjkj5ORMJyhnGWEMiOyWwmbUEMZZvHkIXirL6+TzlXdc+vew3WteVvEUYYzOIdL8KABTbiHFrSBwQSe4RXeHOW8OO/Ox7K15BQzp/AHzucPHy6Nng==</latexit><latexit sha1_base64="PGQ3zapYc5KhiRMkrhAw0y09cK8=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHMpGHqVYbXm1t0FyDrxClKDAq1h9WswiliiuEYmqbV9z43RT6lBwSSfVwaJ5TFlUzrm/Yxqqrj108Wtc3KRKSMSRiYrjWSh/p5IqbJ2poKsU1Gc2FUvF//z+gmGN34qdJwg12y5KEwkwYjkj5ORMJyhnGWEMiOyWwmbUEMZZvHkIXirL6+TzlXdc+vew3WteVvEUYYzOIdL8KABTbiHFrSBwQSe4RXeHOW8OO/Ox7K15BQzp/AHzucPHy6Nng==</latexit><latexit sha1_base64="PGQ3zapYc5KhiRMkrhAw0y09cK8=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHMpGHqVYbXm1t0FyDrxClKDAq1h9WswiliiuEYmqbV9z43RT6lBwSSfVwaJ5TFlUzrm/Yxqqrj108Wtc3KRKSMSRiYrjWSh/p5IqbJ2poKsU1Gc2FUvF//z+gmGN34qdJwg12y5KEwkwYjkj5ORMJyhnGWEMiOyWwmbUEMZZvHkIXirL6+TzlXdc+vew3WteVvEUYYzOIdL8KABTbiHFrSBwQSe4RXeHOW8OO/Ox7K15BQzp/AHzucPHy6Nng==</latexit><latexit sha1_base64="PGQ3zapYc5KhiRMkrhAw0y09cK8=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHMpGHqVYbXm1t0FyDrxClKDAq1h9WswiliiuEYmqbV9z43RT6lBwSSfVwaJ5TFlUzrm/Yxqqrj108Wtc3KRKSMSRiYrjWSh/p5IqbJ2poKsU1Gc2FUvF//z+gmGN34qdJwg12y5KEwkwYjkj5ORMJyhnGWEMiOyWwmbUEMZZvHkIXirL6+TzlXdc+vew3WteVvEUYYzOIdL8KABTbiHFrSBwQSe4RXeHOW8OO/Ox7K15BQzp/AHzucPHy6Nng==</latexit>

g1
<latexit sha1_base64="vYlRR5bK7+qTPNu8h1Ef5DWC7AI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbp0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8O/M7T6g0T+SjmaToxzSSPOSMGis9RANvUK25dXcOskq8gtSgQHNQ/eoPE5bFKA0TVOue56bGz6kynAmcVvqZxpSyMY2wZ6mkMWo/n586JWdWGZIwUbakIXP190ROY60ncWA7Y2pGetmbif95vcyE137OZZoZlGyxKMwEMQmZ/U2GXCEzYmIJZYrbWwkbUUWZselUbAje8surpH1R99y6d39Za9wUcZThBE7hHDy4ggbcQRNawCCCZ3iFN0c4L86787FoLTnFzDH8gfP5A/G7jY8=</latexit><latexit sha1_base64="vYlRR5bK7+qTPNu8h1Ef5DWC7AI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbp0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8O/M7T6g0T+SjmaToxzSSPOSMGis9RANvUK25dXcOskq8gtSgQHNQ/eoPE5bFKA0TVOue56bGz6kynAmcVvqZxpSyMY2wZ6mkMWo/n586JWdWGZIwUbakIXP190ROY60ncWA7Y2pGetmbif95vcyE137OZZoZlGyxKMwEMQmZ/U2GXCEzYmIJZYrbWwkbUUWZselUbAje8surpH1R99y6d39Za9wUcZThBE7hHDy4ggbcQRNawCCCZ3iFN0c4L86787FoLTnFzDH8gfP5A/G7jY8=</latexit><latexit sha1_base64="vYlRR5bK7+qTPNu8h1Ef5DWC7AI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbp0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8O/M7T6g0T+SjmaToxzSSPOSMGis9RANvUK25dXcOskq8gtSgQHNQ/eoPE5bFKA0TVOue56bGz6kynAmcVvqZxpSyMY2wZ6mkMWo/n586JWdWGZIwUbakIXP190ROY60ncWA7Y2pGetmbif95vcyE137OZZoZlGyxKMwEMQmZ/U2GXCEzYmIJZYrbWwkbUUWZselUbAje8surpH1R99y6d39Za9wUcZThBE7hHDy4ggbcQRNawCCCZ3iFN0c4L86787FoLTnFzDH8gfP5A/G7jY8=</latexit><latexit sha1_base64="vYlRR5bK7+qTPNu8h1Ef5DWC7AI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbp0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8O/M7T6g0T+SjmaToxzSSPOSMGis9RANvUK25dXcOskq8gtSgQHNQ/eoPE5bFKA0TVOue56bGz6kynAmcVvqZxpSyMY2wZ6mkMWo/n586JWdWGZIwUbakIXP190ROY60ncWA7Y2pGetmbif95vcyE137OZZoZlGyxKMwEMQmZ/U2GXCEzYmIJZYrbWwkbUUWZselUbAje8surpH1R99y6d39Za9wUcZThBE7hHDy4ggbcQRNawCCCZ3iFN0c4L86787FoLTnFzDH8gfP5A/G7jY8=</latexit>

p1
<latexit sha1_base64="PG232OQihDmkgBlqogfqqH3oHi0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9pH2/71a9mjcHWSV+QapQoNF3v3qDhGUxSsME1brre6kJcqoMZwKnlV6mMaVsTIfYtVTSGHWQz0+dkjOrDEiUKFvSkLn6eyKnsdaTOLSdMTUjvezNxP+8bmai6yDnMs0MSrZYFGWCmITM/iYDrpAZMbGEMsXtrYSNqKLM2HQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8gfP5A/9xjZg=</latexit><latexit sha1_base64="PG232OQihDmkgBlqogfqqH3oHi0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9pH2/71a9mjcHWSV+QapQoNF3v3qDhGUxSsME1brre6kJcqoMZwKnlV6mMaVsTIfYtVTSGHWQz0+dkjOrDEiUKFvSkLn6eyKnsdaTOLSdMTUjvezNxP+8bmai6yDnMs0MSrZYFGWCmITM/iYDrpAZMbGEMsXtrYSNqKLM2HQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8gfP5A/9xjZg=</latexit><latexit sha1_base64="PG232OQihDmkgBlqogfqqH3oHi0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9pH2/71a9mjcHWSV+QapQoNF3v3qDhGUxSsME1brre6kJcqoMZwKnlV6mMaVsTIfYtVTSGHWQz0+dkjOrDEiUKFvSkLn6eyKnsdaTOLSdMTUjvezNxP+8bmai6yDnMs0MSrZYFGWCmITM/iYDrpAZMbGEMsXtrYSNqKLM2HQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8gfP5A/9xjZg=</latexit><latexit sha1_base64="PG232OQihDmkgBlqogfqqH3oHi0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9pH2/71a9mjcHWSV+QapQoNF3v3qDhGUxSsME1brre6kJcqoMZwKnlV6mMaVsTIfYtVTSGHWQz0+dkjOrDEiUKFvSkLn6eyKnsdaTOLSdMTUjvezNxP+8bmai6yDnMs0MSrZYFGWCmITM/iYDrpAZMbGEMsXtrYSNqKLM2HQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8gfP5A/9xjZg=</latexit>

b5
<latexit sha1_base64="eF7bDETW5lfUHFUhG9w444EzrSg=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviAU31nW/ndLa+sbmVnm7srO7t39QPTxqmyjRDFssEpHuBtSg4ApblluB3VgjlYHATjC5y/3OE2rDI/VopzH6ko4UDzmjNpeCwVVlUK25dXcOskq8gtSgQHNQ/eoPI5ZIVJYJakzPc2Prp1RbzgTOKv3EYEzZhI6wl1FFJRo/nd86I2eZMiRhpLNSlszV3xMplcZMZZB1SmrHZtnLxf+8XmLDGz/lKk4sKrZYFCaC2Ijkj5Mh18ismGaEMs2zWwkbU02ZzeLJQ/CWX14l7Yu659a9h8ta47aIowwncArn4ME1NOAemtACBmN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/JUKNog==</latexit><latexit sha1_base64="eF7bDETW5lfUHFUhG9w444EzrSg=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviAU31nW/ndLa+sbmVnm7srO7t39QPTxqmyjRDFssEpHuBtSg4ApblluB3VgjlYHATjC5y/3OE2rDI/VopzH6ko4UDzmjNpeCwVVlUK25dXcOskq8gtSgQHNQ/eoPI5ZIVJYJakzPc2Prp1RbzgTOKv3EYEzZhI6wl1FFJRo/nd86I2eZMiRhpLNSlszV3xMplcZMZZB1SmrHZtnLxf+8XmLDGz/lKk4sKrZYFCaC2Ijkj5Mh18ismGaEMs2zWwkbU02ZzeLJQ/CWX14l7Yu659a9h8ta47aIowwncArn4ME1NOAemtACBmN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/JUKNog==</latexit><latexit sha1_base64="eF7bDETW5lfUHFUhG9w444EzrSg=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviAU31nW/ndLa+sbmVnm7srO7t39QPTxqmyjRDFssEpHuBtSg4ApblluB3VgjlYHATjC5y/3OE2rDI/VopzH6ko4UDzmjNpeCwVVlUK25dXcOskq8gtSgQHNQ/eoPI5ZIVJYJakzPc2Prp1RbzgTOKv3EYEzZhI6wl1FFJRo/nd86I2eZMiRhpLNSlszV3xMplcZMZZB1SmrHZtnLxf+8XmLDGz/lKk4sKrZYFCaC2Ijkj5Mh18ismGaEMs2zWwkbU02ZzeLJQ/CWX14l7Yu659a9h8ta47aIowwncArn4ME1NOAemtACBmN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/JUKNog==</latexit><latexit sha1_base64="eF7bDETW5lfUHFUhG9w444EzrSg=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviAU31nW/ndLa+sbmVnm7srO7t39QPTxqmyjRDFssEpHuBtSg4ApblluB3VgjlYHATjC5y/3OE2rDI/VopzH6ko4UDzmjNpeCwVVlUK25dXcOskq8gtSgQHNQ/eoPI5ZIVJYJakzPc2Prp1RbzgTOKv3EYEzZhI6wl1FFJRo/nd86I2eZMiRhpLNSlszV3xMplcZMZZB1SmrHZtnLxf+8XmLDGz/lKk4sKrZYFCaC2Ijkj5Mh18ismGaEMs2zWwkbU02ZzeLJQ/CWX14l7Yu659a9h8ta47aIowwncArn4ME1NOAemtACBmN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/JUKNog==</latexit>

g5
<latexit sha1_base64="Z0zSEqu0cMboNHWCQi22ApcpCx8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK1hbaUDbbTbp0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjLdYIhPdCajhUijeQoGSd1LNaRxI3g5GN1O//cS1EYl6wHHK/ZhGSoSCUbTSfdS/6Fdrbt2dgSwTryA1KNDsV796g4RlMVfIJDWm67kp+jnVKJjkk0ovMzylbEQj3rVU0ZgbP5+dOiEnVhmQMNG2FJKZ+nsip7Ex4ziwnTHFoVn0puJ/XjfD8MrPhUoz5IrNF4WZJJiQ6d9kIDRnKMeWUKaFvZWwIdWUoU2nYkPwFl9eJo9ndc+te3fntcZ1EUcZjuAYTsGDS2jALTShBQwieIZXeHOk8+K8Ox/z1pJTzBzCHzifP/fLjZM=</latexit><latexit sha1_base64="Z0zSEqu0cMboNHWCQi22ApcpCx8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK1hbaUDbbTbp0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjLdYIhPdCajhUijeQoGSd1LNaRxI3g5GN1O//cS1EYl6wHHK/ZhGSoSCUbTSfdS/6Fdrbt2dgSwTryA1KNDsV796g4RlMVfIJDWm67kp+jnVKJjkk0ovMzylbEQj3rVU0ZgbP5+dOiEnVhmQMNG2FJKZ+nsip7Ex4ziwnTHFoVn0puJ/XjfD8MrPhUoz5IrNF4WZJJiQ6d9kIDRnKMeWUKaFvZWwIdWUoU2nYkPwFl9eJo9ndc+te3fntcZ1EUcZjuAYTsGDS2jALTShBQwieIZXeHOk8+K8Ox/z1pJTzBzCHzifP/fLjZM=</latexit><latexit sha1_base64="Z0zSEqu0cMboNHWCQi22ApcpCx8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK1hbaUDbbTbp0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjLdYIhPdCajhUijeQoGSd1LNaRxI3g5GN1O//cS1EYl6wHHK/ZhGSoSCUbTSfdS/6Fdrbt2dgSwTryA1KNDsV796g4RlMVfIJDWm67kp+jnVKJjkk0ovMzylbEQj3rVU0ZgbP5+dOiEnVhmQMNG2FJKZ+nsip7Ex4ziwnTHFoVn0puJ/XjfD8MrPhUoz5IrNF4WZJJiQ6d9kIDRnKMeWUKaFvZWwIdWUoU2nYkPwFl9eJo9ndc+te3fntcZ1EUcZjuAYTsGDS2jALTShBQwieIZXeHOk8+K8Ox/z1pJTzBzCHzifP/fLjZM=</latexit><latexit sha1_base64="Z0zSEqu0cMboNHWCQi22ApcpCx8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK1hbaUDbbTbp0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjLdYIhPdCajhUijeQoGSd1LNaRxI3g5GN1O//cS1EYl6wHHK/ZhGSoSCUbTSfdS/6Fdrbt2dgSwTryA1KNDsV796g4RlMVfIJDWm67kp+jnVKJjkk0ovMzylbEQj3rVU0ZgbP5+dOiEnVhmQMNG2FJKZ+nsip7Ex4ziwnTHFoVn0puJ/XjfD8MrPhUoz5IrNF4WZJJiQ6d9kIDRnKMeWUKaFvZWwIdWUoU2nYkPwFl9eJo9ndc+te3fntcZ1EUcZjuAYTsGDS2jALTShBQwieIZXeHOk8+K8Ox/z1pJTzBzCHzifP/fLjZM=</latexit>

p5
<latexit sha1_base64="OOSc5tGfmOyJeMTKqJ6iRlMSDrY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Rf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAFkI2c</latexit><latexit sha1_base64="OOSc5tGfmOyJeMTKqJ6iRlMSDrY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Rf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAFkI2c</latexit><latexit sha1_base64="OOSc5tGfmOyJeMTKqJ6iRlMSDrY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Rf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAFkI2c</latexit><latexit sha1_base64="OOSc5tGfmOyJeMTKqJ6iRlMSDrY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Rf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAFkI2c</latexit>

a5
<latexit sha1_base64="S1tHUguopr56ZoYjvYmTN8Rj4Ac=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oUy2m3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5aCYJ8yMcSh5yisZKD9iv9csVt+rOQVaJl5MK5Gj0y1+9QUzTiElDBWrd9dzE+Bkqw6lg01Iv1SxBOsYh61oqMWLaz+anTsmZVQYkjJUtachc/T2RYaT1JApsZ4RmpJe9mfif101NeO1nXCapYZIuFoWpICYms7/JgCtGjZhYglRxeyuhI1RIjU2nZEPwll9eJa2LqudWvfvLSv0mj6MIJ3AK5+DBFdThDhrQBApDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP+6njY0=</latexit><latexit sha1_base64="S1tHUguopr56ZoYjvYmTN8Rj4Ac=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oUy2m3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5aCYJ8yMcSh5yisZKD9iv9csVt+rOQVaJl5MK5Gj0y1+9QUzTiElDBWrd9dzE+Bkqw6lg01Iv1SxBOsYh61oqMWLaz+anTsmZVQYkjJUtachc/T2RYaT1JApsZ4RmpJe9mfif101NeO1nXCapYZIuFoWpICYms7/JgCtGjZhYglRxeyuhI1RIjU2nZEPwll9eJa2LqudWvfvLSv0mj6MIJ3AK5+DBFdThDhrQBApDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP+6njY0=</latexit><latexit sha1_base64="S1tHUguopr56ZoYjvYmTN8Rj4Ac=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oUy2m3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5aCYJ8yMcSh5yisZKD9iv9csVt+rOQVaJl5MK5Gj0y1+9QUzTiElDBWrd9dzE+Bkqw6lg01Iv1SxBOsYh61oqMWLaz+anTsmZVQYkjJUtachc/T2RYaT1JApsZ4RmpJe9mfif101NeO1nXCapYZIuFoWpICYms7/JgCtGjZhYglRxeyuhI1RIjU2nZEPwll9eJa2LqudWvfvLSv0mj6MIJ3AK5+DBFdThDhrQBApDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP+6njY0=</latexit><latexit sha1_base64="S1tHUguopr56ZoYjvYmTN8Rj4Ac=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oUy2m3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5aCYJ8yMcSh5yisZKD9iv9csVt+rOQVaJl5MK5Gj0y1+9QUzTiElDBWrd9dzE+Bkqw6lg01Iv1SxBOsYh61oqMWLaz+anTsmZVQYkjJUtachc/T2RYaT1JApsZ4RmpJe9mfif101NeO1nXCapYZIuFoWpICYms7/JgCtGjZhYglRxeyuhI1RIjU2nZEPwll9eJa2LqudWvfvLSv0mj6MIJ3AK5+DBFdThDhrQBApDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP+6njY0=</latexit>

a0
<latexit sha1_base64="gwD//9HljKVxM0QjC+ybfbqSX7M=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpgfa9vlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AecTjYg=</latexit><latexit sha1_base64="gwD//9HljKVxM0QjC+ybfbqSX7M=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpgfa9vlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AecTjYg=</latexit><latexit sha1_base64="gwD//9HljKVxM0QjC+ybfbqSX7M=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpgfa9vlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AecTjYg=</latexit><latexit sha1_base64="gwD//9HljKVxM0QjC+ybfbqSX7M=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpgfa9vlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AecTjYg=</latexit>

b0
<latexit sha1_base64="+ZdNkrFQgXoXHLtRoPLiY6avoqI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHMpGLqVYbXm1t0FyDrxClKDAq1h9WswiliiuEYmqbV9z43RT6lBwSSfVwaJ5TFlUzrm/Yxqqrj108Wtc3KRKSMSRiYrjWSh/p5IqbJ2poKsU1Gc2FUvF//z+gmGN34qdJwg12y5KEwkwYjkj5ORMJyhnGWEMiOyWwmbUEMZZvHkIXirL6+TzlXdc+vew3WteVvEUYYzOIdL8KABTbiHFrSBwQSe4RXeHOW8OO/Ox7K15BQzp/AHzucPHamNnQ==</latexit><latexit sha1_base64="+ZdNkrFQgXoXHLtRoPLiY6avoqI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHMpGLqVYbXm1t0FyDrxClKDAq1h9WswiliiuEYmqbV9z43RT6lBwSSfVwaJ5TFlUzrm/Yxqqrj108Wtc3KRKSMSRiYrjWSh/p5IqbJ2poKsU1Gc2FUvF//z+gmGN34qdJwg12y5KEwkwYjkj5ORMJyhnGWEMiOyWwmbUEMZZvHkIXirL6+TzlXdc+vew3WteVvEUYYzOIdL8KABTbiHFrSBwQSe4RXeHOW8OO/Ox7K15BQzp/AHzucPHamNnQ==</latexit><latexit sha1_base64="+ZdNkrFQgXoXHLtRoPLiY6avoqI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHMpGLqVYbXm1t0FyDrxClKDAq1h9WswiliiuEYmqbV9z43RT6lBwSSfVwaJ5TFlUzrm/Yxqqrj108Wtc3KRKSMSRiYrjWSh/p5IqbJ2poKsU1Gc2FUvF//z+gmGN34qdJwg12y5KEwkwYjkj5ORMJyhnGWEMiOyWwmbUEMZZvHkIXirL6+TzlXdc+vew3WteVvEUYYzOIdL8KABTbiHFrSBwQSe4RXeHOW8OO/Ox7K15BQzp/AHzucPHamNnQ==</latexit><latexit sha1_base64="+ZdNkrFQgXoXHLtRoPLiY6avoqI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHMpGLqVYbXm1t0FyDrxClKDAq1h9WswiliiuEYmqbV9z43RT6lBwSSfVwaJ5TFlUzrm/Yxqqrj108Wtc3KRKSMSRiYrjWSh/p5IqbJ2poKsU1Gc2FUvF//z+gmGN34qdJwg12y5KEwkwYjkj5ORMJyhnGWEMiOyWwmbUEMZZvHkIXirL6+TzlXdc+vew3WteVvEUYYzOIdL8KABTbiHFrSBwQSe4RXeHOW8OO/Ox7K15BQzp/AHzucPHamNnQ==</latexit>

b5
<latexit sha1_base64="eF7bDETW5lfUHFUhG9w444EzrSg=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviAU31nW/ndLa+sbmVnm7srO7t39QPTxqmyjRDFssEpHuBtSg4ApblluB3VgjlYHATjC5y/3OE2rDI/VopzH6ko4UDzmjNpeCwVVlUK25dXcOskq8gtSgQHNQ/eoPI5ZIVJYJakzPc2Prp1RbzgTOKv3EYEzZhI6wl1FFJRo/nd86I2eZMiRhpLNSlszV3xMplcZMZZB1SmrHZtnLxf+8XmLDGz/lKk4sKrZYFCaC2Ijkj5Mh18ismGaEMs2zWwkbU02ZzeLJQ/CWX14l7Yu659a9h8ta47aIowwncArn4ME1NOAemtACBmN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/JUKNog==</latexit><latexit sha1_base64="eF7bDETW5lfUHFUhG9w444EzrSg=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviAU31nW/ndLa+sbmVnm7srO7t39QPTxqmyjRDFssEpHuBtSg4ApblluB3VgjlYHATjC5y/3OE2rDI/VopzH6ko4UDzmjNpeCwVVlUK25dXcOskq8gtSgQHNQ/eoPI5ZIVJYJakzPc2Prp1RbzgTOKv3EYEzZhI6wl1FFJRo/nd86I2eZMiRhpLNSlszV3xMplcZMZZB1SmrHZtnLxf+8XmLDGz/lKk4sKrZYFCaC2Ijkj5Mh18ismGaEMs2zWwkbU02ZzeLJQ/CWX14l7Yu659a9h8ta47aIowwncArn4ME1NOAemtACBmN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/JUKNog==</latexit><latexit sha1_base64="eF7bDETW5lfUHFUhG9w444EzrSg=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviAU31nW/ndLa+sbmVnm7srO7t39QPTxqmyjRDFssEpHuBtSg4ApblluB3VgjlYHATjC5y/3OE2rDI/VopzH6ko4UDzmjNpeCwVVlUK25dXcOskq8gtSgQHNQ/eoPI5ZIVJYJakzPc2Prp1RbzgTOKv3EYEzZhI6wl1FFJRo/nd86I2eZMiRhpLNSlszV3xMplcZMZZB1SmrHZtnLxf+8XmLDGz/lKk4sKrZYFCaC2Ijkj5Mh18ismGaEMs2zWwkbU02ZzeLJQ/CWX14l7Yu659a9h8ta47aIowwncArn4ME1NOAemtACBmN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/JUKNog==</latexit><latexit sha1_base64="eF7bDETW5lfUHFUhG9w444EzrSg=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviAU31nW/ndLa+sbmVnm7srO7t39QPTxqmyjRDFssEpHuBtSg4ApblluB3VgjlYHATjC5y/3OE2rDI/VopzH6ko4UDzmjNpeCwVVlUK25dXcOskq8gtSgQHNQ/eoPI5ZIVJYJakzPc2Prp1RbzgTOKv3EYEzZhI6wl1FFJRo/nd86I2eZMiRhpLNSlszV3xMplcZMZZB1SmrHZtnLxf+8XmLDGz/lKk4sKrZYFCaC2Ijkj5Mh18ismGaEMs2zWwkbU02ZzeLJQ/CWX14l7Yu659a9h8ta47aIowwncArn4ME1NOAemtACBmN4hld4c6Tz4rw7H4vWklPMHMMfOJ8/JUKNog==</latexit>

a5
<latexit sha1_base64="S1tHUguopr56ZoYjvYmTN8Rj4Ac=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oUy2m3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5aCYJ8yMcSh5yisZKD9iv9csVt+rOQVaJl5MK5Gj0y1+9QUzTiElDBWrd9dzE+Bkqw6lg01Iv1SxBOsYh61oqMWLaz+anTsmZVQYkjJUtachc/T2RYaT1JApsZ4RmpJe9mfif101NeO1nXCapYZIuFoWpICYms7/JgCtGjZhYglRxeyuhI1RIjU2nZEPwll9eJa2LqudWvfvLSv0mj6MIJ3AK5+DBFdThDhrQBApDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP+6njY0=</latexit><latexit sha1_base64="S1tHUguopr56ZoYjvYmTN8Rj4Ac=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oUy2m3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5aCYJ8yMcSh5yisZKD9iv9csVt+rOQVaJl5MK5Gj0y1+9QUzTiElDBWrd9dzE+Bkqw6lg01Iv1SxBOsYh61oqMWLaz+anTsmZVQYkjJUtachc/T2RYaT1JApsZ4RmpJe9mfif101NeO1nXCapYZIuFoWpICYms7/JgCtGjZhYglRxeyuhI1RIjU2nZEPwll9eJa2LqudWvfvLSv0mj6MIJ3AK5+DBFdThDhrQBApDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP+6njY0=</latexit><latexit sha1_base64="S1tHUguopr56ZoYjvYmTN8Rj4Ac=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oUy2m3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5aCYJ8yMcSh5yisZKD9iv9csVt+rOQVaJl5MK5Gj0y1+9QUzTiElDBWrd9dzE+Bkqw6lg01Iv1SxBOsYh61oqMWLaz+anTsmZVQYkjJUtachc/T2RYaT1JApsZ4RmpJe9mfif101NeO1nXCapYZIuFoWpICYms7/JgCtGjZhYglRxeyuhI1RIjU2nZEPwll9eJa2LqudWvfvLSv0mj6MIJ3AK5+DBFdThDhrQBApDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP+6njY0=</latexit><latexit sha1_base64="S1tHUguopr56ZoYjvYmTN8Rj4Ac=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oUy2m3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5aCYJ8yMcSh5yisZKD9iv9csVt+rOQVaJl5MK5Gj0y1+9QUzTiElDBWrd9dzE+Bkqw6lg01Iv1SxBOsYh61oqMWLaz+anTsmZVQYkjJUtachc/T2RYaT1JApsZ4RmpJe9mfif101NeO1nXCapYZIuFoWpICYms7/JgCtGjZhYglRxeyuhI1RIjU2nZEPwll9eJa2LqudWvfvLSv0mj6MIJ3AK5+DBFdThDhrQBApDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP+6njY0=</latexit>

cout
<latexit sha1_base64="HxZlrrGQca8ATiRdPPvWbjRlzpk=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNnJbDJkdmaZ6RXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdop7+7tHxxWjo5bVmeG8SbTUptORC2XQvEmCpS8kxpOk0jydjS+m/ntJ26s0OoRJykPEzpUIhaMopParJ/rDKf9StWv+XOQVRIUpAoFGv3KV2+gWZZwhUxSa7uBn2KYU4OCST4t9zLLU8rGdMi7jiqacBvm83On5NwpAxJr40ohmau/J3KaWDtJIteZUBzZZW8m/ud1M4xvwlyoNEOu2GJRnEmCmsx+JwNhOEM5cYQyI9ythI2ooQxdQmUXQrD88ippXdYCvxY8XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gD7/MHviaP0g==</latexit><latexit sha1_base64="HxZlrrGQca8ATiRdPPvWbjRlzpk=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNnJbDJkdmaZ6RXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdop7+7tHxxWjo5bVmeG8SbTUptORC2XQvEmCpS8kxpOk0jydjS+m/ntJ26s0OoRJykPEzpUIhaMopParJ/rDKf9StWv+XOQVRIUpAoFGv3KV2+gWZZwhUxSa7uBn2KYU4OCST4t9zLLU8rGdMi7jiqacBvm83On5NwpAxJr40ohmau/J3KaWDtJIteZUBzZZW8m/ud1M4xvwlyoNEOu2GJRnEmCmsx+JwNhOEM5cYQyI9ythI2ooQxdQmUXQrD88ippXdYCvxY8XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gD7/MHviaP0g==</latexit><latexit sha1_base64="HxZlrrGQca8ATiRdPPvWbjRlzpk=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNnJbDJkdmaZ6RXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdop7+7tHxxWjo5bVmeG8SbTUptORC2XQvEmCpS8kxpOk0jydjS+m/ntJ26s0OoRJykPEzpUIhaMopParJ/rDKf9StWv+XOQVRIUpAoFGv3KV2+gWZZwhUxSa7uBn2KYU4OCST4t9zLLU8rGdMi7jiqacBvm83On5NwpAxJr40ohmau/J3KaWDtJIteZUBzZZW8m/ud1M4xvwlyoNEOu2GJRnEmCmsx+JwNhOEM5cYQyI9ythI2ooQxdQmUXQrD88ippXdYCvxY8XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gD7/MHviaP0g==</latexit><latexit sha1_base64="HxZlrrGQca8ATiRdPPvWbjRlzpk=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNnJbDJkdmaZ6RXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdop7+7tHxxWjo5bVmeG8SbTUptORC2XQvEmCpS8kxpOk0jydjS+m/ntJ26s0OoRJykPEzpUIhaMopParJ/rDKf9StWv+XOQVRIUpAoFGv3KV2+gWZZwhUxSa7uBn2KYU4OCST4t9zLLU8rGdMi7jiqacBvm83On5NwpAxJr40ohmau/J3KaWDtJIteZUBzZZW8m/ud1M4xvwlyoNEOu2GJRnEmCmsx+JwNhOEM5cYQyI9ythI2ooQxdQmUXQrD88ippXdYCvxY8XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gD7/MHviaP0g==</latexit>

b1
<latexit sha1_base64="PGQ3zapYc5KhiRMkrhAw0y09cK8=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHMpGHqVYbXm1t0FyDrxClKDAq1h9WswiliiuEYmqbV9z43RT6lBwSSfVwaJ5TFlUzrm/Yxqqrj108Wtc3KRKSMSRiYrjWSh/p5IqbJ2poKsU1Gc2FUvF//z+gmGN34qdJwg12y5KEwkwYjkj5ORMJyhnGWEMiOyWwmbUEMZZvHkIXirL6+TzlXdc+vew3WteVvEUYYzOIdL8KABTbiHFrSBwQSe4RXeHOW8OO/Ox7K15BQzp/AHzucPHy6Nng==</latexit><latexit sha1_base64="PGQ3zapYc5KhiRMkrhAw0y09cK8=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHMpGHqVYbXm1t0FyDrxClKDAq1h9WswiliiuEYmqbV9z43RT6lBwSSfVwaJ5TFlUzrm/Yxqqrj108Wtc3KRKSMSRiYrjWSh/p5IqbJ2poKsU1Gc2FUvF//z+gmGN34qdJwg12y5KEwkwYjkj5ORMJyhnGWEMiOyWwmbUEMZZvHkIXirL6+TzlXdc+vew3WteVvEUYYzOIdL8KABTbiHFrSBwQSe4RXeHOW8OO/Ox7K15BQzp/AHzucPHy6Nng==</latexit><latexit sha1_base64="PGQ3zapYc5KhiRMkrhAw0y09cK8=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHMpGHqVYbXm1t0FyDrxClKDAq1h9WswiliiuEYmqbV9z43RT6lBwSSfVwaJ5TFlUzrm/Yxqqrj108Wtc3KRKSMSRiYrjWSh/p5IqbJ2poKsU1Gc2FUvF//z+gmGN34qdJwg12y5KEwkwYjkj5ORMJyhnGWEMiOyWwmbUEMZZvHkIXirL6+TzlXdc+vew3WteVvEUYYzOIdL8KABTbiHFrSBwQSe4RXeHOW8OO/Ox7K15BQzp/AHzucPHy6Nng==</latexit><latexit sha1_base64="PGQ3zapYc5KhiRMkrhAw0y09cK8=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHMpGHqVYbXm1t0FyDrxClKDAq1h9WswiliiuEYmqbV9z43RT6lBwSSfVwaJ5TFlUzrm/Yxqqrj108Wtc3KRKSMSRiYrjWSh/p5IqbJ2poKsU1Gc2FUvF//z+gmGN34qdJwg12y5KEwkwYjkj5ORMJyhnGWEMiOyWwmbUEMZZvHkIXirL6+TzlXdc+vew3WteVvEUYYzOIdL8KABTbiHFrSBwQSe4RXeHOW8OO/Ox7K15BQzp/AHzucPHy6Nng==</latexit>

a1
<latexit sha1_base64="7mH5Ywrx+9Rxd6ivXBCFNjHbTKk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHOJDr3KsFpz6+4CZJ14BalBgdaw+jUYRSxRXCOT1Nq+58bop9SgYJLPK4PE8piyKR3zfkY1Vdz66eLWObnIlBEJI5OVRrJQf0+kVFk7U0HWqShO7KqXi/95/QTDGz8VOk6Qa7ZcFCaSYETyx8lIGM5QzjJCmRHZrYRNqKEMs3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnJenHfnY9lacoqZU/gD5/MHHaeNnQ==</latexit><latexit sha1_base64="7mH5Ywrx+9Rxd6ivXBCFNjHbTKk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHOJDr3KsFpz6+4CZJ14BalBgdaw+jUYRSxRXCOT1Nq+58bop9SgYJLPK4PE8piyKR3zfkY1Vdz66eLWObnIlBEJI5OVRrJQf0+kVFk7U0HWqShO7KqXi/95/QTDGz8VOk6Qa7ZcFCaSYETyx8lIGM5QzjJCmRHZrYRNqKEMs3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnJenHfnY9lacoqZU/gD5/MHHaeNnQ==</latexit><latexit sha1_base64="7mH5Ywrx+9Rxd6ivXBCFNjHbTKk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHOJDr3KsFpz6+4CZJ14BalBgdaw+jUYRSxRXCOT1Nq+58bop9SgYJLPK4PE8piyKR3zfkY1Vdz66eLWObnIlBEJI5OVRrJQf0+kVFk7U0HWqShO7KqXi/95/QTDGz8VOk6Qa7ZcFCaSYETyx8lIGM5QzjJCmRHZrYRNqKEMs3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnJenHfnY9lacoqZU/gD5/MHHaeNnQ==</latexit><latexit sha1_base64="7mH5Ywrx+9Rxd6ivXBCFNjHbTKk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHOJDr3KsFpz6+4CZJ14BalBgdaw+jUYRSxRXCOT1Nq+58bop9SgYJLPK4PE8piyKR3zfkY1Vdz66eLWObnIlBEJI5OVRrJQf0+kVFk7U0HWqShO7KqXi/95/QTDGz8VOk6Qa7ZcFCaSYETyx8lIGM5QzjJCmRHZrYRNqKEMs3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnJenHfnY9lacoqZU/gD5/MHHaeNnQ==</latexit>
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Post-processing

Figure 5.2 6-bit prefix computation process.

a prefix node which represents a certain logic operation. The logic
operation of each prefix node in any prefix adder graph is the same
except for the different inputs. In the prefix processing part showed
in Fig. 5.2, we first extend g and p to multiple bits and define G[i:j],
P[i:j] (i ≥ j) as

P[i:j] =

{
pi, if i = j

P[i:k] · P[k−1:j], otherwise
(5.1)

G[i:j] =

{
gi, if i = j

G[i:k] + P[i:k] ·G[k−1:j], otherwise
(5.2)

The associative logic operation ◦ (i.e. any grey node in Fig. 5.2) is
defined for (G, P ) as:

(G,P )[i:j] = (G,P )[i:k] ◦ (G,P )[k−1:j]

= (G[i:k] + P[i:k] ·G[k−1:j], P[i:k] · P[k−1:j]).
(5.3)

Specially, we use ci to indicate the logic operation whose output
involves in the si computation.
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Figure 5.3 An example of hypervolume in a bi-objective space.

5.2.2 Multi-objective Optimization

Assume a multi-objective optimization problem has a set of feasible
solutions X. There are n objective functions, f1(·), f2(·), . . . , fn(·),
which map an input x to corresponding results f1(x), f2(x), . . . , fn(x)
and form an n-d result vector f(x). A result vector f(u) is said to
dominate another result vector f(v) if f(u) is at least as good as
f(v) in all the objectives, namely, fi(u) ≥ fi(v),∀i ∈ [1, n] if the
objectives are to be maximized, and fi(u) ≤ fi(v), ∀i ∈ [1, n] if the
objectives are to be minimized. Hence, we say that a solution x is
Pareto-optimal if it is not dominated by other solutions in the feasi-
ble solution set X. Some prior arts [14,175] in the machine learning
field are proposed to handle the practical multi-objective problems
where the evaluation of the multi-objective functions is expensive

In our context for high-speed adder design, a feasible solution x is
the feature representation of an adder design implementation which
satisfies the pre-determined constraints, while a Pareto-optimal de-
sign is where none of the QoR metrics (or objectives) like area, power
and delay, can be minimized without worsening at least one of the
others. The Pareto set is the set consisting of all the Pareto-optimal
solutions, and the Pareto frontier contains objective space values
(i.e. the values of QoR metrics) associated with the Pareto set.
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5.2.3 Problem Formulation

Definition 6 (Hypervolume [174]). The metric hypervolume is a
Pareto-compliant evaluation, which refers to the volume fenced by
the Pareto frontier and a reference point in the objective space. It
measures how well distributed the points are on the Pareto frontier
approximation.

In Fig. 6.2, the area filled with dash lines is an example of the hy-
pervolume of a predicted Pareto-optimal set in a bi-objective space.
The hypervolume error for a predicted Pareto-optimal set P̂ is de-
fined:

η =
V (P)− V (P̂)

V (P)
, (5.4)

where P is the golden Pareto-optimal set, and V (P) is the ground-
truth of hypervolume. If a solution set P′ is better than another
set P′′, V (P′) is greater than V (P′′). It can be observed that a
prediction P̂ which contains the whole design space has an error of
0.

Definition 7 (Average Distance from Reference Set (ADRS) [10]).
Given a reference Pareto-optimal set A = {a1,a2, . . . |a = (m1

a,m2
a,

. . . ,mn
a)} and an approximated Pareto-optimal set P = {p1,p2, . . .

|p = (m1
p,m2

p, . . . ,mn
p)} in n-objective DSE problem:

ADRS(A,P) =
1

(|A|)
∑
a∈A

min
p∈P

δ(a,p), (5.5)

where δ (a,p) = max
{∣∣∣∣∣m1

p −m1
a

m1
a

∣∣∣∣∣ , . . . ,
∣∣∣∣∣mn

p −mn
a

mn
a

∣∣∣∣∣
}

.

ADRS is used to quantify how close a set of non-dominated points
is from the Pareto frontier in the objective space. The smaller ADRS
value is, the closer the approximate set P is to the reference set A.

With the aforementioned knowledge, our problem can be formu-
lated.
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Problem 3 (Adder Design Space Exploration). Given a collection
of prefix adder networks, the aim of adder design space exploration is
to search for the Pareto-optimal adder designs with trade-off among
multiple objectives like power, area, and delay over a wide design
space.

5.3 Adder Feature Extraction and Regression

In traditional machine learning techniques, most of the features are
manually crafted and based on domain knowledge [57,83]. Followed-
up on the idea, previous machine learning-based adder DSE works
like [94, 116] exploit hand-engineered features, and the feature ex-
tractor and the consequent learning model are separated into two
independent components. Isolating the two parts makes the whole
framework be susceptible to converge to sub-optimal performance.

Fortunately, deep Learning algorithms attempt to use a general-
purpose learning procedure to automatically learn high-level fea-
tures from data, which eliminates the need for domain expertise
and formidable feature extraction [57, 83]. Many of deep learning
models (e.g. AlexNet [81], GoogleNet [128], ResNet [65]) perform
feature extraction and classification in an end-to-end fashion or in a
unified network structure. Recently, the end-to-end learning struc-
ture has also achieved notable success in oceans of EDA applica-
tions [28,31,32,50,52,53]. Based on the observations and arguments,
we design an end-to-end, deep learning-based model, GNP, which
incorporates the customized automatic feature extractor for prefix
adder networks and the regressor.

In this section, the proposed GNP which adopts a well-designed
multi-branch flow is introduced. The proposed multi-branch flow,
shown in Fig. 5.4, has a backbone (i.e. the encoder part of a graph
auto-encoder) and simultaneously works on two branches: one is
the decoder part of graph auto-encoder and the other is the neu-
ral process working as an alternative to the traditional Gaussian



CHAPTER 5. ADDER DESIGN SPACE EXPLORATION 75

process. For the backbone and stream I, a graph autoencoder that
aims at summarizing the graph structure and attaining the latent
representation of an input prefix adder is adopted. For stream II,
a neural process built upon the encoder-decoder structure outputs
the regression values with corresponding uncertainties.

5.3.1 Graph Construction of a Prefix Adder Network

Because the prefix adder structure is graph-like, the adjacency ma-
trix and node feature matrix can describe it without any infor-
mation loss. In the following descriptions, an undirected graph
G = (V,E) with n vertices and m edges refers to a prefix adder
network. A ∈ Rn×n is the adjusted adjacency matrix of G, whilst
X ∈ Rn×s indicates the attribute matrix of nodes. Note that it is
customary to set diagonal elements in an adjacency matrix be zeros,
however, it is added by an identity matrix I in the operation of a
graph convolutional network (GCN). Accordingly, we term A as the
adjusted adjacency matrix.

As aforementioned in Section 6.2, the prefix adder network can
be mapped to a prefix graph structure. For a better understanding,
we list an example of the mapping in Fig. 5.4. According to our de-
sign, we regard inputs, outputs and prefix nodes in a prefix graph as
vanilla vertices in graph G, while the logic relationship between two
nodes is equivalent to an edge. Until now, the basic structure of G
is constructed, and then the adjusted adjacency matrix A is built.
Each row in X represents corresponding node attributes, which is
composed of the logic level, in-degree, the out-degree and EDA tool
settings. For each vertex, the in-degree means the number of ver-
tices taking part in one logic operation, while the out-degree counts
the number of vertices in higher logic levels connecting to the cur-
rent vertex. Apart from the prefix graph structural features, tool
settings from logical synthesis stage and physical design stage as
other features are also considered as part of node features. We syn-
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<latexit sha1_base64="TbOVm4a1bj7EWv2q2BG16ZUEIEA=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9yL7fd6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AfxljZY=</latexit><latexit sha1_base64="TbOVm4a1bj7EWv2q2BG16ZUEIEA=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9yL7fd6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AfxljZY=</latexit><latexit sha1_base64="TbOVm4a1bj7EWv2q2BG16ZUEIEA=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9yL7fd6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AfxljZY=</latexit><latexit sha1_base64="TbOVm4a1bj7EWv2q2BG16ZUEIEA=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9yL7fd6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AfxljZY=</latexit>

n2
<latexit sha1_base64="bjIC+35MlRj3rmKoxI1XWIuyzrA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD2pQG5QrbtVdgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4bWfCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPH/3pjZc=</latexit><latexit sha1_base64="bjIC+35MlRj3rmKoxI1XWIuyzrA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD2pQG5QrbtVdgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4bWfCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPH/3pjZc=</latexit><latexit sha1_base64="bjIC+35MlRj3rmKoxI1XWIuyzrA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD2pQG5QrbtVdgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4bWfCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPH/3pjZc=</latexit><latexit sha1_base64="bjIC+35MlRj3rmKoxI1XWIuyzrA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD2pQG5QrbtVdgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4bWfCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPH/3pjZc=</latexit>

n7
<latexit sha1_base64="fi+jSTzgTsH9d0sUlIgPCKA2kPw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSSrwZ5Yzao1ty6uwBZJ15BalCgNah+9YcJy2KukElqTM9zUwxyqlEwyWeVfmZ4StmEjnjPUkVjboJ8ceyMXFhlSKJE21JIFurviZzGxkzj0HbGFMdm1ZuL/3m9DKObIBcqzZArtlwUZZJgQuafk6HQnKGcWkKZFvZWwsZUU4Y2n4oNwVt9eZ20r+qeW/cermvN2yKOMpzBOVyCBw1owj20wAcGAp7hFd4c5bw4787HsrXkFDOn8AfO5w/KFI6o</latexit><latexit sha1_base64="fi+jSTzgTsH9d0sUlIgPCKA2kPw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSSrwZ5Yzao1ty6uwBZJ15BalCgNah+9YcJy2KukElqTM9zUwxyqlEwyWeVfmZ4StmEjnjPUkVjboJ8ceyMXFhlSKJE21JIFurviZzGxkzj0HbGFMdm1ZuL/3m9DKObIBcqzZArtlwUZZJgQuafk6HQnKGcWkKZFvZWwsZUU4Y2n4oNwVt9eZ20r+qeW/cermvN2yKOMpzBOVyCBw1owj20wAcGAp7hFd4c5bw4787HsrXkFDOn8AfO5w/KFI6o</latexit><latexit sha1_base64="fi+jSTzgTsH9d0sUlIgPCKA2kPw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSSrwZ5Yzao1ty6uwBZJ15BalCgNah+9YcJy2KukElqTM9zUwxyqlEwyWeVfmZ4StmEjnjPUkVjboJ8ceyMXFhlSKJE21JIFurviZzGxkzj0HbGFMdm1ZuL/3m9DKObIBcqzZArtlwUZZJgQuafk6HQnKGcWkKZFvZWwsZUU4Y2n4oNwVt9eZ20r+qeW/cermvN2yKOMpzBOVyCBw1owj20wAcGAp7hFd4c5bw4787HsrXkFDOn8AfO5w/KFI6o</latexit><latexit sha1_base64="fi+jSTzgTsH9d0sUlIgPCKA2kPw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSSrwZ5Yzao1ty6uwBZJ15BalCgNah+9YcJy2KukElqTM9zUwxyqlEwyWeVfmZ4StmEjnjPUkVjboJ8ceyMXFhlSKJE21JIFurviZzGxkzj0HbGFMdm1ZuL/3m9DKObIBcqzZArtlwUZZJgQuafk6HQnKGcWkKZFvZWwsZUU4Y2n4oNwVt9eZ20r+qeW/cermvN2yKOMpzBOVyCBw1owj20wAcGAp7hFd4c5bw4787HsrXkFDOn8AfO5w/KFI6o</latexit>

1<latexit sha1_base64="XwzxA8KpsGR5XzMzJ50WdeFwOCs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpwSd9t+rVvDnIKvELUoUCjb771RskLIu5QiapMV3fSzHIqUbBJJ9WepnhKWVjOuRdSxWNuQny+aVTcmaVAYkSbUshmau/J3IaGzOJQ9sZUxyZZW8m/ud1M4yug1yoNEOu2GJRlEmCCZm9TQZCc4ZyYgllWthbCRtRTRnacCo2BH/55VXSuqj5Xs2/v6zWb4o4ynACp3AOPlxBHe6gAU1gEMEzvMKbM3ZenHfnY9FacoqZY/gD5/MH0DKM3w==</latexit><latexit sha1_base64="XwzxA8KpsGR5XzMzJ50WdeFwOCs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpwSd9t+rVvDnIKvELUoUCjb771RskLIu5QiapMV3fSzHIqUbBJJ9WepnhKWVjOuRdSxWNuQny+aVTcmaVAYkSbUshmau/J3IaGzOJQ9sZUxyZZW8m/ud1M4yug1yoNEOu2GJRlEmCCZm9TQZCc4ZyYgllWthbCRtRTRnacCo2BH/55VXSuqj5Xs2/v6zWb4o4ynACp3AOPlxBHe6gAU1gEMEzvMKbM3ZenHfnY9FacoqZY/gD5/MH0DKM3w==</latexit><latexit sha1_base64="XwzxA8KpsGR5XzMzJ50WdeFwOCs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpwSd9t+rVvDnIKvELUoUCjb771RskLIu5QiapMV3fSzHIqUbBJJ9WepnhKWVjOuRdSxWNuQny+aVTcmaVAYkSbUshmau/J3IaGzOJQ9sZUxyZZW8m/ud1M4yug1yoNEOu2GJRlEmCCZm9TQZCc4ZyYgllWthbCRtRTRnacCo2BH/55VXSuqj5Xs2/v6zWb4o4ynACp3AOPlxBHe6gAU1gEMEzvMKbM3ZenHfnY9FacoqZY/gD5/MH0DKM3w==</latexit><latexit sha1_base64="XwzxA8KpsGR5XzMzJ50WdeFwOCs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpwSd9t+rVvDnIKvELUoUCjb771RskLIu5QiapMV3fSzHIqUbBJJ9WepnhKWVjOuRdSxWNuQny+aVTcmaVAYkSbUshmau/J3IaGzOJQ9sZUxyZZW8m/ud1M4yug1yoNEOu2GJRlEmCCZm9TQZCc4ZyYgllWthbCRtRTRnacCo2BH/55VXSuqj5Xs2/v6zWb4o4ynACp3AOPlxBHe6gAU1gEMEzvMKbM3ZenHfnY9FacoqZY/gD5/MH0DKM3w==</latexit>

0
<latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit>

0
<latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit>
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1<latexit sha1_base64="XwzxA8KpsGR5XzMzJ50WdeFwOCs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpwSd9t+rVvDnIKvELUoUCjb771RskLIu5QiapMV3fSzHIqUbBJJ9WepnhKWVjOuRdSxWNuQny+aVTcmaVAYkSbUshmau/J3IaGzOJQ9sZUxyZZW8m/ud1M4yug1yoNEOu2GJRlEmCCZm9TQZCc4ZyYgllWthbCRtRTRnacCo2BH/55VXSuqj5Xs2/v6zWb4o4ynACp3AOPlxBHe6gAU1gEMEzvMKbM3ZenHfnY9FacoqZY/gD5/MH0DKM3w==</latexit><latexit sha1_base64="XwzxA8KpsGR5XzMzJ50WdeFwOCs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpwSd9t+rVvDnIKvELUoUCjb771RskLIu5QiapMV3fSzHIqUbBJJ9WepnhKWVjOuRdSxWNuQny+aVTcmaVAYkSbUshmau/J3IaGzOJQ9sZUxyZZW8m/ud1M4yug1yoNEOu2GJRlEmCCZm9TQZCc4ZyYgllWthbCRtRTRnacCo2BH/55VXSuqj5Xs2/v6zWb4o4ynACp3AOPlxBHe6gAU1gEMEzvMKbM3ZenHfnY9FacoqZY/gD5/MH0DKM3w==</latexit><latexit sha1_base64="XwzxA8KpsGR5XzMzJ50WdeFwOCs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpwSd9t+rVvDnIKvELUoUCjb771RskLIu5QiapMV3fSzHIqUbBJJ9WepnhKWVjOuRdSxWNuQny+aVTcmaVAYkSbUshmau/J3IaGzOJQ9sZUxyZZW8m/ud1M4yug1yoNEOu2GJRlEmCCZm9TQZCc4ZyYgllWthbCRtRTRnacCo2BH/55VXSuqj5Xs2/v6zWb4o4ynACp3AOPlxBHe6gAU1gEMEzvMKbM3ZenHfnY9FacoqZY/gD5/MH0DKM3w==</latexit><latexit sha1_base64="XwzxA8KpsGR5XzMzJ50WdeFwOCs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpwSd9t+rVvDnIKvELUoUCjb771RskLIu5QiapMV3fSzHIqUbBJJ9WepnhKWVjOuRdSxWNuQny+aVTcmaVAYkSbUshmau/J3IaGzOJQ9sZUxyZZW8m/ud1M4yug1yoNEOu2GJRlEmCCZm9TQZCc4ZyYgllWthbCRtRTRnacCo2BH/55VXSuqj5Xs2/v6zWb4o4ynACp3AOPlxBHe6gAU1gEMEzvMKbM3ZenHfnY9FacoqZY/gD5/MH0DKM3w==</latexit>

0
<latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit> 0

<latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit>
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1<latexit sha1_base64="XwzxA8KpsGR5XzMzJ50WdeFwOCs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpwSd9t+rVvDnIKvELUoUCjb771RskLIu5QiapMV3fSzHIqUbBJJ9WepnhKWVjOuRdSxWNuQny+aVTcmaVAYkSbUshmau/J3IaGzOJQ9sZUxyZZW8m/ud1M4yug1yoNEOu2GJRlEmCCZm9TQZCc4ZyYgllWthbCRtRTRnacCo2BH/55VXSuqj5Xs2/v6zWb4o4ynACp3AOPlxBHe6gAU1gEMEzvMKbM3ZenHfnY9FacoqZY/gD5/MH0DKM3w==</latexit><latexit sha1_base64="XwzxA8KpsGR5XzMzJ50WdeFwOCs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpwSd9t+rVvDnIKvELUoUCjb771RskLIu5QiapMV3fSzHIqUbBJJ9WepnhKWVjOuRdSxWNuQny+aVTcmaVAYkSbUshmau/J3IaGzOJQ9sZUxyZZW8m/ud1M4yug1yoNEOu2GJRlEmCCZm9TQZCc4ZyYgllWthbCRtRTRnacCo2BH/55VXSuqj5Xs2/v6zWb4o4ynACp3AOPlxBHe6gAU1gEMEzvMKbM3ZenHfnY9FacoqZY/gD5/MH0DKM3w==</latexit><latexit sha1_base64="XwzxA8KpsGR5XzMzJ50WdeFwOCs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpwSd9t+rVvDnIKvELUoUCjb771RskLIu5QiapMV3fSzHIqUbBJJ9WepnhKWVjOuRdSxWNuQny+aVTcmaVAYkSbUshmau/J3IaGzOJQ9sZUxyZZW8m/ud1M4yug1yoNEOu2GJRlEmCCZm9TQZCc4ZyYgllWthbCRtRTRnacCo2BH/55VXSuqj5Xs2/v6zWb4o4ynACp3AOPlxBHe6gAU1gEMEzvMKbM3ZenHfnY9FacoqZY/gD5/MH0DKM3w==</latexit><latexit sha1_base64="XwzxA8KpsGR5XzMzJ50WdeFwOCs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpwSd9t+rVvDnIKvELUoUCjb771RskLIu5QiapMV3fSzHIqUbBJJ9WepnhKWVjOuRdSxWNuQny+aVTcmaVAYkSbUshmau/J3IaGzOJQ9sZUxyZZW8m/ud1M4yug1yoNEOu2GJRlEmCCZm9TQZCc4ZyYgllWthbCRtRTRnacCo2BH/55VXSuqj5Xs2/v6zWb4o4ynACp3AOPlxBHe6gAU1gEMEzvMKbM3ZenHfnY9FacoqZY/gD5/MH0DKM3w==</latexit>
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<latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit>

0
<latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit>

0
<latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit>

0
<latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit>

1<latexit sha1_base64="XwzxA8KpsGR5XzMzJ50WdeFwOCs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpwSd9t+rVvDnIKvELUoUCjb771RskLIu5QiapMV3fSzHIqUbBJJ9WepnhKWVjOuRdSxWNuQny+aVTcmaVAYkSbUshmau/J3IaGzOJQ9sZUxyZZW8m/ud1M4yug1yoNEOu2GJRlEmCCZm9TQZCc4ZyYgllWthbCRtRTRnacCo2BH/55VXSuqj5Xs2/v6zWb4o4ynACp3AOPlxBHe6gAU1gEMEzvMKbM3ZenHfnY9FacoqZY/gD5/MH0DKM3w==</latexit><latexit sha1_base64="XwzxA8KpsGR5XzMzJ50WdeFwOCs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpwSd9t+rVvDnIKvELUoUCjb771RskLIu5QiapMV3fSzHIqUbBJJ9WepnhKWVjOuRdSxWNuQny+aVTcmaVAYkSbUshmau/J3IaGzOJQ9sZUxyZZW8m/ud1M4yug1yoNEOu2GJRlEmCCZm9TQZCc4ZyYgllWthbCRtRTRnacCo2BH/55VXSuqj5Xs2/v6zWb4o4ynACp3AOPlxBHe6gAU1gEMEzvMKbM3ZenHfnY9FacoqZY/gD5/MH0DKM3w==</latexit><latexit sha1_base64="XwzxA8KpsGR5XzMzJ50WdeFwOCs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpwSd9t+rVvDnIKvELUoUCjb771RskLIu5QiapMV3fSzHIqUbBJJ9WepnhKWVjOuRdSxWNuQny+aVTcmaVAYkSbUshmau/J3IaGzOJQ9sZUxyZZW8m/ud1M4yug1yoNEOu2GJRlEmCCZm9TQZCc4ZyYgllWthbCRtRTRnacCo2BH/55VXSuqj5Xs2/v6zWb4o4ynACp3AOPlxBHe6gAU1gEMEzvMKbM3ZenHfnY9FacoqZY/gD5/MH0DKM3w==</latexit><latexit sha1_base64="XwzxA8KpsGR5XzMzJ50WdeFwOCs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpwSd9t+rVvDnIKvELUoUCjb771RskLIu5QiapMV3fSzHIqUbBJJ9WepnhKWVjOuRdSxWNuQny+aVTcmaVAYkSbUshmau/J3IaGzOJQ9sZUxyZZW8m/ud1M4yug1yoNEOu2GJRlEmCCZm9TQZCc4ZyYgllWthbCRtRTRnacCo2BH/55VXSuqj5Xs2/v6zWb4o4ynACp3AOPlxBHe6gAU1gEMEzvMKbM3ZenHfnY9FacoqZY/gD5/MH0DKM3w==</latexit> 0
<latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit>

0
<latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit>

0
<latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit>

1<latexit sha1_base64="XwzxA8KpsGR5XzMzJ50WdeFwOCs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpwSd9t+rVvDnIKvELUoUCjb771RskLIu5QiapMV3fSzHIqUbBJJ9WepnhKWVjOuRdSxWNuQny+aVTcmaVAYkSbUshmau/J3IaGzOJQ9sZUxyZZW8m/ud1M4yug1yoNEOu2GJRlEmCCZm9TQZCc4ZyYgllWthbCRtRTRnacCo2BH/55VXSuqj5Xs2/v6zWb4o4ynACp3AOPlxBHe6gAU1gEMEzvMKbM3ZenHfnY9FacoqZY/gD5/MH0DKM3w==</latexit><latexit sha1_base64="XwzxA8KpsGR5XzMzJ50WdeFwOCs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpwSd9t+rVvDnIKvELUoUCjb771RskLIu5QiapMV3fSzHIqUbBJJ9WepnhKWVjOuRdSxWNuQny+aVTcmaVAYkSbUshmau/J3IaGzOJQ9sZUxyZZW8m/ud1M4yug1yoNEOu2GJRlEmCCZm9TQZCc4ZyYgllWthbCRtRTRnacCo2BH/55VXSuqj5Xs2/v6zWb4o4ynACp3AOPlxBHe6gAU1gEMEzvMKbM3ZenHfnY9FacoqZY/gD5/MH0DKM3w==</latexit><latexit sha1_base64="XwzxA8KpsGR5XzMzJ50WdeFwOCs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpwSd9t+rVvDnIKvELUoUCjb771RskLIu5QiapMV3fSzHIqUbBJJ9WepnhKWVjOuRdSxWNuQny+aVTcmaVAYkSbUshmau/J3IaGzOJQ9sZUxyZZW8m/ud1M4yug1yoNEOu2GJRlEmCCZm9TQZCc4ZyYgllWthbCRtRTRnacCo2BH/55VXSuqj5Xs2/v6zWb4o4ynACp3AOPlxBHe6gAU1gEMEzvMKbM3ZenHfnY9FacoqZY/gD5/MH0DKM3w==</latexit><latexit sha1_base64="XwzxA8KpsGR5XzMzJ50WdeFwOCs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpwSd9t+rVvDnIKvELUoUCjb771RskLIu5QiapMV3fSzHIqUbBJJ9WepnhKWVjOuRdSxWNuQny+aVTcmaVAYkSbUshmau/J3IaGzOJQ9sZUxyZZW8m/ud1M4yug1yoNEOu2GJRlEmCCZm9TQZCc4ZyYgllWthbCRtRTRnacCo2BH/55VXSuqj5Xs2/v6zWb4o4ynACp3AOPlxBHe6gAU1gEMEzvMKbM3ZenHfnY9FacoqZY/gD5/MH0DKM3w==</latexit>

1<latexit sha1_base64="XwzxA8KpsGR5XzMzJ50WdeFwOCs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpwSd9t+rVvDnIKvELUoUCjb771RskLIu5QiapMV3fSzHIqUbBJJ9WepnhKWVjOuRdSxWNuQny+aVTcmaVAYkSbUshmau/J3IaGzOJQ9sZUxyZZW8m/ud1M4yug1yoNEOu2GJRlEmCCZm9TQZCc4ZyYgllWthbCRtRTRnacCo2BH/55VXSuqj5Xs2/v6zWb4o4ynACp3AOPlxBHe6gAU1gEMEzvMKbM3ZenHfnY9FacoqZY/gD5/MH0DKM3w==</latexit><latexit sha1_base64="XwzxA8KpsGR5XzMzJ50WdeFwOCs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpwSd9t+rVvDnIKvELUoUCjb771RskLIu5QiapMV3fSzHIqUbBJJ9WepnhKWVjOuRdSxWNuQny+aVTcmaVAYkSbUshmau/J3IaGzOJQ9sZUxyZZW8m/ud1M4yug1yoNEOu2GJRlEmCCZm9TQZCc4ZyYgllWthbCRtRTRnacCo2BH/55VXSuqj5Xs2/v6zWb4o4ynACp3AOPlxBHe6gAU1gEMEzvMKbM3ZenHfnY9FacoqZY/gD5/MH0DKM3w==</latexit><latexit sha1_base64="XwzxA8KpsGR5XzMzJ50WdeFwOCs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpwSd9t+rVvDnIKvELUoUCjb771RskLIu5QiapMV3fSzHIqUbBJJ9WepnhKWVjOuRdSxWNuQny+aVTcmaVAYkSbUshmau/J3IaGzOJQ9sZUxyZZW8m/ud1M4yug1yoNEOu2GJRlEmCCZm9TQZCc4ZyYgllWthbCRtRTRnacCo2BH/55VXSuqj5Xs2/v6zWb4o4ynACp3AOPlxBHe6gAU1gEMEzvMKbM3ZenHfnY9FacoqZY/gD5/MH0DKM3w==</latexit><latexit sha1_base64="XwzxA8KpsGR5XzMzJ50WdeFwOCs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpwSd9t+rVvDnIKvELUoUCjb771RskLIu5QiapMV3fSzHIqUbBJJ9WepnhKWVjOuRdSxWNuQny+aVTcmaVAYkSbUshmau/J3IaGzOJQ9sZUxyZZW8m/ud1M4yug1yoNEOu2GJRlEmCCZm9TQZCc4ZyYgllWthbCRtRTRnacCo2BH/55VXSuqj5Xs2/v6zWb4o4ynACp3AOPlxBHe6gAU1gEMEzvMKbM3ZenHfnY9FacoqZY/gD5/MH0DKM3w==</latexit>

. . .
<latexit sha1_base64="4fajA5Sub0emPp2TPmVj1aHk3ls=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3ZehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AvB+POA==</latexit><latexit sha1_base64="4fajA5Sub0emPp2TPmVj1aHk3ls=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3ZehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AvB+POA==</latexit><latexit sha1_base64="4fajA5Sub0emPp2TPmVj1aHk3ls=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3ZehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AvB+POA==</latexit><latexit sha1_base64="4fajA5Sub0emPp2TPmVj1aHk3ls=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3ZehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AvB+POA==</latexit>

. . .
<latexit sha1_base64="4fajA5Sub0emPp2TPmVj1aHk3ls=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3ZehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AvB+POA==</latexit><latexit sha1_base64="4fajA5Sub0emPp2TPmVj1aHk3ls=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3ZehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AvB+POA==</latexit><latexit sha1_base64="4fajA5Sub0emPp2TPmVj1aHk3ls=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3ZehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AvB+POA==</latexit><latexit sha1_base64="4fajA5Sub0emPp2TPmVj1aHk3ls=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3ZehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AvB+POA==</latexit>

0
<latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit>

0
<latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit>

0
<latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit>

0
<latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit>

1<latexit sha1_base64="XwzxA8KpsGR5XzMzJ50WdeFwOCs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpwSd9t+rVvDnIKvELUoUCjb771RskLIu5QiapMV3fSzHIqUbBJJ9WepnhKWVjOuRdSxWNuQny+aVTcmaVAYkSbUshmau/J3IaGzOJQ9sZUxyZZW8m/ud1M4yug1yoNEOu2GJRlEmCCZm9TQZCc4ZyYgllWthbCRtRTRnacCo2BH/55VXSuqj5Xs2/v6zWb4o4ynACp3AOPlxBHe6gAU1gEMEzvMKbM3ZenHfnY9FacoqZY/gD5/MH0DKM3w==</latexit><latexit sha1_base64="XwzxA8KpsGR5XzMzJ50WdeFwOCs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpwSd9t+rVvDnIKvELUoUCjb771RskLIu5QiapMV3fSzHIqUbBJJ9WepnhKWVjOuRdSxWNuQny+aVTcmaVAYkSbUshmau/J3IaGzOJQ9sZUxyZZW8m/ud1M4yug1yoNEOu2GJRlEmCCZm9TQZCc4ZyYgllWthbCRtRTRnacCo2BH/55VXSuqj5Xs2/v6zWb4o4ynACp3AOPlxBHe6gAU1gEMEzvMKbM3ZenHfnY9FacoqZY/gD5/MH0DKM3w==</latexit><latexit sha1_base64="XwzxA8KpsGR5XzMzJ50WdeFwOCs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpwSd9t+rVvDnIKvELUoUCjb771RskLIu5QiapMV3fSzHIqUbBJJ9WepnhKWVjOuRdSxWNuQny+aVTcmaVAYkSbUshmau/J3IaGzOJQ9sZUxyZZW8m/ud1M4yug1yoNEOu2GJRlEmCCZm9TQZCc4ZyYgllWthbCRtRTRnacCo2BH/55VXSuqj5Xs2/v6zWb4o4ynACp3AOPlxBHe6gAU1gEMEzvMKbM3ZenHfnY9FacoqZY/gD5/MH0DKM3w==</latexit><latexit sha1_base64="XwzxA8KpsGR5XzMzJ50WdeFwOCs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpwSd9t+rVvDnIKvELUoUCjb771RskLIu5QiapMV3fSzHIqUbBJJ9WepnhKWVjOuRdSxWNuQny+aVTcmaVAYkSbUshmau/J3IaGzOJQ9sZUxyZZW8m/ud1M4yug1yoNEOu2GJRlEmCCZm9TQZCc4ZyYgllWthbCRtRTRnacCo2BH/55VXSuqj5Xs2/v6zWb4o4ynACp3AOPlxBHe6gAU1gEMEzvMKbM3ZenHfnY9FacoqZY/gD5/MH0DKM3w==</latexit> 0
<latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit>

1<latexit sha1_base64="XwzxA8KpsGR5XzMzJ50WdeFwOCs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpwSd9t+rVvDnIKvELUoUCjb771RskLIu5QiapMV3fSzHIqUbBJJ9WepnhKWVjOuRdSxWNuQny+aVTcmaVAYkSbUshmau/J3IaGzOJQ9sZUxyZZW8m/ud1M4yug1yoNEOu2GJRlEmCCZm9TQZCc4ZyYgllWthbCRtRTRnacCo2BH/55VXSuqj5Xs2/v6zWb4o4ynACp3AOPlxBHe6gAU1gEMEzvMKbM3ZenHfnY9FacoqZY/gD5/MH0DKM3w==</latexit><latexit sha1_base64="XwzxA8KpsGR5XzMzJ50WdeFwOCs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpwSd9t+rVvDnIKvELUoUCjb771RskLIu5QiapMV3fSzHIqUbBJJ9WepnhKWVjOuRdSxWNuQny+aVTcmaVAYkSbUshmau/J3IaGzOJQ9sZUxyZZW8m/ud1M4yug1yoNEOu2GJRlEmCCZm9TQZCc4ZyYgllWthbCRtRTRnacCo2BH/55VXSuqj5Xs2/v6zWb4o4ynACp3AOPlxBHe6gAU1gEMEzvMKbM3ZenHfnY9FacoqZY/gD5/MH0DKM3w==</latexit><latexit sha1_base64="XwzxA8KpsGR5XzMzJ50WdeFwOCs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpwSd9t+rVvDnIKvELUoUCjb771RskLIu5QiapMV3fSzHIqUbBJJ9WepnhKWVjOuRdSxWNuQny+aVTcmaVAYkSbUshmau/J3IaGzOJQ9sZUxyZZW8m/ud1M4yug1yoNEOu2GJRlEmCCZm9TQZCc4ZyYgllWthbCRtRTRnacCo2BH/55VXSuqj5Xs2/v6zWb4o4ynACp3AOPlxBHe6gAU1gEMEzvMKbM3ZenHfnY9FacoqZY/gD5/MH0DKM3w==</latexit><latexit sha1_base64="XwzxA8KpsGR5XzMzJ50WdeFwOCs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpwSd9t+rVvDnIKvELUoUCjb771RskLIu5QiapMV3fSzHIqUbBJJ9WepnhKWVjOuRdSxWNuQny+aVTcmaVAYkSbUshmau/J3IaGzOJQ9sZUxyZZW8m/ud1M4yug1yoNEOu2GJRlEmCCZm9TQZCc4ZyYgllWthbCRtRTRnacCo2BH/55VXSuqj5Xs2/v6zWb4o4ynACp3AOPlxBHe6gAU1gEMEzvMKbM3ZenHfnY9FacoqZY/gD5/MH0DKM3w==</latexit>1<latexit sha1_base64="XwzxA8KpsGR5XzMzJ50WdeFwOCs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpwSd9t+rVvDnIKvELUoUCjb771RskLIu5QiapMV3fSzHIqUbBJJ9WepnhKWVjOuRdSxWNuQny+aVTcmaVAYkSbUshmau/J3IaGzOJQ9sZUxyZZW8m/ud1M4yug1yoNEOu2GJRlEmCCZm9TQZCc4ZyYgllWthbCRtRTRnacCo2BH/55VXSuqj5Xs2/v6zWb4o4ynACp3AOPlxBHe6gAU1gEMEzvMKbM3ZenHfnY9FacoqZY/gD5/MH0DKM3w==</latexit><latexit sha1_base64="XwzxA8KpsGR5XzMzJ50WdeFwOCs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpwSd9t+rVvDnIKvELUoUCjb771RskLIu5QiapMV3fSzHIqUbBJJ9WepnhKWVjOuRdSxWNuQny+aVTcmaVAYkSbUshmau/J3IaGzOJQ9sZUxyZZW8m/ud1M4yug1yoNEOu2GJRlEmCCZm9TQZCc4ZyYgllWthbCRtRTRnacCo2BH/55VXSuqj5Xs2/v6zWb4o4ynACp3AOPlxBHe6gAU1gEMEzvMKbM3ZenHfnY9FacoqZY/gD5/MH0DKM3w==</latexit><latexit sha1_base64="XwzxA8KpsGR5XzMzJ50WdeFwOCs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpwSd9t+rVvDnIKvELUoUCjb771RskLIu5QiapMV3fSzHIqUbBJJ9WepnhKWVjOuRdSxWNuQny+aVTcmaVAYkSbUshmau/J3IaGzOJQ9sZUxyZZW8m/ud1M4yug1yoNEOu2GJRlEmCCZm9TQZCc4ZyYgllWthbCRtRTRnacCo2BH/55VXSuqj5Xs2/v6zWb4o4ynACp3AOPlxBHe6gAU1gEMEzvMKbM3ZenHfnY9FacoqZY/gD5/MH0DKM3w==</latexit><latexit sha1_base64="XwzxA8KpsGR5XzMzJ50WdeFwOCs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpwSd9t+rVvDnIKvELUoUCjb771RskLIu5QiapMV3fSzHIqUbBJJ9WepnhKWVjOuRdSxWNuQny+aVTcmaVAYkSbUshmau/J3IaGzOJQ9sZUxyZZW8m/ud1M4yug1yoNEOu2GJRlEmCCZm9TQZCc4ZyYgllWthbCRtRTRnacCo2BH/55VXSuqj5Xs2/v6zWb4o4ynACp3AOPlxBHe6gAU1gEMEzvMKbM3ZenHfnY9FacoqZY/gD5/MH0DKM3w==</latexit>

0

BBBBBBBB@

1010.10.4
1010.10.4
1020.10.4

.........

3200.10.4

1

CCCCCCCCA

<latexit sha1_base64="V+U7t3TuQQgxRH95Ie02IB6ltqs="></latexit> <latexit sha1_base64="V+U7t3TuQQgxRH95Ie02IB6ltqs="></latexit> <latexit sha1_base64="V+U7t3TuQQgxRH95Ie02IB6ltqs="></latexit> <latexit sha1_base64="V+U7t3TuQQgxRH95Ie02IB6ltqs="></latexit>

0

BBBBBBBB@

1 0 1 0.1 0.4
1 0 1 0.1 0.4
1 0 2 0.1 0.4

. . . . . . . . .

3 2 0 0.1 0.4

1

CCCCCCCCA

<latexit sha1_base64="V+U7t3TuQQgxRH95Ie02IB6ltqs="></latexit><latexit sha1_base64="V+U7t3TuQQgxRH95Ie02IB6ltqs="></latexit><latexit sha1_base64="V+U7t3TuQQgxRH95Ie02IB6ltqs="></latexit><latexit sha1_base64="V+U7t3TuQQgxRH95Ie02IB6ltqs="></latexit>

GCN Layer

GCN Layer 
Graph

Encoder

n1
<latexit sha1_base64="TbOVm4a1bj7EWv2q2BG16ZUEIEA=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9yL7fd6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AfxljZY=</latexit><latexit sha1_base64="TbOVm4a1bj7EWv2q2BG16ZUEIEA=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9yL7fd6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AfxljZY=</latexit><latexit sha1_base64="TbOVm4a1bj7EWv2q2BG16ZUEIEA=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9yL7fd6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AfxljZY=</latexit><latexit sha1_base64="TbOVm4a1bj7EWv2q2BG16ZUEIEA=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9yL7fd6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AfxljZY=</latexit>

n2
<latexit sha1_base64="bjIC+35MlRj3rmKoxI1XWIuyzrA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD2pQG5QrbtVdgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4bWfCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPH/3pjZc=</latexit><latexit sha1_base64="bjIC+35MlRj3rmKoxI1XWIuyzrA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD2pQG5QrbtVdgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4bWfCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPH/3pjZc=</latexit><latexit sha1_base64="bjIC+35MlRj3rmKoxI1XWIuyzrA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD2pQG5QrbtVdgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4bWfCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPH/3pjZc=</latexit><latexit sha1_base64="bjIC+35MlRj3rmKoxI1XWIuyzrA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD2pQG5QrbtVdgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4bWfCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPH/3pjZc=</latexit>

n3
<latexit sha1_base64="yXoDxELpx3VhIJk9qVncqGfvwS0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0IPuX/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teve1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/9tjZg=</latexit><latexit sha1_base64="yXoDxELpx3VhIJk9qVncqGfvwS0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0IPuX/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teve1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/9tjZg=</latexit><latexit sha1_base64="yXoDxELpx3VhIJk9qVncqGfvwS0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0IPuX/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teve1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/9tjZg=</latexit><latexit sha1_base64="yXoDxELpx3VhIJk9qVncqGfvwS0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0IPuX/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teve1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/9tjZg=</latexit>

n0
<latexit sha1_base64="Dg1tqUOQd3En3l4l/89ISm7Yh6M=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHNJD93KsFpz6+4CZJ14BalBgdaw+jUYRSxRXCOT1Nq+58bop9SgYJLPK4PE8piyKR3zfkY1Vdz66eLWObnIlBEJI5OVRrJQf0+kVFk7U0HWqShO7KqXi/95/QTDGz8VOk6Qa7ZcFCaSYETyx8lIGM5QzjJCmRHZrYRNqKEMs3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnJenHfnY9lacoqZU/gD5/MHL/2NqQ==</latexit><latexit sha1_base64="Dg1tqUOQd3En3l4l/89ISm7Yh6M=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHNJD93KsFpz6+4CZJ14BalBgdaw+jUYRSxRXCOT1Nq+58bop9SgYJLPK4PE8piyKR3zfkY1Vdz66eLWObnIlBEJI5OVRrJQf0+kVFk7U0HWqShO7KqXi/95/QTDGz8VOk6Qa7ZcFCaSYETyx8lIGM5QzjJCmRHZrYRNqKEMs3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnJenHfnY9lacoqZU/gD5/MHL/2NqQ==</latexit><latexit sha1_base64="Dg1tqUOQd3En3l4l/89ISm7Yh6M=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHNJD93KsFpz6+4CZJ14BalBgdaw+jUYRSxRXCOT1Nq+58bop9SgYJLPK4PE8piyKR3zfkY1Vdz66eLWObnIlBEJI5OVRrJQf0+kVFk7U0HWqShO7KqXi/95/QTDGz8VOk6Qa7ZcFCaSYETyx8lIGM5QzjJCmRHZrYRNqKEMs3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnJenHfnY9lacoqZU/gD5/MHL/2NqQ==</latexit><latexit sha1_base64="Dg1tqUOQd3En3l4l/89ISm7Yh6M=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHNJD93KsFpz6+4CZJ14BalBgdaw+jUYRSxRXCOT1Nq+58bop9SgYJLPK4PE8piyKR3zfkY1Vdz66eLWObnIlBEJI5OVRrJQf0+kVFk7U0HWqShO7KqXi/95/QTDGz8VOk6Qa7ZcFCaSYETyx8lIGM5QzjJCmRHZrYRNqKEMs3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnJenHfnY9lacoqZU/gD5/MHL/2NqQ==</latexit>

Prefix Adder Graph

n4
<latexit sha1_base64="qj1TO30AZnbRJEF2eK9SuYWxaeA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD2pQG5QrbtVdgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4bWfCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68TtpXVc+teve1SuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPHwEAjZk=</latexit><latexit sha1_base64="qj1TO30AZnbRJEF2eK9SuYWxaeA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD2pQG5QrbtVdgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4bWfCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68TtpXVc+teve1SuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPHwEAjZk=</latexit><latexit sha1_base64="qj1TO30AZnbRJEF2eK9SuYWxaeA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD2pQG5QrbtVdgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4bWfCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68TtpXVc+teve1SuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPHwEAjZk=</latexit><latexit sha1_base64="qj1TO30AZnbRJEF2eK9SuYWxaeA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD2pQG5QrbtVdgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4bWfCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68TtpXVc+teve1SuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPHwEAjZk=</latexit>

n6
<latexit sha1_base64="tbNUust/TB+TBhNg9a465x4qcNI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0IPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqudWvfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwQIjZs=</latexit><latexit sha1_base64="tbNUust/TB+TBhNg9a465x4qcNI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0IPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqudWvfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwQIjZs=</latexit><latexit sha1_base64="tbNUust/TB+TBhNg9a465x4qcNI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0IPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqudWvfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwQIjZs=</latexit><latexit sha1_base64="tbNUust/TB+TBhNg9a465x4qcNI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0IPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqudWvfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwQIjZs=</latexit>

Adjusted
Adjacency

Matrix:

Node Feature
Matrix:

0

BBBBBBBB@

1 0 1 0.1 0.4
1 0 1 0.1 0.4
1 0 2 0.1 0.4

. . . . . . . . .

3 2 0 0.1 0.4

1

CCCCCCCCA

<latexit sha1_base64="V+U7t3TuQQgxRH95Ie02IB6ltqs="></latexit><latexit sha1_base64="V+U7t3TuQQgxRH95Ie02IB6ltqs="></latexit><latexit sha1_base64="V+U7t3TuQQgxRH95Ie02IB6ltqs="></latexit><latexit sha1_base64="V+U7t3TuQQgxRH95Ie02IB6ltqs="></latexit>

n0
<latexit sha1_base64="Dg1tqUOQd3En3l4l/89ISm7Yh6M=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHNJD93KsFpz6+4CZJ14BalBgdaw+jUYRSxRXCOT1Nq+58bop9SgYJLPK4PE8piyKR3zfkY1Vdz66eLWObnIlBEJI5OVRrJQf0+kVFk7U0HWqShO7KqXi/95/QTDGz8VOk6Qa7ZcFCaSYETyx8lIGM5QzjJCmRHZrYRNqKEMs3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnJenHfnY9lacoqZU/gD5/MHL/2NqQ==</latexit><latexit sha1_base64="Dg1tqUOQd3En3l4l/89ISm7Yh6M=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHNJD93KsFpz6+4CZJ14BalBgdaw+jUYRSxRXCOT1Nq+58bop9SgYJLPK4PE8piyKR3zfkY1Vdz66eLWObnIlBEJI5OVRrJQf0+kVFk7U0HWqShO7KqXi/95/QTDGz8VOk6Qa7ZcFCaSYETyx8lIGM5QzjJCmRHZrYRNqKEMs3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnJenHfnY9lacoqZU/gD5/MHL/2NqQ==</latexit><latexit sha1_base64="Dg1tqUOQd3En3l4l/89ISm7Yh6M=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHNJD93KsFpz6+4CZJ14BalBgdaw+jUYRSxRXCOT1Nq+58bop9SgYJLPK4PE8piyKR3zfkY1Vdz66eLWObnIlBEJI5OVRrJQf0+kVFk7U0HWqShO7KqXi/95/QTDGz8VOk6Qa7ZcFCaSYETyx8lIGM5QzjJCmRHZrYRNqKEMs3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnJenHfnY9lacoqZU/gD5/MHL/2NqQ==</latexit><latexit sha1_base64="Dg1tqUOQd3En3l4l/89ISm7Yh6M=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHNJD93KsFpz6+4CZJ14BalBgdaw+jUYRSxRXCOT1Nq+58bop9SgYJLPK4PE8piyKR3zfkY1Vdz66eLWObnIlBEJI5OVRrJQf0+kVFk7U0HWqShO7KqXi/95/QTDGz8VOk6Qa7ZcFCaSYETyx8lIGM5QzjJCmRHZrYRNqKEMs3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnJenHfnY9lacoqZU/gD5/MHL/2NqQ==</latexit>

n1
<latexit sha1_base64="TbOVm4a1bj7EWv2q2BG16ZUEIEA=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9yL7fd6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AfxljZY=</latexit><latexit sha1_base64="TbOVm4a1bj7EWv2q2BG16ZUEIEA=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9yL7fd6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AfxljZY=</latexit><latexit sha1_base64="TbOVm4a1bj7EWv2q2BG16ZUEIEA=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9yL7fd6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AfxljZY=</latexit><latexit sha1_base64="TbOVm4a1bj7EWv2q2BG16ZUEIEA=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9yL7fd6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AfxljZY=</latexit>

n2
<latexit sha1_base64="bjIC+35MlRj3rmKoxI1XWIuyzrA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD2pQG5QrbtVdgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4bWfCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPH/3pjZc=</latexit><latexit sha1_base64="bjIC+35MlRj3rmKoxI1XWIuyzrA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD2pQG5QrbtVdgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4bWfCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPH/3pjZc=</latexit><latexit sha1_base64="bjIC+35MlRj3rmKoxI1XWIuyzrA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD2pQG5QrbtVdgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4bWfCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPH/3pjZc=</latexit><latexit sha1_base64="bjIC+35MlRj3rmKoxI1XWIuyzrA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD2pQG5QrbtVdgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4bWfCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPH/3pjZc=</latexit>

n7
<latexit sha1_base64="fi+jSTzgTsH9d0sUlIgPCKA2kPw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSSrwZ5Yzao1ty6uwBZJ15BalCgNah+9YcJy2KukElqTM9zUwxyqlEwyWeVfmZ4StmEjnjPUkVjboJ8ceyMXFhlSKJE21JIFurviZzGxkzj0HbGFMdm1ZuL/3m9DKObIBcqzZArtlwUZZJgQuafk6HQnKGcWkKZFvZWwsZUU4Y2n4oNwVt9eZ20r+qeW/cermvN2yKOMpzBOVyCBw1owj20wAcGAp7hFd4c5bw4787HsrXkFDOn8AfO5w/KFI6o</latexit><latexit sha1_base64="fi+jSTzgTsH9d0sUlIgPCKA2kPw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSSrwZ5Yzao1ty6uwBZJ15BalCgNah+9YcJy2KukElqTM9zUwxyqlEwyWeVfmZ4StmEjnjPUkVjboJ8ceyMXFhlSKJE21JIFurviZzGxkzj0HbGFMdm1ZuL/3m9DKObIBcqzZArtlwUZZJgQuafk6HQnKGcWkKZFvZWwsZUU4Y2n4oNwVt9eZ20r+qeW/cermvN2yKOMpzBOVyCBw1owj20wAcGAp7hFd4c5bw4787HsrXkFDOn8AfO5w/KFI6o</latexit><latexit sha1_base64="fi+jSTzgTsH9d0sUlIgPCKA2kPw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSSrwZ5Yzao1ty6uwBZJ15BalCgNah+9YcJy2KukElqTM9zUwxyqlEwyWeVfmZ4StmEjnjPUkVjboJ8ceyMXFhlSKJE21JIFurviZzGxkzj0HbGFMdm1ZuL/3m9DKObIBcqzZArtlwUZZJgQuafk6HQnKGcWkKZFvZWwsZUU4Y2n4oNwVt9eZ20r+qeW/cermvN2yKOMpzBOVyCBw1owj20wAcGAp7hFd4c5bw4787HsrXkFDOn8AfO5w/KFI6o</latexit><latexit sha1_base64="fi+jSTzgTsH9d0sUlIgPCKA2kPw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSSrwZ5Yzao1ty6uwBZJ15BalCgNah+9YcJy2KukElqTM9zUwxyqlEwyWeVfmZ4StmEjnjPUkVjboJ8ceyMXFhlSKJE21JIFurviZzGxkzj0HbGFMdm1ZuL/3m9DKObIBcqzZArtlwUZZJgQuafk6HQnKGcWkKZFvZWwsZUU4Y2n4oNwVt9eZ20r+qeW/cermvN2yKOMpzBOVyCBw1owj20wAcGAp7hFd4c5bw4787HsrXkFDOn8AfO5w/KFI6o</latexit>

n5
<latexit sha1_base64="p9y3cs0G0q7hp9YjBH6OpaJsVlg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0IPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqudWvfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwKEjZo=</latexit><latexit sha1_base64="p9y3cs0G0q7hp9YjBH6OpaJsVlg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0IPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqudWvfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwKEjZo=</latexit><latexit sha1_base64="p9y3cs0G0q7hp9YjBH6OpaJsVlg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0IPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqudWvfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwKEjZo=</latexit><latexit sha1_base64="p9y3cs0G0q7hp9YjBH6OpaJsVlg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0IPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqudWvfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwKEjZo=</latexit>

n7
<latexit sha1_base64="DpErsjR/8ayk1yFvuxTfBiYrwsg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD2pQG5QrbtVdgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6KYd3PhEpS5IotF4WpJBiT+d9kKDRnKKeWUKaFvZWwMdWUoU2nZEPwVl9eJ+2rqudWvfvrSuMmj6MIZ3AOl+BBDRpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPHwWMjZw=</latexit><latexit sha1_base64="DpErsjR/8ayk1yFvuxTfBiYrwsg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD2pQG5QrbtVdgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6KYd3PhEpS5IotF4WpJBiT+d9kKDRnKKeWUKaFvZWwMdWUoU2nZEPwVl9eJ+2rqudWvfvrSuMmj6MIZ3AOl+BBDRpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPHwWMjZw=</latexit><latexit sha1_base64="DpErsjR/8ayk1yFvuxTfBiYrwsg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD2pQG5QrbtVdgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6KYd3PhEpS5IotF4WpJBiT+d9kKDRnKKeWUKaFvZWwMdWUoU2nZEPwVl9eJ+2rqudWvfvrSuMmj6MIZ3AOl+BBDRpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPHwWMjZw=</latexit><latexit sha1_base64="DpErsjR/8ayk1yFvuxTfBiYrwsg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD2pQG5QrbtVdgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6KYd3PhEpS5IotF4WpJBiT+d9kKDRnKKeWUKaFvZWwMdWUoU2nZEPwVl9eJ+2rqudWvfvrSuMmj6MIZ3AOl+BBDRpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPHwWMjZw=</latexit>
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<latexit sha1_base64="yYLGnK+TjZuGE4hlGe6vodvmjRc=">AAACAnicbVBNS8NAFHypX7V+RT2Jl2ARPJVEBD0WvXjwUMHWQhvCZrNpl252w+5GKKF48a948aCIV3+FN/+NmzYHbR1YGGbeY99MmDKqtOt+W5Wl5ZXVtep6bWNza3vH3t3rKJFJTNpYMCG7IVKEUU7ammpGuqkkKAkZuQ9HV4V//0CkooLf6XFK/AQNOI0pRtpIgX3QT5AeYsTym0mQo0wLwrGIiJwEdt1tuFM4i8QrSR1KtAL7qx8JnCWEa8yQUj3PTbWfI6kpZmRS62eKpAiP0ID0DOUoIcrPpxEmzrFRIicW0jyunan6eyNHiVLjJDSTxcFq3ivE/7xepuMLP6c8zbRJNvsozpijhVP04URUEqzZ2BCEJTW3OniIJMLatFYzJXjzkRdJ57ThuQ3v9qzevCzrqMIhHMEJeHAOTbiGFrQBwyM8wyu8WU/Wi/VufcxGK1a5sw9/YH3+AGWgmA8=</latexit><latexit sha1_base64="yYLGnK+TjZuGE4hlGe6vodvmjRc=">AAACAnicbVBNS8NAFHypX7V+RT2Jl2ARPJVEBD0WvXjwUMHWQhvCZrNpl252w+5GKKF48a948aCIV3+FN/+NmzYHbR1YGGbeY99MmDKqtOt+W5Wl5ZXVtep6bWNza3vH3t3rKJFJTNpYMCG7IVKEUU7ammpGuqkkKAkZuQ9HV4V//0CkooLf6XFK/AQNOI0pRtpIgX3QT5AeYsTym0mQo0wLwrGIiJwEdt1tuFM4i8QrSR1KtAL7qx8JnCWEa8yQUj3PTbWfI6kpZmRS62eKpAiP0ID0DOUoIcrPpxEmzrFRIicW0jyunan6eyNHiVLjJDSTxcFq3ivE/7xepuMLP6c8zbRJNvsozpijhVP04URUEqzZ2BCEJTW3OniIJMLatFYzJXjzkRdJ57ThuQ3v9qzevCzrqMIhHMEJeHAOTbiGFrQBwyM8wyu8WU/Wi/VufcxGK1a5sw9/YH3+AGWgmA8=</latexit><latexit sha1_base64="yYLGnK+TjZuGE4hlGe6vodvmjRc=">AAACAnicbVBNS8NAFHypX7V+RT2Jl2ARPJVEBD0WvXjwUMHWQhvCZrNpl252w+5GKKF48a948aCIV3+FN/+NmzYHbR1YGGbeY99MmDKqtOt+W5Wl5ZXVtep6bWNza3vH3t3rKJFJTNpYMCG7IVKEUU7ammpGuqkkKAkZuQ9HV4V//0CkooLf6XFK/AQNOI0pRtpIgX3QT5AeYsTym0mQo0wLwrGIiJwEdt1tuFM4i8QrSR1KtAL7qx8JnCWEa8yQUj3PTbWfI6kpZmRS62eKpAiP0ID0DOUoIcrPpxEmzrFRIicW0jyunan6eyNHiVLjJDSTxcFq3ivE/7xepuMLP6c8zbRJNvsozpijhVP04URUEqzZ2BCEJTW3OniIJMLatFYzJXjzkRdJ57ThuQ3v9qzevCzrqMIhHMEJeHAOTbiGFrQBwyM8wyu8WU/Wi/VufcxGK1a5sw9/YH3+AGWgmA8=</latexit><latexit sha1_base64="yYLGnK+TjZuGE4hlGe6vodvmjRc=">AAACAnicbVBNS8NAFHypX7V+RT2Jl2ARPJVEBD0WvXjwUMHWQhvCZrNpl252w+5GKKF48a948aCIV3+FN/+NmzYHbR1YGGbeY99MmDKqtOt+W5Wl5ZXVtep6bWNza3vH3t3rKJFJTNpYMCG7IVKEUU7ammpGuqkkKAkZuQ9HV4V//0CkooLf6XFK/AQNOI0pRtpIgX3QT5AeYsTym0mQo0wLwrGIiJwEdt1tuFM4i8QrSR1KtAL7qx8JnCWEa8yQUj3PTbWfI6kpZmRS62eKpAiP0ID0DOUoIcrPpxEmzrFRIicW0jyunan6eyNHiVLjJDSTxcFq3ivE/7xepuMLP6c8zbRJNvsozpijhVP04URUEqzZ2BCEJTW3OniIJMLatFYzJXjzkRdJ57ThuQ3v9qzevCzrqMIhHMEJeHAOTbiGFrQBwyM8wyu8WU/Wi/VufcxGK1a5sw9/YH3+AGWgmA8=</latexit>

Graph Construction

0
<latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit>

Latent Feature Vector of 
Adder Design

MLP Decoder

Concat

Lnp
<latexit sha1_base64="sVw/6WefI4KXQSYsOq1tMf3haJo=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi1GXRjQsXFewD2hAm00k7dDIJM5NCCfkTNy4UceufuPNvnLRZaOuBgcM593LPnCDhTGnH+bYqG5tb2zvV3dre/sHhkX180lVxKgntkJjHsh9gRTkTtKOZ5rSfSIqjgNNeML0r/N6MSsVi8aTnCfUiPBYsZARrI/m2PYywnhDMs4fcz0SS+3bdaTgLoHXilqQOJdq+/TUcxSSNqNCEY6UGrpNoL8NSM8JpXhumiiaYTPGYDgwVOKLKyxbJc3RhlBEKY2me0Gih/t7IcKTUPArMZJFTrXqF+J83SHV442VMJKmmgiwPhSlHOkZFDWjEJCWazw3BRDKTFZEJlphoU1bNlOCufnmddK8artNwH6/rrduyjiqcwTlcggtNaME9tKEDBGbwDK/wZmXWi/VufSxHK1a5cwp/YH3+ACT/k/o=</latexit><latexit sha1_base64="sVw/6WefI4KXQSYsOq1tMf3haJo=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi1GXRjQsXFewD2hAm00k7dDIJM5NCCfkTNy4UceufuPNvnLRZaOuBgcM593LPnCDhTGnH+bYqG5tb2zvV3dre/sHhkX180lVxKgntkJjHsh9gRTkTtKOZ5rSfSIqjgNNeML0r/N6MSsVi8aTnCfUiPBYsZARrI/m2PYywnhDMs4fcz0SS+3bdaTgLoHXilqQOJdq+/TUcxSSNqNCEY6UGrpNoL8NSM8JpXhumiiaYTPGYDgwVOKLKyxbJc3RhlBEKY2me0Gih/t7IcKTUPArMZJFTrXqF+J83SHV442VMJKmmgiwPhSlHOkZFDWjEJCWazw3BRDKTFZEJlphoU1bNlOCufnmddK8artNwH6/rrduyjiqcwTlcggtNaME9tKEDBGbwDK/wZmXWi/VufSxHK1a5cwp/YH3+ACT/k/o=</latexit><latexit sha1_base64="sVw/6WefI4KXQSYsOq1tMf3haJo=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi1GXRjQsXFewD2hAm00k7dDIJM5NCCfkTNy4UceufuPNvnLRZaOuBgcM593LPnCDhTGnH+bYqG5tb2zvV3dre/sHhkX180lVxKgntkJjHsh9gRTkTtKOZ5rSfSIqjgNNeML0r/N6MSsVi8aTnCfUiPBYsZARrI/m2PYywnhDMs4fcz0SS+3bdaTgLoHXilqQOJdq+/TUcxSSNqNCEY6UGrpNoL8NSM8JpXhumiiaYTPGYDgwVOKLKyxbJc3RhlBEKY2me0Gih/t7IcKTUPArMZJFTrXqF+J83SHV442VMJKmmgiwPhSlHOkZFDWjEJCWazw3BRDKTFZEJlphoU1bNlOCufnmddK8artNwH6/rrduyjiqcwTlcggtNaME9tKEDBGbwDK/wZmXWi/VufSxHK1a5cwp/YH3+ACT/k/o=</latexit><latexit sha1_base64="sVw/6WefI4KXQSYsOq1tMf3haJo=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi1GXRjQsXFewD2hAm00k7dDIJM5NCCfkTNy4UceufuPNvnLRZaOuBgcM593LPnCDhTGnH+bYqG5tb2zvV3dre/sHhkX180lVxKgntkJjHsh9gRTkTtKOZ5rSfSIqjgNNeML0r/N6MSsVi8aTnCfUiPBYsZARrI/m2PYywnhDMs4fcz0SS+3bdaTgLoHXilqQOJdq+/TUcxSSNqNCEY6UGrpNoL8NSM8JpXhumiiaYTPGYDgwVOKLKyxbJc3RhlBEKY2me0Gih/t7IcKTUPArMZJFTrXqF+J83SHV442VMJKmmgiwPhSlHOkZFDWjEJCWazw3BRDKTFZEJlphoU1bNlOCufnmddK8artNwH6/rrduyjiqcwTlcggtNaME9tKEDBGbwDK/wZmXWi/VufSxHK1a5cwp/YH3+ACT/k/o=</latexit>

Stream II

MLP EncoderMLP Encoder

Neural 
Process

Output: Predicted QoR metric 
values with Uncertainties

Output: Reconstructed Adjusted
Adjacency Matrix

Backbone

Figure 5.4 The diagram of the proposed graph neural process.
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thesize the adder structures by industry-standard EDA synthesis
tool [1], where we can configure the synthesis parameters for the
adder. Different values of the synthesis parameters can result in
different QoR metric (e.g. power/timing/area) values. More specifi-
cally, target-delay and utilization are crucial parameters in synthesis
flows, which define timing and area constraints. The tool adopts dif-
ferent strategies internally to satisfy that target-delay which we can
hardly consider during prefix graph synthesis. On the other hand,
changing utilization values can lead to significantly distinct layouts.
So we consider these two synthesis parameters as attributes of a
node. In fact, besides the target delay and utilization, we also
attempt other tool settings. The optimization level setting in logical
synthesis potentially impacts on the performance of adders, which
can be configured by compile and compile_ultra commands with
different options. However, after synthesizing, it is observed that
the solutions generated with compile_ultra can significantly dom-
inate the solutions generated by compile. Hence, this setting is
fixed to compile_ultra level as we are aiming at superior designs.

For a better understanding, we have drawn the 4-bit prefix adder
graph with its adjusted adjacency matrix and node feature matrix as
an explicit example of mapping in the top part of Fig. 5.4. It can be
seen that the 4-bit prefix adder graph has 8 nodes, and the shape of
the adjusted adjacency matrix is 8∗8. “1” in the adjusted adjacency
matrix refers to the existence of a logical relationship between two
nodes, and “0” vice versa. The first row in X in Fig. 5.4 means that
the n0 node is in the logic level 1, and it is an input node connecting
one node in the next logic level, while the EDA tool settings (target
delay and utilization) are 0.1 and 0.4 respectively.

5.3.2 Backbone: The Encoder of Graph Auto-encoder

It is widely known that in graph theory, a tree is an undirected
graph in which any two vertices are connected by exactly one path,



CHAPTER 5. ADDER DESIGN SPACE EXPLORATION 78

or equivalently a connected acyclic undirected graph. Hence, the
structure of a prefix adder network can be recognized as a tree-like
graph. Recently, the graph autoencoders (GAEs) [79] and varia-
tional graph autoencoders (VGAEs) [79] are proposed as powerful
node embedding methods to describe graphs. In view of this, we
adopt a graph autoencoder structure to comprehensively capture
the latent information of prefix adder. The encoder-decoder archi-
tecture is made up of two components. For the encoder part, it
encodes adder graphs into the latent feature representations in a
low dimensional vector space, while the decoder component tries to
reconstruct the original graph structure based on the information
passing through the encoding network.

Our design for Stream I is based on a two-layer GCN [63] encoder.
The intuitive idea of the design is mapping each node i ∈ V to a
latent vector zi ∈ Rd (d ≪ n). More precisely, the n × d matrix
Z with all zi vectors as rows is generated by the two-layer GCN
processing A.

We build a probabilistic model inferring latent variable zi ∈ Rd

(d≪ n) that is the latent representation in an embedding space for
each node i. The encoder parameterized by ϕ is defined in Equa-
tion (5.6), which is also called the inference model of the VGAE.

qϕ(Z|X,A) =
n∏

i=1

qϕ(zi|X,A) =
n∏

i=1

N(zi|µi, diag(σi
2)). (5.6)

The parameters of approximated Gaussian distribution, µ and σ,
are learnt by a two-layer GCN. It takes the adjusted adjacency ma-
trix A and the feature matrix X as inputs and generates the dis-
tribution parameters for the latent variable Z. The first layer of
the GCN outputs a lower-dimensional feature matrix X̄ shown in
Equation (5.7):

X̄ = ReLU(ÃXW0), (5.7)

where Ã = D−1/2(A)D−1/2 with the degree matrix D is the sym-
metrically normalized adjacency matrix, and ReLU = max(0, ·).
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The second layer of the GCN generates µ and logσ, respectively:

µ = GCNµ(Ã, X̄) = ÃX̄W1, (5.8)

logσ = GCNσ(Ã, X̄) = ÃX̄W ′
1. (5.9)

Note that GCNσ(Ã, X̄) and GCNµ(Ã, X̄) only share the first layer
parameter W0. Two-layer GCN generates the parameters for a dis-
tribution where the latent variable Z can be sampled. Since sam-
pling is unexpected to be involved in the back-propagation while
µ and σ need to be kept in the computational graph to update
the GCN layers, the re-parameterization trick is exploited. So Z

is not directly sampled from a normal distribution that is approxi-
mated by the encoder, instead, an auxiliary variable ϵi is sampled
from the standard normal distribution. By making use of the re-
parameterization trick, each row in the latent variable Z can be
obtained according to Equation (5.10). Through taking the mean
of rows of Z, the latent representation for an adder is acquired.

zi = µi + ϵi ⊙ σi, (5.10)

where zi, µi and ϵi are the rows of matrix z, µ and ϵ respectively,
and ϵi ∼ N(0, I) with ⊙ the Hadamard product. Here is the proof
in 1-D case for re-parameterization trick applied in Equation (5.10),
which can be readily extended to multi-dimensional case.∫

1√
2πσ2

exp
(
−(z − µ)2

2σ2

)
dz

=

∫
1√
2π

exp
[
−1

2

(
z − µ

σ

)2
]
d

(
z − µ

σ

)
=

∫
1√
2π

exp
[
−1

2
(ϵ)2
]
d (ϵ) .

(5.11)

Therefore, z = µ+ ϵσ.

5.3.3 Stream I: The Decoder of Graph Auto-encoder

To reconstruct the graph, a simple inner product decoder param-
eterized by θ is stacked to the aforementioned GCN layers. This
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module leverages the inner product between latent variable pairs
zi and zj, shown in Equation (5.12), to output the reconstructed
adjusted adjacency matrix Â. The reason for performing the inner
product is that it could calculate the cosine similarity between rows
in the latent variable Z with being invariant to the magnitude of
the vectors. By applying the inner product on the latent variables
Z and Z⊤, the similarities among nodes in latent vector space can
be learned to predict A.

pθ(A|Z) =
n∏

i=1

n∏
j=1

pθ (Aij|zi, zj) , (5.12)

in which pθ(Aij = 1|zi, zj) = σ(z⊤
i zj), σ(·) is the sigmoid activation

function with σ(x) = 1/ (1 + e−x). Obviously, the larger the inner
product z⊤

i zj is, the more likely nodes i and j will be connected.
As minimizing a reconstruction loss in GAE, the weights of neural

networks in our model of Stream I are updated by maximizing a
tractable variational evidence lower bound (ELBO) of the model’s
marginal likelihood log pθ(A) through gradients. This kind of trick
is employed in [29, 30] as well. Hence, the loss function Lautoencoder

can be rewritten as minimizing the opposite of the ELBO, which is
shown as follows:

min
ϕ,Z,θ

KL[qϕ(Z|X,A)∥p(Z)]− Eqϕ(Z|X,A)[log pθ(A|Z)]. (5.13)

The complete derivation of Equation (5.13) is based on Jensen’s
inequality. Bear in mind that for a convex function f with a random
variable x as input, E[f(x)] ≥ f(E[x]) holds. On the contrary, if f



CHAPTER 5. ADDER DESIGN SPACE EXPLORATION 81

is concave, E[f(x)] ≤ f(E[x]) holds.

log pθ(A)

= log
∫

p(Z)pθ(A|Z)dZ

= log
∫

qϕ(Z|A,X)
p(Z)

qϕ(Z|A,X)
pθ(A|Z)dZ

= log(Eqϕ(Z|A,X)[
p(Z)

qϕ(Z|A,X)
pθ(A|Z)])

≥ Eqϕ(Z|A,X)[log( p(Z)

qϕ(Z|A,X)
pθ(A|Z))]

= Eqϕ(Z|A,X)[log p(Z)

qϕ(Z|A,X)
] + Eqϕ(Z|A,X)[log pθ(A|Z)]

= −KL[qϕ(Z|X,A)∥p(Z)] + Eqϕ(Z|X,A)[log pθ(A|Z)].

(5.14)

In Equation (5.13), the first part, KL(q(·)∥p(·)), is the Kullback-
Leibler divergence between q(·) and p(·). It measures the “dis-
tance” between qϕ(Z|X,A) and p(Z), where p(Z) =

∏
i p(zi) =∏

i N(zi|0, I). The computational rule for KL divergence term is
shown as follows. Since the loss can be calculated by each dimen-
sion of the latent variable Z, we exemplified the calculation in 1-D
dimension. Note that, from Equation (5.17) to Equation (5.18), the
integral of the probability density over the whole space equalling
to one, the mathematical definitions of the second moment and the
variance are used. Since our decoder is a Bernoulli-based model, the
second term can be readily transformed into the binary cross-entropy
loss function. Generally, by gradually minimizing the reconstruction
loss (i.e. Equation (5.13)), we obtain increasing better latent repre-
sentations of adders. It is worth mentioning that the purpose of the
decoder is not perfectly reconstructing the adjacency matrix. More
importantly, it plays the role of calibration the encoder part to find
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good mapping.

KL(N(µ, σ2)||N(0, 1))

=

∫
1√
2πσ2

e−(x−µ)2/2σ2

(
log e−(x−µ)2/2σ2

/
√
2πσ2

e−x2/2/
√
2π

)
dx (5.15)

=

∫
1√
2πσ2

e−(x−µ)2/2σ2×

log
{

1√
σ2

exp
{
1

2

[
x2 − (x− µ)2/σ2

]}}
dx (5.16)

=
1

2

∫
1√
2πσ2

e−(x−µ)2/2σ2
[
− logσ2 + x2 − (x− µ)2/σ2

]
dx (5.17)

=− 1

2

[
logσ2 − (µ2 + σ2

)
+ 1]. (5.18)

5.3.4 Stream II: Neural Processes

Function approximation plays a core role in numerous machine learn-
ing problems. One representative approach is the Gaussian process
(GP) [146]. GPs do not require an expensive training stage and
can perform inference about the ground truth function conditioned
on some observations, which makes them very flexible at testing.
Nevertheless, traditional GPs are computationally costly due to cu-
bical scaling concerning the number of data-points. Thus, they are
computationally expensive and their applicabilities are limited. On
the other hand, a neural network (NN) can be regarded as a pa-
rameterized function. Recent works reveal that combining desirable
properties of GPs and NNs, a collection of latent variables which are
modeled as neural networks can learn an approximation of a stochas-
tic process [47, 48, 78]. Like GPs, this kind of formulation termed
as Neural Process (NP) can provide the predictions as well as un-
certainties on the QoR metric value of an adder design. Inheriting
from NNs, NPs are more computationally efficient than GPs. [118]
mathematically demonstrates that under certain conditions, NPs
are mathematically equivalent to GPs with deep kernels, while [47]
experimentally demonstrate that when the number of context points
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y1
<latexit sha1_base64="A9Uf63Jq0Gj7QR8b3lmZPLVQXJU=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cK9gPaUDbbTbt0dxN2J0II/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmVjc2t7p7pb29s/ODyqH590bZQYxjsskpHpB9RyKTTvoEDJ+7HhVAWS94LZXeH3nrixItKPmMbcV3SiRSgYxUJKR15tVG+4TXcBsk68kjSgRHtU/xqOI5YorpFJau3Ac2P0M2pQMMnntWFieUzZjE74IKeaKm79bHHrnFzkypiEkclLI1movycyqqxNVZB3KopTu+oV4n/eIMHw1s+EjhPkmi0XhYkkGJHicTIWhjOUaU4oMyK/lbApNZRhHk8Rgrf68jrpXjU9t+k9XDda12UcVTiDc7gED26gBffQhg4wmMIzvMKbo5wX5935WLZWnHLmFP7A+fwBPhmNpw==</latexit><latexit sha1_base64="A9Uf63Jq0Gj7QR8b3lmZPLVQXJU=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cK9gPaUDbbTbt0dxN2J0II/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmVjc2t7p7pb29s/ODyqH590bZQYxjsskpHpB9RyKTTvoEDJ+7HhVAWS94LZXeH3nrixItKPmMbcV3SiRSgYxUJKR15tVG+4TXcBsk68kjSgRHtU/xqOI5YorpFJau3Ac2P0M2pQMMnntWFieUzZjE74IKeaKm79bHHrnFzkypiEkclLI1movycyqqxNVZB3KopTu+oV4n/eIMHw1s+EjhPkmi0XhYkkGJHicTIWhjOUaU4oMyK/lbApNZRhHk8Rgrf68jrpXjU9t+k9XDda12UcVTiDc7gED26gBffQhg4wmMIzvMKbo5wX5935WLZWnHLmFP7A+fwBPhmNpw==</latexit><latexit sha1_base64="A9Uf63Jq0Gj7QR8b3lmZPLVQXJU=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cK9gPaUDbbTbt0dxN2J0II/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmVjc2t7p7pb29s/ODyqH590bZQYxjsskpHpB9RyKTTvoEDJ+7HhVAWS94LZXeH3nrixItKPmMbcV3SiRSgYxUJKR15tVG+4TXcBsk68kjSgRHtU/xqOI5YorpFJau3Ac2P0M2pQMMnntWFieUzZjE74IKeaKm79bHHrnFzkypiEkclLI1movycyqqxNVZB3KopTu+oV4n/eIMHw1s+EjhPkmi0XhYkkGJHicTIWhjOUaU4oMyK/lbApNZRhHk8Rgrf68jrpXjU9t+k9XDda12UcVTiDc7gED26gBffQhg4wmMIzvMKbo5wX5935WLZWnHLmFP7A+fwBPhmNpw==</latexit><latexit sha1_base64="A9Uf63Jq0Gj7QR8b3lmZPLVQXJU=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cK9gPaUDbbTbt0dxN2J0II/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmVjc2t7p7pb29s/ODyqH590bZQYxjsskpHpB9RyKTTvoEDJ+7HhVAWS94LZXeH3nrixItKPmMbcV3SiRSgYxUJKR15tVG+4TXcBsk68kjSgRHtU/xqOI5YorpFJau3Ac2P0M2pQMMnntWFieUzZjE74IKeaKm79bHHrnFzkypiEkclLI1movycyqqxNVZB3KopTu+oV4n/eIMHw1s+EjhPkmi0XhYkkGJHicTIWhjOUaU4oMyK/lbApNZRhHk8Rgrf68jrpXjU9t+k9XDda12UcVTiDc7gED26gBffQhg4wmMIzvMKbo5wX5935WLZWnHLmFP7A+fwBPhmNpw==</latexit>

x2
<latexit sha1_base64="4RGtXD8iIOaRZrj34S0N+49IIIc=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgqiSloMuCG5cV7APaECaTSTt0MgkzE7GGfokbF4q49VPc+TdO2iy09cAwh3PuZc6cIOVMacf5tjY2t7Z3dit71f2Dw6OafXzSU0kmCe2ShCdyEGBFORO0q5nmdJBKiuOA034wvSn8/gOViiXiXs9S6sV4LFjECNZG8u3aKEh4qGaxudCj3/TtutNwFkDrxC1JHUp0fPtrFCYki6nQhGOlhq6Tai/HUjPC6bw6yhRNMZniMR0aKnBMlZcvgs/RhVFCFCXSHKHRQv29keNYFdnMZIz1RK16hfifN8x0dO3lTKSZpoIsH4oyjnSCihZQyCQlms8MwUQykxWRCZaYaNNV1ZTgrn55nfSaDddpuHetertV1lGBMziHS3DhCtpwCx3oAoEMnuEV3qwn68V6tz6WoxtWuXMKf2B9/gCFAZLv</latexit><latexit sha1_base64="4RGtXD8iIOaRZrj34S0N+49IIIc=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgqiSloMuCG5cV7APaECaTSTt0MgkzE7GGfokbF4q49VPc+TdO2iy09cAwh3PuZc6cIOVMacf5tjY2t7Z3dit71f2Dw6OafXzSU0kmCe2ShCdyEGBFORO0q5nmdJBKiuOA034wvSn8/gOViiXiXs9S6sV4LFjECNZG8u3aKEh4qGaxudCj3/TtutNwFkDrxC1JHUp0fPtrFCYki6nQhGOlhq6Tai/HUjPC6bw6yhRNMZniMR0aKnBMlZcvgs/RhVFCFCXSHKHRQv29keNYFdnMZIz1RK16hfifN8x0dO3lTKSZpoIsH4oyjnSCihZQyCQlms8MwUQykxWRCZaYaNNV1ZTgrn55nfSaDddpuHetertV1lGBMziHS3DhCtpwCx3oAoEMnuEV3qwn68V6tz6WoxtWuXMKf2B9/gCFAZLv</latexit><latexit sha1_base64="4RGtXD8iIOaRZrj34S0N+49IIIc=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgqiSloMuCG5cV7APaECaTSTt0MgkzE7GGfokbF4q49VPc+TdO2iy09cAwh3PuZc6cIOVMacf5tjY2t7Z3dit71f2Dw6OafXzSU0kmCe2ShCdyEGBFORO0q5nmdJBKiuOA034wvSn8/gOViiXiXs9S6sV4LFjECNZG8u3aKEh4qGaxudCj3/TtutNwFkDrxC1JHUp0fPtrFCYki6nQhGOlhq6Tai/HUjPC6bw6yhRNMZniMR0aKnBMlZcvgs/RhVFCFCXSHKHRQv29keNYFdnMZIz1RK16hfifN8x0dO3lTKSZpoIsH4oyjnSCihZQyCQlms8MwUQykxWRCZaYaNNV1ZTgrn55nfSaDddpuHetertV1lGBMziHS3DhCtpwCx3oAoEMnuEV3qwn68V6tz6WoxtWuXMKf2B9/gCFAZLv</latexit><latexit sha1_base64="4RGtXD8iIOaRZrj34S0N+49IIIc=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgqiSloMuCG5cV7APaECaTSTt0MgkzE7GGfokbF4q49VPc+TdO2iy09cAwh3PuZc6cIOVMacf5tjY2t7Z3dit71f2Dw6OafXzSU0kmCe2ShCdyEGBFORO0q5nmdJBKiuOA034wvSn8/gOViiXiXs9S6sV4LFjECNZG8u3aKEh4qGaxudCj3/TtutNwFkDrxC1JHUp0fPtrFCYki6nQhGOlhq6Tai/HUjPC6bw6yhRNMZniMR0aKnBMlZcvgs/RhVFCFCXSHKHRQv29keNYFdnMZIz1RK16hfifN8x0dO3lTKSZpoIsH4oyjnSCihZQyCQlms8MwUQykxWRCZaYaNNV1ZTgrn55nfSaDddpuHetertV1lGBMziHS3DhCtpwCx3oAoEMnuEV3qwn68V6tz6WoxtWuXMKf2B9/gCFAZLv</latexit>

y2
<latexit sha1_base64="PaRKDDB8WH+biO3iPxkQsPNBjgs=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY8FLx4r2A9oQ9lsJ+3S3U3Y3Qih9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IBbcWNf9dkpb2zu7e+X9ysHh0fFJ9fSsa6JEM+ywSES6H1CDgivsWG4F9mONVAYCe8HsLvd7T6gNj9SjTWP0JZ0oHnJGbS6lo0ZlVK25dXcJskm8gtSgQHtU/RqOI5ZIVJYJaszAc2Prz6m2nAlcVIaJwZiyGZ3gIKOKSjT+fHnrglxlypiEkc5KWbJUf0/MqTQmlUHWKamdmnUvF//zBokNb/05V3FiUbHVojARxEYkf5yMuUZmRZoRyjTPbiVsSjVlNosnD8Fbf3mTdBt1z617D81aq1nEUYYLuIRr8OAGWnAPbegAgyk8wyu8OdJ5cd6dj1VrySlmzuEPnM8fP56NqA==</latexit><latexit sha1_base64="PaRKDDB8WH+biO3iPxkQsPNBjgs=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY8FLx4r2A9oQ9lsJ+3S3U3Y3Qih9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IBbcWNf9dkpb2zu7e+X9ysHh0fFJ9fSsa6JEM+ywSES6H1CDgivsWG4F9mONVAYCe8HsLvd7T6gNj9SjTWP0JZ0oHnJGbS6lo0ZlVK25dXcJskm8gtSgQHtU/RqOI5ZIVJYJaszAc2Prz6m2nAlcVIaJwZiyGZ3gIKOKSjT+fHnrglxlypiEkc5KWbJUf0/MqTQmlUHWKamdmnUvF//zBokNb/05V3FiUbHVojARxEYkf5yMuUZmRZoRyjTPbiVsSjVlNosnD8Fbf3mTdBt1z617D81aq1nEUYYLuIRr8OAGWnAPbegAgyk8wyu8OdJ5cd6dj1VrySlmzuEPnM8fP56NqA==</latexit><latexit sha1_base64="PaRKDDB8WH+biO3iPxkQsPNBjgs=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY8FLx4r2A9oQ9lsJ+3S3U3Y3Qih9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IBbcWNf9dkpb2zu7e+X9ysHh0fFJ9fSsa6JEM+ywSES6H1CDgivsWG4F9mONVAYCe8HsLvd7T6gNj9SjTWP0JZ0oHnJGbS6lo0ZlVK25dXcJskm8gtSgQHtU/RqOI5ZIVJYJaszAc2Prz6m2nAlcVIaJwZiyGZ3gIKOKSjT+fHnrglxlypiEkc5KWbJUf0/MqTQmlUHWKamdmnUvF//zBokNb/05V3FiUbHVojARxEYkf5yMuUZmRZoRyjTPbiVsSjVlNosnD8Fbf3mTdBt1z617D81aq1nEUYYLuIRr8OAGWnAPbegAgyk8wyu8OdJ5cd6dj1VrySlmzuEPnM8fP56NqA==</latexit><latexit sha1_base64="PaRKDDB8WH+biO3iPxkQsPNBjgs=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY8FLx4r2A9oQ9lsJ+3S3U3Y3Qih9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IBbcWNf9dkpb2zu7e+X9ysHh0fFJ9fSsa6JEM+ywSES6H1CDgivsWG4F9mONVAYCe8HsLvd7T6gNj9SjTWP0JZ0oHnJGbS6lo0ZlVK25dXcJskm8gtSgQHtU/RqOI5ZIVJYJaszAc2Prz6m2nAlcVIaJwZiyGZ3gIKOKSjT+fHnrglxlypiEkc5KWbJUf0/MqTQmlUHWKamdmnUvF//zBokNb/05V3FiUbHVojARxEYkf5yMuUZmRZoRyjTPbiVsSjVlNosnD8Fbf3mTdBt1z617D81aq1nEUYYLuIRr8OAGWnAPbegAgyk8wyu8OdJ5cd6dj1VrySlmzuEPnM8fP56NqA==</latexit>

x3
<latexit sha1_base64="kFjCgn3FJ4TQM/zG9APmgO5LAGc=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRa0GXBjcsK9gFtCJPJpB06yYSZSbGE/okbF4q49U/c+TdO2iy09cAwh3PuZc6cIOVMacf5tiobm1vbO9Xd2t7+weGRfXzSVSKThHaI4EL2A6woZwntaKY57aeS4jjgtBdM7gq/N6VSMZE86llKvRiPEhYxgrWRfNseBoKHahabCz351zXfrjsNZwG0TtyS1KFE27e/hqEgWUwTTThWauA6qfZyLDUjnM5rw0zRFJMJHtGBoQmOqfLyRfI5ujBKiCIhzUk0Wqi/N3IcqyKcmYyxHqtVrxD/8waZjm69nCVppmlClg9FGUdaoKIGFDJJieYzQzCRzGRFZIwlJtqUVZTgrn55nXSvGq7TcB+a9VazrKMKZ3AOl+DCDbTgHtrQAQJTeIZXeLNy68V6tz6WoxWr3DmFP7A+fwDAiZME</latexit><latexit sha1_base64="kFjCgn3FJ4TQM/zG9APmgO5LAGc=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRa0GXBjcsK9gFtCJPJpB06yYSZSbGE/okbF4q49U/c+TdO2iy09cAwh3PuZc6cIOVMacf5tiobm1vbO9Xd2t7+weGRfXzSVSKThHaI4EL2A6woZwntaKY57aeS4jjgtBdM7gq/N6VSMZE86llKvRiPEhYxgrWRfNseBoKHahabCz351zXfrjsNZwG0TtyS1KFE27e/hqEgWUwTTThWauA6qfZyLDUjnM5rw0zRFJMJHtGBoQmOqfLyRfI5ujBKiCIhzUk0Wqi/N3IcqyKcmYyxHqtVrxD/8waZjm69nCVppmlClg9FGUdaoKIGFDJJieYzQzCRzGRFZIwlJtqUVZTgrn55nXSvGq7TcB+a9VazrKMKZ3AOl+DCDbTgHtrQAQJTeIZXeLNy68V6tz6WoxWr3DmFP7A+fwDAiZME</latexit><latexit sha1_base64="kFjCgn3FJ4TQM/zG9APmgO5LAGc=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRa0GXBjcsK9gFtCJPJpB06yYSZSbGE/okbF4q49U/c+TdO2iy09cAwh3PuZc6cIOVMacf5tiobm1vbO9Xd2t7+weGRfXzSVSKThHaI4EL2A6woZwntaKY57aeS4jjgtBdM7gq/N6VSMZE86llKvRiPEhYxgrWRfNseBoKHahabCz351zXfrjsNZwG0TtyS1KFE27e/hqEgWUwTTThWauA6qfZyLDUjnM5rw0zRFJMJHtGBoQmOqfLyRfI5ujBKiCIhzUk0Wqi/N3IcqyKcmYyxHqtVrxD/8waZjm69nCVppmlClg9FGUdaoKIGFDJJieYzQzCRzGRFZIwlJtqUVZTgrn55nXSvGq7TcB+a9VazrKMKZ3AOl+DCDbTgHtrQAQJTeIZXeLNy68V6tz6WoxWr3DmFP7A+fwDAiZME</latexit><latexit sha1_base64="kFjCgn3FJ4TQM/zG9APmgO5LAGc=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRa0GXBjcsK9gFtCJPJpB06yYSZSbGE/okbF4q49U/c+TdO2iy09cAwh3PuZc6cIOVMacf5tiobm1vbO9Xd2t7+weGRfXzSVSKThHaI4EL2A6woZwntaKY57aeS4jjgtBdM7gq/N6VSMZE86llKvRiPEhYxgrWRfNseBoKHahabCz351zXfrjsNZwG0TtyS1KFE27e/hqEgWUwTTThWauA6qfZyLDUjnM5rw0zRFJMJHtGBoQmOqfLyRfI5ujBKiCIhzUk0Wqi/N3IcqyKcmYyxHqtVrxD/8waZjm69nCVppmlClg9FGUdaoKIGFDJJieYzQzCRzGRFZIwlJtqUVZTgrn55nXSvGq7TcB+a9VazrKMKZ3AOl+DCDbTgHtrQAQJTeIZXeLNy68V6tz6WoxWr3DmFP7A+fwDAiZME</latexit>

y3
<latexit sha1_base64="pPTQgIwyiFmEmQ8KY8GmedFG7eg=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeCF48V7Ae0oWy223bp7ibsToQQ+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEElh0XW/ndLG5tb2Tnm3srd/cHhUPT7p2DA2jLdZKEPTC6jlUmjeRoGS9yLDqQok7wazu9zvPnFjRagfMYm4r+hEi7FgFHMpGV5XhtWaW3cXIOvEK0gNCrSG1a/BKGSx4hqZpNb2PTdCP6UGBZN8XhnElkeUzeiE9zOqqeLWTxe3zslFpozIODRZaSQL9fdESpW1iQqyTkVxale9XPzP68c4vvVToaMYuWbLReNYEgxJ/jgZCcMZyiQjlBmR3UrYlBrKMIsnD8FbfXmddK7qnlv3Hhq1ZqOIowxncA6X4MENNOEeWtAGBlN4hld4c5Tz4rw7H8vWklPMnMIfOJ8/QSONqQ==</latexit><latexit sha1_base64="pPTQgIwyiFmEmQ8KY8GmedFG7eg=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeCF48V7Ae0oWy223bp7ibsToQQ+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEElh0XW/ndLG5tb2Tnm3srd/cHhUPT7p2DA2jLdZKEPTC6jlUmjeRoGS9yLDqQok7wazu9zvPnFjRagfMYm4r+hEi7FgFHMpGV5XhtWaW3cXIOvEK0gNCrSG1a/BKGSx4hqZpNb2PTdCP6UGBZN8XhnElkeUzeiE9zOqqeLWTxe3zslFpozIODRZaSQL9fdESpW1iQqyTkVxale9XPzP68c4vvVToaMYuWbLReNYEgxJ/jgZCcMZyiQjlBmR3UrYlBrKMIsnD8FbfXmddK7qnlv3Hhq1ZqOIowxncA6X4MENNOEeWtAGBlN4hld4c5Tz4rw7H8vWklPMnMIfOJ8/QSONqQ==</latexit><latexit sha1_base64="pPTQgIwyiFmEmQ8KY8GmedFG7eg=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeCF48V7Ae0oWy223bp7ibsToQQ+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEElh0XW/ndLG5tb2Tnm3srd/cHhUPT7p2DA2jLdZKEPTC6jlUmjeRoGS9yLDqQok7wazu9zvPnFjRagfMYm4r+hEi7FgFHMpGV5XhtWaW3cXIOvEK0gNCrSG1a/BKGSx4hqZpNb2PTdCP6UGBZN8XhnElkeUzeiE9zOqqeLWTxe3zslFpozIODRZaSQL9fdESpW1iQqyTkVxale9XPzP68c4vvVToaMYuWbLReNYEgxJ/jgZCcMZyiQjlBmR3UrYlBrKMIsnD8FbfXmddK7qnlv3Hhq1ZqOIowxncA6X4MENNOEeWtAGBlN4hld4c5Tz4rw7H8vWklPMnMIfOJ8/QSONqQ==</latexit><latexit sha1_base64="pPTQgIwyiFmEmQ8KY8GmedFG7eg=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeCF48V7Ae0oWy223bp7ibsToQQ+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEElh0XW/ndLG5tb2Tnm3srd/cHhUPT7p2DA2jLdZKEPTC6jlUmjeRoGS9yLDqQok7wazu9zvPnFjRagfMYm4r+hEi7FgFHMpGV5XhtWaW3cXIOvEK0gNCrSG1a/BKGSx4hqZpNb2PTdCP6UGBZN8XhnElkeUzeiE9zOqqeLWTxe3zslFpozIODRZaSQL9fdESpW1iQqyTkVxale9XPzP68c4vvVToaMYuWbLReNYEgxJ/jgZCcMZyiQjlBmR3UrYlBrKMIsnD8FbfXmddK7qnlv3Hhq1ZqOIowxncA6X4MENNOEeWtAGBlN4hld4c5Tz4rw7H8vWklPMnMIfOJ8/QSONqQ==</latexit>

Latent 
Features

Observed AddersO
<latexit sha1_base64="DecgL4SYUDRuQ40YwC0rLa4bRxU=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLgxp0V7APbUCbTm3boZBJmJkIJ/Qs3LhRx69+482+ctFlo64GBwzn3MueeIBFcG9f9dkpr6xubW+Xtys7u3v5B9fCoreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJTe53nlBpHssHM03Qj+hI8pAzaqz02I+oGTMqyN2gWnPr7hxklXgFqUGB5qD61R/GLI1QGiao1j3PTYyfUWU4Ezir9FONCWUTOsKepZJGqP1snnhGzqwyJGGs7JOGzNXfGxmNtJ5GgZ3ME+plLxf/83qpCa/9jMskNSjZ4qMwFcTEJD+fDLlCZsTUEsoUt1kJG1NFmbElVWwJ3vLJq6R9Uffcund/WWtcFnWU4QRO4Rw8uIIG3EITWsBAwjO8wpujnRfn3flYjJacYucY/sD5/AEQnpB1</latexit><latexit sha1_base64="DecgL4SYUDRuQ40YwC0rLa4bRxU=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLgxp0V7APbUCbTm3boZBJmJkIJ/Qs3LhRx69+482+ctFlo64GBwzn3MueeIBFcG9f9dkpr6xubW+Xtys7u3v5B9fCoreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJTe53nlBpHssHM03Qj+hI8pAzaqz02I+oGTMqyN2gWnPr7hxklXgFqUGB5qD61R/GLI1QGiao1j3PTYyfUWU4Ezir9FONCWUTOsKepZJGqP1snnhGzqwyJGGs7JOGzNXfGxmNtJ5GgZ3ME+plLxf/83qpCa/9jMskNSjZ4qMwFcTEJD+fDLlCZsTUEsoUt1kJG1NFmbElVWwJ3vLJq6R9Uffcund/WWtcFnWU4QRO4Rw8uIIG3EITWsBAwjO8wpujnRfn3flYjJacYucY/sD5/AEQnpB1</latexit><latexit sha1_base64="DecgL4SYUDRuQ40YwC0rLa4bRxU=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLgxp0V7APbUCbTm3boZBJmJkIJ/Qs3LhRx69+482+ctFlo64GBwzn3MueeIBFcG9f9dkpr6xubW+Xtys7u3v5B9fCoreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJTe53nlBpHssHM03Qj+hI8pAzaqz02I+oGTMqyN2gWnPr7hxklXgFqUGB5qD61R/GLI1QGiao1j3PTYyfUWU4Ezir9FONCWUTOsKepZJGqP1snnhGzqwyJGGs7JOGzNXfGxmNtJ5GgZ3ME+plLxf/83qpCa/9jMskNSjZ4qMwFcTEJD+fDLlCZsTUEsoUt1kJG1NFmbElVWwJ3vLJq6R9Uffcund/WWtcFnWU4QRO4Rw8uIIG3EITWsBAwjO8wpujnRfn3flYjJacYucY/sD5/AEQnpB1</latexit><latexit sha1_base64="DecgL4SYUDRuQ40YwC0rLa4bRxU=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLgxp0V7APbUCbTm3boZBJmJkIJ/Qs3LhRx69+482+ctFlo64GBwzn3MueeIBFcG9f9dkpr6xubW+Xtys7u3v5B9fCoreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJTe53nlBpHssHM03Qj+hI8pAzaqz02I+oGTMqyN2gWnPr7hxklXgFqUGB5qD61R/GLI1QGiao1j3PTYyfUWU4Ezir9FONCWUTOsKepZJGqP1snnhGzqwyJGGs7JOGzNXfGxmNtJ5GgZ3ME+plLxf/83qpCa/9jMskNSjZ4qMwFcTEJD+fDLlCZsTUEsoUt1kJG1NFmbElVWwJ3vLJq6R9Uffcund/WWtcFnWU4QRO4Rw8uIIG3EITWsBAwjO8wpujnRfn3flYjJacYucY/sD5/AEQnpB1</latexit>

QoR 
metric

Aggregation 
(Mean)

MLP
h�(·)

<latexit sha1_base64="SZygrydyhO7F5OU3KlYtW3oUVgk=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQNyWRgi4LblxWsA9oQphMJu3QmUyYmQgldOXGX3HjQhG3foM7/8ZJm4W2HhjmcM693HtPmDKqtON8W5W19Y3Nrep2bWd3b//APjzqKZFJTLpYMCEHIVKE0YR0NdWMDFJJEA8Z6YeTm8LvPxCpqEju9TQlPkejhMYUI22kwD4dB7kXChapKTcf9EaIczRreDgS+iKw607TmQOuErckdVCiE9hfXiRwxkmiMUNKDV0n1X6OpKaYkVnNyxRJEZ6gERkamiBOlJ/Pz5jBc6NEMBbSvETDufq7I0dcFWuaSo70WC17hfifN8x0fO3nNEkzTRK8GBRnDGoBi0xgRCXBmk0NQVhSsyvEYyQR1ia5mgnBXT55lfQum67TdO9a9XarjKMKTsAZaAAXXIE2uAUd0AUYPIJn8ArerCfrxXq3PhalFavsOQZ/YH3+ADz+mOc=</latexit><latexit sha1_base64="SZygrydyhO7F5OU3KlYtW3oUVgk=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQNyWRgi4LblxWsA9oQphMJu3QmUyYmQgldOXGX3HjQhG3foM7/8ZJm4W2HhjmcM693HtPmDKqtON8W5W19Y3Nrep2bWd3b//APjzqKZFJTLpYMCEHIVKE0YR0NdWMDFJJEA8Z6YeTm8LvPxCpqEju9TQlPkejhMYUI22kwD4dB7kXChapKTcf9EaIczRreDgS+iKw607TmQOuErckdVCiE9hfXiRwxkmiMUNKDV0n1X6OpKaYkVnNyxRJEZ6gERkamiBOlJ/Pz5jBc6NEMBbSvETDufq7I0dcFWuaSo70WC17hfifN8x0fO3nNEkzTRK8GBRnDGoBi0xgRCXBmk0NQVhSsyvEYyQR1ia5mgnBXT55lfQum67TdO9a9XarjKMKTsAZaAAXXIE2uAUd0AUYPIJn8ArerCfrxXq3PhalFavsOQZ/YH3+ADz+mOc=</latexit><latexit sha1_base64="SZygrydyhO7F5OU3KlYtW3oUVgk=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQNyWRgi4LblxWsA9oQphMJu3QmUyYmQgldOXGX3HjQhG3foM7/8ZJm4W2HhjmcM693HtPmDKqtON8W5W19Y3Nrep2bWd3b//APjzqKZFJTLpYMCEHIVKE0YR0NdWMDFJJEA8Z6YeTm8LvPxCpqEju9TQlPkejhMYUI22kwD4dB7kXChapKTcf9EaIczRreDgS+iKw607TmQOuErckdVCiE9hfXiRwxkmiMUNKDV0n1X6OpKaYkVnNyxRJEZ6gERkamiBOlJ/Pz5jBc6NEMBbSvETDufq7I0dcFWuaSo70WC17hfifN8x0fO3nNEkzTRK8GBRnDGoBi0xgRCXBmk0NQVhSsyvEYyQR1ia5mgnBXT55lfQum67TdO9a9XarjKMKTsAZaAAXXIE2uAUd0AUYPIJn8ArerCfrxXq3PhalFavsOQZ/YH3+ADz+mOc=</latexit><latexit sha1_base64="SZygrydyhO7F5OU3KlYtW3oUVgk=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQNyWRgi4LblxWsA9oQphMJu3QmUyYmQgldOXGX3HjQhG3foM7/8ZJm4W2HhjmcM693HtPmDKqtON8W5W19Y3Nrep2bWd3b//APjzqKZFJTLpYMCEHIVKE0YR0NdWMDFJJEA8Z6YeTm8LvPxCpqEju9TQlPkejhMYUI22kwD4dB7kXChapKTcf9EaIczRreDgS+iKw607TmQOuErckdVCiE9hfXiRwxkmiMUNKDV0n1X6OpKaYkVnNyxRJEZ6gERkamiBOlJ/Pz5jBc6NEMBbSvETDufq7I0dcFWuaSo70WC17hfifN8x0fO3nNEkzTRK8GBRnDGoBi0xgRCXBmk0NQVhSsyvEYyQR1ia5mgnBXT55lfQum67TdO9a9XarjKMKTsAZaAAXXIE2uAUd0AUYPIJn8ArerCfrxXq3PhalFavsOQZ/YH3+ADz+mOc=</latexit>

r1
<latexit sha1_base64="e5rbvlp09nYsznhgEIvdWLIc8IQ=">AAAB+HicbVDLSgMxFL1TX7U+OurSTbAIrsqMCLosuHFZwT6gHYZMJtOGZpIhyQi19EvcuFDErZ/izr8x085CWw+EHM65l5ycKONMG8/7diobm1vbO9Xd2t7+wWHdPTruapkrQjtEcqn6EdaUM0E7hhlO+5miOI047UWT28LvPVKlmRQPZprRIMUjwRJGsLFS6NaHkeSxnqb2Qir0Q7fhNb0F0DrxS9KAEu3Q/RrGkuQpFYZwrPXA9zITzLAyjHA6rw1zTTNMJnhEB5YKnFIdzBbB5+jcKjFKpLJHGLRQf2/McKqLbHYyxWasV71C/M8b5Ca5CWZMZLmhgiwfSnKOjERFCyhmihLDp5ZgopjNisgYK0yM7apmS/BXv7xOupdN32v691eN1lVZRxVO4QwuwIdraMEdtKEDBHJ4hld4c56cF+fd+ViOVpxy5wT+wPn8AXpZkug=</latexit><latexit sha1_base64="e5rbvlp09nYsznhgEIvdWLIc8IQ=">AAAB+HicbVDLSgMxFL1TX7U+OurSTbAIrsqMCLosuHFZwT6gHYZMJtOGZpIhyQi19EvcuFDErZ/izr8x085CWw+EHM65l5ycKONMG8/7diobm1vbO9Xd2t7+wWHdPTruapkrQjtEcqn6EdaUM0E7hhlO+5miOI047UWT28LvPVKlmRQPZprRIMUjwRJGsLFS6NaHkeSxnqb2Qir0Q7fhNb0F0DrxS9KAEu3Q/RrGkuQpFYZwrPXA9zITzLAyjHA6rw1zTTNMJnhEB5YKnFIdzBbB5+jcKjFKpLJHGLRQf2/McKqLbHYyxWasV71C/M8b5Ca5CWZMZLmhgiwfSnKOjERFCyhmihLDp5ZgopjNisgYK0yM7apmS/BXv7xOupdN32v691eN1lVZRxVO4QwuwIdraMEdtKEDBHJ4hld4c56cF+fd+ViOVpxy5wT+wPn8AXpZkug=</latexit><latexit sha1_base64="e5rbvlp09nYsznhgEIvdWLIc8IQ=">AAAB+HicbVDLSgMxFL1TX7U+OurSTbAIrsqMCLosuHFZwT6gHYZMJtOGZpIhyQi19EvcuFDErZ/izr8x085CWw+EHM65l5ycKONMG8/7diobm1vbO9Xd2t7+wWHdPTruapkrQjtEcqn6EdaUM0E7hhlO+5miOI047UWT28LvPVKlmRQPZprRIMUjwRJGsLFS6NaHkeSxnqb2Qir0Q7fhNb0F0DrxS9KAEu3Q/RrGkuQpFYZwrPXA9zITzLAyjHA6rw1zTTNMJnhEB5YKnFIdzBbB5+jcKjFKpLJHGLRQf2/McKqLbHYyxWasV71C/M8b5Ca5CWZMZLmhgiwfSnKOjERFCyhmihLDp5ZgopjNisgYK0yM7apmS/BXv7xOupdN32v691eN1lVZRxVO4QwuwIdraMEdtKEDBHJ4hld4c56cF+fd+ViOVpxy5wT+wPn8AXpZkug=</latexit><latexit sha1_base64="e5rbvlp09nYsznhgEIvdWLIc8IQ=">AAAB+HicbVDLSgMxFL1TX7U+OurSTbAIrsqMCLosuHFZwT6gHYZMJtOGZpIhyQi19EvcuFDErZ/izr8x085CWw+EHM65l5ycKONMG8/7diobm1vbO9Xd2t7+wWHdPTruapkrQjtEcqn6EdaUM0E7hhlO+5miOI047UWT28LvPVKlmRQPZprRIMUjwRJGsLFS6NaHkeSxnqb2Qir0Q7fhNb0F0DrxS9KAEu3Q/RrGkuQpFYZwrPXA9zITzLAyjHA6rw1zTTNMJnhEB5YKnFIdzBbB5+jcKjFKpLJHGLRQf2/McKqLbHYyxWasV71C/M8b5Ca5CWZMZLmhgiwfSnKOjERFCyhmihLDp5ZgopjNisgYK0yM7apmS/BXv7xOupdN32v691eN1lVZRxVO4QwuwIdraMEdtKEDBHJ4hld4c56cF+fd+ViOVpxy5wT+wPn8AXpZkug=</latexit>

r2
<latexit sha1_base64="z+y36bt8S4Zi/U3WIAPyWIxa9j4=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyUpBV0W3LisYB/QhjCZTNqhk0mYmQg19EvcuFDErZ/izr9x0mahrQeGOZxzL3PmBClnSjvOt1XZ2t7Z3avu1w4Oj47r9slpXyWZJLRHEp7IYYAV5UzQnmaa02EqKY4DTgfB7LbwB49UKpaIBz1PqRfjiWARI1gbybfr4yDhoZrH5kLSb/l2w2k6S6BN4pakASW6vv01DhOSxVRowrFSI9dJtZdjqRnhdFEbZ4qmmMzwhI4MFTimysuXwRfo0ighihJpjtBoqf7eyHGsimxmMsZ6qta9QvzPG2U6uvFyJtJMU0FWD0UZRzpBRQsoZJISzeeGYCKZyYrIFEtMtOmqZkpw17+8Sfqtpus03ft2o9Mu66jCOVzAFbhwDR24gy70gEAGz/AKb9aT9WK9Wx+r0YpV7pzBH1ifP3vdkuk=</latexit><latexit sha1_base64="z+y36bt8S4Zi/U3WIAPyWIxa9j4=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyUpBV0W3LisYB/QhjCZTNqhk0mYmQg19EvcuFDErZ/izr9x0mahrQeGOZxzL3PmBClnSjvOt1XZ2t7Z3avu1w4Oj47r9slpXyWZJLRHEp7IYYAV5UzQnmaa02EqKY4DTgfB7LbwB49UKpaIBz1PqRfjiWARI1gbybfr4yDhoZrH5kLSb/l2w2k6S6BN4pakASW6vv01DhOSxVRowrFSI9dJtZdjqRnhdFEbZ4qmmMzwhI4MFTimysuXwRfo0ighihJpjtBoqf7eyHGsimxmMsZ6qta9QvzPG2U6uvFyJtJMU0FWD0UZRzpBRQsoZJISzeeGYCKZyYrIFEtMtOmqZkpw17+8Sfqtpus03ft2o9Mu66jCOVzAFbhwDR24gy70gEAGz/AKb9aT9WK9Wx+r0YpV7pzBH1ifP3vdkuk=</latexit><latexit sha1_base64="z+y36bt8S4Zi/U3WIAPyWIxa9j4=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyUpBV0W3LisYB/QhjCZTNqhk0mYmQg19EvcuFDErZ/izr9x0mahrQeGOZxzL3PmBClnSjvOt1XZ2t7Z3avu1w4Oj47r9slpXyWZJLRHEp7IYYAV5UzQnmaa02EqKY4DTgfB7LbwB49UKpaIBz1PqRfjiWARI1gbybfr4yDhoZrH5kLSb/l2w2k6S6BN4pakASW6vv01DhOSxVRowrFSI9dJtZdjqRnhdFEbZ4qmmMzwhI4MFTimysuXwRfo0ighihJpjtBoqf7eyHGsimxmMsZ6qta9QvzPG2U6uvFyJtJMU0FWD0UZRzpBRQsoZJISzeeGYCKZyYrIFEtMtOmqZkpw17+8Sfqtpus03ft2o9Mu66jCOVzAFbhwDR24gy70gEAGz/AKb9aT9WK9Wx+r0YpV7pzBH1ifP3vdkuk=</latexit><latexit sha1_base64="z+y36bt8S4Zi/U3WIAPyWIxa9j4=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyUpBV0W3LisYB/QhjCZTNqhk0mYmQg19EvcuFDErZ/izr9x0mahrQeGOZxzL3PmBClnSjvOt1XZ2t7Z3avu1w4Oj47r9slpXyWZJLRHEp7IYYAV5UzQnmaa02EqKY4DTgfB7LbwB49UKpaIBz1PqRfjiWARI1gbybfr4yDhoZrH5kLSb/l2w2k6S6BN4pakASW6vv01DhOSxVRowrFSI9dJtZdjqRnhdFEbZ4qmmMzwhI4MFTimysuXwRfo0ighihJpjtBoqf7eyHGsimxmMsZ6qta9QvzPG2U6uvFyJtJMU0FWD0UZRzpBRQsoZJISzeeGYCKZyYrIFEtMtOmqZkpw17+8Sfqtpus03ft2o9Mu66jCOVzAFbhwDR24gy70gEAGz/AKb9aT9WK9Wx+r0YpV7pzBH1ifP3vdkuk=</latexit>

r3
<latexit sha1_base64="bW6gFrk181I94X5tFlrbAlk+VB8=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyXRgi4LblxWsA9oQ5hMJu3QSSbMTIQa+iVuXCji1k9x5984abPQ1gPDHM65lzlzgpQzpR3n26psbG5t71R3a3v7B4d1++i4p0QmCe0SwYUcBFhRzhLa1UxzOkglxXHAaT+Y3hZ+/5FKxUTyoGcp9WI8TljECNZG8u36KBA8VLPYXEj6V77dcJrOAmiduCVpQImOb3+NQkGymCaacKzU0HVS7eVYakY4nddGmaIpJlM8pkNDExxT5eWL4HN0bpQQRUKak2i0UH9v5DhWRTYzGWM9UateIf7nDTMd3Xg5S9JM04QsH4oyjrRARQsoZJISzWeGYCKZyYrIBEtMtOmqZkpwV7+8TnqXTddpuvetRrtV1lGFUziDC3DhGtpwBx3oAoEMnuEV3qwn68V6tz6WoxWr3DmBP7A+fwB9YZLq</latexit><latexit sha1_base64="bW6gFrk181I94X5tFlrbAlk+VB8=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyXRgi4LblxWsA9oQ5hMJu3QSSbMTIQa+iVuXCji1k9x5984abPQ1gPDHM65lzlzgpQzpR3n26psbG5t71R3a3v7B4d1++i4p0QmCe0SwYUcBFhRzhLa1UxzOkglxXHAaT+Y3hZ+/5FKxUTyoGcp9WI8TljECNZG8u36KBA8VLPYXEj6V77dcJrOAmiduCVpQImOb3+NQkGymCaacKzU0HVS7eVYakY4nddGmaIpJlM8pkNDExxT5eWL4HN0bpQQRUKak2i0UH9v5DhWRTYzGWM9UateIf7nDTMd3Xg5S9JM04QsH4oyjrRARQsoZJISzWeGYCKZyYrIBEtMtOmqZkpwV7+8TnqXTddpuvetRrtV1lGFUziDC3DhGtpwBx3oAoEMnuEV3qwn68V6tz6WoxWr3DmBP7A+fwB9YZLq</latexit><latexit sha1_base64="bW6gFrk181I94X5tFlrbAlk+VB8=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyXRgi4LblxWsA9oQ5hMJu3QSSbMTIQa+iVuXCji1k9x5984abPQ1gPDHM65lzlzgpQzpR3n26psbG5t71R3a3v7B4d1++i4p0QmCe0SwYUcBFhRzhLa1UxzOkglxXHAaT+Y3hZ+/5FKxUTyoGcp9WI8TljECNZG8u36KBA8VLPYXEj6V77dcJrOAmiduCVpQImOb3+NQkGymCaacKzU0HVS7eVYakY4nddGmaIpJlM8pkNDExxT5eWL4HN0bpQQRUKak2i0UH9v5DhWRTYzGWM9UateIf7nDTMd3Xg5S9JM04QsH4oyjrRARQsoZJISzWeGYCKZyYrIBEtMtOmqZkpwV7+8TnqXTddpuvetRrtV1lGFUziDC3DhGtpwBx3oAoEMnuEV3qwn68V6tz6WoxWr3DmBP7A+fwB9YZLq</latexit><latexit sha1_base64="bW6gFrk181I94X5tFlrbAlk+VB8=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyXRgi4LblxWsA9oQ5hMJu3QSSbMTIQa+iVuXCji1k9x5984abPQ1gPDHM65lzlzgpQzpR3n26psbG5t71R3a3v7B4d1++i4p0QmCe0SwYUcBFhRzhLa1UxzOkglxXHAaT+Y3hZ+/5FKxUTyoGcp9WI8TljECNZG8u36KBA8VLPYXEj6V77dcJrOAmiduCVpQImOb3+NQkGymCaacKzU0HVS7eVYakY4nddGmaIpJlM8pkNDExxT5eWL4HN0bpQQRUKak2i0UH9v5DhWRTYzGWM9UateIf7nDTMd3Xg5S9JM04QsH4oyjrRARQsoZJISzWeGYCKZyYrIBEtMtOmqZkpwV7+8TnqXTddpuvetRrtV1lGFUziDC3DhGtpwBx3oAoEMnuEV3qwn68V6tz6WoxWr3DmBP7A+fwB9YZLq</latexit>

ro
<latexit sha1_base64="57KW3lyHGrLQ2U9JEzoIt7UyapE=">AAAB+HicbVDLSgMxFL1TX7U+OurSTbAIrsqMCLosuHFZwT6gHYZMJtOGZpIhyQi19EvcuFDErZ/izr8x085CWw+EHM65l5ycKONMG8/7diobm1vbO9Xd2t7+wWHdPTruapkrQjtEcqn6EdaUM0E7hhlO+5miOI047UWT28LvPVKlmRQPZprRIMUjwRJGsLFS6NaHkeSxnqb2QiqUodvwmt4CaJ34JWlAiXbofg1jSfKUCkM41nrge5kJZlgZRjid14a5phkmEzyiA0sFTqkOZovgc3RulRglUtkjDFqovzdmONVFNjuZYjPWq14h/ucNcpPcBDMmstxQQZYPJTlHRqKiBRQzRYnhU0swUcxmRWSMFSbGdlWzJfirX14n3cum7zX9+6tG66qsowqncAYX4MM1tOAO2tABAjk8wyu8OU/Oi/PufCxHK065cwJ/4Hz+ANhRkyY=</latexit><latexit sha1_base64="57KW3lyHGrLQ2U9JEzoIt7UyapE=">AAAB+HicbVDLSgMxFL1TX7U+OurSTbAIrsqMCLosuHFZwT6gHYZMJtOGZpIhyQi19EvcuFDErZ/izr8x085CWw+EHM65l5ycKONMG8/7diobm1vbO9Xd2t7+wWHdPTruapkrQjtEcqn6EdaUM0E7hhlO+5miOI047UWT28LvPVKlmRQPZprRIMUjwRJGsLFS6NaHkeSxnqb2QiqUodvwmt4CaJ34JWlAiXbofg1jSfKUCkM41nrge5kJZlgZRjid14a5phkmEzyiA0sFTqkOZovgc3RulRglUtkjDFqovzdmONVFNjuZYjPWq14h/ucNcpPcBDMmstxQQZYPJTlHRqKiBRQzRYnhU0swUcxmRWSMFSbGdlWzJfirX14n3cum7zX9+6tG66qsowqncAYX4MM1tOAO2tABAjk8wyu8OU/Oi/PufCxHK065cwJ/4Hz+ANhRkyY=</latexit><latexit sha1_base64="57KW3lyHGrLQ2U9JEzoIt7UyapE=">AAAB+HicbVDLSgMxFL1TX7U+OurSTbAIrsqMCLosuHFZwT6gHYZMJtOGZpIhyQi19EvcuFDErZ/izr8x085CWw+EHM65l5ycKONMG8/7diobm1vbO9Xd2t7+wWHdPTruapkrQjtEcqn6EdaUM0E7hhlO+5miOI047UWT28LvPVKlmRQPZprRIMUjwRJGsLFS6NaHkeSxnqb2QiqUodvwmt4CaJ34JWlAiXbofg1jSfKUCkM41nrge5kJZlgZRjid14a5phkmEzyiA0sFTqkOZovgc3RulRglUtkjDFqovzdmONVFNjuZYjPWq14h/ucNcpPcBDMmstxQQZYPJTlHRqKiBRQzRYnhU0swUcxmRWSMFSbGdlWzJfirX14n3cum7zX9+6tG66qsowqncAYX4MM1tOAO2tABAjk8wyu8OU/Oi/PufCxHK065cwJ/4Hz+ANhRkyY=</latexit><latexit sha1_base64="57KW3lyHGrLQ2U9JEzoIt7UyapE=">AAAB+HicbVDLSgMxFL1TX7U+OurSTbAIrsqMCLosuHFZwT6gHYZMJtOGZpIhyQi19EvcuFDErZ/izr8x085CWw+EHM65l5ycKONMG8/7diobm1vbO9Xd2t7+wWHdPTruapkrQjtEcqn6EdaUM0E7hhlO+5miOI047UWT28LvPVKlmRQPZprRIMUjwRJGsLFS6NaHkeSxnqb2QiqUodvwmt4CaJ34JWlAiXbofg1jSfKUCkM41nrge5kJZlgZRjid14a5phkmEzyiA0sFTqkOZovgc3RulRglUtkjDFqovzdmONVFNjuZYjPWq14h/ucNcpPcBDMmstxQQZYPJTlHRqKiBRQzRYnhU0swUcxmRWSMFSbGdlWzJfirX14n3cum7zX9+6tG66qsowqncAYX4MM1tOAO2tABAjk8wyu8OU/Oi/PufCxHK065cwJ/4Hz+ANhRkyY=</latexit>

µ(r0o)
<latexit sha1_base64="03hRS1LGCaOYM1YoLkaz9RH4ksM=">AAACEXicbVC7TsMwFHV4lvIKMLJYVEhlqRJUCcZKLIxFog+pCZHjOK1VO45sB6mK+gss/AoLAwixsrHxNzhtBtpyJMvH59wr33vClFGlHefHWlvf2NzaruxUd/f2Dw7to+OuEpnEpIMFE7IfIkUYTUhHU81IP5UE8ZCRXji+KfzeI5GKiuReT1LiczRMaEwx0kYK7LoXChapCTcX9Hi28JaBePBSSTm5gIFdcxrODHCVuCWpgRLtwP72IoEzThKNGVJq4Dqp9nMkNcWMTKtepkiK8BgNycDQBHGi/Hy20RSeGyWCsZDmJBrO1L8dOeKqGNJUcqRHatkrxP+8Qabjaz+nSZppkuD5R3HGoBawiAdGVBKs2cQQhCU1s0I8QhJhbUKsmhDc5ZVXSfey4ToN965ZazXLOCrgFJyBOnDBFWiBW9AGHYDBE3gBb+DderZerQ/rc166ZpU9J2AB1tcvfG2dWQ==</latexit><latexit sha1_base64="03hRS1LGCaOYM1YoLkaz9RH4ksM=">AAACEXicbVC7TsMwFHV4lvIKMLJYVEhlqRJUCcZKLIxFog+pCZHjOK1VO45sB6mK+gss/AoLAwixsrHxNzhtBtpyJMvH59wr33vClFGlHefHWlvf2NzaruxUd/f2Dw7to+OuEpnEpIMFE7IfIkUYTUhHU81IP5UE8ZCRXji+KfzeI5GKiuReT1LiczRMaEwx0kYK7LoXChapCTcX9Hi28JaBePBSSTm5gIFdcxrODHCVuCWpgRLtwP72IoEzThKNGVJq4Dqp9nMkNcWMTKtepkiK8BgNycDQBHGi/Hy20RSeGyWCsZDmJBrO1L8dOeKqGNJUcqRHatkrxP+8Qabjaz+nSZppkuD5R3HGoBawiAdGVBKs2cQQhCU1s0I8QhJhbUKsmhDc5ZVXSfey4ToN965ZazXLOCrgFJyBOnDBFWiBW9AGHYDBE3gBb+DderZerQ/rc166ZpU9J2AB1tcvfG2dWQ==</latexit><latexit sha1_base64="03hRS1LGCaOYM1YoLkaz9RH4ksM=">AAACEXicbVC7TsMwFHV4lvIKMLJYVEhlqRJUCcZKLIxFog+pCZHjOK1VO45sB6mK+gss/AoLAwixsrHxNzhtBtpyJMvH59wr33vClFGlHefHWlvf2NzaruxUd/f2Dw7to+OuEpnEpIMFE7IfIkUYTUhHU81IP5UE8ZCRXji+KfzeI5GKiuReT1LiczRMaEwx0kYK7LoXChapCTcX9Hi28JaBePBSSTm5gIFdcxrODHCVuCWpgRLtwP72IoEzThKNGVJq4Dqp9nMkNcWMTKtepkiK8BgNycDQBHGi/Hy20RSeGyWCsZDmJBrO1L8dOeKqGNJUcqRHatkrxP+8Qabjaz+nSZppkuD5R3HGoBawiAdGVBKs2cQQhCU1s0I8QhJhbUKsmhDc5ZVXSfey4ToN965ZazXLOCrgFJyBOnDBFWiBW9AGHYDBE3gBb+DderZerQ/rc166ZpU9J2AB1tcvfG2dWQ==</latexit><latexit sha1_base64="03hRS1LGCaOYM1YoLkaz9RH4ksM=">AAACEXicbVC7TsMwFHV4lvIKMLJYVEhlqRJUCcZKLIxFog+pCZHjOK1VO45sB6mK+gss/AoLAwixsrHxNzhtBtpyJMvH59wr33vClFGlHefHWlvf2NzaruxUd/f2Dw7to+OuEpnEpIMFE7IfIkUYTUhHU81IP5UE8ZCRXji+KfzeI5GKiuReT1LiczRMaEwx0kYK7LoXChapCTcX9Hi28JaBePBSSTm5gIFdcxrODHCVuCWpgRLtwP72IoEzThKNGVJq4Dqp9nMkNcWMTKtepkiK8BgNycDQBHGi/Hy20RSeGyWCsZDmJBrO1L8dOeKqGNJUcqRHatkrxP+8Qabjaz+nSZppkuD5R3HGoBawiAdGVBKs2cQQhCU1s0I8QhJhbUKsmhDc5ZVXSfey4ToN965ZazXLOCrgFJyBOnDBFWiBW9AGHYDBE3gBb+DderZerQ/rc166ZpU9J2AB1tcvfG2dWQ==</latexit>

MLP
h (·)

<latexit sha1_base64="8v8Zan4d0ZfXhI3m0AWj2GEmZ8E=">AAACBHicbVDLSsNAFJ3UV62vqMtuBotQNyWRgi4LblxWsA9oQphMJu3QyUyYmQgldOHGX3HjQhG3foQ7/8ZJm4W2HhjmcM693HtPmDKqtON8W5WNza3tnepubW//4PDIPj7pK5FJTHpYMCGHIVKEUU56mmpGhqkkKAkZGYTTm8IfPBCpqOD3epYSP0FjTmOKkTZSYNcnQe6FgkVqlpgPeqmi86aHI6EvArvhtJwF4DpxS9IAJbqB/eVFAmcJ4RozpNTIdVLt50hqihmZ17xMkRThKRqTkaEcJUT5+eKIOTw3SgRjIc3jGi7U3x05SlSxpKlMkJ6oVa8Q//NGmY6v/ZzyNNOE4+WgOGNQC1gkAiMqCdZsZgjCkppdIZ4gibA2udVMCO7qyeukf9lynZZ712502mUcVVAHZ6AJXHAFOuAWdEEPYPAInsEreLOerBfr3fpYllassucU/IH1+QPIB5gc</latexit><latexit sha1_base64="8v8Zan4d0ZfXhI3m0AWj2GEmZ8E=">AAACBHicbVDLSsNAFJ3UV62vqMtuBotQNyWRgi4LblxWsA9oQphMJu3QyUyYmQgldOHGX3HjQhG3foQ7/8ZJm4W2HhjmcM693HtPmDKqtON8W5WNza3tnepubW//4PDIPj7pK5FJTHpYMCGHIVKEUU56mmpGhqkkKAkZGYTTm8IfPBCpqOD3epYSP0FjTmOKkTZSYNcnQe6FgkVqlpgPeqmi86aHI6EvArvhtJwF4DpxS9IAJbqB/eVFAmcJ4RozpNTIdVLt50hqihmZ17xMkRThKRqTkaEcJUT5+eKIOTw3SgRjIc3jGi7U3x05SlSxpKlMkJ6oVa8Q//NGmY6v/ZzyNNOE4+WgOGNQC1gkAiMqCdZsZgjCkppdIZ4gibA2udVMCO7qyeukf9lynZZ712502mUcVVAHZ6AJXHAFOuAWdEEPYPAInsEreLOerBfr3fpYllassucU/IH1+QPIB5gc</latexit><latexit sha1_base64="8v8Zan4d0ZfXhI3m0AWj2GEmZ8E=">AAACBHicbVDLSsNAFJ3UV62vqMtuBotQNyWRgi4LblxWsA9oQphMJu3QyUyYmQgldOHGX3HjQhG3foQ7/8ZJm4W2HhjmcM693HtPmDKqtON8W5WNza3tnepubW//4PDIPj7pK5FJTHpYMCGHIVKEUU56mmpGhqkkKAkZGYTTm8IfPBCpqOD3epYSP0FjTmOKkTZSYNcnQe6FgkVqlpgPeqmi86aHI6EvArvhtJwF4DpxS9IAJbqB/eVFAmcJ4RozpNTIdVLt50hqihmZ17xMkRThKRqTkaEcJUT5+eKIOTw3SgRjIc3jGi7U3x05SlSxpKlMkJ6oVa8Q//NGmY6v/ZzyNNOE4+WgOGNQC1gkAiMqCdZsZgjCkppdIZ4gibA2udVMCO7qyeukf9lynZZ712502mUcVVAHZ6AJXHAFOuAWdEEPYPAInsEreLOerBfr3fpYllassucU/IH1+QPIB5gc</latexit><latexit sha1_base64="8v8Zan4d0ZfXhI3m0AWj2GEmZ8E=">AAACBHicbVDLSsNAFJ3UV62vqMtuBotQNyWRgi4LblxWsA9oQphMJu3QyUyYmQgldOHGX3HjQhG3foQ7/8ZJm4W2HhjmcM693HtPmDKqtON8W5WNza3tnepubW//4PDIPj7pK5FJTHpYMCGHIVKEUU56mmpGhqkkKAkZGYTTm8IfPBCpqOD3epYSP0FjTmOKkTZSYNcnQe6FgkVqlpgPeqmi86aHI6EvArvhtJwF4DpxS9IAJbqB/eVFAmcJ4RozpNTIdVLt50hqihmZ17xMkRThKRqTkaEcJUT5+eKIOTw3SgRjIc3jGi7U3x05SlSxpKlMkJ6oVa8Q//NGmY6v/ZzyNNOE4+WgOGNQC1gkAiMqCdZsZgjCkppdIZ4gibA2udVMCO7qyeukf9lynZZ712502mUcVVAHZ6AJXHAFOuAWdEEPYPAInsEreLOerBfr3fpYllassucU/IH1+QPIB5gc</latexit>

Sampler
N (0, I)

<latexit sha1_base64="LQ4xQE+EVo0HrHKbugqEFnS/gWQ=">AAACFnicdVDLSgMxFM34rPU16tJNsAgVdJgRn7uiG91IBfuAzlAymbQNzWSGJCOUYb7Cjb/ixoUibsWdf2OmrWB9XAg5Oedecs/xY0alsu0PY2p6ZnZuvrBQXFxaXlk119brMkoEJjUcsUg0fSQJo5zUFFWMNGNBUOgz0vD757neuCVC0ojfqEFMvBB1Oe1QjJSm2uaeGyLVw4ilV1k5df2IBXIQ6gva2e7E+zLbKbbNkm0d2s7pkQN/A8eyh1UC46q2zXc3iHASEq4wQ1K2HDtWXoqEopiRrOgmksQI91GXtDTkKCTSS4e2MritmQB2IqEPV3DIfp9IUSjz5XRnbkL+1HLyL62VqM6Jl1IeJ4pwPPqokzCoIphnBAMqCFZsoAHCgupdIe4hgbDSSeYhfDmF/4P6vuXYlnN9UKqcjeMogE2wBcrAAcegAi5AFdQABnfgATyBZ+PeeDRejNdR65QxntkAE2W8fQJsyp+B</latexit><latexit sha1_base64="LQ4xQE+EVo0HrHKbugqEFnS/gWQ=">AAACFnicdVDLSgMxFM34rPU16tJNsAgVdJgRn7uiG91IBfuAzlAymbQNzWSGJCOUYb7Cjb/ixoUibsWdf2OmrWB9XAg5Oedecs/xY0alsu0PY2p6ZnZuvrBQXFxaXlk119brMkoEJjUcsUg0fSQJo5zUFFWMNGNBUOgz0vD757neuCVC0ojfqEFMvBB1Oe1QjJSm2uaeGyLVw4ilV1k5df2IBXIQ6gva2e7E+zLbKbbNkm0d2s7pkQN/A8eyh1UC46q2zXc3iHASEq4wQ1K2HDtWXoqEopiRrOgmksQI91GXtDTkKCTSS4e2MritmQB2IqEPV3DIfp9IUSjz5XRnbkL+1HLyL62VqM6Jl1IeJ4pwPPqokzCoIphnBAMqCFZsoAHCgupdIe4hgbDSSeYhfDmF/4P6vuXYlnN9UKqcjeMogE2wBcrAAcegAi5AFdQABnfgATyBZ+PeeDRejNdR65QxntkAE2W8fQJsyp+B</latexit><latexit sha1_base64="LQ4xQE+EVo0HrHKbugqEFnS/gWQ=">AAACFnicdVDLSgMxFM34rPU16tJNsAgVdJgRn7uiG91IBfuAzlAymbQNzWSGJCOUYb7Cjb/ixoUibsWdf2OmrWB9XAg5Oedecs/xY0alsu0PY2p6ZnZuvrBQXFxaXlk119brMkoEJjUcsUg0fSQJo5zUFFWMNGNBUOgz0vD757neuCVC0ojfqEFMvBB1Oe1QjJSm2uaeGyLVw4ilV1k5df2IBXIQ6gva2e7E+zLbKbbNkm0d2s7pkQN/A8eyh1UC46q2zXc3iHASEq4wQ1K2HDtWXoqEopiRrOgmksQI91GXtDTkKCTSS4e2MritmQB2IqEPV3DIfp9IUSjz5XRnbkL+1HLyL62VqM6Jl1IeJ4pwPPqokzCoIphnBAMqCFZsoAHCgupdIe4hgbDSSeYhfDmF/4P6vuXYlnN9UKqcjeMogE2wBcrAAcegAi5AFdQABnfgATyBZ+PeeDRejNdR65QxntkAE2W8fQJsyp+B</latexit><latexit sha1_base64="LQ4xQE+EVo0HrHKbugqEFnS/gWQ=">AAACFnicdVDLSgMxFM34rPU16tJNsAgVdJgRn7uiG91IBfuAzlAymbQNzWSGJCOUYb7Cjb/ixoUibsWdf2OmrWB9XAg5Oedecs/xY0alsu0PY2p6ZnZuvrBQXFxaXlk119brMkoEJjUcsUg0fSQJo5zUFFWMNGNBUOgz0vD757neuCVC0ojfqEFMvBB1Oe1QjJSm2uaeGyLVw4ilV1k5df2IBXIQ6gva2e7E+zLbKbbNkm0d2s7pkQN/A8eyh1UC46q2zXc3iHASEq4wQ1K2HDtWXoqEopiRrOgmksQI91GXtDTkKCTSS4e2MritmQB2IqEPV3DIfp9IUSjz5XRnbkL+1HLyL62VqM6Jl1IeJ4pwPPqokzCoIphnBAMqCFZsoAHCgupdIe4hgbDSSeYhfDmF/4P6vuXYlnN9UKqcjeMogE2wBcrAAcegAi5AFdQABnfgATyBZ+PeeDRejNdR65QxntkAE2W8fQJsyp+B</latexit>

r01
<latexit sha1_base64="6QivjlI1lVfR1reMV0hmBrZ47F8=">AAAB/3icbVBLSwMxGMz6rPW1KnjxEiyCp7IrBT0WvHisYB/Qrks2m21D81iSrFDWHvwrXjwo4tW/4c1/Y7bdg7YOhAwz30cmE6WMauN5387K6tr6xmZlq7q9s7u37x4cdrTMFCZtLJlUvQhpwqggbUMNI71UEcQjRrrR+Lrwuw9EaSrFnZmkJOBoKGhCMTJWCt3jQSRZrCfcXlCF/v0gVZST0K15dW8GuEz8ktRAiVbofg1iiTNOhMEMad33vdQEOVKGYkam1UGmSYrwGA1J31KBONFBPss/hWdWiWEilT3CwJn6eyNHXBcR7SRHZqQXvUL8z+tnJrkKcirSzBCB5w8lGYNGwqIMGFNFsGETSxBW1GaFeIQUwsZWVrUl+ItfXiadi7rv1f3bRq3ZKOuogBNwCs6BDy5BE9yAFmgDDB7BM3gFb86T8+K8Ox/z0RWn3DkCf+B8/gD8y5YF</latexit><latexit sha1_base64="6QivjlI1lVfR1reMV0hmBrZ47F8=">AAAB/3icbVBLSwMxGMz6rPW1KnjxEiyCp7IrBT0WvHisYB/Qrks2m21D81iSrFDWHvwrXjwo4tW/4c1/Y7bdg7YOhAwz30cmE6WMauN5387K6tr6xmZlq7q9s7u37x4cdrTMFCZtLJlUvQhpwqggbUMNI71UEcQjRrrR+Lrwuw9EaSrFnZmkJOBoKGhCMTJWCt3jQSRZrCfcXlCF/v0gVZST0K15dW8GuEz8ktRAiVbofg1iiTNOhMEMad33vdQEOVKGYkam1UGmSYrwGA1J31KBONFBPss/hWdWiWEilT3CwJn6eyNHXBcR7SRHZqQXvUL8z+tnJrkKcirSzBCB5w8lGYNGwqIMGFNFsGETSxBW1GaFeIQUwsZWVrUl+ItfXiadi7rv1f3bRq3ZKOuogBNwCs6BDy5BE9yAFmgDDB7BM3gFb86T8+K8Ox/z0RWn3DkCf+B8/gD8y5YF</latexit><latexit sha1_base64="6QivjlI1lVfR1reMV0hmBrZ47F8=">AAAB/3icbVBLSwMxGMz6rPW1KnjxEiyCp7IrBT0WvHisYB/Qrks2m21D81iSrFDWHvwrXjwo4tW/4c1/Y7bdg7YOhAwz30cmE6WMauN5387K6tr6xmZlq7q9s7u37x4cdrTMFCZtLJlUvQhpwqggbUMNI71UEcQjRrrR+Lrwuw9EaSrFnZmkJOBoKGhCMTJWCt3jQSRZrCfcXlCF/v0gVZST0K15dW8GuEz8ktRAiVbofg1iiTNOhMEMad33vdQEOVKGYkam1UGmSYrwGA1J31KBONFBPss/hWdWiWEilT3CwJn6eyNHXBcR7SRHZqQXvUL8z+tnJrkKcirSzBCB5w8lGYNGwqIMGFNFsGETSxBW1GaFeIQUwsZWVrUl+ItfXiadi7rv1f3bRq3ZKOuogBNwCs6BDy5BE9yAFmgDDB7BM3gFb86T8+K8Ox/z0RWn3DkCf+B8/gD8y5YF</latexit><latexit sha1_base64="6QivjlI1lVfR1reMV0hmBrZ47F8=">AAAB/3icbVBLSwMxGMz6rPW1KnjxEiyCp7IrBT0WvHisYB/Qrks2m21D81iSrFDWHvwrXjwo4tW/4c1/Y7bdg7YOhAwz30cmE6WMauN5387K6tr6xmZlq7q9s7u37x4cdrTMFCZtLJlUvQhpwqggbUMNI71UEcQjRrrR+Lrwuw9EaSrFnZmkJOBoKGhCMTJWCt3jQSRZrCfcXlCF/v0gVZST0K15dW8GuEz8ktRAiVbofg1iiTNOhMEMad33vdQEOVKGYkam1UGmSYrwGA1J31KBONFBPss/hWdWiWEilT3CwJn6eyNHXBcR7SRHZqQXvUL8z+tnJrkKcirSzBCB5w8lGYNGwqIMGFNFsGETSxBW1GaFeIQUwsZWVrUl+ItfXiadi7rv1f3bRq3ZKOuogBNwCs6BDy5BE9yAFmgDDB7BM3gFb86T8+K8Ox/z0RWn3DkCf+B8/gD8y5YF</latexit>

r02
<latexit sha1_base64="KeSrJ8XgK7YZytW82t6G1eTCUq0=">AAAB/3icbVDNS8MwHE3n15xfVcGLl+AQPI12DPQ48OJxgvuAtZY0TbewJC1JKoy6g/+KFw+KePXf8OZ/Y7r1oJsPQh7v/X7k5YUpo0o7zrdVWVvf2Nyqbtd2dvf2D+zDo55KMolJFycskYMQKcKoIF1NNSODVBLEQ0b64eS68PsPRCqaiDs9TYnP0UjQmGKkjRTYJ16YsEhNubmgDJr3XiopJ4FddxrOHHCVuCWpgxKdwP7yogRnnAiNGVJq6Dqp9nMkNcWMzGpepkiK8ASNyNBQgThRfj7PP4PnRolgnEhzhIZz9fdGjrgqIppJjvRYLXuF+J83zHR85edUpJkmAi8eijMGdQKLMmBEJcGaTQ1BWFKTFeIxkghrU1nNlOAuf3mV9JoN12m4t616u1XWUQWn4AxcABdcgja4AR3QBRg8gmfwCt6sJ+vFerc+FqMVq9w5Bn9gff4A/laWBg==</latexit><latexit sha1_base64="KeSrJ8XgK7YZytW82t6G1eTCUq0=">AAAB/3icbVDNS8MwHE3n15xfVcGLl+AQPI12DPQ48OJxgvuAtZY0TbewJC1JKoy6g/+KFw+KePXf8OZ/Y7r1oJsPQh7v/X7k5YUpo0o7zrdVWVvf2Nyqbtd2dvf2D+zDo55KMolJFycskYMQKcKoIF1NNSODVBLEQ0b64eS68PsPRCqaiDs9TYnP0UjQmGKkjRTYJ16YsEhNubmgDJr3XiopJ4FddxrOHHCVuCWpgxKdwP7yogRnnAiNGVJq6Dqp9nMkNcWMzGpepkiK8ASNyNBQgThRfj7PP4PnRolgnEhzhIZz9fdGjrgqIppJjvRYLXuF+J83zHR85edUpJkmAi8eijMGdQKLMmBEJcGaTQ1BWFKTFeIxkghrU1nNlOAuf3mV9JoN12m4t616u1XWUQWn4AxcABdcgja4AR3QBRg8gmfwCt6sJ+vFerc+FqMVq9w5Bn9gff4A/laWBg==</latexit><latexit sha1_base64="KeSrJ8XgK7YZytW82t6G1eTCUq0=">AAAB/3icbVDNS8MwHE3n15xfVcGLl+AQPI12DPQ48OJxgvuAtZY0TbewJC1JKoy6g/+KFw+KePXf8OZ/Y7r1oJsPQh7v/X7k5YUpo0o7zrdVWVvf2Nyqbtd2dvf2D+zDo55KMolJFycskYMQKcKoIF1NNSODVBLEQ0b64eS68PsPRCqaiDs9TYnP0UjQmGKkjRTYJ16YsEhNubmgDJr3XiopJ4FddxrOHHCVuCWpgxKdwP7yogRnnAiNGVJq6Dqp9nMkNcWMzGpepkiK8ASNyNBQgThRfj7PP4PnRolgnEhzhIZz9fdGjrgqIppJjvRYLXuF+J83zHR85edUpJkmAi8eijMGdQKLMmBEJcGaTQ1BWFKTFeIxkghrU1nNlOAuf3mV9JoN12m4t616u1XWUQWn4AxcABdcgja4AR3QBRg8gmfwCt6sJ+vFerc+FqMVq9w5Bn9gff4A/laWBg==</latexit><latexit sha1_base64="KeSrJ8XgK7YZytW82t6G1eTCUq0=">AAAB/3icbVDNS8MwHE3n15xfVcGLl+AQPI12DPQ48OJxgvuAtZY0TbewJC1JKoy6g/+KFw+KePXf8OZ/Y7r1oJsPQh7v/X7k5YUpo0o7zrdVWVvf2Nyqbtd2dvf2D+zDo55KMolJFycskYMQKcKoIF1NNSODVBLEQ0b64eS68PsPRCqaiDs9TYnP0UjQmGKkjRTYJ16YsEhNubmgDJr3XiopJ4FddxrOHHCVuCWpgxKdwP7yogRnnAiNGVJq6Dqp9nMkNcWMzGpepkiK8ASNyNBQgThRfj7PP4PnRolgnEhzhIZz9fdGjrgqIppJjvRYLXuF+J83zHR85edUpJkmAi8eijMGdQKLMmBEJcGaTQ1BWFKTFeIxkghrU1nNlOAuf3mV9JoN12m4t616u1XWUQWn4AxcABdcgja4AR3QBRg8gmfwCt6sJ+vFerc+FqMVq9w5Bn9gff4A/laWBg==</latexit>

r03
<latexit sha1_base64="KMtqtiLCo3SxUqXe9DBs7YK16bs=">AAAB/3icbVDNS8MwHE3n15xfVcGLl+AQPI1WB3ocePE4wX3AWkuapltY0pQkFUbdwX/FiwdFvPpvePO/Md160M0HIY/3fj/y8sKUUaUd59uqrKyurW9UN2tb2zu7e/b+QVeJTGLSwYIJ2Q+RIowmpKOpZqSfSoJ4yEgvHF8Xfu+BSEVFcqcnKfE5GiY0phhpIwX2kRcKFqkJNxeUwcW9l0rKSWDXnYYzA1wmbknqoEQ7sL+8SOCMk0RjhpQauE6q/RxJTTEj05qXKZIiPEZDMjA0QZwoP5/ln8JTo0QwFtKcRMOZ+nsjR1wVEc0kR3qkFr1C/M8bZDq+8nOapJkmCZ4/FGcMagGLMmBEJcGaTQxBWFKTFeIRkghrU1nNlOAufnmZdM8brtNwb5v1VrOsowqOwQk4Ay64BC1wA9qgAzB4BM/gFbxZT9aL9W59zEcrVrlzCP7A+vwB/+GWBw==</latexit><latexit sha1_base64="KMtqtiLCo3SxUqXe9DBs7YK16bs=">AAAB/3icbVDNS8MwHE3n15xfVcGLl+AQPI1WB3ocePE4wX3AWkuapltY0pQkFUbdwX/FiwdFvPpvePO/Md160M0HIY/3fj/y8sKUUaUd59uqrKyurW9UN2tb2zu7e/b+QVeJTGLSwYIJ2Q+RIowmpKOpZqSfSoJ4yEgvHF8Xfu+BSEVFcqcnKfE5GiY0phhpIwX2kRcKFqkJNxeUwcW9l0rKSWDXnYYzA1wmbknqoEQ7sL+8SOCMk0RjhpQauE6q/RxJTTEj05qXKZIiPEZDMjA0QZwoP5/ln8JTo0QwFtKcRMOZ+nsjR1wVEc0kR3qkFr1C/M8bZDq+8nOapJkmCZ4/FGcMagGLMmBEJcGaTQxBWFKTFeIRkghrU1nNlOAufnmZdM8brtNwb5v1VrOsowqOwQk4Ay64BC1wA9qgAzB4BM/gFbxZT9aL9W59zEcrVrlzCP7A+vwB/+GWBw==</latexit><latexit sha1_base64="KMtqtiLCo3SxUqXe9DBs7YK16bs=">AAAB/3icbVDNS8MwHE3n15xfVcGLl+AQPI1WB3ocePE4wX3AWkuapltY0pQkFUbdwX/FiwdFvPpvePO/Md160M0HIY/3fj/y8sKUUaUd59uqrKyurW9UN2tb2zu7e/b+QVeJTGLSwYIJ2Q+RIowmpKOpZqSfSoJ4yEgvHF8Xfu+BSEVFcqcnKfE5GiY0phhpIwX2kRcKFqkJNxeUwcW9l0rKSWDXnYYzA1wmbknqoEQ7sL+8SOCMk0RjhpQauE6q/RxJTTEj05qXKZIiPEZDMjA0QZwoP5/ln8JTo0QwFtKcRMOZ+nsjR1wVEc0kR3qkFr1C/M8bZDq+8nOapJkmCZ4/FGcMagGLMmBEJcGaTQxBWFKTFeIRkghrU1nNlOAufnmZdM8brtNwb5v1VrOsowqOwQk4Ay64BC1wA9qgAzB4BM/gFbxZT9aL9W59zEcrVrlzCP7A+vwB/+GWBw==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="baHpfTSvbXCYSdZ3OcvpftjWkEQ=">AAAB9HicbVC9TsMwGPxS/kopEBhYWCwqJKYqgQFGJBbGItEfqQ2R4zitVTuObAepCh14FRYGEOJZ2HgbnLYDtJz0yac7W77voowzbTzv26msrW9sblW3azv13b1996De0TJXhLaJ5FL1IqwpZyltG2Y47WWKYhFx2o3GN6XffaRKM5nem0lGA4GHKUsYwcZKoXs0iCSP9UTYA6nw4mGQKSZo6Da8pjcDWiX+gjRggVbofg1iSXJBU0M41rrve5kJCqwMI5xOa4Nc0wyTMR7SvqUpFlQHxSz/FJ1aJUaJVHZSg2bq7xcFFrqMaG8KbEZ62SvF/7x+bpKroGBplhuakvlHSc6RkagsA8VMUWL4xBJMFLNZERlhhYmxldVsCf7yyqukc970vaZ/50EVjuEEzsCHS7iGW2hBGwg8wQu8wbvz7Lw6H/O6Ks6it0P4A+fzB4+AlKs=</latexit><latexit sha1_base64="baHpfTSvbXCYSdZ3OcvpftjWkEQ=">AAAB9HicbVC9TsMwGPxS/kopEBhYWCwqJKYqgQFGJBbGItEfqQ2R4zitVTuObAepCh14FRYGEOJZ2HgbnLYDtJz0yac7W77voowzbTzv26msrW9sblW3azv13b1996De0TJXhLaJ5FL1IqwpZyltG2Y47WWKYhFx2o3GN6XffaRKM5nem0lGA4GHKUsYwcZKoXs0iCSP9UTYA6nw4mGQKSZo6Da8pjcDWiX+gjRggVbofg1iSXJBU0M41rrve5kJCqwMI5xOa4Nc0wyTMR7SvqUpFlQHxSz/FJ1aJUaJVHZSg2bq7xcFFrqMaG8KbEZ62SvF/7x+bpKroGBplhuakvlHSc6RkagsA8VMUWL4xBJMFLNZERlhhYmxldVsCf7yyqukc970vaZ/50EVjuEEzsCHS7iGW2hBGwg8wQu8wbvz7Lw6H/O6Ks6it0P4A+fzB4+AlKs=</latexit><latexit sha1_base64="eDrFwFMOf9HF+fPxOPq1qSCPsbk=">AAAB/3icbVBLSwMxGMz6rPW1KnjxEiyCp7Krgh4LXjxWsA/orks2m21D81iSrFBqD/4VLx4U8erf8Oa/MdvuQVsHQoaZ7yOTiTNGtfG8b2dpeWV1bb2yUd3c2t7Zdff221rmCpMWlkyqbow0YVSQlqGGkW6mCOIxI514eF34nQeiNJXizowyEnLUFzSlGBkrRe5hEEuW6BG3F1TR+X2QKcpJ5Na8ujcFXCR+SWqgRDNyv4JE4pwTYTBDWvd8LzPhGClDMSOTapBrkiE8RH3Ss1QgTnQ4nuafwBOrJDCVyh5h4FT9vTFGXBcR7SRHZqDnvUL8z+vlJr0Kx1RkuSECzx5KcwaNhEUZMKGKYMNGliCsqM0K8QAphI2trGpL8Oe/vEjaZ3Xfq/u3Xq1xUdZRAUfgGJwCH1yCBrgBTdACGDyCZ/AK3pwn58V5dz5mo0tOuXMA/sD5/AH+oZYD</latexit><latexit sha1_base64="KMtqtiLCo3SxUqXe9DBs7YK16bs=">AAAB/3icbVDNS8MwHE3n15xfVcGLl+AQPI1WB3ocePE4wX3AWkuapltY0pQkFUbdwX/FiwdFvPpvePO/Md160M0HIY/3fj/y8sKUUaUd59uqrKyurW9UN2tb2zu7e/b+QVeJTGLSwYIJ2Q+RIowmpKOpZqSfSoJ4yEgvHF8Xfu+BSEVFcqcnKfE5GiY0phhpIwX2kRcKFqkJNxeUwcW9l0rKSWDXnYYzA1wmbknqoEQ7sL+8SOCMk0RjhpQauE6q/RxJTTEj05qXKZIiPEZDMjA0QZwoP5/ln8JTo0QwFtKcRMOZ+nsjR1wVEc0kR3qkFr1C/M8bZDq+8nOapJkmCZ4/FGcMagGLMmBEJcGaTQxBWFKTFeIRkghrU1nNlOAufnmZdM8brtNwb5v1VrOsowqOwQk4Ay64BC1wA9qgAzB4BM/gFbxZT9aL9W59zEcrVrlzCP7A+vwB/+GWBw==</latexit><latexit sha1_base64="KMtqtiLCo3SxUqXe9DBs7YK16bs=">AAAB/3icbVDNS8MwHE3n15xfVcGLl+AQPI1WB3ocePE4wX3AWkuapltY0pQkFUbdwX/FiwdFvPpvePO/Md160M0HIY/3fj/y8sKUUaUd59uqrKyurW9UN2tb2zu7e/b+QVeJTGLSwYIJ2Q+RIowmpKOpZqSfSoJ4yEgvHF8Xfu+BSEVFcqcnKfE5GiY0phhpIwX2kRcKFqkJNxeUwcW9l0rKSWDXnYYzA1wmbknqoEQ7sL+8SOCMk0RjhpQauE6q/RxJTTEj05qXKZIiPEZDMjA0QZwoP5/ln8JTo0QwFtKcRMOZ+nsjR1wVEc0kR3qkFr1C/M8bZDq+8nOapJkmCZ4/FGcMagGLMmBEJcGaTQxBWFKTFeIRkghrU1nNlOAufnmZdM8brtNwb5v1VrOsowqOwQk4Ay64BC1wA9qgAzB4BM/gFbxZT9aL9W59zEcrVrlzCP7A+vwB/+GWBw==</latexit><latexit sha1_base64="KMtqtiLCo3SxUqXe9DBs7YK16bs=">AAAB/3icbVDNS8MwHE3n15xfVcGLl+AQPI1WB3ocePE4wX3AWkuapltY0pQkFUbdwX/FiwdFvPpvePO/Md160M0HIY/3fj/y8sKUUaUd59uqrKyurW9UN2tb2zu7e/b+QVeJTGLSwYIJ2Q+RIowmpKOpZqSfSoJ4yEgvHF8Xfu+BSEVFcqcnKfE5GiY0phhpIwX2kRcKFqkJNxeUwcW9l0rKSWDXnYYzA1wmbknqoEQ7sL+8SOCMk0RjhpQauE6q/RxJTTEj05qXKZIiPEZDMjA0QZwoP5/ln8JTo0QwFtKcRMOZ+nsjR1wVEc0kR3qkFr1C/M8bZDq+8nOapJkmCZ4/FGcMagGLMmBEJcGaTQxBWFKTFeIRkghrU1nNlOAufnmZdM8brtNwb5v1VrOsowqOwQk4Ay64BC1wA9qgAzB4BM/gFbxZT9aL9W59zEcrVrlzCP7A+vwB/+GWBw==</latexit><latexit sha1_base64="KMtqtiLCo3SxUqXe9DBs7YK16bs=">AAAB/3icbVDNS8MwHE3n15xfVcGLl+AQPI1WB3ocePE4wX3AWkuapltY0pQkFUbdwX/FiwdFvPpvePO/Md160M0HIY/3fj/y8sKUUaUd59uqrKyurW9UN2tb2zu7e/b+QVeJTGLSwYIJ2Q+RIowmpKOpZqSfSoJ4yEgvHF8Xfu+BSEVFcqcnKfE5GiY0phhpIwX2kRcKFqkJNxeUwcW9l0rKSWDXnYYzA1wmbknqoEQ7sL+8SOCMk0RjhpQauE6q/RxJTTEj05qXKZIiPEZDMjA0QZwoP5/ln8JTo0QwFtKcRMOZ+nsjR1wVEc0kR3qkFr1C/M8bZDq+8nOapJkmCZ4/FGcMagGLMmBEJcGaTQxBWFKTFeIRkghrU1nNlOAufnmZdM8brtNwb5v1VrOsowqOwQk4Ay64BC1wA9qgAzB4BM/gFbxZT9aL9W59zEcrVrlzCP7A+vwB/+GWBw==</latexit><latexit sha1_base64="KMtqtiLCo3SxUqXe9DBs7YK16bs=">AAAB/3icbVDNS8MwHE3n15xfVcGLl+AQPI1WB3ocePE4wX3AWkuapltY0pQkFUbdwX/FiwdFvPpvePO/Md160M0HIY/3fj/y8sKUUaUd59uqrKyurW9UN2tb2zu7e/b+QVeJTGLSwYIJ2Q+RIowmpKOpZqSfSoJ4yEgvHF8Xfu+BSEVFcqcnKfE5GiY0phhpIwX2kRcKFqkJNxeUwcW9l0rKSWDXnYYzA1wmbknqoEQ7sL+8SOCMk0RjhpQauE6q/RxJTTEj05qXKZIiPEZDMjA0QZwoP5/ln8JTo0QwFtKcRMOZ+nsjR1wVEc0kR3qkFr1C/M8bZDq+8nOapJkmCZ4/FGcMagGLMmBEJcGaTQxBWFKTFeIRkghrU1nNlOAufnmZdM8brtNwb5v1VrOsowqOwQk4Ay64BC1wA9qgAzB4BM/gFbxZT9aL9W59zEcrVrlzCP7A+vwB/+GWBw==</latexit><latexit sha1_base64="KMtqtiLCo3SxUqXe9DBs7YK16bs=">AAAB/3icbVDNS8MwHE3n15xfVcGLl+AQPI1WB3ocePE4wX3AWkuapltY0pQkFUbdwX/FiwdFvPpvePO/Md160M0HIY/3fj/y8sKUUaUd59uqrKyurW9UN2tb2zu7e/b+QVeJTGLSwYIJ2Q+RIowmpKOpZqSfSoJ4yEgvHF8Xfu+BSEVFcqcnKfE5GiY0phhpIwX2kRcKFqkJNxeUwcW9l0rKSWDXnYYzA1wmbknqoEQ7sL+8SOCMk0RjhpQauE6q/RxJTTEj05qXKZIiPEZDMjA0QZwoP5/ln8JTo0QwFtKcRMOZ+nsjR1wVEc0kR3qkFr1C/M8bZDq+8nOapJkmCZ4/FGcMagGLMmBEJcGaTQxBWFKTFeIRkghrU1nNlOAufnmZdM8brtNwb5v1VrOsowqOwQk4Ay64BC1wA9qgAzB4BM/gFbxZT9aL9W59zEcrVrlzCP7A+vwB/+GWBw==</latexit>

r0o
<latexit sha1_base64="V5/soci0hYII+h8EJpmPQZn7of4=">AAAB/3icbVBLSwMxGMz6rPW1KnjxEiyCp7IrBT0WvHisYB/Qrks2m21D81iSrFDWHvwrXjwo4tW/4c1/Y7bdg7YOhAwz30cmE6WMauN5387K6tr6xmZlq7q9s7u37x4cdrTMFCZtLJlUvQhpwqggbUMNI71UEcQjRrrR+Lrwuw9EaSrFnZmkJOBoKGhCMTJWCt3jQSRZrCfcXlCF8n6QKspJ6Na8ujcDXCZ+SWqgRCt0vwaxxBknwmCGtO77XmqCHClDMSPT6iDTJEV4jIakb6lAnOggn+WfwjOrxDCRyh5h4Ez9vZEjrouIdpIjM9KLXiH+5/Uzk1wFORVpZojA84eSjEEjYVEGjKki2LCJJQgrarNCPEIKYWMrq9oS/MUvL5PORd336v5to9ZslHVUwAk4BefAB5egCW5AC7QBBo/gGbyCN+fJeXHenY/56IpT7hyBP3A+fwBchJZD</latexit><latexit sha1_base64="V5/soci0hYII+h8EJpmPQZn7of4=">AAAB/3icbVBLSwMxGMz6rPW1KnjxEiyCp7IrBT0WvHisYB/Qrks2m21D81iSrFDWHvwrXjwo4tW/4c1/Y7bdg7YOhAwz30cmE6WMauN5387K6tr6xmZlq7q9s7u37x4cdrTMFCZtLJlUvQhpwqggbUMNI71UEcQjRrrR+Lrwuw9EaSrFnZmkJOBoKGhCMTJWCt3jQSRZrCfcXlCF8n6QKspJ6Na8ujcDXCZ+SWqgRCt0vwaxxBknwmCGtO77XmqCHClDMSPT6iDTJEV4jIakb6lAnOggn+WfwjOrxDCRyh5h4Ez9vZEjrouIdpIjM9KLXiH+5/Uzk1wFORVpZojA84eSjEEjYVEGjKki2LCJJQgrarNCPEIKYWMrq9oS/MUvL5PORd336v5to9ZslHVUwAk4BefAB5egCW5AC7QBBo/gGbyCN+fJeXHenY/56IpT7hyBP3A+fwBchJZD</latexit><latexit sha1_base64="V5/soci0hYII+h8EJpmPQZn7of4=">AAAB/3icbVBLSwMxGMz6rPW1KnjxEiyCp7IrBT0WvHisYB/Qrks2m21D81iSrFDWHvwrXjwo4tW/4c1/Y7bdg7YOhAwz30cmE6WMauN5387K6tr6xmZlq7q9s7u37x4cdrTMFCZtLJlUvQhpwqggbUMNI71UEcQjRrrR+Lrwuw9EaSrFnZmkJOBoKGhCMTJWCt3jQSRZrCfcXlCF8n6QKspJ6Na8ujcDXCZ+SWqgRCt0vwaxxBknwmCGtO77XmqCHClDMSPT6iDTJEV4jIakb6lAnOggn+WfwjOrxDCRyh5h4Ez9vZEjrouIdpIjM9KLXiH+5/Uzk1wFORVpZojA84eSjEEjYVEGjKki2LCJJQgrarNCPEIKYWMrq9oS/MUvL5PORd336v5to9ZslHVUwAk4BefAB5egCW5AC7QBBo/gGbyCN+fJeXHenY/56IpT7hyBP3A+fwBchJZD</latexit><latexit sha1_base64="V5/soci0hYII+h8EJpmPQZn7of4=">AAAB/3icbVBLSwMxGMz6rPW1KnjxEiyCp7IrBT0WvHisYB/Qrks2m21D81iSrFDWHvwrXjwo4tW/4c1/Y7bdg7YOhAwz30cmE6WMauN5387K6tr6xmZlq7q9s7u37x4cdrTMFCZtLJlUvQhpwqggbUMNI71UEcQjRrrR+Lrwuw9EaSrFnZmkJOBoKGhCMTJWCt3jQSRZrCfcXlCF8n6QKspJ6Na8ujcDXCZ+SWqgRCt0vwaxxBknwmCGtO77XmqCHClDMSPT6iDTJEV4jIakb6lAnOggn+WfwjOrxDCRyh5h4Ez9vZEjrouIdpIjM9KLXiH+5/Uzk1wFORVpZojA84eSjEEjYVEGjKki2LCJJQgrarNCPEIKYWMrq9oS/MUvL5PORd336v5to9ZslHVUwAk4BefAB5egCW5AC7QBBo/gGbyCN+fJeXHenY/56IpT7hyBP3A+fwBchJZD</latexit>

µ(·)
<latexit sha1_base64="iDzwpPXN9GOPXyCMrdoYk3TUVec=">AAAB/3icbVBLSwMxGMzWV62vVcGLl2AR6qXsiqDHohePFewDukvJZtM2NI8lyQpl7cG/4sWDIl79G978N2bbPWjrQMgw831kMlHCqDae9+2UVlbX1jfKm5Wt7Z3dPXf/oK1lqjBpYcmk6kZIE0YFaRlqGOkmiiAeMdKJxje533kgSlMp7s0kISFHQ0EHFCNjpb57FESSxXrC7QUDntYCHEtz1nerXt2bAS4TvyBVUKDZd7+CWOKUE2EwQ1r3fC8xYYaUoZiRaSVINUkQHqMh6VkqECc6zGb5p/DUKjEcSGWPMHCm/t7IENd5RDvJkRnpRS8X//N6qRlchRkVSWqIwPOHBimDRsK8DBhTRbBhE0sQVtRmhXiEFMLGVlaxJfiLX14m7fO679X9u4tq47qoowyOwQmoAR9cgga4BU3QAhg8gmfwCt6cJ+fFeXc+5qMlp9g5BH/gfP4AmeiVzw==</latexit><latexit sha1_base64="iDzwpPXN9GOPXyCMrdoYk3TUVec=">AAAB/3icbVBLSwMxGMzWV62vVcGLl2AR6qXsiqDHohePFewDukvJZtM2NI8lyQpl7cG/4sWDIl79G978N2bbPWjrQMgw831kMlHCqDae9+2UVlbX1jfKm5Wt7Z3dPXf/oK1lqjBpYcmk6kZIE0YFaRlqGOkmiiAeMdKJxje533kgSlMp7s0kISFHQ0EHFCNjpb57FESSxXrC7QUDntYCHEtz1nerXt2bAS4TvyBVUKDZd7+CWOKUE2EwQ1r3fC8xYYaUoZiRaSVINUkQHqMh6VkqECc6zGb5p/DUKjEcSGWPMHCm/t7IENd5RDvJkRnpRS8X//N6qRlchRkVSWqIwPOHBimDRsK8DBhTRbBhE0sQVtRmhXiEFMLGVlaxJfiLX14m7fO679X9u4tq47qoowyOwQmoAR9cgga4BU3QAhg8gmfwCt6cJ+fFeXc+5qMlp9g5BH/gfP4AmeiVzw==</latexit><latexit sha1_base64="iDzwpPXN9GOPXyCMrdoYk3TUVec=">AAAB/3icbVBLSwMxGMzWV62vVcGLl2AR6qXsiqDHohePFewDukvJZtM2NI8lyQpl7cG/4sWDIl79G978N2bbPWjrQMgw831kMlHCqDae9+2UVlbX1jfKm5Wt7Z3dPXf/oK1lqjBpYcmk6kZIE0YFaRlqGOkmiiAeMdKJxje533kgSlMp7s0kISFHQ0EHFCNjpb57FESSxXrC7QUDntYCHEtz1nerXt2bAS4TvyBVUKDZd7+CWOKUE2EwQ1r3fC8xYYaUoZiRaSVINUkQHqMh6VkqECc6zGb5p/DUKjEcSGWPMHCm/t7IENd5RDvJkRnpRS8X//N6qRlchRkVSWqIwPOHBimDRsK8DBhTRbBhE0sQVtRmhXiEFMLGVlaxJfiLX14m7fO679X9u4tq47qoowyOwQmoAR9cgga4BU3QAhg8gmfwCt6cJ+fFeXc+5qMlp9g5BH/gfP4AmeiVzw==</latexit><latexit sha1_base64="iDzwpPXN9GOPXyCMrdoYk3TUVec=">AAAB/3icbVBLSwMxGMzWV62vVcGLl2AR6qXsiqDHohePFewDukvJZtM2NI8lyQpl7cG/4sWDIl79G978N2bbPWjrQMgw831kMlHCqDae9+2UVlbX1jfKm5Wt7Z3dPXf/oK1lqjBpYcmk6kZIE0YFaRlqGOkmiiAeMdKJxje533kgSlMp7s0kISFHQ0EHFCNjpb57FESSxXrC7QUDntYCHEtz1nerXt2bAS4TvyBVUKDZd7+CWOKUE2EwQ1r3fC8xYYaUoZiRaSVINUkQHqMh6VkqECc6zGb5p/DUKjEcSGWPMHCm/t7IENd5RDvJkRnpRS8X//N6qRlchRkVSWqIwPOHBimDRsK8DBhTRbBhE0sQVtRmhXiEFMLGVlaxJfiLX14m7fO679X9u4tq47qoowyOwQmoAR9cgga4BU3QAhg8gmfwCt6cJ+fFeXc+5qMlp9g5BH/gfP4AmeiVzw==</latexit>

�(·)
<latexit sha1_base64="fL/8FunsZZ0Mh0GxoixdQEGLbYU=">AAACAnicbVDLSgMxFM3UV62vUVfiJliEuikzIuiy6MZlBfuAzlAymbQNzWNIMkIZiht/xY0LRdz6Fe78GzPtLLT1QMjhnHu5954oYVQbz/t2Siura+sb5c3K1vbO7p67f9DWMlWYtLBkUnUjpAmjgrQMNYx0E0UQjxjpROOb3O88EKWpFPdmkpCQo6GgA4qRsVLfPQoiyWI94faDgaZDjmoBjqU567tVr+7NAJeJX5AqKNDsu19BLHHKiTCYIa17vpeYMEPKUMzItBKkmiQIj9GQ9CwViBMdZrMTpvDUKjEcSGWfMHCm/u7IENf5lraSIzPSi14u/uf1UjO4CjMqktQQgeeDBimDRsI8DxhTRbBhE0sQVtTuCvEIKYSNTa1iQ/AXT14m7fO679X9u4tq47qIowyOwQmoAR9cgga4BU3QAhg8gmfwCt6cJ+fFeXc+5qUlp+g5BH/gfP4A8BqXHA==</latexit><latexit sha1_base64="fL/8FunsZZ0Mh0GxoixdQEGLbYU=">AAACAnicbVDLSgMxFM3UV62vUVfiJliEuikzIuiy6MZlBfuAzlAymbQNzWNIMkIZiht/xY0LRdz6Fe78GzPtLLT1QMjhnHu5954oYVQbz/t2Siura+sb5c3K1vbO7p67f9DWMlWYtLBkUnUjpAmjgrQMNYx0E0UQjxjpROOb3O88EKWpFPdmkpCQo6GgA4qRsVLfPQoiyWI94faDgaZDjmoBjqU567tVr+7NAJeJX5AqKNDsu19BLHHKiTCYIa17vpeYMEPKUMzItBKkmiQIj9GQ9CwViBMdZrMTpvDUKjEcSGWfMHCm/u7IENf5lraSIzPSi14u/uf1UjO4CjMqktQQgeeDBimDRsI8DxhTRbBhE0sQVtTuCvEIKYSNTa1iQ/AXT14m7fO679X9u4tq47qIowyOwQmoAR9cgga4BU3QAhg8gmfwCt6cJ+fFeXc+5qUlp+g5BH/gfP4A8BqXHA==</latexit><latexit sha1_base64="fL/8FunsZZ0Mh0GxoixdQEGLbYU=">AAACAnicbVDLSgMxFM3UV62vUVfiJliEuikzIuiy6MZlBfuAzlAymbQNzWNIMkIZiht/xY0LRdz6Fe78GzPtLLT1QMjhnHu5954oYVQbz/t2Siura+sb5c3K1vbO7p67f9DWMlWYtLBkUnUjpAmjgrQMNYx0E0UQjxjpROOb3O88EKWpFPdmkpCQo6GgA4qRsVLfPQoiyWI94faDgaZDjmoBjqU567tVr+7NAJeJX5AqKNDsu19BLHHKiTCYIa17vpeYMEPKUMzItBKkmiQIj9GQ9CwViBMdZrMTpvDUKjEcSGWfMHCm/u7IENf5lraSIzPSi14u/uf1UjO4CjMqktQQgeeDBimDRsI8DxhTRbBhE0sQVtTuCvEIKYSNTa1iQ/AXT14m7fO679X9u4tq47qIowyOwQmoAR9cgga4BU3QAhg8gmfwCt6cJ+fFeXc+5qUlp+g5BH/gfP4A8BqXHA==</latexit><latexit sha1_base64="fL/8FunsZZ0Mh0GxoixdQEGLbYU=">AAACAnicbVDLSgMxFM3UV62vUVfiJliEuikzIuiy6MZlBfuAzlAymbQNzWNIMkIZiht/xY0LRdz6Fe78GzPtLLT1QMjhnHu5954oYVQbz/t2Siura+sb5c3K1vbO7p67f9DWMlWYtLBkUnUjpAmjgrQMNYx0E0UQjxjpROOb3O88EKWpFPdmkpCQo6GgA4qRsVLfPQoiyWI94faDgaZDjmoBjqU567tVr+7NAJeJX5AqKNDsu19BLHHKiTCYIa17vpeYMEPKUMzItBKkmiQIj9GQ9CwViBMdZrMTpvDUKjEcSGWfMHCm/u7IENf5lraSIzPSi14u/uf1UjO4CjMqktQQgeeDBimDRsI8DxhTRbBhE0sQVtTuCvEIKYSNTa1iQ/AXT14m7fO679X9u4tq47qIowyOwQmoAR9cgga4BU3QAhg8gmfwCt6cJ+fFeXc+5qUlp+g5BH/gfP4A8BqXHA==</latexit>

�
<latexit sha1_base64="qxhORmigq1EqYxYkjvI6OZcf+6Q=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMFUwttKJvNpl262Q27E6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvygQ36HnfTmVtfWNzq7pd29nd2z+oHx51jMo1ZQFVQuluRAwTXLIAOQrWzTQjaSTYYzS+nfmPT0wbruQDTjIWpmQoecIpQSsFfRUrHNQbXtObw10lfkkaUKI9qH/1Y0XzlEmkghjT870Mw4Jo5FSwaa2fG5YROiZD1rNUkpSZsJgfO3XPrBK7idK2JLpz9fdEQVJjJmlkO1OCI7PszcT/vF6OyXVYcJnlyCRdLEpy4aJyZ5+7MdeMophYQqjm9laXjogmFG0+NRuCv/zyKulcNH2v6d9fNlo3ZRxVOIFTOAcfrqAFd9CGAChweIZXeHOk8+K8Ox+L1opTzhzDHzifP+tejr4=</latexit><latexit sha1_base64="qxhORmigq1EqYxYkjvI6OZcf+6Q=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMFUwttKJvNpl262Q27E6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvygQ36HnfTmVtfWNzq7pd29nd2z+oHx51jMo1ZQFVQuluRAwTXLIAOQrWzTQjaSTYYzS+nfmPT0wbruQDTjIWpmQoecIpQSsFfRUrHNQbXtObw10lfkkaUKI9qH/1Y0XzlEmkghjT870Mw4Jo5FSwaa2fG5YROiZD1rNUkpSZsJgfO3XPrBK7idK2JLpz9fdEQVJjJmlkO1OCI7PszcT/vF6OyXVYcJnlyCRdLEpy4aJyZ5+7MdeMophYQqjm9laXjogmFG0+NRuCv/zyKulcNH2v6d9fNlo3ZRxVOIFTOAcfrqAFd9CGAChweIZXeHOk8+K8Ox+L1opTzhzDHzifP+tejr4=</latexit><latexit sha1_base64="qxhORmigq1EqYxYkjvI6OZcf+6Q=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMFUwttKJvNpl262Q27E6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvygQ36HnfTmVtfWNzq7pd29nd2z+oHx51jMo1ZQFVQuluRAwTXLIAOQrWzTQjaSTYYzS+nfmPT0wbruQDTjIWpmQoecIpQSsFfRUrHNQbXtObw10lfkkaUKI9qH/1Y0XzlEmkghjT870Mw4Jo5FSwaa2fG5YROiZD1rNUkpSZsJgfO3XPrBK7idK2JLpz9fdEQVJjJmlkO1OCI7PszcT/vF6OyXVYcJnlyCRdLEpy4aJyZ5+7MdeMophYQqjm9laXjogmFG0+NRuCv/zyKulcNH2v6d9fNlo3ZRxVOIFTOAcfrqAFd9CGAChweIZXeHOk8+K8Ox+L1opTzhzDHzifP+tejr4=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="aRRGyr5pMBPjse4vntzEJbEmghw=">AAAB4XicbZDNSgMxFIXv1L9aq1a3boJFcFVm3OhScOOygtMW2qFkMpk2NJMMyZ1CGfoMblwo4ku5821MfxbaeiDwcU5C7j1xLoVF3//2Kju7e/sH1cPaUf345LRxVu9YXRjGQ6alNr2YWi6F4iEKlLyXG06zWPJuPHlY5N0pN1Zo9YyznEcZHSmRCkbRWeFAJxqHjabf8pci2xCsoQlrtYeNr0GiWZFxhUxSa/uBn2NUUoOCST6vDQrLc8omdMT7DhXNuI3K5bBzcuWchKTauKOQLN3fL0qaWTvLYnczozi2m9nC/C/rF5jeRaVQeYFcsdVHaSEJarLYnCTCcIZy5oAyI9yshI2poQxdPzVXQrC58jZ0blqB3wqefKjCBVzCNQRwC/fwCG0IgYGAF3iDd095r97Hqq6Kt+7tHP7I+/wBxBqNZw==</latexit><latexit sha1_base64="aRRGyr5pMBPjse4vntzEJbEmghw=">AAAB4XicbZDNSgMxFIXv1L9aq1a3boJFcFVm3OhScOOygtMW2qFkMpk2NJMMyZ1CGfoMblwo4ku5821MfxbaeiDwcU5C7j1xLoVF3//2Kju7e/sH1cPaUf345LRxVu9YXRjGQ6alNr2YWi6F4iEKlLyXG06zWPJuPHlY5N0pN1Zo9YyznEcZHSmRCkbRWeFAJxqHjabf8pci2xCsoQlrtYeNr0GiWZFxhUxSa/uBn2NUUoOCST6vDQrLc8omdMT7DhXNuI3K5bBzcuWchKTauKOQLN3fL0qaWTvLYnczozi2m9nC/C/rF5jeRaVQeYFcsdVHaSEJarLYnCTCcIZy5oAyI9yshI2poQxdPzVXQrC58jZ0blqB3wqefKjCBVzCNQRwC/fwCG0IgYGAF3iDd095r97Hqq6Kt+7tHP7I+/wBxBqNZw==</latexit><latexit sha1_base64="UiyCXwrl7QASFxMa6eKSqxUKt5M=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSRe9Fj04rGCaQttKJvNpl262Q27E6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvygQ36HnfTmVjc2t7p7pb29s/ODyqH590jMo1ZQFVQuleRAwTXLIAOQrWyzQjaSRYN5rczf3uE9OGK/mI04yFKRlJnnBK0ErBQMUKh/WG1/QWcNeJX5IGlGgP61+DWNE8ZRKpIMb0fS/DsCAaORVsVhvkhmWETsiI9S2VJGUmLBbHztwLq8RuorQtie5C/T1RkNSYaRrZzpTg2Kx6c/E/r59jchMWXGY5MkmXi5JcuKjc+eduzDWjKKaWEKq5vdWlY6IJRZtPzYbgr768TjpXTd9r+g9eo3VbxlGFMziHS/DhGlpwD20IgAKHZ3iFN0c6L86787FsrTjlzCn8gfP5A+oejro=</latexit><latexit sha1_base64="qxhORmigq1EqYxYkjvI6OZcf+6Q=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMFUwttKJvNpl262Q27E6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvygQ36HnfTmVtfWNzq7pd29nd2z+oHx51jMo1ZQFVQuluRAwTXLIAOQrWzTQjaSTYYzS+nfmPT0wbruQDTjIWpmQoecIpQSsFfRUrHNQbXtObw10lfkkaUKI9qH/1Y0XzlEmkghjT870Mw4Jo5FSwaa2fG5YROiZD1rNUkpSZsJgfO3XPrBK7idK2JLpz9fdEQVJjJmlkO1OCI7PszcT/vF6OyXVYcJnlyCRdLEpy4aJyZ5+7MdeMophYQqjm9laXjogmFG0+NRuCv/zyKulcNH2v6d9fNlo3ZRxVOIFTOAcfrqAFd9CGAChweIZXeHOk8+K8Ox+L1opTzhzDHzifP+tejr4=</latexit><latexit sha1_base64="qxhORmigq1EqYxYkjvI6OZcf+6Q=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMFUwttKJvNpl262Q27E6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvygQ36HnfTmVtfWNzq7pd29nd2z+oHx51jMo1ZQFVQuluRAwTXLIAOQrWzTQjaSTYYzS+nfmPT0wbruQDTjIWpmQoecIpQSsFfRUrHNQbXtObw10lfkkaUKI9qH/1Y0XzlEmkghjT870Mw4Jo5FSwaa2fG5YROiZD1rNUkpSZsJgfO3XPrBK7idK2JLpz9fdEQVJjJmlkO1OCI7PszcT/vF6OyXVYcJnlyCRdLEpy4aJyZ5+7MdeMophYQqjm9laXjogmFG0+NRuCv/zyKulcNH2v6d9fNlo3ZRxVOIFTOAcfrqAFd9CGAChweIZXeHOk8+K8Ox+L1opTzhzDHzifP+tejr4=</latexit><latexit sha1_base64="qxhORmigq1EqYxYkjvI6OZcf+6Q=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMFUwttKJvNpl262Q27E6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvygQ36HnfTmVtfWNzq7pd29nd2z+oHx51jMo1ZQFVQuluRAwTXLIAOQrWzTQjaSTYYzS+nfmPT0wbruQDTjIWpmQoecIpQSsFfRUrHNQbXtObw10lfkkaUKI9qH/1Y0XzlEmkghjT870Mw4Jo5FSwaa2fG5YROiZD1rNUkpSZsJgfO3XPrBK7idK2JLpz9fdEQVJjJmlkO1OCI7PszcT/vF6OyXVYcJnlyCRdLEpy4aJyZ5+7MdeMophYQqjm9laXjogmFG0+NRuCv/zyKulcNH2v6d9fNlo3ZRxVOIFTOAcfrqAFd9CGAChweIZXeHOk8+K8Ox+L1opTzhzDHzifP+tejr4=</latexit><latexit sha1_base64="qxhORmigq1EqYxYkjvI6OZcf+6Q=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMFUwttKJvNpl262Q27E6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvygQ36HnfTmVtfWNzq7pd29nd2z+oHx51jMo1ZQFVQuluRAwTXLIAOQrWzTQjaSTYYzS+nfmPT0wbruQDTjIWpmQoecIpQSsFfRUrHNQbXtObw10lfkkaUKI9qH/1Y0XzlEmkghjT870Mw4Jo5FSwaa2fG5YROiZD1rNUkpSZsJgfO3XPrBK7idK2JLpz9fdEQVJjJmlkO1OCI7PszcT/vF6OyXVYcJnlyCRdLEpy4aJyZ5+7MdeMophYQqjm9laXjogmFG0+NRuCv/zyKulcNH2v6d9fNlo3ZRxVOIFTOAcfrqAFd9CGAChweIZXeHOk8+K8Ox+L1opTzhzDHzifP+tejr4=</latexit><latexit sha1_base64="qxhORmigq1EqYxYkjvI6OZcf+6Q=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMFUwttKJvNpl262Q27E6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvygQ36HnfTmVtfWNzq7pd29nd2z+oHx51jMo1ZQFVQuluRAwTXLIAOQrWzTQjaSTYYzS+nfmPT0wbruQDTjIWpmQoecIpQSsFfRUrHNQbXtObw10lfkkaUKI9qH/1Y0XzlEmkghjT870Mw4Jo5FSwaa2fG5YROiZD1rNUkpSZsJgfO3XPrBK7idK2JLpz9fdEQVJjJmlkO1OCI7PszcT/vF6OyXVYcJnlyCRdLEpy4aJyZ5+7MdeMophYQqjm9laXjogmFG0+NRuCv/zyKulcNH2v6d9fNlo3ZRxVOIFTOAcfrqAFd9CGAChweIZXeHOk8+K8Ox+L1opTzhzDHzifP+tejr4=</latexit><latexit sha1_base64="qxhORmigq1EqYxYkjvI6OZcf+6Q=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMFUwttKJvNpl262Q27E6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvygQ36HnfTmVtfWNzq7pd29nd2z+oHx51jMo1ZQFVQuluRAwTXLIAOQrWzTQjaSTYYzS+nfmPT0wbruQDTjIWpmQoecIpQSsFfRUrHNQbXtObw10lfkkaUKI9qH/1Y0XzlEmkghjT870Mw4Jo5FSwaa2fG5YROiZD1rNUkpSZsJgfO3XPrBK7idK2JLpz9fdEQVJjJmlkO1OCI7PszcT/vF6OyXVYcJnlyCRdLEpy4aJyZ5+7MdeMophYQqjm9laXjogmFG0+NRuCv/zyKulcNH2v6d9fNlo3ZRxVOIFTOAcfrqAFd9CGAChweIZXeHOk8+K8Ox+L1opTzhzDHzifP+tejr4=</latexit>

�(r0o)
<latexit sha1_base64="tUbaCH8Gmo7bATQVLds2KA1SD8o=">AAACFHicbVDLSgMxFM3UV62vUZdugkWoCGVGCrosuHFZwT6gMw6ZTNqGJpMhyQhl6Ee48VfcuFDErQt3/o2Zdha19UDI4Zx7ufeeMGFUacf5sUpr6xubW+Xtys7u3v6BfXjUUSKVmLSxYEL2QqQIozFpa6oZ6SWSIB4y0g3HN7nffSRSURHf60lCfI6GMR1QjLSRAvvCCwWL1ISbD3qKDjmqLUoyEA9eIikn5zCwq07dmQGuErcgVVCgFdjfXiRwykmsMUNK9V0n0X6GpKaYkWnFSxVJEB6jIekbGiNOlJ/NjprCM6NEcCCkebGGM3WxI0Nc5UuaSo70SC17ufif10/14NrPaJykmsR4PmiQMqgFzBOCEZUEazYxBGFJza4Qj5BEWJscKyYEd/nkVdK5rLtO3b1rVJuNIo4yOAGnoAZccAWa4Ba0QBtg8ARewBt4t56tV+vD+pyXlqyi5xj8gfX1C+hZnqY=</latexit><latexit sha1_base64="tUbaCH8Gmo7bATQVLds2KA1SD8o=">AAACFHicbVDLSgMxFM3UV62vUZdugkWoCGVGCrosuHFZwT6gMw6ZTNqGJpMhyQhl6Ee48VfcuFDErQt3/o2Zdha19UDI4Zx7ufeeMGFUacf5sUpr6xubW+Xtys7u3v6BfXjUUSKVmLSxYEL2QqQIozFpa6oZ6SWSIB4y0g3HN7nffSRSURHf60lCfI6GMR1QjLSRAvvCCwWL1ISbD3qKDjmqLUoyEA9eIikn5zCwq07dmQGuErcgVVCgFdjfXiRwykmsMUNK9V0n0X6GpKaYkWnFSxVJEB6jIekbGiNOlJ/NjprCM6NEcCCkebGGM3WxI0Nc5UuaSo70SC17ufif10/14NrPaJykmsR4PmiQMqgFzBOCEZUEazYxBGFJza4Qj5BEWJscKyYEd/nkVdK5rLtO3b1rVJuNIo4yOAGnoAZccAWa4Ba0QBtg8ARewBt4t56tV+vD+pyXlqyi5xj8gfX1C+hZnqY=</latexit><latexit sha1_base64="tUbaCH8Gmo7bATQVLds2KA1SD8o=">AAACFHicbVDLSgMxFM3UV62vUZdugkWoCGVGCrosuHFZwT6gMw6ZTNqGJpMhyQhl6Ee48VfcuFDErQt3/o2Zdha19UDI4Zx7ufeeMGFUacf5sUpr6xubW+Xtys7u3v6BfXjUUSKVmLSxYEL2QqQIozFpa6oZ6SWSIB4y0g3HN7nffSRSURHf60lCfI6GMR1QjLSRAvvCCwWL1ISbD3qKDjmqLUoyEA9eIikn5zCwq07dmQGuErcgVVCgFdjfXiRwykmsMUNK9V0n0X6GpKaYkWnFSxVJEB6jIekbGiNOlJ/NjprCM6NEcCCkebGGM3WxI0Nc5UuaSo70SC17ufif10/14NrPaJykmsR4PmiQMqgFzBOCEZUEazYxBGFJza4Qj5BEWJscKyYEd/nkVdK5rLtO3b1rVJuNIo4yOAGnoAZccAWa4Ba0QBtg8ARewBt4t56tV+vD+pyXlqyi5xj8gfX1C+hZnqY=</latexit><latexit sha1_base64="tUbaCH8Gmo7bATQVLds2KA1SD8o=">AAACFHicbVDLSgMxFM3UV62vUZdugkWoCGVGCrosuHFZwT6gMw6ZTNqGJpMhyQhl6Ee48VfcuFDErQt3/o2Zdha19UDI4Zx7ufeeMGFUacf5sUpr6xubW+Xtys7u3v6BfXjUUSKVmLSxYEL2QqQIozFpa6oZ6SWSIB4y0g3HN7nffSRSURHf60lCfI6GMR1QjLSRAvvCCwWL1ISbD3qKDjmqLUoyEA9eIikn5zCwq07dmQGuErcgVVCgFdjfXiRwykmsMUNK9V0n0X6GpKaYkWnFSxVJEB6jIekbGiNOlJ/NjprCM6NEcCCkebGGM3WxI0Nc5UuaSo70SC17ufif10/14NrPaJykmsR4PmiQMqgFzBOCEZUEazYxBGFJza4Qj5BEWJscKyYEd/nkVdK5rLtO3b1rVJuNIo4yOAGnoAZccAWa4Ba0QBtg8ARewBt4t56tV+vD+pyXlqyi5xj8gfX1C+hZnqY=</latexit>

+
<latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit>

Re-parameterization

l
<latexit sha1_base64="5AZNJT8+nn2o18Y4jPwzdfRvJfY=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsxIoS4LblxWsA9oh5LJZNrQTDImmUIZ+h1uXCji1o9x59+YaWehrQdCDufcS05OkHCmjet+O6Wt7Z3dvfJ+5eDw6PikenrW1TJVhHaI5FL1A6wpZ4J2DDOc9hNFcRxw2gumd7nfm1GlmRSPZp5QP8ZjwSJGsLGSPwwkD/U8thfio2rNrbtLoE3iFaQGBdqj6tcwlCSNqTCEY60HnpsYP8PKMMLpojJMNU0wmeIxHVgqcEy1ny1DL9CVVUIUSWWPMGip/t7IcKzzZHYyxmai171c/M8bpCa69TMmktRQQVYPRSlHRqK8ARQyRYnhc0swUcxmRWSCFSbG9lSxJXjrX94k3Zu659a9h0at1SjqKMMFXMI1eNCEFtxDGzpA4Ame4RXenJnz4rw7H6vRklPsnMMfOJ8/youSDQ==</latexit><latexit sha1_base64="5AZNJT8+nn2o18Y4jPwzdfRvJfY=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsxIoS4LblxWsA9oh5LJZNrQTDImmUIZ+h1uXCji1o9x59+YaWehrQdCDufcS05OkHCmjet+O6Wt7Z3dvfJ+5eDw6PikenrW1TJVhHaI5FL1A6wpZ4J2DDOc9hNFcRxw2gumd7nfm1GlmRSPZp5QP8ZjwSJGsLGSPwwkD/U8thfio2rNrbtLoE3iFaQGBdqj6tcwlCSNqTCEY60HnpsYP8PKMMLpojJMNU0wmeIxHVgqcEy1ny1DL9CVVUIUSWWPMGip/t7IcKzzZHYyxmai171c/M8bpCa69TMmktRQQVYPRSlHRqK8ARQyRYnhc0swUcxmRWSCFSbG9lSxJXjrX94k3Zu659a9h0at1SjqKMMFXMI1eNCEFtxDGzpA4Ame4RXenJnz4rw7H6vRklPsnMMfOJ8/youSDQ==</latexit><latexit sha1_base64="5AZNJT8+nn2o18Y4jPwzdfRvJfY=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsxIoS4LblxWsA9oh5LJZNrQTDImmUIZ+h1uXCji1o9x59+YaWehrQdCDufcS05OkHCmjet+O6Wt7Z3dvfJ+5eDw6PikenrW1TJVhHaI5FL1A6wpZ4J2DDOc9hNFcRxw2gumd7nfm1GlmRSPZp5QP8ZjwSJGsLGSPwwkD/U8thfio2rNrbtLoE3iFaQGBdqj6tcwlCSNqTCEY60HnpsYP8PKMMLpojJMNU0wmeIxHVgqcEy1ny1DL9CVVUIUSWWPMGip/t7IcKzzZHYyxmai171c/M8bpCa69TMmktRQQVYPRSlHRqK8ARQyRYnhc0swUcxmRWSCFSbG9lSxJXjrX94k3Zu659a9h0at1SjqKMMFXMI1eNCEFtxDGzpA4Ame4RXenJnz4rw7H6vRklPsnMMfOJ8/youSDQ==</latexit><latexit sha1_base64="5AZNJT8+nn2o18Y4jPwzdfRvJfY=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsxIoS4LblxWsA9oh5LJZNrQTDImmUIZ+h1uXCji1o9x59+YaWehrQdCDufcS05OkHCmjet+O6Wt7Z3dvfJ+5eDw6PikenrW1TJVhHaI5FL1A6wpZ4J2DDOc9hNFcRxw2gumd7nfm1GlmRSPZp5QP8ZjwSJGsLGSPwwkD/U8thfio2rNrbtLoE3iFaQGBdqj6tcwlCSNqTCEY60HnpsYP8PKMMLpojJMNU0wmeIxHVgqcEy1ny1DL9CVVUIUSWWPMGip/t7IcKzzZHYyxmai171c/M8bpCa69TMmktRQQVYPRSlHRqK8ARQyRYnhc0swUcxmRWSCFSbG9lSxJXjrX94k3Zu659a9h0at1SjqKMMFXMI1eNCEFtxDGzpA4Ame4RXenJnz4rw7H6vRklPsnMMfOJ8/youSDQ==</latexit>

MLP
g!(·)

<latexit sha1_base64="DfQWN2vNXhlMZca8kVvkLH5hnmM=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQNyWRgi4LblxWsA9oQphMJu3QmUyYmQgldOXGX3HjQhG3foM7/8ZJm4W2HhjmcM693HtPmDKqtON8W5W19Y3Nrep2bWd3b//APjzqKZFJTLpYMCEHIVKE0YR0NdWMDFJJEA8Z6YeTm8LvPxCpqEju9TQlPkejhMYUI22kwD4dBbkXChapKTcf9AQnIzRreDgS+iKw607TmQOuErckdVCiE9hfXiRwxkmiMUNKDV0n1X6OpKaYkVnNyxRJEZ6gERkamiBOlJ/Pz5jBc6NEMBbSvETDufq7I0dcFWuaSo70WC17hfifN8x0fO3nNEkzTRK8GBRnDGoBi0xgRCXBmk0NQVhSsyvEYyQR1ia5mgnBXT55lfQum67TdO9a9XarjKMKTsAZaAAXXIE2uAUd0AUYPIJn8ArerCfrxXq3PhalFavsOQZ/YH3+AETUmOw=</latexit><latexit sha1_base64="DfQWN2vNXhlMZca8kVvkLH5hnmM=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQNyWRgi4LblxWsA9oQphMJu3QmUyYmQgldOXGX3HjQhG3foM7/8ZJm4W2HhjmcM693HtPmDKqtON8W5W19Y3Nrep2bWd3b//APjzqKZFJTLpYMCEHIVKE0YR0NdWMDFJJEA8Z6YeTm8LvPxCpqEju9TQlPkejhMYUI22kwD4dBbkXChapKTcf9AQnIzRreDgS+iKw607TmQOuErckdVCiE9hfXiRwxkmiMUNKDV0n1X6OpKaYkVnNyxRJEZ6gERkamiBOlJ/Pz5jBc6NEMBbSvETDufq7I0dcFWuaSo70WC17hfifN8x0fO3nNEkzTRK8GBRnDGoBi0xgRCXBmk0NQVhSsyvEYyQR1ia5mgnBXT55lfQum67TdO9a9XarjKMKTsAZaAAXXIE2uAUd0AUYPIJn8ArerCfrxXq3PhalFavsOQZ/YH3+AETUmOw=</latexit><latexit sha1_base64="DfQWN2vNXhlMZca8kVvkLH5hnmM=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQNyWRgi4LblxWsA9oQphMJu3QmUyYmQgldOXGX3HjQhG3foM7/8ZJm4W2HhjmcM693HtPmDKqtON8W5W19Y3Nrep2bWd3b//APjzqKZFJTLpYMCEHIVKE0YR0NdWMDFJJEA8Z6YeTm8LvPxCpqEju9TQlPkejhMYUI22kwD4dBbkXChapKTcf9AQnIzRreDgS+iKw607TmQOuErckdVCiE9hfXiRwxkmiMUNKDV0n1X6OpKaYkVnNyxRJEZ6gERkamiBOlJ/Pz5jBc6NEMBbSvETDufq7I0dcFWuaSo70WC17hfifN8x0fO3nNEkzTRK8GBRnDGoBi0xgRCXBmk0NQVhSsyvEYyQR1ia5mgnBXT55lfQum67TdO9a9XarjKMKTsAZaAAXXIE2uAUd0AUYPIJn8ArerCfrxXq3PhalFavsOQZ/YH3+AETUmOw=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="dfdaWsBFM7JD1ZySnpxKMZyHqzI=">AAAB+3icbVBNS8NAEJ3Ur1qrRq8iLBahXkriRY+CF48V7Ac0IWw2m3TpJht2N0IJPXnxr3jxoIj/w5v/xk3bg7Y+WObx3gw788KcM6Ud59uqbWxube/Udxt7zf2DQ/uo2VeikIT2iOBCDkOsKGcZ7WmmOR3mkuI05HQQTm4rf/BIpWIie9DTnPopTjIWM4K1kQL7NAlKLxQ8UtPUFOSJlCZ41vZIJPRFYLecjjMHWifukrRgiW5gf3mRIEVKM004VmrkOrn2Syw1I5zOGl6haI7JBCd0ZGiGU6r8cn7GDJ0bJUKxkOZlGs3V3xMlTlW1pulMsR6rVa8S//NGhY6v/ZJleaFpRhYfxQVHWqAqExQxSYnmU0MwkczsisgYS0y0Sa5hQnBXT14n/cuO63TcewfqcAJn0AYXruAG7qALPSDwBC/wBu/Ws/VqfSziqlnL3I7hD6zPH7XPl4k=</latexit><latexit sha1_base64="dfdaWsBFM7JD1ZySnpxKMZyHqzI=">AAAB+3icbVBNS8NAEJ3Ur1qrRq8iLBahXkriRY+CF48V7Ac0IWw2m3TpJht2N0IJPXnxr3jxoIj/w5v/xk3bg7Y+WObx3gw788KcM6Ud59uqbWxube/Udxt7zf2DQ/uo2VeikIT2iOBCDkOsKGcZ7WmmOR3mkuI05HQQTm4rf/BIpWIie9DTnPopTjIWM4K1kQL7NAlKLxQ8UtPUFOSJlCZ41vZIJPRFYLecjjMHWifukrRgiW5gf3mRIEVKM004VmrkOrn2Syw1I5zOGl6haI7JBCd0ZGiGU6r8cn7GDJ0bJUKxkOZlGs3V3xMlTlW1pulMsR6rVa8S//NGhY6v/ZJleaFpRhYfxQVHWqAqExQxSYnmU0MwkczsisgYS0y0Sa5hQnBXT14n/cuO63TcewfqcAJn0AYXruAG7qALPSDwBC/wBu/Ws/VqfSziqlnL3I7hD6zPH7XPl4k=</latexit><latexit sha1_base64="GFht6OBd8zkqpOuXTo12u9t9iV8=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHqpiQi6LLgxmUF+4AmhMlkkg6dzISZiVBCV278FTcuFHHrN7jzb5y0WWjrgWEO59zLvfeEGaNKO863tbK6tr6xWduqb+/s7u3bB4c9JXKJSRcLJuQgRIowyklXU83IIJMEpSEj/XB8U/r9ByIVFfxeTzLipyjhNKYYaSMF9kkSFF4oWKQmqfmgJ1KSoGnTw5HQ54HdcFrODHCZuBVpgAqdwP7yIoHzlHCNGVJq6DqZ9gskNcWMTOterkiG8BglZGgoRylRfjE7YwrPjBLBWEjzuIYz9XdHgVJVrmkqU6RHatErxf+8Ya7ja7+gPMs14Xg+KM4Z1AKWmcCISoI1mxiCsKRmV4hHSCKsTXJ1E4K7ePIy6V20XKfl3jmN9mUVRw0cg1PQBC64Am1wCzqgCzB4BM/gFbxZT9aL9W59zEtXrKrnCPyB9fkDQ5SY6A==</latexit><latexit sha1_base64="DfQWN2vNXhlMZca8kVvkLH5hnmM=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQNyWRgi4LblxWsA9oQphMJu3QmUyYmQgldOXGX3HjQhG3foM7/8ZJm4W2HhjmcM693HtPmDKqtON8W5W19Y3Nrep2bWd3b//APjzqKZFJTLpYMCEHIVKE0YR0NdWMDFJJEA8Z6YeTm8LvPxCpqEju9TQlPkejhMYUI22kwD4dBbkXChapKTcf9AQnIzRreDgS+iKw607TmQOuErckdVCiE9hfXiRwxkmiMUNKDV0n1X6OpKaYkVnNyxRJEZ6gERkamiBOlJ/Pz5jBc6NEMBbSvETDufq7I0dcFWuaSo70WC17hfifN8x0fO3nNEkzTRK8GBRnDGoBi0xgRCXBmk0NQVhSsyvEYyQR1ia5mgnBXT55lfQum67TdO9a9XarjKMKTsAZaAAXXIE2uAUd0AUYPIJn8ArerCfrxXq3PhalFavsOQZ/YH3+AETUmOw=</latexit><latexit sha1_base64="DfQWN2vNXhlMZca8kVvkLH5hnmM=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQNyWRgi4LblxWsA9oQphMJu3QmUyYmQgldOXGX3HjQhG3foM7/8ZJm4W2HhjmcM693HtPmDKqtON8W5W19Y3Nrep2bWd3b//APjzqKZFJTLpYMCEHIVKE0YR0NdWMDFJJEA8Z6YeTm8LvPxCpqEju9TQlPkejhMYUI22kwD4dBbkXChapKTcf9AQnIzRreDgS+iKw607TmQOuErckdVCiE9hfXiRwxkmiMUNKDV0n1X6OpKaYkVnNyxRJEZ6gERkamiBOlJ/Pz5jBc6NEMBbSvETDufq7I0dcFWuaSo70WC17hfifN8x0fO3nNEkzTRK8GBRnDGoBi0xgRCXBmk0NQVhSsyvEYyQR1ia5mgnBXT55lfQum67TdO9a9XarjKMKTsAZaAAXXIE2uAUd0AUYPIJn8ArerCfrxXq3PhalFavsOQZ/YH3+AETUmOw=</latexit><latexit sha1_base64="DfQWN2vNXhlMZca8kVvkLH5hnmM=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQNyWRgi4LblxWsA9oQphMJu3QmUyYmQgldOXGX3HjQhG3foM7/8ZJm4W2HhjmcM693HtPmDKqtON8W5W19Y3Nrep2bWd3b//APjzqKZFJTLpYMCEHIVKE0YR0NdWMDFJJEA8Z6YeTm8LvPxCpqEju9TQlPkejhMYUI22kwD4dBbkXChapKTcf9AQnIzRreDgS+iKw607TmQOuErckdVCiE9hfXiRwxkmiMUNKDV0n1X6OpKaYkVnNyxRJEZ6gERkamiBOlJ/Pz5jBc6NEMBbSvETDufq7I0dcFWuaSo70WC17hfifN8x0fO3nNEkzTRK8GBRnDGoBi0xgRCXBmk0NQVhSsyvEYyQR1ia5mgnBXT55lfQum67TdO9a9XarjKMKTsAZaAAXXIE2uAUd0AUYPIJn8ArerCfrxXq3PhalFavsOQZ/YH3+AETUmOw=</latexit><latexit sha1_base64="DfQWN2vNXhlMZca8kVvkLH5hnmM=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQNyWRgi4LblxWsA9oQphMJu3QmUyYmQgldOXGX3HjQhG3foM7/8ZJm4W2HhjmcM693HtPmDKqtON8W5W19Y3Nrep2bWd3b//APjzqKZFJTLpYMCEHIVKE0YR0NdWMDFJJEA8Z6YeTm8LvPxCpqEju9TQlPkejhMYUI22kwD4dBbkXChapKTcf9AQnIzRreDgS+iKw607TmQOuErckdVCiE9hfXiRwxkmiMUNKDV0n1X6OpKaYkVnNyxRJEZ6gERkamiBOlJ/Pz5jBc6NEMBbSvETDufq7I0dcFWuaSo70WC17hfifN8x0fO3nNEkzTRK8GBRnDGoBi0xgRCXBmk0NQVhSsyvEYyQR1ia5mgnBXT55lfQum67TdO9a9XarjKMKTsAZaAAXXIE2uAUd0AUYPIJn8ArerCfrxXq3PhalFavsOQZ/YH3+AETUmOw=</latexit><latexit sha1_base64="DfQWN2vNXhlMZca8kVvkLH5hnmM=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQNyWRgi4LblxWsA9oQphMJu3QmUyYmQgldOXGX3HjQhG3foM7/8ZJm4W2HhjmcM693HtPmDKqtON8W5W19Y3Nrep2bWd3b//APjzqKZFJTLpYMCEHIVKE0YR0NdWMDFJJEA8Z6YeTm8LvPxCpqEju9TQlPkejhMYUI22kwD4dBbkXChapKTcf9AQnIzRreDgS+iKw607TmQOuErckdVCiE9hfXiRwxkmiMUNKDV0n1X6OpKaYkVnNyxRJEZ6gERkamiBOlJ/Pz5jBc6NEMBbSvETDufq7I0dcFWuaSo70WC17hfifN8x0fO3nNEkzTRK8GBRnDGoBi0xgRCXBmk0NQVhSsyvEYyQR1ia5mgnBXT55lfQum67TdO9a9XarjKMKTsAZaAAXXIE2uAUd0AUYPIJn8ArerCfrxXq3PhalFavsOQZ/YH3+AETUmOw=</latexit><latexit sha1_base64="DfQWN2vNXhlMZca8kVvkLH5hnmM=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQNyWRgi4LblxWsA9oQphMJu3QmUyYmQgldOXGX3HjQhG3foM7/8ZJm4W2HhjmcM693HtPmDKqtON8W5W19Y3Nrep2bWd3b//APjzqKZFJTLpYMCEHIVKE0YR0NdWMDFJJEA8Z6YeTm8LvPxCpqEju9TQlPkejhMYUI22kwD4dBbkXChapKTcf9AQnIzRreDgS+iKw607TmQOuErckdVCiE9hfXiRwxkmiMUNKDV0n1X6OpKaYkVnNyxRJEZ6gERkamiBOlJ/Pz5jBc6NEMBbSvETDufq7I0dcFWuaSo70WC17hfifN8x0fO3nNEkzTRK8GBRnDGoBi0xgRCXBmk0NQVhSsyvEYyQR1ia5mgnBXT55lfQum67TdO9a9XarjKMKTsAZaAAXXIE2uAUd0AUYPIJn8ArerCfrxXq3PhalFavsOQZ/YH3+AETUmOw=</latexit>

Concatro
<latexit sha1_base64="57KW3lyHGrLQ2U9JEzoIt7UyapE=">AAAB+HicbVDLSgMxFL1TX7U+OurSTbAIrsqMCLosuHFZwT6gHYZMJtOGZpIhyQi19EvcuFDErZ/izr8x085CWw+EHM65l5ycKONMG8/7diobm1vbO9Xd2t7+wWHdPTruapkrQjtEcqn6EdaUM0E7hhlO+5miOI047UWT28LvPVKlmRQPZprRIMUjwRJGsLFS6NaHkeSxnqb2QiqUodvwmt4CaJ34JWlAiXbofg1jSfKUCkM41nrge5kJZlgZRjid14a5phkmEzyiA0sFTqkOZovgc3RulRglUtkjDFqovzdmONVFNjuZYjPWq14h/ucNcpPcBDMmstxQQZYPJTlHRqKiBRQzRYnhU0swUcxmRWSMFSbGdlWzJfirX14n3cum7zX9+6tG66qsowqncAYX4MM1tOAO2tABAjk8wyu8OU/Oi/PufCxHK065cwJ/4Hz+ANhRkyY=</latexit><latexit sha1_base64="57KW3lyHGrLQ2U9JEzoIt7UyapE=">AAAB+HicbVDLSgMxFL1TX7U+OurSTbAIrsqMCLosuHFZwT6gHYZMJtOGZpIhyQi19EvcuFDErZ/izr8x085CWw+EHM65l5ycKONMG8/7diobm1vbO9Xd2t7+wWHdPTruapkrQjtEcqn6EdaUM0E7hhlO+5miOI047UWT28LvPVKlmRQPZprRIMUjwRJGsLFS6NaHkeSxnqb2QiqUodvwmt4CaJ34JWlAiXbofg1jSfKUCkM41nrge5kJZlgZRjid14a5phkmEzyiA0sFTqkOZovgc3RulRglUtkjDFqovzdmONVFNjuZYjPWq14h/ucNcpPcBDMmstxQQZYPJTlHRqKiBRQzRYnhU0swUcxmRWSMFSbGdlWzJfirX14n3cum7zX9+6tG66qsowqncAYX4MM1tOAO2tABAjk8wyu8OU/Oi/PufCxHK065cwJ/4Hz+ANhRkyY=</latexit><latexit sha1_base64="57KW3lyHGrLQ2U9JEzoIt7UyapE=">AAAB+HicbVDLSgMxFL1TX7U+OurSTbAIrsqMCLosuHFZwT6gHYZMJtOGZpIhyQi19EvcuFDErZ/izr8x085CWw+EHM65l5ycKONMG8/7diobm1vbO9Xd2t7+wWHdPTruapkrQjtEcqn6EdaUM0E7hhlO+5miOI047UWT28LvPVKlmRQPZprRIMUjwRJGsLFS6NaHkeSxnqb2QiqUodvwmt4CaJ34JWlAiXbofg1jSfKUCkM41nrge5kJZlgZRjid14a5phkmEzyiA0sFTqkOZovgc3RulRglUtkjDFqovzdmONVFNjuZYjPWq14h/ucNcpPcBDMmstxQQZYPJTlHRqKiBRQzRYnhU0swUcxmRWSMFSbGdlWzJfirX14n3cum7zX9+6tG66qsowqncAYX4MM1tOAO2tABAjk8wyu8OU/Oi/PufCxHK065cwJ/4Hz+ANhRkyY=</latexit><latexit sha1_base64="57KW3lyHGrLQ2U9JEzoIt7UyapE=">AAAB+HicbVDLSgMxFL1TX7U+OurSTbAIrsqMCLosuHFZwT6gHYZMJtOGZpIhyQi19EvcuFDErZ/izr8x085CWw+EHM65l5ycKONMG8/7diobm1vbO9Xd2t7+wWHdPTruapkrQjtEcqn6EdaUM0E7hhlO+5miOI047UWT28LvPVKlmRQPZprRIMUjwRJGsLFS6NaHkeSxnqb2QiqUodvwmt4CaJ34JWlAiXbofg1jSfKUCkM41nrge5kJZlgZRjid14a5phkmEzyiA0sFTqkOZovgc3RulRglUtkjDFqovzdmONVFNjuZYjPWq14h/ucNcpPcBDMmstxQQZYPJTlHRqKiBRQzRYnhU0swUcxmRWSMFSbGdlWzJfirX14n3cum7zX9+6tG66qsowqncAYX4MM1tOAO2tABAjk8wyu8OU/Oi/PufCxHK065cwJ/4Hz+ANhRkyY=</latexit>

l
<latexit sha1_base64="5AZNJT8+nn2o18Y4jPwzdfRvJfY=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsxIoS4LblxWsA9oh5LJZNrQTDImmUIZ+h1uXCji1o9x59+YaWehrQdCDufcS05OkHCmjet+O6Wt7Z3dvfJ+5eDw6PikenrW1TJVhHaI5FL1A6wpZ4J2DDOc9hNFcRxw2gumd7nfm1GlmRSPZp5QP8ZjwSJGsLGSPwwkD/U8thfio2rNrbtLoE3iFaQGBdqj6tcwlCSNqTCEY60HnpsYP8PKMMLpojJMNU0wmeIxHVgqcEy1ny1DL9CVVUIUSWWPMGip/t7IcKzzZHYyxmai171c/M8bpCa69TMmktRQQVYPRSlHRqK8ARQyRYnhc0swUcxmRWSCFSbG9lSxJXjrX94k3Zu659a9h0at1SjqKMMFXMI1eNCEFtxDGzpA4Ame4RXenJnz4rw7H6vRklPsnMMfOJ8/youSDQ==</latexit><latexit sha1_base64="5AZNJT8+nn2o18Y4jPwzdfRvJfY=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsxIoS4LblxWsA9oh5LJZNrQTDImmUIZ+h1uXCji1o9x59+YaWehrQdCDufcS05OkHCmjet+O6Wt7Z3dvfJ+5eDw6PikenrW1TJVhHaI5FL1A6wpZ4J2DDOc9hNFcRxw2gumd7nfm1GlmRSPZp5QP8ZjwSJGsLGSPwwkD/U8thfio2rNrbtLoE3iFaQGBdqj6tcwlCSNqTCEY60HnpsYP8PKMMLpojJMNU0wmeIxHVgqcEy1ny1DL9CVVUIUSWWPMGip/t7IcKzzZHYyxmai171c/M8bpCa69TMmktRQQVYPRSlHRqK8ARQyRYnhc0swUcxmRWSCFSbG9lSxJXjrX94k3Zu659a9h0at1SjqKMMFXMI1eNCEFtxDGzpA4Ame4RXenJnz4rw7H6vRklPsnMMfOJ8/youSDQ==</latexit><latexit sha1_base64="5AZNJT8+nn2o18Y4jPwzdfRvJfY=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsxIoS4LblxWsA9oh5LJZNrQTDImmUIZ+h1uXCji1o9x59+YaWehrQdCDufcS05OkHCmjet+O6Wt7Z3dvfJ+5eDw6PikenrW1TJVhHaI5FL1A6wpZ4J2DDOc9hNFcRxw2gumd7nfm1GlmRSPZp5QP8ZjwSJGsLGSPwwkD/U8thfio2rNrbtLoE3iFaQGBdqj6tcwlCSNqTCEY60HnpsYP8PKMMLpojJMNU0wmeIxHVgqcEy1ny1DL9CVVUIUSWWPMGip/t7IcKzzZHYyxmai171c/M8bpCa69TMmktRQQVYPRSlHRqK8ARQyRYnhc0swUcxmRWSCFSbG9lSxJXjrX94k3Zu659a9h0at1SjqKMMFXMI1eNCEFtxDGzpA4Ame4RXenJnz4rw7H6vRklPsnMMfOJ8/youSDQ==</latexit><latexit sha1_base64="5AZNJT8+nn2o18Y4jPwzdfRvJfY=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsxIoS4LblxWsA9oh5LJZNrQTDImmUIZ+h1uXCji1o9x59+YaWehrQdCDufcS05OkHCmjet+O6Wt7Z3dvfJ+5eDw6PikenrW1TJVhHaI5FL1A6wpZ4J2DDOc9hNFcRxw2gumd7nfm1GlmRSPZp5QP8ZjwSJGsLGSPwwkD/U8thfio2rNrbtLoE3iFaQGBdqj6tcwlCSNqTCEY60HnpsYP8PKMMLpojJMNU0wmeIxHVgqcEy1ny1DL9CVVUIUSWWPMGip/t7IcKzzZHYyxmai171c/M8bpCa69TMmktRQQVYPRSlHRqK8ARQyRYnhc0swUcxmRWSCFSbG9lSxJXjrX94k3Zu659a9h0at1SjqKMMFXMI1eNCEFtxDGzpA4Ame4RXenJnz4rw7H6vRklPsnMMfOJ8/youSDQ==</latexit>

rT
<latexit sha1_base64="Fxhz6Qf8NmV2u9HdNGEZfbCYPqA=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmkoMuCG5cV+hCaECaTSTt0MhNmJkIJ2bjxV9y4UMSt/+DOv3HSZqGtF4Y5nHMv99wTpowq7TjfVm1tfWNzq77d2Nnd2z+wD48GSmQSkz4WTMj7ECnCKCd9TTUj96kkKAkZGYbTm1IfPhCpqOA9PUuJn6AxpzHFSBsqsE9zLxQsUrPEfFAWQe4lSE8wYrBXBHbTaTnzgqvArUATVNUN7C8vEjhLCNeYIaVGrpNqP0dSU8xI0fAyRVKEp2hMRgZylBDl5/MrCnhumAjGQprHNZyzvydylKjSp+ksLaplrST/00aZjq/9nPI004TjxaI4Y1ALWEYCIyoJ1mxmAMKSGq8QT5BEWJvgGiYEd/nkVTC4bLlOy71rNzvtKo46OAFn4AK44Ap0wC3ogj7A4BE8g1fwZj1ZL9a79bForVnVzDH4U9bnDwEZmNM=</latexit><latexit sha1_base64="Fxhz6Qf8NmV2u9HdNGEZfbCYPqA=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmkoMuCG5cV+hCaECaTSTt0MhNmJkIJ2bjxV9y4UMSt/+DOv3HSZqGtF4Y5nHMv99wTpowq7TjfVm1tfWNzq77d2Nnd2z+wD48GSmQSkz4WTMj7ECnCKCd9TTUj96kkKAkZGYbTm1IfPhCpqOA9PUuJn6AxpzHFSBsqsE9zLxQsUrPEfFAWQe4lSE8wYrBXBHbTaTnzgqvArUATVNUN7C8vEjhLCNeYIaVGrpNqP0dSU8xI0fAyRVKEp2hMRgZylBDl5/MrCnhumAjGQprHNZyzvydylKjSp+ksLaplrST/00aZjq/9nPI004TjxaI4Y1ALWEYCIyoJ1mxmAMKSGq8QT5BEWJvgGiYEd/nkVTC4bLlOy71rNzvtKo46OAFn4AK44Ap0wC3ogj7A4BE8g1fwZj1ZL9a79bForVnVzDH4U9bnDwEZmNM=</latexit><latexit sha1_base64="Fxhz6Qf8NmV2u9HdNGEZfbCYPqA=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmkoMuCG5cV+hCaECaTSTt0MhNmJkIJ2bjxV9y4UMSt/+DOv3HSZqGtF4Y5nHMv99wTpowq7TjfVm1tfWNzq77d2Nnd2z+wD48GSmQSkz4WTMj7ECnCKCd9TTUj96kkKAkZGYbTm1IfPhCpqOA9PUuJn6AxpzHFSBsqsE9zLxQsUrPEfFAWQe4lSE8wYrBXBHbTaTnzgqvArUATVNUN7C8vEjhLCNeYIaVGrpNqP0dSU8xI0fAyRVKEp2hMRgZylBDl5/MrCnhumAjGQprHNZyzvydylKjSp+ksLaplrST/00aZjq/9nPI004TjxaI4Y1ALWEYCIyoJ1mxmAMKSGq8QT5BEWJvgGiYEd/nkVTC4bLlOy71rNzvtKo46OAFn4AK44Ap0wC3ogj7A4BE8g1fwZj1ZL9a79bForVnVzDH4U9bnDwEZmNM=</latexit><latexit sha1_base64="Fxhz6Qf8NmV2u9HdNGEZfbCYPqA=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmkoMuCG5cV+hCaECaTSTt0MhNmJkIJ2bjxV9y4UMSt/+DOv3HSZqGtF4Y5nHMv99wTpowq7TjfVm1tfWNzq77d2Nnd2z+wD48GSmQSkz4WTMj7ECnCKCd9TTUj96kkKAkZGYbTm1IfPhCpqOA9PUuJn6AxpzHFSBsqsE9zLxQsUrPEfFAWQe4lSE8wYrBXBHbTaTnzgqvArUATVNUN7C8vEjhLCNeYIaVGrpNqP0dSU8xI0fAyRVKEp2hMRgZylBDl5/MrCnhumAjGQprHNZyzvydylKjSp+ksLaplrST/00aZjq/9nPI004TjxaI4Y1ALWEYCIyoJ1mxmAMKSGq8QT5BEWJvgGiYEd/nkVTC4bLlOy71rNzvtKo46OAFn4AK44Ap0wC3ogj7A4BE8g1fwZj1ZL9a79bForVnVzDH4U9bnDwEZmNM=</latexit>

Queried Adder Design 
Passing Encoder 
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QoR Metric 

Value

Uncertainty

h�(·)
<latexit sha1_base64="SZygrydyhO7F5OU3KlYtW3oUVgk=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQNyWRgi4LblxWsA9oQphMJu3QmUyYmQgldOXGX3HjQhG3foM7/8ZJm4W2HhjmcM693HtPmDKqtON8W5W19Y3Nrep2bWd3b//APjzqKZFJTLpYMCEHIVKE0YR0NdWMDFJJEA8Z6YeTm8LvPxCpqEju9TQlPkejhMYUI22kwD4dB7kXChapKTcf9EaIczRreDgS+iKw607TmQOuErckdVCiE9hfXiRwxkmiMUNKDV0n1X6OpKaYkVnNyxRJEZ6gERkamiBOlJ/Pz5jBc6NEMBbSvETDufq7I0dcFWuaSo70WC17hfifN8x0fO3nNEkzTRK8GBRnDGoBi0xgRCXBmk0NQVhSsyvEYyQR1ia5mgnBXT55lfQum67TdO9a9XarjKMKTsAZaAAXXIE2uAUd0AUYPIJn8ArerCfrxXq3PhalFavsOQZ/YH3+ADz+mOc=</latexit><latexit sha1_base64="SZygrydyhO7F5OU3KlYtW3oUVgk=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQNyWRgi4LblxWsA9oQphMJu3QmUyYmQgldOXGX3HjQhG3foM7/8ZJm4W2HhjmcM693HtPmDKqtON8W5W19Y3Nrep2bWd3b//APjzqKZFJTLpYMCEHIVKE0YR0NdWMDFJJEA8Z6YeTm8LvPxCpqEju9TQlPkejhMYUI22kwD4dB7kXChapKTcf9EaIczRreDgS+iKw607TmQOuErckdVCiE9hfXiRwxkmiMUNKDV0n1X6OpKaYkVnNyxRJEZ6gERkamiBOlJ/Pz5jBc6NEMBbSvETDufq7I0dcFWuaSo70WC17hfifN8x0fO3nNEkzTRK8GBRnDGoBi0xgRCXBmk0NQVhSsyvEYyQR1ia5mgnBXT55lfQum67TdO9a9XarjKMKTsAZaAAXXIE2uAUd0AUYPIJn8ArerCfrxXq3PhalFavsOQZ/YH3+ADz+mOc=</latexit><latexit sha1_base64="SZygrydyhO7F5OU3KlYtW3oUVgk=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQNyWRgi4LblxWsA9oQphMJu3QmUyYmQgldOXGX3HjQhG3foM7/8ZJm4W2HhjmcM693HtPmDKqtON8W5W19Y3Nrep2bWd3b//APjzqKZFJTLpYMCEHIVKE0YR0NdWMDFJJEA8Z6YeTm8LvPxCpqEju9TQlPkejhMYUI22kwD4dB7kXChapKTcf9EaIczRreDgS+iKw607TmQOuErckdVCiE9hfXiRwxkmiMUNKDV0n1X6OpKaYkVnNyxRJEZ6gERkamiBOlJ/Pz5jBc6NEMBbSvETDufq7I0dcFWuaSo70WC17hfifN8x0fO3nNEkzTRK8GBRnDGoBi0xgRCXBmk0NQVhSsyvEYyQR1ia5mgnBXT55lfQum67TdO9a9XarjKMKTsAZaAAXXIE2uAUd0AUYPIJn8ArerCfrxXq3PhalFavsOQZ/YH3+ADz+mOc=</latexit><latexit sha1_base64="SZygrydyhO7F5OU3KlYtW3oUVgk=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQNyWRgi4LblxWsA9oQphMJu3QmUyYmQgldOXGX3HjQhG3foM7/8ZJm4W2HhjmcM693HtPmDKqtON8W5W19Y3Nrep2bWd3b//APjzqKZFJTLpYMCEHIVKE0YR0NdWMDFJJEA8Z6YeTm8LvPxCpqEju9TQlPkejhMYUI22kwD4dB7kXChapKTcf9EaIczRreDgS+iKw607TmQOuErckdVCiE9hfXiRwxkmiMUNKDV0n1X6OpKaYkVnNyxRJEZ6gERkamiBOlJ/Pz5jBc6NEMBbSvETDufq7I0dcFWuaSo70WC17hfifN8x0fO3nNEkzTRK8GBRnDGoBi0xgRCXBmk0NQVhSsyvEYyQR1ia5mgnBXT55lfQum67TdO9a9XarjKMKTsAZaAAXXIE2uAUd0AUYPIJn8ArerCfrxXq3PhalFavsOQZ/YH3+ADz+mOc=</latexit>

xT
<latexit sha1_base64="XHgFbCQCQMPKQptLwhq8a5/nWwQ=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqJqUpQJRgrsTAWqS+piSLHcVqrjh3ZDqKKurDwKywMIMTKP7DxNzhtBmi5kuWjc+7VPfeEKaNKO863VVlb39jcqm7Xdnb39g/sw6OeEpnEpIsFE3IQIkUY5aSrqWZkkEqCkpCRfji5KfT+PZGKCt7R05T4CRpxGlOMtKEC+zT3QsEiNU3MBx9mQe4lSI8xYrAzC+y603DmBVeBW4I6KKsd2F9eJHCWEK4xQ0oNXSfVfo6kppiRWc3LFEkRnqARGRrIUUKUn8+vmMFzw0QwFtI8ruGc/T2Ro0QVPk1nYVEtawX5nzbMdHzt55SnmSYcLxbFGYNawCISGFFJsGZTAxCW1HiFeIwkwtoEVzMhuMsnr4LeZcN1Gu5ds95qlnFUwQk4AxfABVegBW5BG3QBBo/gGbyCN+vJerHerY9Fa8UqZ47Bn7I+fwAKhZjZ</latexit><latexit sha1_base64="XHgFbCQCQMPKQptLwhq8a5/nWwQ=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqJqUpQJRgrsTAWqS+piSLHcVqrjh3ZDqKKurDwKywMIMTKP7DxNzhtBmi5kuWjc+7VPfeEKaNKO863VVlb39jcqm7Xdnb39g/sw6OeEpnEpIsFE3IQIkUY5aSrqWZkkEqCkpCRfji5KfT+PZGKCt7R05T4CRpxGlOMtKEC+zT3QsEiNU3MBx9mQe4lSI8xYrAzC+y603DmBVeBW4I6KKsd2F9eJHCWEK4xQ0oNXSfVfo6kppiRWc3LFEkRnqARGRrIUUKUn8+vmMFzw0QwFtI8ruGc/T2Ro0QVPk1nYVEtawX5nzbMdHzt55SnmSYcLxbFGYNawCISGFFJsGZTAxCW1HiFeIwkwtoEVzMhuMsnr4LeZcN1Gu5ds95qlnFUwQk4AxfABVegBW5BG3QBBo/gGbyCN+vJerHerY9Fa8UqZ47Bn7I+fwAKhZjZ</latexit><latexit sha1_base64="XHgFbCQCQMPKQptLwhq8a5/nWwQ=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqJqUpQJRgrsTAWqS+piSLHcVqrjh3ZDqKKurDwKywMIMTKP7DxNzhtBmi5kuWjc+7VPfeEKaNKO863VVlb39jcqm7Xdnb39g/sw6OeEpnEpIsFE3IQIkUY5aSrqWZkkEqCkpCRfji5KfT+PZGKCt7R05T4CRpxGlOMtKEC+zT3QsEiNU3MBx9mQe4lSI8xYrAzC+y603DmBVeBW4I6KKsd2F9eJHCWEK4xQ0oNXSfVfo6kppiRWc3LFEkRnqARGRrIUUKUn8+vmMFzw0QwFtI8ruGc/T2Ro0QVPk1nYVEtawX5nzbMdHzt55SnmSYcLxbFGYNawCISGFFJsGZTAxCW1HiFeIwkwtoEVzMhuMsnr4LeZcN1Gu5ds95qlnFUwQk4AxfABVegBW5BG3QBBo/gGbyCN+vJerHerY9Fa8UqZ47Bn7I+fwAKhZjZ</latexit><latexit sha1_base64="XHgFbCQCQMPKQptLwhq8a5/nWwQ=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqJqUpQJRgrsTAWqS+piSLHcVqrjh3ZDqKKurDwKywMIMTKP7DxNzhtBmi5kuWjc+7VPfeEKaNKO863VVlb39jcqm7Xdnb39g/sw6OeEpnEpIsFE3IQIkUY5aSrqWZkkEqCkpCRfji5KfT+PZGKCt7R05T4CRpxGlOMtKEC+zT3QsEiNU3MBx9mQe4lSI8xYrAzC+y603DmBVeBW4I6KKsd2F9eJHCWEK4xQ0oNXSfVfo6kppiRWc3LFEkRnqARGRrIUUKUn8+vmMFzw0QwFtI8ruGc/T2Ro0QVPk1nYVEtawX5nzbMdHzt55SnmSYcLxbFGYNawCISGFFJsGZTAxCW1HiFeIwkwtoEVzMhuMsnr4LeZcN1Gu5ds95qlnFUwQk4AxfABVegBW5BG3QBBo/gGbyCN+vJerHerY9Fa8UqZ47Bn7I+fwAKhZjZ</latexit>
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Figure 5.5 The detailed regime of the neural process.

is small, the neural process outperforms the GP in terms of mean
squared error metric in the image completion task. The conclusion
is essential to our task since the adder DSE process works in a cir-
cumstance where the tool evaluation is expensive. Therefore, we
adopt the neural process in lieu of the Gaussian process.

The Structure

In Stream II, we harness the NP as a good replacement to the tra-
ditional Gaussian process, which takes the latent representations of
adders as input x and the associated QoR metric values as input y

during training. NP is implemented in an encoder-decoder frame-
work, which is given in Fig. 5.4. More specifically, the architecture
includes two multi-layer perceptrons (MLPs) based encoders and
a MLP based decoder. One encoder hγ(·) maps the adder repre-
sentations from the original space into the representation space to
produce a representation ri = hγ (xi,yi) ,∀ (xi,yi) ∈ O for each of
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the pairs, where O represents a dataset consisting of observations in
pairs {xO,yO} and hγ(·) stands for the encoder parametrized by γ.
Then, by taking the mean of these representations, ro is generated.
Another encoder hψ(·) is built for parameterizing the distribution of
a latent variable l. Conditioned on observations, NPs define condi-
tional distributions of the latent variable and thus model a dataset T
which is made up of a collection of target pairs defined as {xT,yT}.
By virtue of the idea, the conditional decoder gω(·) treats the sam-
pled global latent variable l and the input representation as well as
target data xT (new queried data) as input and outputs the corre-
sponding predictions with their uncertainties. The details of the
neural process are visualized in Fig. 5.5. To describe an NP, a
Gaussian likelihood is given in Equation (5.19):

p(yT|l,xT,xO,yO) = p (l)

|T|∏
j=1

N
(
y|gω(l, rO), τ−1I

)
, (5.19)

where the prior p (l) is assumed as a multivariate standard nor-
mal distribution function. Following the same variational idea in
VGAEs [79], to perform approximate inference in the NP, a varia-
tional posterior is defined in Equation (5.20).

q (l|xO,yO) = N (l|µ (hψ (xO,yO)) ,σ (hψ (xO,yO))) , (5.20)

where µ(·) (i.e. mean or location) and σ(·) (i.e. the diagonal of
the covariance matrix) take aggregated and encoded input-output
pairs as inputs and parameterize a normal distribution from which
l is sampled [48]. The dense layer is often applied to mimic µ(·)
and σ(·). Intuitively, the latent variable l is designed to cap-
ture all information about the data-generating process needed to
make predictions on the target inputs. Besides, introducing such
a latent variable gives the most expressive model. Similarly, the
re-parameterization trick is performed for latent variable l due to
exploiting the variational idea.
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Loss function

By using the variational distribution in Equation (5.20), an evidence
lower bound on the log marginal likelihood is given as follows. Con-
sidering the observations and targets, Equation (5.21) reflects the
desired model behavior of an NP.

log p (yT|xT,xO,yO) ≥ Eq(l|xT ,yT) [log p (yT|l,xT)]−

KL (q (l|xT,yT) ∥p (l|xO,yO)) .
(5.21)

In Equation (5.21), the intractable conditional prior p (l|xO,yO) re-
places the prior p(l) = N(l;0, I). Through approximating the in-
tractable conditional prior, Equation (5.21) can be reformulated as:

log p (yT|xT,xO,yO) ≥ Eq(l|xT ,yT) [log p (yT|l,xT)]−

KL (q (l|xT,yT) ∥q (l|xO,yO)) .
(5.22)

Meanwhile, we acquire the loss function Lnp (the opposite of the
RHS of Equation (5.22)):

min
ψ,γ,ω

KL (q (l|xT,yT) ∥q (l|xO,yO))−

Eq(l|xT ,yT) [log p (yT|l,xT)] .
(5.23)

According to Equation (5.23), the NP learns to reconstruct targets,
regularized by a KL term that encourages the summary of the ob-
servations to be not too far from the summary of the targets.

5.3.5 The Graph Neural Process

The loss function for the whole framework is the simple addition of
losses of two branches (i.e. Lautoencoder in Equation (5.13) and Lnp

in Equation (5.23)). During training, via back-propagation, the
guide information (i.e. gradients) from the graph decoder and the
neural process updates each part respectively and then calibrates
the encoder in graph autoencoder collectively. The two branches
are jointly performed and mutually benefited. When conducting
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inference, the prefix adder first goes through the graph encoder to
convert into the latent feature embedding, and then the embedding
will be fed into the neural process to acquire the prediction and un-
certainty of the associated QoR metric value. Our graph neural pro-
cess not only finds good graph feature embeddings of prefix adders
but also builds a pretty good regressor for adder performance value.
By the merit of the end-to-end nature, GNP is fast and flexible for
both training and inference phases.

5.4 The proposed DSE framework

In the adder DSE problem, exhaustively determining golden QoR
metric (e.g. area/power/delay) values of each adder design by run-
ning EDA flow is time-intensive. The sequential optimization-
based algorithm approximates the tool evaluations with a surrogate
which is cheaper to evaluate. Therefore, it is the cure to combat
our problem. On the other hand, considering that sequential-
optimization model [14, 175] iteratively and incrementally samples
the data to calibrate the surrogate model, the number of data-points
to train a machine learning-based surrogate model can be much less
than the one in conventional DSE flow. By virtue of the incremen-
tal sampling stage, a method for simultaneous prediction and un-
certainty estimation is in demand. Prior art [94] utilizes a Gaussian
process as the surrogate model to offer predictions with uncertain-
ties, which has high computational complexity.

As aforementioned in Section 5.3, we incorporate the feature ex-
tractor into the sequential optimization framework so that the up-
date of the learning model in the framework also benefits the feature
extraction process. To reduce the high computation cost brought
by a Gaussian process model, we exploit a neural process which is
based on the neural network structure. It can provide predictions as
well as uncertainty estimations within a lower computational com-
plexity [47, 48]. More importantly, the feature extractor is com-
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Figure 5.6 The workflow of sequential optimization-based DSE framework.

bined with the neural process to form an end-to-end, multi-branch
model. Based on the above, we propose a sequential optimization-
based DSE framework with the graph neural process as the surrogate
model, which is shown in Fig. 5.6.

During the initialization, the proposed sequential optimization-
based DSE framework interacts with EDA tools to obtain the golden
QoR metric (area/power/delay) values of a small number of prefix
adders which are randomly sampled from the entire adder design
space E. Afterwards, the DSE framework start working iteratively.
Our graph neural process is first calibrated with the initial data.
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The trained GNP outputs the QoR metric values of the adder de-
signs in design space E with prediction uncertainties. The proposed
DSE framework paradigm tries to classify the input adder designs
based on the GNP’s outputs into three classes: Pareto-optimal, non-
Pareto-optimal, and unknown. During iterations, it incrementally
selects the most representative adder designs as candidates for EDA
flow (including synthesis, placement and routing tools) evaluation
towards a goal of minimizing the size of the unknown set. By har-
nessing the representative data along with their ground-truth QoR
metric values, the GNP is updated. As more and more adder designs
being selected, the GNP gets more and more accurate. The whole
DSE process is terminated when the number of maximum iterations
is reached or the unknown set is empty.

For the proposed DSE framework, the classification rules and se-
lecting rules are based on the predictions and uncertainties offered
by the GNP. More specifically, in each iteration, the GNP is in-
voked to infer the predictions as well as the uncertainties on QoR
metrics over all un-sampled adder x in the adder design space E. A
vector m(x) which includes concatenated QoR metric predictions
(e.g. (area, power, delay)) of x and a vector of corresponding stan-
dard deviations σ(x) are acquired. Consequently, a hyper-rectangle
H(x) is built to represent the prediction uncertainty in QoR metric
space for a prefix adder design x, which is defined as follows.

H(x) := {y |m(x)− β
1
2σ(x) ⪯ y ⪯m(x) + β

1
2σ(x)}, (5.24)

where one element yi in y (i.e. a point in the QoR metric space)
refers to the coordinate of associated axes with i ∈ {1, 2, 3} indi-
cating different QoR metrics (area/power/delay), and β is a scaling
parameter that controls the contribution of each element of σ to the
hyper-rectangle. The uncertainty information is exploited to guide
the consequent sampling and to make a probabilistic assumption on
the Pareto-optimality of every adder design x. With the continu-
ously updating GNP with new evaluated designs, the confidence of
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prediction increases. In light of ever-shrinking uncertainty, the un-
certainty region of an adder design x in the t-th iteration is written
as

Rt(x) := Rt−1(x) ∩H(x). (5.25)

The initial R−1 is the entire objective space Rn with n the number of
QoR metrics. The iterative intersection guarantees the uncertainty
regions are non-increasing. In the uncertainty region Rt(x), the
QoR metric performance upper-bound comes from the optimistic
prediction min(Rt(x)), while the lower-bound is associated with the
pessimistic prediction max(Rt(x)) of one certain adder design x.

On account of the fact that the sequential optimization process in
the DSE framework is monotonic, the numbers of designs in Pareto-
optimal set Pt and non-Pareto-optimal set Nt are non decreasing
regarding the iteration number t. In other words, at iteration t,
the previous predicted design points in Pt−1 and Nt−1 remain their
classification. Only designs in unknown set Ut need to be classified.
With relaxing by a tolerance parameter ϵ on both sides, the clas-
sification of a prefix adder design x abides by the following rules
based on inequalities. If the pessimistic QoR metric prediction of x,
max(Rt(x)), is not dominated by optimistic results of any other de-
sign x′ in E (i.e. min(Rt(x

′))), then x is classified as Pareto-optimal:

max(Rt(x))− ϵ ⪯ min(Rt(x
′)) + ϵ. (5.26)

If the optimistic outcomes of x, min(Rt(x)), is dominated by the
pessimistic QoR metric prediction of any other design x′ in E (i.e. max(Rt(x

′))),
then x is classified as non-Pareto-optimal:

max(Rt(x
′))− ϵ ⪯ min(Rt(x)) + ϵ. (5.27)

If the above rules do not exist regarding x, then x is still in the
unknown set.

When the classification finishes, a prefix adder design xs
t with

the longest diagonal of its uncertainty region Rt(x) is sampled from
Pareto-optimal and unknown categories for tool evaluation. The
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Figure 5.7 An example of mathematical principles of the sequential
optimization-based DSE framework. (a) Before starting; (b) Classification and
sampling in one iteration; (c) After the termination of the stop criteria.

sampling rule can be written in Equation (5.28).

xs
t := arg maxy,y′∈Rt(x) ∥y − y′∥2 . (5.28)

The GNP model calibration and prediction, the classification of pre-
fix adder designs, and adder design incremental sampling perform
alternatively in iterations until the stopping criteria (exceeds the
maximum iterations or the unknown set is empty) meets. Eventu-
ally, the predicted Pareto-optimal adder designs are evaluated by
running EDA flow. For a better understanding, we visualize the
mathematical principles of the DSE framework in Fig. 5.7.

In a nutshell, the hyper-parameters used in the DSE framework
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Table 5.1 The quantitive comparison of the Pareto frontiers.

Multi-objective
ISLPED’17 [116] TCAD’19 [94] Ours

HV ADRS Flows HV ADRS Flows HV ADRS Flows

Area-Delay 0.150 0.029 598 0.144 0.028 434 0.126 0.026 413
Power-Delay 0.155 0.017 615 0.168 0.021 482 0.128 0.010 422

Area-Power-Delay 0.110 0.019 1995 0.098 0.012 1636 0.073 0.008 1470

Average 0.138 0.022 1069 0.136 0.020 851 0.109 0.015 768
Ratio 1.266 1.467 1.392 1.248 1.333 1.108 1.000 1.000 1.000

embrace the scaling parameter β controlling the hyper-volume of
a hyper-rectangle when calculating the uncertainty region, the tol-
erance parameter ϵ in classification rules, the max-iterations Tmax

in the stop condition. For the β, if we follow the value setting
rule like βt = 2 log (n|E|π2t2/(6δ)) , a maximum hypervolume er-
ror can be achieved with a high probability 1 − δ where δ ∈ (0, 1).
This conclusion is proved in [175]. With regarding the ϵ, we adopt
the cross-validation method on our initial dataset to determine the
value. When it comes to Tmax, theoretically, it is the smallest num-
ber satisfying √

T log (1− σ−2)

4K
√

log (n|E|π2T 2/(6δ)) logd+1 T
≥ nan−1

η(n− 1)!
, (5.29)

where η refers to the hyper-volume error, a indicates the maximum
embedding distance between two adder designs after one iteration,
d is the dimensionality of the latent feature vector of a prefix adder
design, and n denotes the dimension of QoR metric space with σ

the standard deviation of the Gaussian distribution characterizing
one QoR metric. In the practical experiment, we have found the
sequential optimization-based DSE process finishes classification for
the entire design space E after 10 iterations. We relax the Tmax to 20

so that the proposed whole framework can finish the optimization
process within an acceptable sampling budget.



CHAPTER 5. ADDER DESIGN SPACE EXPLORATION 92

Selected Design
Golden PF
ISLPED’17
TCAD’18
Ours
TCAD’19

P1

(a)

Selected Design
Golden PF
ISLPED’17
TCAD’18
Ours
TCAD’19

P1

(b)

Figure 5.8 (a) Pareto Frontier: area vs. delay; (b) Pareto Frontier: power
vs. delay.

5.5 Experimental Results

5.5.1 Experimental Settings

The implementation of our framework is in Python with the Pytorch
library [112], and we test it on a platform with an Xeon Silver 4114
CPU processor and an nVIDIA TITAN Xp Graphic card. To verify
the effectiveness and the efficiency of our framework, we compare
our framework with the best-of-breed methods [94, 116] by explor-
ing the 64-bit adder design space. First, we visually compare
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the quality of the Pareto frontiers found by the proposed frame-
work and [94, 116] in Fig. 6.6, and then quantitatively evaluate
associated performance of these methods by the hypervolume er-
ror, the ADRS and the number of design flow runs in TABLE 5.1.
The former two metrics measure the quality of Pareto frontiers and
the rest estimates time expense. Next, we exemplify one predicted
Pareto-optimal prefix adder design found by the proposed algorithm
in Fig. 5.9 to show the corresponding architecture and the layout.
The corresponding time analyses of the exploration are provided by
Figs. 5.10 and 5.11. Ultimately, the comparison between explored
adders against some classical adders and a state-of-the-art adder
synthesis algorithm [115] is depicted in TABLE 5.2.

It is impossible to exhaustively enumerate all adder designs in
the infinite design space for tool evaluation. A set of 22000 adders,
which is reasonable and comparatively large (almost 80 days are
needed to run the flow), is generated and selected to represent the
entire design solution space. This dataset is sampled in a Quasi-
random manner, which is based on a two-level (max-fan-out con-
straint and size) binning scheme. The approach evenly samples the
prefix adders covering different architectural bins. The first level
of binning is based on the max-fan-out constraint. As many archi-
tectures may exist under the same max-fan-out constraint, another
level relies on the size of the prefix adder. Note that, we follow the
prefix adder generation method proposed in [94], but the obtained
design space is much larger than that in [94]. All the designs need
to go through the whole design flow including front-end stages like
logical synthesis and back-end steps such as placement and routing.
The tools in the design flow include Design Compiler [1] (version
F-2011.09-SP3) for logical synthesis and IC Compiler [2] (version
J-2014.09-SP5-3) for the placement and routing. "tt1p05v125c"
corner and Non-Linear Delay Model (NLDM) in 32nm SAED cell-
library for LVT class [3] (available by University Program) is used
for technology mapping. Primary input activity of 0.1 is used along
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with 1GHz operating frequency for power estimation. Concerning
the tool settings, 0.1ns, 0.2ns, 0.3ns and 0.4ns are chosen as target
delays. Utilization values are configured with 0.4, 0.5, 0.6, 0.7 and
0.8. Per the design flow, it costs about 5.5 minutes. Although the
involved generation overheads seem high, we utilize the dataset to
demonstrate the superiority of the proposed methodology against
SOTA DSE works and manual design processes for some classical
adders. The proposed methodology can effectively aid and accel-
erate the adder design process under the current technology node.
On the other hand, the dataset may lay the foundation of our fu-
ture work like transfer learning among different bit-width adders or
distinct technology nodes.

Our framework, as well as the previous works [94, 116], explores
Pareto frontiers in area vs. delay space, power vs. delay space, and
area vs. power vs. delay space. Fig. 5.8(a) and Fig. 5.8(b) vi-
sualize the corresponding Pareto frontiers discovered by the prior
arts [94,116] and our framework in two kinds of 2-d objective spaces,
respectively. In Fig. 6.6, each dot in the delay vs. area or delay
vs. power space indicates the selected representative adder design
after going through the design flow. Except the red dots indicate
the associated positions of Pareto-optimal designs in QoR metric
spaces with a straight line connecting these dots standing for the
frontier, the other dash lines of different colors and with distinct
markers refer to the Pareto frontiers found by the listed DSE al-
gorithms. It is interesting to note that there is one point ( “P1”
outlined at the extreme left in Figs. 5.8(a) and 5.8(b)) which has
5ps better delay than those of other points, causing this point to be
at some distance than the data cloud. Since we have connected the
Pareto points by straight lines, the shift of this single point resulted
in the “noticeable” shift from the cloud of data points. According to
the observations of Fig. 5.8(a) and Fig. 5.8(b), both Pareto frontiers
searched by our approach (orange lines) are much closer to the cor-
responding golden frontiers (red lines) than the frontiers explored by
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other methods. In other words, Fig. 6.6 qualitatively demonstrates
our method finds the Pareto frontier of better quality.

5.5.2 The comparisons against DSE-based SOTA works

The supplied TABLE 5.1 summarizes the qualities of Pareto fron-
tiers including the Pareto frontiers of 2-D QoR metrics spaces pre-
sented in Figs. 5.8(a) and 5.8(b) and a 3-D case in quantification.
Note that we utilize the golden Pareto set as the reference set. Since
the learning model establishment and calibration require far less
time than design flows, we omit the model training and testing time.
Our time metric mainly counts the cardinality of the dataset to train
(or initialize) the machine learning-based surrogate model, and the
final Pareto-optimal predictions for tool evaluation. Column “Multi-
objective” lists three QoR metric spaces: area vs. delay, power
vs. delay, area vs. power vs. delay, whilst columns “HV”, “ADRS”
and “Flows” are the evaluation metrics in terms of hypervolume
error, the average distance from reference set and the number of
design flow runs. Columns “ISLPED’17”, “TCAD’19” and “Ours”
correspond to the results searched by [116], [94] and our proposed se-
quential optimization-based DSE method with graph neural process
as the surrogate. According to the results recorded in TABLE 5.1,
our algorithm averagely surpasses [116] by 21.0% less hypervolume
error and 31.8% smaller ADRS value, and reduces 19.9% less hyper-
volume error and 25.0% ADRS value comparing to [94]. Moreover,
the time expense is still less than those of [94, 116]. In brief, our
method performs better than the previous works [94, 116] with less
hypervolume error, shorter average distance from reference set and
fewer design flow calls. Here we just illustrate one golden Pareto-
optimal design ( “P1”) which is not searched by [94,116] but found
by ours. The architecture and layout are visualized in Fig. 5.9.
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Figure 5.9 The golden Pareto-optimal solution (“P1”) that is not found by
previous works. (a) The architecture overview: Bit-width = 64, size = 234,
Max. Level = 6, Max. fanout = 6. The associated QoR metric values are
1981.13µm2 for the area, 6600µw for the power, and 0.334ns for the delay; (b)
The corresponding layout snapshot.

5.5.3 Time Analyses

The “Flows” metric in TABLE 5.1 indicates the number of design
flow runs, coarsely consists of two parts:

1. the number of evaluated adder designs for training;

2. the number of predicted Pareto-optimal adder designs to go
through the EDA flow for evaluation.

Different from the pure SVR regressor-based work [116] which does
not involve an incremental sampling process, the training set in the
active learning-based DSE flow [94] includes an initial dataset and
incrementally sampled dataset. To extract the Pareto-frontier, EDA
tools are invoked to acquire the real QoR metric values of the pre-
dicted Pareto-optimal adder designs of the three methods. We draw
a stacked bar plot, Fig. 5.10, to show the contribution of each part to
total flow runs in three QoR metric spaces. In Fig. 5.10, “Evaluation
on Initial Adders” refers to the number of adder designs for eval-
uation during initialization, and “Evaluation on Sampled Adders”
indicates the number of incrementally sampled adder designs during
iterations in [94] and our work (both are 4 samples per iteration),
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while “Evaluation on Outputs” stands for the number of predicted
Pareto-optimal designs by each methodology. As Fig. 5.10 sug-
gests, the SVR regressor-based framework in [116] is trained with
500 adder designs when exploring Pareto frontier in area vs. delay or
power vs. delay QoR metric space, and separately searches 98 and
115 Pareto-optimal adder designs for EDA flow evaluation in two
metric spaces. The active learning-based work [94] initializes the
Gaussian process with 400 adder designs in the area vs. delay and
power vs. delay cases. After actively samples 20 (5 iterations) and
28 (7 iterations) adder designs, it ultimately seeks 14 and 54 adder
designs for evaluation in two metric spaces, respectively. The given
bar charts in Fig. 5.10 represent only 300 adder samples are utilized
for initialization in our proposed flow in 2-dimensional QoR metric
spaces, and both 48 (12 iterations) adder designs are incrementally
selected to fine-tune the GNP model. Our flow predicts 65 and 74

Pareto-optimal samples to be evaluated by tools in area vs. delay
and power vs. delay cases, respectively. For a more complicated
task (i.e. optimization for area vs. power vs. delay QoR metrics),
both the numbers of adders for training and EDA flow evaluation
required by three methods surges upwards. [116] calibrates the SVR
regressor via 1800 samples and finds 195 samples, and [94] trains
the surrogate model, GP regressor, by 1300 initial adder designs
and 40 (10 iterations) additional selected samples and invokes EDA
flow 296 times to evaluate the predictions, while our framework only
harnesses 1100 adders to initialize the GNP model and 56 (14 iter-
ations) adders for follow-up tuning, and 314 adders are regarded
as Pareto-optimal solutions. It is conspicuous that compared with
the active learning-based DSE framework [94] and ours, [116] needs
more adders for initialization due to a lack of sampling process to
update the model. On the other hand, despite the similar sampling
process for updating surrogate models, the proposed framework re-
duces approximately 4.8%, 12.4% and 10.1% time cost in area vs. de-
lay, power vs. delay, and area vs. power vs. delay cases compared



CHAPTER 5. ADDER DESIGN SPACE EXPLORATION 98

to [94]. Besides, the proposed framework requires the least adder
designs for initialization, which alleviates the pressure for starting
the high-quality design searching.

For a better demonstration, illustrations in Fig. 5.11 depict the
time (in minute) spent on statistical models in area vs. power vs. de-
lay case. A glance at the pie charts reveals that the time (denoted
as “Model” in Fig. 5.11) including model training time and pre-
diction time is far less than the time spent on running EDA flows
to generate golden QoR metric values of adder designs during ini-
tialization and outputs evaluation. As aforementioned, each EDA
synthesis run takes about 5.5 minutes. The searching process to-
tally costs [116] 10982.4 minutes among which 3.8 and 6.1 minutes
are used for building the machine learning model and performing
predictions. [94] spends about 9000.2 minutes to search for Pareto-
optimal adder designs, and it takes only 1.7 and 0.5 minutes for
training and inference. In our work with GPU acceleration, 7538.8
minutes are completely needed for design space exploration, where
1.26 and 2.53 minutes are consumed for training and testing. If we
train and test the network only on CPU, the training and testing
time climb to 8.5 and 9.4 minutes, respectively. Yet they still oc-
cupy extremely little proportion of whole runtime expenditure. It is
worth mentioning that our framework directly extracts the features
from adder designs without too much manual labour. On the con-
trary, both [116] and [94] feed 32-dimension, hand-crafted features
to their machine learning model. The proposed GNP processes ad-
justed adjacency matrixes of the size up to 448× 448 (64 bit and 7

logic levels). Due to the different feature extraction processes and
structures of features, our work behaves not as well as [94] when
only considering model time. But the time cost on the model is still
acceptable regarding the whole DSE process. Nevertheless, via the
GPU acceleration, it outperforms [116] on model time.



CHAPTER 5. ADDER DESIGN SPACE EXPLORATION 99

Area vs. Delay Power vs. Delay
Area vs. Power 

vs. Delay

I
S
L
P
E
D

’
1
7

I
S
L
P
E
D

’
1
7

I
S
L
P
E
D

’
1
7

T
C
A
D

’
1
9

T
C
A
D

’
1
9

T
C
A
D

’
1
9

O
u
r
s

O
u
r
s

O
u
r
s

500

1,000

1,500

2,000
T
o
t
a
l
D
e
s
ig
n
F
lo
w

R
u
n
s

Evaluation on Initial Adders

Evaluation on Sampled Adders

Evaluation on Outputs

Figure 5.10 The contributions of sub-processes of DSE works to total flow runs.

5.5.4 The comparisons against classical adders

TABLE 5.2 records the comparison between adder designs searched
by aforementioned DSE methods against Design-Ware adders (best
delay), an adder design generated by a highly sophisticated adder
synthesis algorithm [115] as well as some classical adders like Kogge-
Stone and Sklansky. These legacy adders are manually designed,
which involve much human assiduous and masses of trials. When
it turns to [115], a polynomial-time algorithm has been developed
to generate prefix graph structures. The main idea behind [115]
is to generate a single prefix graph network for a set of structural
constraints, such as the logic level, fan-out, etc. Theoretically, the
legacy adders and the traditional adder synthesis algorithm in [115]
are not capable of handling the exploring task in a huge adder de-
sign space. To fairly compare with classical adders and conventional
synthesis method [115], we select a slice of Pareto-optimal designs
predicted by previous adder DSE methods [94, 116] and ours. For
example, “ISLPED’17-P1” means one predicted Pareto-optimal de-
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Figure 5.11 The runtime breakdown of previous arts and our framework.

sign by [116], and “ISLPED’17-P2” stands for another solution in
the explored Pareto-optimal set. It can be observed the designs
searched by DSE methods behave better in all three targets (delay,
area and energy) than Design-Ware adders, Kogge-Stone adders,
and the solution offered by [115]. Our solutions (“P1”, “P2” and
“P3”) dominate the corresponding solutions explored by [94, 116].
Notice that “P1” just happens to be the same solution point in the
delay vs. area and delay vs. power Pareto-optimal curves, while other
points (“P2” and “P3”) are not outlined in Fig. 6.6 since they are
just found in three QoR metric space case (area vs. power vs. de-
lay). TABLE 5.2 implies that DSE methods are more effective
than conventional adder solution providers, and more importantly,
compared with the existing adder DSE methodologies, the proposed
methodology can discover better adder designs.

In a nutshell, the proposed DSE method surrogated by graph
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Table 5.2 Comparison with other approaches for 64 bit adder.

Method Delay (ps) Area (µm2) Energy (fJ/op)

DesignWare 346.5 2531.3 8160
Kogge-Stone 347.9 2563.7 8780

ISLPED’17-P1 [116] 344.1 2101.9 6930
TCAD’19-P1 [94] 339.0 2180.8 6930

Ours-P1 334.4 1981.12 6600

Sklansky 356.1 1792.5 6100
ISLPED’17-P2 [116] 353.5 1753.3 5980

TCAD’19-P2 [94] 353.0 1753.0 5900
Ours-P2 353.0 1750.1 5830

ASPDAC’15 [115] 348.7 1971.4 6980
ISLPED’17-P3 [116] 348.2 1969.8 6450

TCAD’19-P3 [94] 343.0 1912.6 6390
Ours-P3 342.7 1769.6 5970

neural process behaves better than previous arts. Additionally, our
DSE framework has the potential to be generalized to different bit-
width adder designs in theory. We utilize the 32-bit adder design as
an exemplar for the following descriptions. There is no limitation
on the size of data input of our DSE model. Besides, in terms of the
graph structure and impact of tool settings, 32-bit adder designs are
analogous to 64-bit adder designs to some extent. By harnessing cer-
tain transfer learning techniques [77,110,141] to achieve the domain
adaptation of different bit-width adder designs, we can fine-tune a
pre-trained model (on 64-bit adder dataset) on a small amount of
32-bit adder designs.

5.6 Summary

In this paper, for the first time, we have proposed a new end-to-end
learning model, graph neural process, where a graph autoencoder
for prefix adder structures and a neural process are simultaneously
performed. The graph neural process provides a new solution to
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automatically extracting features from prefix adder structures. Be-
sides, we have proposed a sequential optimization model-based DSE
methodology with the graph neural process as its surrogate model to
guide design space exploration for power-efficient, high-speed prefix
adders. Our methodology is almost automatic from feature extrac-
tion to high-quality adder design space exploration. The experi-
mental results have demonstrated the superiority of the proposed
framework over the prior arts. With the VLSI designs becoming
increasingly complicated, we expect to generalize our idea to settle
more VLSI design space exploration problems (e.g. multiplier DSE
problem, adder DSE issues among different bit width and technol-
ogy nodes.).

2 End of chapter.



Chapter 6

Parameter Tuning of
Physical Design Tool

6.1 Introduction and Motivation

Given a design (e.g. a multiply accumulate (MAC) design under the
advanced 7nm technology node in our scenario) and other PDK files
(seen in Fig. 6.1(a)), how to automatically and efficiently acquire
high-quality (near Pareto-optimal) parameter configurations of the
physical design tool is a critical issue. We try to visualize the chal-
lenges existing in parameter tuning in Fig. 6.1(b). The first problem
is that the final performance after physical synthesis could vary sig-
nificantly under delicate change of sensitive parameters. We can
see in Fig. 6.1(b), the design quality variance in QoR metric space
with changing 7 physical synthesis tool parameters based on human
intervention. Especially, manually tuning the parameter noted as
“maxDensity” leads to the two clusters in QoR metric space. Even
worse, QoR metrics are realistically correlated, which affects the
tuning process. In Fig. 6.1(b), most of the dots in QoR metrics show
either a unsatisfied area quality with low delay or a small area value
with a high delay. Additionally, the parameter design space is huge
(thousands of dots in the QoR metric space in Fig. 6.1(b)) and will
expand exponentially with more constraints or parameters are taken
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Figure 6.1 The visualizations of the working flow of a physical design tool and
a QoR metric space (area vs. minus total negative slack) generated by invoking
physical design tool 1440 times in a manual parameter tuning manner. In the
QoR metric space, each light green dot represents an output QoR metric value
tuple of a physical design tool, which is associated with a specific parameter
configuration. The units for area and delay are ns and um2, respectively.

into account, which makes an efficient flow with as few evaluations as
possible in high demand. To address aforementioned issues, we de-
velop a multi-task Gaussian process-based multi-objective Bayesian
optimization flow for efficient physical design tool parameter tuning.
Multi-task Gaussian process regressor is leveraged as the surrogate
model in the proposed Bayesian optimization framework, which cap-
tures the correlations among the tool parameters and QoR metrics.
Compatible with the multi-objective optimization problem, the in-
formation gain-based acquisition function is developed to guide the
exploration process to find the superior parameter settings. Our
main contributions are summarized as follows:
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• A multi-task Gaussian process is built to learn inter-objective
dependencies.

• A multi-objective Bayesian optimization framework with a multi-
task Gaussian process as its surrogate model is investigated to
attempt to tune physical design tool parameters.

• The proposed optimization framework finds better Pareto fron-
tiers on two benchmarks under the advanced 7nm technology
node with less expense on physical design tool runs.

The rest of the chapter is organized as follows. Section 6.2 in-
troduces some prior knowledge about multi-objective optimization,
and then gives the problem formulation. Section 6.3 describes the
proposed multi-objective Bayesian optimization framework, while
Section 6.4 discusses the developed parameter tuning flow. Sec-
tion 6.5 presents the experimental results, followed by summary in
Section 6.6.

6.2 Preliminaries

In this section, the background of the multi-objective optimization
is depicted, and then with descriptions of two evaluation metrics,
we give the problem formulation.

6.2.1 Multi-objective Optimization

Assume a multi-objective optimization problem has a set of feasible
solutions X ∈ RP . There are N objective functions, f1(·), . . . , fN(·),
which map an input x to corresponding results f1(x), . . . , fN(x)

forming an N -dimensional result vector f(x). A result vector f(u)
is said to dominate another result vector f(v) if f(u) is at least as
good as f(v) in all the objectives, namely, fi(u) ≤ fi(v),∀i ∈ [1, N ]

if all the objectives are to be minimized. Hence, we say that a solu-
tion x is Pareto-optimal if it is not dominated by other solutions in
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Figure 6.2 An example of a bi-objective (two correlated QoR metrics) optimiza-
tion problem with a tridimensional parameter configuration space. The left
sub-figure is the tridimensional parameter space, whilst the right sub-figure dis-
plays the associated bi-objective space. The middle curve connecting the two
parts refers to a parameter-to-QoR mapping f(·). Suppose that the parameter
configuration features are the physical design parameters like frequency, max
fanout and max density, while QoR metrics are area and delay. Each data point
in the parameter space is a simply one-hot encoded, normalized and concate-
nated feature vector of above three design parameters. The Pareto frontier,
golden star with dash carnation lines in right sketch, features delay and area.

the feasible solution set X. A sketch of multi-objective optimization
is exemplified in Fig. 6.2.

In our context of physical design tool parameter tuning, a feasible
solution vector x is the feature representation of one-hot encoded,
normalized and concatenated physical tool parameters which sat-
isfy the pre-determined constraints, while a Pareto-optimal design
is where none of the QoR metrics like area, power and delay, can be
optimized without worsening at least one of the rest. The Pareto
set contains all the Pareto-optimal solutions.

6.2.2 Problem Formulation

Definition 8 (Hypervolume). This metric reflects the volume fenced
by the Pareto frontier and a reference point in the objective space. It
measures how well distributed the points are on the Pareto frontier
approximation.
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In the right subfigure of Fig. 6.2, the area filled with grids is
an example of the hypervolume of a predicted Pareto-optimal set
in a bi-objective space. The hypervolume error for a Pareto set
approximation P̂ is defined:

e =
H(P)−H(P̂)

H(P)
, (6.1)

where P is the golden Pareto-optimal set, and H(P) is the ground-
truth of hypervolume. If a solution set P′ is better than another set
P′′, H(P′) is greater than H(P′′) in our scenario.

Definition 9 (Average Distance from Reference Set (ADRS) ).
Given a reference Pareto-optimal set A = {a1,a2, . . . |a = (m1

a,m2
a,

. . . ,mN
a)} and an approximated Pareto-optimal set P = {p1,p2, . . .

|p = (m1
p,m2

p, . . . ,mN
p)} in N-objective optimization problem:

ADRS(A,P) =
1

(|A|)
∑
a∈A

min
p∈P

δ(a,p), (6.2)

where δ (a,p) = max
{∣∣∣m1

p−m1
a

m1
a

∣∣∣ , . . . , ∣∣∣mN
p−mN

a

mN
a

∣∣∣}.

ADRS is used to quantify how close a set of non-dominated points
is from the Pareto frontier in the objective space. The smaller ADRS
value is, the closer the approximate set P is to the reference set A.

With aforementioned knowledge, our problem can be formulated
as follows.

Problem 4 (Automatic Parameter Tuning for Physical Design Tool).
Given the boundary of parameters of a physical design tool, the
objective of physical design tool parameter tuning is to automati-
cally search the Pareto-optimal parameter configurations which bring
about the high design quality concerning multiple QoR metrics like
delay versus power/area and delay versus power versus area.
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6.3 The Multi-Objective Bayesian Optimization
Method

As aforementioned, the ultimate goal of physical design parameter
tuning is to simultaneously achieve timing closure and a smallest
reachable area and lowest acceptable power. Quite often the QoR
metrics are coupled or conflicted, which is not ideal for traditional
tuning flows. For example, reducing the supply voltage can effec-
tively cut down the dynamic power consumption. However, it leads
to an increase in the gate delays. To tackle such negatively corre-
lated issue, we propose a tuning flow which is based on a multi-task
Gaussian process surrogated multi-objective Bayesian optimization
method. The optimization method explores the correlations among
QoR metrics and attempts to explores the best trade-offs among
them. The two main components of the proposed optimization
method, i.e., multi-task Gaussian process surrogate model and in-
formation gain-based acquisition function, are well-customized for
our case. In the following, we will first introduce the two vital keys
and then the whole optimization method.

6.3.1 The surrogate model: multi-task Gaussian process

Multi-task Gaussian process (MGP) models are prevalently har-
nessed to couple related objectives or functions for a joint regres-
sion [16, 140]. This coupling is achieved by designing a structured
covariance function, yielding a prior on objectives to be regressed.
More importantly, MGP tries to learn a kernel which involves inter-
task dependencies based solely on the task identities and the ob-
served data for each task. This kind of property is naturally com-
patible with our optimization methodology. We can utilize MGP
as the surrogate model to jointly predict the multiple QoR metric
(e.g. power-performance-area, PPA) values with respect to tool pa-
rameters as inputs. Note that the “task” means regression on one
QoR metric value in our case.
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In the same way as single-task GPs, multi-task GPs are mainly
specified by their kernels which are usually assumed to be zero mean
functions. For developing valid covariance functions, we adopt a
linear model of coregionalization (LMC) where the outputs are ex-
pressed as linear combinations of independent random processes.
As aforementioned, MGP attempts to build a multi-output func-
tion f(x) : Rp → RN with a feature vector x as input. Note that in
our work, by one-hot encoding and normalization tricks, the physical
design tool parameters are simply encoded and concatenated as x.
In the LMC assumption, the d-th element of output vector (in our
case, the output vector contains estimated QoR metric values such
as area, delay, power given the input tool parameter configuration
x), i.e. fd(x), can be represented as

fd(x) =

Q∑
q=1

ad,qgq(x), (6.3)

where each latent function gq(x) is considered to follow an indepen-
dent Gaussian prior with zero mean and covariance cov [gq(x), gq′ (x′)] =

kq (x,x
′) if q = q′, and ad,q is a scalar coefficient. Specifically, when

we set Q equal to 1, the Equation (6.3) is degraded to fd(x) = gd(x)

with a little abuse of notations. For a better understanding, a visu-
alization for MGP is exemplified in Fig. 6.3.

Obviously, the process {gq(x)}Qq=1 are independent if q ̸= q′. We
can derive the cross covariance between any two functions fd(x) and
fd′(x) like:

cov [fd(x), fd′ (x′)] =

Q∑
q=1

ad,qad′,qkq (x,x
′)

=

Q∑
q=1

bqd,d′kq (x,x
′) .

(6.4)

(K (x,x′))d,d′ is exploited to denote cov [fd(x), fd′ (x′)] which indi-
cates the similarity or covariance across d- and d′-th task at x and
x′ respectively. According to the expression in Equation (6.4), the



CHAPTER 6. PARAMETER TUNING OF PHYSICAL DESIGN TOOL 110

0 2 4 6 8 10
x

�10

�5

0

5

10

15

20

f(
x)

0 2 4 6 8 10
x

�40

�20

0

20

40

60

80

100

f
(
x
)

0 2 4 6 8 10
x

�40

�20

0

20

40

60

80

100

f(
x)

0 2 4 6 8 10 12 14 16
x

�1.0

�0.8

�0.6

�0.4

�0.2

0.0

0.2

N
or

m
al

D
is

tri
bu

tio
n

How to plot a normal distribution in python with matplotlib

0 2 4 6 8 10 12 14 16
x

�0.05

0.00

0.05

0.10

0.15

0.20

0.25

N
or

m
al

D
is

tri
bu

tio
n

How to plot a normal distribution in python with matplotlib

0 2 4 6 8 10 12 14 16
x

�0.05

0.00

0.05

0.10

0.15

0.20

0.25

N
or

m
al

D
is

tri
bu

tio
n

How to plot a normal distribution in python with matplotlib

g1(x)
<latexit sha1_base64="peYvt5tIVK3Snk6yjmHaRsLJOHM=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBahXkoigh6LXjxWsB+QhrLZbtqlm92wOxFLyM/w4kERr/4ab/4bt20O2vpg4PHeDDPzwkRwA6777ZTW1jc2t8rblZ3dvf2D6uFRx6hUU9amSijdC4lhgkvWBg6C9RLNSBwK1g0ntzO/+8i04Uo+wDRhQUxGkkecErCSPxpkXl7P8FN+PqjW3IY7B14lXkFqqEBrUP3qDxVNYyaBCmKM77kJBBnRwKlgeaWfGpYQOiEj5lsqScxMkM1PzvGZVYY4UtqWBDxXf09kJDZmGoe2MyYwNsveTPzP81OIroOMyyQFJuliUZQKDArP/sdDrhkFMbWEUM3trZiOiSYUbEoVG4K3/PIq6Vw0PLfh3V/WmjdFHGV0gk5RHXnoCjXRHWqhNqJIoWf0it4ccF6cd+dj0Vpyiplj9AfO5w99P5C4</latexit><latexit sha1_base64="peYvt5tIVK3Snk6yjmHaRsLJOHM=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBahXkoigh6LXjxWsB+QhrLZbtqlm92wOxFLyM/w4kERr/4ab/4bt20O2vpg4PHeDDPzwkRwA6777ZTW1jc2t8rblZ3dvf2D6uFRx6hUU9amSijdC4lhgkvWBg6C9RLNSBwK1g0ntzO/+8i04Uo+wDRhQUxGkkecErCSPxpkXl7P8FN+PqjW3IY7B14lXkFqqEBrUP3qDxVNYyaBCmKM77kJBBnRwKlgeaWfGpYQOiEj5lsqScxMkM1PzvGZVYY4UtqWBDxXf09kJDZmGoe2MyYwNsveTPzP81OIroOMyyQFJuliUZQKDArP/sdDrhkFMbWEUM3trZiOiSYUbEoVG4K3/PIq6Vw0PLfh3V/WmjdFHGV0gk5RHXnoCjXRHWqhNqJIoWf0it4ccF6cd+dj0Vpyiplj9AfO5w99P5C4</latexit><latexit sha1_base64="peYvt5tIVK3Snk6yjmHaRsLJOHM=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBahXkoigh6LXjxWsB+QhrLZbtqlm92wOxFLyM/w4kERr/4ab/4bt20O2vpg4PHeDDPzwkRwA6777ZTW1jc2t8rblZ3dvf2D6uFRx6hUU9amSijdC4lhgkvWBg6C9RLNSBwK1g0ntzO/+8i04Uo+wDRhQUxGkkecErCSPxpkXl7P8FN+PqjW3IY7B14lXkFqqEBrUP3qDxVNYyaBCmKM77kJBBnRwKlgeaWfGpYQOiEj5lsqScxMkM1PzvGZVYY4UtqWBDxXf09kJDZmGoe2MyYwNsveTPzP81OIroOMyyQFJuliUZQKDArP/sdDrhkFMbWEUM3trZiOiSYUbEoVG4K3/PIq6Vw0PLfh3V/WmjdFHGV0gk5RHXnoCjXRHWqhNqJIoWf0it4ccF6cd+dj0Vpyiplj9AfO5w99P5C4</latexit><latexit sha1_base64="peYvt5tIVK3Snk6yjmHaRsLJOHM=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBahXkoigh6LXjxWsB+QhrLZbtqlm92wOxFLyM/w4kERr/4ab/4bt20O2vpg4PHeDDPzwkRwA6777ZTW1jc2t8rblZ3dvf2D6uFRx6hUU9amSijdC4lhgkvWBg6C9RLNSBwK1g0ntzO/+8i04Uo+wDRhQUxGkkecErCSPxpkXl7P8FN+PqjW3IY7B14lXkFqqEBrUP3qDxVNYyaBCmKM77kJBBnRwKlgeaWfGpYQOiEj5lsqScxMkM1PzvGZVYY4UtqWBDxXf09kJDZmGoe2MyYwNsveTPzP81OIroOMyyQFJuliUZQKDArP/sdDrhkFMbWEUM3trZiOiSYUbEoVG4K3/PIq6Vw0PLfh3V/WmjdFHGV0gk5RHXnoCjXRHWqhNqJIoWf0it4ccF6cd+dj0Vpyiplj9AfO5w99P5C4</latexit>

g2(x)
<latexit sha1_base64="emhI2/mWJLS2P5HBaH2dIWfQA0o=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahXspuEfRY9OKxgv3AdinZNNuGJtklyYpl2X/hxYMiXv033vw3pu0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyc3M7zxSpVkk7800pr7AI8lCRrCx0sNokNazavqUnQ/KFbfmzoFWiZeTCuRoDspf/WFEEkGlIRxr3fPc2PgpVoYRTrNSP9E0xmSCR7RnqcSCaj+dX5yhM6sMURgpW9Kgufp7IsVC66kIbKfAZqyXvZn4n9dLTHjlp0zGiaGSLBaFCUcmQrP30ZApSgyfWoKJYvZWRMZYYWJsSCUbgrf88ipp12ueW/PuLiqN6zyOIpzAKVTBg0towC00oQUEJDzDK7w52nlx3p2PRWvByWeO4Q+czx8mYZCP</latexit><latexit sha1_base64="emhI2/mWJLS2P5HBaH2dIWfQA0o=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahXspuEfRY9OKxgv3AdinZNNuGJtklyYpl2X/hxYMiXv033vw3pu0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyc3M7zxSpVkk7800pr7AI8lCRrCx0sNokNazavqUnQ/KFbfmzoFWiZeTCuRoDspf/WFEEkGlIRxr3fPc2PgpVoYRTrNSP9E0xmSCR7RnqcSCaj+dX5yhM6sMURgpW9Kgufp7IsVC66kIbKfAZqyXvZn4n9dLTHjlp0zGiaGSLBaFCUcmQrP30ZApSgyfWoKJYvZWRMZYYWJsSCUbgrf88ipp12ueW/PuLiqN6zyOIpzAKVTBg0towC00oQUEJDzDK7w52nlx3p2PRWvByWeO4Q+czx8mYZCP</latexit><latexit sha1_base64="emhI2/mWJLS2P5HBaH2dIWfQA0o=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahXspuEfRY9OKxgv3AdinZNNuGJtklyYpl2X/hxYMiXv033vw3pu0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyc3M7zxSpVkk7800pr7AI8lCRrCx0sNokNazavqUnQ/KFbfmzoFWiZeTCuRoDspf/WFEEkGlIRxr3fPc2PgpVoYRTrNSP9E0xmSCR7RnqcSCaj+dX5yhM6sMURgpW9Kgufp7IsVC66kIbKfAZqyXvZn4n9dLTHjlp0zGiaGSLBaFCUcmQrP30ZApSgyfWoKJYvZWRMZYYWJsSCUbgrf88ipp12ueW/PuLiqN6zyOIpzAKVTBg0towC00oQUEJDzDK7w52nlx3p2PRWvByWeO4Q+czx8mYZCP</latexit><latexit sha1_base64="emhI2/mWJLS2P5HBaH2dIWfQA0o=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahXspuEfRY9OKxgv3AdinZNNuGJtklyYpl2X/hxYMiXv033vw3pu0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyc3M7zxSpVkk7800pr7AI8lCRrCx0sNokNazavqUnQ/KFbfmzoFWiZeTCuRoDspf/WFEEkGlIRxr3fPc2PgpVoYRTrNSP9E0xmSCR7RnqcSCaj+dX5yhM6sMURgpW9Kgufp7IsVC66kIbKfAZqyXvZn4n9dLTHjlp0zGiaGSLBaFCUcmQrP30ZApSgyfWoKJYvZWRMZYYWJsSCUbgrf88ipp12ueW/PuLiqN6zyOIpzAKVTBg0towC00oQUEJDzDK7w52nlx3p2PRWvByWeO4Q+czx8mYZCP</latexit>

g3(x)
<latexit sha1_base64="qI8Wi/mSM4E/i5Y8qhzYmBTR/xg=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahXsquCnosevFYwX5gu5Rsmm1Ds8mSZMWy7L/w4kERr/4bb/4b03YP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2DlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvpn67UeqNJPi3kxi6kd4KFjICDZWehj20/Osmj5lp/1yxa25M6Bl4uWkAjka/fJXbyBJElFhCMdadz03Nn6KlWGE06zUSzSNMRnjIe1aKnBEtZ/OLs7QiVUGKJTKljBopv6eSHGk9SQKbGeEzUgvelPxP6+bmPDKT5mIE0MFmS8KE46MRNP30YApSgyfWIKJYvZWREZYYWJsSCUbgrf48jJpndU8t+bdXVTq13kcRTiCY6iCB5dQh1toQBMICHiGV3hztPPivDsf89aCk88cwh84nz8n65CQ</latexit><latexit sha1_base64="qI8Wi/mSM4E/i5Y8qhzYmBTR/xg=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahXsquCnosevFYwX5gu5Rsmm1Ds8mSZMWy7L/w4kERr/4bb/4b03YP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2DlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvpn67UeqNJPi3kxi6kd4KFjICDZWehj20/Osmj5lp/1yxa25M6Bl4uWkAjka/fJXbyBJElFhCMdadz03Nn6KlWGE06zUSzSNMRnjIe1aKnBEtZ/OLs7QiVUGKJTKljBopv6eSHGk9SQKbGeEzUgvelPxP6+bmPDKT5mIE0MFmS8KE46MRNP30YApSgyfWIKJYvZWREZYYWJsSCUbgrf48jJpndU8t+bdXVTq13kcRTiCY6iCB5dQh1toQBMICHiGV3hztPPivDsf89aCk88cwh84nz8n65CQ</latexit><latexit sha1_base64="qI8Wi/mSM4E/i5Y8qhzYmBTR/xg=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahXsquCnosevFYwX5gu5Rsmm1Ds8mSZMWy7L/w4kERr/4bb/4b03YP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2DlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvpn67UeqNJPi3kxi6kd4KFjICDZWehj20/Osmj5lp/1yxa25M6Bl4uWkAjka/fJXbyBJElFhCMdadz03Nn6KlWGE06zUSzSNMRnjIe1aKnBEtZ/OLs7QiVUGKJTKljBopv6eSHGk9SQKbGeEzUgvelPxP6+bmPDKT5mIE0MFmS8KE46MRNP30YApSgyfWIKJYvZWREZYYWJsSCUbgrf48jJpndU8t+bdXVTq13kcRTiCY6iCB5dQh1toQBMICHiGV3hztPPivDsf89aCk88cwh84nz8n65CQ</latexit><latexit sha1_base64="qI8Wi/mSM4E/i5Y8qhzYmBTR/xg=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahXsquCnosevFYwX5gu5Rsmm1Ds8mSZMWy7L/w4kERr/4bb/4b03YP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2DlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvpn67UeqNJPi3kxi6kd4KFjICDZWehj20/Osmj5lp/1yxa25M6Bl4uWkAjka/fJXbyBJElFhCMdadz03Nn6KlWGE06zUSzSNMRnjIe1aKnBEtZ/OLs7QiVUGKJTKljBopv6eSHGk9SQKbGeEzUgvelPxP6+bmPDKT5mIE0MFmS8KE46MRNP30YApSgyfWIKJYvZWREZYYWJsSCUbgrf48jJpndU8t+bdXVTq13kcRTiCY6iCB5dQh1toQBMICHiGV3hztPPivDsf89aCk88cwh84nz8n65CQ</latexit>

f1(x)
<latexit sha1_base64="6/IGJ5fH6pqtpMQr9blngdasobw=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSLUS0lE0GPRi8cK9gPbUjbbTbt0swm7E7GE/AsvHhTx6r/x5r9x2+agrQ8GHu/NMDPPj6Uw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmijRjDdYJCPd9qnhUijeQIGSt2PNaehL3vLHN1O/9ci1EZG6x0nMeyEdKhEIRtFKD0E/9bJK+pSd9Utlt+rOQJaJl5My5Kj3S1/dQcSSkCtkkhrT8dwYeynVKJjkWbGbGB5TNqZD3rFU0ZCbXjq7OCOnVhmQINK2FJKZ+nsipaExk9C3nSHFkVn0puJ/XifB4KqXChUnyBWbLwoSSTAi0/fJQGjOUE4soUwLeythI6opQxtS0YbgLb68TJrnVc+tencX5dp1HkcBjuEEKuDBJdTgFurQAAYKnuEV3hzjvDjvzse8dcXJZ47gD5zPHyNKkI0=</latexit><latexit sha1_base64="6/IGJ5fH6pqtpMQr9blngdasobw=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSLUS0lE0GPRi8cK9gPbUjbbTbt0swm7E7GE/AsvHhTx6r/x5r9x2+agrQ8GHu/NMDPPj6Uw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmijRjDdYJCPd9qnhUijeQIGSt2PNaehL3vLHN1O/9ci1EZG6x0nMeyEdKhEIRtFKD0E/9bJK+pSd9Utlt+rOQJaJl5My5Kj3S1/dQcSSkCtkkhrT8dwYeynVKJjkWbGbGB5TNqZD3rFU0ZCbXjq7OCOnVhmQINK2FJKZ+nsipaExk9C3nSHFkVn0puJ/XifB4KqXChUnyBWbLwoSSTAi0/fJQGjOUE4soUwLeythI6opQxtS0YbgLb68TJrnVc+tencX5dp1HkcBjuEEKuDBJdTgFurQAAYKnuEV3hzjvDjvzse8dcXJZ47gD5zPHyNKkI0=</latexit><latexit sha1_base64="6/IGJ5fH6pqtpMQr9blngdasobw=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSLUS0lE0GPRi8cK9gPbUjbbTbt0swm7E7GE/AsvHhTx6r/x5r9x2+agrQ8GHu/NMDPPj6Uw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmijRjDdYJCPd9qnhUijeQIGSt2PNaehL3vLHN1O/9ci1EZG6x0nMeyEdKhEIRtFKD0E/9bJK+pSd9Utlt+rOQJaJl5My5Kj3S1/dQcSSkCtkkhrT8dwYeynVKJjkWbGbGB5TNqZD3rFU0ZCbXjq7OCOnVhmQINK2FJKZ+nsipaExk9C3nSHFkVn0puJ/XifB4KqXChUnyBWbLwoSSTAi0/fJQGjOUE4soUwLeythI6opQxtS0YbgLb68TJrnVc+tencX5dp1HkcBjuEEKuDBJdTgFurQAAYKnuEV3hzjvDjvzse8dcXJZ47gD5zPHyNKkI0=</latexit><latexit sha1_base64="6/IGJ5fH6pqtpMQr9blngdasobw=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSLUS0lE0GPRi8cK9gPbUjbbTbt0swm7E7GE/AsvHhTx6r/x5r9x2+agrQ8GHu/NMDPPj6Uw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmijRjDdYJCPd9qnhUijeQIGSt2PNaehL3vLHN1O/9ci1EZG6x0nMeyEdKhEIRtFKD0E/9bJK+pSd9Utlt+rOQJaJl5My5Kj3S1/dQcSSkCtkkhrT8dwYeynVKJjkWbGbGB5TNqZD3rFU0ZCbXjq7OCOnVhmQINK2FJKZ+nsipaExk9C3nSHFkVn0puJ/XifB4KqXChUnyBWbLwoSSTAi0/fJQGjOUE4soUwLeythI6opQxtS0YbgLb68TJrnVc+tencX5dp1HkcBjuEEKuDBJdTgFurQAAYKnuEV3hzjvDjvzse8dcXJZ47gD5zPHyNKkI0=</latexit>

f2(x)
<latexit sha1_base64="kIcBS96aMauAAX+PR7B+wUGfj5w=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvXisYFshDWWz3bRLN7thdyOWkJ/hxYMiXv013vw3btsctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHXS1TRWiHSC7VQ4g15UzQjmGG04dEURyHnPbCyc3M7z1SpZkU92aa0CDGI8EiRrCxkh8NsmZez9BTfj6o1tyGOwdaJV5BalCgPah+9YeSpDEVhnCste+5iQkyrAwjnOaVfqppgskEj6hvqcAx1UE2PzlHZ1YZokgqW8Kgufp7IsOx1tM4tJ0xNmO97M3E/zw/NdFVkDGRpIYKslgUpRwZiWb/oyFTlBg+tQQTxeytiIyxwsTYlCo2BG/55VXSbTY8t+HdXdRa10UcZTiBU6iDB5fQgltoQwcISHiGV3hzjPPivDsfi9aSU8wcwx84nz99PJC4</latexit><latexit sha1_base64="kIcBS96aMauAAX+PR7B+wUGfj5w=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvXisYFshDWWz3bRLN7thdyOWkJ/hxYMiXv013vw3btsctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHXS1TRWiHSC7VQ4g15UzQjmGG04dEURyHnPbCyc3M7z1SpZkU92aa0CDGI8EiRrCxkh8NsmZez9BTfj6o1tyGOwdaJV5BalCgPah+9YeSpDEVhnCste+5iQkyrAwjnOaVfqppgskEj6hvqcAx1UE2PzlHZ1YZokgqW8Kgufp7IsOx1tM4tJ0xNmO97M3E/zw/NdFVkDGRpIYKslgUpRwZiWb/oyFTlBg+tQQTxeytiIyxwsTYlCo2BG/55VXSbTY8t+HdXdRa10UcZTiBU6iDB5fQgltoQwcISHiGV3hzjPPivDsfi9aSU8wcwx84nz99PJC4</latexit><latexit sha1_base64="kIcBS96aMauAAX+PR7B+wUGfj5w=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvXisYFshDWWz3bRLN7thdyOWkJ/hxYMiXv013vw3btsctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHXS1TRWiHSC7VQ4g15UzQjmGG04dEURyHnPbCyc3M7z1SpZkU92aa0CDGI8EiRrCxkh8NsmZez9BTfj6o1tyGOwdaJV5BalCgPah+9YeSpDEVhnCste+5iQkyrAwjnOaVfqppgskEj6hvqcAx1UE2PzlHZ1YZokgqW8Kgufp7IsOx1tM4tJ0xNmO97M3E/zw/NdFVkDGRpIYKslgUpRwZiWb/oyFTlBg+tQQTxeytiIyxwsTYlCo2BG/55VXSbTY8t+HdXdRa10UcZTiBU6iDB5fQgltoQwcISHiGV3hzjPPivDsfi9aSU8wcwx84nz99PJC4</latexit><latexit sha1_base64="kIcBS96aMauAAX+PR7B+wUGfj5w=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvXisYFshDWWz3bRLN7thdyOWkJ/hxYMiXv013vw3btsctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHXS1TRWiHSC7VQ4g15UzQjmGG04dEURyHnPbCyc3M7z1SpZkU92aa0CDGI8EiRrCxkh8NsmZez9BTfj6o1tyGOwdaJV5BalCgPah+9YeSpDEVhnCste+5iQkyrAwjnOaVfqppgskEj6hvqcAx1UE2PzlHZ1YZokgqW8Kgufp7IsOx1tM4tJ0xNmO97M3E/zw/NdFVkDGRpIYKslgUpRwZiWb/oyFTlBg+tQQTxeytiIyxwsTYlCo2BG/55VXSbTY8t+HdXdRa10UcZTiBU6iDB5fQgltoQwcISHiGV3hzjPPivDsfi9aSU8wcwx84nz99PJC4</latexit>

f3(x)
<latexit sha1_base64="SbhkvCe4C6Lt74kXbKWnpKeakR8=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahXsquCnosevFYwX5gu5Rsmm1Ds8mSZMWy7L/w4kERr/4bb/4b03YP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2DlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvpn67UeqNJPi3kxi6kd4KFjICDZWegj76XlWTZ+y03654tbcGdAy8XJSgRyNfvmrN5AkiagwhGOtu54bGz/FyjDCaVbqJZrGmIzxkHYtFTii2k9nF2foxCoDFEplSxg0U39PpDjSehIFtjPCZqQXvan4n9dNTHjlp0zEiaGCzBeFCUdGoun7aMAUJYZPLMFEMXsrIiOsMDE2pJINwVt8eZm0zmqeW/PuLir16zyOIhzBMVTBg0uowy00oAkEBDzDK7w52nlx3p2PeWvByWcO4Q+czx8mXpCP</latexit><latexit sha1_base64="SbhkvCe4C6Lt74kXbKWnpKeakR8=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahXsquCnosevFYwX5gu5Rsmm1Ds8mSZMWy7L/w4kERr/4bb/4b03YP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2DlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvpn67UeqNJPi3kxi6kd4KFjICDZWegj76XlWTZ+y03654tbcGdAy8XJSgRyNfvmrN5AkiagwhGOtu54bGz/FyjDCaVbqJZrGmIzxkHYtFTii2k9nF2foxCoDFEplSxg0U39PpDjSehIFtjPCZqQXvan4n9dNTHjlp0zEiaGCzBeFCUdGoun7aMAUJYZPLMFEMXsrIiOsMDE2pJINwVt8eZm0zmqeW/PuLir16zyOIhzBMVTBg0uowy00oAkEBDzDK7w52nlx3p2PeWvByWcO4Q+czx8mXpCP</latexit><latexit sha1_base64="SbhkvCe4C6Lt74kXbKWnpKeakR8=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahXsquCnosevFYwX5gu5Rsmm1Ds8mSZMWy7L/w4kERr/4bb/4b03YP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2DlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvpn67UeqNJPi3kxi6kd4KFjICDZWegj76XlWTZ+y03654tbcGdAy8XJSgRyNfvmrN5AkiagwhGOtu54bGz/FyjDCaVbqJZrGmIzxkHYtFTii2k9nF2foxCoDFEplSxg0U39PpDjSehIFtjPCZqQXvan4n9dNTHjlp0zEiaGCzBeFCUdGoun7aMAUJYZPLMFEMXsrIiOsMDE2pJINwVt8eZm0zmqeW/PuLir16zyOIhzBMVTBg0uowy00oAkEBDzDK7w52nlx3p2PeWvByWcO4Q+czx8mXpCP</latexit><latexit sha1_base64="SbhkvCe4C6Lt74kXbKWnpKeakR8=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahXsquCnosevFYwX5gu5Rsmm1Ds8mSZMWy7L/w4kERr/4bb/4b03YP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2DlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvpn67UeqNJPi3kxi6kd4KFjICDZWegj76XlWTZ+y03654tbcGdAy8XJSgRyNfvmrN5AkiagwhGOtu54bGz/FyjDCaVbqJZrGmIzxkHYtFTii2k9nF2foxCoDFEplSxg0U39PpDjSehIFtjPCZqQXvan4n9dNTHjlp0zEiaGCzBeFCUdGoun7aMAUJYZPLMFEMXsrIiOsMDE2pJINwVt8eZm0zmqeW/PuLir16zyOIhzBMVTBg0uowy00oAkEBDzDK7w52nlx3p2PeWvByWcO4Q+czx8mXpCP</latexit>

Figure 6.3 The visualization for a tri-task Gaussian process model with a scalar
input and Q = 1. The dash lines indicate the correlations. We can image this
model is built for an area vs. power vs. delay joint regression problem with a
parameter, max_transition, as input x.

kernel for multi-task Gaussian process is shown as follows.

K (x,x′) =

Q∑
q=1

Bq(d, d
′)kq (x,x

′) , (6.5)

where Bq ∈ RD×D is a so-called coregionalization matrix, and the
coefficient bqd,d′ is the element of Bq. Bq is usually set to be posi-
tive semi-definite matrix which specifies the inter-task similarities.
Above linear expression of outputs represents the covariance func-
tion as the sum of the products of two covariance functions. More
specifically, Bq models the dependence between the outputs, which
is independent of the input parameter vector x, while kq (x,x

′)

discovers the parameter dependence, independently of the ultimate
output QoR metrics f(x).

For further reduction, a reasonable assumption that bqd,d′ = kg
d,d′bq

for a suitable scalar coefficient kg
d,d′ can be made. With substitut-

ing this assumption for bqd,d′ , Equation (6.4) can be re-written as
Equation (6.6):

cov [fd(x), fd′ (x′)] = kg
d,d′k

x (x,x′) , (6.6)

where kx (x,x′) =
∑Q

q=1 bqkq (x,x
′). Finally, on the back of inde-

pendent GP priors over the latent functions gq(x), our kernel matrix



CHAPTER 6. PARAMETER TUNING OF PHYSICAL DESIGN TOOL 111

corresponding to a dataset X (stacking the tool parameter config-
urations as rows) takes the form in Equation (6.7).

K(X,X) = Kg ⊗Kx(X,X),

fd ∼ N

(
Q∑

q=1

ad,qgq(x), σ
2
d

)
,

(6.7)

where ⊗ refers to Kronecker product. Equation (6.7) decouples
the correlation between task (estimating the QoR metric values)
similarities and input (tool parameter configurations) similarities.

In the same spirit of standard GP for the mean and variance pre-
dictions, inference in the MGP model can be calculated. Given M

training points (tool parameter configurations) with concatenated
golden QoR metric values y ∈ RMN and a new parameter config-
uration x∗, The closed-form expressions of mean and uncertainty
for task d at x∗ shown in following Equations (6.9) and (6.10)
are acquired by using the first-order optimality condition on the
marginal likelihood function (see below Equation (6.8)) of the multi-
task Gaussian process.

L = −M

2
log |Kg| − N

2
log |Kx|

− 1

2
tr
[
(Kg)−1 F⊤ (Kx)−1 F

]
− M

2

N∑
l−1

logσ2
l

− 1

2
tr
[
(Y − F )D−1(Y − F )⊤

]
− MN

2
log 2π,

(6.8)

f̄d (x∗) = (kg
d ⊗ kx

∗)
⊤Σ−1y, (6.9)

¯var
[
f̄d (x∗)

]
= kg

d,dk
x (x∗,x∗)

− (kg
d ⊗ kx

∗)
⊤Σ−1 (kg

d ⊗ kx
∗) , (6.10)

where Σ ∈ RMN×MN := (Kg ⊗Kx +D ⊗ I) with D an N × N

diagonal matrix in which the element in (d, d) is σ2
d. Kx indicates

the matrix of covariances between all pairs of training points. Kg

which is treated as a kind of hyperparameter of the MGP describes
the task similarities, and it can be obtained by maximizing likelihood
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estimation. Further, kg
d denotes the d-th column of Kg, and kx

∗

refers to the vector of covariances between the test point x∗ and the
other training points. Until now, we have built the surrogate model
and prepared the predictions on QoR metrics like area, delay and
power for further calculations of the acquisition function.

6.3.2 The information gain-based acquisition function

Given the parameter configuration space X (i.e. the boundaries of
parameters) of a physical design tool and current training dataset D,
we attempt to maximize the information gain about the predicted
Pareto frontier Y∗, namely expected reduction in entropy over Y∗.
Consequently, an information gain-based acquisition function I(x)
is emerged in Equation (6.11).

I(x) = I ({x,y},Y∗ | D)

= H (Y∗ | D)− Ey [H (Y∗ | D ∪ {x,y})] , (6.11)

where x is the parameter configuration to be selected and y is the
corresponding predicted the QoR values. By using the symmetric
property of mutual information, we can rewrite Equation (6.11) as
Equation (6.12).

I(x) = H (y | D,x)− EY∗ [H (y | D,x,Y∗)] . (6.12)

Equation (6.12) tries to minimize the uncertainty estimation of Pareto
frontier approximation Y∗ after searching the next candidate x for
design tool evaluation. The first term of Equation (6.12) is straight-
forward to compute. In fact, it is simply the entropy of the pre-
dictive distribution p (y | D,x) which is a N -dimensional Gaussian
distribution N(y | µ,Σ). Applying the substitution trick in a nor-
malization fashion, we can obtain a simplified expression of the first
term as Equation (6.13).

H (y | D,x) =
N

2
(ln 2π + 1) +

1

2
ln |Σ|. (6.13)
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The main part of second term in Equation (6.12) is the entropy of
the predictive distribution conditioned on the Pareto frontier Y∗.
This expectation term can be approximated fast and effectively by:

EY∗ [H (y | D,x,Y∗)] ≃ H (y | D,x,Y∗) . (6.14)

In Equation (6.14), we can observe that the computation involves
the predicted Pareto frontier Y∗, which means the Pareto frontier
needs to be estimated. To calculate the Pareto frontier samples, a
multi-objective optimization formulation should be first established.
Analogous to the previous arts [66, 67], sample functions from the
posterior MGP model via some kernel functions and then solve a
multi-objective optimization over the N sampled functions. This
multi-objective optimization also allows us to capture the interac-
tions between different objectives. In the process, the N kernel-
based linear functions are exploited in a ridge regression taste. The
principle behind this execution is that the Gaussian Process is a
Bayesian generalization of the ridge regression and can be explained
in a weight space view [146]. The sample function is constructed
as a finitely parametrized approximation which is show in Equa-
tion (6.15).

f̃i (x) = κ(x)⊤µ, (6.15)

where κ(·) is some kind of kernel function such as Matern, radial
basis function, and µ is a random variable sampled from its corre-
sponding posterior distribution conditioned on the data D includ-
ing all parameter configurations through tool evaluations. The re-
parameterization trick is exploited to compute µ.

After formulating the multi-objective optimization over the N

sampled functions f̃1 (·) , f̃2 (·) , . . . , f̃N (·), a genetic algorithm-based
solver, e.g. NSGA-II, is adopted to optimize the optimization prob-
lem.

X∗ = arg minx∈X
(
f̃1 (x) , f̃2 (x) , . . . , f̃N (x)

)
, (6.16)



CHAPTER 6. PARAMETER TUNING OF PHYSICAL DESIGN TOOL 114

Algorithm 3 The Computation Process for Information Gain based
Acquisition Function in t-th iteration
Input: the number of tasks N , the predictions from the multi-task GP model.

1: for i← 1 to N do
2: Sample approximation function f̃i (·) from each task output from the

multi-task GP model; ▷ Equation (6.15)
3: end for
4: Multi-objective optimizer (NSGA-II [38]) optimizing over

f̃1 (·) , f̃2 (·) , . . . , f̃N (·); ▷ Equation (6.16)
5: Compute and maximize I(x); ▷ Equation (6.17)

where X∗ is the associated Pareto-optimal set.
Until now, the Pareto-optimal set X∗

t with corresponding objec-
tive values Y∗ is approximated. Next, an additional constraint is
introduced. It can be proved that the value of each element of y

in Equation (6.14) is upper-bounded by the maximum value of cor-
responding element in sampled point on Pareto frontier Y∗. Com-
bining the boundedness property and the fact that each sampled
objective function is modeled as a GP prior, we can model each
component of y as a truncated Gaussian distribution. Ultimately,
directly harnessing the closed-form solutions to moments of a trun-
cated Gaussian distribution [19] and Equation (6.13), we can get the
approximation of acquisition function as shown in Equation (6.17).

I(x) =
N∑
i=1

[
νi(x)ϕ (νi(x))

2F (νi(x))
− ln F (νi(x))

]
, (6.17)

where ϕ and F stand for the probability density function and the
cumulative density function of a standard Gaussian distribution
respectively. νi(x) equals to y∗i −µi(x)

σi(x)
with y∗i the maximum value

among the sampled points on predicted Pareto frontier for i-th QoR
metric. Then we can maximize Equation (6.17) via some Quasi-
Newton optimizers like limited-memory BFGS. The computation
process for information gain-based acquisition function is briefly con-
cluded in Algorithm 3.



CHAPTER 6. PARAMETER TUNING OF PHYSICAL DESIGN TOOL 115

6.3.3 The Multi-Objective Bayesian Optimization Method

Algorithm 4 Multi-objective Bayesian Optimization Method
Input: the parameter configuration space X (i.e. the boundaries of parameters)
of a certain physical design tool, initial dataset D0 and the number of maximum
iterations T .
Output: the set of predicted Pareto-optimal parameter configurations P̃ over
D.

1: Initialization: Initial the multi-task GP model with initial data set D0;
2: while not convergence or t < T do
3: xt ← arg minx∈XI(x); ▷ Algorithm 3
4: Enquiry the physical design tool to acquire the golden values yt

(area/power/delay values) of xt;
5: Update the training dataset Dt−1 with (xt,yt): Dt = Dt−1 ∪ (xt,yt);
6: Fine tune the multi-task GP model with Dt;
7: t← t+ 1;
8: end while

After details of two main components, we summarize the pro-
posed multi-objective Bayesian optimization method in Algorithm 4.
In initialization stage of Algorithm 4, the surrogate model captures
the priors about the unknown objective functions, and offers predic-
tions on posterior distributions (line 1). Per iteration, the acquisi-
tion function first exploits the predicted posterior distributions to
search for the candidate points for tool query (lines 3 and 4). Af-
ter evaluation, the candidate points with golden values will in turn
help calibrate the multi-task Gaussian process model (lines 5 and 6).
The optimization process performs in this manner iteratively until
converges. Finally, the Pareto-optimal parameter configurations are
obtained.

For a better comprehend, we sketch some visualizations in Fig. 6.4
to illustrate the working principles for the proposed Bayesian opti-
mization method.
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0.50
<latexit sha1_base64="hjQtCtiPjm5ZsarVwvAu5BMgNrA=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbB05IVRY9FLx4r2A9ol5JNs21okl2SrFBK/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvSgU3FuNvr7S2vrG5Vd6u7Ozu7R9UD49aJsk0ZU2aiER3ImKY4Io1LbeCdVLNiIwEa0fju9xvPzFteKIe7SRloSRDxWNOic0l7F/hfrWGfTwHWiVBQWpQoNGvfvUGCc0kU5YKYkw3wKkNp0RbTgWbVXqZYSmhYzJkXUcVkcyE0/mtM3TmlAGKE+1KWTRXf09MiTRmIiPXKYkdmWUvF//zupmNb8IpV2lmmaKLRXEmkE1Q/jgacM2oFRNHCNXc3YroiGhCrYun4kIIll9eJa0LP8B+8HBZq98WcZThBE7hHAK4hjrcQwOaQGEEz/AKb570Xrx372PRWvKKmWP4A+/zB8fHjWU=</latexit><latexit sha1_base64="hjQtCtiPjm5ZsarVwvAu5BMgNrA=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbB05IVRY9FLx4r2A9ol5JNs21okl2SrFBK/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvSgU3FuNvr7S2vrG5Vd6u7Ozu7R9UD49aJsk0ZU2aiER3ImKY4Io1LbeCdVLNiIwEa0fju9xvPzFteKIe7SRloSRDxWNOic0l7F/hfrWGfTwHWiVBQWpQoNGvfvUGCc0kU5YKYkw3wKkNp0RbTgWbVXqZYSmhYzJkXUcVkcyE0/mtM3TmlAGKE+1KWTRXf09MiTRmIiPXKYkdmWUvF//zupmNb8IpV2lmmaKLRXEmkE1Q/jgacM2oFRNHCNXc3YroiGhCrYun4kIIll9eJa0LP8B+8HBZq98WcZThBE7hHAK4hjrcQwOaQGEEz/AKb570Xrx372PRWvKKmWP4A+/zB8fHjWU=</latexit><latexit sha1_base64="hjQtCtiPjm5ZsarVwvAu5BMgNrA=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbB05IVRY9FLx4r2A9ol5JNs21okl2SrFBK/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvSgU3FuNvr7S2vrG5Vd6u7Ozu7R9UD49aJsk0ZU2aiER3ImKY4Io1LbeCdVLNiIwEa0fju9xvPzFteKIe7SRloSRDxWNOic0l7F/hfrWGfTwHWiVBQWpQoNGvfvUGCc0kU5YKYkw3wKkNp0RbTgWbVXqZYSmhYzJkXUcVkcyE0/mtM3TmlAGKE+1KWTRXf09MiTRmIiPXKYkdmWUvF//zupmNb8IpV2lmmaKLRXEmkE1Q/jgacM2oFRNHCNXc3YroiGhCrYun4kIIll9eJa0LP8B+8HBZq98WcZThBE7hHAK4hjrcQwOaQGEEz/AKb570Xrx372PRWvKKmWP4A+/zB8fHjWU=</latexit><latexit sha1_base64="hjQtCtiPjm5ZsarVwvAu5BMgNrA=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbB05IVRY9FLx4r2A9ol5JNs21okl2SrFBK/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvSgU3FuNvr7S2vrG5Vd6u7Ozu7R9UD49aJsk0ZU2aiER3ImKY4Io1LbeCdVLNiIwEa0fju9xvPzFteKIe7SRloSRDxWNOic0l7F/hfrWGfTwHWiVBQWpQoNGvfvUGCc0kU5YKYkw3wKkNp0RbTgWbVXqZYSmhYzJkXUcVkcyE0/mtM3TmlAGKE+1KWTRXf09MiTRmIiPXKYkdmWUvF//zupmNb8IpV2lmmaKLRXEmkE1Q/jgacM2oFRNHCNXc3YroiGhCrYun4kIIll9eJa0LP8B+8HBZq98WcZThBE7hHAK4hjrcQwOaQGEEz/AKb570Xrx372PRWvKKmWP4A+/zB8fHjWU=</latexit>

0.75
<latexit sha1_base64="szjFb7XS6xiR8Lczub6FIpVJ9dw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0jEUo9FLx4r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZQ2Nre2d8q7lb39g8Oj6vFJR8epIrRNYh6rXog15UzStmGG016iKBYhp91wepf73SeqNIvlo5klNBB4LFnECDa55LmN+rBa81xvAbRO/ILUoEBrWP0ajGKSCioN4Vjrvu8lJsiwMoxwOq8MUk0TTKZ4TPuWSiyoDrLFrXN0YZURimJlSxq0UH9PZFhoPROh7RTYTPSql4v/ef3URDdBxmSSGirJclGUcmRilD+ORkxRYvjMEkwUs7ciMsEKE2PjqdgQ/NWX10nnyvU913+4rjVvizjKcAbncAk+NKAJ99CCNhCYwDO8wpsjnBfn3flYtpacYuYU/sD5/AHSZY1s</latexit><latexit sha1_base64="szjFb7XS6xiR8Lczub6FIpVJ9dw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0jEUo9FLx4r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZQ2Nre2d8q7lb39g8Oj6vFJR8epIrRNYh6rXog15UzStmGG016iKBYhp91wepf73SeqNIvlo5klNBB4LFnECDa55LmN+rBa81xvAbRO/ILUoEBrWP0ajGKSCioN4Vjrvu8lJsiwMoxwOq8MUk0TTKZ4TPuWSiyoDrLFrXN0YZURimJlSxq0UH9PZFhoPROh7RTYTPSql4v/ef3URDdBxmSSGirJclGUcmRilD+ORkxRYvjMEkwUs7ciMsEKE2PjqdgQ/NWX10nnyvU913+4rjVvizjKcAbncAk+NKAJ99CCNhCYwDO8wpsjnBfn3flYtpacYuYU/sD5/AHSZY1s</latexit><latexit sha1_base64="szjFb7XS6xiR8Lczub6FIpVJ9dw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0jEUo9FLx4r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZQ2Nre2d8q7lb39g8Oj6vFJR8epIrRNYh6rXog15UzStmGG016iKBYhp91wepf73SeqNIvlo5klNBB4LFnECDa55LmN+rBa81xvAbRO/ILUoEBrWP0ajGKSCioN4Vjrvu8lJsiwMoxwOq8MUk0TTKZ4TPuWSiyoDrLFrXN0YZURimJlSxq0UH9PZFhoPROh7RTYTPSql4v/ef3URDdBxmSSGirJclGUcmRilD+ORkxRYvjMEkwUs7ciMsEKE2PjqdgQ/NWX10nnyvU913+4rjVvizjKcAbncAk+NKAJ99CCNhCYwDO8wpsjnBfn3flYtpacYuYU/sD5/AHSZY1s</latexit><latexit sha1_base64="szjFb7XS6xiR8Lczub6FIpVJ9dw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0jEUo9FLx4r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZQ2Nre2d8q7lb39g8Oj6vFJR8epIrRNYh6rXog15UzStmGG016iKBYhp91wepf73SeqNIvlo5klNBB4LFnECDa55LmN+rBa81xvAbRO/ILUoEBrWP0ajGKSCioN4Vjrvu8lJsiwMoxwOq8MUk0TTKZ4TPuWSiyoDrLFrXN0YZURimJlSxq0UH9PZFhoPROh7RTYTPSql4v/ef3URDdBxmSSGirJclGUcmRilD+ORkxRYvjMEkwUs7ciMsEKE2PjqdgQ/NWX10nnyvU913+4rjVvizjKcAbncAk+NKAJ99CCNhCYwDO8wpsjnBfn3flYtpacYuYU/sD5/AHSZY1s</latexit>

Delay

Area

(c)

Figure 6.4 The visualization for the proposed Bayesian optimization method
optimizing multiple QoR metrics of interest (i.e. area vs. delay). The golden
stars with dash carnation lines refer to the golden Pareto frontier among area
and delay. The black squares with blue dash lines denote the current predicted
Pareto frontier based on observed tool parameter configurations and correspond-
ing performance values. The cyan heat map reflects the probability of points
in the bi-objective space dominated by others. With a darker color, the proba-
bility gets higher. (a) New parameter configuration for tool evaluation has not
been selected yet; (b) The method chooses a new parameter configuration with
associated area vs. delay values near one predicted Pareto frontier point. The
nested circles reflect the distribution of the output function at new data point;
(c) The predicted Pareto frontier is updated with the new data point and the
dark-colored area in the heat map expands, which means that the uncertainty
about the Pareto frontier approximation decreases.

6.4 The Developed Physical Design Tool Param-
eter Tuning Flow

We visualize the global view of the proposed tuning flow in Fig. 6.5,
where the arrows mark the dataflow. Our proposed Bayesian opti-
mization framework delivers the selected parameter configurations
for tool evaluation. The tool estimates the corresponding QoR met-
ric values given selected parameter configurations with certain de-
sign netlist, technology files and associate libraries. Then, the train-
ing dataset stores the new data point and promptly calibrates multi-
task GP model. With more accurate predictions from multi-task GP
model, acquisition function continues seeking the next parameter
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How to plot a normal distribution in python with matplotlib
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How to plot a normal distribution in python with matplotlib
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How to plot a normal distribution in python with matplotlib

g1(x)
<latexit sha1_base64="W0stpkYY50VT/JXbEVHZPkmA3pU=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBahbkoigi6LblxWsA9oQ5lMJ+3QySTMTKQl5FfcuFDErT/izr9x0mahrQcGDufcyz1z/JgzpR3n2yptbG5t75R3K3v7B4dH9nG1o6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/epf73ScqFYvEo57H1AvxWLCAEayNNLSr42HqZvV0EGI98QM0yy6Gds1pOAugdeIWpAYFWkP7azCKSBJSoQnHSvVdJ9ZeiqVmhNOsMkgUjTGZ4jHtGypwSJWXLrJn6NwoIxRE0jyh0UL9vZHiUKl56JvJPKJa9XLxP6+f6ODGS5mIE00FWR4KEo50hPIi0IhJSjSfG4KJZCYrIhMsMdGmroopwV398jrpXDZcp+E+XNWat0UdZTiFM6iDC9fQhHtoQRsIzOAZXuHNyqwX6936WI6WrGLnBP7A+vwBXmaT/Q==</latexit><latexit sha1_base64="W0stpkYY50VT/JXbEVHZPkmA3pU=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBahbkoigi6LblxWsA9oQ5lMJ+3QySTMTKQl5FfcuFDErT/izr9x0mahrQcGDufcyz1z/JgzpR3n2yptbG5t75R3K3v7B4dH9nG1o6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/epf73ScqFYvEo57H1AvxWLCAEayNNLSr42HqZvV0EGI98QM0yy6Gds1pOAugdeIWpAYFWkP7azCKSBJSoQnHSvVdJ9ZeiqVmhNOsMkgUjTGZ4jHtGypwSJWXLrJn6NwoIxRE0jyh0UL9vZHiUKl56JvJPKJa9XLxP6+f6ODGS5mIE00FWR4KEo50hPIi0IhJSjSfG4KJZCYrIhMsMdGmroopwV398jrpXDZcp+E+XNWat0UdZTiFM6iDC9fQhHtoQRsIzOAZXuHNyqwX6936WI6WrGLnBP7A+vwBXmaT/Q==</latexit><latexit sha1_base64="W0stpkYY50VT/JXbEVHZPkmA3pU=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBahbkoigi6LblxWsA9oQ5lMJ+3QySTMTKQl5FfcuFDErT/izr9x0mahrQcGDufcyz1z/JgzpR3n2yptbG5t75R3K3v7B4dH9nG1o6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/epf73ScqFYvEo57H1AvxWLCAEayNNLSr42HqZvV0EGI98QM0yy6Gds1pOAugdeIWpAYFWkP7azCKSBJSoQnHSvVdJ9ZeiqVmhNOsMkgUjTGZ4jHtGypwSJWXLrJn6NwoIxRE0jyh0UL9vZHiUKl56JvJPKJa9XLxP6+f6ODGS5mIE00FWR4KEo50hPIi0IhJSjSfG4KJZCYrIhMsMdGmroopwV398jrpXDZcp+E+XNWat0UdZTiFM6iDC9fQhHtoQRsIzOAZXuHNyqwX6936WI6WrGLnBP7A+vwBXmaT/Q==</latexit><latexit sha1_base64="W0stpkYY50VT/JXbEVHZPkmA3pU=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBahbkoigi6LblxWsA9oQ5lMJ+3QySTMTKQl5FfcuFDErT/izr9x0mahrQcGDufcyz1z/JgzpR3n2yptbG5t75R3K3v7B4dH9nG1o6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/epf73ScqFYvEo57H1AvxWLCAEayNNLSr42HqZvV0EGI98QM0yy6Gds1pOAugdeIWpAYFWkP7azCKSBJSoQnHSvVdJ9ZeiqVmhNOsMkgUjTGZ4jHtGypwSJWXLrJn6NwoIxRE0jyh0UL9vZHiUKl56JvJPKJa9XLxP6+f6ODGS5mIE00FWR4KEo50hPIi0IhJSjSfG4KJZCYrIhMsMdGmroopwV398jrpXDZcp+E+XNWat0UdZTiFM6iDC9fQhHtoQRsIzOAZXuHNyqwX6936WI6WrGLnBP7A+vwBXmaT/Q==</latexit>

g2(x)
<latexit sha1_base64="AmzNVlH/BXJ4Tcgu1ic3INfGEXk=">AAAB+3icbVBNS8NAFHypX7V+xXr0sliEeilJEfRY9OKxgm2FNoTNdtMu3WzC7kZaQv6KFw+KePWPePPfuG1z0NaBhWHmPd7sBAlnSjvOt1Xa2Nza3invVvb2Dw6P7ONqV8WpJLRDYh7LxwArypmgHc00p4+JpDgKOO0Fk9u533uiUrFYPOhZQr0IjwQLGcHaSL5dHflZM69ngwjrcRCiaX7h2zWn4SyA1olbkBoUaPv212AYkzSiQhOOleq7TqK9DEvNCKd5ZZAqmmAywSPaN1TgiCovW2TP0blRhiiMpXlCo4X6eyPDkVKzKDCT84hq1ZuL/3n9VIfXXsZEkmoqyPJQmHKkYzQvAg2ZpETzmSGYSGayIjLGEhNt6qqYEtzVL6+TbrPhOg33/rLWuinqKMMpnEEdXLiCFtxBGzpAYArP8ApvVm69WO/Wx3K0ZBU7J/AH1ucPX/iT/g==</latexit><latexit sha1_base64="AmzNVlH/BXJ4Tcgu1ic3INfGEXk=">AAAB+3icbVBNS8NAFHypX7V+xXr0sliEeilJEfRY9OKxgm2FNoTNdtMu3WzC7kZaQv6KFw+KePWPePPfuG1z0NaBhWHmPd7sBAlnSjvOt1Xa2Nza3invVvb2Dw6P7ONqV8WpJLRDYh7LxwArypmgHc00p4+JpDgKOO0Fk9u533uiUrFYPOhZQr0IjwQLGcHaSL5dHflZM69ngwjrcRCiaX7h2zWn4SyA1olbkBoUaPv212AYkzSiQhOOleq7TqK9DEvNCKd5ZZAqmmAywSPaN1TgiCovW2TP0blRhiiMpXlCo4X6eyPDkVKzKDCT84hq1ZuL/3n9VIfXXsZEkmoqyPJQmHKkYzQvAg2ZpETzmSGYSGayIjLGEhNt6qqYEtzVL6+TbrPhOg33/rLWuinqKMMpnEEdXLiCFtxBGzpAYArP8ApvVm69WO/Wx3K0ZBU7J/AH1ucPX/iT/g==</latexit><latexit sha1_base64="AmzNVlH/BXJ4Tcgu1ic3INfGEXk=">AAAB+3icbVBNS8NAFHypX7V+xXr0sliEeilJEfRY9OKxgm2FNoTNdtMu3WzC7kZaQv6KFw+KePWPePPfuG1z0NaBhWHmPd7sBAlnSjvOt1Xa2Nza3invVvb2Dw6P7ONqV8WpJLRDYh7LxwArypmgHc00p4+JpDgKOO0Fk9u533uiUrFYPOhZQr0IjwQLGcHaSL5dHflZM69ngwjrcRCiaX7h2zWn4SyA1olbkBoUaPv212AYkzSiQhOOleq7TqK9DEvNCKd5ZZAqmmAywSPaN1TgiCovW2TP0blRhiiMpXlCo4X6eyPDkVKzKDCT84hq1ZuL/3n9VIfXXsZEkmoqyPJQmHKkYzQvAg2ZpETzmSGYSGayIjLGEhNt6qqYEtzVL6+TbrPhOg33/rLWuinqKMMpnEEdXLiCFtxBGzpAYArP8ApvVm69WO/Wx3K0ZBU7J/AH1ucPX/iT/g==</latexit><latexit sha1_base64="AmzNVlH/BXJ4Tcgu1ic3INfGEXk=">AAAB+3icbVBNS8NAFHypX7V+xXr0sliEeilJEfRY9OKxgm2FNoTNdtMu3WzC7kZaQv6KFw+KePWPePPfuG1z0NaBhWHmPd7sBAlnSjvOt1Xa2Nza3invVvb2Dw6P7ONqV8WpJLRDYh7LxwArypmgHc00p4+JpDgKOO0Fk9u533uiUrFYPOhZQr0IjwQLGcHaSL5dHflZM69ngwjrcRCiaX7h2zWn4SyA1olbkBoUaPv212AYkzSiQhOOleq7TqK9DEvNCKd5ZZAqmmAywSPaN1TgiCovW2TP0blRhiiMpXlCo4X6eyPDkVKzKDCT84hq1ZuL/3n9VIfXXsZEkmoqyPJQmHKkYzQvAg2ZpETzmSGYSGayIjLGEhNt6qqYEtzVL6+TbrPhOg33/rLWuinqKMMpnEEdXLiCFtxBGzpAYArP8ApvVm69WO/Wx3K0ZBU7J/AH1ucPX/iT/g==</latexit>

g3(x)
<latexit sha1_base64="6lgw1q3VXRMI7O6uHYk9pkVBD+s=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSLUTUlU0GXRjcsK9gFtKJPppB06mYSZibSE/IobF4q49Ufc+TdO2iy09cDA4Zx7uWeOH3OmtON8W2vrG5tb26Wd8u7e/sGhfVRpqyiRhLZIxCPZ9bGinAna0kxz2o0lxaHPacef3OV+54lKxSLxqGcx9UI8EixgBGsjDezKaJBeZrW0H2I99gM0zc4HdtWpO3OgVeIWpAoFmgP7qz+MSBJSoQnHSvVcJ9ZeiqVmhNOs3E8UjTGZ4BHtGSpwSJWXzrNn6MwoQxRE0jyh0Vz9vZHiUKlZ6JvJPKJa9nLxP6+X6ODGS5mIE00FWRwKEo50hPIi0JBJSjSfGYKJZCYrImMsMdGmrrIpwV3+8ippX9Rdp+4+XFUbt0UdJTiBU6iBC9fQgHtoQgsITOEZXuHNyqwX6936WIyuWcXOMfyB9fkDYYqT/w==</latexit><latexit sha1_base64="6lgw1q3VXRMI7O6uHYk9pkVBD+s=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSLUTUlU0GXRjcsK9gFtKJPppB06mYSZibSE/IobF4q49Ufc+TdO2iy09cDA4Zx7uWeOH3OmtON8W2vrG5tb26Wd8u7e/sGhfVRpqyiRhLZIxCPZ9bGinAna0kxz2o0lxaHPacef3OV+54lKxSLxqGcx9UI8EixgBGsjDezKaJBeZrW0H2I99gM0zc4HdtWpO3OgVeIWpAoFmgP7qz+MSBJSoQnHSvVcJ9ZeiqVmhNOs3E8UjTGZ4BHtGSpwSJWXzrNn6MwoQxRE0jyh0Vz9vZHiUKlZ6JvJPKJa9nLxP6+X6ODGS5mIE00FWRwKEo50hPIi0JBJSjSfGYKJZCYrImMsMdGmrrIpwV3+8ippX9Rdp+4+XFUbt0UdJTiBU6iBC9fQgHtoQgsITOEZXuHNyqwX6936WIyuWcXOMfyB9fkDYYqT/w==</latexit><latexit sha1_base64="6lgw1q3VXRMI7O6uHYk9pkVBD+s=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSLUTUlU0GXRjcsK9gFtKJPppB06mYSZibSE/IobF4q49Ufc+TdO2iy09cDA4Zx7uWeOH3OmtON8W2vrG5tb26Wd8u7e/sGhfVRpqyiRhLZIxCPZ9bGinAna0kxz2o0lxaHPacef3OV+54lKxSLxqGcx9UI8EixgBGsjDezKaJBeZrW0H2I99gM0zc4HdtWpO3OgVeIWpAoFmgP7qz+MSBJSoQnHSvVcJ9ZeiqVmhNOs3E8UjTGZ4BHtGSpwSJWXzrNn6MwoQxRE0jyh0Vz9vZHiUKlZ6JvJPKJa9nLxP6+X6ODGS5mIE00FWRwKEo50hPIi0JBJSjSfGYKJZCYrImMsMdGmrrIpwV3+8ippX9Rdp+4+XFUbt0UdJTiBU6iBC9fQgHtoQgsITOEZXuHNyqwX6936WIyuWcXOMfyB9fkDYYqT/w==</latexit><latexit sha1_base64="6lgw1q3VXRMI7O6uHYk9pkVBD+s=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSLUTUlU0GXRjcsK9gFtKJPppB06mYSZibSE/IobF4q49Ufc+TdO2iy09cDA4Zx7uWeOH3OmtON8W2vrG5tb26Wd8u7e/sGhfVRpqyiRhLZIxCPZ9bGinAna0kxz2o0lxaHPacef3OV+54lKxSLxqGcx9UI8EixgBGsjDezKaJBeZrW0H2I99gM0zc4HdtWpO3OgVeIWpAoFmgP7qz+MSBJSoQnHSvVcJ9ZeiqVmhNOs3E8UjTGZ4BHtGSpwSJWXzrNn6MwoQxRE0jyh0Vz9vZHiUKlZ6JvJPKJa9nLxP6+X6ODGS5mIE00FWRwKEo50hPIi0JBJSjSfGYKJZCYrImMsMdGmrrIpwV3+8ippX9Rdp+4+XFUbt0UdJTiBU6iBC9fQgHtoQgsITOEZXuHNyqwX6936WIyuWcXOMfyB9fkDYYqT/w==</latexit>
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Figure 6.5 The workflow of proposed tuning flow.

configuration candidate.

6.5 Experimental Results

The implementation of our framework is in Python with GPflow
[140] library. We test it on a platform with an Xeon Silver 4114 CPU
processor. To evaluate the performance state of our framework, we
compare it with the state-of-the-art methods [82,94,95,116,148] by
exploring the parameter space of one certain physical design tool
on two industrial benchmarks. The two benchmarks consist of hun-
dreds of different input parameter configurations of the physical de-
sign tool with associated QoR metrics values. These golden values
are obtained by invoking the physical design tool fed with industrial
MAC designs which have far more than twenty thousand of cells un-
der 7nm technology node. Besides, these two benchmarks represent
parameter spaces which are built upon the distinct combinations of
12 physical design tool parameters with different parameter bounds
and settings, and these parameter configurations in two benchmarks
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Table 6.1 The statistics of parameters of a certain physical design tool on two
benchmarks. Some descriptions of parameters are introduced as supplementary.
For example, flowEffort configures the flow to give a trade-off between best-
quality result and best turnaround time, and place_global_uniform_density
enables even cell distribution for designs with less than 70% utilization, and
place_global_cong_effort specifies the effort level of relieving congestion, and
place_global_max_density controls the maximum density of local bins during
global placement, while maxLength belongs to DRV rule parameters including
max_capacitance/ max_transition/ max_fanout, and maxDensity defines the
maximum value for density (area utilization).

Parameters
Benchmark1 Benchmark2

Min Max Min Max

freq 950 1050 1000 1300
set_clock_uncertainty 50 200 20 100

flowEffort standard extreme standard extreme
place_global_uniform_density FALSE TRUE FALSE TRUE

place_global_cong_effort AUTO HIGH AUTO HIGH
place_global_max_density 0.65 0.90 0.65 0.90

maxLength 160 310 160 300
maxDensity 0.65 0.90 0.65 0.90

max_transition 0.19 0.34 0.10 0.35
max_capacitance 0.08 0.13 0.08 0.20

max_fanout 25 50 25 50
maxAllowedDelay 0.00 0.25 0.00 0.25

are sampled via Latin hypercube sampling in parameter spaces. In
the view of the fact that these parameters set constraints on the
area, power and delay during the physical design flow, they impact
profoundly on the QoR metric qualities of designs. Thus, these
benchmarks can be exploited to verify the performance of prior arts
and ours. For a better understanding, we summarize the statistics
of parameter in design space in TABLE 6.1. The data types can be
either floating or integer, which depend on the specific parameters.

For a comprehensive comparison, the experiments are performed
qualitatively and quantitatively. First, we estimate the performance
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of these methods in terms of the hypervolume error, the ADRS and
the number of tool runs, and then visually compare the quality of
the Pareto frontiers found by the those methodologies.

TABLE 6.2 and TABLE 6.3 depict the qualities of Pareto fron-
tiers in quantification. Note that per tool run, it costs about 3

hours, while the initialization and follow-up updating of all meth-
ods require far less time than simulations. On the back of that, we
use the simulation runs to calculate the optimization cost in lieu of
the conventional running time for model training and testing. Ad-
ditionally, to compare methods fairly, the cardinality of the dataset
for initialization is the same. Column “Multi-objective” lists three
objective space to be explored: area vs. delay, power vs. delay, area
vs. power vs. delay, whilst columns “HV”, “ADRS” and “Simu.” are
the evaluation metrics referring to hypervolume error, the average
distance from reference set and the number of tool runs. Columns
“ISLPED’17”, “TCAD’19”, “MLCAD’19”, “DAC’19”, “ASPDAC’20”
and “Ours” represent the results acquired by simple regression method
(i.e. support vector machine) [116], Pareto-driven active learning-
based optimization framework [94], single-objective Bayesian opti-
mization framework [95] with scalarization trick extending to multi-
objective case, a tensor decomposition and recommender system-
based tuning framework [82], an active learning-based tuning ap-
proach leveraging the feature importance sampling and XGBoost
regressor [148], and our proposed multi-task Gaussian process-based
multi-objective Bayesian optimization framework, respectively. For
Benchmark1, it can be seen that, with less optimization expense, our
algorithm evenly outperforms [116] with a 46.2% decrease on hyper-
volume error and a 51.0% drop on ADRS value, and contracts 45.0%
hypervolume error and 63.6% ADRS value compared with [94]. On
the other hand, our method is superior to [95] on this benchmark
with a drop of 33.1% hypervolume error and almost half ADRS
value, and reduces beyond 40.0% on both evaluation metrics com-
pared with [82, 148]. Considering Benchmark2, with fewer physical
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design tool runs, our algorithm averagely surpasses [116] with the
average hypervolume error and the ADRS value of 0.083 and 0.062,
while it reduces 55.9% hypervolume error and 49.2% ADRS value
comparing to [94]. Besides, our method behaves better than [95]
by decreasing 48.1% hypervolume error and shrinking half ADRS
value. With about 50% average reductions on hypervolume error
and ADRS, our method shows a better performance against [82,148].
In a nutshell, the quantitative results in TABLE 6.2 and TABLE 6.3
illustrate the superiority of our method.

In addition, the visualizations of the points on Pareto frontier pre-
dicted by the methods on two benchmarks are displayed in Fig. 6.6.
Pareto frontiers in area vs. delay space, power vs. delay space, and
area vs. power vs. delay space are discovered. In Fig. 6.6, golden
star dots represent the points on golden Pareto frontier, and thin
diamond dots in cyan refer to the predictions by our method, while
other different markers with distinct colors stand for the compared
frameworks. It can be observed that Pareto frontiers searched by our
approach are much closer to the golden frontiers than the frontiers
explored by other methods. Even some predictions by ours exactly
match the golden results (e.g. see in Figs. 6.6(b) and 6.6(d)). Briefly,
Fig. 6.6 visually demonstrates that our method predicts the better
Pareto frontiers.

6.6 Summary

In this chapter, for the first time, we have proposed an effective
parameter tuning flow for the certain physical design tool, which
is built upon an information gain-based multi-objective Bayesian
optimization framework surrogated with a multi-task Gaussian pro-
cess model. The optimization framework discovers the dependen-
cies among multiple QoR metrics, and explores the high quality
parameter configurations. The experimental results on two indus-
trial benchmarks under advanced 7nm technology node have demon-
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Figure 6.6 The visualizations of Pareto frontiers on two industrial Benchmarks
(best viewed in color and zoomed in): (a) Pareto frontiers: area vs. delay on
Benchmark1; (b) Pareto frontiers: area vs. delay on Benchmark2; (c) Pareto
frontiers: power vs. delay on Benchmark1; (d) Pareto frontiers: power vs. delay
on Benchmark2; (e) Pareto frontiers: area vs. power vs. delay on Benchmark1;
(f) Pareto frontiers: area vs. power vs. delay on Benchmark2. The units for area,
power and delay are ns, mW and um2 respectively.

strated the efficacy and effectiveness of the proposed framework. In
the future, we expect to extend our framework to tackle more VLSI
design space exploration problems.
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2 End of chapter.
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Chapter 7

Conclusion

In the thesis, we have supplied a few methodologies related to fea-
ture learning and attribute value optimization in different VLSI
CAD applications at distinct stages of the chip design flow. The
feature issues (e.g. hand-crafted feature and attribute value design,
isolated feature extraction) we have combatted cover the physical
synthesis and mask synthesis, ranging from the pre-layout phase
to post-layout. In this chapter, we first conclude each proposed
methodology and then discuss the future extensions.

7.1 summary

SRAF insertion as one of the resolution enhancement techniques has
been widely leveraged to increase the continuously developed pro-
cess window. Quite a few cleanups and simplifications are required
for SRAF insertion from the initial generation to the final determi-
nation. However, previous ML-based SRAF insertion tools consider-
ably rely on the manually designed feature (i.e. CCAS feature) which
has much redundancy. We have proposed a supervised dictionary
learning-based feature revision in Chapter 3 to smooth away the
redundancy. Besides, our whole SRAF insertion framework maps
the insertion process to a linear programming issue, which abstains
from the sub-optimum brought about by the prior greedy insertion
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strategy. Our flow is superior to the prior insertion tools in terms
of the lithographic performance on PV band area and EPE.

Lithography variations majorly contribute to the decrease in the
quality of the circuits. Besides the RETs, layout hotspot detection
is another solution to relieve the variations. Existing deep learning-
based detectors suffer from suboptimal performance owing to a two-
stage flow scheme and less efficient representations of layout fea-
tures. Specifically, the two-stage flow separates feature (e.g. DCT
feature) extraction process from the consequent training networks,
which degrades the performance of the detector. In Chapter 4, we
have proposed a new end-to-end hotspot detection flow where lay-
out feature embedding and hotspot detection are jointly carried out.
The deep layout metric learning renders a new direction to extract
features from both via layer patterns and metal layer patterns. Sev-
eral latest progresses of deep learning like inception module and
attention techniques to make backbone network self-adaptively con-
centrate on more informative parts. Furthermore, to evaluate the
true state of hotspot detectors, a new via layer benchmark suite has
been employed for comprehensive verification. Our detector shows
a surpassed performance against the previous detectors.

Adders are the essential units in the modern VLSI. Traditional
adders such as Kogge-Stone and Sklansky involve much human as-
siduousness and masses of trials. Meanwhile, common adder syn-
thesis algorithms are not capable of tackling the design task in a
huge adder design space. Unfortunately, current ML-based adder
DSE works have not developed efficient feature extractors for adder
structure. The manually crafted features may lose partial struc-
ture information. We have proposed a new end-to-end learning
model, graph neural process, where a graph autoencoder for fea-
ture learning on prefix adder structures and a neural process as a
regressor are simultaneously conducted. The graph neural process is
incorporated into the proposed sequential optimization model-based
DSE methodology to guide design space exploration for high-quality
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adder designs. Apart from the proposed advanced adder feature ex-
tractor and layout-level performance predictor, there are some other
factors for that the whole framework works effectively and are able
to find near Pareto-optimal adder designs. One is the feasible and
reasonable adder generation method and space pruning scheme. An
exhaustive bottom-up and pruning based enumeration technique for
prefix adder generation is exploited. It can produce all possible n+1

bit prefix graph structures from any n bit prefix graph. Then, we
select the representative adder designs in the large design space by
Quasi-random sampling which is based on a two-level (max-fan-out
constraint and size) binning scheme. The approach evenly samples
the prefix adders covering different architectural bins. Another rea-
son is that our DSE framework considers the factors affecting the
final layout performance cross multiple stages from architecture de-
sign to logic synthesis and physical synthesis. The corresponding
experimental results in Chapter 5 have demonstrated the superior-
ity of the proposed framework over the existing arts.

Over the past decades, physical design tools with scores of so-
phisticated algorithms incorporated have been developed to promote
chip yield, design quality and reduce time-to-market. Manual con-
figuring the input parameter values of physical design tools based
on the expertise lasts for many years, which may be time-consuming
and un-robust. In Chapter 6, we treat the input parameters as fea-
tures and exploit a multi-objective Bayesian optimization framework
to tune the attribute values. Multi-task Gaussian process regres-
sor is harnessed as the surrogate model in the proposed Bayesian
optimization framework, which captures the correlations among the
tool parameters (or features) and objectives (i.e. QoR metrics). Two
industrial benchmarks under advanced 7nm technology node have
demonstrated the efficacy and effectiveness of the proposed frame-
work.
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7.2 Possible Future Directions

SRAF insertion, as one of the prevailing RETs at the mask synthe-
sis stage, require growing computational resources as well as OPC.
Recently, deep generative networks like generative adversarial net-
works (GAN) and cycle generative adversarial networks (CyGANs)
are applied to the SRAF generation task, which is the new feasible
measure to perform better than Mentor/Calibre [106] commercial
tool.

Concerning hotspot detection, in the future, we expect to have
more cooperations with industry (e.g. fabs or fabless companies)
to solve the cutting-edge practical problems. Although even the
customized hotspot detector with more advanced machine learn-
ing and deep learning techniques cannot be guaranteed to detect
all hotspots, especially for new test-cases, with a selective learn-
ing mechanism (e.g., an integrated reject option where the model
chooses to abstain from predicting hotspot and non-hotspot labels
when misclassification risk is high), it has the potential to aid and
accelerate the detection flow under the supervision of the IC design-
ers. Besides, multi-layer layout hotspot detection and full-chip scale
detection are promising directions, and layout clipper can be further
investigated.

For the techniques in adder design space exploration, as men-
tioned in the result part of Chapter 5, our DSE framework is read-
ily extended to different bit-width adder designs in theory. Accord-
ingly, generalizing and transferring the DSE model with certain do-
main adaptation techniques among different bit-width even under
distinct technology nodes may be worth studying. In addition, the
multiplier DSE problem is to be solved in demand.

When it turns to the tool parameter tuning, more parameters
can be explored and the associated design space pruning techniques
are required. On the other hand, matrices computations are dense
and will be involved many times during the tuning processes. it is
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worth to thinking of methods to introduce sparsity or speedup ma-
trices computation. Apart from the above, the sampling techniques
employed in initial dataset generation need to be further developed.

2 End of chapter.



Appendix A

Equation Derivation and
Proof

A.1 SRAF Insertion

A.1.1 Calculation of Gradient

In t-th iteration to update atoms of proposed algorithm, with x

fixed, Equation (3.10) can be rewritten as in Equations (A.1) to (A.5).

Dt
∆
= arg min

D

1

2t
∥Yt −Dt−1Xt∥2F (A.1)

∆
= arg min

D

1

2
tr
[
(Yt −Dt−1Xt)

⊤
(Yt −Dt−1Xt)

]
(A.2)

∆
= arg min

D

1

2
tr
(
D⊤

t−1Dt−1XtX
⊤
t − 2D⊤

t−1YtX
⊤
t

)
(A.3)

∆
= arg min

D

(
1

2
tr
(
D⊤

t−1Dt−1Ct

)
− tr

(
D⊤

t−1Bt

))
(A.4)

∆
= arg min

D

(
1

2

∑
k

d⊤
k

∑
i

dicik −
∑
k

d⊤
k bk

)
. (A.5)

In the stage of updating atoms in new algorithm, block coordinate
descent algorithm, which means updating one atom (i.e., dj) while
fixing other atoms, is still exploited with warm start mechanism.
Therefore, the updating rule for atoms can be derived from the
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following equation.

∂(A.5)
∂dj

=

∂

(
1

2

∑
k d

⊤
k

∑
i dicik −

∑
k d

⊤
k bk

)
∂dj

(A.6)

=

∂

(∑
k ̸=j d

⊤
j dkckj +

1

2
d⊤
j djcjj −

∑
k d

⊤
k bk

)
∂dj

(A.7)

=
∑
k ̸=j

dkckj + djcjj − bj (A.8)

= Dcj − bj. (A.9)

A.1.2 Proof of Theorem 1

Proof. As Ct and Bt are in a compact set, extracting converging
sequences becomes possible. Therefore, the assumption could be
made that two sequences converge to C∞ and B∞. As a result, Dt

converges to D∞. Assuming that V ∈ R(n+s+1)×(s), f̂t upperbounds
the empirical cost ft, i.e. f̂t (Dt + V ) ≥ ft (Dt + V ). When t→∞,
the inequality, f̂∞ (D∞ + V ) ≥ f (D∞ + V ), still holds.

Introduce a sequence at > 0 which converges to 0. With har-
nessing the Taylor expansion and using f̂∞ (D∞) = f (D∞), the
inequality (A.10) exists.

f (D∞) + tr
(
atV

⊤∇f̂∞ (D∞)
)

≥f (D∞) + tr
(
atV

⊤∇f (D∞)
)
. (A.10)

This inequality holds for all V , ∇f̂∞ (D∞) = ∇f (D∞). A first-
order necessary optimality condition for D∞ being an optimum of
f̂∞ is that −∇f̂∞ is in the normal cone of the convex set of dictio-
nary matrices at D∞ [17]. So the first-order necessary optimality
condition for D∞ being an optimum of f is also validated. Since
Bt and Ct asymptotically get close to their accumulation points,
−∇f (Dt) will be close to the normal cone at Dt.
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A.2 Layout Hotspot Detection

A.2.1 The Proof for Theorem 2

Proof. The proof follows from [108,143]. FT is defined as a replace-
ment to Exi,xj ,xk∼D[ℓ(fwT

(·),xi,xj,xk)] − L(fwT
(·)). From Equa-

tion (A.11a) to Equation (A.11b), we exploit the triangle inequal-
ity. Then, the upper-bound of Equation (A.11b) is attained by using
Jensen’s inequality and the definition of L. With the combination
of the triangle inequality, β-uniform stability and B-boundedness,
the further bound is found in Equation (A.11d).

|FT − FTi
|

=
∣∣∣L(fwTi

(·))− L(fwT
(·)) + Exi,xj ,xk∼D[ℓ(fwT

(·),xi,xj ,xk)]

−Exi,xj ,xk∼D[ℓ(fwTi
(·),xi,xj ,xk)]

∣∣∣ (A.11a)

≤ |Exi,xj ,xk∼D[ℓ(fwT
(·),xi,xj ,xk)]

− Exi,xj ,xk∼D[ℓ(fwTi
(·),xi,xj ,xk)|

+
∣∣∣L(fwT

(·))− L(fwTi
(·))
∣∣∣ (A.11b)

≤ β +
1

|T|

∣∣∣∣∣∣
∑
j ̸=i

∑
k ̸=i

∑
l ̸=i

(ℓ(fwT
(·),xj ,xk,xl)− ℓ(fwTi

(·),xj ,xk,xl))

+
∑
j ̸=i

∑
k ̸=i

(ℓ(fwT
(·),xj ,xk,xi)− ℓ(fwTi

(·),xj ,xk,x
′
i))

+
∑
j ̸=i

∑
l ̸=i

(ℓ(fwT
(·),xj ,xi,xl)− ℓ(fwTi

(·),xj ,x
′
i,xl))

+
∑
k ̸=i

∑
l ̸=i

(ℓ(fwT
(·),xi,xk,xl)− ℓ(fwTi

(·),x′
i,xk,xl))

∣∣∣∣∣∣ (A.11c)

≤ β + β +
3B

n
≤ 2β +

3B

n
. (A.11d)

Based on the upper-bound obtained in Equation (A.11), we uti-
lize McDiarmid’s inequality [105] to obtain Equation (A.12).

Pr[FT ≥ ϵ+ E[FT]] ≤ exp
(

−2nϵ2

(2nβ + 3B)2

)
. (A.12)
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With δ set to be exp
(

−2nϵ2

(2nβ+3B)2

)
, ϵ equals to (2nβ + 3B)

√
log 1

δ

2n
.

Hence, with confidence 1− δ, Equation (A.13) exists.

FT ≤ E[FT] + (2nβ + 3B)

√
log 1

δ

2n
. (A.13)

For an effective bound, β = o
(

1√
n

)
. Assume β = O (np). Since

limn→+∞
−n

(2nβ+3B)2
= −∞, 1 > 2 ∗ (1 + p) holds and β = o

(
1√
n

)
.

Equation (A.14) shows the searching computing of the upper-
bound of E[FT]. Note that from Equation (A.14a) to Equation (A.14b),
we harness a fact that replacing the examples with i.i.d exemplars
does not change the expected computation. More specifically, ET∼D[L (fwT

(·))] =
ET∼D[L

(
fwTi,j,k

(·)
)
].

E[FT] = E
[
Exi,xj ,xk∼D[ℓ(fwT
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(·))
]

(A.14a)
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(·),xi,xj,xk

)
−ℓ
(
fwTi,j

(·),xi,xj,xk

)∣∣∣+ ∣∣∣ℓ(fwTi,j
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In Equation (A.14), fwTi,j,k
(·) is the mapping function learned over

the training set T with xi,xj,xk replaced by x′
i,x

′
j,x

′
k. Combing the

results of Equation (A.13) and Equation (A.14), Inequality (4.10)
holds. Therefore, with β = o

(
1√
n

)
, the generalization gap will
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converge in the order of O
(

1√
n

)
with high confidence 1 − δ. The

proof completes.

2 End of chapter.
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