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Abstract

Two-pass direct speech-to-speech translation
(S2ST) models have shown promising results
which decompose S2ST into speech-to-text
translation (S2TT) and text-to-speech (TTS),
yet conduct end-to-end training by sharing the
target text representation between S2TT and
TTS models. However, the training of these
models still requires large-scale parallel speech
data comprising <source speech, target text,
target speech> triplets, which is extremely chal-
lenging to collect. On the other hand, S2TT
and TTS have accumulated a large amount of
data and numerous pretrained models, which
can be used to reduce the reliance on parallel
speech data. To this end, we propose a com-
posite S2ST model named ComSpeech, which
connects pretrained S2TT and TTS models by
introducing a vocabulary adaptor based on con-
nectionist temporal classification (CTC). The
vocabulary adaptor is employed to adapt the
output text sequence of S2TT to the input text
sequence of TTS, which are different due to
the use of different vocabularies. In this way,
ComSpeech can still be trained end-to-end and
only needs a small amount of parallel speech
data to finetune. We further propose a novel
training method ComSpeech-ZS to eliminate
the reliance on parallel speech data by aligning
the text representation space of S2TT and TTS.
Experimental results on the CVSS dataset show
that when the parallel speech data is available,
ComSpeech surpasses previous two-pass mod-
els like UnitY and Translatotron 2 in both trans-
lation quality and decoding speed. When there
is no parallel speech data, ComSpeech-ZS lags
behind ComSpeech by only 0.7 ASR-BLEU
and outperforms the cascaded models.1

1 Introduction

Direct speech-to-speech translation (S2ST) refers
to translating source language speech directly

*Corresponding author: Yang Feng.
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into target language speech using an end-to-end
model (Jia et al., 2019). In contrast to tra-
ditional cascaded S2ST (Wahlster, 2000; Naka-
mura et al., 2006), which generates target speech
through a pipeline of automatic speech recogni-
tion (ASR), machine translation (MT), and text-
to-speech (TTS), direct S2ST not only can reduce
error accumulation along modules but is easier to
deploy (Lee et al., 2022a), so that it has attracted
considerable interest from researchers in recent
years (Chen et al., 2022; Fang et al., 2023).

Speech data usually employs smaller semantic
units than text data, where a long span of speech
units corresponds to a word. As a result, S2ST
has to carry out the conversion between longer se-
quences, which involves implicitly segmenting the
speech units into dependent semantic groups and
mapping between the source and target group se-
quences, making S2ST extremely challenging. To
reduce the complexity of directly converting speech
input to speech output, some two-pass models (Jia
et al., 2022b; Inaguma et al., 2023) introduce in-
termediate target text representations and guide
their learning by predicting the ground truth tar-
get text during training. In this way, the direct
speech-to-speech conversion is decomposed into
two passes of speech-to-text conversion and text-
to-speech conversion. The generation of target text
helps organize the long speech units into words at
the semantic level, thereby facilitating training. De-
spite the two-pass architecture, the models are still
trained end-to-end by sequentially generating text
and speech via multi-task learning. This model-
ing mechanism reduces learning complexity while
retaining the benefits of end-to-end training, sur-
passing the performance of cascaded S2ST.

Despite the success of two-pass S2ST models,
they still face a challenge: the training of these
models still requires large-scale parallel speech
data composed of <source speech, target text, tar-
get speech> triplets, which is difficult to collect.
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On the other hand, S2TT and TTS have accumu-
lated a large amount of training data and numerous
sophisticated models. Leveraging these existing
resources would definitely reduce the cost of con-
structing an S2ST model. What fits perfectly is that
both the output of S2TT and the input of TTS are
target text sequences. If S2TT and TTS can share
the representations of the text sequence, they can
be connected to form a two-pass S2ST model. In
this way, the existing resources of S2TT and TTS
can be utilized and only a small amount of paral-
lel speech data is needed to finetune the two-pass
model. However, the S2TT and TTS models have
their own vocabularies. For example, S2TT mod-
els commonly use subword vocabularies, whereas
TTS models often employ phoneme or character vo-
cabularies. This distinction implies that the target
text will be segmented into different vocabulary se-
quences by S2TT and TTS models. Consequently,
S2TT and TTS cannot share the text representa-
tions and hence cannot be directly connected.

To solve the above problems, we propose a com-
posite speech-to-speech translation model, named
ComSpeech, which connects S2TT and TTS mod-
els with a vocabulary adaptor based on connec-
tionist temporal classification (CTC; Graves et al.,
2006). The vocabulary adaptor models the con-
version from the output vocabulary sequence of
S2TT to the input vocabulary sequence of TTS as
a non-autoregressive sequence-to-sequence genera-
tion problem. With the help of CTC, it can explore
all the possible generated sequences that can be
organized into the input sequence of TTS. Finally,
with only a small set of parallel speech data, Com-
Speech can be trained end-to-end with gradient
backpropagation through the model, thereby fine-
tuning existing S2TT and TTS models into a two-
pass S2ST model. Furthermore, we propose a zero-
shot training strategy ComSpeech-ZS, with which
ComSpeech can be trained solely based on S2TT
and TTS training data. It aims to align the text rep-
resentation space of S2TT and TTS models via con-
trastive learning, enabling seamless connection be-
tween S2TT and TTS models without the need for
finetuning with parallel speech data. Experimental
results on the CVSS dataset demonstrate that Com-
Speech surpasses previous two-pass models like
UnitY and Translatotron 2 in both translation qual-
ity and decoding speed. In the zero-shot learning
scenario, the translation quality of ComSpeech-ZS
is only 0.7 ASR-BLEU lower than ComSpeech and
surpasses cascaded systems.

2 Background: Two-pass S2ST

The S2ST dataset usually contains three-way par-
allel data DS2ST = {(S, Y, T )}, where S denotes
the source speech, Y is the target text, and T is
the target speech. Due to the challenges of directly
generating target speech, recent developments have
introduced two-pass S2ST models, which enhance
translation quality by incorporating the target text
into the generation process. Next, we will intro-
duce the model structure of UnitY (Inaguma et al.,
2023), as it is one of the most representative two-
pass S2ST model. Specifically, it consists of four
sub-modules: the source speech encoder Fenc, the
target text decoder Fdec, the text-to-speech encoder
Genc, and the target speech decoder Gdec. Firstly,
Fenc and Fdec perform the S2TT task, trained with
the cross-entropy loss:

LS2TT = −
|Y |∑

i=1

logP (yi|Fdec(Fenc(S), Y<i)).

(1)
Using H = Fdec(Fenc(S), Y ) to denote the target
text representation from the last layer of Fdec, Genc
takes H as its input, and Gdec then predicts the
target speech. UnitY uses discrete units (Lee et al.,
2022a) of the target speech as the prediction target
and is trained using cross-entropy loss:

LS2ST = −
|T |∑

i=1

logP (ti|Gdec(Genc(H)), T<i).

(2)
In summary, UnitY is trained on the parallel speech
dataset DS2ST with the following objective:

LUnitY = LS2TT + γ · LS2ST, (3)

where γ denotes the weight of the second term.
However, current two-pass S2ST models like
UnitY still have two main issues: (1) First, they
implicitly assumes that Fdec and Genc share the
same target text vocabulary, making it challeng-
ing to simultaneously employ an existing S2TT
model F as Fenc and Fdec, while utilizing an ex-
isting TTS model G as Genc and Gdec. (2) Second,
their training requires parallel speech data, which
is extremely difficult to collect. To address these
issues, we first propose a composite S2ST model
built upon existing S2TT and TTS models (Sec-
tion 3). Next, to eliminate the reliance on parallel
speech data, we introduce a novel training method
that uses only S2TT and TTS data to achieve zero-
shot S2ST (Section 4).
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3 Proposed Model: ComSpeech

In this section, we introduce a more general two-
pass S2ST model architecture: Composite Speech-
to-Speech Translation (ComSpeech) model. Com-
Speech comprises three modules: F , A, and G,
where F denotes arbitrary S2TT model, G denotes
arbitrary TTS model for the target language, and
A represents the vocabulary adaptor inserted be-
tween F and G. The inclusion of the vocabulary
adaptor A is necessitated by the fact that S2TT
and TTS models typically employ different vocab-
ularies for the target language. It can facilitate the
conversion of target text representation sequences
between different vocabularies. Figure 1 illustrates
the model architecture of ComSpeech.

Formally, we use S to denote the filter bank fea-
tures of the source speech, and use T to denote
the target speech representation, which can be ei-
ther mel-spectrograms or discrete units, both of
which can be synthesized into the waveform using
a vocoder. We use W and V to denote the vocab-
ularies of the S2TT model and the TTS model,
respectively. The tokenized sequences of the target
text Y under these two vocabularies are represented
as Y W = (yW1 , ..., yWN ) and Y V = (yV1 , ..., y

V
M ), re-

spectively. Next, we will introduce the detailed
implementations of each module in ComSpeech.

S2TT Model We use the s2t_conformer model
in fairseq S2T2 (Wang et al., 2020) as the S2TT
model F . Specifically, it comprises a Conformer-
based speech encoder (Gulati et al., 2020) and a
Transformer-based text decoder (Vaswani et al.,
2017). The encoder takes S as its input. The de-
coder adopts a subword vocabulary W for the tar-
get language. Formally, the decoder output hidden
states of the S2TT model can be represented as
HW = (hW

1 , ...,hW
N ), where hW

i = F(S, Y W
<i ).

The model is trained with the cross-entropy loss:

LS2TT = −
N∑

i=1

logP (yWi |F(S, Y W
<i )). (4)

TTS Model We use FastSpeech 2 (Ren et al.,
2021) as the TTS model G, consisting of an en-
coder, a variance adapter, and a decoder. It adopts a
phoneme vocabulary V for the target language. For
the independent TTS model, the encoder takes the
target text embedding EMB(Y V) as input, where

2https://github.com/facebookresearch/fairseq/
tree/main/examples/speech_to_text

S2TT Model

Transformer Encoder E
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HH<latexit sha1_base64="S1oDRpYi9mtCaoSg6TdIwv2GRlA=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48V7Ie0oWy2m3bpZhN2J2IJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//ci1EbG6x0nC/YgOlQgFo2ilhx7yJ8zq9Wm/XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxWNuPGz+cFTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZl9TwZCc4ZyYgllWthbCRtRTRnajEo2BG/55VXSuqh6btW7u6zUbvI4inACp3AOHlxBDerQgCYwiOAZXuHN0c6L8+58LFoLTj5zDH/gfP4A8wqQfQ==</latexit><latexit sha1_base64="S1oDRpYi9mtCaoSg6TdIwv2GRlA=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48V7Ie0oWy2m3bpZhN2J2IJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//ci1EbG6x0nC/YgOlQgFo2ilhx7yJ8zq9Wm/XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxWNuPGz+cFTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZl9TwZCc4ZyYgllWthbCRtRTRnajEo2BG/55VXSuqh6btW7u6zUbvI4inACp3AOHlxBDerQgCYwiOAZXuHN0c6L8+58LFoLTj5zDH/gfP4A8wqQfQ==</latexit><latexit sha1_base64="S1oDRpYi9mtCaoSg6TdIwv2GRlA=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48V7Ie0oWy2m3bpZhN2J2IJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//ci1EbG6x0nC/YgOlQgFo2ilhx7yJ8zq9Wm/XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxWNuPGz+cFTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZl9TwZCc4ZyYgllWthbCRtRTRnajEo2BG/55VXSuqh6btW7u6zUbvI4inACp3AOHlxBDerQgCYwiOAZXuHN0c6L8+58LFoLTj5zDH/gfP4A8wqQfQ==</latexit><latexit sha1_base64="S1oDRpYi9mtCaoSg6TdIwv2GRlA=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48V7Ie0oWy2m3bpZhN2J2IJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//ci1EbG6x0nC/YgOlQgFo2ilhx7yJ8zq9Wm/XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxWNuPGz+cFTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZl9TwZCc4ZyYgllWthbCRtRTRnajEo2BG/55VXSuqh6btW7u6zUbvI4inACp3AOHlxBDerQgCYwiOAZXuHN0c6L8+58LFoLTj5zDH/gfP4A8wqQfQ==</latexit> HH<latexit sha1_base64="S1oDRpYi9mtCaoSg6TdIwv2GRlA=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48V7Ie0oWy2m3bpZhN2J2IJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//ci1EbG6x0nC/YgOlQgFo2ilhx7yJ8zq9Wm/XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxWNuPGz+cFTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZl9TwZCc4ZyYgllWthbCRtRTRnajEo2BG/55VXSuqh6btW7u6zUbvI4inACp3AOHlxBDerQgCYwiOAZXuHN0c6L8+58LFoLTj5zDH/gfP4A8wqQfQ==</latexit><latexit sha1_base64="S1oDRpYi9mtCaoSg6TdIwv2GRlA=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48V7Ie0oWy2m3bpZhN2J2IJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//ci1EbG6x0nC/YgOlQgFo2ilhx7yJ8zq9Wm/XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxWNuPGz+cFTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZl9TwZCc4ZyYgllWthbCRtRTRnajEo2BG/55VXSuqh6btW7u6zUbvI4inACp3AOHlxBDerQgCYwiOAZXuHN0c6L8+58LFoLTj5zDH/gfP4A8wqQfQ==</latexit><latexit sha1_base64="S1oDRpYi9mtCaoSg6TdIwv2GRlA=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48V7Ie0oWy2m3bpZhN2J2IJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//ci1EbG6x0nC/YgOlQgFo2ilhx7yJ8zq9Wm/XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxWNuPGz+cFTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZl9TwZCc4ZyYgllWthbCRtRTRnajEo2BG/55VXSuqh6btW7u6zUbvI4inACp3AOHlxBDerQgCYwiOAZXuHN0c6L8+58LFoLTj5zDH/gfP4A8wqQfQ==</latexit><latexit sha1_base64="S1oDRpYi9mtCaoSg6TdIwv2GRlA=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48V7Ie0oWy2m3bpZhN2J2IJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//ci1EbG6x0nC/YgOlQgFo2ilhx7yJ8zq9Wm/XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxWNuPGz+cFTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZl9TwZCc4ZyYgllWthbCRtRTRnajEo2BG/55VXSuqh6btW7u6zUbvI4inACp3AOHlxBDerQgCYwiOAZXuHN0c6L8+58LFoLTj5zDH/gfP4A8wqQfQ==</latexit>

AH0
<latexit sha1_base64="IuQOwRBHRmLrx/I/PgcGkaOOtA0=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeqx66bGC/cA2lM120y7dbMLuRCyh/8KLB0W8+m+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXJtRKzucZxwP6IDJULBKFrpoYv8CbPrmjvplcpuxZ2BLBMvJ2XIUe+Vvrr9mKURV8gkNabjuQn6GdUomOSTYjc1PKFsRAe8Y6miETd+Nrt4Qk6t0idhrG0pJDP190RGI2PGUWA7I4pDs+hNxf+8TorhlZ8JlaTIFZsvClNJMCbT90lfaM5Qji2hTAt7K2FDqilDG1LRhuAtvrxMmucVz614dxfl6k0eRwGO4QTOwINLqEIN6tAABgqe4RXeHOO8OO/Ox7x1xclnjuAPnM8fWXiQsA==</latexit><latexit sha1_base64="IuQOwRBHRmLrx/I/PgcGkaOOtA0=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeqx66bGC/cA2lM120y7dbMLuRCyh/8KLB0W8+m+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXJtRKzucZxwP6IDJULBKFrpoYv8CbPrmjvplcpuxZ2BLBMvJ2XIUe+Vvrr9mKURV8gkNabjuQn6GdUomOSTYjc1PKFsRAe8Y6miETd+Nrt4Qk6t0idhrG0pJDP190RGI2PGUWA7I4pDs+hNxf+8TorhlZ8JlaTIFZsvClNJMCbT90lfaM5Qji2hTAt7K2FDqilDG1LRhuAtvrxMmucVz614dxfl6k0eRwGO4QTOwINLqEIN6tAABgqe4RXeHOO8OO/Ox7x1xclnjuAPnM8fWXiQsA==</latexit><latexit sha1_base64="IuQOwRBHRmLrx/I/PgcGkaOOtA0=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeqx66bGC/cA2lM120y7dbMLuRCyh/8KLB0W8+m+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXJtRKzucZxwP6IDJULBKFrpoYv8CbPrmjvplcpuxZ2BLBMvJ2XIUe+Vvrr9mKURV8gkNabjuQn6GdUomOSTYjc1PKFsRAe8Y6miETd+Nrt4Qk6t0idhrG0pJDP190RGI2PGUWA7I4pDs+hNxf+8TorhlZ8JlaTIFZsvClNJMCbT90lfaM5Qji2hTAt7K2FDqilDG1LRhuAtvrxMmucVz614dxfl6k0eRwGO4QTOwINLqEIN6tAABgqe4RXeHOO8OO/Ox7x1xclnjuAPnM8fWXiQsA==</latexit><latexit sha1_base64="IuQOwRBHRmLrx/I/PgcGkaOOtA0=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeqx66bGC/cA2lM120y7dbMLuRCyh/8KLB0W8+m+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXJtRKzucZxwP6IDJULBKFrpoYv8CbPrmjvplcpuxZ2BLBMvJ2XIUe+Vvrr9mKURV8gkNabjuQn6GdUomOSTYjc1PKFsRAe8Y6miETd+Nrt4Qk6t0idhrG0pJDP190RGI2PGUWA7I4pDs+hNxf+8TorhlZ8JlaTIFZsvClNJMCbT90lfaM5Qji2hTAt7K2FDqilDG1LRhuAtvrxMmucVz614dxfl6k0eRwGO4QTOwINLqEIN6tAABgqe4RXeHOO8OO/Ox7x1xclnjuAPnM8fWXiQsA==</latexit>

AH0
<latexit sha1_base64="IuQOwRBHRmLrx/I/PgcGkaOOtA0=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeqx66bGC/cA2lM120y7dbMLuRCyh/8KLB0W8+m+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXJtRKzucZxwP6IDJULBKFrpoYv8CbPrmjvplcpuxZ2BLBMvJ2XIUe+Vvrr9mKURV8gkNabjuQn6GdUomOSTYjc1PKFsRAe8Y6miETd+Nrt4Qk6t0idhrG0pJDP190RGI2PGUWA7I4pDs+hNxf+8TorhlZ8JlaTIFZsvClNJMCbT90lfaM5Qji2hTAt7K2FDqilDG1LRhuAtvrxMmucVz614dxfl6k0eRwGO4QTOwINLqEIN6tAABgqe4RXeHOO8OO/Ox7x1xclnjuAPnM8fWXiQsA==</latexit><latexit sha1_base64="IuQOwRBHRmLrx/I/PgcGkaOOtA0=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeqx66bGC/cA2lM120y7dbMLuRCyh/8KLB0W8+m+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXJtRKzucZxwP6IDJULBKFrpoYv8CbPrmjvplcpuxZ2BLBMvJ2XIUe+Vvrr9mKURV8gkNabjuQn6GdUomOSTYjc1PKFsRAe8Y6miETd+Nrt4Qk6t0idhrG0pJDP190RGI2PGUWA7I4pDs+hNxf+8TorhlZ8JlaTIFZsvClNJMCbT90lfaM5Qji2hTAt7K2FDqilDG1LRhuAtvrxMmucVz614dxfl6k0eRwGO4QTOwINLqEIN6tAABgqe4RXeHOO8OO/Ox7x1xclnjuAPnM8fWXiQsA==</latexit><latexit sha1_base64="IuQOwRBHRmLrx/I/PgcGkaOOtA0=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeqx66bGC/cA2lM120y7dbMLuRCyh/8KLB0W8+m+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXJtRKzucZxwP6IDJULBKFrpoYv8CbPrmjvplcpuxZ2BLBMvJ2XIUe+Vvrr9mKURV8gkNabjuQn6GdUomOSTYjc1PKFsRAe8Y6miETd+Nrt4Qk6t0idhrG0pJDP190RGI2PGUWA7I4pDs+hNxf+8TorhlZ8JlaTIFZsvClNJMCbT90lfaM5Qji2hTAt7K2FDqilDG1LRhuAtvrxMmucVz614dxfl6k0eRwGO4QTOwINLqEIN6tAABgqe4RXeHOO8OO/Ox7x1xclnjuAPnM8fWXiQsA==</latexit><latexit sha1_base64="IuQOwRBHRmLrx/I/PgcGkaOOtA0=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeqx66bGC/cA2lM120y7dbMLuRCyh/8KLB0W8+m+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXJtRKzucZxwP6IDJULBKFrpoYv8CbPrmjvplcpuxZ2BLBMvJ2XIUe+Vvrr9mKURV8gkNabjuQn6GdUomOSTYjc1PKFsRAe8Y6miETd+Nrt4Qk6t0idhrG0pJDP190RGI2PGUWA7I4pDs+hNxf+8TorhlZ8JlaTIFZsvClNJMCbT90lfaM5Qji2hTAt7K2FDqilDG1LRhuAtvrxMmucVz614dxfl6k0eRwGO4QTOwINLqEIN6tAABgqe4RXeHOO8OO/Ox7x1xclnjuAPnM8fWXiQsA==</latexit> L<latexit sha1_base64="+SxBLRby2OiZavLBHAdzbb8JkfA=">AAAB73icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoY2ERwXxAcoS9zVyyZG/v3J0Tw5E/YWOhiK1/x85/4ya5QhMfDDzem2FmXpBIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41RwaPJaxbgfMgBQKGihQQjvRwKJAQisYXU/91iNoI2J1j+ME/IgNlAgFZ2ildhfhCbPbSa9ccavuDHSZeDmpkBz1Xvmr2495GoFCLpkxHc9N0M+YRsElTErd1EDC+IgNoGOpYhEYP5vdO6EnVunTMNa2FNKZ+nsiY5Ex4yiwnRHDoVn0puJ/XifF8NLPhEpSBMXni8JUUozp9HnaFxo4yrEljGthb6V8yDTjaCMq2RC8xZeXSfOs6rlV7+68UrvK4yiSI3JMTolHLkiN3JA6aRBOJHkmr+TNeXBenHfnY95acPKZQ/IHzucPY+CQLw==</latexit><latexit sha1_base64="+SxBLRby2OiZavLBHAdzbb8JkfA=">AAAB73icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoY2ERwXxAcoS9zVyyZG/v3J0Tw5E/YWOhiK1/x85/4ya5QhMfDDzem2FmXpBIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41RwaPJaxbgfMgBQKGihQQjvRwKJAQisYXU/91iNoI2J1j+ME/IgNlAgFZ2ildhfhCbPbSa9ccavuDHSZeDmpkBz1Xvmr2495GoFCLpkxHc9N0M+YRsElTErd1EDC+IgNoGOpYhEYP5vdO6EnVunTMNa2FNKZ+nsiY5Ex4yiwnRHDoVn0puJ/XifF8NLPhEpSBMXni8JUUozp9HnaFxo4yrEljGthb6V8yDTjaCMq2RC8xZeXSfOs6rlV7+68UrvK4yiSI3JMTolHLkiN3JA6aRBOJHkmr+TNeXBenHfnY95acPKZQ/IHzucPY+CQLw==</latexit><latexit sha1_base64="+SxBLRby2OiZavLBHAdzbb8JkfA=">AAAB73icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoY2ERwXxAcoS9zVyyZG/v3J0Tw5E/YWOhiK1/x85/4ya5QhMfDDzem2FmXpBIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41RwaPJaxbgfMgBQKGihQQjvRwKJAQisYXU/91iNoI2J1j+ME/IgNlAgFZ2ildhfhCbPbSa9ccavuDHSZeDmpkBz1Xvmr2495GoFCLpkxHc9N0M+YRsElTErd1EDC+IgNoGOpYhEYP5vdO6EnVunTMNa2FNKZ+nsiY5Ex4yiwnRHDoVn0puJ/XifF8NLPhEpSBMXni8JUUozp9HnaFxo4yrEljGthb6V8yDTjaCMq2RC8xZeXSfOs6rlV7+68UrvK4yiSI3JMTolHLkiN3JA6aRBOJHkmr+TNeXBenHfnY95acPKZQ/IHzucPY+CQLw==</latexit><latexit sha1_base64="+SxBLRby2OiZavLBHAdzbb8JkfA=">AAAB73icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoY2ERwXxAcoS9zVyyZG/v3J0Tw5E/YWOhiK1/x85/4ya5QhMfDDzem2FmXpBIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41RwaPJaxbgfMgBQKGihQQjvRwKJAQisYXU/91iNoI2J1j+ME/IgNlAgFZ2ildhfhCbPbSa9ccavuDHSZeDmpkBz1Xvmr2495GoFCLpkxHc9N0M+YRsElTErd1EDC+IgNoGOpYhEYP5vdO6EnVunTMNa2FNKZ+nsiY5Ex4yiwnRHDoVn0puJ/XifF8NLPhEpSBMXni8JUUozp9HnaFxo4yrEljGthb6V8yDTjaCMq2RC8xZeXSfOs6rlV7+68UrvK4yiSI3JMTolHLkiN3JA6aRBOJHkmr+TNeXBenHfnY95acPKZQ/IHzucPY+CQLw==</latexit>

OW1
<latexit sha1_base64="pNs8xfyAvc2mFQfUjiKt99eRXcI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRizcr2A9sQ9lsN+3SzSbsTsQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMrqd+65FrI2J1j+OE+xEdKBEKRtFKD13kT5jdtrxJr1xxq+4MZJl4OalAjnqv/NXtxyyNuEImqTEdz03Qz6hGwSSflLqp4QllIzrgHUsVjbjxs9nFE3JilT4JY21LIZmpvycyGhkzjgLbGVEcmkVvKv7ndVIML/1MqCRFrth8UZhKgjGZvk/6QnOGcmwJZVrYWwkbUk0Z2pBKNgRv8eVl0jyrem7Vuzuv1K7yOIpwBMdwCh5cQA1uoA4NYKDgGV7hzTHOi/PufMxbC04+cwh/4Hz+AIc5kM4=</latexit><latexit sha1_base64="pNs8xfyAvc2mFQfUjiKt99eRXcI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRizcr2A9sQ9lsN+3SzSbsTsQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMrqd+65FrI2J1j+OE+xEdKBEKRtFKD13kT5jdtrxJr1xxq+4MZJl4OalAjnqv/NXtxyyNuEImqTEdz03Qz6hGwSSflLqp4QllIzrgHUsVjbjxs9nFE3JilT4JY21LIZmpvycyGhkzjgLbGVEcmkVvKv7ndVIML/1MqCRFrth8UZhKgjGZvk/6QnOGcmwJZVrYWwkbUk0Z2pBKNgRv8eVl0jyrem7Vuzuv1K7yOIpwBMdwCh5cQA1uoA4NYKDgGV7hzTHOi/PufMxbC04+cwh/4Hz+AIc5kM4=</latexit><latexit sha1_base64="pNs8xfyAvc2mFQfUjiKt99eRXcI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRizcr2A9sQ9lsN+3SzSbsTsQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMrqd+65FrI2J1j+OE+xEdKBEKRtFKD13kT5jdtrxJr1xxq+4MZJl4OalAjnqv/NXtxyyNuEImqTEdz03Qz6hGwSSflLqp4QllIzrgHUsVjbjxs9nFE3JilT4JY21LIZmpvycyGhkzjgLbGVEcmkVvKv7ndVIML/1MqCRFrth8UZhKgjGZvk/6QnOGcmwJZVrYWwkbUk0Z2pBKNgRv8eVl0jyrem7Vuzuv1K7yOIpwBMdwCh5cQA1uoA4NYKDgGV7hzTHOi/PufMxbC04+cwh/4Hz+AIc5kM4=</latexit><latexit sha1_base64="pNs8xfyAvc2mFQfUjiKt99eRXcI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRizcr2A9sQ9lsN+3SzSbsTsQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMrqd+65FrI2J1j+OE+xEdKBEKRtFKD13kT5jdtrxJr1xxq+4MZJl4OalAjnqv/NXtxyyNuEImqTEdz03Qz6hGwSSflLqp4QllIzrgHUsVjbjxs9nFE3JilT4JY21LIZmpvycyGhkzjgLbGVEcmkVvKv7ndVIML/1MqCRFrth8UZhKgjGZvk/6QnOGcmwJZVrYWwkbUk0Z2pBKNgRv8eVl0jyrem7Vuzuv1K7yOIpwBMdwCh5cQA1uoA4NYKDgGV7hzTHOi/PufMxbC04+cwh/4Hz+AIc5kM4=</latexit>

OW1
<latexit sha1_base64="pNs8xfyAvc2mFQfUjiKt99eRXcI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRizcr2A9sQ9lsN+3SzSbsTsQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMrqd+65FrI2J1j+OE+xEdKBEKRtFKD13kT5jdtrxJr1xxq+4MZJl4OalAjnqv/NXtxyyNuEImqTEdz03Qz6hGwSSflLqp4QllIzrgHUsVjbjxs9nFE3JilT4JY21LIZmpvycyGhkzjgLbGVEcmkVvKv7ndVIML/1MqCRFrth8UZhKgjGZvk/6QnOGcmwJZVrYWwkbUk0Z2pBKNgRv8eVl0jyrem7Vuzuv1K7yOIpwBMdwCh5cQA1uoA4NYKDgGV7hzTHOi/PufMxbC04+cwh/4Hz+AIc5kM4=</latexit><latexit sha1_base64="pNs8xfyAvc2mFQfUjiKt99eRXcI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRizcr2A9sQ9lsN+3SzSbsTsQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMrqd+65FrI2J1j+OE+xEdKBEKRtFKD13kT5jdtrxJr1xxq+4MZJl4OalAjnqv/NXtxyyNuEImqTEdz03Qz6hGwSSflLqp4QllIzrgHUsVjbjxs9nFE3JilT4JY21LIZmpvycyGhkzjgLbGVEcmkVvKv7ndVIML/1MqCRFrth8UZhKgjGZvk/6QnOGcmwJZVrYWwkbUk0Z2pBKNgRv8eVl0jyrem7Vuzuv1K7yOIpwBMdwCh5cQA1uoA4NYKDgGV7hzTHOi/PufMxbC04+cwh/4Hz+AIc5kM4=</latexit><latexit sha1_base64="pNs8xfyAvc2mFQfUjiKt99eRXcI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRizcr2A9sQ9lsN+3SzSbsTsQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMrqd+65FrI2J1j+OE+xEdKBEKRtFKD13kT5jdtrxJr1xxq+4MZJl4OalAjnqv/NXtxyyNuEImqTEdz03Qz6hGwSSflLqp4QllIzrgHUsVjbjxs9nFE3JilT4JY21LIZmpvycyGhkzjgLbGVEcmkVvKv7ndVIML/1MqCRFrth8UZhKgjGZvk/6QnOGcmwJZVrYWwkbUk0Z2pBKNgRv8eVl0jyrem7Vuzuv1K7yOIpwBMdwCh5cQA1uoA4NYKDgGV7hzTHOi/PufMxbC04+cwh/4Hz+AIc5kM4=</latexit><latexit sha1_base64="pNs8xfyAvc2mFQfUjiKt99eRXcI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRizcr2A9sQ9lsN+3SzSbsTsQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMrqd+65FrI2J1j+OE+xEdKBEKRtFKD13kT5jdtrxJr1xxq+4MZJl4OalAjnqv/NXtxyyNuEImqTEdz03Qz6hGwSSflLqp4QllIzrgHUsVjbjxs9nFE3JilT4JY21LIZmpvycyGhkzjgLbGVEcmkVvKv7ndVIML/1MqCRFrth8UZhKgjGZvk/6QnOGcmwJZVrYWwkbUk0Z2pBKNgRv8eVl0jyrem7Vuzuv1K7yOIpwBMdwCh5cQA1uoA4NYKDgGV7hzTHOi/PufMxbC04+cwh/4Hz+AIc5kM4=</latexit>

✏
<latexit sha1_base64="ssxxscrscFDuELeuu/+9O0MDmKI=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMhszPrzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66R2F1PDhZK9csWv+nOQVRLkpAI56r3yV7evWJagtExQYzqBn9pwQrXlTOC01M0MppSN6AA7jkqaoAkn83un5MwpfRIr7UpaMld/T0xoYsw4iVxnQu3QLHsz8T+vk9n4OpxwmWYWJVssijNBrCKz50mfa2RWjB2hTHN3K2FDqimzLqKSCyFYfnmVNC+qgV8N7i8rtZs8jiKcwCmcQwBXUIM7qEMDGAh4hld48x69F+/d+1i0Frx85hj+wPv8AUzRkCA=</latexit><latexit sha1_base64="ssxxscrscFDuELeuu/+9O0MDmKI=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMhszPrzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66R2F1PDhZK9csWv+nOQVRLkpAI56r3yV7evWJagtExQYzqBn9pwQrXlTOC01M0MppSN6AA7jkqaoAkn83un5MwpfRIr7UpaMld/T0xoYsw4iVxnQu3QLHsz8T+vk9n4OpxwmWYWJVssijNBrCKz50mfa2RWjB2hTHN3K2FDqimzLqKSCyFYfnmVNC+qgV8N7i8rtZs8jiKcwCmcQwBXUIM7qEMDGAh4hld48x69F+/d+1i0Frx85hj+wPv8AUzRkCA=</latexit><latexit sha1_base64="ssxxscrscFDuELeuu/+9O0MDmKI=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMhszPrzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66R2F1PDhZK9csWv+nOQVRLkpAI56r3yV7evWJagtExQYzqBn9pwQrXlTOC01M0MppSN6AA7jkqaoAkn83un5MwpfRIr7UpaMld/T0xoYsw4iVxnQu3QLHsz8T+vk9n4OpxwmWYWJVssijNBrCKz50mfa2RWjB2hTHN3K2FDqimzLqKSCyFYfnmVNC+qgV8N7i8rtZs8jiKcwCmcQwBXUIM7qEMDGAh4hld48x69F+/d+1i0Frx85hj+wPv8AUzRkCA=</latexit><latexit sha1_base64="ssxxscrscFDuELeuu/+9O0MDmKI=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMhszPrzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66R2F1PDhZK9csWv+nOQVRLkpAI56r3yV7evWJagtExQYzqBn9pwQrXlTOC01M0MppSN6AA7jkqaoAkn83un5MwpfRIr7UpaMld/T0xoYsw4iVxnQu3QLHsz8T+vk9n4OpxwmWYWJVssijNBrCKz50mfa2RWjB2hTHN3K2FDqimzLqKSCyFYfnmVNC+qgV8N7i8rtZs8jiKcwCmcQwBXUIM7qEMDGAh4hld48x69F+/d+1i0Frx85hj+wPv8AUzRkCA=</latexit>

✏
<latexit sha1_base64="ssxxscrscFDuELeuu/+9O0MDmKI=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMhszPrzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66R2F1PDhZK9csWv+nOQVRLkpAI56r3yV7evWJagtExQYzqBn9pwQrXlTOC01M0MppSN6AA7jkqaoAkn83un5MwpfRIr7UpaMld/T0xoYsw4iVxnQu3QLHsz8T+vk9n4OpxwmWYWJVssijNBrCKz50mfa2RWjB2hTHN3K2FDqimzLqKSCyFYfnmVNC+qgV8N7i8rtZs8jiKcwCmcQwBXUIM7qEMDGAh4hld48x69F+/d+1i0Frx85hj+wPv8AUzRkCA=</latexit><latexit sha1_base64="ssxxscrscFDuELeuu/+9O0MDmKI=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMhszPrzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66R2F1PDhZK9csWv+nOQVRLkpAI56r3yV7evWJagtExQYzqBn9pwQrXlTOC01M0MppSN6AA7jkqaoAkn83un5MwpfRIr7UpaMld/T0xoYsw4iVxnQu3QLHsz8T+vk9n4OpxwmWYWJVssijNBrCKz50mfa2RWjB2hTHN3K2FDqimzLqKSCyFYfnmVNC+qgV8N7i8rtZs8jiKcwCmcQwBXUIM7qEMDGAh4hld48x69F+/d+1i0Frx85hj+wPv8AUzRkCA=</latexit><latexit sha1_base64="ssxxscrscFDuELeuu/+9O0MDmKI=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMhszPrzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66R2F1PDhZK9csWv+nOQVRLkpAI56r3yV7evWJagtExQYzqBn9pwQrXlTOC01M0MppSN6AA7jkqaoAkn83un5MwpfRIr7UpaMld/T0xoYsw4iVxnQu3QLHsz8T+vk9n4OpxwmWYWJVssijNBrCKz50mfa2RWjB2hTHN3K2FDqimzLqKSCyFYfnmVNC+qgV8N7i8rtZs8jiKcwCmcQwBXUIM7qEMDGAh4hld48x69F+/d+1i0Frx85hj+wPv8AUzRkCA=</latexit><latexit sha1_base64="ssxxscrscFDuELeuu/+9O0MDmKI=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMhszPrzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66R2F1PDhZK9csWv+nOQVRLkpAI56r3yV7evWJagtExQYzqBn9pwQrXlTOC01M0MppSN6AA7jkqaoAkn83un5MwpfRIr7UpaMld/T0xoYsw4iVxnQu3QLHsz8T+vk9n4OpxwmWYWJVssijNBrCKz50mfa2RWjB2hTHN3K2FDqimzLqKSCyFYfnmVNC+qgV8N7i8rtZs8jiKcwCmcQwBXUIM7qEMDGAh4hld48x69F+/d+1i0Frx85hj+wPv8AUzRkCA=</latexit>

✏
<latexit sha1_base64="ssxxscrscFDuELeuu/+9O0MDmKI=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMhszPrzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66R2F1PDhZK9csWv+nOQVRLkpAI56r3yV7evWJagtExQYzqBn9pwQrXlTOC01M0MppSN6AA7jkqaoAkn83un5MwpfRIr7UpaMld/T0xoYsw4iVxnQu3QLHsz8T+vk9n4OpxwmWYWJVssijNBrCKz50mfa2RWjB2hTHN3K2FDqimzLqKSCyFYfnmVNC+qgV8N7i8rtZs8jiKcwCmcQwBXUIM7qEMDGAh4hld48x69F+/d+1i0Frx85hj+wPv8AUzRkCA=</latexit><latexit sha1_base64="ssxxscrscFDuELeuu/+9O0MDmKI=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMhszPrzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66R2F1PDhZK9csWv+nOQVRLkpAI56r3yV7evWJagtExQYzqBn9pwQrXlTOC01M0MppSN6AA7jkqaoAkn83un5MwpfRIr7UpaMld/T0xoYsw4iVxnQu3QLHsz8T+vk9n4OpxwmWYWJVssijNBrCKz50mfa2RWjB2hTHN3K2FDqimzLqKSCyFYfnmVNC+qgV8N7i8rtZs8jiKcwCmcQwBXUIM7qEMDGAh4hld48x69F+/d+1i0Frx85hj+wPv8AUzRkCA=</latexit><latexit sha1_base64="ssxxscrscFDuELeuu/+9O0MDmKI=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMhszPrzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66R2F1PDhZK9csWv+nOQVRLkpAI56r3yV7evWJagtExQYzqBn9pwQrXlTOC01M0MppSN6AA7jkqaoAkn83un5MwpfRIr7UpaMld/T0xoYsw4iVxnQu3QLHsz8T+vk9n4OpxwmWYWJVssijNBrCKz50mfa2RWjB2hTHN3K2FDqimzLqKSCyFYfnmVNC+qgV8N7i8rtZs8jiKcwCmcQwBXUIM7qEMDGAh4hld48x69F+/d+1i0Frx85hj+wPv8AUzRkCA=</latexit><latexit sha1_base64="ssxxscrscFDuELeuu/+9O0MDmKI=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMhszPrzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66R2F1PDhZK9csWv+nOQVRLkpAI56r3yV7evWJagtExQYzqBn9pwQrXlTOC01M0MppSN6AA7jkqaoAkn83un5MwpfRIr7UpaMld/T0xoYsw4iVxnQu3QLHsz8T+vk9n4OpxwmWYWJVssijNBrCKz50mfa2RWjB2hTHN3K2FDqimzLqKSCyFYfnmVNC+qgV8N7i8rtZs8jiKcwCmcQwBXUIM7qEMDGAh4hld48x69F+/d+1i0Frx85hj+wPv8AUzRkCA=</latexit>

HW
<latexit sha1_base64="3P+5ZRhH3FtPc7+wRiMYHmQbeCQ=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIrkoiBV0W3XRZwT6gjWUynbRDJ5MwMxFKCPgrblwo4tbvcOffOGmz0NYDA4dz7uWeOX7MmdKO822V1tY3NrfK25Wd3b39A/vwqKOiRBLaJhGPZM/HinImaFszzWkvlhSHPqddf3qb+91HKhWLxL2exdQL8ViwgBGsjTS0TwYh1hM/SJvZw4L6aTcb2lWn5syBVolbkCoUaA3tr8EoIklIhSYcK9V3nVh7KZaaEU6zyiBRNMZkise0b6jAIVVeOo+foXOjjFAQSfOERnP190aKQ6VmoW8m84Rq2cvF/7x+ooNrL2UiTjQVZHEoSDjSEcq7QCMmKdF8ZggmkpmsiEywxESbxiqmBHf5y6ukc1lznZp7V682boo6ynAKZ3ABLlxBA5rQgjYQSOEZXuHNerJerHfrYzFasoqdY/gD6/MHyueWAg==</latexit><latexit sha1_base64="3P+5ZRhH3FtPc7+wRiMYHmQbeCQ=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIrkoiBV0W3XRZwT6gjWUynbRDJ5MwMxFKCPgrblwo4tbvcOffOGmz0NYDA4dz7uWeOX7MmdKO822V1tY3NrfK25Wd3b39A/vwqKOiRBLaJhGPZM/HinImaFszzWkvlhSHPqddf3qb+91HKhWLxL2exdQL8ViwgBGsjTS0TwYh1hM/SJvZw4L6aTcb2lWn5syBVolbkCoUaA3tr8EoIklIhSYcK9V3nVh7KZaaEU6zyiBRNMZkise0b6jAIVVeOo+foXOjjFAQSfOERnP190aKQ6VmoW8m84Rq2cvF/7x+ooNrL2UiTjQVZHEoSDjSEcq7QCMmKdF8ZggmkpmsiEywxESbxiqmBHf5y6ukc1lznZp7V682boo6ynAKZ3ABLlxBA5rQgjYQSOEZXuHNerJerHfrYzFasoqdY/gD6/MHyueWAg==</latexit><latexit sha1_base64="3P+5ZRhH3FtPc7+wRiMYHmQbeCQ=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIrkoiBV0W3XRZwT6gjWUynbRDJ5MwMxFKCPgrblwo4tbvcOffOGmz0NYDA4dz7uWeOX7MmdKO822V1tY3NrfK25Wd3b39A/vwqKOiRBLaJhGPZM/HinImaFszzWkvlhSHPqddf3qb+91HKhWLxL2exdQL8ViwgBGsjTS0TwYh1hM/SJvZw4L6aTcb2lWn5syBVolbkCoUaA3tr8EoIklIhSYcK9V3nVh7KZaaEU6zyiBRNMZkise0b6jAIVVeOo+foXOjjFAQSfOERnP190aKQ6VmoW8m84Rq2cvF/7x+ooNrL2UiTjQVZHEoSDjSEcq7QCMmKdF8ZggmkpmsiEywxESbxiqmBHf5y6ukc1lznZp7V682boo6ynAKZ3ABLlxBA5rQgjYQSOEZXuHNerJerHfrYzFasoqdY/gD6/MHyueWAg==</latexit><latexit sha1_base64="3P+5ZRhH3FtPc7+wRiMYHmQbeCQ=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIrkoiBV0W3XRZwT6gjWUynbRDJ5MwMxFKCPgrblwo4tbvcOffOGmz0NYDA4dz7uWeOX7MmdKO822V1tY3NrfK25Wd3b39A/vwqKOiRBLaJhGPZM/HinImaFszzWkvlhSHPqddf3qb+91HKhWLxL2exdQL8ViwgBGsjTS0TwYh1hM/SJvZw4L6aTcb2lWn5syBVolbkCoUaA3tr8EoIklIhSYcK9V3nVh7KZaaEU6zyiBRNMZkise0b6jAIVVeOo+foXOjjFAQSfOERnP190aKQ6VmoW8m84Rq2cvF/7x+ooNrL2UiTjQVZHEoSDjSEcq7QCMmKdF8ZggmkpmsiEywxESbxiqmBHf5y6ukc1lznZp7V682boo6ynAKZ3ABLlxBA5rQgjYQSOEZXuHNerJerHfrYzFasoqdY/gD6/MHyueWAg==</latexit>

bHW
<latexit sha1_base64="pPbgFlmB6u9V2TAIp/EHxUcYnPA=">AAACCHicbZDLSsNAFIYnXmu9RV26MFgEVyURQZdFN11WsBdoYplMTtqhk0mYmSglZOnGV3HjQhG3PoI738ZJm4W2/jDw8Z9zmHN+P2FUKtv+NpaWV1bX1isb1c2t7Z1dc2+/I+NUEGiTmMWi52MJjHJoK6oY9BIBOPIZdP3xdVHv3oOQNOa3apKAF+EhpyElWGlrYB65DzSAEVaZG2E18sOsmed3M/azbj4wa3bdnspaBKeEGirVGphfbhCTNAKuCMNS9h07UV6GhaKEQV51UwkJJmM8hL5GjiOQXjY9JLdOtBNYYSz048qaur8nMhxJOYl83VlsKOdrhflfrZ+q8NLLKE9SBZzMPgpTZqnYKlKxAiqAKDbRgImgeleLjLDAROnsqjoEZ/7kReic1R277tyc1xpXZRwVdIiO0Sly0AVqoCZqoTYi6BE9o1f0ZjwZL8a78TFrXTLKmQP0R8bnDxGWmqA=</latexit><latexit sha1_base64="pPbgFlmB6u9V2TAIp/EHxUcYnPA=">AAACCHicbZDLSsNAFIYnXmu9RV26MFgEVyURQZdFN11WsBdoYplMTtqhk0mYmSglZOnGV3HjQhG3PoI738ZJm4W2/jDw8Z9zmHN+P2FUKtv+NpaWV1bX1isb1c2t7Z1dc2+/I+NUEGiTmMWi52MJjHJoK6oY9BIBOPIZdP3xdVHv3oOQNOa3apKAF+EhpyElWGlrYB65DzSAEVaZG2E18sOsmed3M/azbj4wa3bdnspaBKeEGirVGphfbhCTNAKuCMNS9h07UV6GhaKEQV51UwkJJmM8hL5GjiOQXjY9JLdOtBNYYSz048qaur8nMhxJOYl83VlsKOdrhflfrZ+q8NLLKE9SBZzMPgpTZqnYKlKxAiqAKDbRgImgeleLjLDAROnsqjoEZ/7kReic1R277tyc1xpXZRwVdIiO0Sly0AVqoCZqoTYi6BE9o1f0ZjwZL8a78TFrXTLKmQP0R8bnDxGWmqA=</latexit><latexit sha1_base64="pPbgFlmB6u9V2TAIp/EHxUcYnPA=">AAACCHicbZDLSsNAFIYnXmu9RV26MFgEVyURQZdFN11WsBdoYplMTtqhk0mYmSglZOnGV3HjQhG3PoI738ZJm4W2/jDw8Z9zmHN+P2FUKtv+NpaWV1bX1isb1c2t7Z1dc2+/I+NUEGiTmMWi52MJjHJoK6oY9BIBOPIZdP3xdVHv3oOQNOa3apKAF+EhpyElWGlrYB65DzSAEVaZG2E18sOsmed3M/azbj4wa3bdnspaBKeEGirVGphfbhCTNAKuCMNS9h07UV6GhaKEQV51UwkJJmM8hL5GjiOQXjY9JLdOtBNYYSz048qaur8nMhxJOYl83VlsKOdrhflfrZ+q8NLLKE9SBZzMPgpTZqnYKlKxAiqAKDbRgImgeleLjLDAROnsqjoEZ/7kReic1R277tyc1xpXZRwVdIiO0Sly0AVqoCZqoTYi6BE9o1f0ZjwZL8a78TFrXTLKmQP0R8bnDxGWmqA=</latexit><latexit sha1_base64="pPbgFlmB6u9V2TAIp/EHxUcYnPA=">AAACCHicbZDLSsNAFIYnXmu9RV26MFgEVyURQZdFN11WsBdoYplMTtqhk0mYmSglZOnGV3HjQhG3PoI738ZJm4W2/jDw8Z9zmHN+P2FUKtv+NpaWV1bX1isb1c2t7Z1dc2+/I+NUEGiTmMWi52MJjHJoK6oY9BIBOPIZdP3xdVHv3oOQNOa3apKAF+EhpyElWGlrYB65DzSAEVaZG2E18sOsmed3M/azbj4wa3bdnspaBKeEGirVGphfbhCTNAKuCMNS9h07UV6GhaKEQV51UwkJJmM8hL5GjiOQXjY9JLdOtBNYYSz048qaur8nMhxJOYl83VlsKOdrhflfrZ+q8NLLKE9SBZzMPgpTZqnYKlKxAiqAKDbRgImgeleLjLDAROnsqjoEZ/7kReic1R277tyc1xpXZRwVdIiO0Sly0AVqoCZqoTYi6BE9o1f0ZjwZL8a78TFrXTLKmQP0R8bnDxGWmqA=</latexit>

he
<latexit sha1_base64="FuukXyKYSMqz8VNfA3eEbnDwbeQ=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaUDbbSbt0kw27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco0hxZXUuluyAxIkUALBUrophpYHErohOPbmd95BG2ESh5wkkIQs2EiIsEZWqnnIzxh7vdHMO1Xa27dnYOuEq8gNVKg2a9++QPFsxgS5JIZ0/PcFIOcaRRcwrTiZwZSxsdsCD1LExaDCfL5yVN6ZpUBjZS2lSCdq78nchYbM4lD2xkzHJllbyb+5/UyjK6DXCRphpDwxaIokxQVnf1PB0IDRzmxhHEt7K2Uj5hmHG1KFRuCt/zyKmlf1D237t1f1ho3RRxlckJOyTnxyBVpkDvSJC3CiSLP5JW8Oei8OO/Ox6K15BQzx+QPnM8fvRSRiQ==</latexit><latexit sha1_base64="FuukXyKYSMqz8VNfA3eEbnDwbeQ=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaUDbbSbt0kw27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco0hxZXUuluyAxIkUALBUrophpYHErohOPbmd95BG2ESh5wkkIQs2EiIsEZWqnnIzxh7vdHMO1Xa27dnYOuEq8gNVKg2a9++QPFsxgS5JIZ0/PcFIOcaRRcwrTiZwZSxsdsCD1LExaDCfL5yVN6ZpUBjZS2lSCdq78nchYbM4lD2xkzHJllbyb+5/UyjK6DXCRphpDwxaIokxQVnf1PB0IDRzmxhHEt7K2Uj5hmHG1KFRuCt/zyKmlf1D237t1f1ho3RRxlckJOyTnxyBVpkDvSJC3CiSLP5JW8Oei8OO/Ox6K15BQzx+QPnM8fvRSRiQ==</latexit><latexit sha1_base64="FuukXyKYSMqz8VNfA3eEbnDwbeQ=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaUDbbSbt0kw27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco0hxZXUuluyAxIkUALBUrophpYHErohOPbmd95BG2ESh5wkkIQs2EiIsEZWqnnIzxh7vdHMO1Xa27dnYOuEq8gNVKg2a9++QPFsxgS5JIZ0/PcFIOcaRRcwrTiZwZSxsdsCD1LExaDCfL5yVN6ZpUBjZS2lSCdq78nchYbM4lD2xkzHJllbyb+5/UyjK6DXCRphpDwxaIokxQVnf1PB0IDRzmxhHEt7K2Uj5hmHG1KFRuCt/zyKmlf1D237t1f1ho3RRxlckJOyTnxyBVpkDvSJC3CiSLP5JW8Oei8OO/Ox6K15BQzx+QPnM8fvRSRiQ==</latexit><latexit sha1_base64="FuukXyKYSMqz8VNfA3eEbnDwbeQ=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaUDbbSbt0kw27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco0hxZXUuluyAxIkUALBUrophpYHErohOPbmd95BG2ESh5wkkIQs2EiIsEZWqnnIzxh7vdHMO1Xa27dnYOuEq8gNVKg2a9++QPFsxgS5JIZ0/PcFIOcaRRcwrTiZwZSxsdsCD1LExaDCfL5yVN6ZpUBjZS2lSCdq78nchYbM4lD2xkzHJllbyb+5/UyjK6DXCRphpDwxaIokxQVnf1PB0IDRzmxhHEt7K2Uj5hmHG1KFRuCt/zyKmlf1D237t1f1ho3RRxlckJOyTnxyBVpkDvSJC3CiSLP5JW8Oei8OO/Ox6K15BQzx+QPnM8fvRSRiQ==</latexit>

llo
<latexit sha1_base64="6ljkOMrZteWs5e9ZwcEYuZaNnuI=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBJGJyhL3NJlmyt3vszonhyL+wsVDE1n9j579xk1yhiQ8GHu/NMDMvSqSw6PvfXmFldW19o7hZ2tre2d0r7x80rU4N4w2mpTb3EbVcCsUbKFDy+8RwGkeSt6LR9dRvPXJjhVZ3OE54GNOBEn3BKDrpoYP8CTMp9aRbrvhVfwayTIKcVCBHvVv+6vQ0S2OukElqbTvwEwwzalAwySelTmp5QtmIDnjbUUVjbsNsdvGEnDilR/rauFJIZurviYzG1o7jyHXGFId20ZuK/3ntFPuXYSZUkiJXbL6on0qCmkzfJz1hOEM5doQyI9ythA2poQxdSCUXQrD48jJpnlUDvxrcnldqV3kcRTiCYziFAC6gBjdQhwYwUPAMr/DmWe/Fe/c+5q0FL585hD/wPn8AMceRPg==</latexit><latexit sha1_base64="6ljkOMrZteWs5e9ZwcEYuZaNnuI=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBJGJyhL3NJlmyt3vszonhyL+wsVDE1n9j579xk1yhiQ8GHu/NMDMvSqSw6PvfXmFldW19o7hZ2tre2d0r7x80rU4N4w2mpTb3EbVcCsUbKFDy+8RwGkeSt6LR9dRvPXJjhVZ3OE54GNOBEn3BKDrpoYP8CTMp9aRbrvhVfwayTIKcVCBHvVv+6vQ0S2OukElqbTvwEwwzalAwySelTmp5QtmIDnjbUUVjbsNsdvGEnDilR/rauFJIZurviYzG1o7jyHXGFId20ZuK/3ntFPuXYSZUkiJXbL6on0qCmkzfJz1hOEM5doQyI9ythA2poQxdSCUXQrD48jJpnlUDvxrcnldqV3kcRTiCYziFAC6gBjdQhwYwUPAMr/DmWe/Fe/c+5q0FL585hD/wPn8AMceRPg==</latexit><latexit sha1_base64="6ljkOMrZteWs5e9ZwcEYuZaNnuI=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBJGJyhL3NJlmyt3vszonhyL+wsVDE1n9j579xk1yhiQ8GHu/NMDMvSqSw6PvfXmFldW19o7hZ2tre2d0r7x80rU4N4w2mpTb3EbVcCsUbKFDy+8RwGkeSt6LR9dRvPXJjhVZ3OE54GNOBEn3BKDrpoYP8CTMp9aRbrvhVfwayTIKcVCBHvVv+6vQ0S2OukElqbTvwEwwzalAwySelTmp5QtmIDnjbUUVjbsNsdvGEnDilR/rauFJIZurviYzG1o7jyHXGFId20ZuK/3ntFPuXYSZUkiJXbL6on0qCmkzfJz1hOEM5doQyI9ythA2poQxdSCUXQrD48jJpnlUDvxrcnldqV3kcRTiCYziFAC6gBjdQhwYwUPAMr/DmWe/Fe/c+5q0FL585hD/wPn8AMceRPg==</latexit><latexit sha1_base64="6ljkOMrZteWs5e9ZwcEYuZaNnuI=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBJGJyhL3NJlmyt3vszonhyL+wsVDE1n9j579xk1yhiQ8GHu/NMDMvSqSw6PvfXmFldW19o7hZ2tre2d0r7x80rU4N4w2mpTb3EbVcCsUbKFDy+8RwGkeSt6LR9dRvPXJjhVZ3OE54GNOBEn3BKDrpoYP8CTMp9aRbrvhVfwayTIKcVCBHvVv+6vQ0S2OukElqbTvwEwwzalAwySelTmp5QtmIDnjbUUVjbsNsdvGEnDilR/rauFJIZurviYzG1o7jyHXGFId20ZuK/3ntFPuXYSZUkiJXbL6on0qCmkzfJz1hOEM5doQyI9ythA2poQxdSCUXQrD48jJpnlUDvxrcnldqV3kcRTiCYziFAC6gBjdQhwYwUPAMr/DmWe/Fe/c+5q0FL585hD/wPn8AMceRPg==</latexit>

F
<latexit sha1_base64="EMr2CMGEx4jaB+rjB417hZxm8Lw=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFkUxGUF+4A2lMl00g6dzISZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPmAhu0PO+ndLa+sbmVnm7srO7t39QPTxqG5VqylpUCaW7ITFMcMlayFGwbqIZiUPBOuHkNvc7T0wbruQjThMWxGQkecQpQSv1+jHBMSUiu5sNqjWv7s3hrhK/IDUo0BxUv/pDRdOYSaSCGNPzvQSDjGjkVLBZpZ8alhA6ISPWs1SSmJkgm0eeuWdWGbqR0vZJdOfq742MxMZM49BO5hHNspeL/3m9FKPrIOMySZFJuvgoSoWLys3vd4dcM4piagmhmtusLh0TTSjaliq2BH/55FXSvqj7Xt1/uKw1boo6ynACp3AOPlxBA+6hCS2goOAZXuHNQefFeXc+FqMlp9g5hj9wPn8Ad+eRXA==</latexit><latexit sha1_base64="EMr2CMGEx4jaB+rjB417hZxm8Lw=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFkUxGUF+4A2lMl00g6dzISZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPmAhu0PO+ndLa+sbmVnm7srO7t39QPTxqG5VqylpUCaW7ITFMcMlayFGwbqIZiUPBOuHkNvc7T0wbruQjThMWxGQkecQpQSv1+jHBMSUiu5sNqjWv7s3hrhK/IDUo0BxUv/pDRdOYSaSCGNPzvQSDjGjkVLBZpZ8alhA6ISPWs1SSmJkgm0eeuWdWGbqR0vZJdOfq742MxMZM49BO5hHNspeL/3m9FKPrIOMySZFJuvgoSoWLys3vd4dcM4piagmhmtusLh0TTSjaliq2BH/55FXSvqj7Xt1/uKw1boo6ynACp3AOPlxBA+6hCS2goOAZXuHNQefFeXc+FqMlp9g5hj9wPn8Ad+eRXA==</latexit><latexit sha1_base64="EMr2CMGEx4jaB+rjB417hZxm8Lw=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFkUxGUF+4A2lMl00g6dzISZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPmAhu0PO+ndLa+sbmVnm7srO7t39QPTxqG5VqylpUCaW7ITFMcMlayFGwbqIZiUPBOuHkNvc7T0wbruQjThMWxGQkecQpQSv1+jHBMSUiu5sNqjWv7s3hrhK/IDUo0BxUv/pDRdOYSaSCGNPzvQSDjGjkVLBZpZ8alhA6ISPWs1SSmJkgm0eeuWdWGbqR0vZJdOfq742MxMZM49BO5hHNspeL/3m9FKPrIOMySZFJuvgoSoWLys3vd4dcM4piagmhmtusLh0TTSjaliq2BH/55FXSvqj7Xt1/uKw1boo6ynACp3AOPlxBA+6hCS2goOAZXuHNQefFeXc+FqMlp9g5hj9wPn8Ad+eRXA==</latexit><latexit sha1_base64="EMr2CMGEx4jaB+rjB417hZxm8Lw=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFkUxGUF+4A2lMl00g6dzISZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPmAhu0PO+ndLa+sbmVnm7srO7t39QPTxqG5VqylpUCaW7ITFMcMlayFGwbqIZiUPBOuHkNvc7T0wbruQjThMWxGQkecQpQSv1+jHBMSUiu5sNqjWv7s3hrhK/IDUo0BxUv/pDRdOYSaSCGNPzvQSDjGjkVLBZpZ8alhA6ISPWs1SSmJkgm0eeuWdWGbqR0vZJdOfq742MxMZM49BO5hHNspeL/3m9FKPrIOMySZFJuvgoSoWLys3vd4dcM4piagmhmtusLh0TTSjaliq2BH/55FXSvqj7Xt1/uKw1boo6ynACp3AOPlxBA+6hCS2goOAZXuHNQefFeXc+FqMlp9g5hj9wPn8Ad+eRXA==</latexit>

n
<latexit sha1_base64="JxgVv0rDjXrLD16R1fBZLgnEnEE=">AAACBnicbVDLSsNAFJ3UV42vqEsRBovgqiQi6LLoxmUF+4AmlMnkph06mYSZiVBCV278FTcuFHHrN7jzb5y2WWjrgYEz59x7Z+4JM86Udt1vq7Kyura+Ud20t7Z3dvec/YO2SnNJoUVTnspuSBRwJqClmebQzSSQJOTQCUc3U7/zAFKxVNzrcQZBQgaCxYwSbaS+c+yHMGCioGaGmtjY920fRFTe+07Nrbsz4GXilaSGSjT7zpcfpTRPQGjKiVI9z810UBCpGeUwsf1cQUboiAygZ6ggCaigmK0xwadGiXCcSnOExjP1d0dBEqXGSWgqE6KHatGbiv95vVzHV0HBRJZrEHT+UJxzrFM8zQRHTALVfGwIoZKZv2I6JJJQbZKzTQje4srLpH1e99y6d3dRa1yXcVTRETpBZ8hDl6iBblETtRBFj+gZvaI368l6sd6tj3lpxSp7DtEfWJ8/31+Yuw==</latexit><latexit sha1_base64="JxgVv0rDjXrLD16R1fBZLgnEnEE=">AAACBnicbVDLSsNAFJ3UV42vqEsRBovgqiQi6LLoxmUF+4AmlMnkph06mYSZiVBCV278FTcuFHHrN7jzb5y2WWjrgYEz59x7Z+4JM86Udt1vq7Kyura+Ud20t7Z3dvec/YO2SnNJoUVTnspuSBRwJqClmebQzSSQJOTQCUc3U7/zAFKxVNzrcQZBQgaCxYwSbaS+c+yHMGCioGaGmtjY920fRFTe+07Nrbsz4GXilaSGSjT7zpcfpTRPQGjKiVI9z810UBCpGeUwsf1cQUboiAygZ6ggCaigmK0xwadGiXCcSnOExjP1d0dBEqXGSWgqE6KHatGbiv95vVzHV0HBRJZrEHT+UJxzrFM8zQRHTALVfGwIoZKZv2I6JJJQbZKzTQje4srLpH1e99y6d3dRa1yXcVTRETpBZ8hDl6iBblETtRBFj+gZvaI368l6sd6tj3lpxSp7DtEfWJ8/31+Yuw==</latexit><latexit sha1_base64="JxgVv0rDjXrLD16R1fBZLgnEnEE=">AAACBnicbVDLSsNAFJ3UV42vqEsRBovgqiQi6LLoxmUF+4AmlMnkph06mYSZiVBCV278FTcuFHHrN7jzb5y2WWjrgYEz59x7Z+4JM86Udt1vq7Kyura+Ud20t7Z3dvec/YO2SnNJoUVTnspuSBRwJqClmebQzSSQJOTQCUc3U7/zAFKxVNzrcQZBQgaCxYwSbaS+c+yHMGCioGaGmtjY920fRFTe+07Nrbsz4GXilaSGSjT7zpcfpTRPQGjKiVI9z810UBCpGeUwsf1cQUboiAygZ6ggCaigmK0xwadGiXCcSnOExjP1d0dBEqXGSWgqE6KHatGbiv95vVzHV0HBRJZrEHT+UJxzrFM8zQRHTALVfGwIoZKZv2I6JJJQbZKzTQje4srLpH1e99y6d3dRa1yXcVTRETpBZ8hDl6iBblETtRBFj+gZvaI368l6sd6tj3lpxSp7DtEfWJ8/31+Yuw==</latexit><latexit sha1_base64="JxgVv0rDjXrLD16R1fBZLgnEnEE=">AAACBnicbVDLSsNAFJ3UV42vqEsRBovgqiQi6LLoxmUF+4AmlMnkph06mYSZiVBCV278FTcuFHHrN7jzb5y2WWjrgYEz59x7Z+4JM86Udt1vq7Kyura+Ud20t7Z3dvec/YO2SnNJoUVTnspuSBRwJqClmebQzSSQJOTQCUc3U7/zAFKxVNzrcQZBQgaCxYwSbaS+c+yHMGCioGaGmtjY920fRFTe+07Nrbsz4GXilaSGSjT7zpcfpTRPQGjKiVI9z810UBCpGeUwsf1cQUboiAygZ6ggCaigmK0xwadGiXCcSnOExjP1d0dBEqXGSWgqE6KHatGbiv95vVzHV0HBRJZrEHT+UJxzrFM8zQRHTALVfGwIoZKZv2I6JJJQbZKzTQje4srLpH1e99y6d3dRa1yXcVTRETpBZ8hDl6iBblETtRBFj+gZvaI368l6sd6tj3lpxSp7DtEfWJ8/31+Yuw==</latexit>

n
<latexit sha1_base64="JxgVv0rDjXrLD16R1fBZLgnEnEE=">AAACBnicbVDLSsNAFJ3UV42vqEsRBovgqiQi6LLoxmUF+4AmlMnkph06mYSZiVBCV278FTcuFHHrN7jzb5y2WWjrgYEz59x7Z+4JM86Udt1vq7Kyura+Ud20t7Z3dvec/YO2SnNJoUVTnspuSBRwJqClmebQzSSQJOTQCUc3U7/zAFKxVNzrcQZBQgaCxYwSbaS+c+yHMGCioGaGmtjY920fRFTe+07Nrbsz4GXilaSGSjT7zpcfpTRPQGjKiVI9z810UBCpGeUwsf1cQUboiAygZ6ggCaigmK0xwadGiXCcSnOExjP1d0dBEqXGSWgqE6KHatGbiv95vVzHV0HBRJZrEHT+UJxzrFM8zQRHTALVfGwIoZKZv2I6JJJQbZKzTQje4srLpH1e99y6d3dRa1yXcVTRETpBZ8hDl6iBblETtRBFj+gZvaI368l6sd6tj3lpxSp7DtEfWJ8/31+Yuw==</latexit><latexit sha1_base64="JxgVv0rDjXrLD16R1fBZLgnEnEE=">AAACBnicbVDLSsNAFJ3UV42vqEsRBovgqiQi6LLoxmUF+4AmlMnkph06mYSZiVBCV278FTcuFHHrN7jzb5y2WWjrgYEz59x7Z+4JM86Udt1vq7Kyura+Ud20t7Z3dvec/YO2SnNJoUVTnspuSBRwJqClmebQzSSQJOTQCUc3U7/zAFKxVNzrcQZBQgaCxYwSbaS+c+yHMGCioGaGmtjY920fRFTe+07Nrbsz4GXilaSGSjT7zpcfpTRPQGjKiVI9z810UBCpGeUwsf1cQUboiAygZ6ggCaigmK0xwadGiXCcSnOExjP1d0dBEqXGSWgqE6KHatGbiv95vVzHV0HBRJZrEHT+UJxzrFM8zQRHTALVfGwIoZKZv2I6JJJQbZKzTQje4srLpH1e99y6d3dRa1yXcVTRETpBZ8hDl6iBblETtRBFj+gZvaI368l6sd6tj3lpxSp7DtEfWJ8/31+Yuw==</latexit><latexit sha1_base64="JxgVv0rDjXrLD16R1fBZLgnEnEE=">AAACBnicbVDLSsNAFJ3UV42vqEsRBovgqiQi6LLoxmUF+4AmlMnkph06mYSZiVBCV278FTcuFHHrN7jzb5y2WWjrgYEz59x7Z+4JM86Udt1vq7Kyura+Ud20t7Z3dvec/YO2SnNJoUVTnspuSBRwJqClmebQzSSQJOTQCUc3U7/zAFKxVNzrcQZBQgaCxYwSbaS+c+yHMGCioGaGmtjY920fRFTe+07Nrbsz4GXilaSGSjT7zpcfpTRPQGjKiVI9z810UBCpGeUwsf1cQUboiAygZ6ggCaigmK0xwadGiXCcSnOExjP1d0dBEqXGSWgqE6KHatGbiv95vVzHV0HBRJZrEHT+UJxzrFM8zQRHTALVfGwIoZKZv2I6JJJQbZKzTQje4srLpH1e99y6d3dRa1yXcVTRETpBZ8hDl6iBblETtRBFj+gZvaI368l6sd6tj3lpxSp7DtEfWJ8/31+Yuw==</latexit><latexit sha1_base64="JxgVv0rDjXrLD16R1fBZLgnEnEE=">AAACBnicbVDLSsNAFJ3UV42vqEsRBovgqiQi6LLoxmUF+4AmlMnkph06mYSZiVBCV278FTcuFHHrN7jzb5y2WWjrgYEz59x7Z+4JM86Udt1vq7Kyura+Ud20t7Z3dvec/YO2SnNJoUVTnspuSBRwJqClmebQzSSQJOTQCUc3U7/zAFKxVNzrcQZBQgaCxYwSbaS+c+yHMGCioGaGmtjY920fRFTe+07Nrbsz4GXilaSGSjT7zpcfpTRPQGjKiVI9z810UBCpGeUwsf1cQUboiAygZ6ggCaigmK0xwadGiXCcSnOExjP1d0dBEqXGSWgqE6KHatGbiv95vVzHV0HBRJZrEHT+UJxzrFM8zQRHTALVfGwIoZKZv2I6JJJQbZKzTQje4srLpH1e99y6d3dRa1yXcVTRETpBZ8hDl6iBblETtRBFj+gZvaI368l6sd6tj3lpxSp7DtEfWJ8/31+Yuw==</latexit>

n
<latexit sha1_base64="JxgVv0rDjXrLD16R1fBZLgnEnEE=">AAACBnicbVDLSsNAFJ3UV42vqEsRBovgqiQi6LLoxmUF+4AmlMnkph06mYSZiVBCV278FTcuFHHrN7jzb5y2WWjrgYEz59x7Z+4JM86Udt1vq7Kyura+Ud20t7Z3dvec/YO2SnNJoUVTnspuSBRwJqClmebQzSSQJOTQCUc3U7/zAFKxVNzrcQZBQgaCxYwSbaS+c+yHMGCioGaGmtjY920fRFTe+07Nrbsz4GXilaSGSjT7zpcfpTRPQGjKiVI9z810UBCpGeUwsf1cQUboiAygZ6ggCaigmK0xwadGiXCcSnOExjP1d0dBEqXGSWgqE6KHatGbiv95vVzHV0HBRJZrEHT+UJxzrFM8zQRHTALVfGwIoZKZv2I6JJJQbZKzTQje4srLpH1e99y6d3dRa1yXcVTRETpBZ8hDl6iBblETtRBFj+gZvaI368l6sd6tj3lpxSp7DtEfWJ8/31+Yuw==</latexit><latexit sha1_base64="JxgVv0rDjXrLD16R1fBZLgnEnEE=">AAACBnicbVDLSsNAFJ3UV42vqEsRBovgqiQi6LLoxmUF+4AmlMnkph06mYSZiVBCV278FTcuFHHrN7jzb5y2WWjrgYEz59x7Z+4JM86Udt1vq7Kyura+Ud20t7Z3dvec/YO2SnNJoUVTnspuSBRwJqClmebQzSSQJOTQCUc3U7/zAFKxVNzrcQZBQgaCxYwSbaS+c+yHMGCioGaGmtjY920fRFTe+07Nrbsz4GXilaSGSjT7zpcfpTRPQGjKiVI9z810UBCpGeUwsf1cQUboiAygZ6ggCaigmK0xwadGiXCcSnOExjP1d0dBEqXGSWgqE6KHatGbiv95vVzHV0HBRJZrEHT+UJxzrFM8zQRHTALVfGwIoZKZv2I6JJJQbZKzTQje4srLpH1e99y6d3dRa1yXcVTRETpBZ8hDl6iBblETtRBFj+gZvaI368l6sd6tj3lpxSp7DtEfWJ8/31+Yuw==</latexit><latexit sha1_base64="JxgVv0rDjXrLD16R1fBZLgnEnEE=">AAACBnicbVDLSsNAFJ3UV42vqEsRBovgqiQi6LLoxmUF+4AmlMnkph06mYSZiVBCV278FTcuFHHrN7jzb5y2WWjrgYEz59x7Z+4JM86Udt1vq7Kyura+Ud20t7Z3dvec/YO2SnNJoUVTnspuSBRwJqClmebQzSSQJOTQCUc3U7/zAFKxVNzrcQZBQgaCxYwSbaS+c+yHMGCioGaGmtjY920fRFTe+07Nrbsz4GXilaSGSjT7zpcfpTRPQGjKiVI9z810UBCpGeUwsf1cQUboiAygZ6ggCaigmK0xwadGiXCcSnOExjP1d0dBEqXGSWgqE6KHatGbiv95vVzHV0HBRJZrEHT+UJxzrFM8zQRHTALVfGwIoZKZv2I6JJJQbZKzTQje4srLpH1e99y6d3dRa1yXcVTRETpBZ8hDl6iBblETtRBFj+gZvaI368l6sd6tj3lpxSp7DtEfWJ8/31+Yuw==</latexit><latexit sha1_base64="JxgVv0rDjXrLD16R1fBZLgnEnEE=">AAACBnicbVDLSsNAFJ3UV42vqEsRBovgqiQi6LLoxmUF+4AmlMnkph06mYSZiVBCV278FTcuFHHrN7jzb5y2WWjrgYEz59x7Z+4JM86Udt1vq7Kyura+Ud20t7Z3dvec/YO2SnNJoUVTnspuSBRwJqClmebQzSSQJOTQCUc3U7/zAFKxVNzrcQZBQgaCxYwSbaS+c+yHMGCioGaGmtjY920fRFTe+07Nrbsz4GXilaSGSjT7zpcfpTRPQGjKiVI9z810UBCpGeUwsf1cQUboiAygZ6ggCaigmK0xwadGiXCcSnOExjP1d0dBEqXGSWgqE6KHatGbiv95vVzHV0HBRJZrEHT+UJxzrFM8zQRHTALVfGwIoZKZv2I6JJJQbZKzTQje4srLpH1e99y6d3dRa1yXcVTRETpBZ8hDl6iBblETtRBFj+gZvaI368l6sd6tj3lpxSp7DtEfWJ8/31+Yuw==</latexit>

n
<latexit sha1_base64="JxgVv0rDjXrLD16R1fBZLgnEnEE=">AAACBnicbVDLSsNAFJ3UV42vqEsRBovgqiQi6LLoxmUF+4AmlMnkph06mYSZiVBCV278FTcuFHHrN7jzb5y2WWjrgYEz59x7Z+4JM86Udt1vq7Kyura+Ud20t7Z3dvec/YO2SnNJoUVTnspuSBRwJqClmebQzSSQJOTQCUc3U7/zAFKxVNzrcQZBQgaCxYwSbaS+c+yHMGCioGaGmtjY920fRFTe+07Nrbsz4GXilaSGSjT7zpcfpTRPQGjKiVI9z810UBCpGeUwsf1cQUboiAygZ6ggCaigmK0xwadGiXCcSnOExjP1d0dBEqXGSWgqE6KHatGbiv95vVzHV0HBRJZrEHT+UJxzrFM8zQRHTALVfGwIoZKZv2I6JJJQbZKzTQje4srLpH1e99y6d3dRa1yXcVTRETpBZ8hDl6iBblETtRBFj+gZvaI368l6sd6tj3lpxSp7DtEfWJ8/31+Yuw==</latexit><latexit sha1_base64="JxgVv0rDjXrLD16R1fBZLgnEnEE=">AAACBnicbVDLSsNAFJ3UV42vqEsRBovgqiQi6LLoxmUF+4AmlMnkph06mYSZiVBCV278FTcuFHHrN7jzb5y2WWjrgYEz59x7Z+4JM86Udt1vq7Kyura+Ud20t7Z3dvec/YO2SnNJoUVTnspuSBRwJqClmebQzSSQJOTQCUc3U7/zAFKxVNzrcQZBQgaCxYwSbaS+c+yHMGCioGaGmtjY920fRFTe+07Nrbsz4GXilaSGSjT7zpcfpTRPQGjKiVI9z810UBCpGeUwsf1cQUboiAygZ6ggCaigmK0xwadGiXCcSnOExjP1d0dBEqXGSWgqE6KHatGbiv95vVzHV0HBRJZrEHT+UJxzrFM8zQRHTALVfGwIoZKZv2I6JJJQbZKzTQje4srLpH1e99y6d3dRa1yXcVTRETpBZ8hDl6iBblETtRBFj+gZvaI368l6sd6tj3lpxSp7DtEfWJ8/31+Yuw==</latexit><latexit sha1_base64="JxgVv0rDjXrLD16R1fBZLgnEnEE=">AAACBnicbVDLSsNAFJ3UV42vqEsRBovgqiQi6LLoxmUF+4AmlMnkph06mYSZiVBCV278FTcuFHHrN7jzb5y2WWjrgYEz59x7Z+4JM86Udt1vq7Kyura+Ud20t7Z3dvec/YO2SnNJoUVTnspuSBRwJqClmebQzSSQJOTQCUc3U7/zAFKxVNzrcQZBQgaCxYwSbaS+c+yHMGCioGaGmtjY920fRFTe+07Nrbsz4GXilaSGSjT7zpcfpTRPQGjKiVI9z810UBCpGeUwsf1cQUboiAygZ6ggCaigmK0xwadGiXCcSnOExjP1d0dBEqXGSWgqE6KHatGbiv95vVzHV0HBRJZrEHT+UJxzrFM8zQRHTALVfGwIoZKZv2I6JJJQbZKzTQje4srLpH1e99y6d3dRa1yXcVTRETpBZ8hDl6iBblETtRBFj+gZvaI368l6sd6tj3lpxSp7DtEfWJ8/31+Yuw==</latexit><latexit sha1_base64="JxgVv0rDjXrLD16R1fBZLgnEnEE=">AAACBnicbVDLSsNAFJ3UV42vqEsRBovgqiQi6LLoxmUF+4AmlMnkph06mYSZiVBCV278FTcuFHHrN7jzb5y2WWjrgYEz59x7Z+4JM86Udt1vq7Kyura+Ud20t7Z3dvec/YO2SnNJoUVTnspuSBRwJqClmebQzSSQJOTQCUc3U7/zAFKxVNzrcQZBQgaCxYwSbaS+c+yHMGCioGaGmtjY920fRFTe+07Nrbsz4GXilaSGSjT7zpcfpTRPQGjKiVI9z810UBCpGeUwsf1cQUboiAygZ6ggCaigmK0xwadGiXCcSnOExjP1d0dBEqXGSWgqE6KHatGbiv95vVzHV0HBRJZrEHT+UJxzrFM8zQRHTALVfGwIoZKZv2I6JJJQbZKzTQje4srLpH1e99y6d3dRa1yXcVTRETpBZ8hDl6iBblETtRBFj+gZvaI368l6sd6tj3lpxSp7DtEfWJ8/31+Yuw==</latexit>

HV
<latexit sha1_base64="IcgJU8QN1iFuDCzmrOMA5mjFyeo=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIrkoiBV0W3XRZwT6gjWUynbRDJ5MwMxFKCPgrblwo4tbvcOffOGmz0NYDA4dz7uWeOX7MmdKO822V1tY3NrfK25Wd3b39A/vwqKOiRBLaJhGPZM/HinImaFszzWkvlhSHPqddf3qb+91HKhWLxL2exdQL8ViwgBGsjTS0TwYh1hM/SJvZw4L6aScb2lWn5syBVolbkCoUaA3tr8EoIklIhSYcK9V3nVh7KZaaEU6zyiBRNMZkise0b6jAIVVeOo+foXOjjFAQSfOERnP190aKQ6VmoW8m84Rq2cvF/7x+ooNrL2UiTjQVZHEoSDjSEcq7QCMmKdF8ZggmkpmsiEywxESbxiqmBHf5y6ukc1lznZp7V682boo6ynAKZ3ABLlxBA5rQgjYQSOEZXuHNerJerHfrYzFasoqdY/gD6/MHyWKWAQ==</latexit><latexit sha1_base64="IcgJU8QN1iFuDCzmrOMA5mjFyeo=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIrkoiBV0W3XRZwT6gjWUynbRDJ5MwMxFKCPgrblwo4tbvcOffOGmz0NYDA4dz7uWeOX7MmdKO822V1tY3NrfK25Wd3b39A/vwqKOiRBLaJhGPZM/HinImaFszzWkvlhSHPqddf3qb+91HKhWLxL2exdQL8ViwgBGsjTS0TwYh1hM/SJvZw4L6aScb2lWn5syBVolbkCoUaA3tr8EoIklIhSYcK9V3nVh7KZaaEU6zyiBRNMZkise0b6jAIVVeOo+foXOjjFAQSfOERnP190aKQ6VmoW8m84Rq2cvF/7x+ooNrL2UiTjQVZHEoSDjSEcq7QCMmKdF8ZggmkpmsiEywxESbxiqmBHf5y6ukc1lznZp7V682boo6ynAKZ3ABLlxBA5rQgjYQSOEZXuHNerJerHfrYzFasoqdY/gD6/MHyWKWAQ==</latexit><latexit sha1_base64="IcgJU8QN1iFuDCzmrOMA5mjFyeo=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIrkoiBV0W3XRZwT6gjWUynbRDJ5MwMxFKCPgrblwo4tbvcOffOGmz0NYDA4dz7uWeOX7MmdKO822V1tY3NrfK25Wd3b39A/vwqKOiRBLaJhGPZM/HinImaFszzWkvlhSHPqddf3qb+91HKhWLxL2exdQL8ViwgBGsjTS0TwYh1hM/SJvZw4L6aScb2lWn5syBVolbkCoUaA3tr8EoIklIhSYcK9V3nVh7KZaaEU6zyiBRNMZkise0b6jAIVVeOo+foXOjjFAQSfOERnP190aKQ6VmoW8m84Rq2cvF/7x+ooNrL2UiTjQVZHEoSDjSEcq7QCMmKdF8ZggmkpmsiEywxESbxiqmBHf5y6ukc1lznZp7V682boo6ynAKZ3ABLlxBA5rQgjYQSOEZXuHNerJerHfrYzFasoqdY/gD6/MHyWKWAQ==</latexit><latexit sha1_base64="IcgJU8QN1iFuDCzmrOMA5mjFyeo=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIrkoiBV0W3XRZwT6gjWUynbRDJ5MwMxFKCPgrblwo4tbvcOffOGmz0NYDA4dz7uWeOX7MmdKO822V1tY3NrfK25Wd3b39A/vwqKOiRBLaJhGPZM/HinImaFszzWkvlhSHPqddf3qb+91HKhWLxL2exdQL8ViwgBGsjTS0TwYh1hM/SJvZw4L6aScb2lWn5syBVolbkCoUaA3tr8EoIklIhSYcK9V3nVh7KZaaEU6zyiBRNMZkise0b6jAIVVeOo+foXOjjFAQSfOERnP190aKQ6VmoW8m84Rq2cvF/7x+ooNrL2UiTjQVZHEoSDjSEcq7QCMmKdF8ZggmkpmsiEywxESbxiqmBHf5y6ukc1lznZp7V682boo6ynAKZ3ABLlxBA5rQgjYQSOEZXuHNerJerHfrYzFasoqdY/gD6/MHyWKWAQ==</latexit>

TTS Model G
<latexit sha1_base64="7tl7x1si+e6/QW6OOci/nbGfqKY=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl0ocsK9gFtKJPppB06mQkzN0IJ/Qw3LhRx69e482+ctFlo64GBwzn3MueeMBHcoOd9O6W19Y3NrfJ2ZWd3b/+genjUNirVlLWoEkp3Q2KY4JK1kKNg3UQzEoeCdcLJbe53npg2XMlHnCYsiMlI8ohTglbq9WOCY0pEdjcbVGte3ZvDXSV+QWpQoDmofvWHiqYxk0gFMabnewkGGdHIqWCzSj81LCF0QkasZ6kkMTNBNo88c8+sMnQjpe2T6M7V3xsZiY2ZxqGdzCOaZS8X//N6KUbXQcZlkiKTdPFRlAoXlZvf7w65ZhTF1BJCNbdZXTommlC0LVVsCf7yyaukfVH3vbr/cFlr3BR1lOEETuEcfLiCBtxDE1pAQcEzvMKbg86L8+58LEZLTrFzDH/gfP4AeWyRXQ==</latexit><latexit sha1_base64="7tl7x1si+e6/QW6OOci/nbGfqKY=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl0ocsK9gFtKJPppB06mQkzN0IJ/Qw3LhRx69e482+ctFlo64GBwzn3MueeMBHcoOd9O6W19Y3NrfJ2ZWd3b/+genjUNirVlLWoEkp3Q2KY4JK1kKNg3UQzEoeCdcLJbe53npg2XMlHnCYsiMlI8ohTglbq9WOCY0pEdjcbVGte3ZvDXSV+QWpQoDmofvWHiqYxk0gFMabnewkGGdHIqWCzSj81LCF0QkasZ6kkMTNBNo88c8+sMnQjpe2T6M7V3xsZiY2ZxqGdzCOaZS8X//N6KUbXQcZlkiKTdPFRlAoXlZvf7w65ZhTF1BJCNbdZXTommlC0LVVsCf7yyaukfVH3vbr/cFlr3BR1lOEETuEcfLiCBtxDE1pAQcEzvMKbg86L8+58LEZLTrFzDH/gfP4AeWyRXQ==</latexit><latexit sha1_base64="7tl7x1si+e6/QW6OOci/nbGfqKY=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl0ocsK9gFtKJPppB06mQkzN0IJ/Qw3LhRx69e482+ctFlo64GBwzn3MueeMBHcoOd9O6W19Y3NrfJ2ZWd3b/+genjUNirVlLWoEkp3Q2KY4JK1kKNg3UQzEoeCdcLJbe53npg2XMlHnCYsiMlI8ohTglbq9WOCY0pEdjcbVGte3ZvDXSV+QWpQoDmofvWHiqYxk0gFMabnewkGGdHIqWCzSj81LCF0QkasZ6kkMTNBNo88c8+sMnQjpe2T6M7V3xsZiY2ZxqGdzCOaZS8X//N6KUbXQcZlkiKTdPFRlAoXlZvf7w65ZhTF1BJCNbdZXTommlC0LVVsCf7yyaukfVH3vbr/cFlr3BR1lOEETuEcfLiCBtxDE1pAQcEzvMKbg86L8+58LEZLTrFzDH/gfP4AeWyRXQ==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="xVP3FxlER4Hq4rYwcYuDMW252xw=">AAAB53icbVBNSwMxFHxbv2qtWr16CRbBU9n1okfBgx4r2A/YLiWbZtvQbLIkb4Wy9Gd48aCI/8ib/8Zs24O2DgSGmffIvIkzKSz6/rdX2dre2d2r7tcO6odHx42Tetfq3DDeYVpq04+p5VIo3kGBkvczw2kaS96Lp3el33vmxgqtnnCW8SilYyUSwSg6KRykFCeMyuJ+Pmw0/Za/ANkkwYo0YYX2sPE1GGmWp1whk9TaMPAzjApqUDDJ57VBbnlG2ZSOeeiooim3UbGIPCcXThmRRBv3FJKF+nujoKm1szR2k2VEu+6V4n9emGNyExVCZTlyxZYfJbkkqEl5PxkJwxnKmSOUGeGyEjahhjJ0LdVcCcH6yZuke9UK/Fbw6EMVzuAcLiGAa7iFB2hDBxhoeIE3ePfQe/U+lnVVvFVvp/AH3ucPNmeQAA==</latexit><latexit sha1_base64="xVP3FxlER4Hq4rYwcYuDMW252xw=">AAAB53icbVBNSwMxFHxbv2qtWr16CRbBU9n1okfBgx4r2A/YLiWbZtvQbLIkb4Wy9Gd48aCI/8ib/8Zs24O2DgSGmffIvIkzKSz6/rdX2dre2d2r7tcO6odHx42Tetfq3DDeYVpq04+p5VIo3kGBkvczw2kaS96Lp3el33vmxgqtnnCW8SilYyUSwSg6KRykFCeMyuJ+Pmw0/Za/ANkkwYo0YYX2sPE1GGmWp1whk9TaMPAzjApqUDDJ57VBbnlG2ZSOeeiooim3UbGIPCcXThmRRBv3FJKF+nujoKm1szR2k2VEu+6V4n9emGNyExVCZTlyxZYfJbkkqEl5PxkJwxnKmSOUGeGyEjahhjJ0LdVcCcH6yZuke9UK/Fbw6EMVzuAcLiGAa7iFB2hDBxhoeIE3ePfQe/U+lnVVvFVvp/AH3ucPNmeQAA==</latexit><latexit sha1_base64="85V4WYQXT5f2dc/pSfhMPBV5FaQ=">AAAB8nicbVBNS8NAFHypX7V+VT16CRbBU0m86LHoQY8VbC2koWy2m3bpZjfsvggl9Gd48aCIV3+NN/+NmzYHbR1YGGbeY+dNlApu0PO+ncra+sbmVnW7trO7t39QPzzqGpVpyjpUCaV7ETFMcMk6yFGwXqoZSSLBHqPJTeE/PjFtuJIPOE1ZmJCR5DGnBK0U9BOCY0pEfjsb1Bte05vDXSV+SRpQoj2of/WHimYJk0gFMSbwvRTDnGjkVLBZrZ8ZlhI6ISMWWCpJwkyYzyPP3DOrDN1YafskunP190ZOEmOmSWQni4hm2SvE/7wgw/gqzLlMM2SSLj6KM+Gicov73SHXjKKYWkKo5jarS8dEE4q2pZotwV8+eZV0L5q+1/TvvUbruqyjCidwCufgwyW04A7a0AEKCp7hFd4cdF6cd+djMVpxyp1j+APn8wd4LJFZ</latexit><latexit sha1_base64="7tl7x1si+e6/QW6OOci/nbGfqKY=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl0ocsK9gFtKJPppB06mQkzN0IJ/Qw3LhRx69e482+ctFlo64GBwzn3MueeMBHcoOd9O6W19Y3NrfJ2ZWd3b/+genjUNirVlLWoEkp3Q2KY4JK1kKNg3UQzEoeCdcLJbe53npg2XMlHnCYsiMlI8ohTglbq9WOCY0pEdjcbVGte3ZvDXSV+QWpQoDmofvWHiqYxk0gFMabnewkGGdHIqWCzSj81LCF0QkasZ6kkMTNBNo88c8+sMnQjpe2T6M7V3xsZiY2ZxqGdzCOaZS8X//N6KUbXQcZlkiKTdPFRlAoXlZvf7w65ZhTF1BJCNbdZXTommlC0LVVsCf7yyaukfVH3vbr/cFlr3BR1lOEETuEcfLiCBtxDE1pAQcEzvMKbg86L8+58LEZLTrFzDH/gfP4AeWyRXQ==</latexit><latexit sha1_base64="7tl7x1si+e6/QW6OOci/nbGfqKY=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl0ocsK9gFtKJPppB06mQkzN0IJ/Qw3LhRx69e482+ctFlo64GBwzn3MueeMBHcoOd9O6W19Y3NrfJ2ZWd3b/+genjUNirVlLWoEkp3Q2KY4JK1kKNg3UQzEoeCdcLJbe53npg2XMlHnCYsiMlI8ohTglbq9WOCY0pEdjcbVGte3ZvDXSV+QWpQoDmofvWHiqYxk0gFMabnewkGGdHIqWCzSj81LCF0QkasZ6kkMTNBNo88c8+sMnQjpe2T6M7V3xsZiY2ZxqGdzCOaZS8X//N6KUbXQcZlkiKTdPFRlAoXlZvf7w65ZhTF1BJCNbdZXTommlC0LVVsCf7yyaukfVH3vbr/cFlr3BR1lOEETuEcfLiCBtxDE1pAQcEzvMKbg86L8+58LEZLTrFzDH/gfP4AeWyRXQ==</latexit><latexit sha1_base64="7tl7x1si+e6/QW6OOci/nbGfqKY=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl0ocsK9gFtKJPppB06mQkzN0IJ/Qw3LhRx69e482+ctFlo64GBwzn3MueeMBHcoOd9O6W19Y3NrfJ2ZWd3b/+genjUNirVlLWoEkp3Q2KY4JK1kKNg3UQzEoeCdcLJbe53npg2XMlHnCYsiMlI8ohTglbq9WOCY0pEdjcbVGte3ZvDXSV+QWpQoDmofvWHiqYxk0gFMabnewkGGdHIqWCzSj81LCF0QkasZ6kkMTNBNo88c8+sMnQjpe2T6M7V3xsZiY2ZxqGdzCOaZS8X//N6KUbXQcZlkiKTdPFRlAoXlZvf7w65ZhTF1BJCNbdZXTommlC0LVVsCf7yyaukfVH3vbr/cFlr3BR1lOEETuEcfLiCBtxDE1pAQcEzvMKbg86L8+58LEZLTrFzDH/gfP4AeWyRXQ==</latexit><latexit sha1_base64="7tl7x1si+e6/QW6OOci/nbGfqKY=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl0ocsK9gFtKJPppB06mQkzN0IJ/Qw3LhRx69e482+ctFlo64GBwzn3MueeMBHcoOd9O6W19Y3NrfJ2ZWd3b/+genjUNirVlLWoEkp3Q2KY4JK1kKNg3UQzEoeCdcLJbe53npg2XMlHnCYsiMlI8ohTglbq9WOCY0pEdjcbVGte3ZvDXSV+QWpQoDmofvWHiqYxk0gFMabnewkGGdHIqWCzSj81LCF0QkasZ6kkMTNBNo88c8+sMnQjpe2T6M7V3xsZiY2ZxqGdzCOaZS8X//N6KUbXQcZlkiKTdPFRlAoXlZvf7w65ZhTF1BJCNbdZXTommlC0LVVsCf7yyaukfVH3vbr/cFlr3BR1lOEETuEcfLiCBtxDE1pAQcEzvMKbg86L8+58LEZLTrFzDH/gfP4AeWyRXQ==</latexit><latexit sha1_base64="7tl7x1si+e6/QW6OOci/nbGfqKY=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl0ocsK9gFtKJPppB06mQkzN0IJ/Qw3LhRx69e482+ctFlo64GBwzn3MueeMBHcoOd9O6W19Y3NrfJ2ZWd3b/+genjUNirVlLWoEkp3Q2KY4JK1kKNg3UQzEoeCdcLJbe53npg2XMlHnCYsiMlI8ohTglbq9WOCY0pEdjcbVGte3ZvDXSV+QWpQoDmofvWHiqYxk0gFMabnewkGGdHIqWCzSj81LCF0QkasZ6kkMTNBNo88c8+sMnQjpe2T6M7V3xsZiY2ZxqGdzCOaZS8X//N6KUbXQcZlkiKTdPFRlAoXlZvf7w65ZhTF1BJCNbdZXTommlC0LVVsCf7yyaukfVH3vbr/cFlr3BR1lOEETuEcfLiCBtxDE1pAQcEzvMKbg86L8+58LEZLTrFzDH/gfP4AeWyRXQ==</latexit><latexit sha1_base64="7tl7x1si+e6/QW6OOci/nbGfqKY=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl0ocsK9gFtKJPppB06mQkzN0IJ/Qw3LhRx69e482+ctFlo64GBwzn3MueeMBHcoOd9O6W19Y3NrfJ2ZWd3b/+genjUNirVlLWoEkp3Q2KY4JK1kKNg3UQzEoeCdcLJbe53npg2XMlHnCYsiMlI8ohTglbq9WOCY0pEdjcbVGte3ZvDXSV+QWpQoDmofvWHiqYxk0gFMabnewkGGdHIqWCzSj81LCF0QkasZ6kkMTNBNo88c8+sMnQjpe2T6M7V3xsZiY2ZxqGdzCOaZS8X//N6KUbXQcZlkiKTdPFRlAoXlZvf7w65ZhTF1BJCNbdZXTommlC0LVVsCf7yyaukfVH3vbr/cFlr3BR1lOEETuEcfLiCBtxDE1pAQcEzvMKbg86L8+58LEZLTrFzDH/gfP4AeWyRXQ==</latexit>

Vocabulary A
daptor

A
<latexit sha1_base64="9hS5m6ejVbZ0gZs8/GGKR8wBMkk=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl147KCfUAbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXByl/udJ6YNV/IRpwkLYjKSPOKUoJV6/ZjgmBKR3cwG1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+4/XNYat0UdZTiBUzgHH66gAffQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz9wTpFX</latexit><latexit sha1_base64="9hS5m6ejVbZ0gZs8/GGKR8wBMkk=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl147KCfUAbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXByl/udJ6YNV/IRpwkLYjKSPOKUoJV6/ZjgmBKR3cwG1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+4/XNYat0UdZTiBUzgHH66gAffQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz9wTpFX</latexit><latexit sha1_base64="9hS5m6ejVbZ0gZs8/GGKR8wBMkk=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl147KCfUAbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXByl/udJ6YNV/IRpwkLYjKSPOKUoJV6/ZjgmBKR3cwG1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+4/XNYat0UdZTiBUzgHH66gAffQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz9wTpFX</latexit><latexit sha1_base64="9hS5m6ejVbZ0gZs8/GGKR8wBMkk=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl147KCfUAbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXByl/udJ6YNV/IRpwkLYjKSPOKUoJV6/ZjgmBKR3cwG1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+4/XNYat0UdZTiBUzgHH66gAffQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz9wTpFX</latexit>

⇥0.7
<latexit sha1_base64="R0iilWCAs0jhjo1z2haFsSds1sE=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4CokI9Vj04rGC/cA2lM120y7dbMLuRCih/8KLB0W8+m+8+W/ctjlo64OBx3szzMwLUykMet63s7a+sbm1Xdop7+7tHxxWjo5bJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecJLyIKZDJSLBKFrpsYci5oZ4bq1fqXquNwdZJX5BqlCg0a989QYJy2KukElqTNf3UgxyqlEwyaflXmZ4StmYDnnXUkXtoiCfXzwl51YZkCjRthSSufp7IqexMZM4tJ0xxZFZ9mbif143w+g6yIVKM+SKLRZFmSSYkNn7ZCA0ZygnllCmhb2VsBHVlKENqWxD8JdfXiWtS9f3XP/+qlq/KeIowSmcwQX4UIM63EEDmsBAwTO8wptjnBfn3flYtK45xcwJ/IHz+QNnR5AR</latexit><latexit sha1_base64="R0iilWCAs0jhjo1z2haFsSds1sE=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4CokI9Vj04rGC/cA2lM120y7dbMLuRCih/8KLB0W8+m+8+W/ctjlo64OBx3szzMwLUykMet63s7a+sbm1Xdop7+7tHxxWjo5bJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecJLyIKZDJSLBKFrpsYci5oZ4bq1fqXquNwdZJX5BqlCg0a989QYJy2KukElqTNf3UgxyqlEwyaflXmZ4StmYDnnXUkXtoiCfXzwl51YZkCjRthSSufp7IqexMZM4tJ0xxZFZ9mbif143w+g6yIVKM+SKLRZFmSSYkNn7ZCA0ZygnllCmhb2VsBHVlKENqWxD8JdfXiWtS9f3XP/+qlq/KeIowSmcwQX4UIM63EEDmsBAwTO8wptjnBfn3flYtK45xcwJ/IHz+QNnR5AR</latexit><latexit sha1_base64="R0iilWCAs0jhjo1z2haFsSds1sE=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4CokI9Vj04rGC/cA2lM120y7dbMLuRCih/8KLB0W8+m+8+W/ctjlo64OBx3szzMwLUykMet63s7a+sbm1Xdop7+7tHxxWjo5bJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecJLyIKZDJSLBKFrpsYci5oZ4bq1fqXquNwdZJX5BqlCg0a989QYJy2KukElqTNf3UgxyqlEwyaflXmZ4StmYDnnXUkXtoiCfXzwl51YZkCjRthSSufp7IqexMZM4tJ0xxZFZ9mbif143w+g6yIVKM+SKLRZFmSSYkNn7ZCA0ZygnllCmhb2VsBHVlKENqWxD8JdfXiWtS9f3XP/+qlq/KeIowSmcwQX4UIM63EEDmsBAwTO8wptjnBfn3flYtK45xcwJ/IHz+QNnR5AR</latexit><latexit sha1_base64="R0iilWCAs0jhjo1z2haFsSds1sE=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4CokI9Vj04rGC/cA2lM120y7dbMLuRCih/8KLB0W8+m+8+W/ctjlo64OBx3szzMwLUykMet63s7a+sbm1Xdop7+7tHxxWjo5bJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecJLyIKZDJSLBKFrpsYci5oZ4bq1fqXquNwdZJX5BqlCg0a989QYJy2KukElqTNf3UgxyqlEwyaflXmZ4StmYDnnXUkXtoiCfXzwl51YZkCjRthSSufp7IqexMZM4tJ0xxZFZ9mbif143w+g6yIVKM+SKLRZFmSSYkNn7ZCA0ZygnllCmhb2VsBHVlKENqWxD8JdfXiWtS9f3XP/+qlq/KeIowSmcwQX4UIM63EEDmsBAwTO8wptjnBfn3flYtK45xcwJ/IHz+QNnR5AR</latexit>

⇥0.3
<latexit sha1_base64="whZQZ1eTOd4B1hR2yygslKoKYhA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0hU0GPRi8cKthbbUDbbTbt0swm7E6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmlldW19o7xZ2dre2d2r7h+0TJJpxpsskYluh9RwKRRvokDJ26nmNA4lfwhHN1P/4YlrIxJ1j+OUBzEdKBEJRtFKj10UMTfEc8971ZrnejOQZeIXpAYFGr3qV7efsCzmCpmkxnR8L8UgpxoFk3xS6WaGp5SN6IB3LFXULgry2cUTcmKVPokSbUshmam/J3IaGzOOQ9sZUxyaRW8q/ud1MoyuglyoNEOu2HxRlEmCCZm+T/pCc4ZybAllWthbCRtSTRnakCo2BH/x5WXSOnN9z/XvLmr16yKOMhzBMZyCD5dQh1toQBMYKHiGV3hzjPPivDsf89aSU8wcwh84nz9hN5AN</latexit><latexit sha1_base64="whZQZ1eTOd4B1hR2yygslKoKYhA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0hU0GPRi8cKthbbUDbbTbt0swm7E6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmlldW19o7xZ2dre2d2r7h+0TJJpxpsskYluh9RwKRRvokDJ26nmNA4lfwhHN1P/4YlrIxJ1j+OUBzEdKBEJRtFKj10UMTfEc8971ZrnejOQZeIXpAYFGr3qV7efsCzmCpmkxnR8L8UgpxoFk3xS6WaGp5SN6IB3LFXULgry2cUTcmKVPokSbUshmam/J3IaGzOOQ9sZUxyaRW8q/ud1MoyuglyoNEOu2HxRlEmCCZm+T/pCc4ZybAllWthbCRtSTRnakCo2BH/x5WXSOnN9z/XvLmr16yKOMhzBMZyCD5dQh1toQBMYKHiGV3hzjPPivDsf89aSU8wcwh84nz9hN5AN</latexit><latexit sha1_base64="whZQZ1eTOd4B1hR2yygslKoKYhA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0hU0GPRi8cKthbbUDbbTbt0swm7E6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmlldW19o7xZ2dre2d2r7h+0TJJpxpsskYluh9RwKRRvokDJ26nmNA4lfwhHN1P/4YlrIxJ1j+OUBzEdKBEJRtFKj10UMTfEc8971ZrnejOQZeIXpAYFGr3qV7efsCzmCpmkxnR8L8UgpxoFk3xS6WaGp5SN6IB3LFXULgry2cUTcmKVPokSbUshmam/J3IaGzOOQ9sZUxyaRW8q/ud1MoyuglyoNEOu2HxRlEmCCZm+T/pCc4ZybAllWthbCRtSTRnakCo2BH/x5WXSOnN9z/XvLmr16yKOMhzBMZyCD5dQh1toQBMYKHiGV3hzjPPivDsf89aSU8wcwh84nz9hN5AN</latexit><latexit sha1_base64="whZQZ1eTOd4B1hR2yygslKoKYhA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0hU0GPRi8cKthbbUDbbTbt0swm7E6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmlldW19o7xZ2dre2d2r7h+0TJJpxpsskYluh9RwKRRvokDJ26nmNA4lfwhHN1P/4YlrIxJ1j+OUBzEdKBEJRtFKj10UMTfEc8971ZrnejOQZeIXpAYFGr3qV7efsCzmCpmkxnR8L8UgpxoFk3xS6WaGp5SN6IB3LFXULgry2cUTcmKVPokSbUshmam/J3IaGzOOQ9sZUxyaRW8q/ud1MoyuglyoNEOu2HxRlEmCCZm+T/pCc4ZybAllWthbCRtSTRnakCo2BH/x5WXSOnN9z/XvLmr16yKOMhzBMZyCD5dQh1toQBMYKHiGV3hzjPPivDsf89aSU8wcwh84nz9hN5AN</latexit>

⇥0.4
<latexit sha1_base64="fwkQXZ94fvE2qssETufOKzPbcsk=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GPRi8cK9gPbUDbbTbt0swm7E6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z+oHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbTSYw9FzA3x3Mt+tea53hxklfgFqUGBRr/61RskLIu5QiapMV3fSzHIqUbBJJ9WepnhKWVjOuRdSxW1i4J8fvGUnFllQKJE21JI5urviZzGxkzi0HbGFEdm2ZuJ/3ndDKPrIBcqzZArtlgUZZJgQmbvk4HQnKGcWEKZFvZWwkZUU4Y2pIoNwV9+eZW0Llzfc/37y1r9poijDCdwCufgwxXU4Q4a0AQGCp7hFd4c47w4787HorXkFDPH8AfO5w9iu5AO</latexit><latexit sha1_base64="fwkQXZ94fvE2qssETufOKzPbcsk=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GPRi8cK9gPbUDbbTbt0swm7E6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z+oHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbTSYw9FzA3x3Mt+tea53hxklfgFqUGBRr/61RskLIu5QiapMV3fSzHIqUbBJJ9WepnhKWVjOuRdSxW1i4J8fvGUnFllQKJE21JI5urviZzGxkzi0HbGFEdm2ZuJ/3ndDKPrIBcqzZArtlgUZZJgQmbvk4HQnKGcWEKZFvZWwkZUU4Y2pIoNwV9+eZW0Llzfc/37y1r9poijDCdwCufgwxXU4Q4a0AQGCp7hFd4c47w4787HorXkFDPH8AfO5w9iu5AO</latexit><latexit sha1_base64="fwkQXZ94fvE2qssETufOKzPbcsk=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GPRi8cK9gPbUDbbTbt0swm7E6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z+oHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbTSYw9FzA3x3Mt+tea53hxklfgFqUGBRr/61RskLIu5QiapMV3fSzHIqUbBJJ9WepnhKWVjOuRdSxW1i4J8fvGUnFllQKJE21JI5urviZzGxkzi0HbGFEdm2ZuJ/3ndDKPrIBcqzZArtlgUZZJgQmbvk4HQnKGcWEKZFvZWwkZUU4Y2pIoNwV9+eZW0Llzfc/37y1r9poijDCdwCufgwxXU4Q4a0AQGCp7hFd4c47w4787HorXkFDPH8AfO5w9iu5AO</latexit><latexit sha1_base64="fwkQXZ94fvE2qssETufOKzPbcsk=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GPRi8cK9gPbUDbbTbt0swm7E6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z+oHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbTSYw9FzA3x3Mt+tea53hxklfgFqUGBRr/61RskLIu5QiapMV3fSzHIqUbBJJ9WepnhKWVjOuRdSxW1i4J8fvGUnFllQKJE21JI5urviZzGxkzi0HbGFEdm2ZuJ/3ndDKPrIBcqzZArtlgUZZJgQmbvk4HQnKGcWEKZFvZWwkZUU4Y2pIoNwV9+eZW0Llzfc/37y1r9poijDCdwCufgwxXU4Q4a0AQGCp7hFd4c47w4787HorXkFDPH8AfO5w9iu5AO</latexit>
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Figure 1: Model architecture of our proposed Com-
Speech. It includes an S2TT model F , a TTS model G,
and a vocabulary adaptor A to connect F and G.

EMB(·) denotes the phoneme embedding layer.
The variance adaptor and decoder predict variance
information and target mel-spectrograms T , respec-
tively. The training objective of FastSpeech 2 can
be written as follows:

LTTS = LL1 + Ldur + Lpitch + Lenergy, (5)

where LL1 calculates the L1 distance between the
predicted and ground truth mel-spectrograms, Ldur,
Lpitch, and Lenergy denote the mean square error
(MSE) loss between ground truth and predictions
for duration, pitch, and energy, respectively.

It can be observed that the output of F and the
input of G are both target text sequences. If the
target text representations could be shared between
them, they could be combined into a two-pass S2ST
model. However, since F and G use different vo-
cabularies, the representation HW output by F can-
not be directly understood by the TTS encoder.
Therefore, we introduce a vocabulary adaptor to
convert the representation sequence corresponding
to Y W into one that corresponding to Y V.

Vocabulary Adaptor To achieve the conversion
of representation sequences under different vocab-
ularies, we essentially need to solve a sequence-to-
sequence generation problem from Y W to Y V. To
ensure both quality and speed, we adopt a non-
autoregressive structure based on connectionist
temporal classification (CTC; Graves et al., 2006).
Specifically, we first upsample each hidden state in
HW by a factor of λ, resulting in an upsampled hid-
den state sequence ĤW = (ĥW

1 , ..., ĥW
λ·N ), where

ĥW
i = hW

⌊i/λ⌋. Next, we add positional encoding to

ĤW and then use an L-layer Transformer encoder
E for encoding, obtaining the output hidden state
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LCTC
<latexit sha1_base64="pjtGIy4NnaFK1F22n5HuXO4wUFA=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyURQZfFbly4qNAXNCFMppN26MwkzEyEEgL+ihsXirj1O9z5N07aLLT1wMDhnHu5Z06YMKq043xblbX1jc2t6nZtZ3dv/8A+POqpOJWYdHHMYjkIkSKMCtLVVDMySCRBPGSkH05bhd9/JFLRWHT0LCE+R2NBI4qRNlJgn3gc6QlGLLvPg8yTHLY6rTyw607DmQOuErckdVCiHdhf3ijGKSdCY4aUGrpOov0MSU0xI3nNSxVJEJ6iMRkaKhAnys/m8XN4bpQRjGJpntBwrv7eyBBXasZDM1mEVcteIf7nDVMd3fgZFUmqicCLQ1HKoI5h0QUcUUmwZjNDEJbUZIV4giTC2jRWMyW4y19eJb3Lhus03IerevO2rKMKTsEZuAAuuAZNcAfaoAswyMAzeAVv1pP1Yr1bH4vRilXuHIM/sD5/AAmelYM=</latexit><latexit sha1_base64="pjtGIy4NnaFK1F22n5HuXO4wUFA=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyURQZfFbly4qNAXNCFMppN26MwkzEyEEgL+ihsXirj1O9z5N07aLLT1wMDhnHu5Z06YMKq043xblbX1jc2t6nZtZ3dv/8A+POqpOJWYdHHMYjkIkSKMCtLVVDMySCRBPGSkH05bhd9/JFLRWHT0LCE+R2NBI4qRNlJgn3gc6QlGLLvPg8yTHLY6rTyw607DmQOuErckdVCiHdhf3ijGKSdCY4aUGrpOov0MSU0xI3nNSxVJEJ6iMRkaKhAnys/m8XN4bpQRjGJpntBwrv7eyBBXasZDM1mEVcteIf7nDVMd3fgZFUmqicCLQ1HKoI5h0QUcUUmwZjNDEJbUZIV4giTC2jRWMyW4y19eJb3Lhus03IerevO2rKMKTsEZuAAuuAZNcAfaoAswyMAzeAVv1pP1Yr1bH4vRilXuHIM/sD5/AAmelYM=</latexit><latexit sha1_base64="pjtGIy4NnaFK1F22n5HuXO4wUFA=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyURQZfFbly4qNAXNCFMppN26MwkzEyEEgL+ihsXirj1O9z5N07aLLT1wMDhnHu5Z06YMKq043xblbX1jc2t6nZtZ3dv/8A+POqpOJWYdHHMYjkIkSKMCtLVVDMySCRBPGSkH05bhd9/JFLRWHT0LCE+R2NBI4qRNlJgn3gc6QlGLLvPg8yTHLY6rTyw607DmQOuErckdVCiHdhf3ijGKSdCY4aUGrpOov0MSU0xI3nNSxVJEJ6iMRkaKhAnys/m8XN4bpQRjGJpntBwrv7eyBBXasZDM1mEVcteIf7nDVMd3fgZFUmqicCLQ1HKoI5h0QUcUUmwZjNDEJbUZIV4giTC2jRWMyW4y19eJb3Lhus03IerevO2rKMKTsEZuAAuuAZNcAfaoAswyMAzeAVv1pP1Yr1bH4vRilXuHIM/sD5/AAmelYM=</latexit><latexit sha1_base64="pjtGIy4NnaFK1F22n5HuXO4wUFA=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyURQZfFbly4qNAXNCFMppN26MwkzEyEEgL+ihsXirj1O9z5N07aLLT1wMDhnHu5Z06YMKq043xblbX1jc2t6nZtZ3dv/8A+POqpOJWYdHHMYjkIkSKMCtLVVDMySCRBPGSkH05bhd9/JFLRWHT0LCE+R2NBI4qRNlJgn3gc6QlGLLvPg8yTHLY6rTyw607DmQOuErckdVCiHdhf3ijGKSdCY4aUGrpOov0MSU0xI3nNSxVJEJ6iMRkaKhAnys/m8XN4bpQRjGJpntBwrv7eyBBXasZDM1mEVcteIf7nDVMd3fgZFUmqicCLQ1HKoI5h0QUcUUmwZjNDEJbUZIV4giTC2jRWMyW4y19eJb3Lhus03IerevO2rKMKTsEZuAAuuAZNcAfaoAswyMAzeAVv1pP1Yr1bH4vRilXuHIM/sD5/AAmelYM=</latexit>

LAlign
<latexit sha1_base64="PTV7TKvX9d+N3lkaFTvmmeXQYMU=">AAACAXicbVBNS8NAEN34WetX1IvgJVgETyURQY9VLx48VLAf0ISw2W7apZtN2J2IJcSLf8WLB0W8+i+8+W/ctDlo64OBx3szzMwLEs4U2Pa3sbC4tLyyWlmrrm9sbm2bO7ttFaeS0BaJeSy7AVaUM0FbwIDTbiIpjgJOO8HoqvA791QqFos7GCfUi/BAsJARDFryzX03wjAkmGc3ue8CfYDsgrOByH2zZtftCax54pSkhko0ffPL7cckjagAwrFSPcdOwMuwBEY4zatuqmiCyQgPaE9TgSOqvGzyQW4daaVvhbHUJcCaqL8nMhwpNY4C3Vncq2a9QvzP66UQnnsZE0kKVJDpojDlFsRWEYfVZ5IS4GNNMJFM32qRIZaYgA6tqkNwZl+eJ+2TumPXndvTWuOyjKOCDtAhOkYOOkMNdI2aqIUIekTP6BW9GU/Gi/FufExbF4xyZg/9gfH5A1+fl3g=</latexit><latexit sha1_base64="PTV7TKvX9d+N3lkaFTvmmeXQYMU=">AAACAXicbVBNS8NAEN34WetX1IvgJVgETyURQY9VLx48VLAf0ISw2W7apZtN2J2IJcSLf8WLB0W8+i+8+W/ctDlo64OBx3szzMwLEs4U2Pa3sbC4tLyyWlmrrm9sbm2bO7ttFaeS0BaJeSy7AVaUM0FbwIDTbiIpjgJOO8HoqvA791QqFos7GCfUi/BAsJARDFryzX03wjAkmGc3ue8CfYDsgrOByH2zZtftCax54pSkhko0ffPL7cckjagAwrFSPcdOwMuwBEY4zatuqmiCyQgPaE9TgSOqvGzyQW4daaVvhbHUJcCaqL8nMhwpNY4C3Vncq2a9QvzP66UQnnsZE0kKVJDpojDlFsRWEYfVZ5IS4GNNMJFM32qRIZaYgA6tqkNwZl+eJ+2TumPXndvTWuOyjKOCDtAhOkYOOkMNdI2aqIUIekTP6BW9GU/Gi/FufExbF4xyZg/9gfH5A1+fl3g=</latexit><latexit sha1_base64="PTV7TKvX9d+N3lkaFTvmmeXQYMU=">AAACAXicbVBNS8NAEN34WetX1IvgJVgETyURQY9VLx48VLAf0ISw2W7apZtN2J2IJcSLf8WLB0W8+i+8+W/ctDlo64OBx3szzMwLEs4U2Pa3sbC4tLyyWlmrrm9sbm2bO7ttFaeS0BaJeSy7AVaUM0FbwIDTbiIpjgJOO8HoqvA791QqFos7GCfUi/BAsJARDFryzX03wjAkmGc3ue8CfYDsgrOByH2zZtftCax54pSkhko0ffPL7cckjagAwrFSPcdOwMuwBEY4zatuqmiCyQgPaE9TgSOqvGzyQW4daaVvhbHUJcCaqL8nMhwpNY4C3Vncq2a9QvzP66UQnnsZE0kKVJDpojDlFsRWEYfVZ5IS4GNNMJFM32qRIZaYgA6tqkNwZl+eJ+2TumPXndvTWuOyjKOCDtAhOkYOOkMNdI2aqIUIekTP6BW9GU/Gi/FufExbF4xyZg/9gfH5A1+fl3g=</latexit><latexit sha1_base64="PTV7TKvX9d+N3lkaFTvmmeXQYMU=">AAACAXicbVBNS8NAEN34WetX1IvgJVgETyURQY9VLx48VLAf0ISw2W7apZtN2J2IJcSLf8WLB0W8+i+8+W/ctDlo64OBx3szzMwLEs4U2Pa3sbC4tLyyWlmrrm9sbm2bO7ttFaeS0BaJeSy7AVaUM0FbwIDTbiIpjgJOO8HoqvA791QqFos7GCfUi/BAsJARDFryzX03wjAkmGc3ue8CfYDsgrOByH2zZtftCax54pSkhko0ffPL7cckjagAwrFSPcdOwMuwBEY4zatuqmiCyQgPaE9TgSOqvGzyQW4daaVvhbHUJcCaqL8nMhwpNY4C3Vncq2a9QvzP66UQnnsZE0kKVJDpojDlFsRWEYfVZ5IS4GNNMJFM32qRIZaYgA6tqkNwZl+eJ+2TumPXndvTWuOyjKOCDtAhOkYOOkMNdI2aqIUIekTP6BW9GU/Gi/FufExbF4xyZg/9gfH5A1+fl3g=</latexit>

(b) Training on S2TT Data

LS2TT
<latexit sha1_base64="WxqePyzzTfRKf58zO6boq5Hj6zU=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4KokRdBl0Y0LFxX7giaEyXTaDp08mLkRS8jGX3HjQhG3foY7/8ZJm4W2HrhwOOde7r3HjwVXYFnfRmlldW19o7xZ2dre2d0z9w86KkokZW0aiUj2fKKY4CFrAwfBerFkJPAF6/qT69zvPjCpeBS2YBozNyCjkA85JaAlzzxyAgJjSkR6m3kOsEdI7+utVuaZVatmzYCXiV2QKirQ9MwvZxDRJGAhUEGU6ttWDG5KJHAqWFZxEsViQidkxPqahiRgyk1nD2T4VCsDPIykrhDwTP09kZJAqWng6878XLXo5eJ/Xj+B4aWb8jBOgIV0vmiYCAwRztPAAy4ZBTHVhFDJ9a2YjokkFHRmFR2CvfjyMunUa7ZVs+/Oq42rIo4yOkYn6AzZ6AI10A1qojaiKEPP6BW9GU/Gi/FufMxbS0Yxc4j+wPj8ARBmlrA=</latexit><latexit sha1_base64="WxqePyzzTfRKf58zO6boq5Hj6zU=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4KokRdBl0Y0LFxX7giaEyXTaDp08mLkRS8jGX3HjQhG3foY7/8ZJm4W2HrhwOOde7r3HjwVXYFnfRmlldW19o7xZ2dre2d0z9w86KkokZW0aiUj2fKKY4CFrAwfBerFkJPAF6/qT69zvPjCpeBS2YBozNyCjkA85JaAlzzxyAgJjSkR6m3kOsEdI7+utVuaZVatmzYCXiV2QKirQ9MwvZxDRJGAhUEGU6ttWDG5KJHAqWFZxEsViQidkxPqahiRgyk1nD2T4VCsDPIykrhDwTP09kZJAqWng6878XLXo5eJ/Xj+B4aWb8jBOgIV0vmiYCAwRztPAAy4ZBTHVhFDJ9a2YjokkFHRmFR2CvfjyMunUa7ZVs+/Oq42rIo4yOkYn6AzZ6AI10A1qojaiKEPP6BW9GU/Gi/FufMxbS0Yxc4j+wPj8ARBmlrA=</latexit><latexit sha1_base64="WxqePyzzTfRKf58zO6boq5Hj6zU=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4KokRdBl0Y0LFxX7giaEyXTaDp08mLkRS8jGX3HjQhG3foY7/8ZJm4W2HrhwOOde7r3HjwVXYFnfRmlldW19o7xZ2dre2d0z9w86KkokZW0aiUj2fKKY4CFrAwfBerFkJPAF6/qT69zvPjCpeBS2YBozNyCjkA85JaAlzzxyAgJjSkR6m3kOsEdI7+utVuaZVatmzYCXiV2QKirQ9MwvZxDRJGAhUEGU6ttWDG5KJHAqWFZxEsViQidkxPqahiRgyk1nD2T4VCsDPIykrhDwTP09kZJAqWng6878XLXo5eJ/Xj+B4aWb8jBOgIV0vmiYCAwRztPAAy4ZBTHVhFDJ9a2YjokkFHRmFR2CvfjyMunUa7ZVs+/Oq42rIo4yOkYn6AzZ6AI10A1qojaiKEPP6BW9GU/Gi/FufMxbS0Yxc4j+wPj8ARBmlrA=</latexit><latexit sha1_base64="WxqePyzzTfRKf58zO6boq5Hj6zU=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4KokRdBl0Y0LFxX7giaEyXTaDp08mLkRS8jGX3HjQhG3foY7/8ZJm4W2HrhwOOde7r3HjwVXYFnfRmlldW19o7xZ2dre2d0z9w86KkokZW0aiUj2fKKY4CFrAwfBerFkJPAF6/qT69zvPjCpeBS2YBozNyCjkA85JaAlzzxyAgJjSkR6m3kOsEdI7+utVuaZVatmzYCXiV2QKirQ9MwvZxDRJGAhUEGU6ttWDG5KJHAqWFZxEsViQidkxPqahiRgyk1nD2T4VCsDPIykrhDwTP09kZJAqWng6878XLXo5eJ/Xj+B4aWb8jBOgIV0vmiYCAwRztPAAy4ZBTHVhFDJ9a2YjokkFHRmFR2CvfjyMunUa7ZVs+/Oq42rIo4yOkYn6AzZ6AI10A1qojaiKEPP6BW9GU/Gi/FufMxbS0Yxc4j+wPj8ARBmlrA=</latexit>
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<latexit sha1_base64="fDYyBjpv7CmXnOShclaQdfK+qNg=">AAAB/3icbVDLSsNAFJ3UV62vqODGTbAIrkoigi6Lbly4qNgXNCFMptN26GQSZm7EErPwV9y4UMStv+HOv3HSZqGtBwYO59zLPXOCmDMFtv1tlJaWV1bXyuuVjc2t7R1zd6+tokQS2iIRj2Q3wIpyJmgLGHDajSXFYcBpJxhf5X7nnkrFItGESUy9EA8FGzCCQUu+eeCGGEYE8/Qm812gD5A2m3eZb1btmj2FtUicglRRgYZvfrn9iCQhFUA4Vqrn2DF4KZbACKdZxU0UjTEZ4yHtaSpwSJWXTvNn1rFW+tYgkvoJsKbq740Uh0pNwkBP5mnVvJeL/3m9BAYXXspEnAAVZHZokHALIisvw+ozSQnwiSaYSKazWmSEJSagK6voEpz5Ly+S9mnNsWvO7Vm1flnUUUaH6AidIAedozq6Rg3UQgQ9omf0it6MJ+PFeDc+ZqMlo9jZR39gfP4AlwaWdA==</latexit><latexit sha1_base64="fDYyBjpv7CmXnOShclaQdfK+qNg=">AAAB/3icbVDLSsNAFJ3UV62vqODGTbAIrkoigi6Lbly4qNgXNCFMptN26GQSZm7EErPwV9y4UMStv+HOv3HSZqGtBwYO59zLPXOCmDMFtv1tlJaWV1bXyuuVjc2t7R1zd6+tokQS2iIRj2Q3wIpyJmgLGHDajSXFYcBpJxhf5X7nnkrFItGESUy9EA8FGzCCQUu+eeCGGEYE8/Qm812gD5A2m3eZb1btmj2FtUicglRRgYZvfrn9iCQhFUA4Vqrn2DF4KZbACKdZxU0UjTEZ4yHtaSpwSJWXTvNn1rFW+tYgkvoJsKbq740Uh0pNwkBP5mnVvJeL/3m9BAYXXspEnAAVZHZokHALIisvw+ozSQnwiSaYSKazWmSEJSagK6voEpz5Ly+S9mnNsWvO7Vm1flnUUUaH6AidIAedozq6Rg3UQgQ9omf0it6MJ+PFeDc+ZqMlo9jZR39gfP4AlwaWdA==</latexit><latexit sha1_base64="fDYyBjpv7CmXnOShclaQdfK+qNg=">AAAB/3icbVDLSsNAFJ3UV62vqODGTbAIrkoigi6Lbly4qNgXNCFMptN26GQSZm7EErPwV9y4UMStv+HOv3HSZqGtBwYO59zLPXOCmDMFtv1tlJaWV1bXyuuVjc2t7R1zd6+tokQS2iIRj2Q3wIpyJmgLGHDajSXFYcBpJxhf5X7nnkrFItGESUy9EA8FGzCCQUu+eeCGGEYE8/Qm812gD5A2m3eZb1btmj2FtUicglRRgYZvfrn9iCQhFUA4Vqrn2DF4KZbACKdZxU0UjTEZ4yHtaSpwSJWXTvNn1rFW+tYgkvoJsKbq740Uh0pNwkBP5mnVvJeL/3m9BAYXXspEnAAVZHZokHALIisvw+ozSQnwiSaYSKazWmSEJSagK6voEpz5Ly+S9mnNsWvO7Vm1flnUUUaH6AidIAedozq6Rg3UQgQ9omf0it6MJ+PFeDc+ZqMlo9jZR39gfP4AlwaWdA==</latexit><latexit sha1_base64="fDYyBjpv7CmXnOShclaQdfK+qNg=">AAAB/3icbVDLSsNAFJ3UV62vqODGTbAIrkoigi6Lbly4qNgXNCFMptN26GQSZm7EErPwV9y4UMStv+HOv3HSZqGtBwYO59zLPXOCmDMFtv1tlJaWV1bXyuuVjc2t7R1zd6+tokQS2iIRj2Q3wIpyJmgLGHDajSXFYcBpJxhf5X7nnkrFItGESUy9EA8FGzCCQUu+eeCGGEYE8/Qm812gD5A2m3eZb1btmj2FtUicglRRgYZvfrn9iCQhFUA4Vqrn2DF4KZbACKdZxU0UjTEZ4yHtaSpwSJWXTvNn1rFW+tYgkvoJsKbq740Uh0pNwkBP5mnVvJeL/3m9BAYXXspEnAAVZHZokHALIisvw+ozSQnwiSaYSKazWmSEJSagK6voEpz5Ly+S9mnNsWvO7Vm1flnUUUaH6AidIAedozq6Rg3UQgQ9omf0it6MJ+PFeDc+ZqMlo9jZR39gfP4AlwaWdA==</latexit>

Target Speech

Emb(Y V)
<latexit sha1_base64="legVTMpmPE/d0WcxxjT+kJfrBtk=">AAACBXicbVDLSsNAFJ34rPUVdamLwVKom5KIoMuiCC4r2Ic0sUymk3bo5MHMjVhCNm78FTcuFHHrP7jzb5y0XWjrgYHDOXO55x4vFlyBZX0bC4tLyyurhbXi+sbm1ra5s9tUUSIpa9BIRLLtEcUED1kDOAjWjiUjgSdYyxte5H7rnknFo/AGRjFzA9IPuc8pAS11zQMH2AMoml4GXla5vUudgMDA89Jmlh11zZJVtcbA88SekhKaot41v5xeRJOAhUAFUapjWzG4KZHAqWBZ0UkUiwkdkj7raBqSgCk3HV+R4bJWetiPpH4h4LH6eyIlgVIjHROX84xq1svF/7xOAv6Zm/IwToCFdLLITwSGCOeV4B6XjIIYaUKo5DorpgMiCQVdXFGXYM+ePE+ax1XbqtrXJ6Xa+bSOAtpHh6iCbHSKaugK1VEDUfSIntErejOejBfj3fiYfF0wpjN76A+Mzx/+wZje</latexit><latexit sha1_base64="legVTMpmPE/d0WcxxjT+kJfrBtk=">AAACBXicbVDLSsNAFJ34rPUVdamLwVKom5KIoMuiCC4r2Ic0sUymk3bo5MHMjVhCNm78FTcuFHHrP7jzb5y0XWjrgYHDOXO55x4vFlyBZX0bC4tLyyurhbXi+sbm1ra5s9tUUSIpa9BIRLLtEcUED1kDOAjWjiUjgSdYyxte5H7rnknFo/AGRjFzA9IPuc8pAS11zQMH2AMoml4GXla5vUudgMDA89Jmlh11zZJVtcbA88SekhKaot41v5xeRJOAhUAFUapjWzG4KZHAqWBZ0UkUiwkdkj7raBqSgCk3HV+R4bJWetiPpH4h4LH6eyIlgVIjHROX84xq1svF/7xOAv6Zm/IwToCFdLLITwSGCOeV4B6XjIIYaUKo5DorpgMiCQVdXFGXYM+ePE+ax1XbqtrXJ6Xa+bSOAtpHh6iCbHSKaugK1VEDUfSIntErejOejBfj3fiYfF0wpjN76A+Mzx/+wZje</latexit><latexit sha1_base64="legVTMpmPE/d0WcxxjT+kJfrBtk=">AAACBXicbVDLSsNAFJ34rPUVdamLwVKom5KIoMuiCC4r2Ic0sUymk3bo5MHMjVhCNm78FTcuFHHrP7jzb5y0XWjrgYHDOXO55x4vFlyBZX0bC4tLyyurhbXi+sbm1ra5s9tUUSIpa9BIRLLtEcUED1kDOAjWjiUjgSdYyxte5H7rnknFo/AGRjFzA9IPuc8pAS11zQMH2AMoml4GXla5vUudgMDA89Jmlh11zZJVtcbA88SekhKaot41v5xeRJOAhUAFUapjWzG4KZHAqWBZ0UkUiwkdkj7raBqSgCk3HV+R4bJWetiPpH4h4LH6eyIlgVIjHROX84xq1svF/7xOAv6Zm/IwToCFdLLITwSGCOeV4B6XjIIYaUKo5DorpgMiCQVdXFGXYM+ePE+ax1XbqtrXJ6Xa+bSOAtpHh6iCbHSKaugK1VEDUfSIntErejOejBfj3fiYfF0wpjN76A+Mzx/+wZje</latexit><latexit sha1_base64="legVTMpmPE/d0WcxxjT+kJfrBtk=">AAACBXicbVDLSsNAFJ34rPUVdamLwVKom5KIoMuiCC4r2Ic0sUymk3bo5MHMjVhCNm78FTcuFHHrP7jzb5y0XWjrgYHDOXO55x4vFlyBZX0bC4tLyyurhbXi+sbm1ra5s9tUUSIpa9BIRLLtEcUED1kDOAjWjiUjgSdYyxte5H7rnknFo/AGRjFzA9IPuc8pAS11zQMH2AMoml4GXla5vUudgMDA89Jmlh11zZJVtcbA88SekhKaot41v5xeRJOAhUAFUapjWzG4KZHAqWBZ0UkUiwkdkj7raBqSgCk3HV+R4bJWetiPpH4h4LH6eyIlgVIjHROX84xq1svF/7xOAv6Zm/IwToCFdLLITwSGCOeV4B6XjIIYaUKo5DorpgMiCQVdXFGXYM+ePE+ax1XbqtrXJ6Xa+bSOAtpHh6iCbHSKaugK1VEDUfSIntErejOejBfj3fiYfF0wpjN76A+Mzx/+wZje</latexit>

HW
<latexit sha1_base64="kMJhWR/mdQOjDh2ssE+4nVBlwIM=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRXBVEinosuimywr2Am0sk+mkHTqZhJmJUEI2voobF4q49THc+TZO2iy09YeBj/+cw5zz+zFnSjvOt1VaW9/Y3CpvV3Z29/YP7MOjjooSSWibRDySPR8rypmgbc00p71YUhz6nHb96W1e7z5SqVgk7vUspl6Ix4IFjGBtrKF9MgixnvhB2swe0gX7aTfLhnbVqTlzoVVwC6hCodbQ/hqMIpKEVGjCsVJ914m1l2KpGeE0qwwSRWNMpnhM+wYFDqny0vkBGTo3zggFkTRPaDR3f0+kOFRqFvqmM19RLddy879aP9HBtZcyESeaCrL4KEg40hHK00AjJinRfGYAE8nMrohMsMREm8wqJgR3+eRV6FzWXKfm3tWrjZsijjKcwhlcgAtX0IAmtKANBDJ4hld4s56sF+vd+li0lqxi5hj+yPr8AZ93lw4=</latexit><latexit sha1_base64="kMJhWR/mdQOjDh2ssE+4nVBlwIM=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRXBVEinosuimywr2Am0sk+mkHTqZhJmJUEI2voobF4q49THc+TZO2iy09YeBj/+cw5zz+zFnSjvOt1VaW9/Y3CpvV3Z29/YP7MOjjooSSWibRDySPR8rypmgbc00p71YUhz6nHb96W1e7z5SqVgk7vUspl6Ix4IFjGBtrKF9MgixnvhB2swe0gX7aTfLhnbVqTlzoVVwC6hCodbQ/hqMIpKEVGjCsVJ914m1l2KpGeE0qwwSRWNMpnhM+wYFDqny0vkBGTo3zggFkTRPaDR3f0+kOFRqFvqmM19RLddy879aP9HBtZcyESeaCrL4KEg40hHK00AjJinRfGYAE8nMrohMsMREm8wqJgR3+eRV6FzWXKfm3tWrjZsijjKcwhlcgAtX0IAmtKANBDJ4hld4s56sF+vd+li0lqxi5hj+yPr8AZ93lw4=</latexit><latexit sha1_base64="kMJhWR/mdQOjDh2ssE+4nVBlwIM=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRXBVEinosuimywr2Am0sk+mkHTqZhJmJUEI2voobF4q49THc+TZO2iy09YeBj/+cw5zz+zFnSjvOt1VaW9/Y3CpvV3Z29/YP7MOjjooSSWibRDySPR8rypmgbc00p71YUhz6nHb96W1e7z5SqVgk7vUspl6Ix4IFjGBtrKF9MgixnvhB2swe0gX7aTfLhnbVqTlzoVVwC6hCodbQ/hqMIpKEVGjCsVJ914m1l2KpGeE0qwwSRWNMpnhM+wYFDqny0vkBGTo3zggFkTRPaDR3f0+kOFRqFvqmM19RLddy879aP9HBtZcyESeaCrL4KEg40hHK00AjJinRfGYAE8nMrohMsMREm8wqJgR3+eRV6FzWXKfm3tWrjZsijjKcwhlcgAtX0IAmtKANBDJ4hld4s56sF+vd+li0lqxi5hj+yPr8AZ93lw4=</latexit><latexit sha1_base64="kMJhWR/mdQOjDh2ssE+4nVBlwIM=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRXBVEinosuimywr2Am0sk+mkHTqZhJmJUEI2voobF4q49THc+TZO2iy09YeBj/+cw5zz+zFnSjvOt1VaW9/Y3CpvV3Z29/YP7MOjjooSSWibRDySPR8rypmgbc00p71YUhz6nHb96W1e7z5SqVgk7vUspl6Ix4IFjGBtrKF9MgixnvhB2swe0gX7aTfLhnbVqTlzoVVwC6hCodbQ/hqMIpKEVGjCsVJ914m1l2KpGeE0qwwSRWNMpnhM+wYFDqny0vkBGTo3zggFkTRPaDR3f0+kOFRqFvqmM19RLddy879aP9HBtZcyESeaCrL4KEg40hHK00AjJinRfGYAE8nMrohMsMREm8wqJgR3+eRV6FzWXKfm3tWrjZsijjKcwhlcgAtX0IAmtKANBDJ4hld4s56sF+vd+li0lqxi5hj+yPr8AZ93lw4=</latexit>

HV
<latexit sha1_base64="Dl4/hnEMFtdF9Gt3t6p2/voCWvU=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRXBVEinosuimywr2Am0sk+mkHTqZhJmJUEI2voobF4q49THc+TZO2iy09YeBj/+cw5zz+zFnSjvOt1VaW9/Y3CpvV3Z29/YP7MOjjooSSWibRDySPR8rypmgbc00p71YUhz6nHb96W1e7z5SqVgk7vUspl6Ix4IFjGBtrKF9MgixnvhB2swe0gX7aSfLhnbVqTlzoVVwC6hCodbQ/hqMIpKEVGjCsVJ914m1l2KpGeE0qwwSRWNMpnhM+wYFDqny0vkBGTo3zggFkTRPaDR3f0+kOFRqFvqmM19RLddy879aP9HBtZcyESeaCrL4KEg40hHK00AjJinRfGYAE8nMrohMsMREm8wqJgR3+eRV6FzWXKfm3tWrjZsijjKcwhlcgAtX0IAmtKANBDJ4hld4s56sF+vd+li0lqxi5hj+yPr8AZ3xlw0=</latexit><latexit sha1_base64="Dl4/hnEMFtdF9Gt3t6p2/voCWvU=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRXBVEinosuimywr2Am0sk+mkHTqZhJmJUEI2voobF4q49THc+TZO2iy09YeBj/+cw5zz+zFnSjvOt1VaW9/Y3CpvV3Z29/YP7MOjjooSSWibRDySPR8rypmgbc00p71YUhz6nHb96W1e7z5SqVgk7vUspl6Ix4IFjGBtrKF9MgixnvhB2swe0gX7aSfLhnbVqTlzoVVwC6hCodbQ/hqMIpKEVGjCsVJ914m1l2KpGeE0qwwSRWNMpnhM+wYFDqny0vkBGTo3zggFkTRPaDR3f0+kOFRqFvqmM19RLddy879aP9HBtZcyESeaCrL4KEg40hHK00AjJinRfGYAE8nMrohMsMREm8wqJgR3+eRV6FzWXKfm3tWrjZsijjKcwhlcgAtX0IAmtKANBDJ4hld4s56sF+vd+li0lqxi5hj+yPr8AZ3xlw0=</latexit><latexit sha1_base64="Dl4/hnEMFtdF9Gt3t6p2/voCWvU=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRXBVEinosuimywr2Am0sk+mkHTqZhJmJUEI2voobF4q49THc+TZO2iy09YeBj/+cw5zz+zFnSjvOt1VaW9/Y3CpvV3Z29/YP7MOjjooSSWibRDySPR8rypmgbc00p71YUhz6nHb96W1e7z5SqVgk7vUspl6Ix4IFjGBtrKF9MgixnvhB2swe0gX7aSfLhnbVqTlzoVVwC6hCodbQ/hqMIpKEVGjCsVJ914m1l2KpGeE0qwwSRWNMpnhM+wYFDqny0vkBGTo3zggFkTRPaDR3f0+kOFRqFvqmM19RLddy879aP9HBtZcyESeaCrL4KEg40hHK00AjJinRfGYAE8nMrohMsMREm8wqJgR3+eRV6FzWXKfm3tWrjZsijjKcwhlcgAtX0IAmtKANBDJ4hld4s56sF+vd+li0lqxi5hj+yPr8AZ3xlw0=</latexit><latexit sha1_base64="Dl4/hnEMFtdF9Gt3t6p2/voCWvU=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRXBVEinosuimywr2Am0sk+mkHTqZhJmJUEI2voobF4q49THc+TZO2iy09YeBj/+cw5zz+zFnSjvOt1VaW9/Y3CpvV3Z29/YP7MOjjooSSWibRDySPR8rypmgbc00p71YUhz6nHb96W1e7z5SqVgk7vUspl6Ix4IFjGBtrKF9MgixnvhB2swe0gX7aSfLhnbVqTlzoVVwC6hCodbQ/hqMIpKEVGjCsVJ914m1l2KpGeE0qwwSRWNMpnhM+wYFDqny0vkBGTo3zggFkTRPaDR3f0+kOFRqFvqmM19RLddy879aP9HBtZcyESeaCrL4KEg40hHK00AjJinRfGYAE8nMrohMsMREm8wqJgR3+eRV6FzWXKfm3tWrjZsijjKcwhlcgAtX0IAmtKANBDJ4hld4s56sF+vd+li0lqxi5hj+yPr8AZ3xlw0=</latexit>

Emb(Y V)
<latexit sha1_base64="legVTMpmPE/d0WcxxjT+kJfrBtk=">AAACBXicbVDLSsNAFJ34rPUVdamLwVKom5KIoMuiCC4r2Ic0sUymk3bo5MHMjVhCNm78FTcuFHHrP7jzb5y0XWjrgYHDOXO55x4vFlyBZX0bC4tLyyurhbXi+sbm1ra5s9tUUSIpa9BIRLLtEcUED1kDOAjWjiUjgSdYyxte5H7rnknFo/AGRjFzA9IPuc8pAS11zQMH2AMoml4GXla5vUudgMDA89Jmlh11zZJVtcbA88SekhKaot41v5xeRJOAhUAFUapjWzG4KZHAqWBZ0UkUiwkdkj7raBqSgCk3HV+R4bJWetiPpH4h4LH6eyIlgVIjHROX84xq1svF/7xOAv6Zm/IwToCFdLLITwSGCOeV4B6XjIIYaUKo5DorpgMiCQVdXFGXYM+ePE+ax1XbqtrXJ6Xa+bSOAtpHh6iCbHSKaugK1VEDUfSIntErejOejBfj3fiYfF0wpjN76A+Mzx/+wZje</latexit><latexit sha1_base64="legVTMpmPE/d0WcxxjT+kJfrBtk=">AAACBXicbVDLSsNAFJ34rPUVdamLwVKom5KIoMuiCC4r2Ic0sUymk3bo5MHMjVhCNm78FTcuFHHrP7jzb5y0XWjrgYHDOXO55x4vFlyBZX0bC4tLyyurhbXi+sbm1ra5s9tUUSIpa9BIRLLtEcUED1kDOAjWjiUjgSdYyxte5H7rnknFo/AGRjFzA9IPuc8pAS11zQMH2AMoml4GXla5vUudgMDA89Jmlh11zZJVtcbA88SekhKaot41v5xeRJOAhUAFUapjWzG4KZHAqWBZ0UkUiwkdkj7raBqSgCk3HV+R4bJWetiPpH4h4LH6eyIlgVIjHROX84xq1svF/7xOAv6Zm/IwToCFdLLITwSGCOeV4B6XjIIYaUKo5DorpgMiCQVdXFGXYM+ePE+ax1XbqtrXJ6Xa+bSOAtpHh6iCbHSKaugK1VEDUfSIntErejOejBfj3fiYfF0wpjN76A+Mzx/+wZje</latexit><latexit sha1_base64="legVTMpmPE/d0WcxxjT+kJfrBtk=">AAACBXicbVDLSsNAFJ34rPUVdamLwVKom5KIoMuiCC4r2Ic0sUymk3bo5MHMjVhCNm78FTcuFHHrP7jzb5y0XWjrgYHDOXO55x4vFlyBZX0bC4tLyyurhbXi+sbm1ra5s9tUUSIpa9BIRLLtEcUED1kDOAjWjiUjgSdYyxte5H7rnknFo/AGRjFzA9IPuc8pAS11zQMH2AMoml4GXla5vUudgMDA89Jmlh11zZJVtcbA88SekhKaot41v5xeRJOAhUAFUapjWzG4KZHAqWBZ0UkUiwkdkj7raBqSgCk3HV+R4bJWetiPpH4h4LH6eyIlgVIjHROX84xq1svF/7xOAv6Zm/IwToCFdLLITwSGCOeV4B6XjIIYaUKo5DorpgMiCQVdXFGXYM+ePE+ax1XbqtrXJ6Xa+bSOAtpHh6iCbHSKaugK1VEDUfSIntErejOejBfj3fiYfF0wpjN76A+Mzx/+wZje</latexit><latexit sha1_base64="legVTMpmPE/d0WcxxjT+kJfrBtk=">AAACBXicbVDLSsNAFJ34rPUVdamLwVKom5KIoMuiCC4r2Ic0sUymk3bo5MHMjVhCNm78FTcuFHHrP7jzb5y0XWjrgYHDOXO55x4vFlyBZX0bC4tLyyurhbXi+sbm1ra5s9tUUSIpa9BIRLLtEcUED1kDOAjWjiUjgSdYyxte5H7rnknFo/AGRjFzA9IPuc8pAS11zQMH2AMoml4GXla5vUudgMDA89Jmlh11zZJVtcbA88SekhKaot41v5xeRJOAhUAFUapjWzG4KZHAqWBZ0UkUiwkdkj7raBqSgCk3HV+R4bJWetiPpH4h4LH6eyIlgVIjHROX84xq1svF/7xOAv6Zm/IwToCFdLLITwSGCOeV4B6XjIIYaUKo5DorpgMiCQVdXFGXYM+ePE+ax1XbqtrXJ6Xa+bSOAtpHh6iCbHSKaugK1VEDUfSIntErejOejBfj3fiYfF0wpjN76A+Mzx/+wZje</latexit>

CH
<latexit sha1_base64="zurnw6UVufR46TeMBiLRbCx+QDc=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLYTZcV7AOaWCbTSTt0MgnzEErob7hxoYhbf8adf+OkzUJbDwwczrmXe+aEKWdKu+63U9rY3NreKe9W9vYPDo+qxyddlRhJaIckPJH9ECvKmaAdzTSn/VRSHIec9sJpM/d7T1QqlogHPUtpEOOxYBEjWFvJ92OsJ2GUNeePrWG15tbdBdA68QpSgwLtYfXLHyXExFRowrFSA89NdZBhqRnhdF7xjaIpJlM8pgNLBY6pCrJF5jm6sMoIRYm0T2i0UH9vZDhWahaHdjLPqFa9XPzPGxgd3QYZE6nRVJDlochwpBOUF4BGTFKi+cwSTCSzWRGZYImJtjVVbAne6pfXSfeq7rl17/661rgr6ijDGZzDJXhwAw1oQRs6QCCFZ3iFN8c4L86787EcLTnFzin8gfP5A/q1kaE=</latexit><latexit sha1_base64="zurnw6UVufR46TeMBiLRbCx+QDc=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLYTZcV7AOaWCbTSTt0MgnzEErob7hxoYhbf8adf+OkzUJbDwwczrmXe+aEKWdKu+63U9rY3NreKe9W9vYPDo+qxyddlRhJaIckPJH9ECvKmaAdzTSn/VRSHIec9sJpM/d7T1QqlogHPUtpEOOxYBEjWFvJ92OsJ2GUNeePrWG15tbdBdA68QpSgwLtYfXLHyXExFRowrFSA89NdZBhqRnhdF7xjaIpJlM8pgNLBY6pCrJF5jm6sMoIRYm0T2i0UH9vZDhWahaHdjLPqFa9XPzPGxgd3QYZE6nRVJDlochwpBOUF4BGTFKi+cwSTCSzWRGZYImJtjVVbAne6pfXSfeq7rl17/661rgr6ijDGZzDJXhwAw1oQRs6QCCFZ3iFN8c4L86787EcLTnFzin8gfP5A/q1kaE=</latexit><latexit sha1_base64="zurnw6UVufR46TeMBiLRbCx+QDc=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLYTZcV7AOaWCbTSTt0MgnzEErob7hxoYhbf8adf+OkzUJbDwwczrmXe+aEKWdKu+63U9rY3NreKe9W9vYPDo+qxyddlRhJaIckPJH9ECvKmaAdzTSn/VRSHIec9sJpM/d7T1QqlogHPUtpEOOxYBEjWFvJ92OsJ2GUNeePrWG15tbdBdA68QpSgwLtYfXLHyXExFRowrFSA89NdZBhqRnhdF7xjaIpJlM8pgNLBY6pCrJF5jm6sMoIRYm0T2i0UH9vZDhWahaHdjLPqFa9XPzPGxgd3QYZE6nRVJDlochwpBOUF4BGTFKi+cwSTCSzWRGZYImJtjVVbAne6pfXSfeq7rl17/661rgr6ijDGZzDJXhwAw1oQRs6QCCFZ3iFN8c4L86787EcLTnFzin8gfP5A/q1kaE=</latexit><latexit sha1_base64="zurnw6UVufR46TeMBiLRbCx+QDc=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLYTZcV7AOaWCbTSTt0MgnzEErob7hxoYhbf8adf+OkzUJbDwwczrmXe+aEKWdKu+63U9rY3NreKe9W9vYPDo+qxyddlRhJaIckPJH9ECvKmaAdzTSn/VRSHIec9sJpM/d7T1QqlogHPUtpEOOxYBEjWFvJ92OsJ2GUNeePrWG15tbdBdA68QpSgwLtYfXLHyXExFRowrFSA89NdZBhqRnhdF7xjaIpJlM8pgNLBY6pCrJF5jm6sMoIRYm0T2i0UH9vZDhWahaHdjLPqFa9XPzPGxgd3QYZE6nRVJDlochwpBOUF4BGTFKi+cwSTCSzWRGZYImJtjVVbAne6pfXSfeq7rl17/661rgr6ijDGZzDJXhwAw1oQRs6QCCFZ3iFN8c4L86787EcLTnFzin8gfP5A/q1kaE=</latexit>

CE
<latexit sha1_base64="jOn/m5QzCGnxT3heARLDUDr2XWo=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMtiEVxWsA/ojCWTZtrQTCYkGaEM/Q03LhRx68+482/MtLPQ1gOBwzn3ck9OKDnTxnW/ndLa+sbmVnm7srO7t39QPTzq6CRVhLZJwhPVC7GmnAnaNsxw2pOK4jjktBtOmrnffaJKs0Q8mKmkQYxHgkWMYGMl34+xGYdR1pw93g6qNbfuzoFWiVeQGhRoDapf/jAhaUyFIRxr3fdcaYIMK8MIp7OKn2oqMZngEe1bKnBMdZDNM8/QmVWGKEqUfcKgufp7I8Ox1tM4tJN5Rr3s5eJ/Xj810XWQMSFTQwVZHIpSjkyC8gLQkClKDJ9agoliNisiY6wwMbamii3BW/7yKulc1D237t1f1ho3RR1lOIFTOAcPrqABd9CCNhCQ8Ayv8Oakzovz7nwsRktOsXMMf+B8/gD2KZGe</latexit><latexit sha1_base64="jOn/m5QzCGnxT3heARLDUDr2XWo=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMtiEVxWsA/ojCWTZtrQTCYkGaEM/Q03LhRx68+482/MtLPQ1gOBwzn3ck9OKDnTxnW/ndLa+sbmVnm7srO7t39QPTzq6CRVhLZJwhPVC7GmnAnaNsxw2pOK4jjktBtOmrnffaJKs0Q8mKmkQYxHgkWMYGMl34+xGYdR1pw93g6qNbfuzoFWiVeQGhRoDapf/jAhaUyFIRxr3fdcaYIMK8MIp7OKn2oqMZngEe1bKnBMdZDNM8/QmVWGKEqUfcKgufp7I8Ox1tM4tJN5Rr3s5eJ/Xj810XWQMSFTQwVZHIpSjkyC8gLQkClKDJ9agoliNisiY6wwMbamii3BW/7yKulc1D237t1f1ho3RR1lOIFTOAcPrqABd9CCNhCQ8Ayv8Oakzovz7nwsRktOsXMMf+B8/gD2KZGe</latexit><latexit sha1_base64="jOn/m5QzCGnxT3heARLDUDr2XWo=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMtiEVxWsA/ojCWTZtrQTCYkGaEM/Q03LhRx68+482/MtLPQ1gOBwzn3ck9OKDnTxnW/ndLa+sbmVnm7srO7t39QPTzq6CRVhLZJwhPVC7GmnAnaNsxw2pOK4jjktBtOmrnffaJKs0Q8mKmkQYxHgkWMYGMl34+xGYdR1pw93g6qNbfuzoFWiVeQGhRoDapf/jAhaUyFIRxr3fdcaYIMK8MIp7OKn2oqMZngEe1bKnBMdZDNM8/QmVWGKEqUfcKgufp7I8Ox1tM4tJN5Rr3s5eJ/Xj810XWQMSFTQwVZHIpSjkyC8gLQkClKDJ9agoliNisiY6wwMbamii3BW/7yKulc1D237t1f1ho3RR1lOIFTOAcPrqABd9CCNhCQ8Ayv8Oakzovz7nwsRktOsXMMf+B8/gD2KZGe</latexit><latexit sha1_base64="jOn/m5QzCGnxT3heARLDUDr2XWo=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMtiEVxWsA/ojCWTZtrQTCYkGaEM/Q03LhRx68+482/MtLPQ1gOBwzn3ck9OKDnTxnW/ndLa+sbmVnm7srO7t39QPTzq6CRVhLZJwhPVC7GmnAnaNsxw2pOK4jjktBtOmrnffaJKs0Q8mKmkQYxHgkWMYGMl34+xGYdR1pw93g6qNbfuzoFWiVeQGhRoDapf/jAhaUyFIRxr3fdcaYIMK8MIp7OKn2oqMZngEe1bKnBMdZDNM8/QmVWGKEqUfcKgufp7I8Ox1tM4tJN5Rr3s5eJ/Xj810XWQMSFTQwVZHIpSjkyC8gLQkClKDJ9agoliNisiY6wwMbamii3BW/7yKulc1D237t1f1ho3RR1lOIFTOAcPrqABd9CCNhCQ8Ayv8Oakzovz7nwsRktOsXMMf+B8/gD2KZGe</latexit>

HW
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Concurrent Training

Figure 2: Illustration of training and inference process in the zero-shot learning scenario. Solid lines represent data
flow, while dashed lines represent loss calculation. The gray modules do not participate in the computation.

sequence O = (o1, . . . ,oλ·N ):

O = E(ĤW + POS(ĤW)), (6)

where POS(·) denotes the sinusoid positional en-
coding (Vaswani et al., 2017). To align O with the
target text Y V, CTC extends the output space V
with a special blank token ϵ, and maps each ele-
ment in O into the output space:

P (ai|O) = softmax(Woi+b)[ai] ∀ai ∈ V∪{ϵ},
(7)

where W ∈ R(|V|+1)×d and b ∈ R|V|+1 are
the weights and biases of the linear layer, and
A = (a1, ..., aλ·N ) is referred to as the alignment.
CTC introduces a collapsing function β(A) that ini-
tially merges all consecutively repeated tokens in
A and then removes all blank tokens ϵ. For exam-
ple: β(aabϵϵbbc) = abbc. During training, CTC
marginalizes out all possible alignments as follows:

LCTC = − logP (Y V|O)

= − log
∑

A∈β−1(Y V)

P (A|O)

= − log
∑

A∈β−1(Y V)

λ·N∏

i=1

P (ai|O),

(8)

where β−1(Y V) denotes all possible alignments of
length λ ·N that can be collapsed to Y V.

Through CTC, we can learn the alignment be-
tween the output representation sequence O and
the target text sequence Y V. However, the length
of O is greater than or equal to Y V (λ ·N ≥ M )
due to the presence of repeated and blank tokens
in the alignment A. During training, it is essential

to obtain the representation sequence exactly corre-
sponding to the ground truth target Y V, which en-
ables joint training with the subsequent TTS model.
Therefore, we compress O to length M following
these steps: (1) Firstly, we find the most proba-
ble alignment A∗ = argmaxA P (A|O, Y V) via
Viterbi algorithm (Viterbi, 1967), which is often
referred to as forced alignment. (2) Secondly, each
continuous repetition of non-blank tokens in A∗ is
divided into a segment. In this way, each token yVi
in Y V corresponds to a segment [a∗li , ..., a

∗
ri ], where

a∗j = yVi ,∀li ≤ j ≤ ri. (3) Finally, the representa-
tions within each segment are merged into a vector
according to the prediction confidence (Liu et al.,
2020; Gaido et al., 2021):

hV
i =

ri∑

j=li

pj · oj , (9)

pj =
exp(P (a∗j |O))∑ri

k=li
exp(P (a∗k|O))

. (10)

The representations corresponding to blank tokens
are discarded. Finally, we obtain the representa-
tion sequence HV = (hV

1 , ...,h
V
M ) corresponding

to Y V, which is fed into the TTS encoder for sub-
sequent speech synthesis. During inference, we
select the most probable path A∗ = (a∗1, ..., a

∗
λ·N )

with argmax decoding: a∗i = argmaxai P (ai|O),
and then merge representations in the same manner
as during training.

Training ComSpeech can be trained using S2TT,
TTS, and S2ST data. Specifically, we can utilize
S2TT data to pretrain the S2TT model F and TTS
data to pretrain the TTS model G. Subsequently,
the entire model is finetuned using S2ST data. The
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training objective during finetuning is as follows:

LComSpeech = LS2TT + LCTC + LTTS. (11)

Moreover, as the vocabulary adaptor can establish
connections between arbitrary S2TT and TTS mod-
els, theoretically, we can leverage any pretrained
S2TT and TTS models for S2ST finetuning.

4 ComSpeech-ZS: Training ComSpeech
without Parallel Speech Data

As mentioned earlier, collecting S2ST data is ex-
tremely challenging. In this section, we explore
the possibility of training ComSpeech exclusively
on S2TT and TTS data, achieving zero-shot S2ST
without the need for parallel speech data. The
idea is to train distinct modules using S2TT and
TTS data concurrently, while achieving represen-
tation alignment in the output space of the TTS
encoder. This enables the speech synthesis capa-
bilities learned from the TTS data to generalize
to S2ST during inference. Figure 2 illustrates the
process of training and inference.

Specifically, we use DS2TT = {(S, Y )} and
DTTS = {(Y, T )} to denote the S2TT and TTS
datasets, respectively, and train the model concur-
rently using both datasets. For TTS data batches,
we train the TTS model G with LTTS, as illustrated
in Figure 2(a). For S2TT data batches, firstly, we
train the S2TT model F and vocabulary adaptor A
with LS2TT and LCTC. Secondly, since the TTS en-
coder receives the target text embedding EMB(Y V)
during TTS training but vocabulary adaptor’s out-
put HV during inference, we aim for the output
representations of the TTS encoder with these two
inputs to be identical, thereby achieving zero-shot
generalization. Therefore, we introduce a represen-
tation alignment loss after the TTS encoder during
S2TT training, as illustrated in Figure 2(b).

Representation Alignment Formally, we use
CH = (cH1 , ..., cHM ) and CE = (cE1 , ..., c

E
M ) to

denote the output representations of TTS encoder
with these two types of input:

CH = Genc(H
V), CE = Genc(EMB(Y V)). (12)

Firstly, we align representations with the MSE loss:

LMSE =
M∑

i=1

∥cHi − cEi ∥22. (13)

Additionally, we incorporate a contrastive learning
objective to align representations. This objective

maximizes the similarity between representations
from the same input pairs and minimizes the simi-
larity between representations from different input
pairs. The contrastive loss is formulated as:

LCTR =− 1

2

M∑

i=1

log
exp(s(cHi , cEi )/τ)∑M
j=1 exp(s(c

H
i , cEj )/τ)

− 1

2

M∑

i=1

log
exp(s(cHi , cEi )/τ)∑M
j=1 exp(s(c

H
j , cEi )/τ)

,

(14)
where we use a similarity function based on L1
distance: s(x,y) = −∥x − y∥1, and τ denotes
the temperature hyperparameter. The final training
objective for representation alignment is as follows:

LAlign = LMSE + LCTR. (15)

Two-stage Finetuning In the zero-shot learning
scenario, we adopt a two-stage finetuning strategy
to facilitate the learning process. In the first stage,
we only utilize the S2TT dataset DS2TT to train the
S2TT Model F and vocabulary adaptor A through
the objectives LS2TT and LCTC. In the second stage,
we conduct training using both the S2TT and TTS
datasets, with the following training objectives:

LComSpeech-ZS = EDTTS [LTTS]

+ EDS2TT

[
LS2TT + LCTC + LAlign

]
.
(16)

Throughout the entire training process, the S2ST
data is not used. During inference, we can achieve
zero-shot S2ST as illustrated in Figure 2(c).

5 Experiments

5.1 Datasets
The S2ST, S2TT, and TTS datasets utilized in
our experiments are all sourced from the CVSS
dataset (Jia et al., 2022c). CVSS is a large-
scale S2ST dataset containing <source speech,
target text, target speech> triples across 21
source languages to English. We conduct experi-
ments on three language pairs: French→English
(Fr→En), German→English (De→En), and
Spanish→English (Es→En). Our experiments con-
sist of two scenarios: supervised learning and zero-
shot learning scenarios. The former involves train-
ing using S2ST data, while the latter involves train-
ing using only S2TT and TTS data.

S2ST Dataset In the supervised learning sce-
nario, we utilize triplet data from the CVSS
Fr/De/Es→En datasets to train the model.
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ID Model Training Data ASR-BLEU SpeedupS2ST S2TT TTS Fr→En De→En Es→En Avg.

- Ground Truth / / / 84.52 75.53 88.54 82.86 /

Supervised Learning

A1 Translatotron 2 (Jia et al., 2022b) ✓ × × 26.12 16.92 22.98 22.01 1.00×
A2 UnitY (Inaguma et al., 2023) ✓ × × 26.90 16.36 24.06 22.44 0.98×
A3 S2UT (Lee et al., 2022a) ✓ × × 22.23 2.99 18.53 14.58 0.62×
A4 DASpeech (Fang et al., 2023) ✓ ✓ ✓† 25.03 / / / 10.05×
A5 ComSpeech w/o pretrain ✓ × × 27.58** 17.35** 24.29** 23.07 3.40×
A6 ComSpeech w/ pretrain ✓ ✓ ✓† 28.15** 18.16** 24.80** 23.70 3.40×

Zero-shot Learning

B1 S2TT + G2P + TTS × ✓ ✓ 27.04 16.97 23.26 22.42 3.49×
B2 ComSpeech-ZS × ✓ ✓ 27.55** 17.67** 23.80** 23.01 3.40×

Table 1: ASR-BLEU scores on CVSS Fr/De/Es→En test set. †: The TTS data used in the supervised learning
scenario is different from that used in the zero-shot learning scenario as described in footnote 3. ** means the
improvements over the baseline system (A1 in the supervised learning scenario and B1 in the zero-shot learning
scenario) are statistically significant (p < 0.01).

S2TT Dataset In the zero-shot learning scenario,
we employ <source speech, target text> pairs from
the CVSS Fr/De/Es→En datasets as the S2TT data,
with the target speech being discarded.

TTS Dataset In the zero-shot learning scenario,
we combine all <target text, target speech> pairs
from CVSS X→En (X/∈{Fr, De, Es}) datasets as
the TTS data. We exclude the target speech-text
pairs from CVSS Fr/De/Es→En datasets, ensuring
that there is no overlap in the target text between
S2TT and TTS datasets. This guarantees that in
the zero-shot learning scenario, the model has not
implicitly utilized parallel <source speech, target
speech> pairs for training. See more details about
data statistics and processing in Appendix A.

5.2 Experimental Setup

Model Configuration The S2TT model com-
prises 12 Conformer encoder layers and 4 Trans-
former decoder layers. The TTS model follows
the standard configuration of FastSpeech 2. The
vocabulary adaptor contains 4 Transformer encoder
layers and the upsample factor λ is set to 5. The de-
tailed hyperparameters can be found in Appendix C.
The dropout is set to 0.3. The label smoothing of
the S2TT model is set to 0.1. The HiFi-GAN (Kong
et al., 2020) vocoder pretrained on the VCTK
dataset (Veaux et al., 2017) is used to generate
waveform from the mel-spectrogram.

Training During the training process, the batch
size for S2TT and S2ST data is set to 320k source

audio frames, while the batch size for TTS data is
set to 512. In the supervised learning scenario, the
model is first pretrained on S2TT and TTS data3,
followed by finetuning using S2ST data. In the
zero-shot learning scenario, a two-stage finetuning
approach is employed as stated in Section 4. Dur-
ing each training stage, the learning rate warms up
to 1e-3 within 4k steps, and the training is halted if
the validation loss does not decrease for 10 consec-
utive validations. We use Adam optimizer (Kingma
and Ba, 2015) in all training stages. The temper-
ature τ in contrastive learning is set to 0.1. All
models are trained on 4 RTX 3090 GPUs.

Evaluation We average the best 5 checkpoints
based on validation loss for evaluation, and employ
two evaluation metrics: ASR-BLEU and BLASER
2.0 (Communication et al., 2023). For ASR-BLEU,
we first transcribes the translated speech into text
using a pretrained ASR model4, and then calculates
the BLEU score (Papineni et al., 2002) and the sta-
tistical significance of translation results using the
SacreBLEU toolkit5 (Post, 2018). For BLASER
2.0, we use the blaser-2.0-ref model6 to evalu-
ate the cross-lingual semantic similarity. The de-

3It should be noted that in the supervised learning scenario,
the TTS pretraining data are <target text, target speech> pairs
sourced from S2ST data, distinct from the TTS data utilized
in the zero-shot learning scenario.

4https://dl.fbaipublicfiles.com/fairseq/
wav2vec/wav2vec_vox_960h_pl.pt

5https://github.com/mjpost/sacrebleu
6https://huggingface.co/facebook/blaser-2.

0-ref
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Model Fr→En De→En Es→En
S2TT S2ST ∆ S2TT S2ST ∆ S2TT S2ST ∆

S2TT 30.49 / / 18.54 / / 25.39 / /

Translatotron 2 (Jia et al., 2022b) 28.82 26.12 2.70 18.66 16.92 1.74 25.82 22.98 2.84
UnitY (Inaguma et al., 2023) 30.37 26.90 3.47 17.95 16.36 1.59 26.59 24.06 2.53
ComSpeech w/o pretrain 29.98 27.58 2.40 18.44 17.35 1.09 25.73 24.29 1.44
ComSpeech w/ pretrain 30.72 28.15 2.57 19.41 18.16 1.25 26.51 24.80 1.71

Table 2: BLEU scores of the S2TT results and ASR-BLEU scores of the S2ST results. The S2TT results come from
the first pass of decoding. The best and second-best results are indicated by bold and underline, respectively.

Model BLASER 2.0
Fr→En De→En Es→En

Supervised Learning

Translatotron 2 (Jia et al., 2022b) 3.1801 2.9034 3.2592
UnitY (Inaguma et al., 2023) 3.1749 2.8278 3.2310
ComSpeech w/ pretrain 3.1890 2.9281 3.2785

Zero-shot Learning

S2TT + G2P + TTS 3.1716 2.8680 3.2172
ComSpeech-ZS 3.1681 2.9242 3.2555

Table 3: BLASER 2.0 scores on CVSS Fr/De/Es→En
test set.

coding speed is measured on the CVSS-C Fr→En
test set with a batch size of 1.

Baseline Systems We primarily compare Com-
Speech with two state-of-the-art two-pass S2ST
models: Translatotron 2 (Jia et al., 2022b) and
UnitY (Inaguma et al., 2023). Their S2TT compo-
nent is identical to the S2TT part of ComSpeech.
Upon the S2TT model, a 2-layer Transformer en-
coder is employed to encode the S2TT decoder
hidden states. Finally, UnitY utilizes a 2-layer de-
coder to generate the target units, while Transla-
totron 2 employs a 6-layer decoder to generate the
target mel-spectrograms. Besides, we include the
results of the single-pass model S2UT (Lee et al.,
2022a) and the non-autoregressive two-pass model
DASpeech (Fang et al., 2023) for comparison. We
implement all above models with the open-source
fairseq7 (Ott et al., 2019) library.

In the zero-shot learning scenario, we compare
our proposed ComSpeech-ZS with a cascaded sys-
tem: S2TT + G2P + TTS. Here, the S2TT and TTS
models correspond to those used for initializing
the ComSpeech-ZS model. The G2P is a model
that converts English graphemes to phonemes. We
achieve this conversion using the g2p_en8 library.

7https://github.com/facebookresearch/fairseq
8https://github.com/Kyubyong/g2p

5.3 Main Results

Results in the Supervised Learning Scenario
Table 1 presents the ASR-BLEU scores on the
CVSS test set. In the supervised learning sce-
nario, it can be observed that: (1) ComSpeech out-
performs Translatotron 2 and UnitY in translation
quality across all three language pairs (A1-A2 vs.
A5-A6). Since the S2TT parts of these three mod-
els are the same, the performance improvement in
S2ST is mainly attributed to the adoption of a more
powerful TTS model for speech synthesis in Com-
Speech. We also report the performance of S2TT
and S2ST, along with their gap in Table 2. We
observe that ComSpeech narrows the performance
gap between S2TT and S2ST compared to previous
models, further demonstrating the importance of
incorporating a more powerful TTS for speech syn-
thesis. (2) Benefiting from the parallel decoding
capability of FastSpeech 2, ComSpeech achieves
a 3.40× decoding speedup compared with Trans-
latotron 2. (3) Compared to S2UT, ComSpeech
shows significant improvements in translation qual-
ity (A3 vs. A5), demonstrating the effectiveness
of two-pass modeling in S2ST. (4) Compared to
DASpeech, which also employs FastSpeech 2 as
the TTS module, ComSpeech shows a 3.1 ASR-
BLEU improvement in translation quality (A4 vs.
A6). We believe the main reason is that DASpeech
uses a phoneme vocabulary for the S2TT model
to be compatible with FastSpeech 2’s vocabulary,
which may lead to a decrease in translation qual-
ity. Despite ComSpeech’s slower decoding speed
compared to DASpeech, we consider this is not the
focus of our work. Theoretically, our proposed vo-
cabulary adaptor can be also used to connect a more
powerful non-autoregressive S2TT model with a
TTS model. We leave this for future research.

Results in the Zero-shot Learning Scenario In
the zero-shot learning scenario, we find that: (1)
Despite not using any S2ST data, the translation
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MSE CTR (s(x,y)) ASR-BLEU↑ Alignment↓ Uniformity↓
× × 0.01 101.55 -56.75
✓ × 13.33 1.05 -2.01
× −∥x− y∥1 25.14 4.29 -14.19
× −∥x− y∥22 25.40 10.14 -23.38
× x · y 24.35 18.56 -32.87
✓ −∥x− y∥1 27.55 0.85 -3.97
✓ −∥x− y∥22 27.11 0.98 -8.22
✓ x · y 27.13 0.92 -9.30

Table 4: Results on CVSS Fr→En test set with differ-
ent alignment training objectives.

quality of ComSpeech-ZS is comparable to that
of ComSpeech in the supervised learning scenario,
with only a 0.7 ASR-BLEU difference (A6 vs. B2).
(2) ComSpeech-ZS also surpasses the performance
of Translatotron 2, UnitY, S2UT, and DASpeech
(A1-A4 vs. B2), further demonstrating the effec-
tiveness of our proposed model architecture and
training approach. (3) The translation quality of
ComSpeech-ZS surpasses that of the cascaded sys-
tem, possibly due to avoiding error accumulation.
Meanwhile, ComSpeech-ZS is easier to deploy
compared to the cascaded system, requiring only
the deployment of a single model without the need
to store intermediate results.

Results of BLASER 2.0 Scores Table 3 shows
the BLASER 2.0 scores on the CVSS test set. We
observe that our ComSpeech and ComSpeech-ZS
consistently outperform other baseline systems in
most cases. Since BLASER 2.0 evaluates directly
based on speech rather than the transcribed text,
this further validates that the speech generated by
our model not only exhibits accurate translation but
also reliable speech quality.

5.4 Ablation Studies
Training Objectives In the zero-shot learning
scenario, achieving representation alignment is cru-
cial for the final translation quality. In Table 4, we
explore different alignment training objectives. In
addition to ASR-BLEU, we follow Wang and Isola
(2020) to measure the alignment and uniformity of
the representation space, defined as follows:

Alignment = E(cHi ,cEi )

[
∥cHi − cEi ∥1

]
(17)

Uniformity = logE(cHi ,cEj )

[
e−∥cHi −cEj ∥1

]
(18)

From the results in Table 4, it can be observed
that using only MSE loss results in a relatively
low ASR-BLEU. Using only contrastive learning
also leads to a performance drop of around 2 ASR-
BLEU, as the alignment score is high in this case.

Pretrain Two-stage
Finetune

ASR-BLEU
S2TT TTS ComSpeech ComSpeech-ZS

× × × 27.58 23.43
× ✓ × 27.43 0.19
✓ × × 28.03 25.67
✓ ✓ × 28.15 27.10
✓ ✓ ✓ / 27.55

Table 5: ASR-BLEU scores on CVSS Fr→En test set
with different pretraining and finetuning strategies.

Hence, both contrastive learning and MSE loss are
indispensable. Specifically, our experiments reveal
that using L1 distance as the similarity function
yields better results than L2 distance and dot prod-
uct. In this case, even though the uniformity score
is higher, the alignment score is the lowest. We
speculate that the alignment of representation space
plays a more crucial role in the ultimate zero-shot
transfer performance.

Pretraining and Finetuning Strategies Com-
Speech supports S2TT and TTS pretraining. We
explore the impact of pretraining in both super-
vised and zero-shot learning scenarios. As shown
in Table 5, using only TTS pretraining often has
a negative effect, especially in the zero-shot learn-
ing scenario. On the other hand, S2TT pretrain-
ing brings a significant performance improvement,
and combining both S2TT and TTS pretraining
results in additional performance gains. Overall,
pretraining has a greater impact on performance in
the zero-shot learning scenario. Additionally, our
proposed two-stage fine-tuning strategy leads to a
performance improvement of 0.45 ASR-BLEU in
the zero-shot learning scenario.

5.5 Effects of the Size of S2TT and TTS Data

In this section, we explore the effects of the size
of S2TT and TTS data on ComSpeech-ZS and the
cascaded system (S2TT + G2P + TTS).

S2TT Data Size As shown in Figure 3, the size
of S2TT data significantly impacts the performance
of both the cascaded system and ComSpeech-ZS.
With only 10 hours of S2TT data, both systems
have poor translation quality. However, as the
amount of S2TT data increases, ComSpeech-ZS
consistently achieves higher translation quality
than the cascaded system, demonstrating the ad-
vantages of end-to-end modeling.

TTS Data Size As shown in Figure 4, the perfor-
mance of the cascaded system remains relatively
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Figure 3: ASR-BLEU scores on CVSS Fr→En test
set with different amounts of S2TT data.

stable with the expansion of TTS data size, while
ComSpeech-ZS gradually improves with the in-
crease in TTS data. When TTS data is limited,
ComSpeech-ZS performs worse than the cascaded
system, and we speculate this may be due to the
imbalance in the S2TT and TTS data scales dur-
ing finetuning. As the TTS data exceeds 50 hours,
ComSpeech-ZS outperforms the cascaded system,
and the gap between them grows as the TTS data
size increases. This indicates that ComSpeech-ZS
has a higher upper limit than the cascaded system.

6 Related Work

Speech-to-Speech Translation S2ST extends
S2TT (Fang et al., 2022; Fang and Feng, 2023a,b;
Zhou et al., 2023) which further generates the tar-
get speech. Jia et al. (2019) first proposes direct
S2ST with a sequence-to-sequence model. Zhang
et al. (2021); Lee et al. (2022a,b) propose using the
discrete representation of speech as the prediction
target and achieve better performance. Huang et al.
(2023); Zhu et al. (2023); Wu (2023); Fang et al.
(2023, 2024) adopt non-autoregressive models or
diffusion models to generate the target speech for
faster decoding speed. To make training easier, Jia
et al. (2022b); Inaguma et al. (2023) introduce two-
pass S2ST models that generate target text and tar-
get speech successively. To further enhance S2ST,
researchers introduce techniques like pretraining
(Wei et al., 2023; Zhang et al., 2023; Dong et al.,
2024) and data augmentation (Popuri et al., 2022;
Jia et al., 2022a; Dong et al., 2022; Nguyen et al.,
2022; Communication et al., 2023) to alleviate the
data scarcity. Zhang et al. (2024); Ma et al. (2024)
achieve simultaneous speech-to-speech translation
with multi-task learning and non-autoregressive
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Figure 4: ASR-BLEU scores on CVSS Fr→En test
set with different amounts of TTS data.

streaming Transformer, respectively. Our work ex-
tends the research on two-pass S2ST, introducing a
more general model architecture and a novel train-
ing method that achieves zero-shot S2ST without
parallel speech data.

Zero-shot Speech Translation Dinh (2021);
Wang et al. (2022); Duquenne et al. (2022, 2023)
explore cross-modal alignment between speech and
text, achieving zero-shot S2TT using only ASR and
MT data. For S2ST, Diwan et al. (2023); Nachmani
et al. (2024) focus on achieving zero-shot S2ST us-
ing only monolingual speech data in both source
and target languages. To the best of our knowledge,
we are the first to study achieving zero-shot S2ST
using only S2TT and TTS data.

7 Conclusion

In this paper, we first introduce a novel S2ST model
architecture, named ComSpeech, which incorpo-
rates a CTC-based vocabulary adaptor capable of
connecting arbitrary S2TT and TTS models to ob-
tain an S2ST model. Furthermore, we propose a
training method using only S2TT and TTS data.
By aligning in the TTS encoder’s representation
space using contrastive learning, we achieve zero-
shot S2ST without relying on parallel speech data.
Experimental results on the CVSS dataset demon-
strate that ComSpeech surpasses previous S2ST
models in both translation quality and decoding
efficiency. Moreover, in the zero-shot learning sce-
nario, our model achieves performance close to
the supervised learning scenario and surpasses the
cascaded system. In the future, we will explore
building direct S2ST models based on more power-
ful S2TT and TTS models.
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Limitations

Although our model achieves satisfactory perfor-
mance in both supervised learning and zero-shot
learning scenarios, there are still some limitations:
(1) In cases where TTS data is limited, the perfor-
mance of ComSpeech-ZS still lags behind the cas-
caded system. In the future, we will explore how
to improve performance by balancing the S2TT
and TTS training data. (2) Currently, our method
cannot preserve the speaker characteristics of the
source speech. We will explore this in the future.
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A Data Statistics and Processing

Data Statistics The statistical information for all
datasets are presented in Table 6.

Direction S2ST (src / tgt) S2TT (src) TTS (tgt)

Fr→En 264h / 174h 264h
191hDe→En 184h / 112h 184h

Es→En 113h / 70h 113h

Table 6: The speech hour statistics of all datasets. src:
source speech; tgt: target speech.

Data Processing For the source speech, we con-
vert it to 16000Hz and compute 80-dimensional
mel-filterbank features. For the target speech, we
convert it to 22050Hz and transform the waveform
into mel-spectrograms. Utterance-level and global-
level cepstral mean-variance normalization are ap-
plied to the source speech and target speech, re-
spectively. For the target text, the S2TT model
employs a subword vocabulary of size 6k which
is learned on the target text of CVSS. The TTS
model employs a phoneme vocabulary of size 70.
We follow Ren et al. (2021) to extract the duration,
pitch, and energy information of the target speech.

B Effects of the Hyperparameters of
Vocabulary Adaptor

The vocabulary adaptor has two important hyper-
parameters: the number of Transformer encoder
layers L and the upsampling factor λ for the input
sequence. We investigate the influence of these hy-
perparameters in the supervised learning scenario
without S2TT and TTS pretraining. According to
the performance on the CVSS Fr→En dev set as
shown in Table 7, we choose L = 4 and λ = 5 in
our expriments.

L ASR-BLEU λ ASR-BLEU

2 27.58 2 11.94
4 28.04 5 28.04
6 28.02 8 27.75

Table 7: Results on CVSS Fr→En dev set with different
hyperparameters of the vocabulary adaptor.

C Hyperparameters

We list the hyperparameters of ComSpeech and
other baseline models in Table 8.
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Hyperparameters S2UT UnitY Translatotron 2 DASpeech ComSpeech

S2TT Encoder

conv_kernel_sizes (5, 5) (5, 5) (5, 5) (5, 5) (5, 5)
encoder_type conformer conformer conformer conformer conformer

encoder_layers 12 12 12 12 12
encoder_embed_dim 256 256 256 256 256

encoder_ffn_embed_dim 2048 2048 2048 2048 2048
encoder_attention_heads 4 4 4 4 4
encoder_pos_enc_type relative relative relative relative relative

depthwise_conv_kernel_size 31 31 31 31 31

S2TT Decoder

decoder_layers 4 4 4 4 4
decoder_embed_dim 512 512 512 512 512

decoder_ffn_embed_dim 2048 2048 2048 2048 2048
decoder_attention_heads 8 8 8 8 8

label_smoothing 0.1 0.1 0.1 0.0 0.1
s2t_loss_weight 8.0 8.0 0.1 1.0 1.0

Vocabulary Adaptor

encoder_layers - - - - 4
encoder_embed_dim - - - - 512

encoder_ffn_embed_dim - - - - 2048
encoder_attention_heads - - - - 8

TTS Encoder

encoder_layers - 2 2 4 4
encoder_embed_dim - 512 512 256 256

encoder_ffn_embed_dim - 2048 2048 1024 1024
encoder_attention_heads - 8 8 4 4

TTS Decoder

decoder_layers 6 2 6 4 4
decoder_embed_dim 512 512 512 256 256

decoder_ffn_embed_dim 2048 2048 2048 1024 1024
decoder_attention_heads 8 8 8 4 4

label_smoothing 0.1 0.1 - - -
n_frames_per_step 1 1 5 1 1

unit_dictionary_size 1000 1000 - - -
var_pred_hidden_dim - - - 256 256
var_pred_kernel_size - - - 3 3

var_pred_dropout - - - 0.5 0.5
s2s_loss_weight 1.0 1.0 1.0 5.0 1.0

Table 8: Hyperparameters of ComSpeech and baseline models.
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