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STATE-OF-THE-ART MACHINE TRANSLATION SYSTEMS USING
ARTIFICIAL NEURAL NETWORK

Artificial intelligence (Al) plays a crucial role in shaping global content
strategies. The language services industry recognises the potential of Al to transform
the way businesses process and distribute multilingual content. As a result, the sector
Is at the forefront of the development of neural machine translation technology.

Artificial intelligence (Al) and machine translation (MT) are becoming
increasingly important tools for managing and distributing multilingual content in
today's globalised world. Thanks to rapid technological advances, Al and MT are
now able to deliver near-human-quality translations in a fraction of the time and cost
of traditional human translation. This has led to significant growth and investment in
the language services industry as companies look to use these tools to enhance their
global content strategies. However, while Al and MT have enormous potential, there
are also challenges and limitations that need to be addressed. This paper explores the
current state of Al and MT, their applications (Google Translate and DeepL
Translator), benefits and limitations, and their impact on the language services
industry and beyond.  Speaking about models of translation we should start with
the Statistical machine translation (SMT) - the use of statistical models that learn to
translate text from a source language to a target language gives a large corpus of
examples. SMT has been the dominant translation paradigm for decades. Practical
implementations of SMT are generally phrase-based systems (PBMT) which translate
sequences of words or phrases where the lengths may differ.[1]

Google Translate launched in April 2006 as a Statistical Machine Translation
service switched to a neural machine translation engine — Google Neural Machine
Translation (GNMT) in 2016.[2]

Google Translate - is a multilingual neural machine translation service
developed by Google to translate text, documents and websites from one language
into another. It offers a website interface, a mobile app for Android and iOS, and an
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API that helps developers build browser extensions and software applications. As of
April 2023, Google Translate supports 133 languages at various levels.[2]

Although effective, Statistical Machine Translation methods suffered from a
narrow focus on the phrases being translated, losing the broader nature of the target
text. The hard focus on data-driven approaches also meant that methods may have
ignored important syntax distinctions known by linguists. Finally, the statistical
approaches required careful tuning of each module in the translation pipeline.

Neural machine translation (NMT) - is the use of neural network models to
learn a statistical model for machine translation.

The key benefit to the approach is that a single system can be trained directly
on source and target text, no longer requiring the pipeline of specialized systems used
in statistical machine learning.

Unlike the traditional phrase-based translation system which consists of many
small sub-components that are tuned separately, neural machine translation attempts
to build and train a single, large neural network that reads a sentence and outputs a
correct translation.[3]

As such, neural machine translation systems are said to be end-to-end systems
as only one model is required for the translation.

The strength of NMT lies in its ability to learn directly, in an end-to-end
fashion, the mapping from input text to associated output text.[1]

Google Neural Machine Translation (GNMT), a sequence-to-sequence
(“seq2seq”’) model which is now used in Google Translate production systems.[4]

Seqg2seq (Sequence-to-Sequence) is a type of neural network architecture used
in machine translation tasks like Google Translate. It was introduced in 2014 by
Sutskever et al., and has since become a popular approach for neural machine
translation.[5]

In Google Translate, seq2seq models are used to translate text from one
language to another. The basic idea is to use an encoder network to encode the source
language text into a fixed-length vector, and then use a decoder network to generate
the corresponding translation from that vector.

The encoder network takes the source language sentence as input and converts
it into a sequence of vectors. Each vector represents a word in the sentence and is
computed by applying a learned function to the word's embedding and a hidden state
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vector that summarizes the previous words in the sentence. The final vector produced
by the encoder is a summary of the entire source language sentence.

The decoder network then takes this summary vector as input and generates the
translation sentence word-by-word. At each time step, the decoder generates a
probability distribution over the words in the target language vocabulary and chooses
the most likely word as the output. The decoder's hidden state is updated based on the
output word and the previous hidden state, allowing it to keep track of the context
and generate a fluent translation.[6]

Encoder-decoder with attention is a neural network architecture that has
become popular for its ability to improve the quality of machine translation output.

The encoder-decoder model consists of two components: an encoder and a
decoder. The encoder takes the source text as input and generates a fixed-length
representation of the input text. The decoder then generates the output text based on
the encoded representation.

Attention is a mechanism added to the encoder-decoder architecture to help the
decoder focus on relevant parts of the input text during the decoding process. The
attention mechanism enables the decoder to selectively attend to different parts of the
input text at each step of the decoding process. This allows the model to align the
input text and output text more effectively and improves the overall quality of the
translation output.

During training, the attention mechanism learns to weight the relevance of
different parts of the input text based on the current state of the decoder. At each
decoding step, the decoder uses this attention weight to determine which parts of the
encoded input to focus on, improving the quality of the translation output.

The encoder-decoder with attention architecture is a neural network model that
enhances machine translation by allowing the decoder to selectively focus on relevant
parts of the input text during the decoding process. The attention mechanism enables
the model to align the input text and output text more effectively, resulting in higher-
quality translations.[7][8]

Google Translate's seq2seq model is trained on large parallel corpora of source
and target language sentences. During training, the model is optimized to minimize
the difference between its predicted translations and the true translations in the
training data.
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Overall, seg2seq models have shown promising results in machine translation
tasks, and have been a key component of the success of Google Translate. These
models have great potential for advancing the field of natural language processing,
and are likely to be increasingly used in many applications in the future.

DeepL Translator - is a neural machine translation service launched in August
2017 and owned by Cologne based DeepL SE.[9]

It initially offered translations between seven European languages and was
gradually expanded to support 31 languages. Its algorithm uses Convolutional Neural
Networks (CNN) [10][11], offers a paid subscription for additional features and
access to its translation application programming interface.

According to the developers, the service uses a newer, improved architecture of
neural networks, which results in a more natural sound of translations compared to
competing services.[12]

The translation is said to be generated using a supercomputer. In general,
CNNs are slightly more suitable for long, coherent word sequences, but have so far
not been used by the competition due to their weaknesses compared to recurrent
neural networks. The weaknesses at DeepL are compensated for by supplemental
techniques, some of which are publicly known.[10][8][13]

Convolutional Neural Networks (CNNs) are analogous to traditional Artificial
Neural Networks (ANNS) in that they are comprised of neurons that self-optimise
through learning. Each neuron will still receive an input and perform a operation
(such as a scalar product followed by a non-linear function) - the basis of countless
ANNSs. From the input raw image vectors to the final output of the class score, the
entire of the network will still express a single perceptive score function (the weight).
The last layer will contain loss functions associated with the classes, and all of the
regular tips and tricks developed for traditional ANNSs still apply. The only notable
difference between CNNs and traditional ANNs is that CNNs are primarily used in
the field of pattern recognition within images. This allows us to encode image-
specific features into the architecture, making the network Introduction to
Convolutional Neural Networks more suited for image-focused tasks - whilst further
reducing the parameters required to set up the model.

Convolutional Neural Networks differ to other forms of Artifical Neural
Network in that instead of focusing on the entirety of the problem domain,
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knowledge about the specific type of input is exploited. This in turn allows for a
much simpler network architecture to be set up.

Google or DeepL

Both Google Translate and DeepL are powerful machine translation systems
with their own unique strengths and weaknesses. The best choice between the two
will depend on your specific needs and use case.

Google Translate is a widely used machine translation system that supports a
large number of languages and offers a range of features, including voice input,
handwriting recognition, and image translation. It uses a combination of rule-based
and neural machine translation approach, and has been trained on a massive amount
of data. Google Translate is a good choice for simple, everyday translations, and it is
free to use.

On the other hand, DeepL Translator is a newer machine translation system
that uses a Convolutional Neural Networks , which tends to produce more accurate
and natural-sounding translations. DeepL also offers support for fewer languages than
Google Translate but it is better in handling certain language pairs such as English-
German, English-French, and English-Spanish. Additionally, DeepL offers a range of
additional featur es, such as translation of documents and integration with CAT
(Computer-Aided Translation) tools. However, DeepL's premium features come at a
cost, with subscriptions required for professional or heavy use.

Overall, if you need a free and widely available machine translation system for
everyday use, Google Translate is a good choice. However, if you require more
accurate and natural-sounding translations or need to translate professional
documents, DeepL might be the better option, albeit at a cost.
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