The Origin and Development of Machine Translation
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1. A Legend of Babel Tower
According to the Bible, the tower is located in Shinar. At that time, people made bricks, burn them thoroughly. They had bricks for stone, and bitumen for mortar. They built this tower with its top in heaven and want to make a name for themselves. The Lord saw the city and the tower made by mortals. And the Lord said, “Look, they are one people, and they have all one language; this is only the beginning of what will do; nothing that they propose to do will be impossible for them. Come, let us go down, and confuse their language there, so that they will not understand one another's speech”. So the Lord scattered them abroad from there over the face of all the earth, and they left off building the city. Therefore it was called Babel.
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Babel Tower
There is a legend in Bible that explains the origin of different human languages. However, the emergence of a technology, which broke the legend of Babel Tower, made the communication between people around the world no longer an obstacle. This technology is “Machine Translation”.
2. Introduction to Machine Translation
Machine Translation refers to the process of using a machine (computer) to automatically translate a natural language (source language) sentence into another language (target language) sentence.
The natural language here refers to human language used daily (such as English, Chinese, Japanese, etc.), which is different from languages created by humans for specific purposes (such as computer programming languages).
Chinese-English translation is the most commonly used in our daily life. Here are some examples, including text translation and picture translation.
if we want to translate the lyrics “刮风这天我试过握着你手,但偏偏雨渐渐大到我看你不见” into English, then we can open “Google Translation” and input this sentence in Chinese. Then we can know the corresponding English is “I tried to hold your hand on the windy day, but the rain is getting so heavy that I can't see you”.
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Text Translation Example
Also, we can translate the text in picture. Through OCR technology, the text in picture can be recognized, and then redisplayed on the picture after the translation.
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Picture Translation Example
3. The Origin Idea and Emergence
· Actually, Someone proposed the idea of using mechanical devices for language translation as early as ancient Greek era.
· In the 17th century, Descartes and Leibniz proposed the idea of using machine dictionaries to implement language translation.
· In the middle of the 17th century, the "Universal Language" movement proposed to design an intermediary language as a universal language without ambiguity. It attempts to classify and encode all concepts and entities in the world to realize their correspondence between various languages.

· In 1903, German scholar Rieger proposed a number grammar. This grammar, with the aid of a dictionary, can translate one language into many other languages by machinery. And the term “Machine Translation” is proposed for the first time.
· At the beginning of the 1930s, French scientist Artsouni put forward the idea of using a machine for translation, and produced a machine called a "mechanical brain" in 1933, which obtained a patent for a "translator". The storage device of this kind of mechanical brain can hold thousands of characters, and the data can be retrieved through the wide paper tape behind the keyboard. However, due to 
the outbreak of World War II, Artsouni’s mechanical brain could not be installed and used.

· In 1933, the Soviet inventor Peter Troyanskii designed a machine that translates one language into another, and registered his invention on September 5 of the same year. In May 1941, this experimental translator was already operational. In 1948, he planned to develop an "electro-mechanical machine" on this basis. However, due to the indifferent reaction of Soviet scientists and linguists at the time, Troyansky's translator was not supported and ended in failure.
· In 1946, the first electronic computer, ENIAC (electronic numerical integrator and computer), was born. 
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ENIAC                            Warren Weaver
· In 1947, American scientist Warren Weaver, a pioneer of information theory, put forward the idea of using computer for automatic language translation in the letter which is written to Norbert Wiener. 
· In 1949, W. Weaver published the famous memorandum called Translation, formally proposing the idea of Machine Translation which laying the foundation for machine translation research in the United States and the world.
4. [bookmark: _Hlk84929821]The History
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History of Machine Translation
· In 1954, Georgetown University and IBM used the IBM-701 computer to complete the English-Russian machine translation experiment for the first time, demonstrating the feasibility of machine translation to the public and the scientific community, thus opening the prelude of machine translation research.
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English-Russian Machine Translation Experiment
· In 1964, the National Academy of Sciences established the Automatic Language Processing Advisory Committee. After two years of research, the committee published a report called Language and Machines – Computers in Translation and Linguistics in 1966 that rejected the feasibility of machine translation. Because Weaver and other scientists' research on machine translation is based on statistics, but linguists believe that language is infinite, and statistical description based on empiricism can never meet the needs. The report led to a decade-long slump in machine translation research.
· In 1970s, with the development of science and technology and the increasingly frequent exchange of scientific and technological information between countries, the language barriers between countries appears to more serious. The traditional manual operation methods are far from meeting the needs, and people urgently need computers for translation work.
In 1976, the TAUM-METEO system was developed jointly by the University of Montreal and the Federal Government of Canada's Translation Bureau, marking a full revival of machine translation.
· In 1993, IBM proposed a statistical translation model based on word alignment, and the corpus-based approach became popular.
In 2003, the University of Edinburgh proposed a phrase translation model, which significantly improved the effect of machine translation and promoted industrial applications.
In 2005, David Chang proposed the hierarchical phrase model, and the translation model based on syntax tree has also made great progress.
· In 2013-2014, Oxford University, Google and The University of Montreal proposed end-to-end neural machine translation, which ushered in a new era of deep learning translation.
In 2015, the University of Montreal introduced the Attention mechanism, and neural machine translation reached the practical stage.
In 2016, Google GNMT machine translation system was released, and neural translation began to be applied on a large scale.
5. The Early Practice -- Traditional rule-based machine translation
Chomsky's transformational generative linguistics. The traditional rule-based machine translation is studied on this basis. In the process of translation, the language is first transformed into symbols or mathematical expressions in accordance with grammatical rules by logical thinking, and then its source language and target language are transformed into parameters and variables understandable by the computer, so that the computer can complete the translation instructions.
Mongolian semantics. Richard Montague made further efforts to achieve more accurate conversion from natural language to target language. In universal grammar, he proposed to establish (in an ideal state) an unambiguous connotative logic artificial language system IL. In rule-based machine translation, IL is used as an intermediate language to overcome the contradiction between the accuracy of denotative logic and the connotative complexity of natural language. After that, he established a complete IL semantics on the basis of model theory. The “intermediary” method has become the mainstream method of machine translation since its implementation, especially in multilingual translation.
Halliday's systemic functional linguistics. The systemic functional language school represented by Halliday holds that semantics is affected by context and text translation cannot be separated from context. It also puts forward five basic units of language, namely "sentence", "clause", "phrase / phrase", "word" and "morpheme". Based on this theory, an example is given to demonstrate the main process of machine translation, that is, segmentation, translation layer by layer, and finally correct the lexical and grammatical errors of the translation according to the internal structure of the target language.
There are three procedures to achieve machine translation: Understanding, Transforming and Generating.
So how to understand? Here is an example.
“In the room, he broke a window with a hammer.”
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Understanding
Then, we can transform it by rule library. Here is an example of rule library.
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Transforming
At last, we can generate the sentence of target language.
6. The Setbacks and Development of MT Methods
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Actually, the development of MT methods is going through four stages: rule-based methods, Instance-based methods, statistical machine translation and neural machine translation.
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7. Summary
Machine translation, also known as automatic translation, is a process of using computers to transform one natural language into another.
Its research is based on linguistics, mathematics and computer science.
Linguists provide dictionaries and grammatical rules suitable for computer processing, mathematicians formalize and code the materials provided by linguists, and computer scientists provide software means and hardware equipment for machine translation and program design.
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