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Abstrakt

Tato bakalatska prace se zabyva a nasledné testuje zpisoby pro hodnoceni dvou strojovych
prekladaci, a to od firmy Google a Microsoft. Na zaklad¢ stanovenych kritérii hodnoti jejich
chybovost. Pti hodnoceni piekladaci se prace zamétuje nejen na to, zdali dany pickladac
dokazal prelozit soubor textl spravné pravopisné a stylisticky, ale i zda odborna terminologie
spolu s myslenkou véty odpovida ptivodnimu textu. Na zavér ze ziskanych dat chybovosti je

mozné usoudit, pro jaké vyuziti bude dany prekladac zpiisobilejsi.
Abstract

This bachelor thesis discusses and then tests the methods of evaluating two machine
translators, namely from Google and Microsoft. Based on established criteria, from data
received each translator is assigned their error rate. When evaluating translators, the work
focuses not only on whether the translator was able to translate a set of texts correctly
(spelling, stylistics), but also whether the professional terminology together with the idea
behind the sentence corresponds to the original text. In conclusion, the obtained error rate

data enable to assess the given translators for suitability in terms of their usage.

Key Words

Mechanical Translation, Translators, Translation of technical Language, Mechanical
Translators
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1 Introduction

This research is trying to determine which online machine translator among commonly
accessible translators has better use for different professional fields and to what degree they

can accomplish successful translations.

The study briefly looks at how machine translation was created. What was machine
translators main use, and how quickly they developed and improved. The main aim for this
research can be the evaluation of the translated texts. In what way can they be evaluated and
how should be different findings rated to form a score. The main goal may be to set definitions
of how the practical research can be executed. As two translators can be compared, suitable

methods that may be available for finding a “better” translator may be listed.

The method that can be preferred by the author is be selected and used to see the
accuracy of the translators, a degree they differ in, and what they are more suitable for in
terms of context, grammar, and stylistics. Due to the fact that the translators used are fully
automatic it is possible that some evaluation methods may not be able to define translators to
such a detail that can distinguish these translators and show in which ways they are better and

more suitable to different field of texts.

If both translators do not preform identically, this research may be able to select the
one that is more suitable for different field of texts. If this situation occurs, to have finding
with more diverse results additional text may be put in use for finding more diversities. This
additional text may be put in use only if evaluation of original first texts cannot be able to
provide sufficient information about differences between two chosen translators. This should

provide a very accurate depiction of which translator can be the most useful.



2 Theoretical Part

2.1 Machine translation

Translation relates to many complex questions concerning linguistics, philosophy even

psychology.

Translation is connected with a large number of questions dealing with linguistics,
but also psychology or even philosophy when the nature of meaning is at stake.
(Poibeau, 2017:15).

Instead of addressing these highly complex questions, it is vital for characterization
of a “good” translation to retain same context and meaning as the original author intended.
Before addressing machine translations, it is important to understand the notion of

translation. Thierry Poibeau describes criteria for translations as:

Translation should be focused to remain faithful to the original text, respect its
main characteristics, tone style, the details of the ideas as well as its overall
structure. Translation should be easy to read in the target language. Translated text
should be linguistically correct, which means that subtle process of reformulation
must be used. Ideally reader should not realize that he is reading a translation.
(Poibeau, 2017:16).

The translator must perfectly understand the text they have to translate, but also even
better knowledge of the target language. It is important to understand the context in which
the translation may be used. Depending on if the text is technical, it may not be translated
same way as literary texts. Tone and style of the text are highly subjective notions that are

largely related to the language under consideration.

2.1.1 Brief history of machine translation

In Hutchins and Somers’s research (1992), George Artsrouni issued a patent for the first
storage device capable to find translation of the selected word in other languages in 1933 and
demonstrated it in 1937. Along with Artsrouni, Petr Smirnov-Troyanskii issued a patent for
a similar device but with greater significance. Trybanski’s idea was based on three stages of
mechanical translation. The first stage was be done by the editor using only the source
language to transfer them into their base forms and syntactic functions. The second stage
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consisted of transforming the base forms into the target language, followed by the final stage
of the second editor with knowledge of only the target language converts base forms of target

language into normal forms of the target language.

Few vyears later, the first discussions about the usage of computers for translations
started. After 1949, the research started at many universities in United States. In 1951,
Yehoshua Bar-Hillel was appointed the first full-time researcher for machine translation.
Based on Bar-Hillel’s research, it was obvious that fully automatic translation would not be
possible without a long-term research and human assistance was essential for text preparation

or the output revision.

The project in which Georgetown University Leon Dostert with collaboration with
IBM in 1954 resulted in a public demonstration of machine translation of Russian language
into English, this demonstration resulted in the large-scale funding of Machine translation in
the USA. In the following years, the machine translation went through modernization as the
technology at the time was the main problem that the researchers had to solve. In 1958, IBM
developed system for US Air Force. The system was barely intelligible and crude. Further
development was based on a software form of the translator as computer-based dictionaries

became more common.

Until 1976, the translators were intended mostly for government use. Later,
commercial systems started to appear, the most successful translator called Systran initially
used as ' direct translation ' system and its oldest version translated over a hundred thousand
pages a year. After 1980, although most machine translators were still translating in crude
translations, economically viable results for a design for these machines started to appear
achieved by a microcomputer system integration rather than use of a mainframe systems.
These microcomputer systems were mostly marketed as a computer aid for the translators.
The first commercially available Machine translators were available in two options, as a
service and as a computer aid for the translators. Service option turned nonprofitable and

unpopular.

2.1.2 Basic definition of MT, approaches to MT

As W.John Hutchins states in his study on machine translations history:
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The term 'machine translation' (MT) refers to computerized systems responsible
for the production of translations with or without human assistance. (Hutchins,
1995:431).

This definition of machine translation is clear on how machine translations are

produced. Machine translations were produced by three main methods.

The first method is rule-based and uses traditional rule-based grammatical categories
and features. To provide system with these predefined rules, a human translator had to create
a database for these types of systems. This process provides the machine translator with set

of linguistic rules of different kinds, which were than used during the translation.

The second method is corpus-based. This method consists of a corpus with translation
examples. In the same ideology is an example-based method and nether one of these methods

used syntactic or semantic rules.

The final and most advanced method is neural machine translation, and this method
is based on neural networks that are trained to recognize grammatical and lexical parts. This
method heavily dependent on amount of training data. The translators using this methodology
achieved fluency at the cost of adequacy.

2.1.3 Neural machine translation (NMT)

Poibeau describes neural machine translation as:

With deep learning, the simultaneous management of various types of information
enables more reliable decision making. These models are said to be hierarchical,
but they are in fact multidimensional, meaning that each element (word, phrase,

etc.) is placed within a richer context. (Poibeau, 2017:121).

Furthermore, Poibeau explains that this method of a translation provides an interesting
approach for a translation where word translation does not correspond to different languages

and can be expressed by a group of words depending on the context.

The method of neural machine translation depending on the sample of data or references

provided to the system improves of its learning capabilities exponentially.
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2.2 Online machine translators

The ability to quickly translate texts to different languages was very useful mainly for military
purposes from the beginning. Only later when the translators themselves became publicly

accessible they started to be more used for sharing people’s knowledge.

By the end of 1940s, Britain tried to create computer translators. This system worked
on principal that if the system found an unknown word it would delete the last letter from the
given word and search in the database for a potential match. This process was repeated until
the system found a translation for the original word. In later years, there were improvements,
but the machines were still generally found having too many boundaries that prevented them
from the proper use, mainly the fact that different languages are too vague to achieve correct
and contextual translation. One of the designs of the machine translators was a system based
on example-based translations with pre-defined examples. The original text, which the device
compared with a predetermined examples or fragments of already known translations, would
segment the sentences by words or phrases and then proceeded to translate them. Resulting
in a translation in fragment, just parts of the sentence at a time. This kind of a method is not
efficient because the context of the sentence can be easily lost due to the possibility of wrong

fragments being used.

Before the year 1990, many improved variations of systems were created. The main
downside was their reliance on a mainframe technology. By the 2000s, computers that were

able to use these systems became available to the public.

Today companies provide commercially accessible translators such as Microsoft, Google.
For the purposes of this thesis were chosen two online machine translators that are from a
rival company, and both are commonly accessible. Because both companies used and use old
types of translations and use the same type of a method for translations and since 2016 both

use their own version of Neural Machine Translation.
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2.2.1 Microsoft Translator

The first online machine translator is Microsoft Translator. This translator has many functions

that are available on all platforms of Windows, 10S, and on Google play.

w 400
F\

STROJOVE PREKLADY  ~ MACHINE TRANSLATIONS
ODBORNYCH TEXTU OF PROFESSIONAL TEXTS

CN=] LY

Figure 1. Microsoft Translator interface [11].

One of the first features is ability to translate text and voice conversations via live chat
that users can connect to with QR code. All messages in this chat room can be translated to
you your selected language user wants to use, for example the user’s main language. This

feature can be very handy on convention centers and multilingual presentations.

The second feature the Microsoft Translator has is Voice translation. The Voice
translations has two modes one for a single microphone and the other split-screen- translation.
Single microphone enables user to translated text using microphone to for example to be able
to as for direction in foreign country. Single microphone feature works primarily while online
with limited usability for longer sentences when offline. The Split-screen feature splits the
screen into two parts and on each part, you can select different language. Then the user can
communicate with the person speaking the second selected language and the Microsoft
Translator first records your message to translate it to the second language and play it from
speakers. This feature can be very useful when traveling or when the user of this app is in a
situation in which he cannot speak the second language, but also is in hurry and does not have

time to look up long phrases to express what he wants to ask about.

The third feature is Text translation, and this feature works in both online and offline

mode. The Microsoft Translator can translate text in over 70 languages. Enables user to safe
13



his frequently used translated phrases or share them via text, email, or social media. For
translated words you can with one click of button look up alternate translations and meaning

of a word to be able to find the best translation to express yourself.

The fourth feature is Camera, this feature can translate text from cameras or photos.
This feature works offline and online and is most used for translating signs on streets or
menus in restaurants while traveling abroad which were the main targeting areas for this

feature.

The last feature of this online translator is Phrasebook. Phrases for travelling or
business are always available, because over 200 phrases are included in the app without any
additional downloads. These phrases are verified translation for travelling, direction, lodging,
dining, and more topics. With the Pronunciation guides with three speeds to help you learn
how to pronounce the important phrases. The feature of different speeds of the pronunciation

of these phrases makes learning the phases very easy and fast.

After all these features, Microsoft Translator surprises with its accessibility. The
Microsoft Translator is integrated in products including Bing, Microsoft Office, SharePoint,
Microsoft Edge, Skype, Yammer, Internet Explorer, and many others. Especially the

integration in Microsoft Word makes this translator viable and useful in everyday usage.

Microsoft Translator does not stop here, Microsoft Translator offers three special
plans with specific tools for Personal use, Education, Business, and all of them are offered
for free. The Personal use has been already described in features of this online machine
translator. Business uses of Microsoft Translator can be seen in Customer support, as the
integrate translation in customer support workflow. To achieve improvement in internal
communications among global workforce, a comprehensive analysis of multi-lingual

business intelligence of a company must be conducted.

Microsoft translator for the education purposes can be exploited, for example, in
lectures and presentations. Microsoft Translator can be used for translating and caption live
presentation and engage students who are non-native or have learning disabilities. The feature
of live captions during a presentation is already integrated inside Microsoft Office package

and can be activated in seconds.

Microsoft Translator uses the neural machine translation since 2016. The neural
machine translation is used to find the best context for the translated word. Simplified

explanation of this method starts by giving each word 500-dimension vector to represent the
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word which is than encoded by the first neural layer into 1000-dimension vector to represent
the context of the word in the sentence. Final matrix uses software algorithms to define which
word from the original sentence can be translated next. Lastly, the decoder translates the word
in the context of the full sentence into the most appropriate target language equivalent. After
the original word is translated, the algorithm calculates which next word from the source text

can be translated.

2.2.2 Google Translate

The second online machine translator that is part of this thesis is Google Translate. The
amount of languages Google Translate supports is over 100 languages, but some of these
languages, unlike in Microsoft Translator, are not available for all functions including offline
mode. The Google Translate incorporates six main features.

= Google Prekisdai N ]

Figure 2 Google Translate interface [14]

The first feature is characterized by typical keyboard input that can be translated from
one of the 100 languages in this translator's database into languages that are included within
it. The text translations are available also for documents and text files that can be uploaded

into the translator’s window and proceeded to be translated.
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The second feature is Camera, which is claimed to work only on mobile phones and
can translate text in real time with the camera capturing the text that is intended to be

translated.

The third feature, which is similar to the Camera, is Snap designed to translate photos
rather than real time translations of text. This feature is intended for images of text.
Limitations of the feature Camera being available only on mobile phones are not applied to
Snap feature. The Snap can be used in browsers or any other software using or supporting

Google Translate.

The fourth feature is called Talk and supports bilingual conversations. This feature
plays audio of the translation and helps the user to learn how to pronounce different words or
phrases in a foreign language translated by the user. This feature is not separated into chat
sections and is part of the Text feature. There for every translated phrase would have to be

copied and then paste in desired conversations.

The fifth feature is Offline. The ability to use Google Translator and some of its
feature without any internet access enables the user to us the translate function any time. This
feature does not support all languages and cannot be used in all functions. Although most
used languages are supported in all functions in offline mode, some languages can be

unavailable.

The sixth feature is Write and allows a user to scan drawn letters or characters on a
touchpad or mobile screen, and then proceed to translate them into a desired language or just
convert them into a plain text. This feature can be very useful for using tablets or mobile
phones for notes without losing the ability to use cursive. When it comes to the accessibility,
Google Translate is available on browsers, Google Docs, Google Sheets, and many other
Google Drive products. The option to download this translator on android but still being
dependent on the internet connection, is the main disadvantage of Google Translate. Google
translate uses neural machine translation in a similar way as Microsoft does. Google translate
also uses neural machine translation as the prediction algorithm for the translation of the

original word in the target language.
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2.3 Evaluation of machine

The evaluation of machines is the subject of the very intensive research since 1990. Since
mechanical translators do not have the subjectivity and the user’s point of view, their

evaluation has nothing to do with literary translations.

One of the ways how to evaluate the translators, is to translate a text by a professional
human than by machine translators. These translations are then given to the analysts who are
then asked questions about the article to find out if the context has remained. This evaluation

is also called “direct comparability”.

This test was initially named “direct comparability” because it was supposed to
allow for a direct comparison of different systems from different source languages.
(Poibeau, 2017:132).

One of the most difficult and expensive ways to evaluate the translator is the
“evaluation panel”. This is the method that translates the original text to different languages,
which are than viewed by a human who evaluates its lexical, grammatical, semantic, and
stylistic aspects. Due to the subjectivity of the human rating, the translated text evaluations

are inaccurate.

Evaluation Panel. The most obvious way to evaluate the quality of translations is
to appeal to human judgment, notwithstanding the great degree of subjectivity

inherent in human judgment. (Poibeau, 2017:132).

Adequacy and Fluency method aim at precision of retaining the context of the
translations and the forms of the sentences. This method is faster and much cheaper than the
previous methods, but the subjectivity of the expert rating the translation still varies. This
method consists of a monolingual English speaker that decides the degree to which

information in professional translation can be found in machine translation output.

In an adequacy evaluation, literate, monolingual English speakers make judgments

determining the degree to which the information in a professional translation can

be found in an MT (or control) output of the same text. (Poibeau, 2017:133).

After realization that no automatic translator may be capable of producing a perfect

translation, it was decided to use machine translators to just help human translators to achieve
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desired quality. This proven to be useful for less skilled human translators rather than experts.
These versions were made with interaction of the user in mind. Three measures were used:

comprehension, adequacy, and fluency of the final translated text.

In the mid-1990s, three measures were mainly used for evaluation:
comprehension, adequacy, and fluency of the generated text. These three measures
were interesting but relied largely on human judgment, which is known to be

costly and partially inconsistent. (Poibeau, 2017:134).

Automatic Measures are mathematically based and are very complicated. The
automatic evaluation wants to answer a simple question if the translation is “good” but it
comes to the conclusion in very complex way. The principles of the Bilingual Evaluation
Understudy, or BLEU, the score system is simple, compare a reference translation with an

automatically produced translation (Papineni et al., 2002).

The idea is to compare a reference translation TRef with an automatically
produced translation TAuto . The BLEU score is calculated by truncating TRef
and TAuto into segments of length 1 to n, called n-grams (it is generally assumed
that the most reliable result is obtained when n = 4) and by comparing the number
of segments shared between TRef and TAuto . (Poibeau, 2017:134).

If two texts are being compared by BLEU and all of their segments are identical the
score is 1, on the other hand if not a single segment is similar in these texts than the score
may be 0. Basically, the closer TAuto is to the reference more of the segments can be similar

in these texts.

The National Institute of Standards and Technology is an organization organizing
evaluation campaigns and developed the NIST score at the same time as BLEU. The key
differences lie in the fact that NIST includes the informativeness factor. The informativeness
factor gives parts of the translations that are not being commonly used, higher weight the less

Is the part of the translation is used.

American organization organizing evaluation campaigns in various fields,
developed the NIST score during the same period as the BLEU score (Doddington,
2002). (Poibeau, 2017:135).
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METEOR score has been developed more recently and accounts for semantics.
METEOR is based on identification of semantically “full” words shared between the text to be

evaluated and reference.

The idea is then to identify longer sequences of text around these full words that
are shared between the two texts. As with other measures, the greater the number
of shared segments, and the longer these segments are, the closer the METEOR
score will be to 1. Poibeau, 2017:135).

When words are translated, they can be replaced by their stem or their lemma or even
synonyms, this if viable for achieving more reliable and robust method. This is the main
reason why METEOR is not available for all languages due to the number of resources needed
to realize this method.

The authors of METEOR report that results better correlate to human evaluation than the
BLEU or NIST scores. However, METEOR is a lot more difficult to operate and the different
options make the results more difficult to interpret and compare over time. Therefore,
METEOR is less frequently used, while the most used score out of these three is BLEU

despite its limitations.

3 Methodology

The study was carried out on a designed corpus, incorporating extracts of teaching scripts.
The study consists of the human translator checking translations of each machine translators
for errors. The main concern of this study was the terminology used by the translators during

translation.

The corpus consists of three investigated texts, “Multimédia”, “Navrh systému s
digitdlnimi integrovanymi obvody a mikroprocesory pro integrovanou vyuku VUT a VSB-
TUO.” and “Elektronické soucéastky sbirka piikladi”. The texts used in the translations are
scientific and descriptive in nature with specific terminology, specifically from the areas of

IT and electronics. The scrips summed up to total of 2212 source Czech words.
The scripts are referred to with abbreviations to improve the readability of the tables:

“Multimédia” is referred to as ,M “.
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“Navrh systémil s digitalnimi integrovanymi obvody a mikroprocesory pro integrovanou

vyuku VUT a VSB — TUO.” as NSD, and finally

the “Elektronické soucastky sbirka piikladia™ as ESS.

M NSD ESS

Original
8268 6001 1231
characters

Table 3.1 Individual script size in character before translation

The translations are firstly check for errors at the grammatical and lexical levels. After
the initial check of errors, the technical language used by the translator is check for its
correctness. Finally, the terminology is analyzed to determine whether the terminology is
used correctly.

3.1 Hypothesis

The first hypothesis is that the translators should translate the texts in coherent target language
based on the Neural Machine translation that these translators use.

The second hypothesis is that the translators mostly cause grammatical errors, due to

the specific context needed for the original texts.

The third hypothesis is that Microsoft Translator is used in larger scale compared to the
Google Translate, which implies that the Microsoft Translator is more capable given its larger
sample of texts and there for should be superior in the terminology and understanding of
meanings in technical language. Meanings in relation to the context and most suitable

translation to be used within the context.

3.2 Evaluation model

Each of the translated section receives a marking depending on the errors made by the

translators, marking of the errors in format:

X'L1 -’ -
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Where the X stands for the translator that made the error.
Microsoft Translator — MST
Google Translate — GT

3.2.1 Lexical errors

These errors for purposes of this thesis are concerning the terminology, proper nouns, phrasal

verbs, false friends, idioms, etc. The lexical errors are marked as X-L

3.2.2 Grammatical errors

The grammatical errors made by the translator include morphology, passive, missing

prepositions etc. The grammatical errors are marked as [l

3.2.3 Translation errors

The translation errors consist of non-preformed translation to the target language and wrong
translation excluding terminology from fields of IT or electronics. The translation errors are
marked as Sl
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4 Procedure

The first step of analysis is translating all the original sections via each translator. And putting
them into tables for easier comparison. The second step of the analysis was to identify the
errors made by the translators and have the errors marked in tables with their appropriate tags.
The third step of analysis is to create graphs from gathered data and to find the first conclusion
to the hypothesis about the error rate of the translators. The fourth step of analysis is
comparison of the performance of each translator to find the superior translator. The final
step of analysis was creation of a conclusion based on the data gathered from the analysis.

5 Research findings

From the analysis of all the translated texts each of the translators was assigned with its errors
and for clear representation of the error rate of each translator put into a graph showing what is
the error rate for the translator in each of the translated scrips. The Graph 5.1 depicts error rate
of the Microsoft Translator for each one of the scrips. An Example of an error made by the
Microsoft Translator: From the original text “barvonosnych slozek “, translation by the
Microsoft Translator was “color-bearing.” This translation changes meaning withing the
context as “color-bearing” in English language refers rather specifically to machinal bearing in
the technical context. The suitable translation which was also applied by the Google Translate

is “color components.”
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Microsoft Translator
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Graph 5.1 Error rate of the Microsoft translator

The Graph 5.2 depicts the error rate of the Google Translator, notable there were total
of three critical errors that stood out. Consisting of mistranslated words, one of which was
kept in Czech language, the next critical error was translated with changed meaning in the
target language. The last critical error consisted of strangely skipped section of the translated

text leaving out section of translation.

Google Translate
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T
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Lexical erros  ® Gramatical erros  HTranslation Errors

Graph 5.2 Error rate of the Google translate

Example of the critical errors made by the Google Translate. Original language:
“video MPEG. H.26x apod.” was translated as “MPEG video. H.26x Hi8ll.” where the “Sio8”
was kept in English which is a wrong translation in this case as English language as its own
version — “etc.” and it was also used by the other Translator. The second critical error was

translation of “predstavuji &tvefici.” as “represent EIGUGGIUPIE.” This choice of translation
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b

changes the meaning into a multiplication instead more suitable translation as “foursome.’
The last critical error was translation of “logické funkce uvedenym zpusobem.” as “logic
function|l§l@l. In this error translator skipped section of translation and ended the sentence
twice. The correct translation which was also again used by the other translator was “logic

function in this way.”

From the Graph 5.3 we can see what types of errors were created by each translator in
the complete analysis and the results point out that the Google Translate is very not suitable
for technical text translation due to the high number of errors effecting the context of the
translation. On the other hand, the Microsoft Translator also with some errors managed to
translate the original texts without mistranslating the original language into the English

language.

Total errors made
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B Microsoft Translator M Google Translate
Graph 5.3 Total errors made by each translator

The first hypothesis that the translated text is coherent is confirmed as the translations

are understandable and coherent in the target language.

The second hypothesis was disproved, and the most prominent errors were made in the

Lexical category.

The third hypothesis was confirmed as the lest errors were indeed made by the Microsoft

Translator, confirming that the translator is more capable of translating technical language.
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6 Conclusion

To conclude the bachelor’s thesis, I would like to mention that it was interesting to delve
into the details about the options available for the machine translation. The main received
information of the study was that the usability of a translator in use for a technical language

is viable if the right translator is used.

The theoretical part mentions development of the translator and their methods of how
they translate languages. Then brief introduction of the two translators that are being used
in the study. Each translator has their methods on how they translate texts and what type of
method they use briefly explained.

In the practical part the text analysis was carried out by very similar translators, the
method to evaluate the translators was selected for its suitable parameters for comparison
of the two machine translators. Both machine translators translated sections from technical
scripts of descriptive nature. The analyzed translated section proved that the machine
translators using neural machine translation are capable of coherent and understandable.
The second hypothesis made about the machine translators was disproved and showed that
most common type of error made by machine translators is lexical error. The third
hypothesis was confirmed and the machine translator with the larger sample thanks to its
more commonly used nature was indeed the more capable at avoiding the errors and using
the neural machine translation to in a way chose a better translation. Even though the
hypothesis were confirmed that does not mean that these machine translators are perfect,
and they still create errors. The most interesting findings were the critical errors made by
the Google translate. However, in terms of the terminology the Microsoft Translator did
manage to translate the scripts including technical langue twice as accurately than the
Google translate.

In future studies use of a human translators may offer a more accurate indication of how

accurate the translations are in comparison with a human translator.
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7/ RozSireny abstrakt

Tato anglicky psana bakaladiska prace s nazvem Strojové pieklady odbornych texti se
zabyva porovnanim strojovych prekladaci v prekladu technickych textl. Jelikoz na toto
konkrétni téma o porovnani téchto dvou specifickych strojovych piekladaci nebylo
vytvofeno mnoho vyzkumd, se tato prace snazi alesponl ¢astecné pfinést nové poznatky z
oblasti porovnani strojovych piekladaci ve vyuziti u odbornych textl. Na zacatku této prace
byly stanoveny cile, kterych se mélo v praci dosahnout. Tyto cile byly: definovat a popsat
systémy strojovych piekladl, popsat vyvoj strojovych prekladii, soucasny stav strojovych
prekladi a metody hodnoceni kvality strojového piekladu, porovnani dvou strojovych
ptekladaci, které jsou bézné€ pouzivany a na zavér vyhodnotit, ktery z téchto piekladaci je
vhodnéjsi pro pteklad technickych textii. Bakalatska préce je rozdélena na kratky abstrakt,
prohlaseni, obsah, uvod, teoretickou ¢ast, metodologie, postup, vysledky vyzkumu, zavér,
roz§ifeny abstrakt, seznam zdrojii, seznam tabulek, seznam obrazkd, seznam grafii, seznam

zkratek a ptilohy pouzité¢ v dokumentu.

V jednostrankovém tvodu je kratce predstaven cil prace a stru¢né popisuje, jakym
zpusobem bude analyza piekladu strojovych piekladaci probihat. Zakladni prvni
metodologie, ktera bude pouzita zni tak to: V piipadé¢, Ze oba piekladace pielozi vybrané
c¢asti skript identicky, na zakladé jejich ptesnosti v oblasti technického ptekladu bude
vyzkum Schopen znazornit piesnost obou piekladact. V ptipadé, ze by doslo k tomu, ze
piekladace prelozily ¢asti skript identicky vyuzité texty, budou rozsifeny o skripta

neobsahujici jiz pouZzity technicky okruh.

Druhou hlavni kapitolou této bakalaiské prace je teoretické Cast. Ta je rozd€lena na
Ctyfi podkapitoly. Prvni z nich se zabyva definici dobrého ptekladu, dale uvadi historii
strojovych piekladt. V dalsi ¢asti prvni podkapitoly jsou definovany strojové pieklady a
jejich metody pii prekladu, dale jsou okrajové definovany zpusoby, jakymi prekladaji
z originalniho jazyka do cilového. V posledni casti prvni podkapitoly jsou definovany
neuralni strojové pieklady, které jsou nejvyspé€lejsi metodou strojového piekladu. Druhou
podkapitolou teoretické Casti jsou online strojové pieklady. Zde se uvadi historie online
strojovych pireklada a jejich zplisob funkénosti. Dale jsou zde strojové piekladace, které
budou podrobeny analyze v této praci. Prvni piekladac, ktery je definovan je pieklada¢ od
spolec¢nosti Microsoft, jsou zde uvedeny jeho funkce 1 nédhled do jednoho z jeho rozhrani.
Dale v této casti je uvedeno, od jaké doby Microsoft zacal pouzivat metodu neuralnich

strojovych prekladd, i zptisoby jakymi se metody neuralnich strojovych prekladt vyuzivaji
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pravé v aplikaci Microsoft Translator. V zavéru této podkapitoly jsou definovany funkce
piekladace od firmy Google, jeho vlastnosti a funkce, je zde i zminéno od jaké doby Google
Pieklada¢ vyuziva neuralni strojové pieklady a jakym zptisobem je vyuziva. Obsahem
posledni podkapitoly teoretické ¢asti jsou hodnoceni strojovych ptekladi a také jaké jsou
mozné zpusoby hodnoceni kvality ptekladu, historie zplsobli hodnoceni strojovych

piekladu a je zde i zminka o vyuziti téchto metod.

Treti hlavni kapitola popisuje, jaka z metod byla vybrana pro porovnani dvou
vybranych piekladact. Metoda vyuziva korpusu, ten je navrzen autorem této prace a
vyuziva tfi vyukova skripta. Tyto skripta byly dale ptelozeny piekladaci, kazda skripta
obsahovala odlisnou odbornou terminologii. V zavéru této Casti je uvedeno, jakym
zpusobem byl prelozeny text prekladaci analyzovan pro tfi hlavni skupiny chyb lexikalni,
gramatické, a ptekladatelské. V prvni podkapitole metodologie jsou uvedeny tii autorovi
hypotézy. Prvni hypotéza pojednavé o tom, Ze neurdlni strojové piekladace maji dosahnou
srozumitelnému piekladu v pfelozeném jazyce. Druha hypotéza pojednava o tom, ze
nejcastéjs$i chyby prekladac¢ti budou chyby v gramatické skupiné chyb. Treti hypotéza
pojednavd o tom, ze Microsoft Translator ma diky castéjSimu vyuzivani na zaklade
integrace do programu Microsoft World dosahnout mensi chybovosti ptekladu nez druhy
piekladac¢ od firmy Google. V druhé podkapitole metodologie jsou uvedeny kategorie chyb
a také jaké typy chyb jednotlivé kategorie obsahuji a jakym zplsobem jsou tyto chyby
vyznaceny Vv korpusu. Lexikalni chyby jsou vyznacovany Zlutym zvyrazilovacem,
gramatické chyby jsou vyznacené zelenym zvyrazilovacem a posledni typ prekladatelské

chyby jsou vyznaceny Cervenym zvyraziovacem.

Ctvrta hlavni kapitola uvadi, jaky byl postup pfi analyze. Prvnim krokem bylo pielozit
skripta z ¢eského jazyka do anglického jazyka za pouziti vybranych piekladact. Druhym
krokem byla analyza textu i identifikace jednotlivych chyb a oznacit tyto chyby pfislusnou
skupinou chyb. Tietim krokem bylo vytvoteni graft pro piehledné zndzornéni ziskanych
dat o chybovosti obou piekladaci. Ctvrtym krokem bylo porovnani chybovosti obou
vhodnéjsi pro vyuziti pro strojové pieklady technickych textd. Patym a také poslednim

krokem analyzy bylo vytvoieni zavéru ze ziskanych dat.

Pata hlavni kapitola sdéluje zjisténi béhem analyzy a uvadi ptiklady chyb, které
strojové prekladace vytvorily. Hlavnim poznatkem bylo Zze Google ptekladac se dopustil tii

zasadnich chyb prekladu, pii¢emz Microsoft Translator se nedopustil ani jedné zasadni
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chyby ptekladu. Tyto chyby vytvofené Google pfekladacem obsahovaly neptelozenou Cast,
chybné piclozenou ¢ast a posledni chyba byla uplné vynechani ¢asti z véty, spolu

s pfedcasnym a zdvojenym ukoncenim véty.

V zévéru je popsano celkové shrnuti bakalaiské prace, zda se vytvotrené hypotézy
potvrdily nebo vyvratily, a také je zde uvedena problematika porovnani dvou piekladaci.
Jsou zde zminény moznosti navysujici pfesnost indikace kvality prekladi technickych textt

strojovymi piekladaci.
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Original, M 1-11 Microsoft Translator Google Translate Errors
Vektorovy obraz je slozen ze zakladnich A vector image is composed of basic geometric | A vector image is composed of basic geometric shapes, | GT-G
geometrickych tvard, mezi néz patii body, shapes, which include points, curves, lines, and points, curves, lines, and polygons.
ktivky, pfimky a mnohouhelniky. polygons.
Vektorova grafika se uplatiiuje v pocitacové Vector graphics are used in computer Vector graphics are used in computer typesetting, in
sazbé, pii tvorbé pocitatovych animaci, ilustraci | typesetting, in the creation of computer the creation of computer animations, illustrations, etc.
apod. animations, illustrations, etc.
Obraz v bitmapové grafice, jinak zvané rastrové | An image in bitmap graphics, otherwise called An image in bitmap graphics, otherwise known as GT-L
grafice, je slozen z barevnych bodi (pixeli). raster graphics, is composed of color points raster graphics, is composed of colored dots (pixels).
(pixels).
Potizeni obrazu je velmi snadné, lze pouzit Taking a picture is very easy, you can use a Taking a picture is very easy, you can use a camera,
fotoaparat, videokamera, skener a jina podobna | camera, camcorder, scanner and other similar camcorder, scanner and other similar devices.
zafizeni. devices.
Digitalni obraz je u bitmapové grafiky A digital image in bitmap graphics is In bitmap graphics, the digital image is characterized
charakterizovan jasem, barevnou hloubkou, characterized by brightness, color depth, by brightness, color depth, resolution, contrast,
rozliSenim, kontrastem, dynamickym rozsahem | resolution, contrast, dynamic range, and color dynamic range, and color model.
a barevnym modelem. model.
Jas je pro kazdy pixel definovan jako jeho Brightness is defined for each pixel as its Brightness is defined for each pixel as its luminosity.
svitivost. luminosity.
Maximalni hodnota jasu udava schopnost dané | The maximum brightness value indicates the The maximum brightness value indicates the ability of | MST-G
reprezentace obrazu rozliit rizné Grovné jasu = | ability of a given image representation to a given image representation to distinguish different
bitova hloubka obrazu. distinguish different levels of brightness = bit brightness levels = image bit depth.
depth of ll] image.
Jednotka pro bitovou hloubku obrazu je bpp The unit for bit depth of . image is bpp (Bits The unit for image bit depth is bpp (Bits per Pixel). MST-G
(Bits per Pixel). per Pixel).
Megapixel znaéi jeden milion pixell. Tato Megapixel means one million pixels. This unit Megapixel means one million pixels. This unit is used GT-L,
jednotka se pouziva u digitalnich kamer a is used for digital cameras and cameras. GT-G

fotoaparati.

IR digital cameras and camcorders.

Kontrast digitalniho obrazu je tizce spjat s
fyziologii lidského zrakového systému. Kontrast
digitalniho obrazu kvantifikuje rozdil nebo
podil jasu mezi nejsvétlej$imi a nejtmavsimi
oblastmi.

The contrast of the digital image is closely
related to the physiology of the human visual
system. Digital image contrast quantifies the
difference or proportion of brightness between
the lightest and darkest areas.

The contrast of the digital image is closely linked to the
physiology of the human visual system. Digital image
contrast quantifies the difference or proportion of

brightness between the lightest and darkest areas.

v

nazyva dynamicky rozsah.

The ratio of the highest and lowest brightness
values is called dynamic range.

The ratio of the highest and lowest brightness values is

called the dynamic range.

Table 1. Translations — M
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Original, M 1-11 Microsoft Translator Google Translate Errors
Pro barevné obrazy existuje fada barevnych | For color images, there are a number of color models | For color images, there are a number of color models | GT-L
modelii obsahujicich komponenty pro popis | that contain color label components. that include color description components.

barev.

Barevny model RGB vyuziva aditivni The RGB color model uses additive color mixing, The color model RGB uses additive color mixing, GT-L
michéni barev, konkrétné ¢ervené R(Red), specifically red R(Red), green G(Green), and blue namely red Red ( Red ), green G ( Green ) and blue

zelené G(Green) a modré B(Blue). B(Blue). B ( Blue).

Aditivni michani znamena, ze sectenim Additive mixing means that adding together the Additive mixing means that adding the individual

jednotlivych barevnych slozek vznikne individual color components produces the resulting color components produces the final color.

vyslednd barva. color.

Barevny model RGB se pouziva pii The RGB color model is used to display colors on | Color Model RGB is used to display colors on

zobrazovani barev na monitorech a riiznych | monitors and various displays. monitors and various displays.

displejich.

Variantou model RGB je model ARGB, kde | A variant of the RGB model is the ARGB model, The model RGB variant is model [l , where the | GT-G
je ke tfem zakladnim barvam piidan tzv. alfa | where an alpha channel is added to the three basic so-called alpha channel is added to the three basic

kanal oznacujici pruhlednost snimku. colors to indicate the transparency of the image. colors, indicating the transparency of the image.

Model lidského zrakového systému HVS The Human Visual System (HVS) model points to The Human Visual System (HVS) model points to

(Human Visual System) poukazuje na the fact that the human eye is less sensitive to color the fact that the human eye is less sensitive to color
skute¢nost, Ze lidské oko je méné citlivé na | components than to the brightness components of an | components than to the luminance components of an

barevné slozky nez na jasové slozky obrazu. | image. image.

Z toho diivodu je mozné barvy jistym For this reason, it is possible to suppress colors in a For this reason, it is possible to suppress . colorsin | GT-G,
zpusobem potladit, coz se déje vzorkovanim | certain way, which is done by sampling color-bearing | a certain way, which is done by sampling the color MST-L
barvonosnych slozek. components. components.

Histogram u obrazovych dat graficky The histogram of the image data graphically shows The histogram of the image data graphically shows

znazoriuje rozloZeni a Cetnost jednotlivych | the distribution and frequency of individual colors, the distribution and frequency of individual colors,

barev, odstinu $edé apod. shade of gray, etc. shades of gray, etc.

Vodorovna osa definuje jednotlivé urovné, The horizontal axis defines the individual levels, the | The horizontal axis defines the individual levels, the

svisla osa potom Cetnost. Z histogramu lze vertical axis then the frequency. From the histogram vertical axis then the frequency. The exposure of the

lehce vycist expozici daného obrazu. it is easy to read the exposure of the image. image can be easily read from the histogram.

Prokladani bylo zavedeno z diivodu Interlacing was introduced because of the fluidity of Interlacing was introduced because of the smoothness | MST-L

plynulosti pohybu ve videu pii snimkovych
frekvencich 25 nebo 30 snimki za sekundu.

motion in the video at frame rates of 25 or 30 frames
per second.

of motion in the video at frame rates of 25 or 30
frames per second.

Vyuzilo se nedokonalosti lidského oka
zachytit malé rychlé zmény v obraze.

The imperfection of the human eye was used to
capture small rapid changes in the image.

The imperfections of the human eye were used to
capture small rapid changes in the image.

Table 2. Translations — M
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Original M 1-9 Microsoft Translator Google Translate Errors
P1i prokladani je snimek rozdélen na dvé When interlacing, the frame is divided into two When interleaving, the image is divided into two GT-L, MST-L
pole (pulsnimky), jeden ptlsnimek fields (half-frames), one half-frame contains only fields (fields), one field contains only even lines of
obsahuje pouze sudé fadky snimku, druhy | even lines of the frame, the other half-frame the image, the other field contains only odd lines
pulsnimek obsahuje pouze liché fadky contains only odd lines of the array. of the field.
pole.
Pii téchto rychlostech lidské oko nedokaze | At these speeds, the human eye cannot notice the At these speeds, the human eye cannot notice the
postiehnout rozdil, vnima video jako difference, it perceives the video as smooth. difference, it perceives the video as smooth.
plynulé.
Video v po¢ita¢i ¢i zaznamovych Video on the computer or recording devices is - video on the computer or recording devicesis | GT-G, MST-G
zafizenich je uloZeno po celych snimcich, frames, the division into even and stored in whole frames, the division into even and
rozdéleni na sudy a lichy palsnimek odd half-frames occurs only when it is played. odd fields occurs only during its playback.
dochazi az pti jeho prehravani.
V piipadg, Ze vstupni obraz je Sirokothly a | If the input image is widescreen and the number of | If the input image is widescreen and the number of | GT-G
pocet sloupct je vyssi neZ je pocet columns is higher than the number of columns columns is higher than the number of columns
zobrazovanych sloupcii, obraz se zmensi. | displayed, the image is reduced. displayed, the image [l reduced.
Vznikne v pfipadé, kdy z ptivodniho It is created when a LetterBox is created from the It is created when a LetterBox with a 4: 3 aspect
formatu je vytvofen LetterBox na pomér original format for an aspect ratio of 4:3 and it is ratio is created from the original format and it is
stran 4:3 a ten je nasledné zobrazen na subsequently displayed on the display with an then displayed on a 16: 9 aspect ratio display.
zobrazovadi s pomérem stran 16:9. aspect ratio of 16:9.
V piipadé zobrazeni na obrazovku s In the case of display on a screen with a 4:3 aspect | When displayed on a 4: 3 screen, the image is GT-L
pomérem stran 4:3 se obraz bud’ ofeze po | ratio, the image is either cropped to the sides or either cropped to the sides or reduced using
stranach nebo se zmensi pomoci techniky reduced using the PanScan technique. PanScan.
PanScan.
Obsah scény digitalnich obrazii a videi The scene content of digital images and videos The scene content of digital images and videos MST-L
obsahuje ¢asto objekty s podobnym often contains objects with similar timbre or often contains objects with similar color or
zabarvenim éijasem. Sousedni piXélijOll brightness. Adjacent pixels are often very similar brightness. Neighboring piXElS are often very
casto velmi podobné a jsou korelovény jak | and are correlated in both space and time. similar and are correlated in both space and time.
v prostoru, tak i v Case.
Hodnota pixelu v obraze muize byt ¢asto The pixel value in an image can often be predicted | The value of a pixel in an image can often be GT-L
predikovana z uréité skupiny pixeld v from a certain group of pixels in the image (most predicted from a certain group of pixels in the
obraze (nejcastéji sousedni pixely). often adjacent pixels). image (most often neighboring pixels).
Informacni obsah jednotlivych pixelti je | Thus, the information content of individual pixels | The information content of each pixel is therefore | MST-L

tedy maly. K odstranéni redundance mezi
pixely se nejcastéji pouziva kodovani Run-
Length, kdy vystupem kodéru je dvojice
symbol+pocet symboli v fad¢.

is small. Run-Length encoding is most commonly
used to eliminate redundancy between pixels,
where the encoder output is a symbol+number of
symbols in a row pair.

small. Run-Length encoding is most often used to
eliminate redundancy between pixels, where the
encoder outputs a pair of symbols + number of
symbols in a row.
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Dale je vyuzivano prediktivni kédovani, které In addition, predictive coding is used, which Furthermore, predictive coding is used, which GT-L,
pracuje na principu, Ze nasledujici pixel stavi na works on the principle that the next pixel builds | works on the principle that the next pixel builds on | MST-L
predchozim pixelu. on the previous pixel. the previous pixel.
Vystupem prediktivniho koédovani je potom rozdil | The output of - coding is then the The output of the predictive coding is then the MST-G
mezi aktualni a predikovanou hodnotou. difference between the current and the difference between the current and the predicted
predicted value. value.
Pro redukci redundance v Case se pouzivaji To reduce redundancy over time, methods of Estimation and motion compensation methods are
metody odhadu a kompenzace pohybu. estimation and compensation of movement are | used to reduce redundancy over time.
used.
Podrobné&jsi popis zminénych principt a metod A more detailed description of these principles You will find a more detailed description of the
najdete v dal$ich kapitolach téchto skript. and methods can be found in the next chapters mentioned principles and methods in the next
of these scripts. chapters of these scripts.
Odstranénim této redundance se zabyvaji To eliminate this redundancy, techniques are This redundancy is addressed by techniques that GT-L
techniky, které standardni kod, kdy kaidy symbol involved in replacing standard code, where each replace the standard code, where each symbol is
je kodovan k(’)dovym slovem fixni délky, nahradi symbol is encoded with a fixed-length code encoded with a fixed-length codeword, with a
kodem proménné délky. word, with a variable length code. variable-length code.
Délka kodi predstavujicich jednotlivé symboly The length of the codes representing each The length of the codes representing each symbol
zavisi na pravdépodobnosti vyskytu kazdého symbol depends on the probability of each depends on the probability of each symbol
symbolu. symbol occurring. occurring.
Plati pravidlo, Ze s rostouci pravdépodobnosti As a rule, as the probability of a given symbol The rule is that as the probability of a given
daného symbolu klesa pocet biti potiebnych na increases, the number of bits needed to express symbol increases, the number of bits needed to
vyjadieni symbolu. the symbol decreases. express the symbol decreases.
Typickymi zastupci metod odstranujicich Typical representatives of methods that Typical representatives of code redundancy
kédovou redundanci jsou Huffmanovy kody, eliminate code redundancy are Huffman codes, removal methods are Huffman codes, dictionary
slovnikové kOdy a aritmetické kédy dictionary codes, and arithmetic codes. codes, and arithmetic codes.
Jasové maskovani se zamétuje na vnimani jasu Brightness masking focuses on the perception of | Brightness masking focuses on the perception of
lidskym zrakovym systémem. brightness by the human visual system. brightness by the human visual system.
Webertiv zakon plati pro velky rozsah hodnot /. Weber's law applies to a large range of | values. | Weber's law applies to a wide range of values I .
Ze vztahu je patrné, Ze pro svétlé pozadi je It is clear from the relationship that for a light It is clear from the relationship that for a light MST-L,
zapotiebi vEtsi rozdil intenzit jasu pro rozeznani background, a greater difference in brightness background a larger difference in brightness GT-L

dvou objektl, pro tmavé pozadi je zapotiebi
mens$i rozdil intenzit pro rozeznani dvou objektt.

intensities is needed to distinguish two objects,
for a dark background, a smaller difference in
intensity is needed to recognize two objects.

intensities is needed to recognize two objects, for a
dark background a smaller difference in intensities
is needed to recognize two objects.
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Frekvenéni maskovani neni zavislé na obsahu | Frequency masking does not depend on the content | Frequency masking does not depend on the content
scény. of the scene. of the scene.
Lidsky zrakovy systém je vice nachylny na The human visual system is more susceptible The human visual system is more susceptible to the MST-G,
nizkofrekvenéni slozky obrazu neZ na components of the image than low-frequency components of the image than to the MST-G
vysokofrekvenéni. ones. high-frequency.
Vysokofrekvenéni slozky se tedy mohou v Thus, high-frequency components can be Thus, the high frequency components can be
urdité mife potlaovat bez viditelné degradace | suppressed to some extent without visible image suppressed to some extent without visible image
obrazu. degradation. degradation.
Docasné maskovani je mozné vyuzit u video- | Temporary camouflage can be used for video Temporary masking can be used for video sequences, | GT-L
sekvenci, kdy pfi zmén€ scény ve videu lidské | sequences, when changing a scene in a video, the when the human eye does not fully perceive details
oko urcitou dobu plné nevnima detaily. human eye does not fully perceive the details for a for a while when Changing the scene in the video.
certain period of time.
Lidsky zrakovy systém je vice citlivy na jas The human visual system is more sensitive to The human visual system is more sensitive to
nez na barvu. brightness than to color. brightness than to color.
Méfeni a hodnoceni vizualni kvality Measuring and evaluating the visual quality of digital | Measuring and evaluating the visual quality of digital | MST-L
digitalnich obrazil a videi je velmi slozité, images and videos is very complex, as quality is images and videos is very complex, as quality is
nebot’ kvalitu ovliviiuje mnoho na sobé influenced by many independent factors. affected by many independent factors.
nezavislych faktord.
Kvalitu obrazu Ize hodnotit bud’ subjektivné Image quality can be evaluated either subjectively or | Image quality can be evaluated either subjectively or
nebo objektivné. objectively. objectively.
Subjektivni méteni kvality je velmi zavislé na | Subjective quality measurement is highly dependent | Subjective quality measurement is highly dependent GT-L
pozorovateli a nelze tedy uréit ¢i definovat on the observer and therefore it is not possible to on the observer and it is therefore not possible to
piesné kvalitativni méfitko. determine or define an accurate quality scale. determine or define an exact quallty measure.
U objektivniho méfeni existuji dana kritéria i In objective measurement, there are given criteria For objective measurement, there are criteria and
méfitko, avSak systémy, méfici obrazova data | and a scale, but systems measuring image data scales, but systems that measure image data
objektivné, nemohou kompletné reprodukovat objectively cannot completely reproduce subjective ObjectiVEIy cannot CompletEIy reprOdUCE SUbjeCtive
subjektivni vnimani. perception. perception.
Hodnotitel tedy nikdy nevi, zda se jedna o Therefore, the evaluator never knows whether it is Therefore, the evaluator never knows whether it is
original ¢i upravenou kopii. an original or a modified copy. the original or a modified copy.
Na konci testovani jsou vysledky At the end of testing, the results are converted to a At the end of testing, the results are converted to . GT-G
konvertovany do normalizovaného rozsahu. normalized range. normalized range.
Expert v oblasti kompresi An expert in the field of video/image compression An expert in video / image compression can evaluate | MST-L

videosekvenci/obrazu miaze hodnotit
neobjektivné.

can evaluate biased.

biasedly.
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Objektivni méfeni kvality 1ze na rozdil od Objective quality measurement, unlike subjective Unlike subjective quality measurement, objective GT-L
subjektivniho méteni kvality plné quality measurement, can be fully automated by quality measurement can be fully automated by
automatizovat algoritmizaci. algorithms. algorithmization.
Tim je méfeni podstatné levnéjsi. Vyvojati This makes the measurement significantly cheaper. | This makes the measurement significantly cheaper. GT-L
kompresnich technik obrazu a videa ¢asto Developers of image and video compression Developers of image and video compression
pouiivaji objektivni techniky diky I'yCthSti techniques often use objective techniques due to teChniqUES often use Objective tEChniqueS due to the
a jednoduchosti implementace a moZnosti the speed and simplicity of implementation and the | speed and simplicity of implementation and the
realného srovnani vysledkl s konkurenci. possibility of a real comparison of results with ability to realistically compare results with

competitors. competitors.
Tato metoda ma vSak své limity. However, this method has its limits. However, this method has its limits.
V soucéasné dobé existuji i mnohem At present, there are also much more sophisticated | At present, there are also much more sophisticated
propracovanéjsi metody pro méfeni kvality, | methods for measuring quality that take into methods for measuring quality that take into account
které berou v uvahu realné lidské vnimani. account real human perception. real human perception.
Vyjadiena podobnost by tedy méla Thus, the expressed similarity should correspond to | The similarity expressed should therefore
odpovidat tomu, jak rozdil vnim4 lidské oko. | how the difference is perceived by the human eye. | correspond to how the difference is perceived by the

human eye.

Metoda pracuje s predpokladem, Ze jas na The method works with the assumption that the The method works on the assumption that the
povrchu objektu je produktem osvétleni a brightness on the surface of the object is a product | brightness on the surface of the object is a product of
odrazu, ale struktura objektﬁje najasu of illumination and reflection, but the structure of illumination and reflection, but the structure of the
nezavisla. the objects is independent of brightness. objects is independent of the brightness.
Snahou tviirct této metody je odstranit vlivy | The aim of the creators of this method is to The creators of this method strive to eliminate the
osvétleni na vysledky méfeni podobnosti. eliminate the effects of lighting on the results of effects of lighting on the results of similarity

similarity measurements. measurements.
Autofi tento postup ale nedoporucuji, However, the authors do not recommend this However, the authors do not recommend this GT-L
navrhuji oba obrazové signaly rozdélit na procedure, they propose to divide both image procedure, they suggest splitting both video signals
pole o velikosti 8x8 px a SSIM index signals into an array of 8x8 px and calculate the into an 8x8 px field and calculating the SSIM index
spocitat pro kazdé dvé odpovidajici si pole SSIM index for each two corresponding fields for each of the two corresponding fields separately.
zvIast. separately.
Pii kddovani obrazovych dat se Casto misto | When encoding image data, differences between When encoding image data, differences between
hodnot pixelt koduji rozdily mezi pixel values and their prediction are often encoded | pixel values and their predictions are often encoded
hodnotami pixeli a jejich predikei. instead of pixel values. instead of pixel values.
Prediktivnimu kodovani u obrazovych dat Predictive encoding of image data is greatly helped GT-G

velmi napomaha vzajemna
prostorova/Casova korelace mezi pixely.

by the spatial/temporal correlation between pixels.

Predictive coding for image data is greatly aided .
_q correlation between pixels.

Table 6. Translations - M

41




Original, M 1-10 Microsoft Translator Google Translate Errors
Pti ptedpokladu, Ze hodnota pixelu Assuming that the pixel value of the original image Assuming that the pixel value of the original image
originalniho obrazu je vyjadfena osmi is expressed by eight bits, the image has 256 levels. | is expressed as eight bits, the image has 256 levels.

bity, ma obraz 256 urovni.

Blokové schéma zakladniho kodéru a Block diagram of the basic DPCM encoder and Block diagram of basic encoder and DPCM decoder | GT-L
dekodéru DPCM decoder

V ptikladech popsanych v ptedchozi In the examples described in the previous chapter, In the examples described in the previous chapter, a

kapitole se pouzival sousedni the adjacent reconstructed pixel was used to predict | neighboring reconstructed pixel was used to predict
rekonstruovany pixel pro predikei prav€ | the pixel being encoded. the currently encoded pixel.

kédovaného pixelu.

Obecné v systémech DPCM je hodnota | In general, in DPCM systems, the pixel value is first In general, in DPCM systems, the pixel value is first

pixelu nejprve predikovéna, nasledné je | predicted, then the difference between the actual predicted, then the difference between the actual and
VypOéitél’l rozdil mezi skute¢nou a and predicted value of the signal is calculated, and prediCted Signal value is calculated, and this

predikovanou hodnotou signalu a tento this difference is finally quantized. difference is finally quantized.

rozdil je nakonec kvantovan.

Vyuziva se naptiklad v kompresnim It is used, for example, in the compression standard | It is used, for example, in the compression standard GT-T

standardu pro obraz JPEG, v

kompresnich kodérech pro video
MPEG. H.26x apod.

for JPEG images, in compression encoders for MPEG
video. H.26x etc.

for JPEG images, in compression encoders for
MPEG video. H.26x i

Vzorky z prostorové oblasti jsou
transformovany do jiné reprezentace
(transformacni domény).

Samples from the spatial region are transformed
into another representation (transformation
domain).

Spatial samples are transformed into another
representation (transformation domain).

Diky tomu je velmi tézké data v
prostorové oblasti redukovat bez ztraty
kvality vysledného obrazu.

This makes it very difficult to reduce the data in the
spatial area without losing the quality of the
resulting image.

This makes it very difficult to reduce spatial data
without losing the quality of the resulting image.

Transformacni kédovani koncentruje
energii do malého poctu vzorkt, které
jsou v8ak velmi dulezité — dekoreluje
vstupni data.

Transformation coding concentrates energy in a
small number of samples, which are very important
— it decorates the input data.

Transform coding concentrates energy into a small
number of samples, which are very important - it
decorates the input data.

Transformace, které jsou vyuzivany pfi
kompresi obrazovych dat, jsou vzdy
linearni.

The transformations that are used in image data
compression are always linear.

The transformations that are used to compress image
data are always linear.

Pro digitalni obrazy a video se vyuziva
transformace dvourozmeérna (2D).

For digital images and video, two-dimensional (2D)
transformation is used.

Two-dimensional (2D) transformation is used for
digital images and video.
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Diskrétni kosinova transformace se pouziva | Discrete cosine transformation is used in image Discrete cosine transform is used in image and GT-L
v obrazovych a video kodecich diky tomu, and video codecs due to the fact that it can video codecs because it can efficiently transform

7e dokaze efektivné transformovat obraz do efficiently transform an image into a form that is an image into a form that is suitable for

podoby, ktera je vhodna ke kompresi a suitable for compression and at the same time compression and at the same time because it is

zérovei proto, Ze je vhodna jak k because it is suitable for both software and suitable for both software and hardware

softwarové, tak i hardwarové implementaci. | 3 dware implementation. implementations.

Tento interval se nazyva NOSIC. This interval is called This interval is called the CARRIER. MST-G
Cislicové systémy se dnes realizuji nékolika | Digital systems today are implemented in several | Digital systems are implemented today in several
zakladnimi zpusoby. basic ways. basic ways.

Komponenty ¢islicovych systémt se Components of digital systems are produced Digital system components are manufactured

vyrabéji prakticky vyhradné ve formé almost exclusively in the form of integrated almost exclusively in the form of integrated

integrovanych obvodu. circuits. circuits.

Nabizena feseni jsou proto vétsinou The solutions offered are therefore mostly The offered solutions are therefore mostly

univerzalni, pouzitelna v Sirokém spektru universal, usable in a wide range of devices and universal, usable in a wide range of devices and

zafizeni a systémul. systems. systems.

Pro sloZité systémy byly vytla¢eny For complex systems, they have been displaced For complex systems, they have been pushed out | MST-L
programovatelnymi logickymi obvody a by programmable logic circuits and by programmable logic circuits and

mikrokontroléry, ale i tyto pI'ka nejsou microcontrollers, but even these elements are microcontrollers, but even these elements are not

schopny pracovat bez zékladnich logickych | hot able to work without basic logic circuits. able to work without basic logic circuits.

obvodii.

Bylo by mozné oc¢ekavat, ze pro vyjadieni It would be expected that in order to express the | It would be expected that it would be necessary to
logickych funkci vétsiho po¢tu proménnych | logical functions of a larger number of variables, | introduce other more complex basic logic

bude nutné zavadét dalsi SlOilté_]ﬁ zékladni it would be necessary to introduce other more functions to express the |Ogica| functions of a

logické funkce. complex basic logical functions. larger number of variables.

Lze v8ak ukazat, Ze jakoukoliv kombina¢ni However, it can be shown that any combinatorial | However, it can be shown that any combinational

logickou funkci libovolného mnozstvi logical function of any number of variables can logic function of any number of variables can be
proménn}'/chje mozné Vyjédf‘it pOIIlOCi be expressed using several elementary logical expressed using several elementary |OgiC

nékolika elementarnich logickych funkci. functions. functions.

Pravdivostni tabulka obsahuje vstupni a The truth table contains input and output logical | The truth table contains input and output logical

vystupni logické proménné. variables. variables.

Pii tomto zplsobu zapisu vyjadiuji uvedena | In this way of writing, the given numbers express | In this notation, the numbers indicate the status of | MST-L

Cisla stav jednotlivych vstupnich
proménnych a oznacuji se jako stavovy
index.

the state of each input variable and are referred
to as the status index.

the individual input variables and are referred to
as the status index.
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Pravdivostni tabulka pfedstavuje The truth table is the easiest way to write The truth table is the simplest way to write GT-L
nejjednodussi zpiisob zapisu kombinacnich | combination logical functions. combinational logic functions.

logickych funkci.

Pfi vétsim poctu vstupnich proménnych v8ak | However, with a larger number of input variables, | However, with a large number of input variables, MST-L
miize byt tento zplsob zapisu nepohodlny this method of writing can be inconvenient for a this method of writing can be inconvenient for a

pro znacny pocet radku tabulky. significant number of table rows. Iarge number of table rows.

Prvni z téchto zplisobt zapisu je tvofen The first of these ways of writing is formed by the The first of these notation methods is the sum of the | MST-L, GT-L
souctem soucinovych terma. sum of the product terms. product terms.

Mezi zapisem kombinac¢ni logické funkce There is a close connection between writing a There is a close connection between writing a

pomoci pravdivostni tabulky a zapisem této | combinatorial logical function using a truth table combinational logic function using a truth table and

funkce v ﬁplném souctovém nebo and writing that function in full sum or product ertlng this function in full sum or prOdUCt form.
soucinovém tvaru je Uzka souvislost. form.

Pfi ndkresu mapy na rovinny list je mozno When drawing the map on a planar sheet, this When drawing the map on a planar sheet, this

tuto podminku dodrzet, neni-li pocet condition can be met if the number of input condition can be met if the number of input

vstupnich proménnych vétsi neZ Ctyfii. variables is not more than four. variables is not greater than four.

Ke zjednodu$ovani se pouzivaji rizné Various methods are used for simplification, of Various methods are used for simplification, of

metody, z nichz zde uvedeme metodu which we will present here the method of which we present here the method of algebraic
algebraickych uprav a metodu vyuzivajici algebraic adjustment and the method using adjustments and the method using Karnaugh maps.
Karnaughovych map. Karnaugh maps.

I na slozitéjsi algoritmy, pouzivané v However, even more complex algorithms used in However, even more complex algorithms used in GT-L
pocitatovych programech, mizeme vSak computer programs can often be viewed without computer programs can often be seen without much

Casto bez velké ujmy na pfesnosti pohliiet much harm to accuracy as algorithms that, at least loss of accuracy as algorithms that, at least from the

jako na algoritmy, které aspon z hlediska from the user's point of view, work similarly to user's point of view, work similarly to methods

uzivatele funguji obdobné jako metody methods based on the use of Karnaugh maps. based on the use of Karnaugh maps.

zalozené na pouziti Karnaughovych map

Pii zobrazeni v mapé jsou takové dvojice When displayed on a map, such pairs of minterms | When displayed on the map, such pairs of minterms | GT-L
mintermut ziejmé na prvni pohled a jejich are obvious at first glance, and merging them are obvious at first glance, and merging them

slou¢eni znamena jejich nahrazeni termem s | means replacing them with a term with a number means replacing them with a term with one smaller

poctem proménnych o jednu mensi. of variables one smaller. number of variables.

Podobn¢ dvé takové dvojice spolu Similarly, two such pairs of adjacent cells represent | Similarly, two such pairs of contiguous cells GT-T, GT-L

sousedicich bun€k predstavuji ctveftici,
vyjadiujici term, u né¢hoz je vyloucena
proménna, kterd v piivodnich termech méla
nestejny znak inverze, tj. v jedné
vystupovala pfimo a v druhé v inverzi.

a foursome, expressing a term in which a variable
is excluded that in the original terms had an
unequal sign of inversion, i.e. in one it acted
directly and in the other in inversion.

represent a , expressing a term for which
a variable is excluded, which in the original terms
had an unequal sign of inversion, i.e. in one it acted
directly and in the other in inversion.
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Pfi slu€ovani termti v mapé vyznacujeme When merging the terms in the map, we mark the When merging terms in the map, we mark the

slu¢ované buitky pomoci smycek. merged cells using loops. merged cells using loops.

Realizaci kombinaéni logické funkce By implementing a combination logic function, we By the implementation of a combinational logic GT-L
rozumime sestaveni schématu zapojeni mean the compilation of a circuit wiring diagram that | function we mean the construction of a circuit

obvodu, ktery ze vstupnich proménnych creates output variables from input variables in diagram which, from the input variables, creates

vytvoii vystupni proménné v souhlasu se accordance with the specified logical function. the output variables in accordance with the given

zadanou logickou funkci. logic function.

Ve zvlastnich ptipadech lze k realizaci In special cases, other means (e.g. transistors and In special cases, other means (. transistors and GT-G,
kombinacni logické funkce vyuzit i jinych diodes) can also be used to implement the diodes) can be used to implement the GT-T
prostfedkﬁ (napf. tranzistort a diod), coz combination logic function, which may be appropriate, combinational |OgiC function, which may be

mize byt vhodné napriklad tam, kde nemame | for example, where we do not have a suitable power suitable, for example, where we do not have a

k dispozici vhodny napajeci zdroj pro digitalni supply for digital circuits and its creation would be suitaple power supply for digitf'il circuits and its

obvpdy ajeho \.zyt\jofeni by I?ylo slozit€j$inez | ore complicated than the implementation of the creation wou_ld be more com_pllc_ated than_ the

reahzacre komoblnacnl logické funkce combinatorial logic function in this way. |mplgmentat|on of the combinational logic

uvedenym zpisobem. function NG

Vyhodou je, Ze signal ze sou¢inové ¢asti The advantage is that the signal from the product part | The advantage is that the signal from the product | GT-L
postupuje do souctové ¢asti uvniti pouzdra, progresses to the sum part inside the housing, so part proceeds to the sum part inside the housing,

takZe je zde mensi zpozdéni, nez kdyby musel | there is less delay than if it had to pass through the so there is less delay than if it had to pass through
prochazet ptes vyvody. pins. the terminals.

Datové vstupy jsou ocislovany a jejich pocet The data inputs are numbered and their number The data inputs are numbered and their number

se shoduje s poétem moznych adresovych coincides with the number of possible address matches the number of possible address

kombinaci. combinations. combinations.

Signal z datového vstupu s Cislem The signal from the data input with a number The signal from the data input with the number
odpovidajicim dekadické hodnot¢ adresy je corresponding to the decimal value of the address is corresponding to the decimal value of the address
multiplexorem pfeveden na V}'fstup. converted to the output by the multiplexer. is converted to output by the multiplexer.

Tyto obvody se vyrabéji ve velkych sériich, These circuits are produced in large series, so they are | These circuits are manufactured in large series, so | MST-L

jsou proto levné a dokonale propracované z
hlediska funk¢nich vlastnosti.

inexpensive and perfectly sophisticated in terms of
functional properties.

they are cheap and sophisticated in terms of
functional properties.

Jsou proto vhodné tam, kde potfebujeme
realizovat slozité funkce mnoha proménnych,
zejména odpovida-li pocet realizovanych
funkei poctu vystupi vyrabénych paméti.

They are therefore suitable where we need to realize
complex functions of many variables, especially if the
number of realized functions corresponds to the
number of outputs produced by the memory.

They are therefore suitable where we need to
implement complex functions of many variables,
especially if the number of implemented functions
corresponds to the number of outputs produced by
memory.
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Realizace pomoci multiplexer je vhodna Implementation using multiplexers is suitable for | Implementation using multiplexers is suitable for

pro jednu funkeci (nebo maly pocet funkci) s | one function (or a small number of functions) one function (or a small number of functions)

nevelk}'/m poctem Vstupnich proménn}'lch with a small number of input variables (four to with a small number of input variables (fOUr to

(Gtyfi aZ pét, kde 1ze vystadit s jednim five, where it is possible to make do with one five, where one multiplexer housing can suffice).
pouzdrem multiplexeru). multiplexer housing).

Pamétové buiky se proto umist'uji do Therefore, memory cells are placed in a matrix in | Memory cells are therefore placed in a matrix in

matice, v niz se kazd4 buiika adresuje which each cell is addressed coincidentally using | Which each cell is addressed coincidentally with
koincidenéné pomoci vybraného sloupce a the selected column and row. the selected column and row.

fadku.

Tato pamét’ se pouziva obdobné jako pamét’ | This memory is used similarly to ROM memory. This memory is used similarly to ROM. GT-L
ROM.

Pokud je na elektrodé D nulové napéti, If there is zero voltage on the electrode D, there If there is zero voltage on the electrode D, no MST-L
kanalem netece proud a nedojde k pfeskoku | is no current flowing through the channel and current flows through the channel and no electron
elektront a naprogramovéni pamét’ové electrons will not jump and the memory cell will JUmp and no programming of the memory cell

buiiky. be programmed. occurs.

ProtoZe k tunelovani dochazi pti velké Since tunneling occurs at a high intensity of the Because tunneling occurs at high electric field

intenzité elektrického pole mezi témito electric field between these electrodes, no strengths between these electrodes, no current
elektrodami, neni nutny 28’.(111}’/ proud current through the channel is required. thrOUgh the channel is requirEd.

kanalem.

Proces tunelovani je relativné pomaly a The tunneling process is relatively slow and the The tunneling process is relatively slow, so GT-L
pomalé je tedy i programovani pamétovych | programming of memory cells is also slow. memory cell programming is slow.

bun¢k.

Programovani probiha injekci horkych Programming is done by injecting hot electrons The programming is performed by injecting hot

elektroni z kanalu pfi pfivedeném zvySeném | from the channel with an increased voltage at electrons from the channel at an increased voltage

napéti na fidicim hradle. the control gate. applied to the control gate.

VétSina pamét'ovych Cipl proto v sobé Most memory chips therefore contain a charge Therefore, most memory chips contain a charge

obsahuje nabojovou pumpu (charge pump), | pump, which ensures the generation of the pump, which ensures the generation of the

ktera zajisti Vygenerovéni potfebného necessary programming voltage. necessary programming VOItage.

programovaciho napéti.

Vyrobei se proto snazi o vyvinuti novych Therefore, manufacturers are trying to develop Manufacturers are therefore trying to develop - GT-G

pamétovych bunék, zalozenych na jiném
principu ulozeni informace.

new memory cells, based on a different principle
of storing information.

on a different principle of
storing information.

Magnetické pole proménné magnetické
vrstvy je tedy fizené vybuzenym
magnetickym polem pii zapisu logického
stavu bitu.

The magnetic field of the variable magnetic layer
is thus controlled by the excited magnetic field
when writing the logical state of the bit.

The magnetic field of the variable magnetic layer
is thus controlled by the excited magnetic field
when writing the logic state of the bit.
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Zatimco u klasickych bun¢k paméti RAM | While in classic RAM cells there is a loss of charge | While in conventional RAM cells the charge GT-L, GT-L
dochazi s Gasem a se zjistovanim stavu with time and with the determination of the bit decreases with time and bit status and it is
bitu k ﬁbytku néboje aje nutné po Case state and it is necessary to regenerate the cells necessary to regenerate the cells over time, in
buniky tzv. regenerovat, u paméti MRAM | oyer time, with MRAM nothing like this is MRAMs nothing like this is necessary.
neni nic takového nutné. necessary.
Méfeny proud je porovnavan s referenéni | The measured current is compared with the The measured current is compared with the
hodnotou proudu protékajiciho strukturou reference value of the current flowing through the reference value of the current flowing through
pf'l stavu L. structure at the L state. the structure at state L.
Paméti RWM (Read Write Memory) jsou Read Write Memory (RWM) is read/write memory. | RWM (Read Write Memory) is a memory for MST-L, GT-L
paméti urcené pro opakované ¢teni i zapis. read and write.
Zakladem téchto paméti byva bistabilni The basis of these memories is a bistable flip-flop The basis of these memories is usually a GT-L
klopny obvod. circuit. bistable flip-flop.
V realnych podminkach musime vychazet | In real conditions, we have to start from a very In real conditions we have to start from a very
z velmi malé kapacity pamétového small capacity of the memory capacitor. small capacity of the memory capacitor.
kapacitoru.
Ty se nasledné podle étené informace These are then switched to a stable state according | These are then switched to a stable state
pteklopi do stabilniho stavu, a tim obnovi | to the read information, thereby restoring the according to the read information, thus restoring
uloZenou informaci. stored information. the stored information.
K vlastnimu navrhu je mozné pfistoupit az | It is possible to proceed to the actual design only It is possible to proceed to the design itself only | GT-L
po vykonani dalsich krokd, které se after performing the next steps, which are after performing other steps, which are
souhrnné nazyvaji fyZley navrh. collectively called a physical design. CO”eCtiVEly called phySical dESign.
Pii fyzickém navrhu postupujeme vétSinou | When making a physical design, we usually In the physical design, we usually proceed with
s ohledem na nejméné piiznivé podminky. proceed with regard to the least favorable regard to the least favorable conditions.
conditions.
Cilem fyzického navrhu je bezpe¢na The goal of physical design is the safe function of The goal of physical design is the safe operation
funkce navrzenych zafizeni a jednoduchost | the designed devices and the simplicity of the of the designed devices and the simplicity of the
navrhu. design. design.
Bipolarni technologie je nejstarsi, do Bipolar technology is the oldest, deeply developed | Bipolar technology is the oldest, most in-depth GT-L

hloubky propracovana a diive hodné
pouzivana skupina logickych obvodi.

and previously widely used group of logic circuits.

and previously widely used group of logic
circuits.

Zakladem kazdého typu digitalnich
integrovanych obvodt je moznost
realizace logickych funkci.

The basis of each type of digital integrated circuits
is the possibility of realizing logical functions.

The basis of every type of digital integrated
circuits is the possibility of implementing logic
functions.
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Dalsi varianty obvodi byly vyvinuty s Other circuit variants have been developed with Other circuit variants have been developed to either

cilem bud’ zmensit ptikon nebo zmensit the aim of either reducing power consumption or reduce power consumption or signal delay, or

zpoidéni signélu nebo v optimélnim signal delay or, in the optimal case, reducing both Optlma”y reduce both power Consumption and

ptipadé zmensit i pfikon i zpozdéni. power consumption and delay. delay.

Vétsina bipolarnich obvoda TTL je v Most of the bipolar TTL circuits are nowadays Most TTL bipolar circuits are nowadays replaced

dnes$ni dobé nahrazena ObVOdy A% replaced by circuits in unipolar technology, but for by unipolar circuits, but for an overview we will

technologii unipolarni, pro pfehled zde ale | an overview we will give examples in the show examples of differences in the parameters of

uvedeme ukazky v rozdilech parametrii differences in the parameters of individual circuit individual circuit series.

jednotlivych obvodovych fad. series.

Je uvazovana diodova varianta vstupu A diode variant of the LS series gate inlet is A diode variant of the LS series gate input is

hradla fady LS. considered. considered.

Uvadéné hodnoty jsou pouze orientaéni. The stated values are only indicative. The values given are for guidance only. GT-L
Pii priblizovani dvou atomt dochdzi k When two atoms approach, there are When two atoms approach, there are manifestations
projevim pfitazlivych (vazebnich, manifestations of attractive (binding, attractive) of attractive (binding, attractive) and repulsive

atraktivnich) a odpudlvych (I'eplllSiVl’liCh) and repulsive (repulsive) forces. (repulsive) forces.

sil.

V piipadé¢ velké vzdalenosti mezi In the case of a large distance between individual In the case of a large distance between individual
jednotlivymi atomy je energetické atoms, the energy spectrum is linear, since the atoms, the energy spectrum is linear because the

spektrum carove, protoiejednotlivé atomy | individual atoms do not interact with each other. individual atoms do not interact with each other.

spolu neinteraguji.

Pokud bude energie nékterého elektronu If the energy of an electron is greater than this If the energy of an electron is greater than this

vétsi, nez je tato energie, mize dojit k jeho | energy, it can be released from the crystal. energy, it may be released from the crystal.

uvolnéni z krystalu.

Posledni tti pasy — vodivostni, zakazany a | The last three bands — conductivity, forbidden and | The last three bands - conductivity, forbidden and GT-L

valen¢ni — svoji polohou a energetickou
Sitkou urcuji zakladni vlastnosti pevnych
latek z hlediska vedeni elektrického
proudu (pienosu naboje).

valence — by their position and energy width
determine the basic properties of solids in terms of
conduction of electric current (charge transfer).

valence - with their position and energy width
determine the basic properties of solids in terms of
current conduction (charge transfer).

Objev dovolenych a zakazanych past
energie v krystalickych latkach vedl k
jednoduchému a nazornému vykladu
elektrické vodivosti.

The discovery of permitted and forbidden bands of
energy in crystalline substances led to a simple and
illustrative interpretation of electrical conductivity.

The discovery of allowed and forbidden energy
bands in crystalline substances has led to a simple
and illustrative interpretation of electrical
conductivity.

Table 13. Translations — NSD, ESS

48




Original, ESS 1-5

Microsoft Translator

Google Translate

Errors

Vypocty pti teploté absolutni nuly jsou
jenom teoretickou abstrakcei, ktera nam
umoziuje jednodussi postupy a snazsi
pochopeni problému nez pii uvazovani
redlnych teplot.

Calculations at absolute zero are only a theoretical
abstraction that allows us simpler procedures and
easier to understand the problem than when
considering real temperatures.

Calculations at absolute zero temperature are just a
theoretical abstraction, which allows us to simplify
procedures and easier to understand the problem
than when considering real temperatures.

Za teploty 0 K je vodivostni pas prazdny, | Atatemperature of 0K, the conductivity band is At 0 K, the conduction band is empty, ie there are GT-L
tj. v polovodiéi nejsou zadné volné empty, i.e. there are no free electrons in the no free electrons in the semiconductor that could
elektrony, které by mohly vést proud. semiconductor that could conduct current. conduct current.
Kladny iont se muze zneutralizovat A positive ion can be neutralized by receiving an A positive ion can be neutralized by accepting an
pfijetim elektronu, ktery k nému piejde ze | electron that passes to it from a neighboring atom. | electron that passes to it from a neighboring atom.
sousedniho atomu.
Takovyto mechanismus pohybu elektronu | We refer to such a mechanism of electron motion | We refer to such an electron motion mechanismas | GT-G
oznacujeme jako dérovou vodivost, as hole conductivity to distinguish it from electrons hole conductivity to distinguish it from electrons
abychornjej rozliili od elektronii released from the bond between atoms. released from between atoms.
uvolnénych z vazby mezi atomy.
Intrinzické polovodice se proto bézné Therefore, intrinsic semiconductors are not Intrinsic semiconductors are therefore not
nepouzivaji. commonly used. commonly used.
Table 14. Translations - ESS
Original Microsoft Translator Google Translate
Words 2212 2766 2699
Characters with spaces 15500 17016 16649
Table 15. Words and Characters of original and translated texts
M NSD ESS
Original characters 8268 6001 1231
Characters after Microsoft Translator 9155 6532 1329
Characters after Google Translate 9001 6337 1311
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Microsoft Translator M NSD ESS
Lexical errors 9 7
Grammatical errors 7 0
Translation Errors 0 0 0

Table 17. Errors made by the Microsoft Translator

Google Translate

NSD

ESS

Lexical errors 17 16
Grammatical errors 8 2
Translation Errors 1 2

Lexical errors

Grammatical errors

Translation Errors

Microsoft Translator

16

7

0

Google Translate

35

11

3
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