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Cha bhreugnaichear an seanfhacal
“There’s no way belying a proverb”
—Scottish Gaelic Proverb

An idiomatic expression or construction is someaha language user
could fail to know while knowing everything elsetia language.
—Fillmore; Kay; O’ Connor, 1988: 504

If natural language had been designed by a logicidioms would not
exist.
—Johnson-Laird, 1993, cited in Cacciari & Tabo&893: vii

Speak idiomatically unless there is some good reasv to do so.
—Searle, 1975: 76
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KURZZUSAMMENFASSUNG

Idiomatische Redewendungen stellen fiir heutige hiaslte
Ubersetzungssysteme eine besondere Herausfordedang da ihre
Ubersetzung nicht wortlich, sondern stets sinngesrdgen muss. Die
vorliegende Dissertation zeigt, wie mit Hilfe eind€orpus sowie
morphosyntaktischer Regeln solche idiomatische Reddungen erkannt
und am Ende richtig Ubersetzt werden kénnen. Dieeifihrt den Leser
im ersten Kapitel allgemein in das Gebiet der Masalen Ubersetzung
ein und vertieft im Anschluss daran das Speziagebder
Beispielbasierten Maschinellen Ubersetzung. Im Eodign widmet sich
ein wesentlicher Teil der Doktorarbeit der Theotiber idiomatische
Redewendungen. Der praktische Teil der Arbeit besbbh wie das
hybride Beispielbasierte Maschinelle Ubersetzungiesy METIS-II mit
Hilfe von morphosyntaktischen Regeln befahigt wurdeestimmte
idiomatische Redewendungen korrekt zu bearbeiteth aim Ende zu
Ubersetzen. Das nachfolgende Kapitel behandelt Fliaktion des
Transfersystems CAT2 und dessen Umgang mit idi@ciain
Wendungen. Der letzte Teil der Arbeit beinhaltet Hivaluation von drei
kommerzielle Systemen, nadmlich SYSTRAN, T1 Langbestt und
Power Translator Pro, in Bezug auf deren Umgangkaitinuierlichen
und diskontinuierlichen idiomatischen Redewendundéigerzu wurden
sowohl kleine Korpora als auch ein Teil des umfaigiren Korpus
Europarl und des Digatalen Worterbuchs der deuts@mrache des 20.
Jh. erst manuell und dann maschinell bearbeitet.i$sertation wird mit
Folgerungen aus der Evaluation abgeschlossen.



ABSTRACT

Idiomatic expressions pose a particular challenge the today’'s
Machine Translation systems, because their traoslahostly does not
result literally, but logically. The present digsgion shows, how with the
help of a corpus, and morphosyntactic rules, sdabniatic expressions
can be recognized and finally correctly translat€de work leads the
reader in the first chapter generally to the fiegldMachine Translation and
following that, it focuses on the special field Bxample-based Machine
Translation. Next, an important part of the dodt¢hasis dissertation is
devoted to the theory of idiomatic expressions. phactical part of the
thesis describes how the hybrid Example-based MacHiranslation
systemMETI S-1 1, with the help of morphosyntactic rules, is alde t
correctly process certain idiomatic expressions findlly, to translate
them. The following chapter deals with the functadrthe transfer system
CAT2 and its handling of the idiomatic expressions. Td& part of the
thesis includes the evaluation of three commersigdtems, namely
SYSTRAN, T1 Langenschei dt, and Power Transl ator Pro,
with respect to continuous and discontinuous idiicnexpressions. For
this, both small corpora and a part of the extensiwvpusEur opar | and
the Digital Lexicon of the German Language in™26entury were
processed, firstly manually and then automaticallhe dissertation
concludes with results from this evaluation.



CONVENTIONS

The following conventions are important for ensgrthat the text is
clearly arranged:

>

There are diverse terms which describe the exmpnessivhich
have figurative meaning. We use the terms “idionrida
“idiomatic expression” as they are supposed touitel other
subcategories.

The question mark at the beginning of a segmenfoasgntence
means that its acceptance is questionable, whéneaasterisk at
the end symbolizes an unacceptable sentence.

We mainly deal with German idioms and give more rfxer
idiom examples than English, because our main anmtoi
translate idioms within the German-to-English hghiT system
METI S-11. When a German idiom appears for the first time,
both its English literal translation and idiom tséation
counterpart are indicated. In case it appears taiceore, only
its idiom translation counterpart is provided.

The examples are renumerated after the beginningvefy
section, whereas the tables and diagrams are nethber
consecutively throughout the whole text. An indéxte tables
and diagrams follows.

The names of companies, MT systems, and corporairare
Cour i er New format.



ABBREVIATIONS

Abbreviations are used in order to save space;bdmesiation and
symbols list is shown below:

AAAI

ACL
Al
ALPAC
AMTA
ANLP
BFSA
BNC
CAT
CAT2
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CBMT1
CBMT2
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CHAPTERONE

INTRODUCTION

This chapter introduces human and machine traoslagrovides a
motivation, and summarizes the work presentedigndissertation.

1.1 Definition of translation

The definition of translation dates back nearly0B,%ears ago, when
the Bible was written. Nida and Taber (1974) argagred in translating
the Bible believing that:

“Translating consists in reproducing in the recepémguage the closest
natural equivalent of the source-language messtig, in terms of
meaning and secondly, in terms of style” (Nida &&g 1974: 12).

They point out three main translation levels thatrespond to
analogous theories:

1) Traditional linguistics entailing the “mapping” tifie words and
the grammatical structures of the source langu8g ¢nto those
of a target language (TL).

2) Communication theory involving the constructionsehtences in
the TL, which have the same meaning as expressédeirsL,
regardless of the grammatical structures of thgiral text.

3) Sociolinguistics dealing with the direct relatioistetween the
sentence and the culture setting; a sentence shapressed
within a given culture will lead to a specific befa within that
culture.

From the three above levels it is deduced that nutrenslation is a
complex intellectual activity.

Now we introduce Machine Translation (MT), expl&iow MT treats
the above three translation levels, and refer ® domponents of MT
systems.
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MT is a subfield of computational linguistics, angalex scientific task
which investigates the use of computer softwareanslate text or speech
from one natural language to another. In generdl, iklvolves every
aspect of Natural Language Processing (NLP). NLRa isubfield of
Artificial Intelligence (Al) and linguistics whiclleals with the problems
of automated generation and the understandingtofaidhuman languages.

As far as the treatment of the translation levelMY is concerned,
MT can master — by means of grammatical rules —ttepping” of the
grammatical structures of the SL onto those of a (fHe first of the
aforesaid levels). This is an easy task for MT ey, particularly when
the grammatical structures of SL and TL are idahtar similar. In case
the structures of SL and TL are different, the ¢éargentence should be
reconstructed — the word order should be changed erder for the
meaning to remain unchanged (and accordingly, dmentunication to be
successful). On the grounds that the grammatidesrdo not suffice any
longer, the second level is a difficult task for Mystems. The third level,
although many attempts have been made in thistitirecstill remains a
topic for future research.

Now we refer to the necessary actual componentMBfsystems,
which are the following three:

1) An apparatus for text input and output;
2) Atranslation machine that makes use of grammar;
3) Dictionaries.
For the actual process of translation three dietims are needed with
diverse goals:
a) Analysis of the input text;
b) Linguistic transformations from one language to
another;
c) Generation of the text.

The analytic and generative dictionary (first ahotd aforementioned
goal) may be one and the same for each languagewbhds needed in
the dictionary are:

i) A fundamental vocabulary of words that is
needed in nearly all kinds of translation;

i) A list of specialized and technical terms needed
for translation in a specific field.

In this subsection we pointed out three main tatiwh levels:
traditional linguistics, communication theory, asdciolinguistics. We
introduced MT, explained that it can cope with traditional linguistics,
but not with the other levers, and then mentioteddctual components: an
apparatus/engine, a machine that uses grammar, ek dictionaries.
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Johnson-Laird (1993) in his bodkuman and Machine Thinkindescribes

how the mindcarries out three types of thinking, namely dedumti

induction, and creation, wherein the kind of conapiohal models for

these types of thinking is explored. Also, a corngmar between human
and machine translation is drawn in the Schwaf2091) book “The (Im)

Possibilities of Machine Translation”.

1.2 Motivation

We look positively at the future of MT and its vaus architectures, as
MT can generally save time and money. MT has maulesiderable
progress over the years and by means of this thesiscontribute
particularly to Example-based MT (EBMT) architegtuwith respect to
idioms.

Idioms are defined as expressions which are uniguwelanguage and
their actual meaning is not the total of the megrhits individual parts.
Idioms is a difficult part of foreign language Iearg, as learners have in
most cases to memorize idioms; in terms of traioglatthe translators
should master idioms and have the right linguistésets (dictionaries,
glossaries, etc.) in order to correctly transldierns from source to target
language.

The processing of idioms by MT is undoubtedly alleinge, as idioms
should not be literally translated, because thiéldein most cases to a
different meaning. However, our idiom treatmentemments have shown
that some of the current commercial MT systemsstede — in most cases
— the idioms literally. Although the storage of tidiom in dictionaries
facilitates the system to identify it, there arenmngrammatical and lexical
variants as well as syntactic permutations of idiomhich exacerbate the
MT system’s identification task. Therefore, we pd®vsyntactic rules on
the basis of the German topological field model cihhelp the system
identify the idiom constituents.

The main goal of this thesis is to translate idiarogrectly within the
EBMT research systeMlETIS-II . We do not focus on TL generation,
but on identification, otherwise called “matchingf’idioms and particularly
of idiomatic verb phrases (iVPs).

1.3Summary of contributions

The thesis’ main contribution is a set of theowdt@oncepts for EBMT
and phraseology as well as the practical idiomtineat by the EBMT
system METIS-Il . We focus on iVPs, both without and with gaps



4 Chapter One

(continuous and discontinuous idioms respectivelgy] their matching by
METIS-II . The evaluation oMETIS-Il by using simple techniques,
gave almost always more than 80% recall, precisiod, f-score, for both
continuous and discontinuous idioms.

Machine Translation: (Chapter 2)

This chapter discusses the origins of MT (1947) #mdievelopment
until recently. We refer particularly to some pig of the German
Research Center for Al (DFKI). We also mention sodtiE companies
from 1990s — 2000s and MT patents from 1997 — 2000.

Example-basedMachine Translation (Chapter 3)

In this chapter we give a brief history of EBMT atglrecent advances.
We discuss the necessary resources of EBMT, itsladion stages, and
the difficulties in finding appropriate examples.

Translation Memory (Chapter 4)

This short chapter presents a list of research @wmercial TM
systems and explores the relation of TM both wiBME and rule-based
MT (RBMT) architecture.

Idioms (Chapter 5)

This is an important chapter that provides basiowkadge about
idioms. Many terms and accordingly many definitigige to phraseology
research an interdisciplinary perspective and ekctee borders of
restricted research. We describe the irregulafiigioms and their various
elements, the opaqueness and transparency of idaamaell as their
semantic and syntactic characteristics. As forrtlgntactic realization,
we make a distinction between continuous idiomsvifita adjacent
constituents) and discontinuous idioms (having adjacent constituents).
We also focus on their translation equivalence betwSL and TL and
briefly discuss how idioms are treated by lexicpina

Translation of idioms (Chapter 6)

Regarding the treatment of idioms by MT, Bar-Hilleh his
presentation “The treatment of ‘idioms’ by a Tratisig Machine” at the
conference on Mechanical Translation at MIT in JU®2 makes the
following statement:

“The only way for a machine to treat idioms is t tmhave idioms!”
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In this chapter we prove that this extreme, thougtor that time —
accurate statement does not hold true anymore.

We discuss the treatment of idioms by MT by prasgnthe progress
which has been made in this field of research lde range of scholars.
We also refer to a skeptical article from Hutch{i®95) regarding the
mistakes of MT systems in 1970s concerning inpatesies containing
an idiom.

Last but not least, we introduce our own experimegbncerning
idioms; these experiments are discussed further thes next chapters
(chapters 7, 8 and 10).

Commercial MT systems (Chapter 7)

After providing some general information and histak background
about three commercial MT systemBpwer Translator Pro t
SYSTRAN, and T1 Langenscheidt 3, we experiment with and
evaluate them with respect to identification ofoitis concluding from
their outputs that they cannot identify discontinsiadioms.

Research rule-based MT syster®AT2 (Chapter 8)

CAT2 is a unification- and transfer-based multilinghaT that has
been used since 1987 as an alternative t&EWROTRAoftware program.
Nowadays, Saarland University makes use GAT2 to train future
translators interested in MT. We describe the sdvexicons as well as
the syntactic and translation rules use@AT2 We also mention the way
we enhanced the translation quality of the Germeeels language pair,
specifically with respect to idioms. Greek is a piwlogically rich
language and the successful processing of Greekngliwithin CAT2
proves that MT can translate idioms correctly, what the level of
language “difficulty”.

Hybrid MT system METI S- 1 | (Chapter 9)

In this chapter we provide information ab®ETIS-II  MT system.
It is mainly an innovative EBMT system and can afeoconsidered as
hybrid since it combines statistical tools and liisgic rules. It has Dutch,
German, Greek, and Spanish as SLs, and Britishidtngs TL. It uses the

L hitp://mmww.lec.com/listProductFamily.asp?produamfly=Power-Translator-Pro

2 http://www.systranet.com/systran/net

3 http://www.langenscheidt.de/katalog/reihe_langesiitht_volltextuebersetzer v
ersion__625_0.html
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British National Corpus (BNC) and language-specifisources for both
SL and TL.

Idiom processing within METI S- 11 (Chapter 10)

This is the most important chapter of this thesisesit discusses how
METIS-II  treats idioms. We combine the realization of idiom a
sentence with the resources and tool8&TIS-II  to give a successful
result. We use our own resources which are spegifidiom processing.
The evaluation oMETIS-II by using simple techniques gave almost
always more than 80% recall, precision, and f-scfmeboth continuous
and discontinuous idioms.

Conclusion and opportunities for future research (Qapter 11)

In chapter 11 we provide a summary of the disdertastressing the
most important points. We also refer to our futprespects regarding how
to enhance the idiom translation quality even mwitkin METIS-II  as
well as other MT systems.



CHAPTERTWO

MACHINE TRANSLATION (MT)

In this chapter we speak about the origins of MT (Sectidr) and its
recent development (2.2) referring to some up-te-dslT projects,
companies that deal with automated translation, @aténts related with
MT. In other words, we give some general informatadout MT and its
use.

2.1Brief history

The beginning of MT may be dated to the mid-193@sen the first
term regarding MT systems is introduced: “translgatmachines”. This
term is firstly introduced by French-Armenian GesggArtsrouni and
Russian Petr Petrovich Troyanskii (see HutchinsQ420Hutchins &
Lovtskii, 2000). Artsrouni introduced a generalqpose machine that
could also function as a mechanical multilinguaitidnary. Troyanskii's
patent proposed not only a method for an autontmlilcgual dictionary,
but also a scheme for coding interlingual gramna&tioles and an outline
of how analysis and synthesis might work.

The next MT development attempt was made in Mat@#h71starting
from a letter that Warren Weaver of the Rockefeleundation sent to
cyberneticist Norbert Wiener. Two years later, Wsawrote a
memorandum, making various proposals based on #ngnre successes
in code breaking, the developments by Claude Shammdnformation
theory (Shannon & Weaver, 1949), and speculatidrmitathe universal
principles of natural languages.

In May 1951, Bar-Hillel is appointed to conduct research at the
Massachusetts Institute of Technology (MIT). Indu®52, he convened
the first MT conference at MIT. Bar-Hillel collakated with International
Business Machines Corporation (IBM) on a projecit tresulted in the

! Yehoshua Bar Hillel (1915-1975) was an Israeliid@n and philosopher who
contributed significantly to many linguistic fieldssuch as computational
linguistics, MT, and IR.
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first public demonstration of an MT system on Japua 1954. This was a
collaboration between Peter Sheridan of IBM and Bauvin at Georgetown
University. Although a very restricted vocabularfy approximately 250
words and a restricted grammar were used, many MjEgts were funded
in the USA and the MT research throughout the woodchmenced.

However, shortly after the beginning of MT reseawclskeptical report
from the Automatic Language Processing Advisory @uttee (ALPAC)
in 1966 was published to “rock the boat”. The ALPAgport emphasized
the potential advantages of machine-aided transiati

“Machine-aided translation may be an important aeetoward better,
quicker, and cheaper translation” (Pierce et 8661 32).

However, the report did not leave out the then entrrand future
absence of useful MT:

“[We] do not have useful machine translation [atid§re is no immediate
or predictable prospect of useful machine traiwsia (Pierce et al., 1966:
32).

ALPAC was very skeptical about researching MT amgleasized the
need for basic research in computational lingusstilthough the report’s
result was that the USA Government reduced its igpdor MT, the
research projects in the USA were extended.

In the following paragraphs we refer to 60s-90s ceoning the
development of MT around the world and presentMiesystemsTAUM
SYSTRANEUROTRAandMETAL

By the mid-1960s MT research groups are establisilednany
countries throughout the world, including most Eean countries
(Hungary, Czechoslovakia, Bulgaria, Belgium, GerymaRrance, etc.),
China, Mexico, Japan (particularly in the periodnfr 1980 — 1990),
Australia, and Canada. We now briefly refer to @Ginand specifically in
1965, when a research group was set up at the tditiweof Montreal
called TAUM (The University of Montreal's System of Automated
Translation) TAUMhad two main achievements:

1) The Q-system formalism for manipulating linguissitings and
trees (later developed as tAlog programming language);

2) TheMétéo prototype that was put into service in the lat@9
in order to translate the text of weather forecdsim English
into French.
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TAUM(see Colmerauer et al., 1971) ended in 1981 becafighe
problems faced with complex noun compounds andsgistavhich were
deemed unsolvable (Hutchins, 2001).

Regarding the USA and according to Hutchins (2001the quiet
decade” from 1967 to 1976, most of the activitiesravconcentrated on
translations of Russian scientific and technicaltemals into English
(Hutchins, 2001). Specifically, in 1968 Dr. Petemia founde®YSTRAN
(SYStem TRANSslation), one of the oldest MT companiéts oldest
version was installed in 1970 and was a RussianiiIT system at the
United States Air Force (USAF) in the Foreign Tedbgy Division
(Dayton, Ohio). SYSTRANperformed extensive work for the United
States Department of Defense and the European Csmiumi of the
European Union (EU). Also, many intergovernmentagtitutions, e.g.
NATO, the International Atomic Energy Authority, dmany companies,
e.g. General Motors of Canada, Dornier, and AeltispausedSYSTRAN
Nowadays,SYSTRANprovides the technology for many search engines
and most of the language combinations. More inféiona about
SYSTRANan be found in section 7.1.

Emboldened by modest success VBY'STRANEUROTRAEURopean
TRAnslation) is an ambitious MT project that wasabished and funded
by the European Commission from 1978 until 1992. dbal was to
construct an advanced multilingual transfer systentranslation among
all the Community languages. In 19BUJROTRAended, after having
achieved the success of increasing the researah domputational
linguistics.

In 1985, another MT system came up from the rebeaonducted at
the University of Texas, namelWlIETAL (Mechanical Translation and
Analysis of Languages). It was originally titlddRS (The Linguistics
Research System) and started as a German-EngbstnsyAfterMETAL
attempted Interlingua experiments, it essentialjopged a transfer
approach. It also translated Dutch, French, anciSpaMETAL lasted
until 1992. TheMETAL system was later adapted bgngenscheidt
and GM$ (now Sail Labs) and becamd1 Langenscheidt (see
section 7.2).

As far as the 2000s is concerned, in the USA tH&TNDpen Machine
Translation (MT) evaluation serfesee Doddington, 2002) commenced,;
it supports research in technologies that trandiex¢ between human
languages. Furthermore, tB®@ogle research team has developed its own

2 GMS: Organization for Multilingual Systems
3 http://www.nist.gov/speech/tests/mt/
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statistical MT (SMT) systemGoogle-Translate , which operates as
free online service for many language pairs inglgdboth European,
African, and Asian languages.

In Europe, many MT projects have been initiated; just name two
ones: EuroMatrix  (2.2.1) andMETIS-II  (Section 9). Finally, yet
importantly, the National Institute of Informatiomsd Communications
Theory (NICT) was founded in 2004 in Japan.

To recapitulate and provide a general view, Table €hows the
history of MT worldwide from the 1950s — 2000s.

1950s| Beginning of big MT Earlier MT research
projects
1960s ALPAC Beginning of
“The end” of MT MT
1970s| SYSTRANMETAL EUROTRA
NLP basic research
1980s A new beginning in EUROTRA Appearance of MT
MT research METAL systems
SYSTRAN MT boom in
industry
1990s| Official MT research The end of MT products
Multilingual systems EUROTRA Basic research
NLP basic
research
2000s| MT Evaluation (NIST) EuroMatrix NICT (National
Google- METIS-II Institute of
Translate etc. Informations and
Communications
Theory)

Table 2-1. History of MT

2.2Recent advances

In the following subsections we present some recprajects,
companies, and patents with reference to MT.

4 http://www.nict.go.jp/index.html
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2.2.1 Projects

Many MT research systems have been developed thrdéugded
projects over the last few years, such as the ERY§temMETIS-II
(Vandeghinste et al. 2006; Carl, 2007), the EngBglanish/Spanish-
English UCB SMT system of Nakov (2007; 2008), the English-Tshk
MT system of Alp and Turhan (2008), the multi-erggT system with
open source decodbtoses (Kohn et al., 2007; Eisele, 2008), etc.

We now briefly describe four MT systems that areerely developed
in DFKIS, starting from the newest one:

1)

2)

3)

EuroMatrix : EU STREP project with the aim to integrate
statistical and rule-based MT. It covers all largipairs among
the official EU languages. Also, it experiments hwihew
combinations of methods and resources from shallomwguage
processing and computational lexicography/morphpldgee
Schwenk & Kéhn, 2008).

COMPAS2008 (COMprehensive Public InformAtion Services
System for the Olympic Games 2008 in Beijing): Altirengine
MT system that deals with speech technologies, ilmgltal
content management, cross-lingual information,ieeal, and
multilingual question answering. Its aim is to ¢eea high-tech
information system that helps visitors to accesfrimation
services during the 2008 Olympic Games and to @veec
language barriers (see Uszkoreit et al., 2007).

OpenLogos : Logos was one of the earliest, production-scale
MT systems.Logos Corporation is founded by Bernard
Scott in 1970 (see Scott, 2003) and worked ohdtpos system
for thirty years, until the company’s dissolution 2000. An
English-Vietnamese translation system was the firetiuct that
became operational in 1972 during the Americanin4datese war.
Afterwards, theLogos system was developed as a multi-target
translation solution, with English and German ass.SL
DFKI turned Logos MT into an open source product in
cooperation withGlobalWare AG . The systenOpenLogos
allows for different formats of documents and maimé the
format of the original document in translation.

5 UCB: University of California at Berkeley
® More information about current projects in thegaage technology department
of DFKI can be found at http://www.dfki.de/It/prajts_list.php?mode=p
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4) VERBMOBIL Its aim was to develop a system that could
recognize, translate, and produce natural uttesaraned thereby
robustly and bidirectionally translate spontanempeech for
German-English and German-Japanese. The reseascbanréed
out between 1993 and 2000 and was funded by Germany
Federal Ministry of Research and Technology.

2.2.2 Companies

Many companies of different sizes have been workiitg MT. In the
1990s, the systems had specific subject domains. eikample, Cap
Volmac Lingware Services (Utrecht, the Netherlands) produces
systems for a textile company, an insurance compamy for translating
aircraft maintenance manuals, an@ap Gemini Innovation
(Boulogne-Billancourt, France) translates militagfex messages. Also,
CSK’ Corporation (Tokyo, Japan) develops a system @ field of
economics and the broadcastdHK® (Tokyo, Japan), a system for
translating Japanese news broadcasts into Engfligietiins, 2001: 15).

We now present some recently founded companieshenntarket
which work with MT. Some of them have MT consélasd some others
deal rather more with management in the automaseation field:

1) Digital Sonata : It is founded in November 2006 and is
located in Melbourne, Australia. It provides NLPogucts and
services. The research group creates and imprbggsetformance
of machine-readable dictionaries for NLP appliaagioconverts
linguistic data between formats of user’s choicel mansforms a
semi-structured dictionary into a machine-readéttenat of the
user’s choice. It releases its — mainly rule-basttrabao
Language Kit in many editions. Idioms are one of the
backbones ofCarabao ’'s architecture. They are described as
“sequences” and a “sequence”@arabao is a combination of
one or more lexical units/ tokens, described bgtafproperties.

" CSK is a Japanese conglomerate, owned by CSK htigdCorporationffi = 2x

# CSK & — 7 1 ¥ 7 2 Kabushiki gaisha SHEsu Kei Hrudingusu) which
provides IT services to businesses.

8 NHK (H A j#i%1#4:, Nippon Hiso Kyokai) is Japan’s public broadcaster.

® System console, root console, or simply consoke égembination of readouts or
displays and an input device (as a keyboard orckest) by which an operator can
monitor and interact with a system (as a computetubber), (Source: Merriam-
Webster’s dictionary and thesaurus).



