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ADAPTIVE MACHINE TRANSLATION

ABSTRACT OF THE DISCLOSURE

A computer-implemented method <for providing
information to an automatic machine translation
system to improve translation accuracy is disclosed.
The method 1includes recelving a collection of source
text. An attempted translation that corresponds to
the collection of source text 1s received from the

automatic machine translation system. A correction

input, which 1s configured to effectuate a correction

of at least one error in the attempted translation,

1s also received. Finally, information 1is provided
to the automatic machine translilation system to reduce
the 1likelihood that the error will be repeated in

subsequent translations generated by the automatic

machine translation system.
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ADAPTIVE MACHINE TRANSILATION

BACKGROUND OF THE INVENTION

The present 1invention deals with machine

translation. More speciflcally, the present
invention  deals with  means for systematically
improving the performance of a wuser's automatic
machine translation system within the normal workflow

of acquiring corrected translations from a reliable

source.

As a result of the growing international

community created by technologlies such as the

Internet, machine translation, more specifically the

utilization of a computer system to translate natural

language texts, has achieved more wldespread use 1n

recent years. In some 1nstances, machilne translation

can be automatically accomplished. However, human

interaction 1s sometimes integrated 1nto the process
of creating a quality translation. Generally
speaking, translations that rely on human resources
are more accurate but less time and cost efficient
than fully automated systems. For some translation

systems, human interaction 1is relled upon only when

translation accuracy i1s of critical lmportance. The
time and cost associated with human 1nteraction
generally must be invested every time a particularly
accurate translation is desired.

The quality of translations produced Dby
fully automated machine translation has generally not
increased with the rising demand for such systems. It
is generally recognized that, in order to obtain a

higher quality automatic translation for a particular
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domain (or subject matter), significant customization

must be done to the machine translation system.

Customization typically 1ncludes the addition of

specialized vocabulary and rules to translate texts

in the desired domain. Such customization 1S

typically achieved by trained computational
linguists, who use semi-automated tools to add
vocabulary items to online dictionaries, and who
write linguistically oriented «zrules, typically in
specialized rule writing languages. This type of

customization 1s relatively expensive.

Overall, translation services, which are

available to consumers from a variety of sources,

fail to provide cost—-efficient, high quality,

customized translations. For example, shrink-wrapped
and web-based translation systems are currently
available to the general public. However, these
translation systems are difficult or 1impossible to

customize for a particular domain or subject matter.

Commercial—-grade translation systems are also

avalilable. These systems can be customized for
specific domains, however, the customization process
is tedious and typically gulte expensive. Direct
uman—-based translation services are also availlable
(1.e., web—-pbased and mall order based human

translation services). However, human translations

typically require payment of a fee for every document

to be translated, an expense that never ends.

SUMMARY OF THE INVENTION
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Embodiments of the present invention

pertailn to a computer-implemented method for

providing information to an automatic  machine
translation system to 1mprove translation accuracy.
The method i1ncludes receiving a collection of source
text. An attempted translation that corresponds to
the collection of source text 1s received from the

automatic machine translation system. A correction

input, which 1s configured to effectuate a correction

of at least one error 1n the attempted translation,
is also receilved. Finally, 1nformation 1s provided

to the automatic machine translation system to reduce

the likelihood that the error will be repeated 1in
subsequent translations generated by the automatic

machine translation system.

BRIEF DESCRIPTION OF THE DRAWINGS

eyt —err——a e —— P e e P el S

F'IG. 1 1S a block diagram of one
illustrative environment in which the present

invention may be practiced.

FIG. 2 1s a block diagram o©f another
illustrative environment 1in which the present

invention may be practiced.

FIG. 3 18 a schematlc flow diagram
illustrating an adaptive machine translation service

in accordance with the present invention.

FIG. 4 is a flow chart 1llustrating
utilization of a confidence metric in the context of

the adaptive machine translation service.
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FIG. 5A 1s a block diagram of one specific

application of embodiments of the present invention.

FIG. 5B 1s a block diagram of another

specific application of embodiments of the present

invention.

FIG. 6 1s a block diagram of a machine
translation architecture with which the present

invention may be practiced.

FIG. 7 1s a flow <chart 1llustrating an
embodiment wherein a user's translation system 1is

remotely updated.

FIG. 8 1s a flow <chart 1llustrating an
embodiment wherein a user's translation system 1is

locally updated.

e

FIG. 9 1s a Dblock diagram of another

specific application of embodiments of the present

invention.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

I. EXEMPLARY OPERATING ENVIRONMENTS

P

Various aspects of the present 1i1invention

pertain to an encapsulation of adaptive machine

translation within the normal workflow of acguiring

corrected translatlons from a reliable  source.
However, prior to discussing the invention 1n more
detail, embodiments of exemplary environments 1n

which the present invention can be implemented will

be discussed.
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FIG. 1 1llustrates an example of a suitable

computing system environment 100 on which the

invention may be 1mplemented. The computing system

environment 100 1s only one example of a sultable
computing environment and 1s not 1intended to suggest
any limitation as to the scope of use or
functionality of the invention. Nelther should the
computing environment 100 be 1interpreted as having

any dependency or requirement relating to any one or

combination of components illustrated 1n the

exemplary operating environment 100.

The invention is operational with numerous

other general purpose or speclal purpose computing

-

system environments or configurations. Examples of

well-known computing systems, environments, and/or
configurations that may be suitable for use with the
invention include, but are not limited to, personal
computers, server computers, hand-held or laptop
devices, multiprocessor systems, mlcroprocessor-based
systems, set top  boxes, programmable consumer
electronics, network PCs, minicomputers, mainframe
computers, telephony systems, distributed computing
environments that include any of the above systems or
devices, and the like.

The 1invention may be described 1n the

general context of computer-executable instructions,
such as program modules, being executed by a
computer. Generally, program modules i1nclude

routines, programs, objects, components, data

structures, etc. that perform partlicular tasks or
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implement particular abstract data types. The
invention 1s designed to be practiced 1n distributed
computing environments where tasks are performed by
remote processing devices that are linked through a
communications network. In a distributed computing

environment, program modules are located 1n Dboth

local and remote computer storage media i1ncluding
memory storage devices. Tasks performed by the
programs and modules are described below and with the
aid of figures. Those skilled 1n the art can
implement the description and figures as processor

executable instructions, which can be written on any

form of a computer readable media.

With reference to FIG. 1, an exemplary
system for implementing the i1invention includes a
general-purpose computing device 1in the form of a
Computer 110. Components of computer 110 may
include, but are not 1limited to, a processing unit
120, a system memory 130, and a system bus 121 that
couples various system components 1ncluding the

system memory to the processing unit 120. The system

bus 121 may be any of several types of bus structures

including a memory bus or memory controller, a
peripheral bus, and a 1local bus using any of a
variety of bus architectures. By way of example, and
not limitation, such architectures 1nclude Industry

Standard Architecture (ISA) bus, Micro Channel

Architecture (MCA) bus, Enhanced 1ISA (EISA) bus,

Video Electronics Standards Association (VESA) local
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bus, and Peripheral Component Interconnect (PCI) bus

also known as Mezzanlne bus.

Computer 110 typically 1includes a varilety

P

of computer readable media. Computer readable media

can be any available media that can be accessed by

computer 110 and includes both volatile and

nonvolatile media, removable and non-removable media.

By way of example, and not limitation, computer

readable media may comprise computer storage media

and communication media. Computer storage media

includes both volatile and nonvolatile, removable and

non—-removable media implemented 1n any method or

technology for storage of information such as
computer readable instructions, data structures,
program modules or other data. Computer storage

media includes, but 1s not limited to, RAM, ROM,

EPROM, flash memory or other memory technology, CD-

=]

ROM, digital wversatile disks (DVD) or other optical

disk storage, magnetic cassettes, magnetilic tape,
magnetic disk storage or other magnetic storage

devices, or any other medium which can be used to

store the desired information and which can Dbe

accessed by computer 110.
Communication media typically embodies

computer readable 1nstructions, data structures,

program modules or other data 1n a modulated data

signal such as a carrier wave or other transport

mechanism and includes any information delivery

media. The term “modulated data signal” means a

signal that has one or more of 1ts characteristics
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set or changed 1n such a manner as to encode

information 1in the signal. By way of example, and
not limitation, communication media 1includes wired
media such as a wired network or direct-wlired

connection, and wireless medlia such as acoustic, RF,

infrared and other wilireless medila. Combinations of

any of the above should also be 1ncluded within the

scope of computer readable media.

The system memory 130 1includes computer
storage media in the form of volatile and/or

nonvolatlile memory such as read only memory (ROM) 131

and random access memory  (RAM) 132. A basic
input/output system 133 (BIOS), containing the basic
routines that help to transfer 1information between
elements within computer 110, such as durilng start-
up, 1s typically stored 1n ROM 131. RAM 132
typically contains data and/or program modules that
are immediately accessible to and/or presently being

o
g

operated on by processing unit 120. By way of

example, and not limitation, FIG. 1 1illustrates

operating system 134, application programs 135, other

program modules 136, and program data 137.

The computer 110 may also 1nclude other

removable/non-removable volatile/nonvolatile computer

storage media. By way of example only, FIG. 1
illustrates a hard disk drive 141 that reads from or
writes to non-removable, nonvolatile magnetlic medila,
a magnetic disk drive 151 that reads from or writes

to a removable, nonvolatile magnetic disk 152, and an

optical disk drive 155 that reads from or writes to a
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removable, nonvolatile optical disk 156 such as a CD
ROM or other optical media. Other removable/non-
removable, veolatile/nonvolatile computer storage
media that can be used 1in the exemplary operating
environment 1include, but are not limited to, magnetic
tape cassettes, flash memory cards, diligital versatile
disks, digital video tape, sollid state RAM, solid
state ROM, and the 1like. The hard disk drive 141 1is
typically connected to the system bus 121 through a

non—-removabple memory interface such as 1nterface 140,
and magnetic disk drive 151 and optical disk drive
155 are typically connected to the system bus 121 by

a removable memory interface, such as interface 150.

The drives and their associliated computer
storage media discussed above and 1llustrated 1in FIG.
1, provide storage of computer readable 1nstructions,
data structures, program modules and other data for
the computer 110, In FIG. 1, for example, hard disk
drive 141 1is illustrated as storing operating system
144, application programs 145, other program modules
146, and program data 147. Note that these
components can either be the same as or different

from operating system 134, application programs 135,

other program modules 136, and program data 137.
Operating system 144, application programs 145, other

program modules 146, and program data 147 are given

different numbers here to 1llustrate that, at a

minimum, they are different copiles.

A user may enter commands and information

into the computer 110 through input devices such as a

allﬂ.h.bﬂ_n\mwwwwawzw-'-al---mw-c \\\\\\\
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keyboard 162, a microphone 163, and a pointing device
161, such as a mouse, trackball or touch pad. Other
input devices (not shown) may 1include a joystick,
game pad, satellite dish, scanner, or the like.
These and other input devices are often connected to
the processing unit 120 through a user 1nput

interface 160 that is coupled to the system bus, but

may be connected by other 1interface and Dbus

structures, such as a parallel port, game port or a

universal serial bus (USB). A monitor 191 or other

gr——

type of display device 1s also connected to the

system bus 121 via an interface, such as a video

interface 190. In addition to the monitor, computers

may also include other peripheral output devices such

as speakers 197 and printer 196, which may be

connected through an output peripheral interface 1955.
The computer 110 1s operated 1n a networked
environment using logical connections to one oOor more
remote computers, such as a remote computer 180. The
remote computer 180 may be a personal computer, a
hand-held device, a server, a router, a network PC, a
peer device or other common network node, and
typically includes many or all of the elements
described above relative to the computer 110. The
logical connections depicted in FIG. 1 include a

local area network (LAN) 171 and a wide area network

(WAN) 173, but may also include other networks. Such

networking environments are commonplace 1in offices,

enterprise-wide computer networks, dintranets and the

Internet.
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When used in a LAN networking environment,
the computer 110 is connected to the LAN 171 through
a network 1interface or adapter 170. When used 1in a

WAN networking environment, the computer 110

typically includes a modem 172 or other means for
establishing communications over the WAN 173, such as

the Internet. The modem 172, which may be 1nternal

or external, may be connected to the system bus 121

via the user input interface 160, or other
appropriate mechanism. In a networked environment,
program modules depicted relative to the computer

110, or portions thereof, may be stored 1n the remote

memory storage device. By way of example, and not
limitation, FIG. 1 illustrates remote application
programs 185 as residing on remote computer 180. It

will be appreciated that the network connections
shown are exemplary and other means of establishing a

communications 1link between the computers may be

used.

It should be noted that the present
invention can be carried out on a computer system
such as that described with respect to FIG. 1.
However, the present invention can be carried out on
a server, a computer devoted to message handling, or
on a distributed system in which different portions
of the present invention are carried out on different

parts of the distributed computing system.

FIG. 2 1s a block diagram of a mobile

device 200, which 1is another exemplary suitable

computing environment on which the invention may be
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implemented. The computing system environment 200 1s
only another example of a sultable computilng

environment and 1s not 1ntended to suggest any

limitation as to the scope of use or functionality of

R
P

the invention. Nelther should  the computing
environment 200  be interpreted  as having any

dependency or requirement relating to any one or

combination of illustrated components.

Mobile device 200 includes a microprocessor

202, memory 204, input/output (I/0) components 206,

and a communication interface 208 for communicating

—

with remote computers or other mobile devices. In

one embodiment, the components are <coupled for
communication with one another over sultable bus 210.
Memory 204 is implemented as non-volatile
electronic memory such as random access memory (RAM)
with a battery back-up module (not shown) such that

information stored in memory 204 1s not lost when the

general power to mobile device 200 1s shut down. A

portion of memory 204 1is preferably allocated as

addressable memory for program execution, while

g ——

another portion of memory 204 1s preferably used for

storage, such as to simulate storage on a disk drive.
Memory 204 includes an operatling system

212, application programs 214 as well as an object

store 216. During operation, operating system 212 1is

preferably executed by processor 202 from memory 204.

Operating system 212, in one preferred embodiment, 1s

a WINDOWS® CE brand operating system commerclally

P X

available form Microsoft Corporation. Operating

o vrm--w&:wmwhﬂm#mmmmmwmmwm-mmmmm
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system 212 1s preferably designed for mobile devices,

and 1mplements database features that can be utilized

F
—

by applications 214 through a set of exposed

application programming 1nterfaces and methods. The

)

objects 1n object store 216 are malintained Dby

applications 214 and operatling system 212, at least

partially 1n response to calls to the exposed

application programming interfaces and methods.

Communication interface 208 represents

numerous devices and technologies that allow mobile

device 200 to send and receive 1nformation. The

devices 1nclude wired and wireless modems, satellite

recelvers and broadcast tuners to name a few. Mobile

device 200 can also be directly connected to a

computer to exchange data therewith. n such cases,

communication interface 208 can be an infrared

transceiver or a serial or parallel communication

'nih Fo—

connection, all of which are capable of transmitting

streaming i1nformation.

Input/output components 206 include a

variety of 1nput devices such as a touch-sensitive

screen, buttons, rollers, and a microphone as well as

e
p—

a variety of output devices 1ncluding an audio

generator, a vibrating device, and a display. The

devices listed above are by way of example and need

not all be present on mobile device 200. In
addition, other input/output devices may be attached

to or found with mobile device 200 within the scope

of the present invention.
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OVERVIEW OF ADAPTIVE MACHINE TRANSLATION SERVIC]

FIG. 3 1S a schematic flow dlagram

1llustrating adaptive machine translation within the

o

normal workflow of acquiring corrected translations

from a reliable source.

Research has been done to automate the

P

customization of automatic machine translation

systems through wvarious machine learning techniques,
including statistical and example based techniques.

With such technigues, a machine translation system 1is

able to learn translation correspondences from

already translated materials (often referred to as
bitexts or bilingual corpora), which contaln

sentences in one (source) language and the

corresponding translated (target) sentences in

another language. In addition, such MT systems may

learn additional correspondences from "comparable™
corpora, or texts which are not precise translations

of each other, but which both describe similar

concepts and events 1n both source and target

languages. They may further employ monolingual

corpora to learn fluent constructions 1n the target

language. In accordance with one general aspect of

the present invention, these customization techniques

are applied and taken advantage of within a

traditional document management environment.

Specifically, data for tralning an automatic

translation system 1s generated during the normal

i
—

course of a system  user producing documents,

obtaining corresponding translations, and correcting
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the translations. The training data enables a
systematic customization of the user's automatic

machine translation system.

1]

With reference to FIG. 3, embodiments of

1

the present invention pertain to an encapsulation of

an adaptive machine translation system wilthin a

document management or workflow environment whereiln

users submit a source document 302 to an automatic

translator on the user's computer (or on a server

associated with the user) for translation. This
action 1is represented by block 330. The source
document 302 and an automatically generated

translation 304 are transmitted to a reliable

modification source (i.e., a human translator) forx
review and correction. This action 1s represented by
block 332.

A corrected translation 3060 and the

original source document 302 are processed to create
a collection of updated and assumedly accurate

translation correspondences 308. This action 1s

represented by block 334. In accordance with one

embodiment, correspondences 308 are generated by a

F

self-customizing machine translation system that runs

parallel to a self-customizing machine translation

A—

1n

system maintained by the user. n accordance with

one embodiment, the updated translation

correspondences 308 are placed 1nto an updated

database (or, 1f a statistical machine translation

system 1s being used, they are reflected 1n an

updated table of statistical parameters) which 1s
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sent back to the user together with the corrected,
translated document. The updates are assimilated
into the user's automatic machine translation system.
The next time the user attempts to translate similar
textual material 310, the system automatically
produces a higher quality translation 312, based on
the updates that were returned with previously
corrected documents. This action 1s represented by

block 336. It should be noted that the training, and

all similar training described herein, illustratively

benefits subsequent translations 1in both directions

of a language palir (i1.e., Spanish-to-English and

Fnglish-to-Spanish).

Tt should Dbe noted that many different

types of training data can be generated based on

corrected translation 306 and source document 30Z7.

Many different types of training data can be utilized

to adapt the user's automatlic translation system.

Updating translation correspondences 1s but one

.

example within the scope of the present 1iInvention.

p——
p—

The updating of any knowledge source 1s within the

scope. Any updating of any statistical or example

r
=

1C

based trainer 1s also within the sccpe. Speci:

examples will be described in detalil below.

As the user acguires automatic translation

of various documents and sends the results out for

el

reliable post—-editing (1.e., correction and

modification), the user's automatic translation

system gradually adapts 1tself to be able to

translate similar documents more effectively. The
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necessity for costly customization 1s elliminated, and

the user will subsequently enjoy higher quality

automatic translations. The adaptation and

i

customization of the user's automatic tTranslation

system 1llustratively happens "behind the scenes" as

the user goes about the normal routine of acquiring

quality translations.

In accordance wlth one embodiment,

automatically generated translation 304 1includes an

automatically generated confidence metric that

indicates the quality of the entire translation

and/or a portion thereof. The confidence metric 1is
1llustratively based on the user's projected
satisfaction with the output. The generation and

utilization of such a confidence metric 1s described

in U.S. Pat. App. No. 10/309,950, entitled SYSTEM AND
METRIC FOR

L+

LEARING A CONFIDENC!

L*d

METHOD FOR MACHINI

MACHINE TRANSLATION, filed on December 4, 2002, which

d

is assigned to the same entity as the present

application, and which 1s herein 1ncorporated by

reference in its entirety.

FIG. 4 is a flow chart 1llustrating how the

confidence metric 1is 1incorporated into the described

- T

self-customizing machine translation system. In

accordance with block 402, the user obtains an

automatic translation of a source document. The

document includes noted confidence metric information

that pertains to the document in its entirety and/or

P
p—

one or more individual portions  thereofl.

in

/

accordance with block 404, the user selects for post-
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editing one or more portions. having a low confidence

rating. These portions are transferred to a reliable
modification source (i.e., a human translator) for
correction. The corrected portions are processed

with the original source document to create a

collection of updated and assumedly accurate

translation correspondences. In accordance with one

P
p—

embodiment, the processing 1is accomplished by a self-

customizing machine translation system that runs 1n

F

parallel with a self-customizing machine translation

system maintained by the user.

In accordance with block 406, the updated

translation correspondences are sent back to the user
together with the corrected, translated portions (or
the corrected, translated document 1in 1its entirety).

In accordance with block 408, the updates are

assimilated into the user's automatic machine
translation system. The next time the user attempts

to translate similar textual material, their

automatic machine translation system will produce a

higher guality translation.

SPECIFIC APPLICATIONS
FIGS. 5A and 5B are Dblock diagrams of
specific applications of the above-described

embodiments of an adaptive machine translation

system. The specific applications are only examples

and are not intended to suggest any limitatlion as to

P

the scope of use or functionality of the invention.

Neither should the specific applications be
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interpreted as having any dependency or reqguirement

relating to any one or comblination of 1i1llustrated

components.

p—
—

FIG. 5A 1s a block diagram of a computing

environment 500. A user 502 manipulates a computling
device 504 to enable 1interaction with a reliable
modification source 506 via a computer network 505
(i.e., the Internet). Source 506 1s 1llustratively a
translation service implemented on a computing device

and provided to computing device 504 and 1ts user 502

over network 505.

Computing device 504, as well as the

computing device upon which modification source 506

e pret=
p—

is implemented, can be any of a variety of known

computing devices, 1ncluding but not limited to any

of those described 1n relation to FIGS. 1 and Z.

Communication Dbetween computing device 504 and

modification source 506 over network 505 can be

P
—

accomplished wutilizing any of a variety of known

network communication methods, including but not

limited to any of those described 1n relation to

FIGS. 1 and 2. In accordance with one embodiment,

computing device 504 1is a client wireless mobile

device configured for communication with a server-

implemented modification source 506 over a wireless

network. In accordance with another embodiment,

computing device 504 1is a client personal computer

pn—

configured for communication with a server-

implemented modification source 506 OVEXr the

Internet. These are only two of many specific
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N

embodiments wilthin the scope O: the present

invention.

Computing device 504 1includes an automatic

translation system 508. User 502 illustratively

submits a text sample to system 508 for generation of
a corresponding automatic translation. Assuming that
user 502 1s not satisfied with one or more portions
of the translation generated by translation system
508 (i.e., user 1is not satisfied with an indicated
Low confidence metric), then the automatic
translation 1s submitted to modification source 506

along with a copy of the source document. The

automatic translation 1s corrected at source 506. In

accordance with one embodiment, a human translator

b

510 corrects the automatic translation. In

accordance with another embodiment, a reliable
automated system performs the corrections. The

corrected translation 1s returned to computing device

504 for delivery to user 502.

A training generator 512 1s utilized to
process the automatic translation, the corrected
translation, and/or the source document 1in order to
generate a collection of training data that can be

utilized to adapt automatic translation system 4068.

Training dgenerator 512 1s a component stored on
modification source 506, or on computing device 504,
or in a separate but accessible 1ndependent location
(i.e., stored on an independent and accessible

server) . When training generator 512 1s stored with

modification source 506, generated training
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information 1S i1llustratively transferred to

automatic translation system 508 with the associated
corrected translation. When training generator 517
1s stored with computing device 504, then information

1s directly 1implemented 1into system 508. Storing

training generator 512 with modification source 506
reduces the storage and processing regulrements
imposed on computing device  504. Also, this
configuration enables training generator 512 to be

malntalned and operated from a centralized location.

In accordance with one embodiment, to

P

facilitate the adaptation of automatic translation

system 508, a training generator 512 resides on both
reliable modification source 506 and computling device
508. The pair of training generators 512 are

illustratively the same or substantially similar.

The palir of training generators 512 are
illustratively assocliated wlth self-customizling

machine translation systems (such a system will be

described 1in detail 1n relation to FIG. ©0). After
post-editing has been completed with modification
source 506, the generated corrected translation,
along with the original source text, 1S

illustratively processed by a "training” phase of the

self-customizing machine translation system
implemented on modification source 506. During the
training phase, the correct translation
correspondences are learned. The correspondences are

put in an updated database (or, 1if a statistical

system 1s being wused, they are reflected 1n an

--------------------------

----------
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updated table of statistical parameters), which 1s

sent to the version of the machine translation system

implemented on computlng device 504. The updates are

then automatically assimilated 1into the version of

the self-customizing system on the user's computer
(or, as will be described below, 1nto the version
maintained on a server). The next time the user
attempts to translate similar textual material,
his/her translation system automatically produces
higher quality translation, based on the updates that
were returned with previously corrected documents.

In accordance with one embodiment, reliable

modification source 506 1s assoclated with a server

operating on network 505. Training generator 512 1is

maintained and operated on the same server. The

translations and training 1nformation provided 1n
association with modification source 506 to user 502
is illustratively, although not necessarily, provided
on a paid basis (i.e., paid for on a per-time oOr

subscription basis).

FIG. 5B 1is a block diagram of a computing

environment 520. Flements 1n FIG. 5B that are the

same or similar as elements 1n FIG. 5A have Dbeen

labeled wutilizing the same or simlilar reference

numerals. In FIG. 5B, one or more users 502 interact

with one ore more computing devices 522 that are
connectable to a server 524. An automatic
translation system 3508, which 1s 1llustratively
associated with a user 502, is stored and maintained

on server 524, Server 524 1s connectable to network

: PN Ao L R T T L AL T AL L
T M te e = cocwe asartiagn wwwm“-wwb“mwmwmwﬂmwmmmmm Myt -t '



10

15

20

25

30

CA 02469593 2004-06-01

-7 3-

505. A user 502 manipulates a computing device 522
to enable 1nteraction with reliable modification
source 506, which 1s also connectable to network 505.
Modification source 506 1S illustratively a
translation service provided over network 505 to a

user 502 via a computing device 504.

System 520 operates 1n the same manner as
system 500, however, automatic translation system 508
can potentially be accessed by multiple computing
devices to accomplish automatic translation for one
oOr  more individual users 502. Accordingly,

translation system 508 can be adapted and updated

with training 1nformation associated with documents
submitted by multiple users. The translation
accuracy of translation system 508 will evolve to
accommodate multiple users 502. This is particularly
desirable when the multiple users have a common
connection that might cause them to generate and
translate documents within a single domain or area of

subject matter (1.e., they work in the same industry,

for the same company, etc.).

IV. SPECIFIC APPLICATION WITH MACHINE TRANSLATION

SYSTEM EMPLOYING AUCTOMATIC CUSTOMIZATION
Up to this point, automatic translation

system 508 has been described generically. The

precise details of system 508 are not critical to the

present 1nvention. Further, an exact scheme as to

how translation system 508 assimilates the described

training data has not been provided. The present

TS S O NI W e 0 i | s o K ity { I St s N radvte & NN 1) s 3By i TAIAT - P o AT, At WA Rt s gt a0y o
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invention 1s not limlited to any one partlcular type
of training data, nor to any one method for
assimilating the data. However, a particular
automatic transiation system and corresponding scheme

for assimilating tralning data will be described 1n

relation to FIG. 6.

It is known for some automatic translation

systems to employ automatic techniques for
customizing a system to accommodate translatlion for a
previously unknown vocabulary (i1.e., to accommodate
translation for a specialized domain). Embodiments
of the present invention are convenlently applicable
in the context of such a translation system. Such a

system 1is described in U.S. Pat. App. No. 09/899,755,

entitled SCALEABLE MACHINE TRANSLATION SYSTEM, filed

on July 5, 2001, which is assigned to the same entity

as the present application, and which 1s hereby

incorporated by reference 1in 1ts entirety. Portions

of the system described 1in the 1incorporated reference

will be described in relation to FIG. 6.

Prior to discussing the automatic
translation system associated with FIG. 6, a Dbrief
discussion of a logical form may be helpful. A full
and detailed discussion of logical forms and systems
and methods for generating them can be found in U.S.
Patent No. 5,966,686 to Heidorn et al., 1ssued
October 12, 1999 and entitled METHOD AND SYSTEM FOR
COMPUTING SEMANTIC LOGICAL FORMS FROM SYNTAX TREES.

Briefly, however, logical forms are generated by

performing a morphological and syntactic analysis on
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an input text to produce conventional phrase

structure analyses augmented with grammatical

relations. Syntactic analyses undergo  further

processing 1n order to derive 1logical forms, which

are data structures that describe labeled

dependencies among content words 1n the textual

input. Logical forms can normalilze certain
syntactical alternations, (e.g., active/passive) and
resolve both 1ntrasententlial anaphora and  long
distance dependencies. A logical fdrm can be

represented as a graph, which helps 1ntuitively 1n

understanding the elements of loglical forms. However,
as appreciated by those skilled 1n the art, when
stored on a computer readable medium, the logical

forms may not readily be understood as representing a

graph, but rather a (dependency) tree.

A logical relation consists of two words

joined by a directional relation type, such as:

LogicalSubject, LogicalObject,
IndirectObject;

LogicalNominative, LogicalComplement, LogicalAgent;

CoAgent, Beneficiary;

Modifier, Attribute, SentenceModifier;

PrepositionalRelationship;
Synonym, Equivalence, Apposition;
Hypernym, Classifier, SubClass;

Means, Purpose;

Operator, Modal, Aspect, DegreeModifier, Intensifier;

Focus, Topic;
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Duration, Time;

Location, Property, Material, Manner, Measure, Color,
Size;
Characteristic, Part;

Coordinate;
User, Possessor;

Source, Goal, Cause, Result; and

Domailn.

(]

A logical form 1s a data structure of

connected logilical relations representing a single

textual 1nput, such as a sentence or part thereof.

The logical form minimally consists of one logical

relation and portrays structural relationshilips (1.e.,

syntactic and semantic relationships), particularly

argument and/or adjunct relation(s) between important

words 1n an 1nput string.

The particular code that builds 1logical

forms from syntactic analyses 1s 1llustratively
shared across the wvarious source and target languages

that the machine translation system operates on. The

-

shared architecture greatly simplifies the task of

B pl—

aligning logical form segments from different

languages since superficially distinct constructions

in two languages frequently collapse onto simililar or

identical logical form representations.

With this background in mind, FIG. 6 1s a

g y—
—

block diagram of an architecture of a machine

translation system 600 1in accordance with one aspect

of the present 1nvention. System 600 1s a data-

snllums
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driven machiline translation system that combines rule-

based and statistical technigques with example based

transfer. The system 1s capable of learning
knowledge of lexical and phrasal translations
directly from data. The central feature of system
000's <training mode 1s an automatic logical form
alignment procedure that creates the system's
translation example base from sentence—-aligned

bilingual corpora.

Machine translation system 600 1s

ey

configured to automatically ean how to translate

from bilingual corresponding texts. The system can

be customized for a particular text by processing 1its
sentences and theilir corresponding human translations,
resulting 1n higher qguality subsequent translations

for material similar to the text. Machine

translation system 600 1S also configured to

conveniently accommodate built-1n confidence scores

that 1i1ndicate the quality of an entlre translation

p—

and/or a portion thereof.

System 600 1ncludes parsing components 604

and ©0o0, statistical word association learning

component 608, logical form alignment component 610,

1

lexical Knowledge pase pbulilding compornent 0lZ,
4

bilingual dictionary 614, dictionary merging

component 616, transfer mapping database 618 and
updated bilingual dictionary 620. During training

and translation run time, the system 600 wutilizes

analysls component 622, matching component 624,

transfer component 626 and/or generation component
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628 . In accordance with one embodiment, parsing

component ©04 and analysis component 622 are the same

component, or at least i1dentical to each other.

A bilingual corpus 1s used to train the

system. The bilingual corpus 1includes aligned
translated sentences (e.g., sentences 1n a source oOr
target language, such as English, in 1-to-1
correspondence with their human-created translations

F

in the other of the source or target language, such

as Spanish). It should be noted that the translation

"sentences”" in the bilingual corpus are not limited

to actual complete sentences but can 1instead be a

pr—

collection of sentence segments. During training,

sentences are provided from the aligned bilingual
corpus 1into system 600 as source sentences 630 (the
sentences to be translated), and as target sentences

F
p_—_—

637 (the translation of the source sentences).

Parsing components ©04 and 606 parse the sentences

from the aligned bilingual corpus to produce source

logical forms 634 and target logical forms 636.
During parsing, the words 1n the sentences

are converted to normalized word forms (lemmas) and

can be provided to statistical word association

T T - -

learning component ©U3. Both single word ana multi-

word associations are iteratively hypothesized and

scored by learning component 608 until a reliable set

of each 1s obtained. Statistical word assoclation

learning component 608 outputs learned single word

translation pairs 638 as well as multi-word pailrs

640 .

ks PRI ARSI LIP AR A b S - Pl LW 1 I K 0 IR b LA 1 5 ) e b 0 e NS AL SIOA S REMDMAC M TR PT0ass or o e Trm T e S5 e RS R SESSesen 85 SSesavefen i estlnst Spaw e ol - &



10

15

20

20

CA 02469593 2004-06-01

- 29—~

The multi-word pairs 640 are provided to a
dictionary merge component 616, which 1s used to add
additional entries 1into bilingual dictionary 614 to

form updated bilingual dictionary ©620. The new

pr—

entries are representative of the multi-word pairs

040 .

The single word palrs 638, along with

source logical forms 634 and target logical forms 6360

are provided to logical form alignment component 610.

Briefly, component 610 first establishes tentative

correspondences between nodes 1n the source and

target logical forms 630 and 636, respectively. This

is done wusing translation pairs from a Dbilingual
lexicon (e.g. bilingual dictionary) 614, which can be
augmented with the single and multi-word translation

pairs 638, ©40 from statistical word association

learning component 608. After establishing possible

——

correspondences, allgnment component 610 aligns

logical form nodes according to both lexical and

structural considerations and creates word and/or

logical form transfer mappings 64Z.

Basically, alignment component ©10 draws

links between logical forms using the Dbilingual

dictionary information 614 and single and multi-word

pairs 638, 640. The transfer mappings are optionally

filtered based on a freguency with which they are

found in the source and target logical forms 034 and

636 and are provided to a lexical knowledge Dbase

building component o6lZ2.
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While filtering 1S optional, in one

S

example, 1if the transfer mapping is not seen at least

twice in the training data, it 1is not used to build

transfer mapping database 618, although any other

desired frequency can be used as a filter as well.

It should also be noted that other filtering

technigues can be used as well, other than frequency

#

of appearance. For example, transfer mapplngs can be

filtered based upon whether they are formed from

complete parses of the input sentences and based upon

whether the logical forms used to create the transfer

mapplings are completely aligned.

Component 012 builds transfer mapping

database 618, which contains transfer mappings that

basically 1link words and/or logical forms 1n one

language, to words and/or logical forms in the second

language. With transfer mapping database 618 thus

L

created, system 600 1is now configured for runtime

translations. During translation run time, a source
sentence 650, to Dbe translated, 1s provided to
analysis component 622. Analysis component 622
receives source sentence 650 and creates a source

logical form 652 based wupon the source sentence

1nput.

The source logical form 652 is provided to

matching component ©024. Matching component 624

attempts to match the source 1logical form 652 to

logical forms in the transfer mapping database 618 1n

order to obtain a linked logical form 654. Multiple

transfer mappings may match portions of source
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logical form 652. Matching component 624 searches

F

for the best set of matching transfer mapplngs 1in

database 618 that have matching lemmas, parts of

]
—

speech, and other feature 1nformation. The set of

best matches 1s found based on a predetermined

metric. For example, transfer mappings having larger
(more specific) 1logical forms may 1llustratively Dbe

preferred to transfer mappings having smaller (more

general) logical forms. Among mappings having
logical forms of equal slze, matching component 624
may 1llustratively prefer higher freguency mapplings.
Mappings may also match overlapping portions of the
source logical form 652 provided that they do not

F

conflict with each other 1n any way. A set of

mappings collectively may be 1illustratively preferred

if they cover more of the 1input sentence than the

alternative sets.

After a set of matching transfer mappings

is found, matching component 624 creates 1links on

nodes in the source logical form 652 to coples of the
corresponding target words or logical form segments
received by the transfer mappings, to generate linked
logical form 654. Links for multi-word mappings are
represented by 1linking the root nodes of the
corresponding segments, then linking an asterisk to
the other source nodes participating in the multi-
word mapping. Sublinks between corresponding
individual source and target nodes of such a mapping
may also illustratively be created for wuse during

transfer. Transfer component 626 receives linked

3 . RO Rt D VAL corrting b S el LI 1 e
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logical form 654 from matching component 624 and

creates a target logical form 656 that will form the
basis of the target translation. This 1is done by

performing a top down traversal of the linked logical

form 654 1in which the target logical form segments

pointed to by links on the source logical form 652
nodes are combined. When combining together logical
form segments for possibly complex multi-word
mappings, the sublinks set by matching component 624
between 1ndividual nodes are used to determine
correct attachment points for modifiers, etc. Default

attachment points are used 1f needed.

p—

In cases where no applicable transfer

mapplings are found, the nodes 1in source logical form
652 and thelr relations are simply copied 1into the

target logical form 656. Default single word

translations may still be found 1n transfer mapping

database 618 for these nodes and 1nserted into target

logical form 656. However, 1f none are found,

translations can 1llustratively been obtained from

updated bilingual dictionary 620, which was used

during alignment.

Generation component 628 1s 1llustratively
a rule-based, application-independent generation

component that maps from target logical from 656 to

the target string (or output target sentence) 658.

Generation component 628 may 1llustratively have no

information regarding the source language of the
input logical forms, and works exclusively with

information passed to i1t by transfer component 626.

w o WA IO e e s SCW AP A
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Generation component 628 also 1llustratlvely uses

this information 1n conjunction with a monolingual

(e.g., for the target language) dictionary to produce

target sentence 658. One generlic generation component

628 1s thus sufficient for each language.

It can thus be seen that system 600 parses

information from various languages 1nto a shared,

common, logical form so that logilcal forms can be

P
—

matched among different languages. The system can

also utilize simple filtering techniques 1n building

the transfer mapping database to handle nolsy data

input. Therefore, system 600 can Dbe automatically

gt
—

trained using a large number of sentence pairs.

Turning attention back to the adaptive

automatic translation system described i1n FIGS. 3, 4,

5A and 5B, the described system 600 can
illustratively be implemented as the user's adaptive

automatic translation system (1.e., translation

system 508). In accordance with one embodiment, at

F

least a portion of a translation produced Dby system

600 1s illustratively sent to a reliable modification

source (i.e., source 5006) for correction (1.e., a

user selects portions with low confidence metric for

modification). Training information 1s generated
based on corrections made (training 1nformation
generated by training generator 512). System 600
receives and processes the training data. In

accordance with one embodiment, system 600 processes

a bilingual corpus that corresponds to corrections

made. Users of translation system 000  will
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subsequently obtain higher quality translations for
simlilar texts.

In accordance with one embodiment, to
facilitate the adaptation of the user's automatic
translation system, a system 600 resides on both the
reliable modification source and the user's computing
device (or a related server) .- The pailr of system

600's illustratively run 1in parallel to one another.

After post-editing has been completed with the

modification source, the generated corrected

translation, along with the original source text, 1is
illustratively processed by the "training" phase of
the version of system 600 1mplemented on the
modification source. During the training phase, the
correct translation correspondences are learned. The

correspondences are then put into an updated

database, which 1s sent to the version of system 600
implemented on the user's computing device (or an
associated server). The updates can be sent with the
corrected translation or independently. The updates
are automatically assimilated into the user's version
of system 600. The next time the user attempts to
translate similar textual material, the user's system
600 automatically produces higher quality
translation, based on the updates that were returned

with previously corrected documents.

The updating of system 600 Dbased on

training information could be accomplished 1in 'any of
a variety of ways, and no particular way 1s critical

to the present invention. The training data provided

LD AR M I T s AR O A OOV LSNP L s 4 e DSt Ao AR TR 414 1 1 LIS i s
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to system 600 could be 1n a variety of different
forms appropriate for accomplishing adaptation. As

was mentioned, 1n accordance with one embodiment, the

training data 1is a bilingual corpus (1.e., sentence

palrs ©30 and 632 1in FIG. 0). In accordance with

d

another embodiment, the training generator (1.e.,

generator 512 1in FIGS. 5A and ©5B) generates and

supplies system 600 with an update for parser 004

and/or parser 606 based on corrections made (1l.e.,

update mandates that 1n the future XY should be

treated as X, etc.). In accordance with another

embodiment, the training generator generates an

update based on changes made for the single word

pairs maintained by translation system ©600. In

accordance with another embodiment, the training

generator generates an update for transfer mapping

database 618 based on corrections made. In

accordance with another embodiment, the training

p—

generator directly or 1indirectly rebuillds transfer

mapping database 618 based on corrections made. The

pr—

updating of any knowledge source 1s within the scope

of the present invention.

MindNet 1s a generic term utilized 1n the

industry to describe a structure such as the
linguistic structure database of logical forms
associated with translation system 600 (1L.e.,
transfer mapping database 618). The term MindNet was
coined by Microsoft Corporation of Redmond,
Washington. In accordance with one embodiment of the

present invention, utilization of training

R DS VISR 761 LT Eh L b 1 I I LR | Do chc A By SR ARTt (14 17 ] VPRl Wy 1w el T oy W3y =B A AT ARG L BT e ST P 7 e Sa bR et i i
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» .

information to adapt system 600 based on corrections

made by the reliable modification source 1involves

manipulation (i.e., an updating) of the MindNet. The

process of updating can occur on the user's system

(or on a server associated with the user) or remotely

on the system associated with the modification

SOUxXce.

FIG. 7 is a flow chart illustrating an

embodiment of the present invention whereln the

MindNet 1s updated. In accordance with block 702,

the wuser's MindNet 1s sent (i.e., from a client

machine) to the reliable modification source (1.e.,

implemented on a server) along with the translation

and original text. After necessary corrections have
been made to the translation (block 704), the MindNet

is rebuilt to reflect the corrections (block 706).

Then, the rebuilt MindNet i1s sent to the user (1.e.,

returned to the client machine) along with the

corrected translation material (block 708). In
accordance with block 710, the rebuilt MindNet 1is

incorporated within the user's automatic translation

)
p—

system. The updated MindNet is utilized for

subsequent translations. Tt should be noted that the

L 4

described remote updating of the user

-

s translation

system can be accomplished in association with data

structures other than the MindNet.

FIG. 8 is a flow chart illustrating another

embodiment wherein the MindNet i1s updated without

leaving the user's machine (or without leaving the

user's associated server). In accordance with block

AN M ) TG s MR AP AIIES PR 1 al? =17 14444 73000 et arnaa b ps ort aps b 4y =4 bAple Lo daayy ey
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302, the reliable modification source recelves

translation material and a corresponding origlnal

text from the user (block 80Z2). Corrections are made
as necessary (block 802) and a corresponding MindNet
addendum 1s compilled (block 804). In accordance with
block 806, with the corrected translation, the clilient
receives an addendum to be loaded and compiled 1nto
their MindNet (block 808). In accordance with an
embodiment represented by Dblock 810, the user's

MindNet 1is not updated until a predetermined number

of addenda have been collected. It should be noted

that the described 1local updating of the user's
translation system can be accomplished 1n assoclation
with data structures other than the MindNet.

In accordance with one embodiment, multiple

addenda are strung together or collected on a server,

i.e., the server where the reliable corrections are

made. When a predetermined number of addenda have

been collected, the user sends his/her MindNet to the

server to be rebullt and returned. Other schemes for

p——
prams-

updating the user's MindNet are within the scope of

the present 1nvention.

In accordance with another aspect of the

present invention, the described adaptive machine
translation processes can be implemented within a
system wherein the user and the reliable modification

F

source are one 1in the same. The process flow of FIG.

3 is consistent with such an embodiment. In other

words, the FIG. 3 flow covers embodiments of the

present invention wherein an adaptive machine

: Dt SRR A St AT PN ISR MM DMV NI T 1254 LA Ty Sk P LIS AR e 2 v ) MRS RN MO prh o 08 31 Fowry 77 D50 B2 1 | V| LML M TP A S0P B2 gt om0 e RIS L SRR A s B A "iaea ' e
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translation system 1s encapsulated within a document

management or workflow environment whereln a user,

who 1s 1llustratively a reliable modification source,
submits at least a portion of a source document to an

5 automatic translator on his or her own computer (or

on a server assoclated with the user) for

translation. Such embodiments will now be described

with reference to FIG. 3.

Submission of at least a portion of a
10 source document 302 1s represented by block 330. The
user 1s 1llustratively a reliable translator with

regard to the languages associlated with source

document 302. The source document 302 information,
as well as a corresponding automatically generated
15 translation 304, are presented to the user/corrector

for review and correction. This action 1S

represented by block 332.

A corrected translation 306 and the
original source document 302 are processed to create
20 a collection of updated and assumedly accurate

translation correspondences 308. This action 1s

represented by block 334. In accordance wilth one

embodiment, the updated translation correspondences

308 are placed into an updated database (or, 1f a
25 statistical machine translation system 1s being used,

they are reflected in an updated table of statistical

parameters) . The updates are assimilated 1into the
user's automatic machine translation system. The
next time the user attempts to translate similar

30 textual material 310, the system automatically

o . . 2 e aad a0aa e ma
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produces a higher quality translation 312, based on
the updates that were produced based on previously

corrected documents. This action 1s represented by

block 336. It should be noted that the training

benefits subsequent translations 1in both directions

f a language pair (i.e., Spanish-to-English and

O

English-to-Spanish).

It should be emphasized that many different

types of training data can be generated Dbased on

corrected translation 306 and source document 30Z2.

Many different types of training data can be utilized
to adapt the wuser's automatic translation system.
Updating translation correspondences 1s but one

F

example within the scope of the present invention.

The updating of any knowledge source 1is within the

scope. Any updating of any statistical or example

r—

based trainer 1is also wilithin the scope. Specific

examples are described above 1in relation to other

embodiments.

In accordance with another aspect of the

present invention, the described adaptive machine

translation processes can be utilized in assoclation

with a specialized translation software operated by a

user that 1s a reliable transliation source. it 1is
known for human translators (1.e., professional
translators, amateur translators, etCc.) to employ

specialized translation software to reduce the amount

of required translation work. It is common for human

translators that utilize the specialized software TO

be equipped with the knowledge necessary to
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accurately translate without the software. The

—_—

software 1s utilized simply to reduce the number o:

keystrokes required to translate a given document.
Some implementations of specialized

translation software are configured to compare a

sentence (or group of sentences) to be translated

(1.e., a sentence or group of sentences taken from a

document being translated) with a database of
previously translated sentences (ox groups of
sentences). If a match 1s found, then the matched
translation can automatically be retrieved. In such

_

instances, the user will be spared some of the burden

of manual translation.

-

In 1nstances where an exact match 1s not

avallable for the target sentence, some

implementations of specialized translation software

are configured to retrieve a "fuzzy match", which 1is
a sentence that 1s similar but not 1dentical. The

user can reject the fuzzy match and translate the

sentence from scratch, or can modify the fuzzy match

into correct form. In many cases, modifying the
fuzzy match wlll be less work (1.e., fewer
keystrokes) than translating from scratch.

some implementations of specializeaq
translation software are configured to cooperate with
an automatic translation system to provide automatic
machine translations for certain sentences to be
translated, such as but not limited to source text
sentences for which no exact or fuzzy translation 1is

available. The user <can reject the machine
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translation and translate the sentence from scratch,
or can modify the machine translation 1into correct

form. In many cases, modifying the machine

translation will be 1less work (i.e., fewer Kkey

strokes) than translating from scratch.

In accordance with one aspect of the
present lnvention, the user of the described
specialized translation software 1s, 1in effect, a
reliable translation source. Accordingly, when the

user corrects fuzzy or machine translations,

information corresponding to the corrections can be
utilized to train or update a machine translation

system associated with the software. In this manner,

the efficiency and accuracy of the translation system

will be 1mproved for subsequent translations. The
training or updating of the machiline translation

system can be accomplished similar to any of the

methods described herein or otherwise.

FIG. 9 is a block diagram of an application

of embodiments of the present 1nvention 1including
specialized translation software. The 1llustrated

application is only an example and 1s not intended to

suggest any 1limitation as to the scope o0of use or
functionaliity of the present invention. Neither
should the specific application be interpreted as

having any dependency or requirement relating to any

one or combilnation of 1llustrated components.
With reference to FIG. 9, a user/corrector
902 interacts with a computing device 904 having a

specialized translation system 910 (1.e., specialilzed

e v g e i e b AT BARA i A Atk AL ML g e 50420 e e TRy Ao U O M 90500000 AL 0 4 OO 2 PO S U L€ 451 LMD 1) M S F TS A 3L oo AT B AN I PR SANAr 880l ot b 1T famltes 208t T g e e e
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translation software), an automatic translation
system 912 and a training generator 914 (i.e., the

same or similar to training generator 512 described

above) implemented thereon. Computing device 904 can
be any of a wvariety of Kknown computing devices,

including but not limited to any of those described

1in relation to FIGS. 1 and 2. In accordance with one
embodiment, computing device 904 1s a ©persocnal

computer.

Userx 902 18 a translator (1.e., a
professional or amateur translator) who depends on
system 910 to eliminate at least some of the work
assoclated with translating the soufce documents.

Specialized translation system 910 1s a specialized

translation system configured to assist user 802 1in

the translation of source documents. User 902

i1llustratively submits at least a portion of a source
document to system 910 for assistance 1n generation
of a corresponding translation. Automatic

translation system 912 1s configured to provide an

automatically derived machine translation of a
provided text. Specialized translation system 910 1is
configured to seek and receive from translation
system 9212 an automatic translation of a source
document text under analysis (1.e., system 910
depends on system 912 in instances when system 910 is

unable to produce an exact or fuzzy translation

match) .

-

It should be noted that any database of

previously translated sentences associated with
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speclalized translation software 910 can be updated
based on automatic translations produced by system

9172 (1.e. the automatic translations become

4

potential exact or fuzzy matches). It should also be

noted that a machine translation can be provided "on
demand" (1.e., at the request of the user) .

Alternatively, machine translations can be generated

during a preprocessing step and stored with othex

previously translated sentences (1.e., stored with

other potential exact and fuzzy matches). The

database of previously translated sentences could be

updated during a preprocessing step with sentences

for which there are no exact or fuzzy matches. The

machine translations can therefore be provided "on

demand" or ahead of time (and then stored 1in the

database along with other ©previously translated

sentences) .

Assuming that user 902 1is not satisfied
with one or more portions of the translation
generated by translation system 912 (1.e., user 1s
not satisfied with an 1indicated 1low confidence
metric), then the automatic translation 1S
illustratively presented to user 8902 for correction
(i.e, user 902 1is assumedly a reliable modification
source) . A corrected translation 922 1illustratively
results from the correction process. A training
generator 914 1is utilized to process the automatic
translation, the corrected translation, and/or the
source document in order to generate a collection of

training data that can be utilized to adapt automatic
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translation system 912. Training generator 914 is a

component stored on computing device 904, or 1in a
separate but accessible independent computing
location (1L.e., stored on arl independent and

accessible server). When training generator 914 is

stored 1n a separate computing location, generated

training 1information 1s 1llustratively transferred
back to automatic translation system 912. When
training generator 914 1s stored with computing

device 904, then information 1is directly 1mplemented

into system 912. Storing training generator 914 with

computing device 904 reduces storage and processing

relationship Dbetween

9172 and

requlrements. The training

translation training

automatic system

generator 914 1is illustratively similar to any of the

embodiments described above 1n relation to automatic

translation system 508 and training generator 512.

In accordance with one embodiment, more

than one user 902 can interact with computing device

904, and with specialized translation system 910 to
collectively produce higher quality translations. 1In
accordance with another embodiment, a user 902 can
access computing device 904 directly (as 1S
illustrated) or through a computer network. In
accordance with another embodiment, training or
update material generated by generator 914, in

addition to being utilized to update system 912, can

also be transferred across a computer network to
update at least one additional automatic machilne
translation system. For example, the training or
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update material can be transferred directly to a

single additional automatic machine translation

system for assimilation. Alternatively, however, the
material can Dbe transferred to a centralized server
and subsequently be distributed to multiple machine
translation systems for assimilation (i1i.e., on a paid
subscription basis). Alternatively, The material can
be transferred to a centralized server and
subsequently be distributed to multiple machine

translation systems associated with a large

organization (i.e., a corporation) for assimilation.
Although the present 1invention has been

described with reference to particular embodiments,

workers skilled 1in the art will recognize that

changes may be made 1in form and detail without

departing from the spirit and scope of the 1nvention.
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WHAT IS CLAIMED IS:

1. A computer-implemented method for providing

information to an automatic machine translation

system to improve translation accuracy, the method
comprising:
recelving a collection of source text;

receiving from the automatic machine translation

system an attempted translation that

corresponds to the collection o©f source

text;

receiliving a correction input that 1s configured

to effectuate a correction of at least one

error in the attempted translation; and

providing 1nformation to the automatic machine

translation system to reduce the likelihood
that the error will be repeated 1in
subsequent translations generated Dby the
automatlc machine translation system.
2 . The method of claim 1, whereln providing
information comprises providing the correction input.

3. The method of «c¢laim 1, whereln providing

) -

"ormation comprises proviliding 1nformation to Dbe

in:
assimilated 1nto the automatic machline translation
system.

4 . The method of c¢laim 1, wherein providing
information comprises providing update 1information to
be assimilated into a knowledge source associlated

with the automatic machine translation system.

5. The method of claim 1, wherein providing

information comprises providing update information to
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be assimilated 1nto translation correspondences
assocliated with the automatic machiline translation
system.

. The method of c¢laim 1, wherein providing
information comprises providing update 1nformation to

be assimilated 1into a <collection of 1linguistic

structures associliated with the automatic transliation

system.

7. The method of «c¢laim 6, wherein providilng

information comprises providing update information to

be assimilated 1into a database of corresponding
logical forms associated with the automatic machine
translation system.

8 . The method of «c¢laim 1, wherein providing
information comprises providing update information to
be assimilated into a collection of statistical

parameters associated with the automatic machilne

translation system.

9. The method of <c¢laim 1, wherein providing
information comprises providing update i1nformation to
be assimilated into a collection of parsing
information associated with the automatic machine
translation system, the parsing 1information being
information that enables a parser to provide analysis
of a collection of segments.

10. The method of claim 1, wherein providing

information comprises providing update information to

pr—— P
—

be assimilated 1into a c¢ollection of groups of

corresponding words or phrases associated with the

automatic machine translation system.
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11. The method of c¢laim 1, further comprising

transmitting update I1nformation across a network to
be assimilated 1nto a knowledge source assoclated

with a different automatic machine translation

system, the update information being configured to
reduce the likelihood that the error will be repeated

1n subsequent translations generated by the automatic

machine translation system.

12. The method of claim 1, wherein providing

information comprises providing a bilingual corpus of

one or more sentence palrs.

13. The method of <c¢laim 1, wherein receivling a
correction input comprises receiving at least one
correction instruction from a human translator.

14. The method of <claim 1, wherein receiving an

attempted translation comprises recelving an

attempted translation that corresponds to a portion

of the source text for which the machine translation

system does not provide a suitable translation.

15. A computer-implemented method for improving the
performance of an automatic machline translation
system, the method comprising:
employing the automatic machine translation
system to generate a translation of a
collection of source text;
transferring the collection of source text and

at least a portion of the translation to a

reliable modification source;
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recelving from the reliable modification source
an 1ndication of an error in at least one
portion of the translation; and

training the automatic machine translation

system such that the error will be Jless

likely to occur for subsequent translations
generated by the automatic translation

system.

16. The method of claim 15, further comprising:

generating a confidence metric representing a
quality measurement with regard to the
translation; and

selecting the portion of the translation

transferred to the reliable modification

source based at least 1n part upon the

confidence metric.

17. The method of claim 15, wherein sald
transferring comprises transferring from a client
computing device, upon which the automatic machine
translation system 1is i1mplemented, to a server

computing  device associated with the reliable

modification source.

18. The method of claim 15, wherein said
Cransferring comprises transferring from a server,
upon which the automatic machine translation system
is implemented, to a server computing device
assoclated with the reliable modification source.

19. The method of claim 15, wherein training the

automatic machine translation system comprises
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updating a knowledge source associated with the
automatic machine translation systemn.

20. The method of claim 15, wherein training the
automatic machine translation system COMPrises
updating at least one translation correspondence
assoclated with the automatic machine translation
system.

21. The method of c¢laim 15, wherein tralning the

automatic machine translation system COMPrilses
updating a collection of linguistic structures
associated with the automatic machine translation
system.

22. The method of claim 21, wherein training the

automatic machine translation system comprilses

upda[ting a database of corresponding logical forms

associated with the automatic machine translation

system.

23. The method of claim 15, wherein training the

automatic machine translation system comprises

F

updating a collection of statistical parameters

associated with the automatic machine translation

system.

24. The method of claim 15, wherein training the

automatic machine translation system COMPYr1sSes

updating a collection of parsing information
assocliated with the automatic machine translation
system, the parsing information being information

that enables a parser to provide analysis of a

collection of segments.
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25. The method of c¢laim 15, wherein training the
automatic machine translation system comprises
updating a collection of corresponding word

associations associated with the automatic machine or
phrase translation system.

26. The method of claim 15, wherein tralning the

automatic machine translation system comprises
providing billingual corpora based on the error to the

automatic machine translation system and enabling it

to train itself based on the bilingual corpora.

27. A method for 1mproving the performance of an

automatic machine translation system, the method

comprising:

employing the automatic machine translation

pr——
—

system to generate a translation of a

collection of source text, a confidence

metric being associated with portions of

the translation;

evaluating the confidence metric and selecting a

low confidence portion of the translation;

transmitting the low confidence portion across a

computer network to a reliable modification

sourcey,

utilizing the reliable medificaticon source to

generate a corrected version of the low

confidence portion;

generating an updated database of translation

s
—
e

knowledge based on the corrected version o:

the low confidence portion;
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transmitting the updated database of translation

knowledge across a computer network to the

automatic machine translation system; and
Lncorporating the updated database of
translation knowledge 1nto the automatic
machine translation system to enable the
automatic machine translation system to

subsequently translate with greater

accuracy text similar to the low confidence

portion.

28. The method of claim 27, wherein utilizing the

reliable modification source to generate a corrected

version comprises utilizing a human translator.

29. The method of claim 27, wherein transmitting

across a computer network comprising transmitting

across the Internet.

30. A method for i1improving the performance of a

first self-customizing automatic machine translator,

the method comprising:

implementing the first self-customizing

automatic translator on a first computing
device;

implementing a second self-customizing automatic
translator on a second computing device;

providing a reliable translation source;

enabling communication between the first and
second computing devices;

receiving at the second computing device a

source text;
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suppiying the second computing device with a

corrected version of the attempted
translation produced by the reliable
translation source;

utilizing the second self-customizing automatic
translator to process the source text and
the corrected version of the attempted
translation to produce training information

for adapting the first self-customizing

automatic translator to subsequently

translate text similar to the source text

wlth greater accuracy;

transferring the training 1information from the
second computing device to the first
computing device; and

assimilating the training information into the

first self-customizing automatic translator

to enable the first self-customizing
automatic translator to subsequently

translate wlth greater accuracy text

similar to the source text.

Smart & Biggar
Ottawa, Canada
Patent Agents
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| SOURCE DOCUMENT WITH NOTED CONFIDENCE
METRICS

N ——tep ey — —r— S — e e . —— — = p—— p— . A il —Cmct Sty p— m— —i

USER OBTAINS AUTOMATIC TRANSLATION OF |
U

‘ 404
| USER SELECTS LOW-CONFIDENCE PORTIONS FOR POST- /\)

EDITING MODIFICATION BY RELIABLE SOURCE

{ | 406
USER RECEIVES CORRECTED TRANSLATION AND .
UPDATED TRANSLATION CORRESPONDENCES
:
R —————
|
R 2 o

MACHINE TRANSLATION SYSTEM

by — il iyl ———— e— e — ey el —————— J

UPDATES ARE ASSIMILATED INTO USER’S AUTOMATIC V\)
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