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Lumada Data Science Laboratory 
Contributes to Business and Consolidates 
Knowledge with Top Data Scientists

Research and development at Hitachi seeks to enhance 

social, environmental, and economic value. Work is also 

ongoing on creating global innovation based on Lumada 

and establishing ecosystems growing in partnership with 

stakeholders. Th e Kyōsō-no-Mori (research and develop-

ment site to accelerate open eco-system activities) estab-

lished at Hitachi’s Central Research Laboratory in April 

2019 went on to establish the Lumada Data Science 

Laboratory in April 2020. Th is new laboratory brings 

together around 100 people, providing them with a venue 

for collaboration where they can each contribute their 

particular skills and expertise. Along with engineers from 

Hitachi’s business divisions, these include leading data 

scientists with a depth of knowledge in the operational 

technology (OT) that is essential for the commercial 

deployment of advanced data science and technology.

As well as seeking to create value by having such a 

wide variety of data scientists work more closely together 

and engage in open innovation to grapple with complex 

and high-level challenges facing customers, the laboratory 

is also working to expand the data science business by 

sharing the knowledge acquired from particular projects.

Th e laboratory’s mission also includes the fostering 

of talent in the fi elds of artifi cial intelligence (AI) and 

analytics. Its role is to lead data science at Hitachi, exert-

ing its infl uence both inside and outside the company 

in a variety of ways, including by holding hackathons 

1 that are also attended by people from outside Hitachi, 

presenting papers at leading conferences, gaining high 

rankings in international competitions, and publishing 

articles on engineering.

Migration Automation for Accelerating DX

Th e digital transformation (DX) of companies and indus-

tries is an urgent task, not least because of the impact of 

the COVID-19 pandemic. Th e upgrading of legacy IT 

assets is essential to making good use of data and achiev-

ing ongoing business reforms. Th e migration of systems 

to more modern programming languages forms one part 

of this upgrading, and this process needs to speed up in 

order to accelerate DX.

To this end, Hitachi has developed an automation 

technique purpose-designed for migration development 

that is based on a continuous integration (CI) environ-

ment. In particular, the technique uses image process-

ing to automate the task of verifying that new system 

reports match those of the old system, work that is said 

to make up between 30 and 50% of testing, having to 

be done visually. A pilot project demonstrated that the 

technique reduced the amount of testing work by one 

third. Moreover, being based on a CI environment means 

that it also provides an environment for ongoing system 

enhancements after migration.

Combined with Hitachi’s expertise in techniques for 

replicating the specifi cations of existing systems, this 
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1  Discussion at laboratory (left ) and examples of external activities (right)



120

helps achieve DX-readiness in legacy systems that make 

good use of existing assets.

Automatic Extraction of Information 
from Unstructured Documents for 
Operational Effi ciency Improvement

Th e extraction of information from unstructured docu-

ments involves fi rst preprocessing the text in the docu-

ment and then determining the content, including by use 

of an information search platform for management and 

searching. Th e text extracted from the document is then 

inserted into a database. Unfortunately, the extracted text 

needs to be reviewed by a human one entry at a time, a 

task that in the past has required a lot of work.

Hitachi’s new extraction technique combines relation-

ship extraction with table structure analysis. Th e former 

analyzes large amounts of text data on the basis of its 

grammatical structure to identify the relationships between 

words, while the latter involves automatic recognition of 

the table’s surface structure. Th e new technique automates 

3

the sequence of steps from extracting the required infor-

mation from complex unstructured documents on the 

basis of the text’s structural patterns and table’s surface 

structure through to its insertion into a database.

While it is currently being deployed in practical appli-

cations that primarily involve documents in Japanese, the 

intention is to expand its scope in the future to cover the 

English language also.

Hitachi Global Data Integration Solution

For global corporations to collect and use Internet of 

Th ings (IoT) data from equipment located around the 

world, they need to be able to acquire and operate IoT 

connections in each location and have systems for the 

reliable collection and storage of the rising volumes of 

equipment data. Th is has led Hitachi to develop the 

Hitachi Global Data Integration solution that features 

platform technologies for global communications control 

and scalable data collection and storage.
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Platform technologies for global communications con-

trol connects via an application programming interface 

(API) to the IoT platforms of the diff erent local tele-

communications providers to deliver centralized control 

and management of connections. Th is enables manage-

ment of billing and the connection status, opening and 

suspension of mobile links to equipment in the diff erent 

locations. Scalable data collection and storage, meanwhile, 

uses multiple horizontally scalable machines to handle 

incoming data, allocating processing to machines with 

low loads. Th is includes both the processing of collected 

data as it comes in and the execution of the APIs that 

customers use to access data. By doing so, high through-

put can be maintained even as data volumes grow.

In the future, Hitachi intends to contribute to sus-

tainable industrial development around the world by 

using Hitachi Global Data Integration to accelerate the 

establishment and operation of customers’ global IoT 

businesses.

PSI Technique for Extracting Intersections 
Contained in Encrypted Data

Amid the rapid advance of information processing tech-

niques such as the IoT and AI, the wellspring of orga-

nizational competitiveness is shifting toward businesses 

that make use of data and society itself is moving toward 

a situation where new added value arises from organi-

zations connecting with one another by means of data. 

However, in cases where the data shared between mul-

tiple organizations contains sensitive information, there 

is also a need to limit the disclosure of data to only that 

which is needed for the intended purpose.

Unfortunately, it is diffi  cult for organizations to 

limit sharing in this way while still keeping that data 

5

confi dential from one another. To overcome this prob-

lem, Hitachi has developed a private set intersection 

(PSI) technique that utilizes functional encryption and 

implementation techniques to identify the intersections 

between information held by diff erent organizations 

(the common information held by both parties) without 

decrypting the data.

Future plans include the addition of new functions 

such as the extraction of similar as well as intersecting 

information. Th e intention is also to engage in collabora-

tive creation (co-creation) with customers to utilize the 

technique in practical applications.

AI Technology for Human Action 
Recognition with Slight Variation in Motions

Safety and security measures that involve the application 

of AI to surveillance camera video as a means of identi-

fying people are becoming increasingly common. While 

these techniques are used for purposes such as helping 
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keep factory workers safe by analyzing their actions or 

the recognition of suspicious behavior in public places, 

by recognizing which a part of the person is occluded or 

where there is slight variation in motion that is diffi  cult 

to distinguish.

Th e past practice of only using video for AI learning 

has made it diffi  cult to teach AI to identify small actions. 

In response, Hitachi has developed a cross-modal AI 

learning technique that combines camera video with 

signals from a variety of body-worn sensors. Such an 

AI learns using a mix of sensors and video can iden-

tify even slight variations in motions from camera video 

without using other sensors, and achieve highly accurate 

action recognition even when part of the body is obscured. 

Compared to action recognition trained using video on 

its own, this delivers improvements of up to 53% in the 

accuracy of recognizing actions such as opening a cashbox 

or using a smartphone.

In the future, Hitachi plans to deploy the technique 

in video surveillance systems and commercialize it in 

solutions for suspicious behavior detection or the rapid 

identifi cation of unwell people.

Speaking Time Detection Technique 
for Analyzing Meetings

Prompted by COVID-19, companies are accelerating the 

transition to telework and making greater use of online 

videoconferencing. Companies are also starting to adopt 

speech recognition as a means of taking minutes at such 

online meetings and for analyzing verbal interactions. 

Unfortunately, as many speech recognition techniques 

are intended to work on a single person’s voice only, they 

need to be augmented with some way of identifying when 

a diff erent person starts speaking if they are to be used to 

analyze events such as meetings. Existing technology is 

also impractical for meeting use because of its inability 

to detect when more than one person is speaking at the 

same time.

In response, Hitachi has developed a way to detect 

when people are speaking that uses a neural network 

trained using sample audio containing instances of mul-

tiple people talking at once. Whereas past techniques 

were unable to detect periods of time when more than 

one person is speaking, this new technique can do so 
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human vision). Th is can improve perceptual image quality 

even when the available data size is very small.

Hitachi intends to expedite this research and look at uti-

lizing it in IoT solutions that handle large amounts of data.

Note that this is a part of joint research with the 

Aizawa Laboratory at the Department of Information 

Communication Engineering, Graduate School of 

Information Science and Technology of the University 

of Tokyo. It also utilized the AI bridging cloud infra-

structure (ABCI) of the National Institute of Advanced 

Industrial Science and Technology.

Commercialization of CMOS 
Annealing in Time of COVID-19

Hitachi is developing a complementary metal-oxide 

semiconductor (CMOS) annealing technique for quickly 

*1 Th e zetta prefi x denotes a factor of 1021.

*2 Source: “The Growth in Connected IoT Devices Is 

Expected to Generate 79.4ZB of Data in 2025, According 

to a New IDC Forecast”, IDC, https://www.idc.com/getdoc.

jsp?containerId=prUS45213219
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with an accuracy of 80% 

or better. Th e technique 

is currently being used 

in Hitachi’s dictation 

support service, with 

demonstration projects 

underway for analyz-

ing verbal interactions 

in situations such as call 

centers.

In the future, Hitachi 

intends to contribute to 

improving service quality for corporate customers by 

leveraging this new technique to expand its dictation 

support service.

Learning-based Image Compression 
Technique Using Selective Detail Decoding

Th e amount of data generated by the IoT is predicted 

to reach around 79.4 zettabytes*1 by 2025*2. In response, 

Hitachi has been paying particular attention to image 

data and is working on an image compression technique 

based on deep learning so that this ever-increasing fl ow 

of data can be put to use.

Images may contain a mix of regions, some showing 

objects such as fl owers or other plants where, rather than 

the detailed structure of each and every leaf, it is things 

like texture that are important, and others showing things 

like fi ne print where the structural detail is important. In 

response, Hitachi has developed a selective detail decod-

ing technique that optimizes the compression and decom-

pression of diff erent regions of an image on the basis of 

perceptual image quality (image quality as perceived by 
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demand from the labor-intensive tasks of event handling 

and reporting. Hitachi has launched an IT operations 

optimization service for IT administration and has devel-

oped techniques for automating suggestions for reference 

documents that describe selective actions and anomaly 

detection for use in these respective tasks.

To deal with the problem of choosing each refer-

ence document on the basis of diff erent message text, 

the technique for automating suggestions for reference 

documents that are selectable uses machine learning to 

learn thresholds for each reference document based on 

the event notifi cations from the IT system, with the 

percentage of matching words in the message being 

used as an indicator of similarity. When a new event 

occurs, it calculates the similarity between the event 

and the available reference documents, selecting those 

reference documents that exceed the threshold. In test-

ing the new technique achieved a selection accuracy of 

more than 95%.

Th e technique for automating anomaly detection auto-

mates the identifi cation of performance anomalies in IT 

systems, a task that in the past was performed manu-

ally by experienced IT administrators. It uses machine 

learning to learn the temporal patterns of performance 

indicators and automatically detects anomalies that 

deviate from normal behavior. Computation time has 

been shortened by including built-in temporal patterns 

for those patterns frequently exhibited by IT systems. 

Th is shortens to a few hours the time it takes to identify 

anomalies in an IT system made up of several hundred 

servers, a task that in the past would have taken a week.

Plans for the future include automatic execution of 

selected actions and the shortening of report generation 

times.

fi nding practical solutions to combinatorial optimization 

problems. Th e technique can be used for purposes such as 

large-scale scheduling or portfolio optimization.

Following Japan’s May 2020 declaration of a state 

of emergency over COVID-19, Hitachi’s Research & 

Development Group adopted a shift-based scheme 

for off setting when staff  arrive at work. Th e scheme, 

which applies to around 360 research staff  at its Central 

Research Laboratory, uses a high-speed shift scheduling 

solution in which CMOS annealing is used to generate 

the shifts. As research work requires access to special-

ized equipment, a four-shift system was adopted for 

staff  arrival times and the solution used to specify the 

detailed requirements and generate shifts accordingly 

in a way that is effi  cient and ensures that research work 

proceeds smoothly while also minimizing the COVID-

19 infection risk. Th e resulting shifts for several hundred 

staff  enable them to avoid the “three Cs” of closed spaces, 

crowded places, and close-contact settings, taking account 

of constraints that include the research team they belong 

to, what they are working on, the progress of experiments, 

usage of experimental apparatus, desired number of work-

ing days, and commuting time.

Th e high-speed shift scheduling solution using CMOS 

annealing entered service in the second half of 2020.

AI-based IT Operation Technologies 
in IT Operations Optimization 
Service for IT Administration

An area of growing investment, AIOps refers to the use of 

AI to support human work by applying AI and machine 

learning to system administration in order to reduce 

the cost of IT management. Th ere is particularly high 
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highly reliable communications (with a packet loss rate of 

10−6 and latency of 50 ms) using connectivity techniques 

that feature routing redundancy and virtual network slic-

ing based on selecting a quality-of-service (QoS) level 

that suits the customer’s requirements and site wireless 

communication conditions.

Hitachi intends to continue building its 5G solutions 

business, using the 5G test environment it has established 

at its Kyōsō-no-Mori facility to test a variety of applications.

Edge Computing for 5G

With the aim of overcoming societal challenges such as 

labor shortages, Hitachi develops edge computing tech-

nology to facilitate the adoption and operation of digital 

solutions that use 5G telecommunications.

As networks and other equipment installed in the work-

place are subject to numerous constraints, a large amount 

of design work goes into the installation of such systems. 

Accordingly, Hitachi has recently developed edge orches-

tration techniques for 

the remote provision of 

functions such as the use 

of video to analyze work 

progress based on an 

understanding of customer 

requirements and the con-

straints of the workplace 

OT environment. 

Furthermore, Hitachi 

has developed lightweight 

AI techniques that down-

size deep neural network 

inference models auto-

matically. Although it is 
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5G Engineering Technology for 5G Platform

With the aim of overcoming societal challenges such as 

labor shortages, Hitachi develops techniques for manag-

ing edge computing to facilitate the adoption and opera-

tion of digital solutions that use fi fth-generation (5G) 

telecommunications. It has now developed 5G engineer-

ing technologies that enable the rapid deployment and 

ongoing operation of high-quality wireless communica-

tion environments that are rugged enough to withstand 

use in manufacturing plants and other such sites.

Th e quality requirements for the transmission of con-

trol and image data by equipment in the fi eld diff ers 

between customers, with on-site wireless communication 

conditions also subject to continual change. In response, 

Hitachi is able to assess wireless communication condi-

tions in real time (on the order of seconds) by using a 

high-speed radio propagation simulator, which features 

a graphical processing unit (GPU) and performs an 

approximate scattering calculation for diff raction analysis. 

Another technology is to enable the rapid deployment of 
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records, extracting instances of maintenance work, ana-

lyzing the relationships between the faults and associ-

ated countermeasures, and then showing the results as 

a fault classifi cation tree diagram. For a fault specifi ed 

by a search query, which is displayed in grey at the top 

of the diagram, the fault classifi cation tree shows other 

faults that have occurred simultaneously in past instances 

of this fault (blue) and the associated countermeasures 

(yellow-green), with the tree being structured in a way 

that indicates their classifi cation. Th is enables informa-

tion from a large volume of maintenance records to be 

reviewed rapidly and all together.

E2E Data Management by Extended Lineage 
for Secure Analysis with Sensitive Data

Th e prospect of a data-driven society in which new val-

ues are created and made available to the public using a 

wide variety of data with analytical techniques such as 

AI has attracted attention in recent years. For example, 

public sectors are expanding social welfare services such 

as healthcare by analyzing patients’ personal information 

and other various data in order to deliver better health 

and welfare outcomes.

However, a transparent analysis process is needed for 

sensitive data such as personal information so as to show 

how the data is used and what it is used for. Accordingly, 

it has been necessary in the past for people to put a lot 

of time into reviewing and verifying analysis processes 

through trial and error.

* For more information about the smart dictionary platform, see 

article 15. “Smart Dictionary Platform for Extracting Meaningful 

Information from Dark Data” (page 127).

14

diffi  cult to implement computationally intensive AI under 

given constraints such as the limited processing perfor-

mance of devices in the workplace OT environment, by 

lightweight AI techniques, it is possible to implement real-

time AI on such performance-constrained devices.

With these techniques, it is possible to deploy func-

tions in less than a minute, and without resort to specialist 

expertise, that in the past would have taken more than an 

hour to install. Hitachi intends to utilize these practices 

in a wide range of applications in the future.

Knowledge Utilization Solution for 
Machine Analysis and Presentation 
of Maintenance Records

In the maintenance of electric power infrastructure and 

other assets, maintenance archived records itemizing 

work done are used as a source of knowledge in activi-

ties such deciding how to respond to faults. Unfortunately, 

because they are made up of unstructured data (also called 

“dark data”) that is diffi  cult to analyze, making use of these 

records takes a lot of eff ort and cost, needing to be read 

through by a human one entry at a time.

In response, Hitachi has developed a knowledge uti-

lization solution in which a system for presenting fault 

classifi cation details facilitates faster recovery from faults 

by using the machine analysis of maintenance records 

to identify the nature of faults and the countermeasures 

adopted. Th e information is presented to users in the 

form of a fault classifi cation tree.

Th e system uses Hitachi’s smart dictionary platform* to 

identify the distinctive terminology used in maintenance 
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development through its use to identify materials with 

properties that satisfy particular requirements or to assess 

performance under optimal conditions. As these benefi ts 

are enhanced when more test data is available, rising 

demand for gathering such data from patent documents 

and other text means there is an urgent need to devise 

highly accurate information extraction methods.

Although ways of using machine learning to automati-

cally extract information from text have been proposed at 

the academic level, the large amount of work needed to 

improve their accuracy has posed an obstacle. Hitachi’s 

smart dictionary platform, on the other hand, is ready for 

actual business applications. Along with the automatic 

extraction of information, it is also able to make itself 

more accurate by using AI to automatically identify and 

rectify factors that reduce accuracy.

Hitachi is trialing the platform with a wide variety 

of partners to demonstrate its utility and intends to 

contribute to new business development in a range of 

sectors, encompassing maintenance support services as 

well as MI.

In response, Hitachi has developed an end-to-end 

(E2E) data management technique that can reproduce 

analysis processes. Th is uses the extended lineage tech-

nique to record the sequence of steps in an analysis, cov-

ering feature selection, model building, and evaluation 

along with data relationships. In the future, Hitachi 

intends to help create a safe and secure society by apply-

ing this technique to the analysis processes management 

in fi elds such as social security and transportation to 

improve the quality of public services.

Smart Dictionary Platform for Extracting 
Meaningful Information from Dark Data

Th ere is rising demand for the extraction of commercially 

useful knowledge from dark data, meaning text and other 

forms of data that traditionally have not been made use 

of, materials informatics (MI) being one such example.

MI works by collecting and analyzing large amounts of 

testing data and improves the effi  ciency of new materials 

15

Feature selection Model building

Data

Record

Extended lineage

Reproduce

Value

EvaluationSensitive
data

Evaluation
results

Feature selection Model building EvaluationSensitive
data

Evaluation
results

Verify

14  Block diagram of E2E data management

AI

AI

In-house 
test data Database

Automatic information 
extraction

Automatic accuracy 
improvement

Smart dictionary 
platform

Improve efficiency of 
new materials 
development

Text 
(patents, 

etc.)

Public 
test data

• Select candidate materials that 
could satisfy target properties

• Evaluate performance under 
optimal conditions

Public 
test data

Public 
test data

Multi-dimensional 
analysis

In-house test data is augmented 
by collection of a large amount of 
public test data

Use for material properties 
prediction, selection of closest 
test conditions to target, etc.

15  Application of smart dictionary platform to MI



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 144
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 144
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Japan Color 2001 Coated)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [144 144]
  /PageSize [612.000 792.000]
>> setpagedevice


