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SErUIGe-Geniric sollware Systems.........................

How can we
leverage traditional
state-of-the-art
software
development

life cycles

to support
development

in service-centric
software systems?

M. Brian Blake, Gcorgetown University

he explosion of information technology (including service-oriented
architecture) and its underlying capabilities has led to the evolution
of software development life cycles over the past three decades.
Software engineers are continuously exploring approaches to soft-

ware and system development that are domain, application, and technology

independent. Early approaches included waterfall life cycles that promote

creating concrete requirements before any significant design or development

occurs. However, this can lead to the misalign-
ment of the system with the required business
needs when requirements change or evolve.

This is an even larger concern in service-
centric software systems. SCSSs promote an
open environment in which Web services are
universally available across organizations
leveraging various supporting technologies.
Because systems are constantly creating and
removing services, not only are the require-
ments constantly changing but also the system
(as defined by its underlying services). This re-
sults in an even larger separation of business
needs from system capabilities.

To address this issue, software developers
have adopted more incremental and iterative
life cycles that let the engineers revisit require-
ments and design artifacts throughout develop-
ment. Many life cycles also include agile ap-
proaches that encourage constant interaction
between software engineers and their corre-
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sponding subject matter experts (SMEs) in the
application domain. These changes are a first
step toward supporting development in SCSS
environments. However, even more critical is
the need for software development life cycles to
become as modular as the service-centric envi-
ronments they construct. On the basis of expe-
rience from my research group and industry
consultancy, I propose creating a service-centric
system-management life cycle that adapts more
traditional software development phases to bet-
ter address the issues that arise in dynamic
SCSS environments.

Different stakeholders in the development
process must assume different roles. As such,
the development process can benefit from a
separation of concerns that acknowledges the
difference between the two key activities soft-
ware engineers perform in SCSS development:

0740-7459/07/$25.00 © 2007 IEEE
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service development and service-centric sys-
tem management. This separation lets experi-
enced individuals manage the software artifact
most relevant to them.

Developing services

Service development follows the traditional
notion of software engineering. Because Web
services are the backbone of SCSS environ-
ments, software engineers must be skilled in
developing modular software services that de-
compose business processes into bite-size pieces
(that is, manageable subcapabilities). By de-
composing capabilities into modular services,
organizations can share their offerings at multi-
ple levels of granularity while creating unique
access points for their peer organizations.

Although software engineers must intimately
understand business-process details, the life cy-
cle for developing individual Web services will
resemble traditional iterative processes such as
the Rational Unified Process.! The seven general
phases in this life cycle are conceptualization,
analysis, design, development, testing, deploy-
ment, and retirement (see figure 1a).

During conceptualization and analysis, soft-
ware engineers elicit requirements that clarify

the business needs. Design, development, and
testing is an iterative set of phases in which the
software engineers design, create, and evaluate
services. They use test results as feedback to the
design phase and then deploy the services for
universal access. At some point, when the busi-
ness offering changes, they remove and retire the
services. Software engineers generally manage
this life cycle from beginning to end, although
they engage SMEs, business-process engineers,
and application domain experts throughout.

Managing services

After developing and deploying the Web
services, software engineers must engage in
service-centric system-management life cycles
to allow on-demand services to be discovered,
analyzed, composed, and consumed. This en-
vironment is far more dynamic than the tradi-
tional operations associated with component
or library-oriented software systems. Because
service-based capabilities are managed in dis-
tributed locations outside the consumers’
control, this environment requires more spe-
cialized development life cycles for maintaining
predictable operations. Furthermore, service-
oriented software engineering professionals
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Figure 1. The software
engineering life cycles
for (a) service
development and

(b) service-centric
software systems
management.
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Developing effective service-centric software systems re-
quires that system artifacts are refined by specialized engi-
neers participating in the system’s business process, design,
and integration. Wei-Tek Tsai and his colleagues discuss static
service-oriented architecture and dynamic SOA.! Although
useful in certain seftings, static SOA neglects the advanced no-
tions of SOA (that is, on-demand discovery and composition)
by addressing preselected, prearranged services. You can gen-
erally realize static SOA using traditional software engineering
processes, which have historically worked well for deploying
and incorporating software components or libraries.

My research lab’s work advocates that dynamic SOA
represents a domain with a richer set of problems. These
problems are associated with the fact that consumers of
services, in many cases, have no control over the volatility or
responsiveness of services external to their own enferprise sys-
tems. Tsai and his colleagues identify specific business-process
aspects important to SCSSs and map them to process models.
Their approach leverages the notion of a Model-Driven Archi-
tecture;? they suggest that the resulting service-based models
can be analyzed before development and deployment. Our
approach extends their work by explicitly highlighting func-
tional and nonfunctional concerns inline with the model. Our
approach further facilitates the empirical analysis of the mod-
els via simulation and the stronger assessment of design deci-
sions particularly when there are many design choices with
just slight variations.

John Grundy and his colleagues also highlight nonfunc-
tional concerns within a service-oriented systems context.3
Our work furthers their approach by suggesting that some
nonfunctional concerns will be local (that is, known) and oth-
ers will be external (that is, estimated and simulated). Our
modeling approach lets engineers specify both known and
estimated metrics in the design, before simulation.

Traditional software engineering methodologies set the
foundation for software life cycles in these environments, but
predictability requires adopting modular software life cycles
and refining them into industry-strength, principled software

processes. Although UML is a widely accepted language for
modeling, it lacks the ability to highlight functional models
with nonfunctional specifications. Aside from providing gen-
eral guidelines,# few principled software engineering life cy-
cles deal with the development and management of SCSSs.

Kunal Mittal specifies a service-oriented unified process
(www.kunalmittal.com/html|/soup.shtml). This is a promising
intersection, but Mittal focuses on providing service-oriented
characteristics within the existing Rational Unified Process.’
Our work defines new phases and a specialized iteration
cycle that responds to the dynamic nature of service-centric
software environments. In addition, our work identifies the
distinct roles that separate the concerns of business process,
software design, and system management.

David Cox and Heather Kreger also designate an SOA-
solution life cycle that separates the “planes” of business
processes, services, and infrastructure. These planes are
similar to our phased life cycle. Our work extends these
planes info two dimensions (engineering roles both for
service development and for service management). Lever-
aging nonfunctional specification within a generic SLA de-
velopment process is a further distinction.
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must intervene to establish agreements between
consumers and producers.

This new life cycle focuses on managing avail-
able services in real time, so the seven phases are
slightly different: business-process conceptualiza-
tion, domain analysis, discovery, composition,
evaluation, on-demand composition, and rebind-
ing (see figure 1b). Although business-process
conceptualization and domain analysis also at-
tempt to capture business needs, it’s important to
acknowledge that the solution services already
exist. Discovery, composition, and evaluation
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represent the core service-oriented computing
paradigm? of finding, blueprinting, and analyz-
ing candidate services at design time. Finally, at
runtime, on-demand composition and rebinding
construct and evolve composite service-oriented
business processes over time.

Service-centric system
management

The service-centric system-management life
cycle is modular. You can split it into three ag-
gregate phases: business-process management,
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design-time software engineering, and runtime
software engineering, and different stakehold-
ers can manage these aggregate phases. (See the
“Related Work in Developing SCSSs” sidebar.)

Phase 1: Business-process management

During the first phase, because services already
exist with open specifications, business-process
engineers and SMEs can evaluate existing serv-
ices to see if they meet their business needs (see
figure 1b). However, software engineers should
also be involved so that they can begin to un-
derstand the application domain and can tem-
per expectations by contributing their software
design experience.

Phase 2: Service-oriented software engineers

Service-oriented software engineers must
create long-standing, composable capabilities
while integrating business-process knowledge
with traditional software engineering method-
ologies. Considering the dynamic nature of fu-
ture SCSSs, model-based software engineering
over an iterative design and evaluation life cy-
cle is critical.

An iterative design life cycle. Service-oriented
software engineers analyze requirements for
building new capabilities while concurrently
analyzing whether a composed set of interorga-
nizational services can fulfill those requirements.
Two interleaving cycles thus exist (see figure 2).

In the first cycle, the engineer elicits require-

Figure 2. An iterative
ments from business-process engineers and twao-cycle process for
SME:s to determine their specific needs. At the
same time, he or she collects technical infor-
mation about local known services. Next, the
engineer develops a business-process view—
that is, a high-level, workflow-oriented view
defining the process consisting of interorgani-
zational Web services. He or she also develops
a system-interaction view—a low-level view
describing complex implementation protocols.
The engineer models these views while incor-
porating feedback from the business-process
engineers and SMEs.

In the second cycle, once the service-oriented
software engineer feels that the views represent
his or her understanding, he or she augments
them with estimated information about services
within the interorganizational boundaries. Inte-
grating unknown external conditions with
known local factors lets the service-oriented
software engineer generate many optional de-
signs and system configuration alternatives.

There’s a growing desire for automated soft-
ware engineering approaches such as special-
ized model evaluation and simulation software
that could assist with this integration.’* Such
approaches could simulate models and present
metrics about the predicted system operations
to the software engineer. In related work,? the
Coactes (Coordination of Agents for Compos-
ing Heterogeneous Electronic Services) simula-
tion tool automatically evaluates models (such
as the software engineering models in this ar-
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ticle) and assists engineers in service-centric
development strategies.

A two-level modeling approach. A modeling ap-
proach with multiple views at various hierar-
chical levels allows for incremental additions
and enhancements as the system evolves. The
two-level modeling approach of business-
process views and system-interaction views
leverages UML activity diagrams and commu-
nication diagrams, respectively.

The business-process view shows the se-
quence of services that perform a scenario for
selecting and purchasing a product, arranging
for shipment, and acquiring invoice and cus-
tomer-satisfaction information (see figure 3).
Software engineers annotate organization en-
tities within UML swimlanes, and they model
Web services using UML activities. They also
annotate system interactions in the UML ac-
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tivity diagram as associated with UML control
flow notations, such as fork/join relations and
initial/end state notations.

Similar to design patterns for object-oriented
systems, you can leverage well-defined business-
process patterns (workflow’ and service-
interaction [www.serviceinteraction.com| pat-
terns) of system interactions that generally
occur in these types of environments. Figure 3
shows workflow patterns (such as Synchro-
nization, Deferred Choice, and Simple Merge)
as stereotypes that highlight interactions be-
tween Web services. While the business-process
view allows collaboration between software
engineers and SMEs about capabilities, lower-
level system-interaction views (such as UML
communication diagrams) capture the SCSS’s
technical operation.

System-interaction views show more detail of
system actions by showing the system’s step-



wise operations. Each step can be highlighted
with performance-based information. With re-
spect to performance modeling, 1 build on the
UML Profile of Schedulability, Performance, and
Time (see www.omg.org/technology/documents/
formal/schedulability.htm). UpspT is an existing
framework for annotating scheduling, perform-
ance, and time information on functional mod-
els. For our approach, the performance model-
ing profile is most relevant. Figure 4a shows a
recreation of the UpspT with the introduction of
additional SCSS-based extensions.

The Upspt model is closely related to the op-
eration modes in the SCSS environment. The
Workload concept models system load. A
Closed Workload represents a closed popula-
tion of actors in the system. In a Closed Work-
load, an actor accesses the system, then experi-
ences a delay before accessing the system again.

Our approach more closely relates to an
Open Workload, where an open number of
stakeholders have variable load distributions
(occurencePatterns). Although UpspT in-
cludes multiple attributes, four attributes are
relevant to our approach: the number of ser-
vices, the number of agents, the number of
changes to service bindings, and the reliability
of the network and system components.

PScenario is similar to the concept of a
business-process schema, where each PStep
maps to underlying Web services. I extend this
model by adding three service-oriented attrib-
utes: proximity, reliability, and connection
speed. Each attribute is a numerical measure
describing a particular Web service.

Finally, PResource (further specified as
PProcessingResource and PPassive-
Resource) realizes SCSSs that represent or-
ganization entities. PPassiveResources rep-
resent system components that mainly execute
in parallel to application-specific funtions;
however, their existence affects the system as a
whole. Currently, our modeling approach fo-
cuses on PProcessingResources. I extend
PProcessingResources (such as mainline
functional capabilities) by adding three attri-
butes: execution time, data management time,
and communication time.

Figure 4b shows an example of the Instance
Creation pattern, as shown in the business
process view of figure 3, annotated with per-
formance information. This example demon-
strates how UpsPT can incorporate performance
values, which are captured with the UML note

notation. The UML note is annotated with a
stereotype that represents the associated ob-
ject as defined in the UpspT metamodel (see fig-
ure 4a).

The SCSS task execution is also annotated
with execution time specifications. Again using
an estimated mean, the system’s execution time
varies with the range of the queue size. For ex-
ample, the execution time is 1 second when the
queue contains between 0 and 10 requests; it’s
4 seconds when the queue is between 40 and
2,000 requests. Three parameters specify all
the performance values in UpspT: the value’s
source (for example, required, assumed, pre-
dicted, measured, or estimated), the type of
value (average, sigma, kth moment, or maxi-
mum), and the actual value with units.

Evaluating system performance. Once the SCSS
environment is modeled with business-process
and system-interaction views, the service-
oriented software engineer can essentially de-
compose the composition routines. Web serv-
ice performance can vary on the basis of
multiple offerings and can be simulated. In a
24/7 environment, the engineer can model the
specific traffic hour by hour, minute by
minute, or even second by second to under-
stand when the system is most effective or
constrained. Moreover, the engineer can esti-
mate the system performance of organiza-
tional partners to predict the responsiveness of
interorganizational business processes. In re-
lated work, I have effectively condensed these
models and used them as input to automated
software-evaluation applications.3

Phase 3: Service-oriented
software-integration engineers

In phases 1 and 2, service-oriented software
engineers try to understand long-standing sup-
ply chains or workflows of Web services. How-
ever, real-time, on-demand composition is the
future for SCSSs, so services must be well rep-
resented with quality-of-service attributes. Ser-
vice-oriented software-integration engineers
specify service-level agreements (SLAs) between
organizational entities and manage or govern
the automated composition. Their role overlaps
with the software engineer’s process-modeling
role, but these engineers must also make real-
time design and implementation decisions af-
fecting the system’s continuing operation. These
engineers have two major responsibilities:
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(instance creation).
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existing services and
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proaches for real-time composition.

Specifying SLAs. An SLA is a technical contract
between two businesses: a producer and a con-
sumer. It captures the agreed-upon terms be-
tween these two organizations with respect to
QoS and other related concerns. In a service-
oriented computing environment, a producer or-
ganization exposes implemented Web services to
share capabilities. The SCSS goal is then to have
consumers access these shared capabilities on de-
mand. New standards, such as the Web Service
Level Agreement and Web Service Agreement
specifications® enable SLAs to be associated to
an individual service or to groups of Web ser-
vices. These XML-based documents simplify the
capture and management of SLA metrics.

The service-oriented software-integration
engineer’s core responsibility is to manage SLAs
and incorporate them into automated systems
that govern real-time performance in SCSS en-
vironments. In phases 1 and 2, service-oriented
software engineers capture and estimate per-
formance values. In phase 3, service-oriented
software-integration engineers derive SLA-
based guarantees of services based on those
specifications and incorporate tools to govern
them. I stratify the SLA criteria by introducing
three principles associated with composing
SLAs in SCSS environments: compliance (suit-
ability), sustainability, and resiliency (see figure
5). As a consultant, I evaluated these principles
in a government cross-organizational setting.

Compliance (suitability) ensures that the
consumer receives the requested composite ca-
pability at the required service level. Consider-

ing SLA terms, the composition process must
ensure that the aggregate cost, uptime, and
service rate comply with the user require-
ments. Cost is the sum of the prices of all ser-
vices participating in the solution process. Up-
time is a guarantee by the service providers
that their services will be available a specified
percentage of the time per day or month. Fi-
nally, service rate is the average time to com-
plete the process, determined by totaling each
service’s average response times in the process.
Sustainability is the ability to maintain the
underlying services in a timely fashion. Negoti-
ation and renegotiation as well as problem res-
olution strongly correlate with sustainability. A
consumer will require assurance that a particu-
lar business can agree on contract terms (negoti-
ation and renegotiation) in a timely manner. In
addition, the service providers must be able to
resolve high-impact problems (perhaps identified
by the consumer) in a timely manner. Both nego-
tiation and problem-resolution times ensure that
a consumer can meet end-user demands.
Resiliency recognizes that a service should
perform at high levels over an extended period
of time. If a service is frequently taken offline
for maintenance, or if the frequency of updates
impedes the predictability of its operation, then
that service isn’t very resilient. Consumers will
need adequate notice before maintenance
downtimes. In addition, resiliency dictates a
low frequency of maintenance downtime. Up-
time and maintenance time are independent.

Service composition using SLAS. Service-oriented
integration engineers must manage an integrated
process of service composition coupled with
workflow-based SLA measures. This process has
three steps: composition, evaluation, and opti-
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Figure 5.
Principle-based
service-level
agreement metrics.

IEEE SOFTWARE

75



2. Prioritize chains for SLA effectiveness and
efficiency on the basis of user input.

Chain 1. Effectiveness =
WS, + WS, + WS, + WS,

Chain 2. Effectiveness =
WS, + WS, + WS+ WS,
(b)

E

1. Build all candidate
chains that assure compliance to minimum user
requirements (functional and SLA).

3. Normalize candidate chains and
decompose them into subcapabilities.

Suhcapahllllv Subcapability Subcapability Subcapability
2 3 4

4. Optimize the best candidate chains by
discovering substitute services with the

WS

most effective SLA measures.

Figure 6. Integrative
SLA-based composition
in SCSS:
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mization. The composition step is similar to re-
lated research in Web service composition. Web
services are connected via forward- or back-
ward-chaining to match inputs to outputs until
the required result is achieved (see figure 6a). A
variation in this work is that the engineers also
validate minimum service levels during this step.
For example, if one Web service exceeds the
minimum requirements for an entire chain, then
that Web service must not be considered in can-
didate chains.

During evaluation, user priorities are em-
ployed to prioritize the list of candidate service
chains (see figure 6b). Numerous dynamic-
programming techniques can be used to
achieve this step.”

However, real-time optimization in the
SCSS environment is an open problem. Opti-
mization attempts to replace services at the
subprocess level to generate a “best” service
chain (see figure 6¢).% In real-time operations,
the composition and evaluation steps are re-
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quired, while the optimization step is best suited
for design-time decision support.

reating new life cycles and better edu-

cating software engineers about SOA

methodologies will enhance next-
generation distributed enterprise systems. In-
dustry and research organizations will need to
assimilate these enhanced software life cycles
and evaluate their effectiveness at the end of
each phase. Considering the heterogeneity of
service-centric environments, the answer might
be different for different domains. However, in
the future, strategic models should be devel-
oped that help architects navigate the vari-
ations across domains while preserving the
modularity of SOA environments. @
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Mid Atlantic (product/recruitment) Southwest (product) Midwest (product) Southeast (product)

Dawn Becker Steve Loerch Dave Jones Bill Holland

Phone: +1 732 772 0160 Phone: +1 847 498 4520 Phone: +1 708 442 5633 Phone: +1 770 435 6549

Fax:  +1732772 0164 Fax:  +1 847 498 5911 Fax:  +1708 442 7620 Fax:  +1770 435 0243

Email: db.ieeemedia@ieee.org Email: steve@didierandbroderick.com Email: dj.ieeemedia@iegee.org Email: hollandwfh@yahoo.com
Will Hamilton

New England (product) Northwest (product) Phone: +1 269 381 2156 Japan

Jody Estabrook Lori Kehoe Fax: +1 269 381 2556 Tim Matteson

Phone: +1 978 244 0192 Phone: +1 650 458 3051 Email: wh.ieeemedia@ieee.org Phone: +1 310 836 4064

Fax:  +1978 244 0103 Fax:  +1 650 458 3052 Joe DiNardo Fax:  +1 310 836 4067

Email: je.ieeemedia@ieee.org Email: |.kehoe@ieee.org Phone: +1 440 248 2456 Email: tm.ieeemedia@ieee.org
Fax:  +1 440 248 2594

New England (recruitment) Southern CA (product) Email: jd.ieeemedia@ieee.org Europe (product)

John Restchack Marshall Rubin Hilary Turnbull

Phone: +1212 419 7578 Phone: +1 818 888 2407 Southeast (recruitment) Phone: +44 1875 825700

Fax:  +1212 419 7589 Fax:  +1 818 888 4907 Thomas M. Flynn Fax:  +44 1875 825701

Email: j.restchack@ieee.org Email: mr.ieeemedia@ieee.org Phone: +1 770 645 2944 Email: impress@impressmedia.com
Fax:  +1770 993 4423

Connecticut (product) Northwest/Southern CA (recruitment) Email: flynntom@mindspring.com

Stan Greenfield Tim Matteson

Phone: +1 203 938 2418 Phone: +1 310 836 4064 Midwest/Southwest (recruitment)

Fax: +1 203 938 3211 Fax: +1 310 836 4067 Darcy Giovingo

Email: greenco@optonline.net Email: tm.ieeemedia@ieee.org Phone: +1 847 498-4520

Fax:  +1 847 498-5911
Email: dg.ieeemedia@ieee.org

November/December 2007 1EEE SOFTWARE 17




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 1.8)
  /CalRGBProfile (Apple RGB)
  /CalCMYKProfile (U.S. Sheetfed Uncoated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName <FEFF0068007400740070003a002f002f007700770077002e0063006f006c006f0072002e006f00720067ffff>
  /PDFXTrapped /False

  /Description <<
    /ENU <FEFF0049004500450045002000580070006c006f0072006500200073007000650063007300200066006f0072002000440069007300740069006c006c0065007200200036002e0020004d0056>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


