
02 INFORMATION ABOUT PRINCIPAL INVESTIGATORS/PROJECT DIRECTORS(PI/PD) and
co-PRINCIPAL INVESTIGATORS/co-PROJECT DIRECTORS

Submit only ONE copy of this form for each PI/PD and co-PI/PD identified on the proposal. The form(s) should be attached to the original
proposal as specified in GPG Section II.B. Submission of this information is voluntary and is not a precondition of award. This information will
not be disclosed to external peer reviewers. DO NOT INCLUDE THIS FORM WITH ANY OF THE OTHER COPIES OF YOUR PROPOSAL AS
THIS MAY COMPROMISE THE CONFIDENTIALITY OF THE INFORMATION.

PI/PD Name:

Gender: Male Female

Ethnicity: (Choose one response) Hispanic or Latino Not Hispanic or Latino

Race: 
(Select one or more)

American Indian or Alaska Native

Asian

Black or African American

Native Hawaiian or Other Pacific Islander

White

Disability Status: 
(Select one or more)

Hearing Impairment

Visual Impairment

Mobility/Orthopedic Impairment

Other

None

Citizenship:     (Choose one) U.S. Citizen Permanent Resident Other non-U.S. Citizen

Check here if you do not wish to provide any or all of the above information (excluding PI/PD name):

REQUIRED: Check here if you are currently serving (or have previously served) as a PI, co-PI or PD on any federally funded
project

Ethnicity Definition:
Hispanic or Latino. A person of Mexican, Puerto Rican, Cuban, South or Central American, or other Spanish culture or origin, regardless
of race.
Race Definitions:
American Indian or Alaska Native. A person having origins in any of the original peoples of North and South America (including Central 
America), and who maintains tribal affiliation or community attachment.
Asian. A person having origins in any of the original peoples of the Far East, Southeast Asia, or the Indian subcontinent including, for 
example, Cambodia, China, India, Japan, Korea, Malaysia, Pakistan, the Philippine Islands, Thailand, and Vietnam.
Black or African American. A person having origins in any of the black racial groups of Africa.
Native Hawaiian or Other Pacific Islander. A person  having origins in any of the original peoples of Hawaii, Guam, Samoa,
or other Pacific Islands.
White. A person having origins in any of the original peoples of Europe, the Middle East, or North Africa.

WHY THIS INFORMATION IS BEING REQUESTED:

The Federal Government has a continuing commitment to monitor the operation of its review and award processes to identify and address
any inequities based on gender, race, ethnicity, or disability of its proposed PIs/PDs. To gather information needed for this important
task, the proposer should submit a single copy of this form for each identified PI/PD with each proposal. Submission of the requested
information is voluntary and will not affect the organization’s eligibility for an award. However, information not submitted will seriously undermine
the statistical validity, and therefore the usefulness, of information recieved from others. Any individual not wishing to submit some or all the
information should check the box provided for this purpose. (The exceptions are the PI/PD name and the information about prior Federal support, the
last question above.)

Collection of this information is authorized by the NSF Act of 1950, as amended, 42 U.S.C. 1861, et seq. Demographic data allows NSF to
gauge whether our programs and other opportunities in science and technology are fairly reaching and benefiting everyone regardless of
demographic category; to ensure that those in under-represented groups have the same knowledge of and access to programs and other
research and educational oppurtunities; and to assess involvement  of international investigators in work supported by NSF. The information
may be disclosed to government contractors, experts, volunteers and researchers to complete assigned work; and to other government
agencies in order to coordinate and assess programs. The information may be added to the Reviewer file and used to select potential
candidates to serve as peer reviewers or advisory committee members. See Systems of Records, NSF-50, "Principal Investigator/Proposal
File and Associated Records", 63 Federal Register 267 (January 5, 1998), and NSF-51, "Reviewer/Proposal File and Associated Records",
63 Federal Register 268 (January 5, 1998).

Riccardo   Giacconi



02 INFORMATION ABOUT PRINCIPAL INVESTIGATORS/PROJECT DIRECTORS(PI/PD) and
co-PRINCIPAL INVESTIGATORS/co-PROJECT DIRECTORS

Submit only ONE copy of this form for each PI/PD and co-PI/PD identified on the proposal. The form(s) should be attached to the original
proposal as specified in GPG Section II.B. Submission of this information is voluntary and is not a precondition of award. This information will
not be disclosed to external peer reviewers. DO NOT INCLUDE THIS FORM WITH ANY OF THE OTHER COPIES OF YOUR PROPOSAL AS
THIS MAY COMPROMISE THE CONFIDENTIALITY OF THE INFORMATION.

PI/PD Name:

Gender: Male Female

Ethnicity: (Choose one response) Hispanic or Latino Not Hispanic or Latino

Race: 
(Select one or more)

American Indian or Alaska Native

Asian

Black or African American

Native Hawaiian or Other Pacific Islander

White

Disability Status: 
(Select one or more)

Hearing Impairment

Visual Impairment

Mobility/Orthopedic Impairment

Other

None

Citizenship:     (Choose one) U.S. Citizen Permanent Resident Other non-U.S. Citizen

Check here if you do not wish to provide any or all of the above information (excluding PI/PD name):

REQUIRED: Check here if you are currently serving (or have previously served) as a PI, co-PI or PD on any federally funded
project

Ethnicity Definition:
Hispanic or Latino. A person of Mexican, Puerto Rican, Cuban, South or Central American, or other Spanish culture or origin, regardless
of race.
Race Definitions:
American Indian or Alaska Native. A person having origins in any of the original peoples of North and South America (including Central 
America), and who maintains tribal affiliation or community attachment.
Asian. A person having origins in any of the original peoples of the Far East, Southeast Asia, or the Indian subcontinent including, for 
example, Cambodia, China, India, Japan, Korea, Malaysia, Pakistan, the Philippine Islands, Thailand, and Vietnam.
Black or African American. A person having origins in any of the black racial groups of Africa.
Native Hawaiian or Other Pacific Islander. A person  having origins in any of the original peoples of Hawaii, Guam, Samoa,
or other Pacific Islands.
White. A person having origins in any of the original peoples of Europe, the Middle East, or North Africa.

WHY THIS INFORMATION IS BEING REQUESTED:

The Federal Government has a continuing commitment to monitor the operation of its review and award processes to identify and address
any inequities based on gender, race, ethnicity, or disability of its proposed PIs/PDs. To gather information needed for this important
task, the proposer should submit a single copy of this form for each identified PI/PD with each proposal. Submission of the requested
information is voluntary and will not affect the organization’s eligibility for an award. However, information not submitted will seriously undermine
the statistical validity, and therefore the usefulness, of information recieved from others. Any individual not wishing to submit some or all the
information should check the box provided for this purpose. (The exceptions are the PI/PD name and the information about prior Federal support, the
last question above.)

Collection of this information is authorized by the NSF Act of 1950, as amended, 42 U.S.C. 1861, et seq. Demographic data allows NSF to
gauge whether our programs and other opportunities in science and technology are fairly reaching and benefiting everyone regardless of
demographic category; to ensure that those in under-represented groups have the same knowledge of and access to programs and other
research and educational oppurtunities; and to assess involvement  of international investigators in work supported by NSF. The information
may be disclosed to government contractors, experts, volunteers and researchers to complete assigned work; and to other government
agencies in order to coordinate and assess programs. The information may be added to the Reviewer file and used to select potential
candidates to serve as peer reviewers or advisory committee members. See Systems of Records, NSF-50, "Principal Investigator/Proposal
File and Associated Records", 63 Federal Register 267 (January 5, 1998), and NSF-51, "Reviewer/Proposal File and Associated Records",
63 Federal Register 268 (January 5, 1998).

K. Y.   Lo



02 INFORMATION ABOUT PRINCIPAL INVESTIGATORS/PROJECT DIRECTORS(PI/PD) and
co-PRINCIPAL INVESTIGATORS/co-PROJECT DIRECTORS

Submit only ONE copy of this form for each PI/PD and co-PI/PD identified on the proposal. The form(s) should be attached to the original
proposal as specified in GPG Section II.B. Submission of this information is voluntary and is not a precondition of award. This information will
not be disclosed to external peer reviewers. DO NOT INCLUDE THIS FORM WITH ANY OF THE OTHER COPIES OF YOUR PROPOSAL AS
THIS MAY COMPROMISE THE CONFIDENTIALITY OF THE INFORMATION.

PI/PD Name:

Gender: Male Female

Ethnicity: (Choose one response) Hispanic or Latino Not Hispanic or Latino

Race: 
(Select one or more)

American Indian or Alaska Native

Asian

Black or African American

Native Hawaiian or Other Pacific Islander

White

Disability Status: 
(Select one or more)

Hearing Impairment

Visual Impairment

Mobility/Orthopedic Impairment

Other

None

Citizenship:     (Choose one) U.S. Citizen Permanent Resident Other non-U.S. Citizen

Check here if you do not wish to provide any or all of the above information (excluding PI/PD name):

REQUIRED: Check here if you are currently serving (or have previously served) as a PI, co-PI or PD on any federally funded
project

Ethnicity Definition:
Hispanic or Latino. A person of Mexican, Puerto Rican, Cuban, South or Central American, or other Spanish culture or origin, regardless
of race.
Race Definitions:
American Indian or Alaska Native. A person having origins in any of the original peoples of North and South America (including Central 
America), and who maintains tribal affiliation or community attachment.
Asian. A person having origins in any of the original peoples of the Far East, Southeast Asia, or the Indian subcontinent including, for 
example, Cambodia, China, India, Japan, Korea, Malaysia, Pakistan, the Philippine Islands, Thailand, and Vietnam.
Black or African American. A person having origins in any of the black racial groups of Africa.
Native Hawaiian or Other Pacific Islander. A person  having origins in any of the original peoples of Hawaii, Guam, Samoa,
or other Pacific Islands.
White. A person having origins in any of the original peoples of Europe, the Middle East, or North Africa.

WHY THIS INFORMATION IS BEING REQUESTED:

The Federal Government has a continuing commitment to monitor the operation of its review and award processes to identify and address
any inequities based on gender, race, ethnicity, or disability of its proposed PIs/PDs. To gather information needed for this important
task, the proposer should submit a single copy of this form for each identified PI/PD with each proposal. Submission of the requested
information is voluntary and will not affect the organization’s eligibility for an award. However, information not submitted will seriously undermine
the statistical validity, and therefore the usefulness, of information recieved from others. Any individual not wishing to submit some or all the
information should check the box provided for this purpose. (The exceptions are the PI/PD name and the information about prior Federal support, the
last question above.)

Collection of this information is authorized by the NSF Act of 1950, as amended, 42 U.S.C. 1861, et seq. Demographic data allows NSF to
gauge whether our programs and other opportunities in science and technology are fairly reaching and benefiting everyone regardless of
demographic category; to ensure that those in under-represented groups have the same knowledge of and access to programs and other
research and educational oppurtunities; and to assess involvement  of international investigators in work supported by NSF. The information
may be disclosed to government contractors, experts, volunteers and researchers to complete assigned work; and to other government
agencies in order to coordinate and assess programs. The information may be added to the Reviewer file and used to select potential
candidates to serve as peer reviewers or advisory committee members. See Systems of Records, NSF-50, "Principal Investigator/Proposal
File and Associated Records", 63 Federal Register 267 (January 5, 1998), and NSF-51, "Reviewer/Proposal File and Associated Records",
63 Federal Register 268 (January 5, 1998).

Peter   Napier



02 INFORMATION ABOUT PRINCIPAL INVESTIGATORS/PROJECT DIRECTORS(PI/PD) and
co-PRINCIPAL INVESTIGATORS/co-PROJECT DIRECTORS

Submit only ONE copy of this form for each PI/PD and co-PI/PD identified on the proposal. The form(s) should be attached to the original
proposal as specified in GPG Section II.B. Submission of this information is voluntary and is not a precondition of award. This information will
not be disclosed to external peer reviewers. DO NOT INCLUDE THIS FORM WITH ANY OF THE OTHER COPIES OF YOUR PROPOSAL AS
THIS MAY COMPROMISE THE CONFIDENTIALITY OF THE INFORMATION.

PI/PD Name:

Gender: Male Female

Ethnicity: (Choose one response) Hispanic or Latino Not Hispanic or Latino

Race: 
(Select one or more)

American Indian or Alaska Native

Asian

Black or African American

Native Hawaiian or Other Pacific Islander

White

Disability Status: 
(Select one or more)

Hearing Impairment

Visual Impairment

Mobility/Orthopedic Impairment

Other

None

Citizenship:     (Choose one) U.S. Citizen Permanent Resident Other non-U.S. Citizen

Check here if you do not wish to provide any or all of the above information (excluding PI/PD name):

REQUIRED: Check here if you are currently serving (or have previously served) as a PI, co-PI or PD on any federally funded
project

Ethnicity Definition:
Hispanic or Latino. A person of Mexican, Puerto Rican, Cuban, South or Central American, or other Spanish culture or origin, regardless
of race.
Race Definitions:
American Indian or Alaska Native. A person having origins in any of the original peoples of North and South America (including Central 
America), and who maintains tribal affiliation or community attachment.
Asian. A person having origins in any of the original peoples of the Far East, Southeast Asia, or the Indian subcontinent including, for 
example, Cambodia, China, India, Japan, Korea, Malaysia, Pakistan, the Philippine Islands, Thailand, and Vietnam.
Black or African American. A person having origins in any of the black racial groups of Africa.
Native Hawaiian or Other Pacific Islander. A person  having origins in any of the original peoples of Hawaii, Guam, Samoa,
or other Pacific Islands.
White. A person having origins in any of the original peoples of Europe, the Middle East, or North Africa.

WHY THIS INFORMATION IS BEING REQUESTED:

The Federal Government has a continuing commitment to monitor the operation of its review and award processes to identify and address
any inequities based on gender, race, ethnicity, or disability of its proposed PIs/PDs. To gather information needed for this important
task, the proposer should submit a single copy of this form for each identified PI/PD with each proposal. Submission of the requested
information is voluntary and will not affect the organization’s eligibility for an award. However, information not submitted will seriously undermine
the statistical validity, and therefore the usefulness, of information recieved from others. Any individual not wishing to submit some or all the
information should check the box provided for this purpose. (The exceptions are the PI/PD name and the information about prior Federal support, the
last question above.)

Collection of this information is authorized by the NSF Act of 1950, as amended, 42 U.S.C. 1861, et seq. Demographic data allows NSF to
gauge whether our programs and other opportunities in science and technology are fairly reaching and benefiting everyone regardless of
demographic category; to ensure that those in under-represented groups have the same knowledge of and access to programs and other
research and educational oppurtunities; and to assess involvement  of international investigators in work supported by NSF. The information
may be disclosed to government contractors, experts, volunteers and researchers to complete assigned work; and to other government
agencies in order to coordinate and assess programs. The information may be added to the Reviewer file and used to select potential
candidates to serve as peer reviewers or advisory committee members. See Systems of Records, NSF-50, "Principal Investigator/Proposal
File and Associated Records", 63 Federal Register 267 (January 5, 1998), and NSF-51, "Reviewer/Proposal File and Associated Records",
63 Federal Register 268 (January 5, 1998).

Richard A Perley



02 INFORMATION ABOUT PRINCIPAL INVESTIGATORS/PROJECT DIRECTORS(PI/PD) and
co-PRINCIPAL INVESTIGATORS/co-PROJECT DIRECTORS

Submit only ONE copy of this form for each PI/PD and co-PI/PD identified on the proposal. The form(s) should be attached to the original
proposal as specified in GPG Section II.B. Submission of this information is voluntary and is not a precondition of award. This information will
not be disclosed to external peer reviewers. DO NOT INCLUDE THIS FORM WITH ANY OF THE OTHER COPIES OF YOUR PROPOSAL AS
THIS MAY COMPROMISE THE CONFIDENTIALITY OF THE INFORMATION.

PI/PD Name:

Gender: Male Female

Ethnicity: (Choose one response) Hispanic or Latino Not Hispanic or Latino

Race: 
(Select one or more)

American Indian or Alaska Native

Asian

Black or African American

Native Hawaiian or Other Pacific Islander

White

Disability Status: 
(Select one or more)

Hearing Impairment

Visual Impairment

Mobility/Orthopedic Impairment

Other

None

Citizenship:     (Choose one) U.S. Citizen Permanent Resident Other non-U.S. Citizen

Check here if you do not wish to provide any or all of the above information (excluding PI/PD name):

REQUIRED: Check here if you are currently serving (or have previously served) as a PI, co-PI or PD on any federally funded
project

Ethnicity Definition:
Hispanic or Latino. A person of Mexican, Puerto Rican, Cuban, South or Central American, or other Spanish culture or origin, regardless
of race.
Race Definitions:
American Indian or Alaska Native. A person having origins in any of the original peoples of North and South America (including Central 
America), and who maintains tribal affiliation or community attachment.
Asian. A person having origins in any of the original peoples of the Far East, Southeast Asia, or the Indian subcontinent including, for 
example, Cambodia, China, India, Japan, Korea, Malaysia, Pakistan, the Philippine Islands, Thailand, and Vietnam.
Black or African American. A person having origins in any of the black racial groups of Africa.
Native Hawaiian or Other Pacific Islander. A person  having origins in any of the original peoples of Hawaii, Guam, Samoa,
or other Pacific Islands.
White. A person having origins in any of the original peoples of Europe, the Middle East, or North Africa.

WHY THIS INFORMATION IS BEING REQUESTED:

The Federal Government has a continuing commitment to monitor the operation of its review and award processes to identify and address
any inequities based on gender, race, ethnicity, or disability of its proposed PIs/PDs. To gather information needed for this important
task, the proposer should submit a single copy of this form for each identified PI/PD with each proposal. Submission of the requested
information is voluntary and will not affect the organization’s eligibility for an award. However, information not submitted will seriously undermine
the statistical validity, and therefore the usefulness, of information recieved from others. Any individual not wishing to submit some or all the
information should check the box provided for this purpose. (The exceptions are the PI/PD name and the information about prior Federal support, the
last question above.)

Collection of this information is authorized by the NSF Act of 1950, as amended, 42 U.S.C. 1861, et seq. Demographic data allows NSF to
gauge whether our programs and other opportunities in science and technology are fairly reaching and benefiting everyone regardless of
demographic category; to ensure that those in under-represented groups have the same knowledge of and access to programs and other
research and educational oppurtunities; and to assess involvement  of international investigators in work supported by NSF. The information
may be disclosed to government contractors, experts, volunteers and researchers to complete assigned work; and to other government
agencies in order to coordinate and assess programs. The information may be added to the Reviewer file and used to select potential
candidates to serve as peer reviewers or advisory committee members. See Systems of Records, NSF-50, "Principal Investigator/Proposal
File and Associated Records", 63 Federal Register 267 (January 5, 1998), and NSF-51, "Reviewer/Proposal File and Associated Records",
63 Federal Register 268 (January 5, 1998).

James   Ulvestad



DEVIATION AUTHORIZATION (if Applicable)

DEVIATION AUTHORIZATION:
A page length waiver was approved by Adriaan de Graaf, via email dated March 12, 2004
(copy included as "Additional Single Copy Document").



List of Suggested Reviewers or Reviewers Not To Include (optional)

SUGGESTED REVIEWERS:
John N. Bahcall
Joel Norman Bregman
Roger D. Blandford
Bernie F. Burke
Catherine Cesarsky
Deepto Chakrabarty
Stirling A. Colgate
Dave DeYoung
John Miller Dickey
Brenda L. Dingus
Richard S. Ellis
Martin Elvis
Eric Feigelson
Bill R. Forman
Neil Gehrels
Reinhard Genzel
Alice Kust Harding,
Fiona Harrison
Guenther Hassinger
George Helou
Victoria M. Kaspi
Chryssa Kouveliotou
Phil P. Kronberg
Jean-Paul Lestade
Carol J. Lonsdale
Jim M. Moran
Rameesh Narayan
John A. Nousak
Chris P. O’Dea
Tony C. S. Readhead
Larry Rudnick
Joe E. Salah
Craig L. Sarazin
Patrick O. Slane
Bill B. Sparks
John T. Stocke
Michael A. Strauss
Rashid Sunyaev
Tony Tyson
Nick E. White
Eric M. Wilcots
Roger A. Windhorst
Tony Zensus
Jun-Hui Zhao

REVIEWERS NOT TO INCLUDE:



List of Suggested Reviewers or Reviewers Not To Include (optional)

Reviewers not to include contd...

None



-----Original Message-----  
From: de Graaf, Adriaan Sent: Friday, March 12, 2004 12:31 PM  
To: Muse, Trevin K.  
Cc: Clegg, Andrew; Friel, Eileen D.; de Graaf, Adriaan  
Subject: FW: Waiver Request for Project Description  
 
Dear Trevin:  
I approve this request for deviation.  
 
Thanks.  
Adriaan  
 
-----Original Message-----  
From: Van Citters, Wayne Sent: Friday, March 12, 2004 7:12 AM  
To: de Graaf, Adriaan  
Cc: Clegg, Andrew; Friel, Eileen D.  
Subject: FW: Waiver Request for Project Description  
 
Adriaan,  
 
I forward this request to you with my endorsement.  The page estimate of 148 pages for 
an MREFC-class proposal of the scope of EVLA II is appropriate and very comparable to 
the waiver we granted to NSO for the Advanced Technology Solar Telescope proposal, a 
project of similar size. 
Wayne  
 
-----Original Message-----  
From: Clegg, Andrew Sent: Thursday, March 11, 2004 8:36 PM  
To: Van Citters, Wayne; Friel, Eileen D.  
Subject: FW: Waiver Request for Project Description  
 
Dear Wayne,  
NRAO has submitted this revised request for a page length deviation for their EVLA-II 
proposal. It includes page counts for all sections. The only section requiring a waiver is 
the project description, which will total 148 pages.  
 
Due to the size and scope of the project, I concur with their request for a page length 
waiver.  
 
Please let me know if you require further information.  
 
Andrew Clegg  
NRAO Program Director  
 



-----Original Message-----  
From: rperley@aoc.nrao.edu  
To: AClegg@nsf.gov  
Sent: 3/11/04 5:13 PM  
Subject: Waiver Request for Project Description  
 
To:       Andy Clegg  
From:     Rick Perley  
Subj:     Request for Waiver of 15-page Limitation to Project  Description  
Date:     11 March 2004  
 
The NRAO is ready to submit early next week its proposal to fund Phase II of the 
Expanded Very Large Array.  This is a large proposal, requesting $115M over an 8-year 
duration, to complete the expansion of a major astronomical facility.  The extent of the  
work is very broad, with an additional 220 FTE-years required in addition to the 440 
FTE-years which are needed for the ongoing Phase I. We anticipate that funding will 
originate from the MRE account.    Because of the size and complexity of this proposal, it 
is not possible to adequately describe the general plan in 15 pages.  We thus request from 
the National Science Foundation a waiver to the 15-page limitation, and request 
permission to submit a 148-page Project Description.  
 
The proposal will be submitted as soon as the waiver is granted.  
 
I estimate the page count for all remaining components to be as follows: Cover sheet (2), 
Information on PI (1), List of Reviewers (1), Deviation Authorization (1), Lobbying 
Activity (1), Project Summary (1), Project Description (148), References Cited (3),  
Biographical Sketches (10), Budget Description (3), Budget Sheets (9), Current/Pending 
Support (5), Facilities, Equipment and Other Resources (1).  Total: 186 





COVER SHEET FOR PROPOSAL TO THE NATIONAL SCIENCE FOUNDATION
FOR NSF USE ONLY

NSF PROPOSAL NUMBER

DATE RECEIVED NUMBER OF COPIES DIVISION ASSIGNED FUND CODE DUNS# (Data Universal Numbering System) FILE LOCATION

FOR CONSIDERATION BY NSF ORGANIZATION UNIT(S)    (Indicate the most specific unit known, i.e. program, division, etc.)

PROGRAM ANNOUNCEMENT/SOLICITATION NO./CLOSING DATE/if not in response to a program announcement/solicitation enter NSF 04-2

EMPLOYER IDENTIFICATION NUMBER (EIN) OR
TAXPAYER IDENTIFICATION NUMBER (TIN)

SHOW PREVIOUS AWARD NO. IF THIS IS
A RENEWAL
AN ACCOMPLISHMENT-BASED RENEWAL

IS THIS PROPOSAL BEING SUBMITTED TO ANOTHER FEDERAL
AGENCY?      YES        NO        IF YES, LIST ACRONYM(S)

NAME OF ORGANIZATION TO WHICH AWARD SHOULD BE MADE ADDRESS OF AWARDEE ORGANIZATION, INCLUDING 9 DIGIT ZIP CODE

AWARDEE ORGANIZATION CODE (IF KNOWN)

IS AWARDEE ORGANIZATION (Check All That Apply) SMALL BUSINESS MINORITY BUSINESS IF THIS IS A PRELIMINARY PROPOSAL
(See GPG II.C For Definitions) FOR-PROFIT ORGANIZATION WOMAN-OWNED BUSINESS   THEN CHECK HERE

NAME OF PERFORMING ORGANIZATION, IF DIFFERENT FROM ABOVE ADDRESS OF PERFORMING ORGANIZATION, IF DIFFERENT, INCLUDING 9 DIGIT ZIP CODE

PERFORMING ORGANIZATION CODE  (IF KNOWN)

TITLE OF PROPOSED PROJECT

REQUESTED AMOUNT

$

PROPOSED DURATION (1-60 MONTHS)

months

REQUESTED STARTING DATE SHOW RELATED PRELIMINARY PROPOSAL NO.
IF APPLICABLE

CHECK APPROPRIATE BOX(ES) IF THIS PROPOSAL INCLUDES ANY OF THE ITEMS LISTED BELOW
BEGINNING INVESTIGATOR (GPG I.A)

DISCLOSURE OF LOBBYING ACTIVITIES (GPG II.C)

PROPRIETARY & PRIVILEGED INFORMATION (GPG I.B, II.C.1.d)

HISTORIC PLACES (GPG II.C.2.j)

SMALL GRANT FOR EXPLOR. RESEARCH (SGER) (GPG II.D.1)

VERTEBRATE ANIMALS (GPG II.D.5) IACUC App. Date

HUMAN SUBJECTS (GPG II.D.6)
Exemption Subsection                   or IRB App. Date

INTERNATIONAL COOPERATIVE ACTIVITIES: COUNTRY/COUNTRIES INVOLVED

(GPG II.C.2.j)

HIGH RESOLUTION GRAPHICS/OTHER GRAPHICS WHERE EXACT COLOR
REPRESENTATION IS REQUIRED FOR PROPER INTERPRETATION (GPG I.E.1)
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NSF 04-2

111630900

Associated Universities Inc/National Radio Astronomy Observatory

4001434000

Associated Universities Inc/National Radio Astronomy Observatory
1400 16th Street NW Suite 730
Washington, DC. 200362252

The Very Large Array Expansion Project Phase II:  Completing the EVLA

117,238,000    96 01/01/06

202-232-7161

1400 16th Street NW, #730

Washington, DC 200362252
United States

Riccardo Giacconi PhD 1954 202-462-1676 giacconi@aui.edu

K. Y. Lo PhD 1974 434-296-0221 flo@nrao.edu

Peter Napier PhD 1972 505-835-7218 pnapier@nrao.edu

Richard A Perley PhD 1977 505-835-7312 rperley@nrao.edu

James Ulvestad PhD 1981 505-835-7300 julvesta@nrao.edu

074801689

Electronic Signature



CERTIFICATION PAGE

Certification for Authorized Organizational Representative or Individual Applicant:
By signing and submitting this proposal, the individual applicant or the authorized official of the applicant institution is: (1) certifying that
statements made herein are true and complete to the best of his/her knowledge; and (2) agreeing to accept the obligation to comply with NSF
award terms and conditions if an award is made as a result of this application.  Further, the applicant is hereby providing certifications
regarding debarment and suspension, drug-free workplace, and lobbying activities (see below), as set forth in Grant
Proposal Guide (GPG), NSF 04-2.  Willful provision of false information in this application and its supporting documents or in reports required
under an ensuing award is a criminal offense (U. S. Code, Title 18, Section 1001).
 
In addition, if the applicant institution employs more than fifty persons, the authorized official of the applicant institution is certifying that the institution has 
implemented a written and enforced conflict of interest policy that is consistent with the provisions of Grant Policy Manual Section 510; that to the best
of his/her knowledge, all financial disclosures required by that conflict of interest policy have been made; and that all identified conflicts of interest will have
been satisfactorily managed, reduced or eliminated prior to the institution’s expenditure of any funds under the award, in accordance with the
institution’s conflict of interest policy. Conflicts which cannot be satisfactorily managed, reduced or eliminated must be disclosed to NSF.

Drug Free Work Place Certification 
By electronically signing the NSF Proposal Cover Sheet, the Authorized Organizational Representative or Individual Applicant is providing the Drug Free Work Place Certification 
contained in Appendix C of the Grant Proposal Guide.

Debarment and Suspension Certification                   (If answer "yes", please provide explanation.)

Is the organization or its principals presently debarred, suspended, proposed for debarment, declared ineligible, or voluntarily excluded 
from covered transactions by any Federal department or agency?             Yes                                    No        

By electronically signing the NSF Proposal Cover Sheet, the Authorized Organizational Representative or Individual Applicant is providing the Debarment and Suspension Certification 
contained in Appendix D of the Grant Proposal Guide.

Certification Regarding Lobbying
This certification is required for an award of a Federal contract, grant, or cooperative agreement exceeding $100,000 and for an award of a Federal loan or
a commitment providing for the United States to insure or guarantee a loan exceeding $150,000.

Certification for Contracts, Grants, Loans and Cooperative Agreements
The undersigned certifies, to the best of his or her knowledge and belief, that:

(1) No federal appropriated funds have been paid or will be paid, by or on behalf of the undersigned, to any person for influencing or attempting to influence
an officer or employee of any agency, a Member of Congress, an officer or employee of Congress, or an employee of a Member of Congress in connection
with the awarding of any federal contract, the making of any Federal grant, the making of any Federal loan, the entering into of any cooperative agreement,
and the extension, continuation, renewal, amendment, or modification of any Federal contract, grant, loan, or cooperative agreement.

(2) If any funds other than Federal appropriated funds have been paid or will be paid to any person for influencing or attempting to influence an officer or
employee of any agency, a Member of Congress, an officer or employee of Congress, or an employee of a Member of Congress in connection with this
Federal contract, grant, loan, or cooperative agreement, the undersigned shall complete and submit Standard Form-LLL, ‘‘Disclosure of Lobbying 
Activities,’’ in accordance with its instructions.

(3) The undersigned shall require that the language of this certification be included in the award documents for all subawards at all tiers including
subcontracts, subgrants, and contracts under grants, loans, and cooperative agreements and that all subrecipients shall certify and disclose accordingly.

This certification is a material representation of fact upon which reliance was placed when this transaction was made or entered into.  Submission of this
certification is a prerequisite for making or entering into this transaction imposed by section 1352, Title 31, U.S. Code.  Any person who fails to file the
required certification shall be subject to a civil penalty of not less than $10,000 and not more than $100,000 for each such failure.

AUTHORIZED ORGANIZATIONAL REPRESENTATIVE SIGNATURE DATE

NAME

TELEPHONE NUMBER ELECTRONIC MAIL ADDRESS FAX NUMBER 

*SUBMISSION OF SOCIAL SECURITY NUMBERS IS VOLUNTARY AND WILL NOT AFFECT THE ORGANIZATION’S ELIGIBILITY FOR AN AWARD. HOWEVER, THEY ARE AN
INTEGRAL PART OF THE INFORMATION SYSTEM AND ASSIST IN PROCESSING THE PROPOSAL. SSN SOLICITED UNDER NSF ACT OF 1950, AS AMENDED.
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K. Y.   Lo Apr 15 2004  4:34PMElectronic Signature
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Project Summary

This is a proposal to complete construction of the Expanded Very Large Array (EVLA), a unique and
powerful radio telescope which will enable high-sensitivity, high-fidelity, wide-field astronomical imaging.
The EVLA will be the world’s premier telescope for resolving cosmic evolution.

Intellectual Merit The EVLA will be a 37-antenna array spanning ∼ 350 kilometers in New Mexico.
All antennas will be connected by fiber optics to a state-of-the-art digital correlator for real-time operation
with up to 16 GHz instantaneous bandwidth at any frequency between 1 and 50 GHz. The EVLA will
provide both sub-microJy sensitivity and milliarcsecond angular resolution over a field of view as large as 1
billion pixels. The correlator, designed and built by our Canadian partner, will provide a minimum of 16384
frequency channels at selectable resolution from 1 MHz to 1 Hz. The telescope will provide 50 parsec or
better resolution – anywhere in the Universe – of faint structures whose surface brightness temperatures are
as low as tens of Kelvin. No other astronomical facility, at any wavelength, will match these capabilities.

Astronomy is the science of the Universe – its constitution, history, and destiny. The EVLA will be the
most powerful and flexible telescope available within the coming decade for imaging the components of our
evolving Universe. With the EVLA, astronomers will:
• make the highest resolution images of any waveband of the earliest galaxies – even as far back as

z ∼ 30, (corresponding to when the Universe was < 1% of its current age) should such structures exist;
• resolve the central regions of galaxies and quasars to understand relativistic jets at all cosmic epochs;
• measure the density structures in clusters of galaxies on scales of 50 kpc at any redshift to understand
cluster structure formation throughout the Universe;

• see through the gas and dust within distant galaxies to distinguish star formation from black hole
formation and provide an unbiased census of both processes over most of the age of the Universe;

• resolve the expansion of all galactic novae from one week after explosion to provide detailed three-
dimensional estimates of mass, temperature and density throughout the expansion phase; and

• provide AU-resolution images of massive star formation within our Galaxy to probe the intimate
connections between accretion and outflow.

The project is being implemented in two phases. The first phase, begun in 2001, employs modern
technologies to improve by an order of magnitude or more the sensitivity, frequency coverage, and correlator
capabilities of the current VLA. The second and final phase – the subject of this proposal – will improve the
resolution by an order of magnitude through addition of eight new antennas located throughout New Mexico.
The EVLA project is extraordinarily cost-effective because it is leveraged off the VLA. When completed in
2013, the EVLA will provide the world’s current and next generation astronomers a world-class research
facility whose basic operations cost will be only 10% above the current level.

Broader Impact The construction of this unique and powerful facility will have broad impact for
astronomy, and throughout all of science. As an NSF-funded public facility, the EVLA will be available to
all qualified users. To ensure broad access by the user community, we propose that the NSF implement a
user grants program so that all astronomers granted time on the facility will have the resources to reduce
and publish their data, and to provide training for students. To encourage use by all astronomers, a real-
time imaging pipeline will automatically generate images which, after a suitable proprietary period, will be
available through the National Virtual Observatory. The EVLA will be one of a suite of multiwavelength
tools for astronomers in the next decade, complementing other major facilities such as JWST, ALMA, and
the GSMT. We anticipate a user base at least as large as that of the VLA: over 2000 users, with more than 250
scientific proposals scheduled per year. EVLA data will play a key role in student training and dissertations:
more than 200 Ph.D. dissertations have been based on VLA research, and nearly 100 students observe on
the VLA each year. The EVLA will utilize state-of-the-art technology in data transfer, storage, and image
processing. Ongoing development in these areas will be directly applicable to future instruments, such as the
Square Kilometer Array. The establishment of a real-time wide-band fiber-optic network within New Mexico
will attract development of other real-time distributed projects, such as Earthscope, a proposed very low
frequency astronomical facility, and the next-generation radio telescope, the SKA. As an imaging telescope
of unprecedented capability, the EVLA will generate stunning visual images which will have an impact on
both scientists and the public similar to those produced by the HST. A vigorous NRAO EPO program will
disseminate these images and the discoveries they encourage to the nation and the world through press
releases, the web, and travelling exhibits.
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mny�{Sorm���vwqz�>{X�r�s��ªsv|�wv�k�u�o�~�kpxzy Â!Æ9O�iUv|q\×rÍ ¾ Ìz�9Ms�zqs��vwqz�>kpoWo���klÖzk[knxsy±kny/q;Â!ÆLO�iÇ�rq�kpyXqzq��rj��Lv|knx;knxzv�j[mny�{Sorm���vwqz�{X������ªzvw�|v|k�u}��q���kpo«�z�z�rm��r�zy!kpxzyXvwmLyX�wy/{Sknmporqzv�{¥{X�r�s��ªzvw�wv�kpv|y�j�vwjLqso�kLv|q�{S�w�s��y/�8�Lv|knxzvwq3knxsvwjL�smno���o�jn�r�Ê�
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	��?L����� 1 .�� AB4Q�����	./"=PMO $:�3�� : �� 
 ABP�"%�!P * iKqzyX�F�>jnxzormnkl¢ jn�s�r{Xv|qz�E{Xorq�Ö��r�zm���kpv|o�q��L{X���w�wy/�ËknxsyÑH¢ {SorqzÖs�r�zm���kpv|o�q��³�Lvw�w� ª¤yh{Xorqsjlknmp�s{Skny/��kno�y/qs��ªs�|y�~¹�rjlk/�Hxzvw�rx�Ö¤��yX�wv�k�u�vwt¡���rvwqz�	or~WyXt«v�jnjnvworq��Lxzo�jly8��qz���z�w�rmjn{/���wybv�j.{Xort«�s�rmp�rªz�|ybkpos�³o�m;����mp�ryXm¥kpxs��q³�³kpxs��k.or~´kpxzy}�zmpvwt«�rmnu�ª�y���tÒo�~ knxzy�{Xort«�¤orqzy/q�kb��q�kny/qzqs�rj/� X���k��kp����yXq]ª�u	knxsvwj;{Xorq�Ö��r�zm���kpv|o�q��³�Lxzy/q�{Sort\ªzvwqzy/�]�Lv|knx�jlvwqz���|yX¢£��v�jnx��s��kp�h~°mportKknxzyhÐQO��¥���Lvw�w�¦�zmpo���vw��y«xzvw�rxz¢Ö���yX�wv|k�u���¼¥yX�w��vwqËªzmnvw�rx�kpqzy/jpj;kpyXt«�¤yXm���kn�smny=jnyXqsjnv�kpv|��v|k�u�v|t¡�r�rvwqz�No�qÇ�rqz�r�z����m«jp{X���wy/j\kpyXqÇknvwtby�j«�w�rmn��yXm\knxs�rqknxzo�jly.{X�zmpmny/q�kp�|u3�¨����vw�w�rªz�wy;�Lv�kpx=knxsy\Â�Æ³i;�¸��k¥�}mpy/jnor�w��knvworq8kpxzmny/y;kpv|t«y/j!ª¤ySklkpyXm�knx���q=kpxs��k��zmno���v���y/�3ª�u8knxsyÐQO �Ú���worqzy��

��xzyH~°mpy/µ��zy/qs{Su�{So���yXm����ryB��q��¥ªs��qs�z�Lvw��kpxFo�~zÔ±x��rjny�[¸�Lvw�|��ª�y¦mnyXkp��vwqzy��!vwq;Ô±x��rjny0[)[a�/�§o>�zmpo���vw�zyBjn�E}{SvwyXq�k§{Xormpmny/�w��knvworq{X�r�s�r{Xv�k�ub~°o�m´kpxzy¥{Sort«�z�wySkpy/�hÑ±Â!Æ§i;��knxsy¥Ì�×¨¢ j�k���kpv|o�q}{SormpmpyX����kno�m¦{S�smnmpyXq�kn�wu¡�zqs�zyXmL{So�qsj�kpmn��{aknvworq}~°orm�Ô±xs��jly%[±�Lv|�w�¬ª¤yyS���s�rqs��y��}kpo � Íbj�k���knvworq�jX�
.0/ed�/�� � 8XsP>15ak�>15!C�3!F�>
8 >1@ 36<�7olon���G
��xzy�yS���s�rqsjnv|o�q.o�~�knxzyL{Xormpmny/�w��knorm³kno � Í!vwqz�z��k�jX�r{Xort\ªzv|qsy/�\�Lv�kpx\v|kpjH��y�jlvw�rqsy/�b{X������ªzvw�|v|k�u¥kno¥jnv|t\�z��k���qzy/or�sjn�wuF�zmno�{Xy/jpjª¤o�knx]mpy/���|¢½knvwtbyb��qs�Nmpy/{So�mp�zy/�	�z��kp�s�¬�Lv|�w�B��y/mnt«v|kF{Xormpmny/�w��knvworq	or~´���w�BÂ!ÆLO i��z��kp�h�Lv�kpxNt\�s{�x���mny���kpyXm�ªs��qs�z�Lvw��kpx��q���syS��vwªzvw�|v|k�u�knxs�rq�knx���k«�zmno���v���y/�Eª�u]kpxzyhyX��vwjlknvwqz��Â�Æ9O�i {SormpmpyX����kno�m/�	i kbknxsy8{Xort«�z�wySknvworqUo�~>kpxzyh�smnorÕ�y/{ak��H�jnv|qz���|y¥{So�mnmpyX����kporm����wo�{X��kny/�h��k�knxsy¥{XyXq�knm����¬Ñ¦Â!Æ³i�jnv�kpyr���Lvw�|�¬�smno�{Sy�jnj´kpxzyF�z��k��;~°mport � Ï �rq�knyXqsqs�rj¥ºØkpxzy;× z Ñ±Â�Æ³i!× z��q�kpyXqzqs��jX�[yXvw�rx�k.qsyX�²ÃWÈ�i>mpmp�¨u]��q�kny/qzqs�rj/� ¾ Í3Â!ÆLO�i���q�kpyXqzqs��jp»S�§vwqEmpy/�r�Hknvwt«yNºØ~°o�m;kpxzyhÑ¦Â!Æ³i���qs��Ã!È	i>mpmp�¨u��q�kpyXqzqs��jp»±orm´~°mno�t ��vwjn��¢½mpy/{Xorm���y/�«t«y���vw�8ºØ~°o�m¦kpxzy�Â!Æ9O�iÉ��qs�hÃWÈ	iWmnm��¨u«��q�kny/qzqs�rj�»a���Lv|knxh�ryXmpu\syS��vwªz�|y¥{So�t.ªzvwqs��¢knvworq�j¦or~³jl�zª���mpmp�¨u�j±�rqs�¡orª�jly/mn��vwqz�;t«o���y/j/�0O´orknx¡kpxzy�Â!Æ³iÉ��q��¡Â!ÆLO iÚ{So�mnmpyX����kporm�jH�Lv|�w�¤ª�y¥��y/{Xort«t«vwjpjnv|o�qzy/�¡��~ØknyXmknxsyFqzyX��{So�mnmpyX����kporm�{Sort«y�j´o�q3�|vwqzyr�s�zmno���v���vwqz�bjnvw�rqzv|Ö�{X�rq�k��worqs��¢½knyXmpt or�¤yXm���kpv|o�qs���¬jp�¨��v|qz��jX���xzybor�¤yXm���kpv|o�qs���§v|q�kny/�rm���kpv|o�q	o�~±kpxzy«Â!ÆLO iÙ�Lv|knxNknxzy«Ñ±Â�Æ³i;�¬�rqs�=kpxzy«��knvw�|vw¯/��knvworqNo�~´�8jlvwqz���|yb{SormpmpyX����kno�m>~°o�mª¤o�knx®��mpm��¨u�j/�[�Lv|�w�>���w�|o�� vwt«�zmpo��ry/�Eor�¤yXm���knvworq����¦y@}{SvwyXqs{XuU��qs�U�Lv|�w��mny�jl�s��k«v|qË����mny���kbv|t«�zmpo��ry/tby/q�k\vwqÇjp{SvwyXqs{Xy{X�r�s��ªsv|�wv�k�u��©��xzvwj}�z�w�rqÇ�Lvw�w�W����jlo�y/qs��ªz�wy3�z����qzqzvwqz�]~°orm}�]t«ormpy=��v�j�k���q�k}�ro����´�U{Sorqsqzy/{SknvworqËo�~�knxzy=Â�Æ9O�i��Lv�kpx�Lv���yS¢£ªs��q���Ö�ª�y/mWjlo¡��j kno}���w�wo��Ú{So�t«�z�|yXknyFvwq�knyX��mp��knvworq8o�~[knxzyFÂ�Æ9O�i��Lv|knx3knxsy;Ñ±Â!Æ§i��rjL�b~°�z�w�wu�mpy/���|¢½knvwtby;jnvwqz�r�wykny/�|y�jn{Xor�¤yr�
,.-�� c�9;739��=QXVXQa^BQX2>Y R	�©^B132�4658739;:3<=2>< ?�2W@BA CE9F@HG.2 I @H@H9LA
��xzy¥t¡��Õ�o�m´vwqsjlknmp�zt«yXq�kp�r�¸{/���s�rªzvw�|v|knvwy/j o�~§knxzyFÑ¦Â!Æ³iÉ��~ØkpyXm>Ô¦xs�rjny�[�º¹��y/qzo�kpy/�8Ñ±Â!Æ§i!× z »a��kpxzyFÃ>yX�ÉÈ=yS��v�{So«i>mpmp�¨u����q��=knxsyb{Xort«�z�wySkny��	Ñ±Â�Æ³i���mpy\jn�zt«t¡��mpv|¯/y/�=vwqN�[��ªz�wy ¾ � ¾ �F��xzvwj�jnxzo��>j>kpxzy«jlvw�rqzv|Ö�{/��q�k!vwqs{Smpy/��jly�j>vwqNjnyXqsjnv|knvw��v|k�ur�~°mpy/µ��zyXq�{Su�{So��ry/mp�r�ry��§��q���jl�¤y/{Sknmpo�jp{Sor�svw{¡{/���s�rªzv|�wv|knvwy/j;�smno���v���y/��ª�u�Ô±xs��jly [a�§knxzy�~¹�r{Sknorm\o�~�kny/qEvwtb�smno���yXt«yXq�k.vwqmpy/jnor�w��knvworq8�zmpo���v���y��}ª�u�Ô±x��rjny�[ [a�s��q��}kpxzyFv|t«�zmpy/jpjnv|��y¥jlkp�rqs��¢ ���worqzy¥{X�r�s��ªsv|�wv�kpv|y�j�o�~§knxzy;ÃWyX��È=yS��v�{So¡i>mpmp�¨u��
v´ort«�s�rmny��¡kpo«knxzy¥yS��v�j�kpv|qs�¡Â!Æ³i.��knxsy;{Sort«�z�wySkpy/�8Ñ±Â�Æ³i��Lvw�|��vwqs{Xmny��rjnyr·
Û knxzyFt¡����vwt.�zt�ªs��qs�z�Lvw��kpx3ª�uh�b~¹�r{akporm�o�~/xrÍs�
Û knxzyFt¡����vwt.�zt�q��st.ª¤yXmLo�~Hjn��y�{aknm�����{�x���qzqzy/�wj�ª�u��\~¹��{akno�mLo�~/x ¾�Î ×��
Û knxzyFt¡����vwt.�zt¿jl�¤y/{Sknm����¬mpy/jnor�w��knvworq8ª�u��\~¹�r{akpormLor~[ÌrÍ�ÍrÍs�
Û knxzyF�wor����mpv�kpxzt«vw{W~°mny�µ��zyXqs{Xu�{So���yXm�����yWª�u��\~¹�r{SknormLor~§~°o��zm��z��qs�
Û knxzyFt¡����vwt.�zt¿jl�s��knv����¬mpy/jnor�w��knvworqhª�uh�\~¹�r{SknormLor~ ¾ Íz�

[ q3�r�z��v|knvworq³�zt«o�jlk���qzo��Lq8jlo��zm�{Sy/j or~[jnu�jlkny/t¡��knv�{�yXmpmno�mpj´�Lxzv�{�x8�rmny�mpy/jn��o�qsjlvwªz�wy�~°orm��|vwt«v�kpv|qs�«knxzy;{X�zmnmpyXq�k�v|t¡�r�rvwqz�Ö���y/�|v|k�u��Lvw�w�±ª�y¡y/�|vwt«v|q���kny��]ormF�rmpy/��kn�wu	mpy/���s{Xy/�¬�hÅ!��yXm����w�Ê��knxzy¡Â�Æ³i��Lvw�|�±ª¤y¡kpmp�rqsj�~°o�mnt«y��	vwq�kpo	�8qzyX�Ùkny/�|y�jn{Xor�¤y�Lv|knx3�zqzv�µ��zy;��qs�h�¤o��´y/ml~°�z��jp{SvwyXq�kpv�Ö�{F{/���s�rªzvw�|v|knvwy/j/���xzy]{Sorq�kpv|q��z�zt ªzmpvw�rx�knqzy�jnj�kny/t«��y/mp��kn�zmpyNjnyXqsjnv|knvw��v|knvwy/jho�~\ª�orknxÚi!Æ³È	iÒ��q��®knxzy�Ñ±Â�Æ³i��rj8��~°�zqs{SknvworqÚo�~~°mpy/µ��zyXq�{Su=��qs�	mny�jlo��|��kpv|o�q	��mpy.jnxzo��Lq=v|q M[v|���zmny ¾ � Ìz�!��xsy\{So���yXm�����y��smno���v���y/�=ª�uhknxzy«Ñ±Â�Æ³i�vwj�jlxso��Lq	v|q��rmpyXyXq³�knx���khª�u®iWÆ§È	i v�j�vwq©t¡��mpo�orq�� ��xzy��z�z�¤yXm3��qs�®�wo��´y/m}ª¤or�zqs�s��mpv|y�j¡~°ormhy/��{�x¶��mpy	jlyXkhª�uUkpxzy�t¡����vwt.�st �rqs�t«v|qsv|t\�zt�ªs�rjnyX�wv|qsy/j>{Xorq�kp�rv|qzy��8�Lv�kpxzv|q�y/�r{�x=�rmnm��¨uP* jL{Xorq�Ös���zm���knvworq�jX� ��xzy.��mpm��¨u¡mny�jlo��|��kpv|o�qsj>�rmny;jnxzo��Lq3�Lv�kpx=knxsy���s�zmno¨��vwt¡��kny/�|u}�zvw�r�rorq����¸mny����wvwqzy/j/�
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 �K$#�K. � � 6� 	�� �?6������ � � 6 .:./AQ(�� 	�� �?6��ÔBo�v|q�k�'�or�smp{Xy�'�yXqsjnv�kpv|��v|k�u�� ¾ Í����ru Ís� x����ru ×z� × ���ru Ís� y����ru
ÃWos�Ho�~Bªs��jly/ªs��qs���s��vwm�j × � � �È	����v|t\�zt�ªs�rqs���Lv���knxvwq3y/�r{�x8�¤or����mpv|¯���knvworq Ís� ¾ Ð¥À>¯ x¡Ð¥À>¯ x¡Ð¥ÀW¯ x¡Ð¥À>¯ÃWos�Ho�~[~°mpy/µ��zyXq�{Su�{�xs�rqzqzy/�wj��k>t«����v|t\�zt²ªs�rqs���Lv���knx ¾ y ¾ yz� ÌEx � ¾ yz� ÌEx � ¾ yz� ÌEx �È	����v|t\�zt�q��zt\ª�y/mLo�~~°mpy/µ��zy/qs{Su�{�x���qzqzy/�wj Ïz¾ × � � ¾/Î � � ÌrÍ � � � ¾/Î � � ÌrÍ � � � ¾/Î � � ÌrÍ �ÀWv|��xzy/jlkL~°mny�µ��zyXqs{Xumpy/jnor�w��knvworq ÌEx ¾ ÀW¯ Íz� ¾ ×bÀW¯ Ís� ¾ ×.ÀW¯ Íz� ¾ ×\À>¯ºÊÆ�or��»4Mzmpy/µ��zyXq�{Su�{Xo��ryXm�����yr�¾��WÏ Í\Ð¥À>¯ ×r×�� ¾ ÍrÍ�� ¾ ÍrÍ�� ¾ Í�Í��
ÃW�zt.ª¤yXm>or~[ª��rjnyX�wv|qzy�j Ì Ï�¾ Ì Ïz¾ � Ï yEy�y
'�����knv����§ÄLy/jnor�w��knvworq�º Ï Ð¥ÀW¯�» Íz� � ��m�{Xjny/{ Ís� � �rmp{/jly�{ Ís� Í � �rmp{/jly�{ Ís� Í � �rmp{/jly�{
'�����knv�����~°mny�µ��syXqs{Xu�{So���yXm����ry�· �¢ '�v|qz���|yF{Xorq�Ös���zm���knvworq Ì Ï Ì Ï z Ì Ï Í� ¢£iW�|��{Xorq�Ö��r�zm���kpv|o�qsj ¾ ÍrÍ�Í ¾ Í�ÍrÍ ¢ ¾ Í�ÍrÍrÍ
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��xzy«{X�r�s��ªzvw�wv�kpv|y�jWor~¦knxsy\Â�Æ9O�i��Lv|�w�H����jlohª�y¡{So�qsjnvw��y/mp�rªz�wuhy/qzxs��q�{Sy/��ª�u	Ô±xs��jly [)[a����xzy«ÃWÈ	iWmnm��¨u=��q�kny/qzqs��j�Lvw�|�±or~Økny/q]ª¤y¡{So�t.ªzvwqzy/�]�Lv|knx]knxso�jnybor~¦kpxzy¡Â!ÆLO i.��qzy���mp�|u��zor�zªz�wvwqz�3v�k�j;{So��|�wy/{Sknvwqz�=��mpy/�z�«��xzy¡�r�s��v�kpv|o�qs���Hy/v|��x�k��q�kpyXqzqs��j>�Lvw�|�[�rmpy/��kn�wu�vwt«�zmno���y¥knxzy��k�D��{Xo��ry/mp�r�ryr�smny�jl�z�|knvwqz�}vwq���m���t¡��knv�{Fv|t«�zmpo��ry/t«yXq�k>v|q	knxzy\Â!Æ9O�i * j!v|t¡�r�rvwqz�{X�r�s��ªsv|�wv�kpv|y�jX�[��xzy�Ã>yX�ÇÈ=yS��v�{So¥i>mpmp�¨u¥��q�kny/qzqs��j³�Lvw�|��ª¤y�or��knÖzklkpy/�;ª�u¥kpxzyLÑ±Â!Æ§iÇÔ¦mnorÕ�y/{Sk³�Lv�kpxb�zvwjn��¢½ªs��jly��;jnu�jlkny/t¡j~°orm´mny�{So�mp��vwqz�;��k ×.Ð�ª�G�jly�{ �\�zmpo���vw�zv|qz� ¾ y¥knvwt«y/j¦knxzy�jl��j�k���vwqs��ªz�wy>ªs�rqs���Lv���knx�o�~¬knxsy!{S�smnmpyXq�kn�wu�¢½o���klÖsklkny��«Â!ÆLO i®�vwq}��q�knv�{Svw�s��kpv|o�q¡o�~¸knxsyWÂ!ÆLO�i * j±mpy/{So�mp�zv|qz�F{/���s�rªzv|�wv|k�u\vwq�×�Í ¾ Ìz�LU©v�kpx¡knxsvwj/�rkpxzy!jnyXq�jlv|knvw��v�k�uborª�k���vwqzy/�«ª�u«{So�t.ªzvwqzvwqz�knxsy.Â!ÆLO�i �Lv|knx=kpxzybÃ!È	i>mpm��¨u��Lvw�|�[ª�yb��k��|y��rjlk!�¡~¹��{akno�mWor~Hjnv|�3xsv|��xzyXmWknxs�rq=knxzyb{S�zmpmpyXq�kWÂ!ÆLO�i;�¸��xzy.mpy/jn�z�|knvwqz�jn�zml~¹��{Sy«ªzmpv|��x�knqzy�jnjFjnyXqsjnv|knvw��v|k�u	�Lvw�|� ����jlo8ª¤y}v|t«�zmpo��ry��	vwq��zmno���o�mlkpv|o�q��}i>�|knxsor�z��x]qso�k.jnxzo��LqNvwq�M[v|���zmny ¾ � Ìs��knxsyÂ!ÆLO�i * j}ªzmpv|��x�knqzy�jnj¡jnyXqsjnv|knvw��v|k�uÚº¹�LxzyXq¶{Xort\ªzv|qsy/�Ë�Lv�kpx®knxzyNÃ>yX��È=yX��v�{SoEiWmnm��¨uz»\�Lv|�w�WyX��kpyXqs�Çkpxzy	�rmpyXy/q©��mpy/��z������m��zjX��~°mno�t��8~°yX��x��zqs�zmny��]¼¥y/�|��vwq©º°�Lxzy/q�xzy/�¨��vw�|u=k����¤yXmpy/�s»¥kno3kno	�r�z�zmpo¨��v|t¡��kpyX�wu ¾ Í��S¼ ��kF~°�z�w�¦mpy/jnor�w��knvworq³���xzy�yS���s�rqs��y/�h{So�mnmpyX����kporm¦�Lvw�w�¤x��¨�ry>kpxzyF{X�r�s�r{Xv�k�ubknob�zmpo�{Sy/jpj �z��k��;~°mport�kpxzy�ÃWyX�ÉÈ=yS��v�{So\iWmnm��¨u«�z�w�sj´knxzy¥Â!ÆLO�i��k�kpxzvwj>ªs��qs�z�Lvw��kpx��svwq3�r�z��v|knvworq8kpobmpy/�r��¢½knvwt«yF{SormpmpyX����knvworqho�~B���w�³�z��k��\~°mno�t�Ñ±Â�Æ³i!× z �
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M[v|m�jlkLjp{SvwyXq�{Sy¥�Lv�kpx	{So�mnmpyX����kporm�jl�zª�jlyXk XWy�{;×�Í�Í z '�kp�rmlk>jnv�kpy;Ñ1[)'��zmno�{Xy/jpj ����q=×�Í�ÍEyÌ�×�¢£jlkp��knvworq8{SormpmpyX����kno�m´o���y/mp��knvworqs�r� ����q=×�Í�Í Î Mz�zqs�zv|qz�«~°o�m>{So�mnmpyX����kporm yS���s��q�jlvworq iW�z��×�Í�ÍEyÄLyXknmpo�ÖzkL���rjlk>Â!Æ³i��rq�knyXqsqs� Å�{Sk>×rÍ ¾ Í M§vwª¤yXm>qzyXk��´o�mn�«kpy/jlkLkno¡Ô±vwyF�³o��Lq ����q=×�Í�Í zÆ³��j�k>Ñ¦Â!Æ³i�mpy/{XyXvw�ry/m´vwqsjlkp���w�wy/� iW�zm!×rÍ ¾ × M§vwqs�r�³��y/{Xvwjnvworq8orq3��q�kny/qzqs�byX�wyXt«yXq�k�j ����q=×�Í�Í zÐ�o\kpo¡ªzv��ho�q8�rq�knyXqsqs�rj �r�sq=×rÍrÍ z
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Ô±x��rjny [ [Wo�~ knxsy«Ñ¦Â!Æ§iÙ�smnorÕ�y/{akF�Lvw�|�±�zyX�ry/�|o��N�8�Lv���yS¢£ªs��q����Lvw��knx���mpy/�r��¢½knvwt«ybÖsª�y/ml¢£or�zknv�{.qzyXk��´o�mn�3kpo8knyXq�mpyXt«o�kpyjnv�kpy/j¥�Lv|knxzvwq]knxzy}jlkp��kny«o�~�Ã>yX��È=yX��v�{So����sjnv|qs�3�r�|mpy/����u	�¨����vw�w�rªz�wyb{Xort«t«yXm�{Sv����[Ösª¤yXm��«��xsyby�j�k���ªz�wv�jlxzt«y/q�kFor~´kpxzvwjqzyXk��´o�mn�«�Lvw�|�¬��knknm��r{Sk orknxzy/m´�zmpo�Õ�y�{ak�j¦�Lxzv�{�x�qsyXy/��mny����|¢Êkpv|t«y¥�r{/{Sy/jpj¦kno«�z��k��Fkp�r�ry/q�o��ry/m´�\�Lvw�zy!��yXor��mp�r�zxzv�{X�r�s��mpy/�s���q����Lvw�|�³yXqs{Xor�zm�����y�jn�s{�x8�zmnorÕ�y/{Skpj kno«�wo�{X��kpy¥�Lv�kpxzv|q	ÃWyX��È=yS��v�{So��BÑ±�z��t«�z�wy/j v|q�{S�w�s��yr·
Û ��xzy!Æ³orqz�r¢+U��¨�ry/�|y/qz��kpx}i>mpmp�¨u����\�|o���¢½~°mny�µ��zyXqs{Xu\m��r�zv|o.��j�kpmno�qzort\u.kpyX�wy/jp{So���y���ª¤yXvwqz�\�zmno�t«o�kny��¡ª�u}�.{Xorqsjnormn¢knvw�zt �|y��¡ª�ubknxzy¥�>qzvw�ry/mpjnv|k�ubor~³Ã>y/�6È=yS��v�{So����rqs�¡vwqs{S�w�s��vwqz�\knxzy��>qzvw�ry/mpjnv�k�u«or~Pv´or�worm��r��o���knxsy��Wqzv|��yXm�jlv|k�ubo�~�³yX����jX��Æ§iWÃWÆ¦�s��q��8Ã!È [�È	�¥�
Û ��xzyZ'�µ��s�rmnyb¼¥v|�wort«yXknyXm�i>mpmp�¨u�ºS'z¼Fi!»a���$V qsyS��kl¢£�ry/qzyXm���kpv|o�q�*sm��r��vwo¡kpyX�wy/jp{Sor�¤y.�Lxsvw{�x]jly/yX��j>o�qzybjpµ��s��mpy;��vw�|or¢tbyXkny/m´or~³{Sor�w�wy/{akpv|qs�.��mpy/�}ºÊ���z�smno¨��vwt«��kny/�|u Ï Í¥kpv|t«y�j¦kpxzyWÂ�Æ³i�»a���Lv�kpx�ªs��jly/�|vwqzy�j¦yX��kpyXqs�zv|qz�.knob�F~°yX�©x��zq���mny����vw�wort«ySkpyXm�jX�
Û Ñ¦��mnknx '�{So���y����Dt�×rÍrÍ�È vwq�kpyXm���v�jn{Xv|�z�wvwqs��mpu}Ñ¦�rmlkpx3Å!ªsjnyXmp����kno�mnu«�Lxzv�{�x8�Lv|�w�¬v|q�{S�w�s��y;��y/�z�|o�u�t«yXq�k�o�~±×�Í�ÍrÍ.jnyXv�jl¢tbo��rm����zx8jlv|kny�j��Lv�kpx3mny����|¢Êkpv|t«yF�z��k��«��yX�wv|��yXmpur�
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��xzy�Ñ±Â!Æ§i©�Lvw�|�¤ª�y��Ft¡��Õ�o�m´��y/�ryX�wor�¤yXm´��qs�«�sjnyXm´o�~�qzyXk��´o�mn��y/�bvwq�~°ormpt¡��knvworq}jnu�j�kpyXt¡j/�[��xzy�Ì z �rq�kpyXqzq��rj±�Lvw�w��y��r{�xª¤y!jnyXqs��vwqz�.kno;kpxzy!{XyXq�knm����¤{So�mnmpyX����kporm±���s�zmno¨��vwt¡��kny/�|u ¾ Í�Í.Ð�ª�G�jny/{Xorqs�«��v��;�;����mnknv����w�|ubo��Lqzy/�¡�rqs�¡�s�rmlkpvw�r�|�wub�|y��rjny/�Ösª¤yXm>o���knv�{¥qzyXk��´o�mn�¸�H��xzy;�����rmpyX����kny!o�~HÌz� z ��ª�G�jny/{¥�Lvw�|�³ª�y;{Xorq��ry/ury/��o��ry/m´Ö�ª�y/mLknxs��kWv�jL���wmny��r��u}vwq3�z���r{Sy����z�rmn�mp�zmp�r�[Ösª�y/m¥~°orm�knxsy«Ã!È	i>mpm��¨u	��q�kny/qzqs�rj/����q��	Ösª¤yXmF����v��Nª�u	Ô¦xs�rjnyZ[Wo�~´knxzy«�zmpo�Õ�y�{ak�~°orm¥kpxzy¡Ñ±Â!Æ§i!× z �rq�kpyXqzq��rj/���xzybkny�{�xzqzv�{X�r�±��yX��yX�wor�zt«yXq�k¥~°orm�kpxzvwj;�zxs�rjnyS¢ jlkp��ªs�|y��¬�Lvw��yX¢½ª���qs���Lv���kpx��³�worqz�r¢£�zvwjlkp�rqs{Sy«{X�r�s��ªzvw�wv�k�u=�Lvw�|�¦ª�y¡��vwmny�{akp�|u���s�z�|v�{X�rªz�wy!kpo«~°��kn�smny;�rmnm��¨u�j´jn�s{�x3�rj knxsy '�µ��s��mpy�¼¥vw�wort«ySkpyXm>i>mpm��¨ur���rjL��y�jn{Xmnvwª¤y/�hv|q8knxsyF�zmny�{Sy���v|qs�«jny/{Sknvworq����xzy\knxzy/ormpySkpvw{/���Bt¡����v|t\�ztK{Xormpmny/�w��knorm!or��kp�z��k;�Lvw�|�Hª¤y¡��ª¤or��k;Ì�Í8ÐQO G�jny/{r�\iW��kpxzor�z��x	kpxzy}Ñ±Â�Æ³i��Lv|�w�Hm���mpyX�wuor�¤yXm���kpy!��k�jn�s{�xh�rq�o���kn�z�zk�m���kpy\º°knxzyF{S�smnmpyXq�kn�wu«�z����qzqzy��}t¡����vwt.�zt m���kpyWv�j ¾ � ybÐQO G�jny/{r���rqs�¡kpxzy¥v|qsv�kpvw�r�¤m���kpyWv�j��mpyX����knvw�ry/�|u�t«o���y/jlkH× Ï È$O G�jly�{/»a��kpxzy �rmp{�xsv|��vwqz�W��q��;�zmpo�{Sy/jpjnv|qz�Wmny�µ��sv|mpyXt«yXq�k�j�~°o�m³kpxzy´qsormpt«�r�ro�ªsjly/mn��vwqz�>t«o���y/j[�Lvw�|�ª¤y.yS��kpmny/tby/�|u={�xs�r�|�wyXqs�rvwqz�s�WÔH�rmlk!o�~Hknxsy.mpy/µ��zy/jlkny��=ªz�s�z�rySk�vwjW~°orm���yX��yX�wor�zt«y/q�k�o�~Hkpxzy\�rmp{�xzvw��v|qs����qs�	�zmno�{Xy/jpjlvwqz�jnu�jlkny/t¡j��Lxzv�{�x;�Lvw�|��ª�y qzy/y/��y��¥kno>x���qs���wy±kpxzy´�rq�knv�{Svw�s��kpy/�;�z��kp���o��F�§��xzy ��m�{�xzv|��yH�Lv|�w��{Sorq�k���vwq¥knxzy�{X�r�|vwªzm���kny��F�z��k����q��\�r��kno�t«��knv�{X�r�|�wu�¢½��yXqzy/mp��kny/�.��yS~¹�r�z��kHvwt¡���ry�j[�Lxzvw{�x«�Lvw�|��ª¤y>�¨����vw�w�rªz�wy±knoF�r�|���sjnyXm�j[knxsmno��z�rx\v|q�kny/ml~¹��{Sy�j§y�j�k���ªz�wv�jlxzy��ª�u8knxzy«ÃW��knvworqs�r�§Â!v|mnkn�s�r�HÅ!ª�jly/mn����kpormpur�W��xsy\jnor�w��knvworqsjWkno�knxzy�jlyb�zmporªz�wyXt¡jW�Lv|�w�Bª�y«���z�s�|v�{X�rªz�|y;kno3��{So�qsjnvw��y/mp�rªz�wu�Lv���yXm����s�zv|y/qs{SyW�\~°��kp�zmpy!vwqsjlknmp�zt«yXq�kpj�jn�s{�x��rj¦knxsy�'zµ�����mpyW¼¥v|�wort«yXknyXm�i>mpm��¨u\�Lvw�|�¸ª¤y�~¹�r{Sy��¡�Lv|knx�y/�ry/q�����mp�ryXm �z��k��knm���q�j�~°y/m/�zjlkno�mp�r�ryr����q��h�smno�{Sy�jnjnvwqz�b{�x����w�|y/qz�ry�jX���xzyH�zmpo�{Sy�jnjnv|qs� or~�knxzy¦Ñ¦Â!Æ§i * j��z��k���or��kp�z��k[�Lv|�w���zmpy/jnyXq�k³��qso�knxsyXm³jlknvwt.�z����kpv|qs��kny/{�xsqzvw{/����{�xs���w�|y/qz�ry��/��j��z��k��rjnySk�j�rj�����mp�ryF��jWÝ Ï Í«��O¶�¤yXmL�zmpo�Õ�y�{ak>�Lvw�|�³ª�yF�sjny/�hkpo¡�ryXqsyXm���kny�kpxzyFv|t¡�r�ry/j�mpy/µ��zvwmpy/�hª�u8�rjlknmporqzo�t«yXm�jX�B��xzy/jnyFvwt«�r�ry�j{X�rq.ª¤y�yS�z{Sy/y/��vwqz�r�wu¥�w�rmn��yH�F�z�\kno¥Ì�×�� ÍrÍ�Í��.Ì�×z� Í�ÍrÍL�sv���yX��j§~°ormBy/��{�x.or~sx��zqs��mpy/�zj§kpoWkpxzor�sjp��q��zj[o�~z~°mpy/µ��zy/qs{Svwy/j/�§Ñ´�r{�xvwt«�r�ry;t\�sjlkWª�yb{So�mnmpy/{Skny/�h~°o�mLknxzy.kny/tb�¤orm����[��qs�=jn�s��knv����³y/mnmporm�jL{Smpy/��kny��hª�uhknxzyb��kptbo�jl�sxzyXmpyr�sknxzy.�rq�knyXqsqs�rj/���rqs�knxsyFv|qsjlknmp�zt«yXq�k����¬yX�wy/{Sknmporqzv�{Xj/��[ qs{S�w�s��y���vwq8knxzv�jL�zmpor�¤o�jp���¤v�j�knxzyF{Xmny���knvworq8o�~B��q8v|t¡�r�rvwqz�b�r�|��ormpv�kpxzt���y/�ry/�|o��zt«yXq�k�rmpor�s���Xkpo!��y�jlvw�rq³�/kpy/jlk/���rqs�¥v|t«�z�wyXt«y/q�k[knxsy´jn��y�{Sv����wv|¯/y/�F���w�ro�mnv|knxst«j�qzyXy���y/�¥kpoWy@¡{Xv|y/q�kn�wu���yXqzy/mp��kny±jn�s{�x;����mp�ryX¢£jp{X�r�|yvwt«�r�ry�j ~°mno�t²�ry/mnu¡����mp�ry¥�z��k��rjnySk�jX�
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��xzy«y/jlkp�rªz�wvwjnxzt«yXq�k¥o�~¦qzvwqzy«qzy/�Ù��q�kpyXqzqs�8jnv�kpy/j��Lv�kpxzvwqNmp�zm����H��mpy/��j>o�~�Ã>y/�ÙÈ=yX��v�{So8o�Ó¸yXm�jWknxzy¡ÃWÄWiWÅ �h�zqzv�µ��syor�s��o�mlkp�zqzv|k�uhkpohy�j�k���ªz�wv�jlx]��q	y����s{X��knvworq]��qs���z�zªz�wvw{\or�zknmpy/�r{�x��zmno��rm���t¿kno8�h{Xort«t.�zqsv�k�u8knx���kFvwj!vwqN��yXqzy/mp�r�³qzork� yX�w��{Xorqzqsy/{akpy/�.knoF�r�z�¨�rqs{Sy��Fkpy/{�xzqzo��|o��ru¥ormH{X��klkpv|qz�r¢½y����ry�jp{SvwyXqs{Xyr�B��xzy Ã!Ä>iWÅ®v�jB�zmpyX�s�rmnvwqz����qs�\�Lv|�w��jlo�o�q\jn�zªzt«v�kkno;knxzy�Ã%'6M��¥�zmpor�¤o�jp����kpo;y/jlkp�rªz�wvwjnx}�F�zmpor��mp�rt o�~¬y/�z�s{X��knvworq}��q��«�z�zªz�wvw{Wor��kpmny��r{�x«�Lxzv�{�x}jl�¤y/{Xv�Ö¤{X���w�wu.k���mp�rySk�jBknxsymp�zmp�r�¸��o��z�z����knvworq3or~[Ã>y/�ÉÈ	yS��vw{Xos�H��xzv�jL�zmpor��mp�rt �Lv|�w�Ê·
Û Ô±mpo���v���y¡o���knmpy/��{�xNkpoN{Xort«t.�zqsv�kpv|y�j;kpxzmno��z�rx��s�zªz�wvw{hv|qz~°ormpt«��knvworqEjny/jpjlvworq�j.��q���{Sort«t\�zqzv|k�u]t«y/t.ª¤yXm\ÖsyX���knmpv|�sj/���zmpo���vw�zy ��u�qs�rt«vw{�yX��xsv|ªzv|kpjHkp��vw�wormpy/�Fkpo¥knxzy>{Xort«t.�sqzv�kpv|y�jB�|o�{/��kny��bqzy/�rm§kpxzy>��q�kpyXqzqs�¥jnv�kpy/j/���rqs�.�smno���v���y��q8or��kpmny��r{�x����rq3�rqs��knm���vw�|y/mL�Lxzvw{�x8�Lvw�|�¬kpor�zm�kpxzy/jny;{So�t«t.�zqzv|knvwy/j ~°o�mL�´y/yX��yXqs�h�´o�mn��jnxzor��j´�rqs�8�|y�{akn�smny�jX�
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Û Ô±mpo���v���y�or�zknmpy/�r{�xbkpo.jn{�xso�o��wjHknxzmpor�z��x}�;jnyXmpv|y�jHo�~¸kny��r{�xzy/m±� ormp��jnxzo��sj±��q��¡j�kp�s��yXq�k±Ö�yX���«knmpv|��jHkno;knxzy�{SyXq�kpmp�r�Ñ±Â!Æ§i�jlv|kny¥kpob��v�jlv|kLknxsy;��mpmp�¨u¡��q��hv|kpj���v�jlv|kno�m>{Sy/q�kpyXm��
Û Ô±mpo���v���y¡o���knmpy/��{�x�kno]mny/�rvworqs�r�Ê�Bj�k���kpyr�±��q��Eqs��knvworqs�r�´������v|y/qs{Sy�j;kpxzmpor�z��xU{Smpy/��knvworq�o�~!��y/mnt¡��qsyXq�k\yX��xsv|ªzv|kpj�Lxzvw{�x8�Lvw�|��ª¤yFy/jlkp�rªz�wvwjnxzy/�8��kWjlkp��kny¥��vwjnv|knorm>{XyXq�kny/mpj��rqs�hkp����yXqhkno«qs��knvworqs�r��{Sorqz~°yXmpyXqs{Xy/j/�
[ q=�r�z�zv�kpv|o�q�kpo«knxzv�jL�wo�{/���w�|u�¢½~°o�{S�sjny/�h�zmpor�rm���t3��� yF�Lv|�w��mpy/µ��zy/jlk�~°�zqs��vwqz�¡�zq���yXmLkpxzy;Ñ±Â�Æ³i�o���y/mp��knvworqsj�ªz�����ryXk~°orm���q�Ñ´Ô Å�jn{Xv|y/q�knv�j�k��¤�Lv|knx	knxzy\mny�jl�¤orqsjnvwªzv|�wv|k�u�kpoh{So��|�wy/{Sk/�¤�ry/qzyXm���kpyr���rqs�	��v�jpjly/tbvwqs��kny.vwt¡����y/jL��yXqzy/mp��kny/�3ª�u8knxsyÑ±Â�Æ³i��rqs��orknxzy/m>ÃWÄ>iWÅ�~¹�r{Xv|�wv|knvwy/j/�z��qs�hkno«o���yXm�jly/yWkpxzy;jn{Xv|y/qs{SyF{Xorq�kny/q�kLor~§kpxzyFÃWÄ>iWÅ �´y/ªh�����ry�jX�
M[v|q����w�|u���kpxzy«�zmpy/jnyXqs{Xy.o�~ ��{S�zklknvwqz�r¢½y����ry.~¹�r{Svw�wv�k�u��¬v|q]{Sort\ªzvwqs��kpv|o�q	�Lv�kpx]�rq��r�zy/µ��s��kpyX�wu8~°�zqs��y����sjnyXm¥jn�z�z�¤ormnk�zmpor��mp�rt8�/�Lv|�w�rvwq���v|��orm���knyB�zqsv|��yXm�jlv|k�u!��j�kpmno�qzort\uW��qs�¥�sx�u�jnvw{/j���y/�s��mnknt«yXq�k�jX�¨�rj¸kpxzv�j³�Lvw�|��yXqs{Xor�zm�����yBuror�sqz�ry/m¸~¹�r{S�s��k�u��q��}kpxzyXvwmLj�kp�s��yXq�k�j kno«�sjny!kpxzy�kny/�|y�jn{Xor�¤yr�z��q��¡kno¡��y/�ry/�|o���ª¤ySklkpyXm�kpy/{�xzqzo��|o��rvwy/j���q��}t«ySkpxzo���or�wor��v|y�j´�Lxsvw{�x8�Lv|�w�¬ª¤y���s�z�|vwy/�8ª¤o�kpx8ª�u¡kpxzy;Ñ±Â�Æ³i���q��hv|kpj>yX�ry/q�kn�s�r�¸jn�s{/{Sy/jpjnorm���kpxzy '�µ��s�rmnyF¼¥vw�|o�tbyXkny/m>i>mpmp�¨u��
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Ô±x��rjnyB[ [\or~Wknxsy3Ñ±���s��qs�zy/�ÇÂ!Æ³i�Ô¦mnorÕ�y/{ak«�Lvw�|�W{Xmny���kpyh�zqsvwµ��zy={X�r�s��ªsv|�wv�kpv|y�jbknxs��k¡�Lv|�w�>�zmpo���vw��y8yS�z{Xv�kpv|qz��jp{SvwyXqs{XympyX����m��zj�~°mno�t��3mpyX��v|o�qNor~ mpy/jnor�w��knvworq��rqs�N~°mny�µ��syXqs{Xu��s�rmp�rtbyXkny/m;jl�s��{Sy«kpxs��k;v�j;����mp�ry/�|u	�sqzyS���z�wormpy/�Nª�u�yS��v�j�kpv|qs�vwqsj�kpmn�stby/q�kpj/�¸�rqs�=�Lxzv�{�x	v�j!�r�z�zmpor�zmpv���kny¥~°o�m�jlkn����v|y�jWor~±knxsy.yX��or�w��knvworq�o�~¦jlkp��m�jW�rqs�=����������v|y�jX��[£k!v�jWvwt«��o�mlk���q�kWkpo�zmpo���vw��y!knxsy/jny;{X������ªzvw�|v|knvwy/j�qso��F��ª�y�{X����jly�·
Û ��xzyL��q�knv�{Svw�s��kpy/�«jp{SvwyXqs{Xy v�jBkpv|t«yX�wu\�rqs�\yS�z{Sv|knvwqz�s����qs�\� yLxs�¨�ry qzo��Uvwq«xs��q��.kpxzy�kny�{�xzqzv�{X�r�zt«y/��q�j[knoF�r{�xzvwyX��yknxzyFqzy/y/��y��h{/���s�rªzvw�|v|knvwy/j/�
Û ��xzy3mny�jlo��|��kpv|o�q��¦jnyXqsjnv|knvw��v|k�ur� ��qs�Ë��v|Ó¤m��r{Sknvworq�¢£�wv|t«v|kny/�Ç�Lv���yS¢½ÖsyX���Çv|t¡����v|qs�]{/���s�rªzv|�wv|knvwy/j«o�~!knxzy=Ñ¦Â!Æ³i��rqs�iWÆ³È�i²��mpy}�zqzv�µ��zy}�Lv|knxzvwqU��j�kpmno�qzort\ur�3Ã>o	orknxzy/m.���¨�ryXª���qs��{X�rq��r{X{Xy/jpjFkpxzy���v�j�k���q�k/�By/�ror�w��v|qs�	�>qzvw�ry/mpjny�Lv�kpx	knxsy¡Ý ¾ Í¡t¡�rj�mny�jlo��|�zknvworq	��q��=kny/qsj�o�~¦¼¥y/�|��vwq�ªzmpv|��x�knqzy�jnj>knyXt«�¤yXm���kp�zmny«jnyXqsjnv�kpv|��v|k�u3�Lxzvw{�x]��mpy\{Xmnv|knv�{X�r�~°ormL�zqs�zyXm�j�k���qs��vwqz�bknxsy¥~°ormpt«��knvworq8��qs�8yX��or�w��knvworq8o�~Bj�kpmn��{akn�smny�j�v|q8knxsy;�>qzvw�ry/mpjnyr�
Û ��xzy.�z����qsqzy/�3kpv|t«y�jn{/���wy;~°orm�vwtb�s�|y/tby/q�kp��kpv|o�q���q��=or�¤yXm���kpv|o�q=t«��kp{�xzy�j>kpxzo�jny.or~±o�kpxzyXm�t¡��Õ�orm!qzyX��~¹��{Svw�|v|knvwy/j{S�zmpmny/q�kn�wu8ª¤yXvwqz�=��y�jlvw�rqzy��	o�m��sqs��yXmF{Xorqsjlknmp�s{akpv|o�q�vwqNorknxzy/m¥� �¨��yXªs�rqs�zj/�¤jn�s{�xN��j¥iWÆ³È�i;� �-U '��¥�¬��qs��knxsyÐ�'�È	�¥��knx��sj´yXqs{Xor�zm�����v|qs�Fknxzy�t.�s��kpv�¢£� �¨��yX�wyXqz�rknx}jlkn�s�zv|y�j {Xmnv|knv�{X�r�skpo\�sqs��yXm�jlkp��q���v|qs�;knxsy!�zx�u�jnvw{/j¦or~³orª�Õ�y�{ak�jo�~§vwq�kny/mny�j�k��
Û ��xzy�kpy/{�xzqsor�wor�rv�{X�r�´��y/�ry/�|o��zt«yXq�k\mpy/µ��zvwmny���~°orm\knxsy8�smnorÕ�y/{akb�Lv|�w��yXqs�rªz�wy8�rqs�Ey/qs{So��zmp�r�ry¡~°�smlkpxzyXm\kny�{�xzqzv�{X�����yX��yX�wor�zt«yXq�k�j¦qzy/y/��y��¡~°o�m´�z����qsqzv|qs�b�rqs�}ªz�sv|����vwqz�.kpxzy¥qzyS��kn¢½��yXqzy/mp��knvworq¡m��r��vwo;kpyX�wy/jp{Sor�¤yW�bkpxzyQ'zµ�����mpy!¼¥vw�|or¢tbyXkny/m>i>mpmp�¨u��
Û [ tb�s�|y/tby/q�kp��kpv|o�qNor~ Ô¦xs�rjny [ [!vwq�{So�qs{Sy/mlk¥�Lv�kpx�Ô±xs��jlyZ[!v�j�knxsy¡tbo�j�kFy@¡{Xv|y/q�k¥��jly«o�~�x��zt¡��q���qs�Nt¡��kpyXmpvw�r�mny�jlo��zmp{Xy/j/�L�rj}t\�s{�x¶or~FknxzyNmny�µ��sv|mpy/�®y/�|y�{aknmporqsvw{	�rqs�¶jno�~Øk�����mpy	{So�tb�¤orqsyXq�kpjhmny�µ��zv|mpy/�Ë~°o�m}kpxzyNÃ!È	i>mpmp�¨u��q�kny/qzqs�rj ��mpy>kpxzyFjn�rt«y!��q��h{/��q}ª¤y¥ªz�zvw��k>��q��}vwqsj�k����w�|y���jnv|t\�z�|kp��qsyXor��jl�wu¡ª�u«knxzy¥jn�rt«y!vwqs��vw��vw��������j´�Lxso\�Lvw�|�ª�yFvwt«�z�|y/t«yXq�knvwqz�¡Ô±xs��jlyQ[a�

,.-�� 4�:3<=R.@HY[2Wd�2!:b^�R��®^B132�46?ÒCUI �«AT^H132�I�I��=c
'�vwqs{Sy kpxzy ¾/Î y�Írj/��knxzy>Ã!��knvworq�����iW{/�r��y/tbvwy/jBx��¨�ry�{Sort«t«v�jnjnv|o�qzy/�\�!�zy/{X���z����mpyX��vwyX�Uor~��rjlknmporqsort.uF�rqs�\��j�kpmno��zx�u�jlv�{Xj/��Lv|knx�kpxzy�{�xs�rmn��y¡o�~>�rjpjly�jnjnvwqz�3knxzy}ÖsyX���¬�±��q���mny�{Sort«t«yXq���v|qs�=qzyX���rmpor�sqs��¢!�rqs��jl���r{SyX¢½ª��rjny/�]�zmpor�rm���t¡j�~°o�m;knxsy{So�t«v|qz�}�zy/{X����yr�L��xzy�jly.mny/��o�mlk�jX�zv�jpjl�zy��=��k>kpxzy;ª¤yX��v|qzqsv|qz��o�~Hy/��{�x3�zy/{X����yr��xs�¨�ryF�smno���yXqhkno}ª¤y;xzvw�rxz�wu8v|q���zyXq�knv����vwq3�zv|mpy/{Sknvwqz�«mny�jlo��zmp{Xy/j´~°ormLqsyX�¶kpyX�wy/jp{So���y�jL��qs�8�zmpor��mp�rt«j/���xzy>×�Í�ÍrÍ�iWjlknmporqzo�t.u.�rqs�«iWjlknmpor�zx�u�jnvw{/j�'��zmn��yXu+v´o�t«tbv|klkpyXy>{Xort«�zmpvwjny/� ¾�Ï �rjlknmporqsort«yXm�j§�rqs�«�rjlknmpor�zx�u�jnvw{Xvwjlkpj/��Lxzohy/jlkp��ªs�|v�jlxsy/�=qzvwqzy\�s��qzy/�wj/�¸{Sort«�zmpv�jly��=o�~±o���yXm ¾ ÍrÍ¡�zmport«vwqzyXq�k¥jn{Xv|y/q�kpvwjlkpj/��knoh�zy/���[�Lv|knx����¨�ry/�|y/qz��kpx=jl�zª¸��v�jn{Xv�¢�z�wv|qsy/j.�rqs�]o�kpxzyXmb��mpy/�rj/����xzyhiWi%'ZvÙmny/��o�mlk;���rj¥v�jnjn�zy���v|qU×rÍrÍ ¾ �§�rqs�]v|qs{X�|����y/��ª¤o�kpxU��q�vwq�¢£�zyX��kpxE�rjpjly�jnjnt«yXq�ko�~§knxzyF��yXu��zv|mpy/{Sknvworqsj���q��hµ��zy�j�kpv|o�qsj ~°orm>��j�kpmno�qzort\ubvwq8knxzv�jLqzy/�6t«vw�|�wyXqzqsv|�zt3�s�rqs�8mp�rqz�ry��}mpy/{Xort«t«yXqs�z��knvworqsj´~°o�m~°�zqs�zv|qz�3qzy/� kpyX�wy/jp{Sor�¤y/j¥�rqs�	vwqzv|knv���knvw�ry�j¥�Lxzv�{�x	knxsy]v´o�t«tbv|klkpyXy«ª¤yX�wv|y/�ry/�N� or�z���	t«o�jlk¥ySÓ¸y/{akpv|��yX�wu��r�s��mny�jnjWknxsy/jny�ry/u�jp{SvwyXqs{Xy¥µ��zy�j�kpv|o�qsj/�
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��xzy!×rÍrÍ�Í�i!i%'avÇmpyX�¤ormnk¦v���yXq�kpv�Ösy��bÖs�ryW�ryXub�zmporªz�wyXt¡jH�Lxsvw{�x���knxsyXu«�Lmnorkny��!V ��mpyL�s��mnknv�{S�z����mp�wu.mpv|�¤yL~°orm �r�����rqs{Sy�jvwqhkpxzy;{So�t«v|qz�¡��y�{X����y�*w�Hi>t«orqz��j�kLkpxzy/jny¥�´y/mny�·
Û '�kn�s�zu�vwqz�bknxsy;�z�¨�Lqhor~§kpxzyFt«o���yXmpq8�Wqzvw�ryXm�jnyr���Lxzy/qhkpxzy¥Ösm�j�k>jlkp�rmpjL�rqs������������vwy/j´~°ormpt«y/�¬�
Û �>qs��y/mpjlkp�rqs��vwqz�bknxzy¥~°o�mnt¡��knvworqh�rqs�8yX��or�w��knvworq8o�~[ªz�w��{��}xzo��|y�j�o�~[�r�|�§jlvw¯Xy�jX�
Û '�kn�s�zu�vwqz�bknxsy!~°o�mnt¡��knvworq�or~[jlkp�rmpj ��qs��knxsyXvwmL�z�w�rqzySk���mpu¡jlu�jlknyXt¡j/�z��qs��knxsy�ªsv|mnknx3��qs��yX��or�w��knvworqho�~§��vw�rq�k��rqs�knyXmpmpy/jlknmpvw�r�¤�s�w�rqzySk�jX�
��xzy�jlyhknxzmpyXy3�zmporªs�|y/t«jbvw�|�w�sjlknm���kpyhkpxzy v´ort«t«v�knkny/y�* j¥Õ��s����yXt«yXq�k«knxs��k}�Nt¡��Õ�ormb~°o�{S�sjb~°o�m«��j�kpmno�qzort\u�v|qËknxsyqzy/�²t«v|�w�|y/qzqzvw�ztfv�j\vwqEkpxzy3��mpy/�=or~!{So�jlt«v�{}yX��or�w��knvworq]��o�~Lkpxzy3�>qzvw�ry/mpjnyh�rqs�Ev|kpjb{So�qsj�kpv�kp�zyXq�k�jX����xzy8�zmpor�¤o�jny/�{X�r�s��ªsv|�wv�kpv|y�jWor~HknxzybÑ±Â�Æ³iÙyXqsjn�zmpyFknxs��k�v|k!�Lvw�w�[�s�w�¨u3�}t¡��Õ�o�mWmpor�wy;vwq��zmpo���vw��vwqz�}�rqsjl� yXm�jLkpo}kpxzy/jny.��yXu3�zmporªz�wyXt¡j/�~°ormFo�qz�wu	knxsy}Ñ±Â!Æ§i���qs��iWÆ§È	i��Lvw�|�±x��¨�rybknxzy}{/���s�rªzvw�|v|k�u=kno=��yXkny�{ak��������	�
���K�¥kpxzy/jny¡{So�qsj�kpv�kp��kny/q�kpjFo�q���j�kpmnor¢�zx�u�jlv�{X�r�|�wu8v|t«�¤ormnkp��q�k¥t«v|�w�|v���m�{Xjny/{Xorqs�=jp{X�r�|y�jX����xzy¡×�ÍrÍ�Í¡iWi�'avÉmpy/{So��rqzvw¯Xy��8knxzy«Ñ±Â�Æ³iÙ�rj���{Smpv|knv�{X���[vwqsj�kpmn�stby/q�k~°orm��rjlknmporqzo�t«vw{/���¬mpy/jny/��m�{�x8ª�u8�rvw��v|qs�«knxzybÑH���s��q���y/�8Â!Æ§i�Ô¦mnorÕ�y/{akLkpxzy\jny/{Xorqs�8xzvw�rxsy/jlkW�zmpv|o�mnv|k�uh�rtbo�qz��jlk>t¡��Õ�o�m�rmpor�sqs��¢£ªs�rjny/�«~¹��{Svw�|v|knvwy/j ~°o�mL{Sorq�j�kpmn�s{Sknvworqhv|qhknxzv�j>��y�{X����yr�H��xzy¥vwtb�¤ormnkp�rqs{Sy�o�~§knxzyFÑ¦Â!Æ³iÉ���rj �zqs�zyXmp�|vwqzy/�hª�u¡knxsy

v´ort«t«v|klkny/yFv|q3v|kpjLmpy/{Xort«t«yXqs�s��knvworq³���LxsyXq3v�k>�Lmpo�kpyr·
��xzyUÑH���s�rqs��y���ÂHyXmpuÉÆ§��mp�ryUiWmnm��¨uÙºÊÑ±Â!Æ§i!»3�6knxzyÇmny/ªzvwmlkpx�o�~¡knxsyUÂ!Æ§i;�!knxzyÇ�´o�mn���W* j3~°ormpyXt«o�j�k{SyXq�kpv|t«ySkpyXmn¢½���¨�ry;knyX�wy/jp{So���y.�8�Lvw�w�Bkp����yb��������q�kp�r�ry;or~´t«o���yXmpq	kpy/{�xzqsor�wor�ruhkno=��klkp�rv|qN�zqz�zmpy/{Xy/��y/q�kny/�v|t¡����y}µ��s���wv�k�uN�Lv�kpx ¾ Í8kpv|t«y/j;knxzyhjly/qsjlv|knvw��v�k�u���q�� ¾ ÍrÍ�Íhknvwtby�jFkpxzy�jn��y�{aknmpo�jp{So��zv�{b{/���s�rªzvw�|v|k�u�or~ kpxzyyS��vwjlknvwqz�8Â!Æ§i;�³��xzy}���z��v|knvworq]o�~ yXvw�rx�kFqzyX����q�kny/qzqs��j!�Lvw�w�±�zmpo���v���y«��q]orm���yXmn¢£o�~Ø¢£t«�r�rqzv|kn����y.vwqs{Smpy/��jlyv|q8��qz���z�w�rm´mpy/jnor�w��kpv|o�q���U©v�kpxhmpy/jnor�w��knvworq8{So�tb����m���ªz�wyLknobkpxs��kLo�~[iWÆ³È�iÉ�rqs�� �-U '����£��ªs��k>or�¤yXm���kpv|qz���k>t.��{�x=�|o�qz�ry/mL� �¨��yX�wyXqz�rknxsj/��knxzy\Ñ±Â!Æ§i��Lvw�|�§ª�y.�«�¤o�� yXmn~°�z�³{So�t«�z�|y/t«yXq�k>kno}knxzy�jlyFvwqsjlknmp�zt«yXq�kpj>~°ormj�kp�s��u�v|qs�\kpxzy¥~°ormpt¡��kpv|o�qhor~§�zmpo�kpor�z����qzyXkp�rmnu}��v�jn��jL�rqs��knxzyFy���mp�|vwy/jlk>j�k����ry�j o�~B����������u«~°o�mnt¡��kpv|o�q��

��xzy;Ñ¦Â!Æ³iÉ�Lvw�|�§��obknxzv�j ����qs�8t\�s{�xht«o�mny!�¡~°orm>��j�kpmno�qzort\u¡v|q8knxsyFy/��mp�wu}��y/{/�r��y�j�o�~[knxzv�jLqzy/�6t«v|�w�wyXqzqzvw�zt3�
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��xzv�j¥��o�{S�zt«yXq�kFv�jWkpxzyb�zmno���o�jn�r�³~°o�m�~°�zqs��vwqz�=Ô±xs��jly [)[>or~±knxsy«Ñ¦Â!Æ§iÙÔ¦mnorÕ�y/{ak��;��xzyb�zmnvwt¡��mpu3�ro��r�³~°o�m�knxzv�j!Ösqs����zxs��jly\vwj!kpo�vwtb�smno���yFknxzy«mpy/jnor�w��knvworq=or~±knxsybÑ¦Â!Æ³i�ª�u	��q	o�mp��y/mWor~¦t¡���rqsv�kp�s��yr�¤kpx���j!y/qs��ªs�|vwqz�h�zySkp�rv|�wy/��v|t¡�r�rvwqz�o�~[orª�Õ�y�{ak�j�t.�s{�xhtbo�mnyF��v�jlkp��q�k��z��qs��uror�sqz�ry/m/��knx���qhknxzo�jlyF�r{/{Sy�jnjnv|ªs�|y!knobknxsy�Â�Æ³i.�sÄLy/jnor�w��kpv|o�q�vwtb�smno���yXt«yXq�kpj´~°o�m��q�uN~¹�r{Xv|�wv�k�u�t\�sj�k\ª�yht«��kp{�xzy���ª�u]jnyXq�jlv|knvw��v�k�u�vwtb�smno���yXt«yXq�kpj/�[�Lxzvw{�xE~°orm;kpxzyhÑ¦Â!Æ§i���mpy¡�zmpo���vw��y���ª�u]Ô¦xs�rjny [o�~´knxzy¡�smnorÕ�y/{ak�� O y/{/���sjnybo�~¦kpxzv�j;jlu�qzy/mn��u3ª�yXk��´y/yXqNknxzy«k�� oh�sxs�rjny/j�o�~´knxzy}Ñ¦Â!Æ§i;���3��y/jp{Smpvw��knvworqNo�~¦kpxzy}jny/{So�qs��zxs��jly-* j>�ro��r�wj t\�sj�k!v|qs{X�|����y;�«mny/��v|y/�Úor~§kpxzy.{X�r�s��ªsv|�wv�kpv|y�j��zmpo���v���y���ª�u}kpxzyFÖsm�jlk>�zxs�rjnyr�
[ q3knxzv�j>{�xs�r��kny/m/�z� y¥knx��sj��y�jn{Xmnvwª�yWknxzy¥{X�r�s��ªsv|�wv�kpv|y�j±or~����rqs�¡ª¤yXqzyXÖzkpj´~°mport3��knxzy�{So�tb�s�|yXkny¥ÑH���s��q���y/�«ÂHy/mnu¡Æ³�rmn��yWi>mpm��¨ur�r�Lxsv|�wy!y/t«�zxs�rjnvw¯Xvwqz�knxso�jny¥��jl�¤y/{Skpj��zmpo���vw�zy/�hª�uhÔ±xs��jlyQ[)[a�
U]y!ª¤yX��v|q8ª�u}��vwjp{S��jnjnv|qs�.kpxzy!��yXu}jp{SvwyXqs{Xy��zv|mpy/{Sknvworqsj´~°ormL��j�kpmno�qzort\u\vwq�kpxzv�j �zy/{X����yr����j´v���y/q�kpv�Ö�y/�hª�u«kpxzy;×�Í�ÍrÍiWjlknmporqsort.u���q��UiWjlknmpor�sx�u�jnvw{/j '��smn��yXu v´ort«t«v�knknyXy�� UNyhknxzy/qÇ��v�jp{S�sjpj;kpxzy8v|qsjlknmp�zt«yXq�k�����mny�µ��zv|mpyXt«y/q�k�j;qzy/y/��y��~°orm¥�r�s��mny�jnjnvwqz�}kpxzy\��yXu3�zmporªz�wyXt¡j!vw�zyXq�knv|Ösy/�Nª�u3knxzv�j¥{So�tbt«v|klkpyXyr�;��xsyXmpy;~°or�w�wo��>j!�8��y/jp{Smpvw��knvworq	or~;V �rjlknmporqzo�tbv�{X�r���v�jn{Xo��ry/mnu�jn�s��{Sy�*w���rqs�8knxsy.mpor�wyFo�~Hmp����vwo}�rjlknmporqzo�t.ur����qs�3or~Hknxzy.Ñ¦Â!Æ§i;�¤�Lv�kpxzv|q	knxzv�jWjn�s�r{Xyr�LÈ=o���y/mnq	��j�kpmno�qzort\uv�j.vwqs{Smpy/��jlvwqz���|u]�	t.�s��kpv�¢£� �¨��yX�wyXqz�rknxE��v�jp{Svw�z�|vwqzy��±��qs��� y���v�jp{S�sjpj.qsyS��k.kpxzy8jnu�qzyXmp�rvwy/j;ª�yXk��´y/yXqEm��r��vwo���j�kpmno�qzort\u��q���orknxzy/m;� �¨��yXªs�rqs�zj/����qs�Nxzo���knxzy}{Xort«�z�wySkny���Ñ±Â!Æ§i��Lv|�w�±�z���¨u��3�ry/u	mpor�wyr�³�r�|o�qz�h�Lv|knx�orknxzy/mFqzyX�Ù~¹�r{Xv|�wv�kpv|y�jX�vwq���������qs{Xv|qs�8o��zmF��qzo��L�wy/����y\or~���j�kpmno�qzort\ur�¡Ã>y/��jp{SvwyXqs{Xyb~°mno�t mp����vwo3��j�kpmno�qzort\ur���rqs�]v|q��s�rmlkpvw{X�z�w�rm�~°mno�t knxsyÑ±Â�Æ³i.�s�Lvw�|�§xs�¨�ry¥vwtb�¤ormnkp�rq�k>v|t«�s��{akpjWv|q=t¡�rq�uho�kpxzyXmW�zvwjp{Svw�z�wv|qzy�jX�¤��qs�3� yFqzyX��k���vwjp{S��jnj�kpxzy/jny;o�q8y����s{/��knvworq=�rqs��z�zªs�|v�{¥or��kpmny��r{�x���o�qh�zqsv|��yXm�jlv|knvwy/jL�rqs����mp�����s��kny¥�rjlknmporqzo�t.ur����q��ho�q�kpy/{�xzqsvw{/������y/�ryX�wor�stby/q�k/�0M[v|qs�r�|�wur�s�´yF��v�jn{X�sjpj�Lx�u.kpxzyWÑ¦Â!Æ³i6jlxzo��z���«ª�yW{Xorqsjnv���yXmpy/�«�¥qzy�{Sy/jpjp��mpu;�zmpyX�w�s��yLkpoFknxzy!��y/jnv|��q�����yX��yX�wor�zt«yXq�k¦�rqs�b~°��kn�smnyW{Xorqsjlknmp�s{Sknvworqo�~H�BV qsyS��kl¢£�ry/qzyXm���kpv|o�q�*�mp����v|o\kny/�|y�jn{Xor�¤y!�}knxzy '�µ��s�rmny¥¼¥vw�|o�tbyXkny/m>i>mpmp�¨u��

�«-/, �f2LA 
�@HR��=VS2WdeY ��R\@ I Y³^[@HRb:3R\dJA ^[R I <=<=@H2>Y[Y¿Q/: 0�1=QSY ��2>ZL9F<=2
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M[v|���zmpy ×�� ×Ljnxzo��>j¬kpxs��k[mp����vwoW�rjlknmporqzo�t.u�{So��ry/mpj³�Wjnv|��qzv�Ö¤{X��q�k�~°m��r{Sknvworq;or~s�rjlknmporqzo�t«vw{/���6VYXWv�jp{So��ry/mnu�'��s��{Sy-*|�/v´mnv|knv�{X�r�vwq�~°ormpt¡��knvworq;~°mno�t��>�Lvw��y m���qz��y±o�~s��j�kpmno��zx�u�jnv�{X���r�zxzyXqsort«yXqs�Wvwj³~°or�sqs�;�Lv|knxzvwq;kpxzv�j³mpyX��v|o�q��¨v|qs{X�|����v|qs�s�¨~°orm§yS�z��t«�z�wyr·
Û ��xzyXmpt¡���¬{So�q�kpv|q��z�st�yXt«v�jnjnvworqh~°mno�t����sjlk/�z���rj/�z��qs�8jnor�wvw�hª�o���vwy/jLknxzmpor�z��xzor�zk kpxzy;�>qsv|��yXm�jly-,
Û È=or�wy/{X�z�w�rm��|vwqzyFyXt«v�jnjnvworqh~°mno�t²����jly/or�sj ª¤o��zv|y�jLjl�s{�x=��jLj�k���m ~°ormpt«v|qz�«mpyX��v|o�qsj�,
Û i knort«v�{��|vwqzyFyXt«v�jnjnvworqh~°mno�t²���r�w����vwy/j/��y/jn��y�{Sv����w�|u}~°mno�t²x�u��zmno��ryXq8��qs�8xzy/�|vw�zt ,
Û MzmpyXyS¢½~°mpyXy�yXt«vwjpjnv|o�q�~°mport²vworqsv|¯/y/�8����j´qsy/��mLxso�k/�smp�r�zvw�z�|u}y/�ro��|��vwqz�bjlkp�rmpj ,
Û '�u�qs{�xzmpo�knmporq8yXt«v�jnjnvworq8~°mno�t�mpyX����kpv|��v�j�kpvw{¥y/�|y�{aknmporq�j>�r{/{SyX�wyXm���kpy/�hª�u8jnxzo�{��}���¨�ry/j�o�mW��vwmny�{akpy/�3yXqsyXmp�ru}ª¤y/�rt«j~°mno�t²ªz���r{��}xzo��|y�j�,
Û �>qzv�µ��zy«v|q�~°o�mnt¡��knvworq�o�q]{Xo�jnt«vw{\t¡���rqsySknv�{.ÖsyX���zj/�§��mpv�jlvwqz�}~°mport�jlu�qs{�xzmpo�kpmno�q=mp����v���knvworq³�L(¤yXy/t«�rq]jn�z�wv�knknvwqz�s���qs� Ms�rmp���z�¨u¡mnorkp��knvworq�,
Û i>ªsjnormp��knvworq3jnv|��qs��kp�zmny�j´~°mno�t knxzy/mnt¡�r�¬���rjL�rqs�8jlu�qs{�xzmpo�kpmno�qhjnyX�|~Ø¢£�rªsjnormp��knvworq��
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d�/ed�/ed f >��
795!C�:17K>1@ � F =�sP>��
7956J 2Ok%C�sP7 �4J 3!<�7 i"lon G
��xzy8Ñ±Â!Æ§i�Ô¦mnorÕ�y/{ak;�Lvw�w�´�zmpo����s{Xy��=kpyX�wy/jp{Sor�¤y¡kpoN���w�wo���jnyXqsjnv|knvw�ry}o�ªsjly/mn����knvworqsjF�Lv|knxsv|qUknxzy8��mpy/�3o�~�VYX!vwjp{So���yXmpu
'��s��{Sy-*´jnxzo��Lq©v|q M§vw�s�L×�� ×�� ��xsy��zmpo�Õ�y�{ak/��~°o�m�kpxzy�mpy/��jlo�qsj¡��v|��yXq®v|q '�y/{SknvworqÚ×z� Ì�x��rj}ª¤yXy/q6��vw��vw��y��©vwq�kpoEk�� oo��ry/mn�����s�zv|qs�	�zxs��jly�jX·�Ô¦xs�rjny [a�B�Lxzv�{�xÇ���z��mpy/jpjly�j;kpxzy3jly/qsjlv|knvw��v�k�u��±~°mpy/µ��zy/qs{Su�{So���yXm�����yr�H��qs�Çjl�¤y/{Sknm���� mny�jlo��|�zknvworqmpy/µ��zvwmny/tby/q�kpj ,z��qs�8Ô±xs��jly�[)[a�s�Lxzvw{�x=���z��mpy/jpjly�j¦kpxzy;jn�s��kpvw�r�¬mny�jlo��|��kpv|o�q�mpy/µ��zvwmny/t«yXq�kpj/���xzy3vwtb�smno���yXt«yXq�k«v|q©{So���yXm�����y}o�~ZV X!v�jn{Xo��ryXmpu?'��s��{Sy�*Hª�uËÔ±xs��jly [.v�j}jnxzo��LqUvwqHM§vw�r�smny	×�� ÌËº°qzorkny3knx���k¡knxsy��ª�jn{Xvwjpjn�8��q��No�mp�zv|qs��kny«��mpy«mny/�ryXm�jny/�=~°mport M§vw�r�smny}×�� ×r»b�}iW�wjno=jlxso��LqNvwq]knxzy«Ös���zmpybv�j¥kpxzy}{S�zmpmpyXq�k;{So��ry/mp�r�ry;ª�uknxsybÂ�Æ9O�i;���rqs�=kpxzy«yS���¤y/{akpy/��t«����v|t\�zt {So���yXm����ry.ª�u	i!Æ³È	i.����xzybyS��vwjlknvwqz�h~°mny�µ��zyXqs{Xu	{So���yXm����ry.ª�u3kpxzy«Â!Æ§iv�j jnxzo��Lqh�Lv�kpxh�wv|��x�k���mny/yXq¡kpmp�r��y/¯Xo�vw�zj/���Lxzvw�|yF�z�rmn�«�rmpyXy/qhjnxzo��>j¦knxzy¥mpy/jn�z��kLor~³v|t«�z�wyXt«y/q�kpv|qs�«{Xort«�z�wySkpy!~°mpy/µ��zy/qs{Su{So���yXm�����yWª¤ySk�� yXyXq ¾ ��qs� Ï Í«Ð¥ÀW¯r�±�§o¡�¨�rorv��8{Sorqz~°�sjlvworq³��knxzy.× z ¢ ��q�kny/qzqs�;Â�Æ³i.�z~°or�w�wo��Lv|qz�«Ô±x��rjny�[a�s�Lv|�w�¬ª�y;{/���w�|y��knxsy>Ñ±Â!Æ§i!× z �§��xsyLv|t«�zmpo��ry/tby/q�k[vwqb~°mny�µ��syXqs{Xu�¢£mpy/jnor�w��knvworqb{So��ry/mp�r�ry±ª�u;vwt«�z�wyXt«yXq�kp��knvworq«o�~¬Ô±x��rjny�[[vwjBvwt«�zmpy/jpjlvw�ry��ªz��k¥kpxzyXmpy\v�j¥qzo8yS���s�rqsjlvworqNv|q�knxzy¡{Xo��ryXm�����yFkno8�wo��´y/m!mpy/jnor�w��knvworq³�¬orm!kno3xzvw�rxzy/m!mpy/jnor�w��knvworq³�¬�LxzyXmpy.kpxzy«�w�rmn��y.�����ª¤ySk�� yXyXq]kpxzy¡Â!Æ§i ��qs�]Â!ÆLO�iÙ�3k�� o3orm���yXm�j�o�~�t¡���rqsv�kp�s��y\��mny/t¡��vwqsjX�¡��xzv�jF�����]vwj;�8t¡��Õ�o�m¥ªs��mpmnvwyXm�kpo	��~°�s�|��zqs�zyXm�j�k���qs��vwqz�«o�~[knxsy��smno�{Sy�jnjny/jL��kL�´o�mn�¡vwq3or�zm>�Wqzv|��yXm�jly����xzy¥vwtb�¤ormnkp�rqs{Sy�o�~H{So���yXmpv|qs�;knxsy/jny�mpyX��v|o�qsj¦~°orm�knxsyF�z�zmp��o�jly�o�~Bj�kp�s��u�v|qs�by/�ro��|��kpv|o�qhor~³kpxzyF�>qzvw�ry/mpjny¥vwjLjnxzo��Lqª�u;kpxzyWjn�z��y/mn�¤o�jny/� V yX��or�w��knvworqb�wv|qzy�j�*w��jlxzo��Lq«vwq¡mny��¬�B��xzy>�wo��´y�j�k±jnxzo��>jBknxsyW��qz���z����m±jnv|¯/y>��qs�b~°mpy/µ��zy/qs{Su\yX�ro��|�zknvworqo�~H�¡×b���¤{S¢£jp{X�r�|y�orª�Õ�y�{ak��³ºØ~°o�m>yS�z��t«�z�wyr���������r{Sknv�{�jn�zª�¢ jlknmp�s{akp�zmny¨»´yXt«v�knknvwqz����kL�«mpy/jlk�~°mny�µ��zyXqs{Xu}o�~ ¾ � ×�ÍbÈ	À>¯}º°knxzympy/jlk!~°mpy/µ��zy/qs{Su=or~´À=Á±y/tbv�jpjlvworq�»S�¬ª�yXk��´y/yXq]��mpy/�zjnxzv|~ØkFo�~´Ís� Í ¾ ��q�� ¾ � Íz��U©v|knxsor��k.�rq�yS���s�rqsjnv|o�q	v|q�{X�r�s��ªsv|�wv�k�u8kpoxzvw�rxzy/m¥mny�jlo��|��kpv|o�qN�rqs���wo�� yXm�~°mny�µ��zyXqs{Xur��jn�s{�x]orª�Õ�y�{akpj¥�Lvw�w�Hmny/t«�rv|qN�zqzmpy/jnor�w�ry��	ª¤yXuro�qs�]Ü � Í � ¾ �Z'�vwt«v|����mp�|u��¬knxsy�z�z�¤yXm �wv|qzy�j¦jnxzo��Ëknxzy!yX��or�w��knvworq¡or~¬knxzy���qz���z�w�rm¦jnv|¯/y>o�~³� Ï ÍF�¸{Wjp{X���wy>o�ª�Õ�y/{Sk!º°�wyS~Øk knm��r{Xy�»H�rqs�¡� Ï Í;���¸{Wjnvw¯Xy>o�ª�Õ�y/{Skº°mpvw�rx�k±knm��r{Xy�»±o��ryXm´���w�smpy/�zjnxzv|~Økpj/��ºÊÃ>o.~°mny�µ��syXqs{Xu«jnxzv|~Øk´v�j´jnxzo��Lq¡xzy/mny!�rj �;{So�q�kpv|q��z�st�o�ªsjnyXmp�¨��knvworq«v�j´��jnjn�zt«y/�s»S�HiÏ Íb�¸{a¢ jn{/���wy;jlo��zm�{Syr���LxsyXq=orª�jly/mn��y/�8��kWÌ Ï Ð¥ÀW¯r�s�Lvw�w�³ª¤y;�zqzmpy/jnor�w�ry���ª¤yXu�orqs�3Ü � Í � Í Ï kpo¡knxzy;Ñ¦Â!Æ§i!× z � Å!ª�Õ�y�{akpj��k xzvw�rxzy/m¦mpy/�zjnxzv|~Øk {X�rq¡ª�y¥��yXkny/{Skny��¬��ªs��k qso�k´mpy/jnor�w�ry��¬�§��xsyWqzy/y/�«~°o�m´�.{/���s�rªzvw�|v|k�u.kpo;vwt«�r�ry>����mp�ryX¢£jp{X�r�|y>jlknmp�s{Skn�zmpyvwq\kpxzyLqzy���mpª�u\�>qzvw�ry/mpjny´v�j±��y/t«orqsjlknm���kpy/�\ª�u;knxzy>�s�z��y/mHmnvw�rx�kBknm��r{Xyr�rjnxzo��Lvwqz��knxzyLy/�ro��|��kpv|o�q\or~¤� Ï Í!���¸{Lj�kpmn��{akn�smny��
'��s{�x}�Fjp{X�r�|y>jnvw¯XyW{/��q«ª�y!v|t¡�r�ry/�bª�u\knxzyWÑ¦Â!Æ§i!× z vwq«knxsy�X>¢ {So�q�Ös���zmp��knvworq«��k¦mpy/�sjlxzv|~Økpj¦ª�y/uro�qs�¡Íz� Ï ��ªs��k jn�zª�kpyXqs�zjkno�o«����mp�ry¥��q=��qz���|yF��kL{X�|o�jly/mL��vwjlkp�rqs{Sy��
[£k¥t.�sjlkFª�ybyXt«�zxs��jlvw¯Xy��=kpxs��k
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��xzy;Ã!Ä>iWÅ * j��smnvwt¡��mpu«~°�zqs{akpv|o�q3vwj�kpo«�zmno���v���y��´o�mn����¢ {S���rjpj´m��r�zv|o«�rjlknmporqzo�t.ub~¹�r{Xv|�wv|knvwy/j�kpo\kpxzy;�rjlknmporqsort«vw{/���¬{So�tb¢t.�sqzv�k�u��[��xsy´xzy����|knx;or~zknxsy¦Ösy/�w�\��yX�¤yXq��zj[orq\{Xorq�knvwq��zy/�.jl�z�s��o�mlkBo�~zkpxzy/jny¦mpy/jny/�rmp{�xsyXm�j���qs�.mny/�r�z����m[�r�z�zv�kpv|o�q;o�~sqsyX�jp{SvwyXq�knv�j�k�j�v|q�kno8kpxzy¡��vwjp{Svw�z�wv|qsyr�}Å!�zm¥�sjly/mF{Sort«t\�zqzv|k�u=vwj¥����mp�ry��¸{Xorqsjnv�j�kpv|qz�8o�~ qzy/�rmn�wu=orqsy.kpxzor�sjp��q����rjlknmporqsort«yXm�j~°mport�knxzmpor�s�rxzo���k±knxsy!� ormp�w�����wo�{X��kpy/�}��k´ª¤o�kpx�� yX�w��¢£��qzo��Lq¡mny�jly���m�{�x«v|qsjlknv|kn�zknvworqsj���q��}��k�jlt¡���w�wyXm����zq���yXmp�rm��r������knyX¢��o�tbvwqs��kny/�]kpy/��{�xzv|qs�=v|qsjlknv|kn�zknvworqsj/�=È=ormpy«knxs�rqU×�Í�Íhvwqs��vw��vw�z�s����j;xs�¨��y¡mny�{Sy/v|��y/�]Ô±x X�jX�H�rª�o���k.xs�r��~�o�~L�Lxzv�{�xE��mpy~°mport��.� '¸�s�zqzvw�ryXm�jnv�kpv|y�jX��~°o�mL�´o�mn�¡ªs��jly��8�Lxzor�w�|u���ormLvwqh����mp�ry¥�s�rmlk���orq3�z��k��\kp����yXq8�Lv�kpx8knxzyFÂ�Æ³i;�Å!�zmF��o�����j¥��mpybkno	jnyXmp�ry\knxzv�j;��vw�ry/mpjny¡{Sort«t\�zqzv|k�uN��q��	kpo=v|q��ro��|��y\o��zmF�sjnyXm�j¥v|q�t¡�r��vwqz�=��y�{Sv�jlvworqsjF�rª�o���kFknxsy~°��kp�zmny¡or~´kpxzy}��v�jn{Xv|�s�|vwqzyr� Ms�zmnknxzy/mnt«ormpyr�³ª�uN�zmpo���v���vwqz�8yS�z{Sv|knvwqz�=qzy/�Ù{X�r�s��ªsv|�wv�kpv|y�jX�§�´y¡{/��q�{Sor�w����ª¤orm���knyb�Lv|knx�knxsy�zqzvw�ry/mpjnv|knvwy/j´kno«yXq�jl�zmpyF�\{Xorq�knvwq��zvwqz�bso��¶o�~[qzyX�6kp�r�|y/q�k��zª¤o�knxhkny�{�xzqzv�{X�r����qs�8jn{Xv|y/q�knv|Ö�{���vwq�knobknxzy�Ösy/�w���±��xzyFÂ!Æ§ixs��j[�r�|���¨u�j�ª¤yXy/qb�!�ry/uFyX�wyXt«yXq�kBv|q\knxzy�ÃWÄWiWÅ * j[ySÓ¸ormnkpj§kpoWkpmp�rv|q.knxzy�mpy/jny/��m�{�xzy/mpj¬or~skpxzy¦~°�zkn�zmpy�v|qbmp����vwo!�rjlknmporqsort.u����vw�>�´y/yX��¢½�worqs��jn�zt«t«yXm[jn{�xzo�o��wj/�/jn�zt«t«yXm§jlkn����yXq�k§�smno��rm���t¡jX�/��qs�¥��v�jlv|kpj³ª�u�q��zt«yXmpor�sj��rm��r���s��kny±jlkn�s�zyXq�kpj�~°orm¬kpyXmpt«jm���qz��v|qz�\~°mport��\~°yX���z�¨u�j´kno¡�\~°yX�Éury���m�jX�B��xzyF{So�q�kpv|q��s��knvworq8o�~§knxzv�jL�zmpo�{Sy/jpj o�~§knm���vwqzv|qs�\kport«ormpmpo���* j´mny�jly���m�{�xzyXm�jmpy/µ��zvwmny�j;��q�vwqsjlknmp�zt«yXq�k\�Lv|knxUjlkp��knyX¢½or~Ø¢ÊkpxzyS¢ ��mnkFkny�{�xzqzor�wor��u	kpoN�r�s��mny�jnjFknxzy8jn{Xv|y/q�kpv�Ö¤{}{�xs���w�wyXqz��y/jFor~Lkno��z�¨ur�	��xsyª¤y/jlk.j�kp�s��yXq�k�jF�Lv|�w�±����q�k¥kno3� ormp�	��kFknxsy¡ª�y�j�kF~¹��{Svw�|v|knvwy/j/�}�³o8~°�z�|Ös�w�±kpxzy/jnyb~°�zqs{akpv|o�qsj/�§� y«t.�sjlk;xs�¨�ry«�hkny/�|y�jn{Xor�¤y{X�r�s��ªs�|y¥o�~B�r�z�zmny�jnjnv|qs�.kpxzyF�ry/u�jn{Xv|y/q�knv|Ö�{¥vwjpjn�zy/j�or~³knxsy;�z�¨ur���xzyb�zmpv|t¡��mpu3v|t«�s��{ak¥o�~±kpxzy¡ÑH���s�rqs��y/�	Â!Æ³i�Ô¦mnorÕ�y/{ak�orq�knxzyb�zqzvw�ry/mpjnv�k�u={Xort«t.�zqsv�k�u=�Lvw�|�Hª¤y\kno8�zmno���v���y\�rqvwqsj�kpmn�stby/q�k!�Lv|knx�t\�s{�x=ª¤ySklkpyXmFjnyXqsjnv�kpv|��v|k�ur�¸jl����knv����B��q��=jl�¤y/{Sknm����[mny�jlo��|��kpv|o�q����rqs�3~°mpy/µ��zy/qs{Su={So���yXm�����yr��kpo}yXqs�rªz�wyª¤ySklkpyXm¥mpy/jny/��m�{�x��W��xsvwj!yXqzx���qs{Xy/�	{/���s�rªzv|�wv|k�uh�Lvw�|�By/qs{So��zmp�r�ryFt«ormpy.�sqzv|��yXm�jlv|k�uh~¹�r{S�s��k�u8knoh��knvw�wv|¯/y.kpxzy\vwqsjlknmp�zt«yXq�k/���q����Lvw�|�³yXqs{Xor�zm�����y!t«ormpyFj�kp�s��y/q�k�j kno«k����ry¥�z�=��j�kpmno�qzort\u«��j knxzy/v|m!{�xzorv�{Sy¥o�~Bj�kp�s��u����xzy]iWi%'Zv�mpy/{So�t«tby/qs��y��¶��yX��yX�wor�zt«y/q�k3o�~.�Ç�zmpor��mp�rtJkpoÇjn�z�z�¤ormnk8vwqs{Smpy/��jly��©�sjnyXm8�s��mnknv�{Svw�s��knvworq¶vwqÚ�rqs���kpv|�wv|¯���kpv|o�q]or~´mpy/jny/�rmp{�x�~¹�r{Svw�wv�kpv|y�j;jl��{�x]��j�knxzy}Ñ¦Â!Æ³i.�³��xzy v´o�tbt«v|klkpyXy¡mpy/{So�t«tby/qs��y��N�rq]�rqzq��s���B~°�zq���v|qs�	�|y/�ry/�o�~WÌk�Ko�~Lknxsyh{X�r�zv|kp��� {So�j�kbo�~Lknxsy}~¹�r{Xv|�wv|k�uN~°o�m;kpxzvwj;��{Xormpmny�jl�¤orq���v|qs�3kno t Ï � Ï ÈRG�u�m¥~°orm\knxzy8Ñ±Â!Æ§i;�B��xzyhÃ!Ä>iWÅyXq���orm�jly�j´knxzv�jLmpy/{So�t«tby/qs�z��knvworq3��qs�h�Lv|�w��y/qs{So��zmp�r�ry!knxzy;Ã�'6M�kpo«y/jlkp��ªs�|v�jlx=jn�s{�x3�\�smno��rm���t3�
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Ô±x��rjny [Fo�~�knxzy8ÑH���s�rqs��y/�]Â�Æ³i�Ô¦mnorÕ�y/{Sk;vwj\ª�y/v|qs�¡Õ�orvwq�kn�wu�~°�zq���y/�Uª�uNknxsmny/y�{So��zq�knmpv|y�jX�=��xzy�È	yS��vw{/��q�mpy/jny/�rmp{�x~°or�sqs�z��kpv|o�qQv´orqsjny�Õ�o>Ã!�r{Xv|o�qs������yOv´vwyXqs{Xvw��uF�§y/{Sqsor�wor���� ��º_vLÅ�Ã!iXv´u��>»¬xs�rj§�¨� �rmp��y��!�>�rm���q�k�o�~Zt�×rÈÙknoLkpxzy¦�zmpo�Õ�y�{ak����q��8�rq8�r�rmpyXy/tby/q�k��Lv|knx8kpxzyQv ��qs����v���q3À>yXmp¯Xª¤yXmp� [ qsjlknv|kn��kpyF~°orm>i!j�kpmno��zx�u�jnv�{Xj¥º¹À�[�i!» ~°o�mW��q8v|q���y/jlknt«yXq�k>o�~Rt ¾ � Èv�jWqzo���{Xort«�z�wySkny��W��xzybÈ=yS��v�{X��q	{Xort«t«v�kpt«yXq�k!�Lvw�|�[ª¤y.�sjny/�3~°o�m!{Xorqsjlknmp�s{akpv|o�q=o�~±y/�|y�{aknmporqsvw{/jLt«o��z�z�|y�j!�rqs�=orknxzy/m{So�t«��o�qzyXq�kpj/�H��xzyQv ��q��r��v���q8{Sort«t«v|knt«yXq�k>v�j kno¡��y/jnvw�rq3��qs�hªz�zvw�w�hkpxzy;Ô±xs��jly�[´{Xormpmny/�w��kno�m/���Lxzv�{�xhv�jL��y/jnvw�rqzy��}kpoyXq���ªz�wybjlknm���vw�rx�kn~°ormp� �rmp�8yS���s�rqsjnv|o�q=kno3yXq�{Sort«�s��jnjWknxsybÑ¦Â!Æ³i�Ô±x��rjny [ [>mny�µ��zv|mpyXt«y/q�k�jX�;��xsy/jny\�s�rmlkpqzyXm�jnxzv|��jW�Lvw�|��zmpo���vw��y.v|t«�zmpo��ry��3��y/ml~°o�mnt¡��q�{Sy\��k����|o�� yXm�{So�jlk>kpo�kpxzy\�.� '¸�w���rj!� yX�w�[��j>k����ry\�r������q�k����ry.o�~Hkny�{�xzqzv�{X�r�§yX���¤yXmnknv�jnyvwqhkpxzy/jnyF{So��zq�knmpv|y�jX���xzyWÑ±���s��qs�zy/�¡Â�Æ³i6Ô¦mnorÕ�y/{Sk±�Lv|�w����yXy/�¡knxzy�ÃWÄ>iWÅÉ�rqs�bknxsy��Wqzv�kpy/� '�kp��kpy/j ��k´knxzy�{SyXq�kpyXm¦or~³{Sy/q�kpv|t«yXknyXm ���¨�ry�rjlknmporqsort.u.ª�ubyXq�jl�zmpvwqz�¥knxs��k±knxsy>Â!Æ§i * j´jnor�zq��\vwq�~°m��rjlknmp�s{akp�zmpyLvwj±knxzy>ª��rjny>orq«�Lxzv�{�x¡�´yWªz�zvw�w�«vwq¡knxsyL~°��kn�smny��B��xsyt«ormpyb��������qs{Xy/��v|qsjlknmp�zt«yXq�k�j¥o�~¦kpxzyb~°��kn�smny«�Lvw�|�Hmpy/µ��zvwmnybt.�s��kpv�¢£qs��kpv|o�qs���Bvwq��ror�w�ry/t«yXq�k/���rqs�=kpxzy¡ÑH���s��q���y/�NÂ!Æ§iÔ±mpo�Õ�y�{ak.�Lvw�w�´ªz�sv|����knxsy�mpyX����knvworq�jlxzvw�sj;knxs��k\�Lvw�|� �|y��r��kpo�jnv|��qzv�Ö¤{X��q�k.ª¤yXqsySÖzk�j.kpo=knxsy8�.� '¸�§~°mportfjl��{�x��´o�mn�����Lv���yySÓ¸ormnkpj/��[ q¡~¹�r{Sk/��knxzy!mny/�w��knvworqsjnxzvw�sjHªz�zvw�|k´�z�}o���yXmHt¡��q�ubury���m�jHo�~¬Â!Æ§i¶o���y/mp��knvworqsjHx��¨�ryLª¤yXyXq���v|kp�r�zkpoFknxzy�{Smpy/��knvworqo�~[knxsyFv|q�kny/mnq���knvworq����¬{So�qsjlo�mlkpv|�st knxs��k>vwj�qso��Ú{So�qsjlknmp�s{akpv|qz�bkpxzy;iWÆ§È	iÉkny/�|y�jn{Xor�¤yr�
d�/���/�� gZ7�s <�8%FLsPC���� 7��
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��xzy Ñ±Â!Æ§iE�Lvw�|��ª¤y �Wt«��Õ�orm³�zyX�ry/�|o���y/m§�rqs�F�sjnyXm[o�~zqzyXk��´o�mn��y/��vwq�~°ormpt¡��knvworq;jnu�j�kpyXt¡j/�§��xzy Ì z Ñ¦Â!Æ§iU��q�kpyXqzqs��j��Lvw�|�y/��{�x3ª�y.jnyXq���v|qs�¡kno«kpxzy.{Sy/q�knm����³{Xormpmny/�w��knormL�r�z�zmpo¨��vwt¡��kpyX�wu ¾ Í�Í}Ð�ª�G�jny/{Xorqs�8��vw�¡�«����mnknv����w�|uho��Lqzy/�3��q��3�s��mnknv����w�|u�wy/�rjny/��Ösª¤yXm>o���knv�{�qzySk�� ormp�¸�H��xzyF���r��mny/����knyWor~BÌs� z ��ª�G�jly�{!�Lvw�w��ª�y;{Xorq��ry/ury��}o��ry/m Ösª�y/m�knxs��k>vwjL�r�|mpy/����u}vwqh�s�w��{Syr���xzy\knxzy/ormpySkpvw{/���Bt¡����v|t\�ztK{Xormpmny/�w��knorm!or��kp�z��k;�Lvw�|�Hª¤y¡��ª¤or��k;Ì�Í8ÐQO G�jny/{r�\iW��kpxzor�z��x	kpxzy}Ñ±Â�Æ³i��Lv|�w�Hm���mpyX�wuor�¤yXm���kpy���k«jl��{�xE��qEo���kn�z�zk\m���knyNºØknxsy8{X�zmnmpyXq�kp�|u]�z����qzqzy���t¡����v|t\�zt_mp��kny}v�j ¾ � y�ÐQO G�jny/{��H�rqs�]knxzy8vwqzv�kpvw�r�´m���kpy�Lvw�|�¸ª¤y¥�\mpyX����knvw�ry/�|ubt«o���y/jlkW× Ï ÈNO G�jly�{/»S��kpxzy¥��m�{�xzv|��vwqz�\�rqs�}�smno�{Sy�jnjnvwqz�;mpy/µ��zvwmny/tby/q�kpj¦~°orm knxzy¥qzo�mnt¡�r��o�ªsjly/mn��vwqz�t«o���y/jW�Lv|�w�³ª¤y.yX��kpmny/t«yX�wu8{�xs�r�|�wyXqs�rvwqz�s��ÔH��mnk>o�~Bknxsy.mpy/µ��zy/jlkny��8ªz�s����ySk!v�jL~°o�mW��y/�ryX�wor�stby/q�kWo�~Bknxsy\��m�{�xzvw��v|qz�¡�rqs��zmpo�{Sy/jpjnv|qz�«jnu�jlkny/t¡j´�Lxsvw{�x8�Lv|�w�¬ª¤yFqzyXy���y/��kno«xs�rqs���wy!kpxzyF��q�knv�{Svw�s��kny/�8�z��kp�.so���,�knxzy�jlyFjnu�j�kpyXt¡j��Lv|�w�¬�zmpo���vw��y!knxsy{X�r�|vwªzm���kpy/�}�z��kp�b��qs��v|t¡�r�ry/j´�zmpo���vw��y�����j´�\mny�jlo��zm�{SyLkpxzmno��z�rx�knxzy¥ÃW��knvworqs�r�¸ÂWvwmlkp�s���³Å!ªsjnyXmp����kno�mnu��[��xsy�jnor�w��knvworq�j
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kno«kpxzy/jnyF�zmporªz�wyXt¡j��Lvw�|�³ª�y.�r�z�z�wvw{/��ªz�wy�kno}�¡{Xorqsjnvw�zyXm���ªz�wu¡�Lvw�zyXmW�r�s��vwyXqs{XyW�}~°�zkn�zmpyFv|q�j�kpmn�zt«y/q�k�j>jn�s{�x=�rjLÆ[Å�M�i!Ä��q��}kpxzy '�¼Fi��Lvw�|��ª¤y¥~¹�r{Xy/�h�Lv�kpx=jlvwt«v|����m���ormL����mp�ry/m/���z��kp�\knm���qsjl~°yXm��zjlknorm�����yr����qs�8�zmpo�{Sy�jnjnv|qs�b{�xs�r�|�wyXqs�ry/j/���xzy��zmpo�{Sy/jpjnv|qz�Ëo�~bknxsyEÑ±Â!Æ§i * j	�z��kp�Ëor��kp�z��k	�Lvw�|�.�zmny�jly/q�k=�rqzo�kpxzyXm	jlknvwt.�s�w��knvwqz�Ëkny/{�xsqzvw{/���;{�xs�r�|�wyXqs�ryr�F��j�z��kp��ª��rjny/j �rj�����mp�ry!��j>Ý Ï Íb��O®�Lv|�w�¬ª�yF��jly��¡kno«��yXqzy/mp��kny!knxzy¥vwt«�r�ry�j´mpy/µ��zvwmpy/�¡ª�u���j�kpmno�qzort«yXm�j
-��/�±��xzy�jly�vwt«�r�ry�j{X�rqNª¤y«yS�z{Sy/y/��vwqz���|u=����mp�ry.�	�z��kpo=Ì�×�� ÍrÍ�Í��6Ì�×�� ÍrÍ�Í}�zv|��yX��j�~°orm¥y/��{�xNor~´x��zqs��mpy/�sjWkpo8knxzo��sjn�rqs�zj¥or~¦~°mpy/µ��zyXq�{Svwy/j/�Ñ¦��{�x}vwt«�r�ry�t.�sjlkLª�yF{Xormpmny�{akny��«~°orm kpxzy�knyXt«�¤orm����¬��q���jn�s��kpvw�r�¤y/mnmporm�j¦{Xmny���kpy/�}ª�u«kpxzyF��knt«o�jl�zxsyXmpyr��knxzyF�rq�kpyXqzq��rj/���q��bknxzy>vwqsjlknmp�zt«yXq�kp�r�sy/�|y�{aknmporqsvw{/jX��[ qs{S�w�s��y��«v|q«kpxzv�j¦�zmpor�¤o�jp����v�jH~°�sqs��vwqz�;kpo;y/jlkp�rªz�|v�jnx«�rq¡v|t¡�r�rvwqz�Fmny�jly���m�{�x\��mno��z��Lxzv�{�x	�Lvw�|�H��y/�ryX�wor�N��qs�=vwt«�z�wyXt«yXq�k�knxzy«jl�¤y/{Xvw�r�|vw¯Xy��	���w�ro�mnv|knxst«jWqzyXy���y/�	knohyXqs�rªz�|yby�}{Xv|y/q�k��w�rmn��yS¢ jn{/���wyFv|t¡�r�rvwqz��Lv|knx3�ry/mnu}����mp�ry¥�z��kp��ª��rjny/j/���xzy;Ñ¦Â!Æ³i �Lv|�w�§�r�wjno¡yXqs{Xor�zm�����yF��yX��yX�wor�zt«yXq�k>or~�����q��hª¤yFkpxzy;kpy/jlkl¢£ª�y��8~°orm���knxzy;kny/{�xsqzor�wor��v|y�jLqzyXy���y/�h~°o�m>knxsyqzyX��kF��yXqzy/mp��knvworq�m��r�zv|ohkny/�|y�jn{Xor�¤y.�3knxsy '�µ��s��mpyb¼¥vw�wort«ySkpyXmFi>mpmp�¨u8�	�h~¹�r{Xv|�wv�k�u��Lxzvw{�x]t¡�¨u=xs�¨�ryb�z�]kno Ï Í}kpv|t«y/jknxsy;jly/qsjlv|knvw��v�k�u�o�~[knxzy;Ñ¦Â!Æ³i.�z��xzyF�wv|qz���r�ry¥ª�yXk��´y/yXq8knxsy;Ñ±Â!Æ§i���qs�hknxsy '�¼FiÉvwj>�zvwjp{S�sjpjny/�hv|q$'�y�{aknvworq=×�� z � � �
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5.0 GHz

C = 1 mJy/beam

8.4 GHz

C = 4 mJy/beam

15.3 GHz

C = 15 mJy/beam

22.2 GHz

C = 5 mJy/beam

43 GHz

C = 20 mJy/beam

Much missing flux

Beam: 1.6 by 1.2 milli-arcsec in p.a. 0 deg 

Contour levels = C * (-2, -1, 1, 2, 2.8, 4.0, 5.7, 8.0 ... 2**n/2) 

milli-arcsec
10 5 0 -5 -10
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�A98]G�t7@3�5@· ¦ ¸0DE³6/>D0U`lw]T9�3<]VD_^T7:941C/J]VD']Glu58-07 ¶ 9C7@1\7;Dc5hO#S�p.W¬5 ²G¶ 7#987;3:]T94³6/>D0U[1CR61t587:Z'1h5C][5C-07�D07;� � ² 98bP¥jlw]V9M5C-07B5C7;DO#S�p.W ² Dc5C7;D0D ² 1.��/>F>F�D0]G5�=o7 ¶ 98]L^c/2³67@³s=_R'58-07�N Ù6¶E² DE³67;³vO#S�W��A98]G�t7@3�5;·
)�*,+-*rq 9<;-/1/103Ô,>�IO;�/�Ù{032(4�G,/103ÑÒ035�I1S
Ú.-07X1C/>UTD ² F>1ªlw98]TZ 5C-E7X«�7;� � 7 Ù />3:]�W�989 ² R ² Dc5C7;D0D ² 1AZ�¸?1t5K=o7X3:]TD_^T7;RT7;³[58]�5C-07�} sxz�t�WLuj~_3<]T98987:F ² 5C]V9�lw]T9K987 ² FI�ì5C/>Za73<]V9C987:F ² 58/J]VDs��/J5C-�58-07�NAOBS{WB�V� ² Dc5C7;D0D ² 1C/JUVD ² F21 ² 5�58-07�lw¸0F>FK� �P¢�£�¤ = ² DE³6��/2³_5C-k]Tl�58-07�NAOBS{WB�V� ² Dc5C7;D0D ² 1:·KÚ.-E73<]V9C987:F ² 58]T9�Z�¸E1\5Q=?7�7 Ù6¶E² DE³07;³j58] ¶ 98]_3:7;181�5C-07@1\7.7 Ù 589 ² 1\/>UTD ² F21���/J5C-`58-07�1 ² Za7M3 ²G¶E² =0/JF>/J5C/>7;1�5C- ² 5 ² 987M=?7;/JD0U ¶ 98]L^_/>³07;³=_Rs�A- ² 1C7Bz�·Ú.-07B3<]T98987:F ² 5C]V9AZ�¸?1t5 ² F21\][=?7 ¶ 98]TUV9 ² Z`Za7@³`5C] ¶ 7;9CZa/J5 ¶ 98]63<7@1C1C/JDEU�]Glu58-07�³6/>1Cbc�ì987;3:]T94³67;³'³ ² 5 ² lw9C]VZ�5C-07BO#S�p.W² D?³ «X7:� � 7 Ù /23<]PWX9C9 ² R ² Dc587:D0D ² 1�/>DE³67 ¶ 7:D?³67:Dc5CF>R ]Gltµ ² DE³�1\/>Z�¸EFI5 ² D07;]T¸E1CFJRs��/I58-uµE58-07j987 ² FJ�ì5C/>Z`7j] ¶ 7;9 ² 5C/>]TD ]Glª5C-E7NAOBS{W�·_Ú.-E7�3:]T989C7;F ² 5C]V9AZ�¸E1\5Mlw¸09\58-07:9.=o7j3 ²G¶?² =0F>7X]Tl�/>DE³67 ¶ 7:D?³67:Dc5�3<]V9C987:F ² 58/J]VD']Gl{Z[¸0FI58/ ¶ FJ7j1C¸0= ² 989 ² R_1;µT��-E/>34-vZ ² R=o7�³67<dEDE7;³vlw]T9�=o]G58-v58-07j987 ² FJ�ì5C/>Z`7Vµ ² DE³ ³6/21\bc��9C7@3<]V98³67@³�µ6³ ² 5 ² 1t589C7 ² Z'1:·
)�*,+-*rv wyx�0c/s> I1G,;�5�>AÔW.�Ô'0hz�G0{�G,Ô�GTI�7
Ú.-07�NAOBS{W 3<]T98987:F ² 5C]V9A=o7:/>D0U`³07;1C/JUVD07;³ ² DE³'=E¸0/JFJ5�=_R[58-07�f ² D ² ³6/ ² D ¶E² 9\58D07:9M��/>FJFH- ² ^V7�5C-07j3 ²G¶E² =0/JF>/J5tR[58]`1C/>Z�¸0FJ5 ² �D07;]T¸E1CFJR`3<]V9C987:F ² 587.³ ² 5 ² /JD'987 ² F65C/>Za7Tµc]T9Qlw98]TZ�³6/>1Cb`9C7@3<]T94³6/>D0UV1;·�Ú.-E7 ¶ 98]G�t7;3<5Q5C-_¸E1 ¶ F ² DE1ª58]�- ² D?³6FJ7 ² F>FE3<]V9C987:F ² 58/J]VDE1lw]T9`58-07 NKO#S�W#�V�6µª5C-07k«X7:� � 7 Ù />3:]mW�989 ² RTµ ² D?³ 5C-E7 OBS{p.W�/JD�5C-0/21'1\/>D0UVFJ7 3<]T98987:F ² 5C]V9;·qz�5a/>1[5C-_¸E1 ² DV58/>3:/ ¶?² 5C7@³5C- ² 5M5C-07�] ¶ 7:9 ² 58/J]VDE1AUV9C]V¸ ¶ 1h]Glu58-07;1C7X/>DE1\5C98¸0Za7:Dc581M��/>FJFH=o7j3<]TZ[=0/>D07;³�·ªz|DvUT7:DE7:9 ² FìµT58-07#] ¶ 7;9 ² 5C/>D0U[1CR61t587:Z!Z[¸E1t5.=o73 ²T¶E² =EFJ7a]Gl ² 181\/>UTDE/JD0Uv5C-E7;1C7 ² Dc5C7;D0D ² 1#58]kZ�¸0FJ5C/ ¶ F>7	� ² 5jF>7 ² 1t5�5C-E9C7;7@�#lw¸0F>FJRm/JD?³67 ¶ 7:DE³07:Dc5�1\¸E= ² 989 ² R61;µ�]TD07a]Tlh��-0/234-Z�¸?1t5A3<]V9C987;1 ¶ ]TDE³B58]#58-07.O#S�pMW�·LÚ.-07.] ¶ 7:9 ² 5C/>D0UB1\R61\5C7:Z�Z�¸E1\5�=o7 ² =0F>7h5C] ² 181\/>UTD ² D ² 9C=E/I589 ² 9CRBD_¸0Z�=o7:9Q]Tl ² Dc5C7;D0D ² 1lw98]TZ!58-07�NAOBS{W#�c� ² DE³ «�7;� � 7 Ù />3:]aWX9C9 ² Ra5C] ² D_R']Gl�5C-07@1\7j/>DE³67 ¶ 7;DE³67:Dc5X1C¸0= ² 9C9 ² R61:·
)�*,+-*>| Rß7�SzI�03Ñ ÌpG�5�0c>�/sG'I�7 I�;ÓÙ .WÏ
u ¦ zj��/>FJF.=o7 ¶ 987;1C7:Dc5�/>D ² FJFMNAO#S�W = ² DE³01;µ ² DE³ 5C-07v9C7@3<7:/>^T7;981 ² DE³g1C/>UTD ² Fh34- ² /JDgZ[¸E1\5[- ² ^V7s1\¸p}'3:/J7;Dc5[F>/JD07 ² 98/I5tR5C] ¶ 7;9CZa/J5 ² 1\5C98]TDE]TZa/>3 ² Fu]V=E1C7:98^ ² 5C/>]TDE1 ² 5�lw987;rc¸07;DE3</>7;1X��/I58-0/JD ² D_Rv= ² DE³k/>Dk��-0/234-~u ¦ z�/21 ¶ 987;1C7:Dc5;·�Ú.-E7�F>/JD07 ² 98/I5tR987;rc¸0/>9C7;Z`7;Dc581Klw]T9M5C-07�987;3:7:/>^T7:941A]VDP58-07j« � WX9C9 ² R ² Dc5C7;D0D ² 1 ² 9C7X5C-07j1 ² Za7 ² 1hlw]T9.�A- ² 1\7Bz�µ ² 1MFJ/21\5C7;³v/>DP5C-E7�NKO#S�W�A98]G�t7@3�5�pM]c]Vb]�L·
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� ÀjÃ`Á:Â�Ã Ì���� Ç�ÈªØ��¬ÕP¿�ÇXÂ��kÇ���¼¾½��{ÇXÖM¿�Ë
Ú.-07n1C3:/J7;Dc5C/Jd?3qUT] ² F>1s9C7@rc¸0/J987 ² l ² 1\5;µ ² 3;3<¸09 ² 587e/>Z ² UT/>D0U 3 ²T¶E² =0/>F>/I5tR lw]T9�F>]L�.��1C¸09Cl ² 3:7<��=09C/>UT-c58D07;181']T=0�t7;3�541 ��-0]V1C7² DEUT¸0F ² 9B7 Ù 5C7;Dc5�7 Ù 3<7:7@³01#5C- ² 5j]GlK58-07 ² Dc5C7;D0D ²v¶ 98/JZ ² 98Rk=o7 ² Z�·'�_¸E34-m]T=E1C7:98^ ² 5C/>]TD?1X��/>FJFK9C7@rV¸E/J987 ² Dm7/}'3:/J7;Dc5`} ]TD0�5C-E7<�ì©ERH~0Za]V1 ² /23</>D0U[Za]6³67�3:]TZ�=E/JD07@³s��/J5C- ² ^T7;9CRv3<]TZ ¶E² 3�5�3<]VD6dEUV¸09 ² 5C/>]TDv]Gl ² Dc5C7:DED ² 1;·Ú.-07�=E9C/>UT-c5CDE7;181ª5C7;Z ¶ 7:9 ² 58¸0987X1\7;DE1C/I58/J^_/J5tR[]Tl ² D_R�987 ² 1C]TD ² =0F>R�¸0D0/Jlw]T98ZaFJRa³6/21t589C/>=0¸6587;³ ² 9C9 ² R�/21A/>D_^T7:941C7:F>R ¶ 98] ¶ ]T9C�5C/>]TD ² Fo5C]`/I541hdEFJF>/>D0U�l ² 3�58]T9 L 58-07Xlw9 ² 3<5C/>]TDv]Glu58-07 ² 9C7 ² ]Tlu5C-07 ² 989 ² R[��-0/234-s/21.3<]L^V7:987;³a=_R'/I541.3<]TZ ¶ ]TD07;Dc5 ² DV587:D0D ² 1;·Ú.-07P987;rc¸0/>987:Za7:Dc581�]Gl ² F>]L�.�ì987;1C]TF>¸65C/>]TD{µ{-0/>UT-6�|1C¸09\l ² 3<7'=098/>UT-c5CD07@1C1�1\7;DE1\/J5C/>^_/I5tRq3 ²T¶E² =0/>F>/I5tRn1\¸EUTUT7@1t5�³07<dED0/J5C/>]TD ]Tl ²D07;�jµ�^T7:98Rk3<]VZ ¶?² 3�5�3<]VD6dEUT¸E9 ² 5C/>]TDuµ?5C] =?7a³67;D0]G587;³k58-07aNQ�|3<]TD0dEUT¸09 ² 58/J]VDuµo��/I58- ² Z ²GÙ />Z�¸EZ§1 ¶E² 3</>D0Us]Tl ²G¶E¶ 9C] Ù /J�Z ² 587:F>R��V¥ � Za7<587:941:·�Ú.-0/21�D07;��NQ�|3<]TD0dEUT¸09 ² 58/J]VDvZ[¸E1\5 ¶ 98]L^c/2³67Vµ ² 5XZa]6³67@1t5#3:]V1\5;µ ² 1\¸E=E1t5 ² Dc5C/ ² F>F>Rv=o7<5C5C7:9#/JZ ² UT/>D0U3 ²T¶E² =E/JF>/I5tRVµ ² 1��t¸E³0UT7;³ =_R'd?³07:F>/I5tR ² DE³ 1 ¶ 7:7@³�µ658- ² D 5C- ² 5 ¶ 98]L^_/>³67@³P=_R'58-07j7 Ù /21t58/JD0U�tX�|3<]TD0dEUT¸09 ² 58/J]VDu·£ />UT- ¶ ]T/>Dc5C/>D0U ² 3:3:¸09 ² 3<R������������! #"%$ ¯ � � �Å��/>F>Fu=?7�9C7@rV¸E/J987;³slw]T9�1C¸E34-�]T=E1C7:98^ ² 58/J]VDE1M��-07:D 5 ² bT7;D ² 5�-0/JUV-lw987;rc¸07:D?3<RT·AÚ.-E7�1 ¶ 7;3</Jd?3�987;rc¸0/>9C7;Za7:Dc581 ² 987B5C-07�1 ² Za7 ² 1Mlw]V9��A- ² 1\7Bz�µ ² 1.UT/>^T7:D />Dv58-07�NAOBS{W �A98]G�t7@3�5�pM]_]TbH·
)�*QP�*,+ ÏVÑÒ>�?�G,5�? .�G,B�03Ô,G'I�7
Ú.-07a/>Z ² UT/>D0UPdo³67:F>/I5tRe/JD ² ]VD07<��-0]V¸09#]V=E1C7:98^ ² 5C/>]TD	]Tl ² 3<]VZ ¶ FJ7 Ù 1\]V¸0983:7���-0]c1\7 ² DEUT¸0F ² 9B7 Ù 5C7;Dc5;µu/>Dm7 ² 34- ² D0UV¸0F ² 9³6/>Za7:DE1C/J]VDuµ0/21�1\7;^T7;Ds58/JZa7;1�5C-07 ² DV587:D0D ² ~ 1 ¦ s £ � Z�¸E1\5�7 Ù 3<7;7;³ i �V� lw]V9�³67;3:FJ/>D ² 5C/>]TDE1.=o7<5t�M7:7;D'&j� �`² DE³ �j� � ·
)�*QP�*QP ÏV5�6jÔ�4�SOG';�5 ;)(+*ª;-IO>AÔ-,Ã;3FE0c/H× >�IO>
z|Z ² UV/JD0Um]T=6�t7@3�541[F ² 98UT7;9�58- ² D�5C-07 ¶ 98/JZ ² 9CRn=o7 ² ZÒDE7;3<7@1C1 ² 98/>FJRnZa7 ² DE1�58- ² 5 ² D�/>DV587:9Clw7:98]TZa7<587:9`3 ² DED0]G5aZa7 ² 1C¸09875C-E7 ¶ 7 ² bg]V9s1C- ²G¶ 7k]GlB5C-07	3:7:Dc5C9 ² FXFJ]V=?7k]Tl#58-07	^_/>1C/>=0/JF>/J5tRglw¸0DE3<5C/>]TDu· �_¸E34- />D6lw]T98Z ² 5C/>]TDx3 ² D ]TD0F>R�=o7e1C¸ ¶0¶ F>/J7@³lw98]TZ ² } 1C/JDEUTF>7<�|³6/>1C-u~E5C7:F>7;183<] ¶ 7Vµ ¶ 987<lw7;9 ² =0F>RPlw98]TZ¾]TD07�]TlQF ² 9CUV7:9�³6/ ² Za7<587:9���-E/>34-	/21�1 ¶ 7@3</Jd?3 ² FJF>R�³67;1C/JUVD07;³ lw]V9X1C¸E34-]T=?1\7;9C^ ² 58/J]VDE1;µE]T9Xlw9C]VZ ² D	/>DV587:9Clw7:98]TZa7<587:9X3:]TZ ¶ 98/>1C/>D0UPZ�¸?34-	1\Z ² F>F>7:9 ² Dc5C7:DED ² 1;·XÚ.-07�/>Z ² UV7 ¶ 98]63<7;181C/JD0UP1C]Gl 5t� ² 987Z�¸?1t5X1 ¶ 7@3</Jd?3 ² FJF>RP/>DE3<]V9 ¶ ]T9 ² 587B1C¸E34-�³ ² 5 ² ·WX1 /J5 /21 Z�¸E34- ¶ 987<lw7:9 ² =EFJ7e5C] ¸65C/>FJ/ ¤ 7 } 5C]T5 ² FJ� ¶ ]L�M7:9@~h³ ² 5 ² lw9C]VZ ² D ² Dc5C7:DED ² 3:]TDE1C/2³67:9 ² =0F>R F ² 9CUV7:9P58- ² D¨5C-E7³6/ ² Za7<587:9']TlX5C-E7 ² Dc5C7:DED ² 1`/>D ² D ² 9C9 ² Rqlw]T9`5C-07 ¶ ¸09 ¶ ]V1C7;1`]Tl#Za]V1 ² /23</>D0UEµ ² DE³ ² 1[5C-E7�5C/>Z`7 58-07kNAO#S�W¾��/JF>F�=o77:DEU ² UV7;³n/>DgF ² 98UT7<�ìdE7;F>³�µ�Za]V1 ² /23</>D0U ² 3<5C/>^_/I5tRn/21�7 Ù6¶ 7;3<5C7;³g5C]	=o7 ² 1\Z ² FJFhlw9 ² 3�58/J]VD ]Gl�5C-E7P5C]T5 ² F�µª/J5`/21 ² DV58/>3:/ ¶?² 5C7@³5C- ² 5�58-07 ¢ p.Ú�µE]V9�]G58-07:9#1\/>Za/JF ² 9�F ² 98UT7:��³0/ ² Z`7:5C7;9 ² Dc5C7;D0D ² µE��/JF>F ¶ 9C]L^_/2³67B5C-07[D07;3:7;181 ² 9CRs³ ² 5 ² · £ 7:DE3:7Tµ?5C-07;9C7�/>1�DE]1 ¶ 7@3</Jd?3B9C7@rV¸E/J987:Za7:Dc5 ¶ F ² 3:7;³v]TDv5C-07jNAOBS{W ² Dc587:D0D ² 1Mlw]T9�¸658/JF>/ ¤;² 58/J]VDv]Tl{58]G5 ² F ¶ ]L�M7:9�³ ² 5 ² lw]T9�/>Z ² UV/JD0U ¶ ¸09 ¶ ]V1C7;1;·
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Ú.-07#¸0FI58/JZ ² 5C7XUV] ² FE]Gl�58-07#«Lu�W�5¨/21Q5C][7 Ù6¶E² DE³`5C-07BO#S�p.W�~ 1h3 ²G¶E² =0/JF>/J5C/>7;1Q58]�7;D ² =0F>7�987 ² FI�ì5C/>Za7�]T=E1C7:98^_/JDEUj��/I58-P5C-E7lw987;rc¸07:D?3<R�3<]L^T7;9 ² UT7Vµ01\7;DE1\/J5C/>^_/I5tRVµ ² DE³�= ² DE³6��/2³_5C-m]Glª5C-07`NAOBS{W�·HÚ.-07�Za7 ² DE1;µE58/JZa7@1C3 ² F>7Tµ ² DE³k3:]V1\581�]Tl ² 34-0/>7:^_/>D0U5C-E7;1C7a3 ²G¶E² =0/>FJ/J5C/>7;1 ² 9C7`D0]G5�3:FJ7 ² 9 ² 5�58-0/>1B58/JZa7V·PÚ.-0/>1 ¶ 9C] ¶ ]c1 ² F{58-c¸?1�³6]_7;1�D0]T5j/JDE3:FJ¸?³67'/JZ ¶ F>7:Za7;DV5 ² 58/J]VDm]TlK5C-E7;1C73 ²T¶E² =E/JF>/I58/J7@1:· £ ]L�M7:^T7;9;µ;/I5�/>1 ² UT] ² FG]Tlc58-07hN Ù6¶E² DE³07;³BO#S�Wg�A98]G�t7@3�5�5C] ¶ 9C7 ¶E² 987ªlw]T9u5C-0/21{¸EFI58/JZ ² 587AUT] ² FG=_R�3<]VZ�=0/>D0/>D0U5C-E7#5t�M]a3<¸0989C7;Dc5h] ¶ 7:9 ² 58/J]VD ² FH1\5C98¸E3�58¸09C7@1M/JDc5C] ² 1\/>D0UVFJ7BUT98]T¸ ¶ µV¸0DE/IlwR_/>D0U`5C-07 ² 989 ² R`1834-07;³0¸0FJ/>D0U?µ ² DE³ 3<]T98987:F ² 5C/>D0U ² FJFO#S�p.W ² DE³ NAOBS{W�³ ² 5 ² /JD ² 1C/JD0UVFJ7j3:]T989C7;F ² 5C]T9@·
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Ú.-07Klw9C7@rV¸E7:DE3:/J7@1{=o7:F>]L� � ¢�£�¤ - ² ^T7K9C/234-�183</>7:Dc5C/Jd?3 ¶ ]G587:Dc5C/ ² Fì·��_5C¸E³6/>7;1�]Tl £98 7:Za/>181C/J]VD�5C]X987;³E1\-0/Jl 581Q[�Tµ ² DE³�1\5C¸E³6/>7;1]Glª1t587:7 ¶ ��1 ¶ 7;3�589C¸EZ ² DE³v-0/>UT-6��9C7@³01C-0/Il 5.D0]VD6��58-07:98Z ² FH7:Za/21C1C/>]TD ² 9C7 ¶ 98/JZa7j183</>7:Dc5C/Jd?3#UT] ² F>1M7;D ² =0F>7;³s=_RP]T=E1C7:98^ ² 58/J]VDE1Z ² ³67 ² 5hlw9C7@rV¸E7:DE3:/J7@1A=o7:F>]L��� ¢�£�¤ ·AW�FJ5C-0]V¸0UT-P/>Z ¶ F>7:Za7:Dc5 ² 5C/>]TDP]Tl�5C-0/21M3 ²G¶?² =0/>FJ/J5tR`/>1hD0]G5 ²�¶E² 9\5h]Gl�5C-E/>1 ¶ 98] ¶ ]V1 ² Fìµ/J5�/>1�/>Z ¶ ]V9\5 ² Dc5.5C- ² 5X�A- ² 1\7Bz\z.³67;^T7:F>] ¶ Z`7;Dc5.DE]G5�7 Ù 3:FJ¸E³07#58-07 ² ³E³6/I58/J]VD�]Gl{58-0/21�3 ²T¶E² =0/>F>/I5tR ² 5 ² F ² 5C7:9M58/JZa7T·

¹vº�: ;�Ì#�=<kÎv¿QÁ:Â�Ã ÉÊÇ>7sÎkÁ:ÈQÇ�� ÇXÂa¿�Ë
�_¸ ¶E¶ ]V9\5X]Tl�58-07 ² ³0³6/J5C/>]TD ² F{3 ²T¶E² =0/>F>/I58/J7@1 ¶ 98]L^c/2³67@³s=_Rv�K- ² 1C7jz\zMD07@3<7;181C/I5 ² 5C7@1�1 ¶ 7@3</ ² Fu987;rc¸0/>9C7;Za7:Dc581./>D	3<]VZ ¶ ¸65C/>D0UE·
¦ ]V9j5C-E7PZa]V1\5 ¶E² 9C5;µ�5C-E7;1C7s1 ¶ 7;3:/ ² FA987;rc¸0/>9C7;Z`7;Dc581 ² 9C7'7 Ù 587:DE1C/>]TDE1j]Tl.5C-07P987;rc¸0/>987:Za7:Dc581jlw]T9��K- ² 1C7'z�µ{1C]k5C- ² 5�5C-E7
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3<]VZ ¶ ¸65C/>D0U ¶ F ² Ds3 ² DP=o7�7 Ù6¶ 7@3�587;³'58]�=o7 ² Ds7 Ù 587:DE1C/>]TDP]Tlu5C- ² 5hlw]V9M�K- ² 1C7�z�·6Ú.-07 ² 987 ² 1A]GluUV9C7 ² 587;1\5h/>Z ¶?² 3�5.��/>FJFH=o7/>Dv58-07�1834-07;³6¸EFJ/>D0Ua]Gl�5C-07 ² 9C9 ² R ² DE³ 3<]V9C987:F ² 58]T9@µ ² DE³v/JD 5C-E7�1\¸0=?1\7@rV¸E7:Dc5�]��'/>D07j³ ² 5 ²[¶ 9C]63<7@1C1C/>D0UE·fh]TZ ¶ ¸05C/>D0UB1C¸ ¶0¶ ]T9C5�lw]T9�5C-07�N Ù_¶?² DE³67@³�OBS{W �A98]G�t7@3�5�/21Q³6/>^_/>³67@³�/>Dc5C]B5C-0987:7MZ ² �t]V9�UV9C]V¸ ¶ 1;y{NADE³6��58]G�|NADE³P� 7@�G7@��µZa]TD0/J5C]V9 ² DE³`3<]VDc5C98]TFu� ��� f.��µ ² DE³�]��'/JD07 ¶ 9C]63<7@1C1C/>D0UE·{Ú.-E7�9C7@rV¸E/J987:Za7:Dc541ª=?7;FJ]L� ² 987h]V9CU ² D0/ ¤ 7@³�/>DV58]�5C-07@1\7.UV9C]V¸ ¶ 1;·
)�*rq�*,+ 0�P�0 ÙH0 2ß4�G'/10 ÑÓ0 5�I1S
Ú.-07j7Y�L7j1\]Tl 5t� ² 9C7B7:D?3<]TZ ¶E² 1C1C7;1 ² ��/2³67�9 ² D0UT7�]Gl ² 1\5C98]TD0]VZa7:9 ² DE³s5C7;FJ7@1C3:] ¶ 7Blw¸0DE3�58/J]VDE1;µ0/JD?3<F>¸E³6/>D0UEy
� �A98] ¶ ]V1 ² F ¶ 9C7 ¶E² 9 ² 58/J]VDuµ61\¸E=0Za/>181\/>]TD{µ ² DE³ - ² DE³6F>/JD0U
	
� 5#=E1\7;9C^ ² 5C/>]TD ¶ 9C7 ¶E² 9 ² 58/J]VD�	
� �634-07;³0¸0FJ/>D0U`5C-E7�5C7:F>7;183<] ¶ 7 ² DE³�3<]T98987:F ² 5C]V9�	
� t ² 5 ²a² 9434-0/>^c/>D0U ² DE³ ³6/21t589C/>=0¸658/J]VD�	
� �A/ ¶ 7;FJ/>D07 ¶ 98]_3:7;181\/>D0U?µc/>DE3:FJ¸E³0/JD0UP3 ² F>/J=E9 ² 5C/>]TD ² DE³v/JZ ² UT/>D0UE·
Ú.-07�N Ù6¶E² DE³67@³�O#S�Wx�A98]G�t7@3�5ª��/JF>F69C7@rc¸0/J987hlw]T9A�A- ² 1C7hzCz{58-07�1 ² Z`7Mlw¸0D?3�5C/>]TD ² F>/I5tR�/>D ² F>F_5C-07@1\7 ² 9C7 ² 1 ² 1�lw]T9Q�K- ² 1C7z�·0zt³67;Dc5C/JdE7;³ ² ³E³6/I58/J]VD ² F�987;rc¸0/>987:Za7:Dc581 ² 9C7j³67@1C3:9C/>=?7@³s/>D 5C-07�lw]VFJF>]L��/>D0UE·

 kMq���qº[]y���� kMY���y1kly1^`\bq8Z���[]i���m�\Q[`[]\bq8Z��cy1Z ~���y1Z�~��Q\bZ��
Ú.-0/21.1\]Tl 5t� ² 9C7#Z�¸E1\5M987;3:]TUVD0/ ¤ 7�5C-E7 ¶ ]V181C/J=0F>7�NAO#S�W�µ6« � W�989 ² RVµ ² DE³POBS{p.W 1\¸0= ² 989 ² R`3<]TD0dEUT¸09 ² 58/J]VDE1 ² DE³ ¶ 7;9CZa/J5¸E1C7:941M5C]a987;rc¸07;1\5.5C-07@1\7V·AÚ.-07 ¶ ]V181\/>=0F>7BZ ² �t]T9�1\¸E= ² 989 ² RP³0/J^_/21\/>]TDE1 ² 9C7Vy
� Ú.-07�NAOBS{W#�c�_µL58-07X« � W�989 ² RVµ ² D?³`5C-07�OBS{p.Wx] ¶ 7:9 ² 58/JDEUB/>DE³67 ¶ 7;DE³67;DV58FJRVµ_��/I58- ² 9C=E/I589 ² 9C/>FJR[³6/��H7:987:Dc5 ¶E² 9 ² Z`�7<5C7;981�	
� Ú.-07`lw¸0FJFANKO#S�W ] ¶ 7;9 ² 5C/>D0U ² 1 ² 987 ² FI�ì5C/>Za7a/JDE1\5C98¸0Za7:Dc5P�w��/J5C-m5C-E7PNAO#S�W#�c�a/>D ² D_Rk]Glh/J581j3:]TD6d?UT¸09 ² 58/J]VDE18�<µ² DE³s5C-07jOBS{p.W ] ¶ 7:9 ² 58/JDEU[/>DE³67 ¶ 7;DE³67:Dc58FJR�	
� Ú.-07 NKO#S�W#�V�k] ¶ 7:9 ² 58/JD0U ² 1 ² 987 ² FI�ì5C/>Za7s/>DE1\5C98¸0Za7:Dc5;µ ² DE³n58-07k« � WX9C9 ² R �#O#S�pMW ] ¶ 7:9 ² 58/JD0U ² 1 ² 1C/>D0UTF>7² 989 ² R�	
� �_¸0=H³6/J^_/21\/>]TD?1K/>Ds��-0/234-P58-07�« � WX9C9 ² R ² Dc5C7:DED ² 1M3 ² DP=?7�³6/>^_/>³67@³P=o7<5t�M7:7;DP5C-E7BNKO#S{WB�V� ² DE³POBS{p.W�µ_]V9K]TDE7]T9.Za]T987�NKO#S�W#�V� ² DV587:D0D ² 1.3 ² D =o7 ² ³E³67;³s5C]`5C-E7jO#S{p.W ]V9.5C]a5C-E7�« � WX9C9 ² RT·

� ��[]Y�kla1y�^]\bq8Z�� kMY���y1kly1^`\bq8Z
Ú.-0/21#1C]Gl 5t� ² 987�Z[¸E1t5 ² F21\]s=?7a3<]VUTD0/ ¤;² DV5#]GlQ5C-E7 ¶ ]V181\/>=0F>7[1C¸0= ² 9C9 ² R61.]GlA58-07�lw¸0F>FQNAOBS{W�µHNAOBS{WB�V�_µH« � W�989 ² RVµ ² DE³O#S�p.W�µ ² DE³	=?7 ² =0F>7�58]vUV7:D07;9 ² 5C7j58-07�D07@3<7@1C1 ² 98Rsd?FJ7@1X]V9#183<98/ ¶ 541�58]v3:]TDc5C98]TF�7 ² 34-e]GlQ5C-E7�7:F>7:Za7;DV541B]Gl ² F>F�]GlQ5C-E7;1C71C¸0=6� ² 989 ² R61;·�WXD ² ³0³67@³�3<]TZ ¶ F>/23 ² 58/J]VDv/21.58- ² 5X]Tl�/>Dc5C7;UT9 ² 5C/>D0U[5C-07 ¢ FJ]V= ² FuOBS{pMzM7 Ù6¶ 7;9C/>Za7:Dc581./>Dc5C]a58-0/>1#1\R61\5C7;Z ·Kz�5/21 ² UT] ² Fª5C- ² 5j5C-07 ¶ 9C] ¶ ]c1 ² F�58]_]TF ² DE³m5C-07']V=E1\7;9C^ ² 5C/>]TD ¶ 9C7 ¶E² 9 ² 58/J]VD	5C]_]VF ² 3;3<]TZaZa]6³ ² 587`5C-07 ² ³0³67;³n3:]TZ ¶ F>7 Ù /I5tR² 98/21\/>D0U[lw9C]VZ ¢ FJ]V= ² F{O#S{pMzh]T=E1C7:98^ ² 5C/>]TD?1:·
� Y��QYO[���q���YKysZ ~���qsklkMY �by�^]qsk|[!�"� YO~�i��Q\bZ��
sx/J5C- 5C-07 ² ³0³6/J5C/>]TD ]Gl�5C-07j« � W�989 ² RVµ6��-0/>34- Z ² R'=?7j7;/I58-07:9�3:]T989C7;F ² 5C7@³'/JD�987 ² F?58/JZa7j]V9M¸?1\7@³s��/J5C-k³6/21\bs9C7@3<]T94³6/>D0Ulw]T9�3<]V9C987:F ² 58/J]VDkF ² 5C7;9#��/J5C-mO#S{p.W ]T9B]G58-07:9BO#S�phz ² Dc5C7:DED ² 1;µH]T=E1C7:98^ ² 5C/>]TD	1834-07@³6¸0F>/JD0Uv��/JF>Fª=?7@3<]VZ`7a3<]VDE1C/>³67;9 ² =0F>RZa]T987s3<]VZ ¶ FJ7 Ù ·�Ú.-E7v1834-07;³6¸EFJ/>D0U	1C]Gl 5t� ² 987'/>1�9C7@rV¸E/J987;³q58]	7�}P3</>7:Dc58FJR ² F>FJ]63 ² 5C7P5C7:F>7;183<] ¶ 7P5C/>Z`7P5C]eZ ²GÙ />Za/ ¤ 7s183</J�7:Dc58/Id?3[]T¸05 ¶ ¸65@·�Ú{] ³6]v5C-0/21#5C-07a1\]Tl 5t� ² 9C7�Z�¸E1\5B=o7a3<]TUVD0/ ¤;² Dc5X]TlA5C-E7`³6/#�H7:987:Dc5B� ² R61 ² DV587:D0D ² 1B3 ² Dm=?7`¸E1C7;³�µ ² DE³Z�¸?1t5X7;DE1C¸09C7�58- ² 5#-0/JUV- ¶ 98/J]V9C/J5tRvNKO#S{W ]V=E1C7:98^ ² 5C/>]TDE1 ² 987BDE]G5XZa/21C1C7;³�]V9X³67<lw7;9C987;³ =o7;3 ² ¸E1C7�]TDE7j]T9�5t�M] ² Dc5C7;D0D ² 1² 987'¸E1C7;³qlw]V9�FJ]L�M7:9 ¶ 9C/>]T98/J5tRe« � WX9C9 ² Re]V=E1C7:98^ ² 5C/>]TDE1;· ¦ ¸09C5C-07;9CZa]T987Tµ ² 3<5C/>^T7P3:]T989C7;F ² 5C]T9�1834-07@³6¸0F>/JD0Uk��/>F>FK=o7;3<]VZa7D07@3<7;181 ² 98RTµo=?7@3 ² ¸?1\7�5C-07Xsxz�t�WQu�3<]V9C987:F ² 58]T9���/>F>F�DE]G5�- ² ^T7�1C¸]}P3</>7:Dc5j3 ²T¶E² =0/>F>/I5tR 5C] - ² DE³6F>7 ² FJFªic�PNAO#S�W ² Dc5C7:D0�D ² 1 ² 5#lw¸EFJFA= ² DE³6��/2³_58-m/>De987 ² F�58/JZa7Vµ ² DE³	5C]k1C/JZ[¸0FI5 ² D07;]T¸E1CF>R ¶ 9C]63<7@1C1B987;3:]T94³67;³	³ ² 5 ² lw98]TZ§³6/21\b�lw]V9 ² 3:]TZ�=E/JD07@³« � W�989 ² R �#O#S�p.W�]T=?1\7;9C^ ² 58/J]VDu·QW 1C34-07@³6¸0F>/JDEU ¶ 98]TUV9 ² Z�lw]T9.5C-E7�3:]T989C7;F ² 5C]V9KZ�¸?1t5�=o7B��98/J5\5C7;Duµ658]`987;3:]TUVD0/ ¤ 7X��-07;D/J5�- ² 1.987;1C]T¸0943<7@1h5C]'1 ¶?² 987 ² DE³s5C]a7�}P3</>7:Dc58FJRv¸E1\7�58-07:Z lw]T9 ¶ 98]63<7@1C1C/JDEU`³6/21CbV��= ² 1\7@³s³ ² 5 ² ·
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�§y�^`yEy�k �"� \bac\bZ���y1Z�~ ~ \Q[$^`kM\ ��i3^]\bq8Z
Ú.-07BNAO#S�W���/>FJF ² ³6] ¶ 5 ² Za]6³67:F?lw]T9.³ ² 5 ²�² 9434-0/>^_/JD0U ² DE³']��'/JD07 ¶ 98]_3:7;181\/>D0Uj��-0/234-P/21K7@1C1C7:Dc58/ ² FJF>R�58-07�1 ² Z`7 ² 1K5C- ² 5��-0/234-�- ² 1.=o7:7;D ¸?1\7@³Plw]V9.5C-07jOBS{W�y
� W�F>F{³ ² 5 ²`¶ 9C]6³6¸?3�581Mlw98]TZ 5C-07�NKO#S{W ��/>F>Fu=?7 ² 9834-E/J^V7;³ ² 5.5C-07�«Lu�W�5 	
� Ú.-07	]T=?1\7;9C^ ² 58]T98Rg��/>FJFB³67:^V7:F>] ¶�² D?³x1\¸ ¶E¶ ]V9\5P58-07	D07@3<7@1C1 ² 98R 1C]Gl 5t� ² 987 5C]�3 ² F>/J=09 ² 587 ² DE³�/JZ ² UV7�5C-07q³ ² 5 ²¶ 9C]6³6¸?3<7;³v=_R ¶ 98]G�t7@3�581�1834-07@³6¸0F>7;³v]TDv5C-07�587:F>7;183<] ¶ 7�	
� Ú.-07j³ ² 5 ² lw9C]VZ ² D_R ¶ 98]G�t7@3�5�3 ² D�=?7j��98/I5C5C7;Dv58] ² D 7 Ù6¶ ]T9C5 ² =EFJ7j³ ² 5 ² 1\7:5�lw]T9�]V=E1\7;9C^V7:941M��-0]a��/>1C- 5C]'987;³6¸E3:75C-07;/J9�³ ² 5 ²a² 5�-E]TZa7�	
� Ú.-07�]T=?1\7;9C^ ² 58]T98R���/>FJF ¶ 9C]L^_/2³67.5C-E7X³ ² 5 ²j¶ 98]63<7;181C/JD0U�3 ²G¶E² =0/>FJ/J5tR ² 5A5C-07BW�989 ² R 5 ¶ 7;9 ² 5C/>]TDE1hfh7;Dc5C7:9 ² DE³ ² 5A5C-E7fh- ² 98FJ]T5\587;1C^c/>F>FJ7`-07 ² ³0rc¸ ² 9C5C7;981#lw]V9�9C7@³6¸E3<5C/>]TDq]Gl�³ ² 5 ² 5 ² bV7:Dq=_Re/J581�1\5 ² ��µ ² DE³q=_Rk5C-E]V1C7'^c/21C/I58/JD0Uk]V=E1C7:98^T7:941��-0]a��/>1C-s58]'9C7@³6¸E3:7#58-07:/>9X³ ² 5 ² ¸E1C/JDEUa«Lu�W�5 l ² 3</>FJ/J5C/>7;1;·

�§y�^`y<kMy�^`Y �A[`^`qºkly��ºY ��y1Z ~{^`kMy1Z []orYVk

Ú.-07�NAOBS{W ��/>FJF01C¸ ¶0¶ ]T9C5Q]T=E1C7:98^ ² 5C/>]TD?1{58- ² 5Q987;rc¸0/>9C7M7 Ù 589C7;Z`7;FJR�-0/JUV-�]V¸65 ¶ ¸05K³ ² 5 ² 9 ² 587;1 L ¸ ¶ 5C]a�T· �B¢ p�ÛG1\7@3G·��6¸E34-9 ² 5C7@1 ² 987Tµu3<¸E9C987:Dc5CF>RTµ ¶ 9C]V-0/J=E/I58/J^V7:F>Rk7 Ù6¶ 7;DE1C/J^V7�58] ² 9834-E/J^V7T·�W�³ ² 5 ² ]T¸65 ¶ ¸65j9 ² 5C7a]Gl.�T¥ � p�ÛL1C7;3[� ² 1B1C7:F>7;3<5C7@³	lw]V95C-E7�dE941t5 ¶ - ² 1\7�]TlQ5C-07`NAOBS{W�=o7;3 ² ¸E1C7�/J5�3 ² Dk=o7�/>Z ¶ FJ7;Za7:Dc5C7@³	]TD	1\5 ² DE³ ² 98³�- ² 98³0� ² 9C7j��/J5C-0]V¸65#Z ² �t]T9#1C]Gl 5t� ² 987³67;^T7:F>] ¶ Z`7;Dc5a3:]V1\581;· «X]G5C7 58- ² 5a5C-E/>1'/21 ²G¶E¶ 9C] Ù />Z ² 5C7;FJRg�V¥ � 5C/>Z`7@1`5C-07kZ ²GÙ />Z�¸EZ�³ ² 5 ² ]V¸65 ¶ ¸65P9 ² 5C7vlw9C]VZÒ5C-E73<¸E9C987:Dc5hOBS{W�·_Ú.-E/>1M9 ² 5C7#��/JF>FH=?7�1C¸]}P3</>7:Dc5hlw]V9 ² F>Z`]c1t5 ² F>Fo1\5 ² DE³ ² 98³PNKO#S�W¬]V=E1\7;9C^ ² 5C/>]TDE1#� 1C]TZa7#7 Ù 3<7 ¶ 5C/>]TDE1h=?7;/JDEU]T=?1\7;9C^ ² 58/J]VDE1H987;rc¸0/>9C/>D0U�1 ¶ 7;3:/ ² FG/>DV587:9Clw7:987:DE3:7Q7 Ù 3</21C/J]VD ² FJUV]T98/I58-0Z'1:µ;9 ²T¶ /2³#/>Z ² UV/JD0U�]Tl_1C]TF ² 9�=E¸0981\581;µ ² DE³B-0/>UT-j^V7:F>]_3:/I5tR987;1C]TF>¸65C/>]TD�1\/>Z�¸EFI5 ² D07;]T¸E1M]T=?1\7;9C^ ² 58/J]VDE1M]Gl ² F ² 9CUV7#D_¸0Z[=?7;9�� � � � �h]Tlª1 ¶ 7@3�589 ² F�FJ/>D07;14��·WÊ�Y� -0]T¸09�]T=E1C7:98^ ² 5C/>]TDq987;rc¸0/>9C/>D0U�5C-E7PZ ²LÙ /JZ[¸0Z�³ ² 5 ² ]T¸65 ¶ ¸65�9 ² 587']Glj�T· �	¢ p�ÛL1C7;3a��/>FJFh9C7@1\¸0FJ5�/>D ² � � Ú�p² 9434-0/>^T7V·hpM7;3 ² ¸E1C7�5C-07[D0]T98Z ² Fu7;^T]VFJ¸658/J]VD�]GlA3<]VZ ¶ ¸65C7;9X3 ²T¶E² =0/>F>/I58/J7@1���/>FJF�Z ² bT7 ² 9834-0/>^_/JDEUEµ ² 3:3<7@1C1;µ ² DE³ 5C9 ² DE1\lw7:9X]Gl1C¸E34-g³ ² 5 ² Za]T987 ² �H]T94³ ² =0F>7'/>Dn5C-07'lw¸05C¸0987Tµ ² D?³q5C-07s1C]Gl 5t� ² 987 ² DE³n- ² 94³6� ² 9C7a3 ²T¶E² =E/JF>/I58/J7@1j58]k7�}P3</>7:Dc5CF>R ¶ 9C]63:7;1811C¸E34- ³ ² 5 ² = ² 1C7;1M��/>FJF{UT98]L��� ² FI58-0]T¸0UV- ² 5 ² D ¸0DE3:7:9C5 ² />D 9 ² 5C7@�h]L^V7:9M5C/>Za7Tµ0�M7�- ² ^T7�Z ² ³67 ²`¶ F ² D lw]T9�/>DE3:9C7 ² 1C/JD0U[5C-E7³ ² 5 ² ]V¸65 ¶ ¸65h9 ² 587�]L^T7;9A5C/>Za7X��-0/234-PZ ² 5434-07;1K5C-E7;1C7 ² Dc58/>3:/ ¶E² 5C7@³a/JDE3:9C7 ² 1C7;1;·�Ú.-E/>1 ¶ F ² DP/21KUV/J^V7:D'/>DsÚ ² =0F>7X¡?· ����/J5C- ²lw7:�¨7 Ù0² Z ¶ F>7;1M]Tl{5C-E7�1C]T9C581M]Tl{]T=E1C7:98^ ² 58/J]VDE1A58- ² 5�/J5���/JF>F�7:D ² =0F>7T·QÚ.-0/21 ¶ F ² Ds/21.^T7;9CR'Z[¸E34-v³09C/>^T7;Ds=_R'5C-E7B7 Ù6¶ 7@3�5C7@³/>DE³6¸E1\5C98Rm³67;^T7;FJ] ¶ Za7:Dc5�]Gl�3 ²T¶E² =E/JF>/I58/J7@1:µ�1\/>DE3:7P�h7'=o7:F>/>7:^T7a58- ² 5 ² D_R	lw]V9C7@1\7;7 ² =EFJ7a/>DE3<987 ² 1\7'/>Dq5C-07 ² =0/>FJ/J5tRe58]	1t58]T987² D?³ ¶ 98]63<7@1C1�3:]T989C7;F ² 5C]T9.³ ² 5 ² �h]V¸0F2³s=o7j¸E1C7<lw¸0F�lw]V9 ² 1\5C98]TD0]VZ�RV·
 �by1Z�Z YO~ uwy��c\bm<i m �§y�^]y<fgy�^`YO[Worqskg�gYOm�y1Z�~�\bZ���������v � ��[`YVkla1y�^`\QqºZ�[

�§y�^]Y �§y�^]y<fgy�^`Y ��q
�Qi m Y ���cy1m � �bY	�m y��º\QZ���
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Ú ² =0F>7e¡?· �0yZ��#� -#R �/���#��� �3oV-$�/��%'�)AW�\?JA/�G!�����1���o#�)1L��1 ����!0� �0�/!���?���AW1 !�������rY8F��eM"A/�'���"RT�/!�A ��4U� �$�^!��#�S!r+V-]�"%DA/?
�3oV-]�3���)1
�"��!�%f!����"%'�Q�)��M3���"� %'�"%8g��)R)R �"��� K#RT� I8��#�L1
�"� �G�0�/!�� �)%8�2o#-]�3M3!����X!�A�K]� 1 ��M0�GR)�"%'%�iX-V��AWK�� K�R�+�� _"aOb A ? !���� R)�)%>!����
( � R)���"%"I6��#���3oV-]�"M3!�����+����/��R�+D�/��M0���)(O�U(WAWR)��1
�W4*K�� %'���DAW�X!��#�T%�1
���/���0��!��W4$�)%H� R)%'A
%'�#A�g��<I
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1C¸E34-�-0/JUV-k³ ² 5 ² 9 ² 5C7�7 Ù6¶ 7:98/JZa7:Dc541���/JF>Fu5 ² bV7B¸ ¶ ·hW�987 ² 1\]VD ² =EFJ7B¸ ¶0¶ 7:9#FJ/>Za/I5X/21j� �VU ]Tl�58-07�7 Ù 589C7;Z`7j9 ² 587Tµ0F>7 ² ³6/>D0U5C] ¶ 987;³0/>3<5C7;³ RV7 ² 98F>RP³ ² 5 ² ^V]TF>¸0Za7;1.]Tl ² =o]T¸05B�G¥6µ?�T¥ � µ ² DE³v¡c¥ �V� Ú�p�ÛLRT7 ² 9;·�_¸ ¶E¶ ]V9\58/JD0U ² D />D0/I58/ ² Fu³ ² 5 ² 9 ² 5C7B]Glª�V¥ � p�ÛG1\7@3X/21 ² 9C7@rc¸0/J987:Za7;DV5Mlw]T9��K- ² 1C7#z�·0WXDv/>DE3:9C7 ² 1C7#]Tl ² l ² 3<5C]T9.]Tl{5C7;D
L 5C] ² 1C¸E1t5 ² />D07;³v9 ² 5C7�]TlQ�V¥ � � p�ÛL1C7;3Gµ ² DE³ ² 58]G5 ² Fu³ ² 5 ² ^T]VFJ¸EZ`7�]TlQ�G¥ � Ú�p�ÛLRc9@µ6/21 ² 987;rc¸0/>987:Za7:Dc5.lw]T9��K- ² 1C7�z\z�·¦ ¸E9\58-07:9�7 Ù6¶E² DE1C/>]TDv5C]a5C-E7jZ ²GÙ /JZ[¸0Z ¶ F ² D0D07;³ 9 ² 587B]TlM�V· �P¢ p�ÛG1\7@3Gµ ² D?³ ² D ² Dc5C/23</ ¶E² 587;³v5C]T5 ² FuRT7 ² 98FJRP^V]TF>¸0Za7]Gl�¡c¥ �V� Ú�pBµ_/>1.DE]G5 ² 987;rc¸0/>9C7;Za7:Dc5hlw]V9M5C-0/21 ¶ 9C] ¶ ]c1 ² F�·ªÚ.-0/21./JD?3<987 ² 1C7X/>D 9 ² 5C7 ² DE³ 3 ²G¶?² 3</J5tRTµc��-0/234-v��/>F>F�7:D ² =0FJ7#5C-E7Za]V1\5 ² Z�=0/J5C/>]T¸?1h]V=E1C7:98^c/>D0U ¶ 9C]T�t7;3<581;µVZ[¸E1t5�=o7 ² 3:3:]TZaZa]6³ ² 587;³'��/J5C-0/>Dv5C-07�] ¶ 7:9 ² 58/J]VDE1 ² DE³v³67:^V7:F>] ¶ Za7:Dc5 ¶ F ² Duµ ² 1UT/>^T7;D�/>D'fh- ²G¶ 587:9K�_· £ ]L�M7:^T7;9;µY/J5 ²G¶0¶ 7 ² 981�5C- ² 5ª5C-07.9 ²G¶ /2³�³07;3<987 ² 1\7h/JDa³6/21\b ² 9834-E/J^_/>D0U#3:]V1\581�Z ² R ¶ 7;9CZa/J5 ² �o]V98³ ² =0F>7² 9434-0/>^_/JD0U ² 5�Z[¸E34-vl ² 1\5C7:9�9 ² 587;1M58- ² D 5C-E7�� � �Y�j987;rc¸0/>9C7;Za7:Dc5;·Qz�lQ1\]?µ ² DE³v/Jl�58-07�3<]VZ ¶ FJ7 Ù /J5C/>7;1�]Gl ¶?² 9 ² F>FJ7;Fu34- ² D0DE7:F21lw]T9.D07:5t�h]V9Cb_/>D0U�3 ² Ds=o7j1\]VFJ^V7;³�µV5C-E7BF>/>Z`/J5C/>D0U[l ² 3<5C]T9./>Ds7/}'3:/J7;Dc5h58-09C]V¸0UT- ¶ ¸65./>1MF>/JbV7:F>Ra5C]`=?7B5C-E7#]��a/>D07 ¶ 98]_3:7;181\/>D0U?·Ú.-0/21�1C/I58¸ ² 58/J]VDn] ¶ 7:DE1�5C-07 ¶ ]V181C/J=0/>F>/I5tRq]Gl ² 9434-0/>^c/>D0Uk³ ² 5 ² lw98]TZ�5C-07 ² Z�=0/J5C/>]T¸?1j7 Ù6¶ 7:98/JZa7:Dc541�1C-0]L��Dn/JDn58-07'5 ² =0F>7�M7:F>F�=?7:lw]T987�5C-07�dED ² FH5 ² 9CUV7<5�³ ² 5C7�]GlA� � �Y�_·�sq7jZ ² bT7B5C-E/>1 ² UV] ² Folw]V9.5C-07 ¶ 98]G�t7@3�5@·WX1K5C-E7#]V=E1\7;9C^ ² 5C]T98R ² Dc5C/23</ ¶E² 587;1h¸E1\7;981h��/21\-0/>D0U�5C]�987;³0¸E3<7X5C-07;/J9�³ ² 5 ²�² 5K58-07:/>9.-0]TZa7X/>DE1\5C/J5C¸658/J]VDuµ6/J5M/21K987;rc¸0/>987;³5C- ² 5�¸E1C7:941.Z�¸E1\5�=?7 ² =0F>7�5C]a7�}P3</>7:Dc58FJRs5C9 ² DE1 ¶ ]V9\5�³ ² 5 ² = ² 1C7;1M]Glª¸ ¶ 5C]�� � Ú�p 58]a5C-07;/J9�-E]TZa7�3<]VZ ¶ ¸65C7;981;·
 \ ��Y��Q\bZ�Y � kMq���YV[][]\bZ��
Ú.-07']L^V7:9 ² F>F�UV] ² Fª]Tl ¶ 98]L^_/>³0/JD0U D07 ² 9�9C7 ² Fª58/JZa7P3 ² FJ/>=09 ² 58/J]VDe]Gl�³ ² 5 ²�² DE³ ¶ 98]6³6¸E3�58/J]VDm]Tl.³07<l ² ¸EFI5j/>Z ² UT7@1�9C7;Z ² /JD?15C-E7`1 ² Za7�lw]V9B�K- ² 1C7�zCz ² 1B�A- ² 1C7�z�· £ ]L�M7:^T7;9;µ?/I5�/21#987;3:]TUVD0/ ¤ 7;³ 58- ² 5 ¶ 98]_³0¸E3�58/J]VD	]Glh1C¸E34-e³07<l ² ¸EFI5�/JZ ² UT7;1Xlw]T9#5C-E7Za]V1\5 ² Z�=E/I58/J]V¸E1.7 Ù6¶ 7:98/JZa7:Dc541K58- ² 5���/>F>F�=?7j7;D ² =0F>7;³v=_Rs�A- ² 1C7#zCzh��/>FJF�DE7;3<7@1C1 ² 98/>FJR'=o7�FJ/>Za/I587;³ ² 5.5C-E7j=?7;UT/>D0D0/>D0Ua]Gl5C-E7 ¶ 98]G�t7;3<5;·�Ú.-0/21���/>FJF�=o7 ² 3;3<]T¸EDV587;³vlw]T9#��-07:D	1C7<5C5C/>D0U'58-07[1 ¶ 7@3</Jd?3jUV] ² F21Mlw]T9 ¶ / ¶ 7;FJ/>D07 ¶ 9C]63<7@1C1C/>D0U ² 1 ² lw¸0DE3�58/J]VD]Gl�5C/>Za7T·
)�*rq�*QP � ;�5�G'IO;�/�>A5�B 9<;�5�IO/s;�ÔpÙ{032(4�G'/103ÑÒ035�I1S
Ú.-07`]L^T7;9 ² FJF�9C7@rV¸E/J987:Za7:Dc541�lw]V9 � ]VD0/J5C]T9 ² D?³qfh]TDc589C]VF ² 9C7�5C-07a1 ² Za7�lw]V9B�K- ² 1C7�zCzX]GlK5C-07 ¶ 98]G�t7;3<5 ² 1Xlw]V9B�K- ² 1C7�z�·£ 7;9C7��M7j1\¸0ZaZ ² 98/ ¤ 7B5C-07j7 Ù6¶ 7@3�5C7@³ ² ³0³6/J5C/>]TD ² Fu1 ¶ 7@3</Jd?3�9C7@rc¸0/J987:Za7;DV541:·Ú.-07jZ ² �t]V9�D07;� 3:]TZ ¶ ]VD07:Dc541�]GlQ�A- ² 1C7jz\z.]Gl�5C-07[NAO#S�W ¶ 98]G�t7@3�5 ² 987TµE��/I58-�5C-07;/J9B1 ¶ 7;3:/Id?3 ² ³0³6/J5C/>]TD ² Fu987;rc¸0/>9C7:�Za7:Dc581�lw]T9 � ]VD0/I58]T9 ² D?³kfh]VDc5C98]TFìy
� � � YH��� �zq8Z����8i3kMy�^]\bq8Z Ú.-07P987;rc¸0/>987:Za7:Dc581jlw]T9j58-0/>1`3<]VD6dEUV¸09 ² 5C/>]TD ² 987a5C-07v1 ² Z`7 ² 1�lw]V9 ² D_Rm]G5C-E7:9@· «X]²G¶0¶ 987;3:/ ² =0F>7B34- ² D0UT7@1 ² 987 ² Dc5C/23</ ¶E² 587;³�·
� � � Y|tKY�� uwY �c\ �zqKv|klkly�ds��Ú.-07 ² Dc5C/23</ ¶E² 587;³[©E7 Ù />=0F>7�¸E1C7�]Glo5C-E/>1KD07:� ² 989 ² RTµ ² D?³`5C-07�DE7;3<7@1C1 ² 98Rj©E7 Ù /J=0/>F>/I5tR² DE³ 3<]VDE1\5C9 ² />DV541a]TD 58-07e3<]V9C987:F ² 58/J]VD ]Tl#58-07e³ ² 5 ² /J5 ¶ 98]6³6¸E3:7;1;µ ² 1P³67;183<98/>=?7@³ /JD¬�_7@3�58/J]VDx¡E·á¥6·>�TµMZ�¸E1\5s=o7² 3:3:]TZaZa]6³ ² 587;³P=_R'58-07 � � f¬1\R61\5C7;Z ·
� � � Y�� ���vgf ��qsklkMY �by�^]qskO� Ú.-07 sxz�t�WQu�3<]T98987:F ² 5C]V9�Z�¸?1t5a=?7 ² =EFJ7s5C] ² 3:3:7 ¶ 5a³ ² 5 ² lw98]TZ�O#S�p.W ² DE³1t5 ² DE³ ² 98³�O#S{pMz ² Dc5C7:DED ² 1;µ ² DE³�Z�¸E1\5 ¶ 9C]L^_/2³67 ² 5�F>7 ² 1t5�5C-07.1 ² Za7M3:]T989C7;F ² 5C/>]TD�3 ²T¶E² =E/JF>/I58/J7@1�3:¸0989C7;DV58FJR ¶ 98]L^_/>³07;³=cRP5C-07jOBS{p.W�3<]V9C987:F ² 58]T9@·
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5 �'/JDE7 ¶ 98]63<7@1C1C/JDEUP7:DE3:]TZ ¶E² 1C1C7;1�5C-07'1C]Gl 5t� ² 987���-0/234-	5C-E7[]V=E1\7;9C^V7:941�¸E1C7�58]v7@³6/J5;µu3 ² FJ/>=09 ² 587TµH/JZ ² UT7Tµ ² D?³ ² D ² F>R ¤ 75C-E7:/>9X³ ² 5 ² ·Ú.-07�]��'/>D07�1\]Tl 5t� ² 9C7BZ�¸E1\5�=?7j3 ²G¶E² =0FJ7B]Gl�7:D ² =0F>/JD0U`58-07�/JZ ² UV/JDEU�58]`Za7;7<5.5C-07j]L^V7:9 ² F>F?183</>7:Dc5C/Jd?3B987;rc¸0/>9C7;Z`7;Dc581;·Ú.-0/21AZa7 ² DE1ª58-07#1C]Gl 5t� ² 987.Z�¸E1\5 ² F>F>]L� ² D']T=E1C7:98^T7;9�58]�Z ² bV7�D0]T/21\7:�ìF>/>Z`/J5C7@³a/JZ ² UT7;1A/JD ² FJF?9C7@rV¸E7;1\5C7;³'�c58]TbV7;1 ¶E² 9 ² Z`�7<587:941:µ_lw]V9 ² F>Fu]Gl�5C-07j]V=E1C7:98^ ² 5C/>]TD ² FHZ`]6³67@1�1C¸ ¶0¶ ]T9C5C7;³v=_R'5C-E7�NAO#S�W�·EÚ.-E7�5C/>Z`7@1C3 ² F>7;1;µ6/JZ ² UT/>D0UaZ`]6³67@1:µ ² DE³�³ ² 5 ²^T]VFJ¸EZ`7@1 ² 987#UV/J^V7:D /JDkÚ ² =0F>7�¡E·á�6·Ú.-07�/>Z ¶E² 3<5K]Glu�A- ² 1C7�z\zª��/JF>FE=o7�Za]V1\5KD0]T5 ² =0FJ7�/>D'58-07X1C/ ¤ 7�]GlH5C-07XUT7:DE7:9 ² 5C7@³a³ ² 5 ² = ² 1\7@1 ² DE³a/>Da5C-07XF ² 9CUV7�/JZ ² UV71C/ ¤ 7;1QD07;7;³67@³[5C]�1C¸ ¶0¶ ]T9C5Q5C-07#3<]TZ ¶ ¸05 ² 58/J]VD ² F>F>R�³67:Z ² DE³6/>D0U�7 Ù6¶ 7:98/JZa7;DV541A1C-0]L��D[/>DPÚ ² =0F>7�¡E·á�6·ªÚ.-07�Za7<58-0]6³6]TF>]TUV/J7@1/>Dj5C-0/21�/JZ ² UT/>D0U ² 987AD0]T5�7 Ù_¶ 7;3<5C7@³j5C]B³6/#�o7;9{lw98]TZ 5C-E]V1C7K987;rc¸0/>9C7@³Blw]T9ª�A- ² 1\7Az�·YN Ù /21t58/JDEUX1\]Tl 5t� ² 9C7 ¶E² 34b ² UV7;1A� D0]G5 ² =0F>RTµ
������ ² DE³ ���������� � ² 987�D0]G5X3:¸0989C7;DV58FJRv3 ²G¶?² =0F>7#]Tlª1C¸ ¶0¶ ]T9C5C/>D0U`5C-E7�-0/>UT-6��7:DE³ 183</>7:Dc5C/Jd?3�/>Z ² UT/>D0U`9C7@rV¸E/J987:Za7:Dc541:·QÚ�]³6] 1C]Eµ ²m¶ 9C]VUT9 ² ZÒ]Gl�987;1C7 ² 9434- ² DE³ ³67:^V7:F>] ¶ Za7:Dc5']GlBD07:� ² F>UT]V9C/J5C-EZa1[lw]V9PF ² 9CUV7<�|1C3 ² F>7s/>Dc5C7:9Clw7:98]TZa7:5C98/>3v/JZ ² UT/>D0U/21[DE7:7;³07;³�·�Ú.-E/>1'³67;^T7;FJ] ¶ Za7:Dc5`/21`D07;3:7;181 ² 9CRqD0]T5a]VD0F>Rnlw]T9[5C-07kNAOBS{W�µ�=E¸65 ² F21\]mlw]T9 ² F>F.lw¸65C¸E9C7 /JDc587:9Clw7:98]TZa7<589C/23/>DE1t589C¸EZ`7;Dc581;·AÚ.-07 ² 987 ² 1M/>D���-0/>34- 58-0/>1�9C7@1\7 ² 9434- ² DE³ ³67;^T7:F>] ¶ Z`7;Dc5 ² 9C7�D07;7;³67@³ /JDE3:FJ¸?³67Tµ0=E¸65 ² 987�D0]G5�F>/JZa/J5C7;³ 58]Ey
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� fh]T989C7@3�5C/>]TDnlw]V9�58-07 ¶ ]VF ² 9C/ ¤;² 5C/>]TD />Z ¶ ]V1C7;³�=_Rm58-07 ² Dc5C7;D0D ² 1:~ ¶ 9C/>Z ² 98Rn=?7 ² Z'1:· Ú.-0/21`/>1[D07;7;³67@³ lw]T9a-0/>UT-0�¶ 9C7@3</21\/>]TD ¶ ]VF ² 9C/>Za7<589C/23B/JZ ² UV/JDEU[/>D	�c5C]VbT7;1�� ² DE³���µ ² DE³slw]T9 ² FJF{/JZ ² UV/JDEU[/>D	�c5C]VbT7;1.O[·
� tX7;^T7:F>] ¶ Z`7;Dc5X]Gl ² FJUV]T98/I58-0Z'1�5C] ¶ 7;9CZa/J5�1C]TF>¸65C/>]TD�lw]V9 ² 5C/>Z`7 ² DE³e1 ¶E² 5C/ ² F>FJR ^ ² 98/ ² =0F>7 ¶ - ² 1\7`1C3:9C7;7:Dk]L^T7;9�5C-E7² 989 ² RV· Ú.-E/>1 3 ²T¶E² =0/>F>/I5tR /21v3:9C/J5C/23 ² FJF>R DE7:7;³07;³ lw]V9vF>]L�¾lw9C7@rV¸E7:DE3:RTµ�lw¸0F>FJ�ì=o7 ² Z ]V=E1C7:98^ ² 5C/>]TDE1;µ ² D?³ lw]T9v-0/JUV-lw9C7@rV¸E7:DE3:RP]T=E1C7:98^ ² 58/J]VDE1:·
� tX7;^T7:F>] ¶ Z`7;Dc5K]Gl ² FJUV]T98/I58-0Z'1Q5C] ¶ 7;9CZa/J5M34- ² 9 ² 3�587:98/ ¤@² 5C/>]TD ² DE³a9C7;Za]L^ ² FE]Tlu7 Ù 5C7;9CD ² FE/>Dc5C7:9Clw7:987:D?3<7��ru ¦ z\�Qlw98]TZ5C-07 ¶ ]V1\5\�|3<]V9C987:F ² 58/J]VDs³ ² 5 ² ·
� z|Z ¶ 9C]L^V7:Za7:Dc581ª/>D'³67;3:]TD_^T]VFJ¸05C/>]TD ² F>UT]T98/J5C-0Z'1;µ ¶E² 9C5C/23<¸EF ² 9CF>Rjlw]T9A5C-07X3 ² 1C7�]GlH=098/JUV-V5@µT=o]T¸0D?³67;³a7;Z`/2181\/>]TDa��-0/234-3 ² DED0]G5�=?7 ² ³67;rc¸ ² 5C7:F>Rk³67;183<98/>=?7@³ ² 1 ² 1C¸0ZÊ]GlM9C7;UT¸0F ² 98FJRk1 ¶E² 3:7;³	³07:FJ5 ² lw¸0DE3<5C/>]TDE1;·[Ú.-0/21�987;rc¸0/>9C7@1�58- ² 5�5C-E7/JZ ² UV/JDEU ² F>UT]T98/J5C-0Z'1j=o7 ² =0FJ7P5C]	987 ¶ 987;1C7:Dc5�7;Z`/2181\/>]TD =_Rm5C-07 1\¸0Z�]Tl ² 1\7:5[]Gl�/>Z ² UT7@1j7 ² 34- ��/I58-�³6/#�o7;9C7;Dc5/JZ ² UV7 ¶ F ² D07�1 ² Z ¶ F>/JDEUV1;µ0]T9 ² 1 ² 1\¸EZ�]Tlª³6/2183<987<5C7�3:]TZ ¶ ]TD07;DV541:µ?/JD?3<F>¸E³6/>D0Ua5C-07[³6/��H7:987:Dc5#1 ¶ 7;3�589 ² Fu/>DE³6/23<7;1�]Gl5C-07j^ ² 98/>]T¸E1.3<]VZ ¶ ]VD07:Dc581;·
� fh]T989C7@3�5C/>]TDqlw]V9�58-07 1 ¶E² 5C/ ² F>FJRq^ ² 98Rc/>D0Ue1 ¶ 7;3�589 ² Fh/>DE³67 Ù ]Gl�5C-E7v7 Ù 587:DE³07;³ 7;Z`/2181\/>]TD¬� ^_/I5 ² FM7;1 ¶ 7@3</ ² F>FJR ² 1�5C-E7lw9 ² 3�5C/>]TD ² FQ= ² DE³6��/2³_5C- 7 Ù_¶?² DE³014��· Ú.-0/21j/>1�D07:7@³67;³qlw]V9 ² F>FQlw¸658¸09C7s]T=E1C7:98^ ² 5C/>]TD?1#¸05C/>FJ/ ¤ />D0U��CZ�¸0FJ5C/J��lw987;rc¸07;DE3<R1\R_Dc5C-07@1\/21���/>Z ² UT/>D0U?·
� z|Z ¶ FJ7;Z`7;Dc5 ² 58/J]VDa]Glu³67;3:]TD_^T]VFJ¸05C/>]TD ² F>UT]V9C/J5C-0Z'1�58- ² 5.3 ² D ² 3:3<]VZaZ`]6³ ² 5C7.58-07���/2³67:F>R`³0/��H7:987:Dc5 ¶ 98/>Z ² 9CR[=?7 ² Z1\/ ¤ 7@1M5C- ² 5 ² 9C/21C7#lw98]TZ 5C-07j¸E1C7j]Gl�^T7;9CRP��/2³67�= ² DE³6��/2³_5C-k1CR_1\5C7;Z'1:·
� tX7;^T7:F>] ¶ Z`7;Dc5a]TlB]VD6�ì5C-07:��©ER /JZ ² UT/>D0U ² F>UT]T98/J5C-0Z'1;µA5C] ² 3:3:]TZaZa]_³ ² 5C7 58-0/>1PD07:�Û]T=?1\7;9C^_/>D0UmZa]6³67k��-0/234- />17 Ù6¶ 7@3�587;³s5C]'=o7j-07 ² ^_/>FJRP¸05C/>FJ/ ¤ 7@³slw]V9.5C-07�NA��3:]TD6d?UT¸09 ² 58/J]VDu·
� tX7;^T7:F>] ¶ Z`7;Dc5.]Tl�D07;�¨^_/21\¸ ² F>/ ¤@² 5C/>]TD Za7<58-0]6³6]TF>]TUV/J7@1K58]a/JZ ¶ 98]L^T7B5C-E7j-c¸EZ ² D6�|3<]TZ ¶ ¸05C7:9./>Dc5C7:9Cl ² 3:7T·
� � ² 9 ² F>FJ7;Fo3:]TZ ¶ ¸658/JD0U'987;1C7 ² 9834-{µV7@1 ¶ 7;3:/ ² FJF>R'lw]T9�3:]T¸ ¶ FJ7@³ ¶ 9C]V=0FJ7;Z'1:·
� W�FJ5C7:98D ² 5C/>^T7j3 ² FJ/>=09 ² 5C/>]TDs5C7@34-0D0/2rV¸E7;1;·

z�5#1C-0]T¸EF>³ =o7�D0]G587;³v5C- ² 5XZ ² D_RP]Tlª5C-07@1\7 ² 9C7�/>D	3<]TZaZa]TD���/J5C-	W#S � W�µ ² D?³��t]V/JDc5X³67;^T7;FJ] ¶ Za7:Dc5���/JF>F{=o7 ¶ ¸0941C¸07;³�·«�7;/I58-07:9h5C-E7#NAOBS{W¬D0]T9MWXS � W L DE]T9 ² D_R�lw¸658¸0987 ² 989 ² R L ��/>FJFo987 ² 34-'/J581Klw¸0F>F ¶ ]G587:Dc5C/ ² Fo��/J5C-0]V¸65h58-0/21h³67;^T7;FJ] ¶ Za7:Dc5¶ 98]TUV9 ² Z ·
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:aº;» ¼��`Ç�È��vÁ:Ç�Ó
fh- ²T¶ 5C7;9K¡�- ² 1AF>/21t587;³'58-07�587;34-0DE/>3 ² Fo9C7@rV¸E/J987:Za7:Dc541AD07;7;³67@³a5C] ² 34-0/>7:^V7.5C-07�1C3:/J7;Dc5C/Jd?3�UT] ² F21AUV/J^V7:D'/>D fh- ²G¶ 5C7:9.i ² DE³/>D�W ¶0¶ 7:DE³6/ Ù pB·AÚ.-0/21�34- ²T¶ 5C7;9�³67;183<98/J=o7;1.-E]L��5C-E7;1C7j9C7@rV¸E/J987:Za7:Dc541h��/>F>Fu=?7jZa7:5�=cRs5C-07�NKO#S�W �K9C]T�t7;3<5;·Ú.-07 ¶ F ² D ¶ 9C7@1\7;DV587;³'-E7:987#- ² 1K=o7:7;D ³07:^T7;FJ] ¶ 7@³ ² l 587:9�1C¸09C^V7:R_/>D0U�3<¸E9C987:Dc5 ² DE³s7 Ù6¶ 7@3�587;³'587;34-0DE]TF>]TUT/>7;1K��-0/234-s�M77 Ù6¶ 7;3<5 ² 9C7Vµ_]T9M��/JF>F�=?7@3<]VZ`7Vµ ² ^ ² />F ² =0FJ7#/JDv5C-E7�³07;1C/J987;³P5C/>Z`7Blw9 ² Za7#lw]T9M5C-07 ¶ 98]G�t7@3�5@·�Ú.-0/21 ¶ F ² Dv��/JF>F�=?7j3:]TDc5C/>D_¸ ² F>FJR7:^ ² FJ¸ ² 5C7@³ ² 1.D07:� ² DE³ ¶ ]G5C7;Dc5C/ ² F>FJRvZ`]V9C7j3:]V1\5\��7 �H7;3�58/J^V7X587;34-0DE]TF>]TUT/>7;1 ² 9C7j³67;^T7:F>] ¶ 7;³u·

:aº�� Ð�Æ�Ç�ÑÒÇ�Ó Ô Ç�Õ Á<Ö�Ì ×§ÈQÈQÀ�Ø
Ú.-07	«X7:� � 7 Ù /23<] W�989 ² R¬� « � W�989 ² R0�[/21'9C7@rc¸0/J987;³�5C]g³07:F>/J^V7:9'58-07�dED ² F�Z ² �t]T9P3:]TZ ¶ ]TD07;DV5P]Tl#58-07	NAOBS{W�yA5C-E7/>Z ¶ 9C]L^V7:Za7:Dc5.]Gl�987;1C]TF>¸658/J]VD ² 5 ² FJFHlw987;rc¸07;DE3</>7;1.=_R ² l ² 3�5C]V9�]Gl�5C7:D{µ0��-0/>FJ7 ¶ 987;1C7:98^_/JD0U[5C-E7�1\7;DE1\/J5C/>^_/I5tR ² DE³v/JZ ² UT/>D0Ud?³67;FJ/J5tRs]Tl�58-07�NAOBS{WB�V�_·AÚ�] ² 34-E/J7;^T7#5C-0/21�UV] ² FH�M7jD07:7@³ 7:D0]V¸0UT- ² Dc5C7;D0D ² 1\5 ² 5C/>]TDE1.UV/J^_/>D0Ua= ² 1C7:F>/JDE7;1.¸ ¶ 5C]v¬iV¥ �b_Z�5C] ¶ 98]L^c/2³67B=?]T5C-v-0/JUV-v1C7:DE1C/J5C/>^c/J5tR ² D?³PUT]_]6³s1 ¶E² 5C/ ² Folw9C7@rc¸07:DE3:R'3<]L^T7;9 ² UT7 ² 5 ² FJF�³67@3<F>/JD ² 5C/>]TD?1 ² 3:3<7@1C1C/>=0FJ7#5C][5C-E7² 989 ² RT·XÚ.-07@1\7`1t5 ² 58/J]VDE1XZ[¸E1\5B- ² ^V7 ² 1C7:D?1\/J5C/>^_/I5tR ² 5#F>7 ² 1\5#7@rc¸ ² F�5C]s5C- ² 5B]TlA5C-07`NAOBS{W#�c� ² DV587:D0D ² 1;·B³67@3<F>/JD ² 5C/>]TD?1² 3;3<7@1C1C/J=EFJ7h5C]B5C-E7 ² 989 ² RV·uÚ.-07;1C7�1t5 ² 5C/>]TD?1ªZ�¸E1\5Q- ² ^T7 ² 1\7;DE1\/J5C/>^_/I5tR ² 5QFJ7 ² 1\5ª7@rc¸ ² F_58]#58- ² 5Q]TlE5C-E7�NAO#S�W#�c� ² DV587:D0D ² 1;·WX1X5C-E7[« � W�989 ² Rv��/JF>F�]Tl 5C7;D	=?7[¸65C/>F>/ ¤ 7;³ ² 1 ² 1\5 ² DE³_� ² F>]TD07 ² 9C9 ² RPlw]V9XZa]TD0/J5C]V9C/>D0U ² DE³ ² 1\5C98]TZa7:5C98/>3�]V=E1\7;9C^ ² 5C/>]TDE1;µ5C-E7�³07;1C/JUVD�Z�¸?1t5 ¶ 98]L^_/>³67vUT]_]6³g/>Z ² UT/>D0Un34- ² 9 ² 3<5C7;9C/21t58/>3;1jlw]V9`]V=6�t7;3<581`¸ ¶ 5C]�§� � 1CR_Dc5C-07@1\/ ¤ 7@³g=o7 ² Z[��/>³65C-E1a/>D7 Ù 587:Dc5;· Ú.-07�« � WX9C9 ² Rq��/JF>F ² F21\]m=?7�3<]VZ�=0/>D07;³g��/I58-g5C-E7vOBS{p.W ��-E7:Dg58-07�NAO#S�W#�c��/21�/>D�/J581`Za]T987v3:]TZ ¶E² 3<53<]VD6dEUV¸09 ² 5C/>]TDE1;µ61\]`58-07 ² 989 ² R'³67@1\/>UTD Z�¸?1t5 ² F>1C][] ¶ 5C/>Za/ ¤ 7�5C-07j/>Z ² UV/JD0U'34- ² 9 ² 3�587:98/>1\5C/23:1h]Gl�5C-0/21�3<]VZ�=0/>D07@³ ² 9C9 ² RT·
q(*QP�*,+ RßI�> I1G,;�5:Rß03Ô,0368I1G';�5D9�/sG'IO03/sG'>
Ú.-07 3<98/I58/>3 ² FKZa7:5C98/>3'/>D 58-07v³67@1\/>UTD ]Tl�5C-07 «�7;� � 7 Ù />3:]eW�989 ² Re/21�58-07v3:]V1\5�Û ¶ 7:9Clw]T98Z ² DE3:7a9 ² 5C/>]E·	«�7;� ² Dc5C7;D0D ² 1��-0/234- ² 9C7�lw¸0F>FJRm]T¸65Cd05\587;³ ² 5 ² F>FQNAO#S�W�= ² DE³E1 ² 987�7 Ù6¶ 7:DE1C/>^T7 L =E¸65jZ`/>D0/>Za/ ¤ /JD0U�58-07:/>9�D_¸0Z�=o7:9�58]v987;³6¸?3<7'3<]c1t541��/>FJFu³6/>Za/JDE/>1C-v=o]G58- 1C7:D?1\/J5C/>^_/I5tR ² DE³s/>Z ² UV/JD0U ¶ 7;9\lw]V9CZ ² DE3<7V·ªÚ.-E7B3:]TZ ¶ 98]TZa/>1C7B�h7�1\7;7:b'/21h5C- ² 5.��-E/>34- ��/JF>F ² 34-0/>7:^V75C-E7jZ`]c1t5�3:]V1\5\��7 �H7;3�58/J^V7j1C3:/J7;DE3<7V·Ú�]md?DE³ 5C-07e=?7@1t5s3:]TZ ¶ 98]TZa/>1C7TµM�M7k- ² ^T7k3<]VDE³6¸E3<5C7@³ 7 Ù 5C7:D?1\/>^T7	1C/JZ[¸0F ² 5C/>]TD?1a]TD 5C-07e/JZ ² UV/JDEU ¶ 9C] ¶ 7;9\58/J7@1a]Gl^ ² 98/J]V¸E1 ¶ 98] ¶ ]V1C7;³q3<]TD0dEUT¸09 ² 58/J]VDE1#7:Z ¶ F>]LRc/>D0U�^ ² 98/J]V¸E1BD_¸0Z�=o7:941�]GlMD07:� ² Dc5C7;D0D ² 1;·'Ú.-07a9C7@1\¸EFI541�]GlM5C-07@1\7'1\5C¸E³6/>7;1² 987h1C¸0ZaZ ² 98/ ¤ 7;³�/JD�5C-07Mlw]TF>F>]L��/JD0UB1\7@3�58/J]VDE14´L·�5#¸E9�3:]TDE3:FJ¸E1C/>]TD�/21�5C- ² 5�587:D ² Dc5C7;D0D ² 1h� 7:/>UT-c5�DE7:�jµ ² DE³j5t�M]B3:]TD_^T7;9\587;³O#S�p.W ² Dc5C7;D0D ² 18� ² ³0³67;³[58]j5C-07#NAO#S�W#�c��/21Q58-07�=o7;1\5h3<]VZ ¶ 9C]VZa/>1C7.=?7:5t�h7;7:Da5C-E7X1C3:/J7;Dc5C/Jd?3.UT] ² F21 ² DE³'3:]V1\5A9C7 ² F>/I58/J7@1lw]T9#5C-E7 ¶ 98]G�t7@3�5@·BÚ.-0/21B/>1X5C-E7[Za/>D0/JZ[¸0Z§D_¸0Z[=?7;9#]TlAD07:� ² Dc5C7:DED ² 1#��-0/234-e3 ² D ¶ 98]L^_/>³67�=?]T5C-	58-07a1\7;DE1\/J5C/>^_/I5tR ² DE³5C-E7j/JZ ² UV/JDEU[do³67:F>/I5tRs9C7@rV¸E/J987;³s5C]aZa7:7:5�5C-07�183</>7:DE3:7jUT] ² F21:·W�DE]G5C-E7:9BbT7:Rk/2181\¸07�5C] Z ² b_/JDEUP5C-E7a«X7:� � 7 Ù />3:]vWX9C9 ² R ² �H]T94³ ² =0F>7�/21#5C]vdEDE³ ² F>]L��3<]V1\5�Z`7 ² DE1X5C]v5C9 ² D?1\Za/J55C-E7Xlw¸0F>F�= ² DE³6��/2³_5C-q�t� �a¢�£�¤�LWNV�[¢ =8ÛG1\7@3;�h1\/>UTD ² F21K= ² 34b`5C][5C-07�3<7;DV589 ² Fo1C/J5C7#lw]T9.3<]T98987:F ² 5C/>]TD'��/J5C-v5C-E]V1C7�lw98]TZ�5C-E7NAOBS{WB�V� ² Dc5C7;D0D ² 1:·QW�l 587:9�987:^_/>7:��/>D0Ua7 Ù />1\5C/>D0U`5C7@34-0D0]VFJ]VUT/>7;1;µV58-07j]TDEFJR ¶ 9 ² 3�5C/23 ² Fu34-0]T/23<7B/21.5C]a¸E1C7�7 Ù />1\5C/>D0U'] ¶ 5C/23 ² FdE=o7:9@·XpM¸0/>F>³6/>D0UP]V¸09X]L��D�d?=?7;9XD07:5t�h]V9Cb ² 5��GiV¥ � ]T9#Za]T987 ¶ 7;9#Za/>FJ7�5C]P987:Za]G587�1C/I587;1 ² 9C]V¸0DE³�«�7;� � 7 Ù /23<]P/21�58]_]
Ü'�{ã@ä��Yätàìßáê�éqå4ë�â�ãYßáà�äT�;â�ätél�Yä'� ïtå�é]ÜLê�îYçµ�8âìßáå�éqßáà�â�ãYä'à�îYæW� ätïtâ[å4ë������O¶���ä'��å�à�� Ä ½��]½ß�4él� ¦�« ½��{ãYßáï�ã����\ð	æGä`ëJå�îYél�<�8âã<â�âQ V� �����c�c��¹ �4å:ï�¹ éYçr�4ål¹ ä'�Yî��8ätè`� ���³��ä'��å��áßáà�â,¹ àìã<âµ���
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7 Ù6¶ 7:DE1C/>^T7Ty� �Li � � lw]T9B=0¸098/ ² F�3:]V1\581 ² F>]TD07Vµ?³67 ¶ 7;DE³6/>D0Us]VDk5C-07�5C7;9C9 ² />Du·�Ú.-_¸E1�]V¸09 ²T¶0¶ 98] ² 34- - ² 1�=o7:7;Dk5C] ³67;1C/>UTD5C-E7 ² 989 ² R ² 9C]V¸0DE³v5C-E7�FJ]63 ² 5C/>]TD?1�]GlQ7 Ù /21t58/JDEUadE=?7;981X]L��D07;³ =_RsF>]63 ² F�5C7;FJ7 ¶ -0]TDE7�3<]VZ ¶?² D0/>7;1;µ0��-0/234-k�h7j- ² ^T7�lw]T¸EDE³² 987B��/JF>FJ/>D0U`5C]']��o7;9.^T7:98R'UT]_]6³v9 ² 5C7;1hlw]V9�FJ7 ² 1C/JD0U[5C-E7jD07;3:7;181 ² 9CR'= ² DE³6��/2³_5C-{·AÚ.-07;1C7j3<]TZ ¶E² D0/>7;1M]Gl 587:D�- ² ^T7B7 Ù 3:7;181dE=o7:9`/JDg5C-07vUT98]T¸0DE³ ³0¸07P58]k5C-07 Za/JDE/JZ[¸0Z ¶ 9 ² 3�58/>3 ² Fh1C/ ¤ 7P]Tl ² dE=o7:9`=0¸0DE³6F>7 ² ^ ² /JF ² =EFJ7P3:]TZaZa7:943</ ² F>FJRV·kz|Dg9C¸E9 ² F² 987 ² 1:µV��-07:987�58-07:/>9.1\7;9C^_/23<7�/21h1C¸0=E1C/2³6/ ¤ 7;³s=cR`58-07XUV]L^T7:98D0Za7:Dc5@µG5C-E7;1C7B3:]TZ ¶E² DE/J7@1A- ² ^V7�¸0D_¸E1C7;³adE=o7:9�1\5C9 ² DE³E1A��-0/234-5C-E7:R ² 9C7B¸0D0F>/JbV7:F>R'5C]`7:^V7:9.¸E1C7T·AÚ.-07;R ² 987X58-07:987<lw]V9C7B��/>FJF>/JDEU[58]aFJ7 ² 1C7X58-07;1C7j³ ² 98badE=o7:941Mlw]T9 ² � � ��RT7 ² 9 ¶ 7;9C/>]6³'5C]a¸E1² 5�Z[¸E34- FJ]L�M7:9�3<]c1t541M5C- ² Dk3<]TZ ¶E² D0/>7;1.��/J5C-0]V¸65X1\¸E=E1\/2³6/>7;1���-E]`]L��DvdE=o7:941�/>D Za]V9C7j3<]VZaZ`7;983:/ ² FJF>R'^_/ ² =0F>7j9C7;UT/>]TDE1;·z|D 5C-0/21 ² 9C9 ² D0UV7:Za7:Dc5@µc�M7���/JF>F ¶ 98]L^_/>³07 ² DE³vZ ² /JDc5 ² />Dv58-07j7:F>7;3<5C98]TD0/23:1.��-E/>34-k1C7:DE³s5C-07�1C/>UTD ² F>1M58-09C]V¸0UT-v5C-E7�dE=?7;981= ² 34bv58] 5C-07a3<7;DV589 ² FQ3<]T98987:F ² 5C]V9 ² 5#58-07'3<7:Dc589 ² F�NKO#S{W�1C/I587T·�sx-E/JF>7�58-07'3<]c1t5�]GlA58-07a9C7@rc¸0/J987;³e7:F>7;3<5C98]TD0/23:1Xlw]T9B5C-E7dE=o7:9K5C9 ² DE1CZa/>181\/>]TDa/21K1\5C/>FJF ² 1C/JUVD0/Jd?3 ² DV5 ¶?² 9C5K]GlH5C-E7 ¶ 98]G�t7@3�5;µT5C-0/21 ²G¶0¶ 98] ² 34-[- ² 1A987;³0¸E3<7@³`5C-07#] ¶ 7:9 ² 5C/>D0U�3:]V1\581Q=_R ²l ² 3<5C]V9M�� � =?7;FJ]L� ]G58-07:9 ²G¶0¶ 98] ² 34-07;1ª�M7�- ² ^V7�3<]TD?1\/2³67:987;³ ² DE³ ² l ² 3<5C]T9K]Gl��� �T� =o7:F>]L� 58-07X1\5 ² DE³ ² 94³[5 ² 9C/#�vF>7:^V7:F21¶ 7:9�=0/J5X34- ² 9CUV7;³'lw]V9�]T94³6/>D ² 98R ²G¶0¶ FJ/23 ² 5C/>]TDE1;· 5 ¶ 7;9 ² 5C/>]TD ² FH3:]V1\581;µ6/JD?3<F>¸E³6/>D0U`dE=?7;9�987:Dc5 ² F�µ ² 9C7BUT/>^T7;Dv/>Defh- ²G¶ 587:9#�6·Ú.-07�³67@3</21\/>]TD[5C]j¸658/JF>/ ¤ 7�3<]VZaZ`7;983:/ ² FcdE=?7;9Qlw]T9A³ ² 5 ² 589 ² DE1\Za/21C1C/>]TD�Z ² bT7;1�58-07�F>]_3 ² 58/J]VD�]GlH7 Ù /21t58/JDEU#d?=?7;9A9C]V¸65C7@1 ²Z ² �t]V9A3<]TD?1t589 ² /JDc5Q]TD`5C-E7�FJ]63 ² 5C/>]TD`]Glo5C-E7X« � WX9C9 ² R�1C/I587;1;·�WX^ ² />F ² =0/JF>/J5tR�]Glo5C-E9C7;7 ¶ - ² 1C7 ¶ ]L�h7;9Q/>1 ² F>1C] ² 3<]VDE1t589 ² /JDc5@µ² 1��M7h��/21C-�58] ² ^V]T/2³�5C-07.D07;7;³�lw]T9ª98¸0D0D0/>D0UB]TD6�|1\/J5C7MUT7;D07:9 ² 58]T941:µ@7 Ù 3:7 ¶ 5ªlw]T9ª7;Z`7;9CUV7:DE3:/J7@1:· ¦ /JD ² FJF>Rj�M7hD07;7;³[FJ]63 ² 5C/>]TD?1��-0/234-	- ² ^V7[1C7:^T7;9 ² F ² ^ ² />F ² =0F>7 ¶ />7;3:7;1#]GlAF ² DE³e��/I58-0/JDe5C-07 ² 3;3<7 ¶ 5 ² =0FJ7[9 ² ³6/>¸E1�]TlA5C-07`D0]VZ`/>D ² F�1C/I587�F>]63 ² 58/J]VD	��-0/234-�M7�3<]V¸0F>³�¸?1\7jlw]V9�58-07 ¶ 98]G�t7@3�5@µE/>D	]T94³67:9�5C] ¶ 7:98Za/I5#5C-07 ¶ ]c1C1C/J=EFJ7�¸?1\7�]TlAZ�¸0FJ5C/ ¶ F>7[1CZ ² F>F ² Dc587:D0D ² 1:µ ² DE³ lw]V9�lw¸658¸09877 Ù6¶E² DE1C/J]VD ¶ ]V181\/>=0/>FJ/J5C/>7;1;· sm7k- ² ^T7 ² ^T]V/>³67@³�1C/I587;1a��/J5C- ² D_R�1C7:98/>]T¸E1 ¶ ]G5C7;Dc5C/ ² F ¶ 98]T=EFJ7;Za1[58- ² 5P�M7k3 ² D /2³67:Dc58/IlwR���������>µ�7:D_^_/>9C]VD0Za7:Dc5 ² FX/21C1C¸07;1;µX-E/JUV-¬F>]_3 ² F ¶ ] ¶ ¸0F ² 58/J]VD¨³67;DE1\/J5tRTµ ¶ ]T5C7;DV58/ ² F�9 ² ³6/J]�/JDc5C7;9\lw7;9C7;DE3<7VµXD07 ² 98=_R Za/>FJ/J5 ² 9CR² 3<5C/>^_/I5tRVµ67<583@��·
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NMA+Y27; 12 hour synthesis; 1.2 <    < 2.0 GHz; robust = -2; Area = 170,000
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Declination

Filled = BW Synthesis
Empty = No BW Synthesis  
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NMA+Y27; 12 hour synthesis; 1.2 <    < 2.0 GHz; robust = -2; Area = 18,000

80 50 30 15 5 0 -5 -15 -30
Declination

Filled = BW Synthesis
Empty = No BW Synthesis  
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tNMA+Y27; 12 hour synthesis; 1.2 <    < 2.0 GHz; robust = -2; Area = 1,600
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Declination

Filled = BW Synthesis
Empty = No BW Synthesis  
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NMA+Y1; 12 hour synthesis; 1.2 <    < 2.0 GHz; robust = 2; Area = 29

80 50 30 15 5 0 -5 -15 -30
Declination

Filled = BW Synthesis
Empty = No BW Synthesis  
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NMA+Y27; 12 hour synthesis; 1.2 <    < 2.0 GHz; robust = -2; Area = 18,000

80 50 30 15 5 0 -5 -15 -30
Declination

Filled = BW Synthesis
Empty = No BW Synthesis  
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NMA(-2)+Y27; 12 hour synthesis; 1.2 <    < 2.0 GHz; robust = -2; Area = 18,000

80 50 30 15 5 0 -5 -15 -30
Declination

Filled = BW Synthesis
Empty = No BW Synthesis  
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V vs U for DCON-10-SNAP.UVMOD.1   Source:
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� Ú.-07 � � fx/>Dc5C7;9\l ² 3<7#5C]a5C-E7
sxz�t�WQu 3<]V9C987:F ² 58]T9�� 58-07�OX/>9C5C¸ ² F�fh]T989C7;F ² 5C]T9Mz|Dc5C7;9\l ² 3<7@�hZ[¸E1t5�=o7j7 Ù6¶E² DE³67@³P58]² 3:3:]TZaZa]6³ ² 587X58-07 � b ¥`³6/21CbP9C7@3<]V98³6/>D0Ua1\R61\5C7;Z��t�V· � ¦ Ú�NQ��RT7 ² 9���·
� Ú.-07[3:¸09C987:Dc5BO#S{p.W�3<]V9C987:F ² 58/J]VD�1C¸ ¶0¶ ]T9C5j1\]Tl 5t� ² 9C7s� �t]T=q3<]TDc589C]VF�µH1C3:9C/ ¶ 5�3<]TD?1t589C¸E3<5C/>]TDuµH7:583G·á�eZ�¸E1\5B=o7a3<]TD0�^T7:9C5C7@³'lw]V9�5C-07
sxz�tXWQu 3<]V9C987:F ² 58]T9��w¡E· � ¦ Ú�NQ��RT7 ² 9814��·
� z|De]T94³67;9#58]v987;³0¸E3<7`5C-E7`D_¸0Z[=?7;9�]Glh] ¶ 7;9 ² 5C]V981;µH] ¶ 7:9 ² 5C/>]TD ² F�5C]_]TF21B=?7;RT]TD?³k5C-E]V1C7a3:¸0989C7;DV58FJR ² ^ ² /JF ² =0F>7�Z[¸E1\5=?7 ¶ 98]L^_/>³07;³'58]'9C7 ² F>/ ¤ 7X58-07 ¶ ]G5C7;Dc5C/ ² Fu/>Z ¶ 9C]L^V7:Za7:Dc541h/>D�7�}P3</>7:D?3<Re� ¡E· � ¦ Ú�NA�ìRV7 ² 9414��·
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Ú.-07.]��'/>D07�3<]VZ ¶ ¸65C/>D0U�9C7@rc¸0/J987:Za7;DV541�lw]T9 ¶ 98]63<7;181C/JD0U#5C-E7M-E/JUV-6�ì7;DE³ ¶ 9C]T�t7;3<581ª1\-E]L��D[/>D`Ú ² =EFJ7.¡E·á�#��/JF>F6=o7M^V7:98R�F ² 98UT7
Ls² 9C7@1\¸EFI5�]Gl�5C-E7j-0/JUV-�Z ²GÙ /JZ[¸0Z ³ ² 5 ² 9 ² 5C7'�\�T· �a¢ p�ÛG1\7@3Gµ6F>7 ² ³0/JD0U`58]s¥ � Ú�p�³ ² 5 ² 1\7:5814��µ ² DE³v5C-07j^V7:98RP7 Ù 587:DE1C/J^V7/>Z ² UT7 ¶ 9C]63<7@1C1C/>D0UPD07;7;³67@³�� 5tR ¶ /23 ² FJF>R�¡ �V�T� />Z ² UT7 ¶ F ² D07;1;µH7 ² 34- � �T�V�aÙ � �T�V�a¶ / Ù 7;F>1;µolw]T9B7 ² 34- ¶ ]VF ² 9C/ ¤;² 5C/>]TDuµo��/I58-7 ² 34-	1\¸E=6�ì/>Z ² UV7j9C7@rV¸E/J98/JDEU'Z�¸0FJ5C/ ¶ F>7 ¶E² 1C1C7;1�5C-098]T¸0UV-�5C-07[7:Dc5C/>987�³ ² 5 ² 1C7<54�<·XWM5X58-0/21�58/JZa7Tµo/J5B³6]_7;1XD0]G5 ²G¶0¶ 7 ² 9��M73 ² D ² �o]V98³	5C]�7:D ² =0F>7a1C¸E34- ² 3 ²G¶E² =0/>FJ/J5tRk=_Re� � �Y�6µ�1C] �M7`- ² ^T7[l ² 1C-0/>]TD07@³ ² 1t5 ² UV7;³ ²T¶0¶ 98] ² 34-k= ² 1C7;³m]TD � ]_]T987T~ 1F ² �jµ6��-0/>34- ��/>FJFu7;D ² =EFJ7�58-07�lw¸0F>F{3 ²T¶E² =0/>F>/I5tRP]Tl{58-07 ² 989 ² R`58]'=?7 ² ^ ² />F ² =0F>7 ² 5�9C7 ² 1C]TD ² =0F>7#3<]c1t5�=_R � � �L�_·z|D[5C-07�Za]V1\5A1\/>Z ¶ F>7h587:98Z'1:µV�h7.7 Ù6¶ 7;3<5�58] ¶E² Rj5C-E7�1 ² Z`7 ² Za]V¸0Dc5�� /JD'³6]VFJF ² 941�]GlH³ ² 587@��lw]T9A3:]TZ ¶ ¸658/JDEU ² 5ª5C-07�7;DE³]GlE�K- ² 1C7Qz\zu3:]TDE1\5C98¸E3<5C/>]TDj/>D[� � �;i ² 1{�h7 ¶E² R#lw]T9��K- ² 1C7Qz�/>D[� �V� �h/>D ² Dc5C/23</ ¶E² 5C/>]TDj]Gl658-07h3:]T989C7;F ² 5C]V9;~ 1 ² 989C/>^ ² FG/>D[� �T� �E·Ú.-0/21 ²G¶0¶ 9C] ² 34-j58]B3:]TZ ¶ ¸6587:9Q¸ ¶ UV9 ² ³67;1���/>FJF6¸0DEFJ7 ² 1C-�5C-E7.lw¸0FJF03 ²G¶E² =0/>FJ/J5C/>7;1�]Gl?5C-07�sxz�t�WLu 3<]T98987:F ² 5C]V9{/>DE3<987:Za7;DV5 ² F>FJR=_R	/>Dc^V7;1\5C/>D0U 9C7;UT¸0F ² 98FJRV·[Ú.-07a/>D0/J5C/ ² FQZ ²LÙ />Z�¸0Z�1C¸E1\5 ² /JD07@³e9 ² 587`lw]T9B5C-07P3:]T989C7;F ² 5C]V9X��-07;Dq/J5j/>1j³07:F>/J^V7:987;³m/JD � �V� ���/>FJF�=?7a�T¥ � p�ÛL1C7;3T·�phR 987:/>Dc^V7;1\5C/>D0U'/>De� � �Y��5C-07`1 ² Z`7 ² Za]T¸0Dc5X]TlQ3 ²G¶ /J5 ² F{/>D_^T7;1\5C7@³ lw]T9X�K- ² 1C7jz./JDq� �T� ��� �_� � ��µ�M7`��/>F>FQ/JDE3:9C7 ² 1C7�58-07'Z ²LÙ />Z�¸0Z�1C¸E1\5 ² /JD07@³m³ ² 5 ² 9 ² 587`=_R ² Dm]V98³07:9�]GlMZ ² UTD0/J5C¸?³67`5C]	�T¥ � � p�ÛG1\7@3G·aÚ.-0/>1�/>1j1\5C/>FJF1C-0]T9C5X]GlQ58-07�lw¸EFJF�9 ² 5C7�]V¸65#]TlQ5C-07`3<]V9C987:F ² 58]T9@µ6��-0/>34-e=cRv5C-E/>1#FJ]VUT/23�1C-0]T¸0F2³k=o7 ² 34-0/J7;^ ² =0F>7�=_Rv987:/>D_^T7@1t58/JD0U ² U ² /JDk/>D� � �Y�6·`WXFI58-0]T¸0UV-q5C-0/21 ¶ F ² DnZ ² Re1\7;7:Z�3:]TDE1C7:98^ ² 58/J^V7 � �h7a��/>FJFKrc¸0/J5C7 ¶ ]V181C/J=0F>R	=o7 ² =0F>7`5C] ² �o]V98³	5C] ² 9434-0/>^T7a³ ² 5 ²² 5 ² 3:]TDE1C/>³07:9 ² =0F>RP-0/>UT-07;9�9 ² 5C7B5C- ² De�T¥ � � p�ÛG1\7@3B=cR�� � �@�T�<µ_5C-07 ¶ 9C]V=0FJ7;Z ]Gl ¶ 98]L^_/>³6/>D0U`lw¸0F>FI��987;³6¸E3<5C/>]TDk3 ²T¶E² =E/JF>/I5tRlw]T9#5C-E]V1C7�^T7;9CR�³ ² ¸EDV58/JDEUs]T=?1\7;9C^ ² 58/J]VDE1�/21 ² 3<]VZ ¶ FJ7 Ù ]VD07Tµ ² D?³��h7[Z�¸E1\5#=o7`3 ² 987<lw¸0F�/JDm��- ² 5B�h7 ¶ 9C]VZa/>1C7���/>FJFª=o77:D ² =0F>7;³v=_R � � �@�0·Ú.-0/21 ²G¶0¶ 9C] ² 34-�]Tlo¸05C/>FJ/ ¤ />D0U � ]_]T987T~ 1ªF ² ��/21Q]Gl�3<]V¸0981C7.D0]G5ADE]L^T7:F L Z ² D_R�]T5C-07;9A/>DE1t589C¸EZ`7;Dc581;µG/JD?3<F>¸E³6/>D0U�WXS � W�µ��-0/234-���/JF>FuUT7;D07:9 ² 587j³ ² 5 ² = ² 1\7@1h]Tl�Z[¸0FJ5C/J��Ú�p¨1\/ ¤ 7 ² 987�/JZ ¶ F>7:Za7;DV58/JDEUa5C-07�1 ² Za7 ²G¶E¶ 9C] ² 34-v]Gl ² 1\5 ² UT7@³s/>DE3<987 ² 1\7�/>D5C-E7:/>9X³ ² 5 ²`¶ 9C]6³6¸?3�5C/>]TD{µ ² 9434-0/J^_/>D0U ² DE³v9C7@³6¸E3<5C/>]TDk3 ²T¶E² =0/>F>/I58/J7@1:·WX3;3<]VZ`Za]6³ ² 5C/>]TDg]TlX5C-E7v^V7:98RqF ² 98UT7 ³ ² 5 ² 9 ² 587;1;µK³ ² 5 ² ^T]TF>¸0Za7;1;µ ² D?³ 183 ² FJ7v]GlX]��a/>D07 ¶ 98]63<7;181C/JD0Ue��-0/>34- 5C-E7NAOBS{W ��/>FJF�UV7:D07;9 ² 5C7���/>FJFu987;rc¸0/>987Ty
� fh]TDc5C/>D_¸ ² FH/>Dc^V7;1\5CZa7:Dc5�/>Dv7 Ù6¶E² DE³0/JD0U`58-07 ² 9434-0/>^c/>D0Ua3 ²T¶E² =0/>F>/I58/J7@1M5C]'Za7:7:5�5C-07j/>DE3<987 ² 1\/>D0Ua³ ² 5 ² ©E]L� 	
� W ¶ 9C]VUT9 ² Z!]GlQ3<]VDc5C/>Dc¸E]T¸E1M¸ ¶ UV9 ² ³6/>D0U[]Tl�58-07j]��'/>D07 ¶ 98]_3:7;181\/>D0U'3 ²T¶E² =E/JF>/I58/J7@1 ² 5.5C-E7j]T=E1C7:98^ ² 5C]V9CR�	
� W�D�]��'/JD07 ¶ 98]_3:7;181\/>D0Ue1C]Gl 5t� ² 987 ¶E² 34b ² UT7v3 ²G¶?² =0F>7s]Tl�- ² DE³0FJ/>D0U	58-07�³ ² 5 ² ^V]TF>¸0Za7;1 ² DE³�183</>7:Dc58/Id?3s/JZ ² UT/>D0U9C7@rV¸E/J987:Za7:Dc541h]Tl�58-07 ² 989 ² R 	
� W�^_/JUV]T98]T¸E1 ² DE³'�M7:F>FI�ìlw¸0DE³07;³'987;1C7 ² 9834- ² D?³'³67:^V7:F>] ¶ Za7:Dc5 ¶ 9C]VUT9 ² Z�lw]V9KF ² 98UT7:��183 ² FJ7./>DV587:9Clw7:98]TZa7<589C/23�/>Z ² UT/>D0U?·
Ú.-07 ¶ F ² DED07;³�/>Z ¶ 9C]L^V7:Za7:Dc541H5C] ² 3:3<]VZaZ`]6³ ² 5C7ª58-07A/>DE3<987 ² 1\7@³B³ ² 5 ² ©?]L� ² 9C7Q³67@1C3:9C/>=o7;³�/>D�5C-07 ¶ 9C7@3<7;³0/JD0U�1C7;3<5C/>]TDu·Ú�] ² 3;3<]VZ`Za]6³ ² 5C7P58-07�/JD?3<987 ² 1C7;³�1C3 ² F>7s]GlB]��'/>D07 ¶ 9C]63<7@1C1C/>D0U	987;rc¸0/>9C7@³ =_Rn5C-07k«QuXW�5Û1t5 ² � ² D?³g^_/>1C/J5C]T941;µ ²=0¸E³0UT7<5B]Gl �Li �T�V� - ² 1�=o7:7:D ² F>FJ]63 ² 5C7@³�/JD�58-0/>1 ¶ 98] ¶ ]V1 ² Fì·�W�l 5C7;9X58-0/21X/>D0/J5C/ ² F�/JD_^T7@1t58Za7:Dc5;µ ¶ ]c1t5 ¶ 9C]63:7;181\/>D0UP3<]VZ ¶ ¸65\�/>D0Ue1C¸ ¶0¶ ]T9C5�lw]T9�=o]G58-�1\5 ² � ² DE³n^_/21\/J5C/>D0Ue183</>7:Dc58/>1\581�/>1[3<]TD?1\/2³67:987;³ ² 1 ² D ] ¶ 7;9 ² 5C/>]TDE1j/2181\¸07Vµ ² DE³n/21 ² ³E³69C7@1C1C7;³q/>Dfh- ²T¶ 5C7;9#�_·Ú.-07P«Lu�W�5 3:¸0989C7;DV58FJRm- ² 1j5t�h]k1C]Gl 5t� ² 987a3:]6³67'= ² 1C7;1;µ ������ ² D?³ ���������� µ���-0/234-g3 ² D ¶ 7;9\lw]V9CZ�Z ² D_R	]Gl.5C-E7² F>UT]V9C/J5C-EZa1 ² DE³s/JZ ² UT7 ¶ 98]63<7@1C1C/JDEU�987;rc¸0/>9C7@³`lw]T9.1\/>D0UTF>7�d?7:F2³P]T=?1\7;9C^ ² 58/J]VDE1A��/J5C-E]T¸65 ² ³0³0/I58/J]VD ² FoZa]_³0/Id?3 ² 58/J]VDu·QÚ.-0/>1¶ 98]L^_/>³67@1 ² UT¸ ² 9 ² DV587:7@³nFJ7;^T7:FM]GlXlw¸0DE3�58/J]VD ² F>/J5tR ² DE³ ¶ 7:9Clw]T98Z ² DE3:7'5C- ² 5a��/JF>F ² 3:3:]TZaZa]6³ ² 587sZ ² D_Rn]Gl�58-07 NKO#S�W]T=?1\7;9C^_/>D0U[Za]6³67@1:·
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�A- ² 1C7`zCz�- ² 1 ² ³0³6/J5C/>]TD ² FK34- ² FJF>7:D0UV7;1���-0/234- =098/JDEUkD07:�!³67;Z ² DE³01j]VDq5C-07s1C]Gl 5t� ² 987 ² DE³n- ² 94³6� ² 9C7[lw]T9�]��'/JDE7¶ 98]63<7;181C/JD0U?·hÚ.-07�F ² 9CUV7:9�³ ² 5 ² ^T]VFJ¸EZ`7@1���/>FJF�9C7@rV¸E/J987 ² -0/>UT-�FJ7;^T7;Fu]GlA183 ² F ² =E/JF>/I5tRv/JD�58-07�3:]TZ ¶ ¸658/JD0Us9 ² 5C7;1Mlw98]TZ�5C-E7¸0DE³07:98FJR_/>D0U 1C]Gl 5t� ² 987TµH��-0/>F>7`DE7:� ² FJUV]T98/I58-0Z'1B��/JF>FQD07:7@³	58]v=o7P³67;^T7:F>] ¶ 7;³	lw]T9 ² D ² F>R ¤ /JDEUs58-07aF ² 9CUV7<�|1C3 ² F>7�/JZ ² UT/>D0U7 Ù6¶ 7:98/JZa7;DV541 ² Dc5C/23</ ¶E² 5C7;³u·Ú.-07�183 ² F ² =0/JF>/J5tR[³67;Z ² DE³01A3 ² Da=o7XZa7<5A58-098]T¸0UV- ¶?² 9 ² F>FJ7;F ¶ 9C]63:7;181\/>D0U ² F>]TD0Uj��/J5C-'7/}P3</>7:Dc5h1\5C]T9 ² UV7 ² DE³ ² 3;3<7@1C1�58]³ ² 5 ² ·ªW¬³07;3<]V¸ ¶ F>/JDEU�]GlH58-07XF>]TUV/>3 ² F6lw]V9CZ�]GlH58-07#³ ² 5 ² � 5C-E7#³ ² 5 ² Za]6³67:F �ªlw98]TZ 5C-E7 ¶ -_R61\/23 ² F?1\5C]V9 ² UT7�987 ¶ 987;1C7:Dc5 ² 5C/>]TD/21A/>Z ¶ ]T9C5 ² Dc5K5C]�7:D ² =0FJ7#1C3 ² F ² =0F>7X1\5C]T9 ² UV7.Z`7@34- ² DE/>1CZ'1:·�t ² 5 ²�¶E² 9 ² F>FJ7;FJ/21CZ 3 ² D'=?7#7 Ù6¶ F>]T/J5C7@³`5C] ² FJF>]L� D07 ² 9CF>R[F>/>D07 ² 9183 ² F>/>D0U[]Tl ¶ 7:9Clw]T98Z ² DE3:7#��/J5C- 5C-E7jDc¸EZ�=o7:9�]Gl ¶ 98]_3:7;181\]V981h/>D ² 3<F>¸E1\5C7;9;·Q� ² 9 ² F>F>7:F ² F>UT]T98/J5C-0Z'1.3 ² Dv=o7j¸E1C7;³s5C]'1 ¶ 7:7@³¸ ¶ 58-07jZa]V1\5X3<]TZ ¶ ¸05 ² 58/J]VD ² F>F>Rs/>DV587:DE1C/>^T7 ² F>UT]V9C/J5C-EZa1.1C¸E34- ² 1 ¦ª¦ Ú�1 ² DE³k³67;3:]TD_^T]VFJ¸05C/>]TDE1;·Qz|Z ¶ 9C]L^_/>D0U`5C-07j]L^V7:9 ² F>F¶ 7:9Clw]T98Z ² DE3<7j]Tlª5C-07`³ ² 5 ² 1t58]T9 ² UV7a� � �����>µo5C]PZa/>D0/>Z`/ ¤ 7�5C-07�z�Û 5 ¶ 7;9�©E] ¶ 1\/>DE3:7j5C-0/21B³6]_7;1CDu~ 5B1C3 ² F>7 ² ³6^ ² Dc5 ² UT7;]T¸E1CF>R��/J5C- � ]_]T987T~ 1ªS ² �X� ² DE³�5C-E7�7�}P3</>7:DE3:R�]Gl�³ ² 5 ²�² 3;3<7;181.� 58¸0D07;³[58]�5C-07�9 ² D0UV7h]Tl ² 3:3<7@1C1 ¶E² 5\587:98DE18����/>F>F ² F21\]�UT7;D07:9 ² F>F>R/>Z ¶ 9C]L^V7X58-07j- ² D?³6FJ/>D0Ua]Glª^T7;9CR'F ² 98UT7j³ ² 5 ² ^T]VFJ¸EZ`7@1:·Ú.-07 � ��������� 5 ² =0F>7#1CR_1\5C7;Z!� ² 1K³67@1\/>UTDE7;³a58] ² 3;3<]VZ`Za]6³ ² 5C7�58-07#-E/JUV-07:9.³ ² 5 ² 9 ² 587;1A]Tlulw¸658¸09C7#/JD?1t589C¸0Za7;DV541:µ ² DE³- ² 1Blw7 ² 58¸0987;1B5C]k1C¸ ¶0¶ ]T9C5�5C-0/21 	ª-0]L�M7:^V7:9@µ ² ³0³6/J5C/>]TD ² FQ�M]T98bk��/JF>FA=o7'D07:7@³67;³m5C]�7;D ² =0F>7a7�}P3</>7:Dc5 ¶E² 9 ² FJF>7:F ² 3:3<7@1C1#58]1C- ² 987;³�³ ² 5 ² 1\5C98¸E3�58¸0987;1�� ² Za]_³0/Id?3 ² 58/J]VDk]Glª5C-07[7 Ù /21t58/JD0U � 7 ² 1C¸0987:Za7:Dc5��_7<5���µ?5C]P7 Ù_¶ FJ]V9C7 ² DE³�7 Ù6¶E² DE³v5C-07[^ ² 9C/>7<5tR]GlM3<]TZ ¶ 987;181C/J]VD ² F>UT]T98/J5C-0Z'1 ² ^ ² /JF ² =EFJ7Vµ ² DE³k58]v³67;^T7;FJ] ¶ -07;¸09C/21\5C/23:1Xlw]T9j³ ² 5 ²s² 3:3<7@1C1X5C¸ED07;³e5C]�3<]VZ`Za]VD	¸E1C7`3 ² 1C7;1;·N �H]T9C581./>D 5C-07@1\7 ² 9C7 ² 1M��/>FJFu]63;3<¸09�/>Dk1\¸ ¶E¶ ]V9\5�]Tlª�K- ² 1C7�z ² DE³vW#S � W ¶ 9C/>]T9M58]P�A- ² 1\7�z\z 	E-0]L�h7;^T7;9;µ_�M7 ² Dc5C/23</ ¶E² 5875C- ² 5 ² ³0³0/I58/J]VD ² F�987;1C]T¸0943<7@1A��/>FJF{=?7�987;rc¸0/>9C7@³'5C]a987 ² FJ/ ¤ 7#5C-07@1\7�34- ² D0UT7@1Klw]V9��A- ² 1\7Bz\z�·]sq7j- ² ^T7B=0¸E³0UT7<587;³§�0· � ¦ Ú�NA�RT7 ² 941M]Gl�3:]TZ ¶ ¸658/JDEU ¶ 7;981C]TD0DE7:F��M]T98bc/>D0U`/JD 58-07;1C7 ² 987 ² 1h58]'Z`7;7<5�58-07;1C7j³67:Z ² D?³01�/>D �K- ² 1C7�z\z�·W ¶ 98]TUV9 ² Z§]Gl.987;1C7 ² 9434- ² DE³ ³67;^T7;FJ] ¶ Za7:Dc5�]Gl�D07;� ² FJUV]T98/I58-0Z'1�lw]T9�F ² 9CUV7<�|1C3 ² F>7[/>Dc5C7:9Clw7:98]TZa7:5C98/>3a/>Z ² UT/>D0Uk��/>FJF=o7P¸0DE³67;9\5 ² bV7:Dn=_R	5C-E7s«Qu�W�5[·�W ¶E² 9\58/ ² FQFJ/21t5[]Gl.5C-07 ² 987 ² 1�DE7:7;³0/JD0U	³07:^T7;FJ] ¶ Za7:Dc5�/21�UT/>^T7;Dm/>D fh- ²T¶ 5C7;9�¡E· ¦ ]V95C-E/>1;µ{�M7 ¶ F ² Dm5C]	³67;^T7:F>] ¶n² D ²G¶E¶ FJ/23 ² 5C/>]TD ³67;^T7:F>] ¶ Z`7;Dc5B587 ² Z§FJ7@³q=cR ² 1C3:/J7;DV58/>1\5;µ ² DE³mlw¸0D?³m/J5jlw]T9�5C-07P³6¸E9 ² 5C/>]TD]Glh5C-07 ¶ 98]G�t7@3�5@·�sm7a- ² ^V7 ² FJF>]63 ² 587;³�� � · � ¦ Ú�NA�ìRV7 ² 981�lw]T9B5C-0/21�/>De58-07a=0¸E³6UV7<5;·`Ú.-0/21B5C7 ² ZÊ��/JF>FQ�M]T98b�1 ¶ 7;3</Jd?3 ² F>FJR]TD�5C-07�/21C1C¸07@1�987:F ² 587;³ 58]e58-07�/JZ ² UT/>D0Ue987;rc¸0/>9C7;Za7:Dc581�lw]T9`5C-E7 NKO#S{W L Z`]c1t5 ¶E² 9\58/>3:¸0F ² 9CF>Rn/JD 5C-E7 ² 9C7 ² ]Gl#-0/JUV-³6R_D ² Z`/23`9 ² D0UT7Vµ���/>³07<�ìdE7:F2³�µu-0/>UT-0�ì= ² DE³6��/2³_5C-q9 ² 5C/>] /JZ ² UV/JDEUE·aÚ.-07 ² F>UT]T98/J5C-0Z'1�³67:^V7:F>] ¶ Za7;DV5B5C7 ² Z§��/>F>FAD07:7@³e/J581]L��D'³67;³0/>3 ² 5C7@³P3<]VZ ¶ ¸65 ² 5C/>]TD ² F0987;1C]T¸0943<7@1:µ ² DE³ �Li �T� lw]T9 ² Za]6³67@1t5.1\/ ¤ 7@³'ph7;]L��¸0FJlH3:FJ¸E1\5C7;9K/21A=0¸?³6UT7:5C7;³`58]�1C¸ ¶0¶ ]T9C55C-E7j�h]V9Cb']Tl�58-0/>1�/JZ ² UV/JDEU`³67;^T7;FJ] ¶ Za7:Dc5.5C7 ² Z�·Ú.-07 ���������� lw]T98Z ² FJ/21CZ�1\¸ ¶E¶ ]V9\541�©E7 Ù />=0FJ7�3 ² F>/J=09 ² 58/J]VD ² D?³�/>Z ² UT/>D0U#5C7@34-0D0/2rV¸E7;1ª��-0/234-`3 ² D[=?7.7:Z ¶ F>]LRT7@³�]L^V7:9 ²9 ² D0UV7�]Gl�/JD?1t589C¸0Za7;DV541 ² DE³a7 Ù6¶ 7:98/JZa7;DV541:·QÚ.-07X9C7@1\7 ² 9434- ² DE³P³67;^T7:F>] ¶ Z`7;Dc5Qlw]T9A58-07XF ² 98UT7:��183 ² FJ7./>Z ² UT/>D0U ² FJUV]T98/I58-0Z'1987;rc¸0/>9C7@³`lw]T9hNKO#S�W¬�A- ² 1C7�z\zA3 ² DP=o7#³67;^T7;FJ] ¶ 7@³a¸ ¶ ]VDP58-0/>1Klw]T¸EDE³ ² 58/J]VDuµc=0¸65 ² ³0³6/J5C/>]TD ² FE987;1C]T¸E983:7;1Q��/>FJFoD07;7;³a58]�=o7³67@³6/>3 ² 587;³�58]s58-0/>1#7 �H]T9C5;·�W�lw¸09\58-07:9 ² 987 ² ]GlQlw]63<¸E1B��/>FJF�=o7`³67;^T7;FJ] ¶ Za7:Dc5#]Tl ¶E² 9 ² F>FJ7;F ² FJUV]T98/I58-0Z'1�5C]v9C7 ²G¶ 58-07�lw¸EFJF=o7:D07:d0581K]Glo5C-07�3:FJ¸E1\5C7;9K3<]VZ ¶ ¸65C/>D0Uj- ² 98³0� ² 9C7 ¶ F ² D0D07@³[lw]T9K�K- ² 1C7.z\z�·TW�3:]TF>F ² =?]V9 ² 5C/>]TD[��/I58-a5C-07�«�f.�6W ² D?³`«Lu�W�5- ² 1 ¶ 98]L^c/2³67@³ ² D'7 Ù6¶ F>]T9 ² 58/J]VD`]Tl ¶E² 9 ² F>FJ7;FJ/ ¤ 7@³�/>Z ² UV/JD0U ² FJUV]T98/I58-0Z'1Q��/J5C-0/>D'5C-E7 ���������� ¶E² 34b ² UT7V·�Ú.-07�7 �o]V9\5h/JDa58-0/>1987;1 ¶ 7@3�5�/>1X3<]TDc5 ² />D07;³v��/I58-0/>Dv58-07'� � · � ¦ Ú�NQ��RT7 ² 941K=0¸?³6UT7:5C7;³vlw]V9.5C-07 ²T¶0¶ F>/>3 ² 5C/>]TD�³67;^T7:F>] ¶ Z`7;Dc5M587 ² Z ·Ú.-07#bT7:Ra- ² 98³0� ² 9C7�987;rc¸0/>9C7;Za7:Dc581 ²G¶0¶ 7 ² 9K�M7:F>F?Za7<5.=_R`5C-07B/JZ ¶ 98]L^T7;Za7:Dc581K/JZ ¶ F>/>3:/I5./>D � ]_]T987T~ 1AF ² �j·QÚ ² =0FJ7�¥6· ¡1C¸0ZaZ ² 9C/ ¤ 7@1M5C-07�1C/J5C¸ ² 5C/>]TDu·
Ú ² =0F>7�¥6· ¡EyA� � ��v  qº[`^ �  klq �zYO[`[]\bZ��<f|YOhji \bkMYVm YVZn^][
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z|D�58-0/21�5 ² =EFJ7VµL5C-07�³ ² 5 ² 9 ² 5C7M/21{58- ² 5Arc¸0]T5C7;³[/>D`Ú ² =0F>7M¡E·á��lw]V9�58-07�1t5 ² UV7;³�³07 ¶ F>]LR_Z`7;Dc5�]TlE5C-E7.3:]T989C7;F ² 5C]V9;~ 1u]V¸65 ¶ ¸053 ²T¶E² =E/JF>/I5tRV·�Ú.-E7 �CWX^cU?·ªfh]VZ ¶ ¸65C7Qu ² 5C7 ��/>1A= ² 1C7;³a]VD[58-07�Za7<589C/23.]GlQ� �T� 5C]P� �T�V�T� ©E] ² 5C/>D0U ¶ ]V/JDc5A] ¶ 7;9 ² 5C/>]TDk� ©E] ¶ 14�¶ 7:9�©?] ² 58/JDEU ¶ ]V/JDc5#^ ² FJ¸07�9C7@rV¸E/J987;³v5C]s/JZ ² UV7�9 ² ³6/>] ² 1\5C98]TD0]VZ�Rs³ ² 5 ² ��/J5C- ² D ² ³E³6/I58/J]VD ² F�Z�¸0FJ5C/ ¶ F>/>3 ² 58/J^V7jl ² 3<5C]T9X]Gl� �V� 5C]P987 ¶ 987;1C7:Dc5.5C-E7�Z ² UTDE/Id?3 ² 58/J]VD ]Tl ¶ 9C]63:7;181\/>D0U'³67:Z ² DE³01.58]P7:D ² =0F>7 ² 3:3:7 ¶ 5 ² =0F>7�5C¸E9CD ² 9C]V¸0DE³v5C/>Za7;1[� 5C-E7�9 ² 5C/>]]Glh]T=E1C7:98^_/JD0Us5C/>Za7[58] ¶ 9C]63<7@1C1C/>D0UP58/JZa7`D07:7@³01B5C] =?7`-0/>UT-q7:D0]V¸0UT-	5C]vl ² 3</>F>/I5 ² 5C7a7 Ù_¶ 7:98/>Z`7;Dc5 ² 58/J]VD ² D?³	/J5C7:9 ² 58/J]VD?��·Ú.-0/21M9C7 ¶ 9C7@1\7;Dc581Q58-07 ¶ 7 ² b'3<]VZ ¶ ¸65C7B9 ² 5C7 L 5C-E7 ² ^T7;9 ² UT7�/21 ² 181\¸0Za7@³a5C][=?7`� �OU ]Tl�5C-0/21M^ ² F>¸07T·QÚ.-07 �8� �T�T� Nhrc¸0/J^H· �3<]VFJ¸EZ`DxDE]T98Z ² FJ/ ¤ 7@1alw¸658¸09C7eRT7 ² 981`58] 5C-E7m1 ² Za7kRT7 ² 9 L � �T�T� ·¨z�5 ³6]_7;1'58-0/21P=_R ³0/J^_/2³6/JDEUg]T¸65s5C-07	/>DE3:9C7 ² 1C7;1'/>D3<]VZ ¶ ¸65C/>D0U ¶ ]L�h7;9�7 Ù6¶ 7;3�587;³ 58]']_3;3<¸09X= ² 1C7;³ ]TD�7 Ù 589 ²T¶ ]VF ² 5C/>]TD ]Gl � ]_]T987T~ 1.F ² �j·KNK1\5C/>Z ² 5C7@1�]GlQ3<]c1t541.lw98]TZ�NKO#S�W� 7;Z`]��`�L¡ ² 9C7��M7:F>F�/JD�F>/JD07j��/J5C- 58-07�3<¸098987:Dc5�1C3 ² F>/JD0U`]GlQ3<]c1t5 ¶ 7:9�9 ² 587B]Tlª3:]TZ ¶ ¸658/JDEU�� �zÛ ¢ ©E] ¶ �<·
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Ú.-07'Z ² �t]V9jZa/JF>7;1\5C]VD07;1Blw]V9j5C-07 ¶ 9C] ¶ ]c1\7@³e= ² 1\7;FJ/>D07'1834-07;³6¸EFJ7 ² 9C7'1C-0]L��Dm/>D Ú ² =0F>7 � ·>�T·PW ¢�² Dc5C5`fh- ² 9C5�lw]T9j58-0/>11834-07;³6¸EFJ7a/21j1\-0]L��Dq/>D ¦ />UT¸0987 � ·>�T· ¦ ]V9B987<lw7;9C7;DE3<7 ¶ ¸E9 ¶ ]V1C7;1;µubT7;R	�A- ² 1\7az ² 3�58/J^_/J5C/>7;1 ² 9C7 ² F21\]k1C-0]L��Du·aÚ.-07'= ² 1\/23² 181C¸0Z ¶ 5C/>]TDE1M58- ² 5�- ² ^T7B=?7;7:D�¸E1C7;³v5C]aF ² RP]T¸65�58-0/21�1C34-07@³6¸0F>7j/JD?3<F>¸E³67�5C-E7�lw]TF>FJ]L��/>D0UEy
��¦ />941t5 ¶ F ² D0D0/>D0U ² DE³m³67:^V7:F>] ¶ Za7:Dc5#lw¸0DE³6/>D0U lw]T9#5C-07 ¶ 98]G�t7@3�5B��/JF>Fª=?7 ² ^ ² />F ² =0FJ7[/JD ¦ � � �T�V� ·�Ú.-07 ¶ 9C]T�t7;3�5B/>19C7 ² ³6R 5C] =o7:UT/>D ² 5B5C-0/21B5C/>Za7T· £ ]L�h7;^T7;9;µ�1C-0]T¸0F2³	/>D0/J5C/ ² Fªlw¸0D?³6/JDEU DE]G5�=?7 ² ^ ² />F ² =0F>7�¸0Dc5C/>F ² F ² 5C7:9B58/JZa7`5C- ² D5C-0/21:µA5C-07k1834-07;³6¸EFJ7 ² DE³�=0¸E³6UV7<5'3<]VDV5 ² />D07;³g/JD 5C-0/21 ¶ 98] ¶ ]V1 ² F.3 ² D 1t58/JF>F.=?7�¸E1C7;³�=_Rg1\F>/ ¶E¶ /JDEUe58-07 1834-07@³6¸0F>7² DE³ =0¸E³0UT7<5 ¶ 9C]TdEFJ7j=_Rs5C-07 ²T¶0¶ 98] ¶ 98/ ² 5C7 ² Z`]V¸0Dc5�]Gl�5C/>Za7T·.Ú.-07�3<]VZ ¶ FJ7:5C/>]TDk³ ² 5C7�lw]T9�5C-07 ¶ 9C]T�t7;3�5��M]T¸EF>³ =o7³67:F ² RT7@³a=cRa58-0/21M1 ² Za7 ² Za]T¸0Dc5M]Glu58/JZa7 ² DE³P5C-07#5C]T5 ² F ¶ 98]G�t7@3�5.3<]V1\5h��/>F>Fo=o7B/JDE3:9C7 ² 1C7;³'=_R`5C-E7 ² Za]T¸0Dc5h]Tlu5C-E73<]V1\5�]Gl�/JD6© ² 5C/>]TD lw]V9.5C-07 ¶ 7:98/J]6³v]Gl�5C-07�³07:F ² RT·
� Ú.-07 ¶ 9C]T�t7;3<5ª��/>F>F6=?7�3:]TZ ¶ F>7<5C7@³ ² 5 ²G¶0¶ 9C] Ù />Z ² 5C7;FJRB5C-E7�1 ² Z`7M58/JZa7 ² 1�58-07��A- ² 1\7B���A98]G�t7@3�5;·�Ú.-0/21ª/>1ª58-07.Za]V1\57�}P3</>7:Dc5�� ² R 5C] />Z ¶ FJ7;Z`7;Dc5#58-07 ¶ 9C]T�t7;3<5#=o7;3 ² ¸E1C7�58-07aZ ² �t]T98/I5tR ]GlK5C-07a7:F>7;3<5C98]TD0/23:1#/21#/2³67;DV58/>3 ² F�5C]��A- ² 1C7�z7:F>7;3�589C]VD0/23:1 ² DE³�3 ² D =?7j=0¸E/JFJ5�]TDv5C-07��K- ² 1C7�z ¶ 9C]6³6¸E3<5C/>]TD FJ/>D07@1:·
� Ú.-0]V1C7Plw7;��³67@1\/>UTD�5 ² 1Cb61[5C- ² 5 ² 9C7 D07:� lw]T9'�A- ² 1\7 z\z[³6]nD0]G5'1t5 ² 9C5`¸EDV58/JF ² l 5C7;9a�K- ² 1C7sz[/>1`/>D /J581`98]T¸658/JDE7/JZ ¶ F>7:Za7:Dc5 ² 5C/>]TD ¶ - ² 1\7j1C]`5C- ² 5�5C-07��K- ² 1C7�zh³67@1\/>UTD 7:D0UV/JDE7:7:941 ² 987 ² ^ ² /JF ² =EFJ7Blw]T9.58-07jD07;�¬�M]T98bo·
� Ú.-07ª5C/>Za7h³6¸09 ² 58/J]VDE1�987;rc¸0/>9C7@³#lw]T9�58-07A^ ² 98/J]V¸E1u3:]TZ ¶ ]VD07:Dc541�]Gl_5C-E7 ¶ 98]G�t7@3�5 ² 987A3<]VDE1C/>1\5C7;DV5u��/J5C-�58-07K7 Ù6¶ 7;9C/>7:DE3:7U ² />D07@³'³6¸098/JD0U�5C-07B]T98/JUV/JD ² F0OBS{W�fh]TDE1\5C98¸E3�58/J]VDP�A98]G�t7@3�5;µT5C-07BO#S�p.W fh]TD?1t589C¸E3<5C/>]TDP�K9C]T�t7;3�5 ² DE³a58-07#NKO#S�W�A- ² 1\7BzM�K9C]T�t7;3<5;·

� º�� � Î��kÃ[Ç.¿
Ú.-07#=0¸E³6UV7<5 ¶ 987;1C7:Dc587;³a-07;9C7�/21Qlw]V9h3:]TDE1\5C98¸E3�58/J]VD']Glu�A- ² 1C7�z\z�· 5 ¶ 7;9 ² 5C/>]TDE1K3<]V1\581K]GlH5C-E7#NAOBS{W ² 9C7XD0]G5 ¶?² 9C5K]Gl�58-0/>1=0¸E³0UT7<5#9C7@rV¸E7;1\5;µ ² DE³ ² 987�1\7 ¶E² 9 ² 587:F>RP7;1\5C/>Z ² 587;³�/>Dmfh- ²G¶ 587:9B�6·MWXFJF�=0¸E³6UV7<5XD_¸0Z[=?7;981�/JD�58-0/>1 ¶ 98] ¶ ]V1 ² F ² 9C7j/>D ¦ �� �V� ij³6]VFJF ² 941;·�Ú.-07B3<]c1t5hlw]T9h5C-07 ¶ 9C]T�t7;3<5h- ² 1A=o7:7:Dv7;1\5C/>Z ² 5C7@³'=_R ¶ 9C7 ¶E² 98/>D0U ² sq]T98b'ph987 ² b6³6]L��DP�c5C98¸E3�58¸0987�lw]T9h5C-E7¶ 98]G�t7@3�5j³67<5 ² />FJ7@³e³6]L��De5C] s�p��eS{7:^T7;Fª¡E·�Ú.-07'S{7:^T7;Fh�`5 ² 1Cboµ�/2³67;DV58/Id?7;³ ² 1#5 ² 1\b � /JDn«QuXW�5[~ 1B]L^T7;9 ² FJF6s�p��Hµ�/>15C-E7�3<]TZ ¶ F>7<587�NAOBS{W �A98]G�t7@3�5;·QÚ.-07�7;FJ7;^T7:D�Su7;^T7;F{�[5 ² 1Cb61 ² 987�1C-0]L��D /JDkÚ ² =0F>7 � ·á�6·Ú.-07#lw¸0F>FuFJ/21\5.]Tl@s�p��'5 ² 1Cb61:µ6³67:5 ² />F>7;³ ³6]L��DP58]aS{7:^V7:FH¡Eµ_/21 ¶ 9C]L^_/2³67;³s/JD�Ú ² =0F>7 t[·>�B/>D�W ¶0¶ 7:DE³0/ Ù t[· ¦ ]V9.7:^T7;9CR5 ² 1\bj/>D�58-07��A98]G�t7@3�5 ² 3<]c1t5ª³ ² 5 ² 1C-07;7<5ª- ² 1�=o7:7:D`UT7;D07:9 ² 587;³�³07<5 ² /JF>/>D0UX58-07 ¶ 7;981C]TD0DE7:FìµLZ ² 5C7;9C/ ² F21eÛG1\7;9C^_/23<7@1 ² DE³�5C9 ² ^T7;F3<]c1t5j7 Ù_¶ 7:D?1\7@1�lw]T9�58-07 ¶ 98]G�t7;3<5j=cReRT7 ² 9;·'Ú.-07@1\7'3:]V1\581 ² 987`5C-07;Dn9C]VFJF>7;³m¸ ¶ 5C] ¶ 98]L^_/>³07�58-07'5C]T5 ² FA3<]V1\5;µ�Ú.-07`5C]T5 ² F3<]c1t5Mlw]T9M58-07 ¶ 9C]T�t7;3�5�³67:5C7:98Za/JDE7;³P/>Dv5C-0/21M� ² RVµc/>DE3:FJ¸E³0/JD0U[5C-E7B98/21\bc��= ² 1C7;³ ² ³Y�t¸E1\5CZa7:Dc581M58] ¶ 9C]T�t7;3�5.3<]c1t541:µ_7 Ù6¶ 987;181C7;³² 1B58-07s3:]TDc5C/>D0UT7;DE3<RVµ{/21�1C-0]L��Dm/>DgÚ ² =0F>7 � · i lw]T9j7 ² 34-n]GlM5C-07'7;FJ7;^T7:D s�p��nSu7;^T7;FK�v5 ² 1Cb61:·PÚ ² =EFJ7 � · ¡	1C-0]L��1B5C-E7=0987 ² b_³0]L��D ]Gl�5C-E7s58]G5 ² FM3:]V1\5 ² Z`]VD0UV1\5�58-07s5t�M]eZ ² �t]T9[3:]TZ ¶ ]TD07;DV541�]Tl�5C-07 ¶ 98]G�t7@3�5 ��«�7;� � 7 Ù /23<]eWX9C9 ² RTµ ² DE³
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ID Task Name Start Finish
1 Phase 1 9/6/04 4/2/12

2 Start retrofitting VLA antennas @ 4/yr 9/6/04 9/6/04

3 First Science with new correlator subset 12/3/07 12/3/07

4 32 station correlator fully operational 1/30/09 1/30/09

5 Retrofit last VLA antenna 8/2/10 8/2/10

6 Last EVLA receiver installed 4/2/12 4/2/12

7 Phase II Schedule NM Array 1/3/06 12/14/12

8 First planning money available 1/3/06 1/3/06

9 Start site EIS Process 1/9/06 1/9/06

12 Fund Canadians for correlator expansion 6/5/06 6/5/06

10 Fiber network test to Pie Town 1/15/07 1/15/07

11 Final decision on antenna elements 1/15/07 1/15/07

13 Go to bid for antennas 6/4/07 6/4/07

14 Start design of new VLBA feeds 6/4/07 6/4/07

15 Fiber network test to first site 12/3/07 12/3/07

16 Place antenna contract 1/7/08 1/7/08

17 Move Los Alamos antenna 1/14/08 1/14/08

18 Complete EIS Process 6/2/08 6/2/08

19 Acquire first sites 6/2/08 6/2/08

20 Start civil works on first site 6/16/08 6/16/08

21 First new antenna available for NRAO outfitting 6/1/09 6/1/09

22 40 station correlator fully operational 1/3/11 1/3/11

23 10th NMA antenna available 12/14/12 12/14/12

24 E Configuration 1/13/06 10/31/08

25 Decide final concept 1/13/06 1/13/06

26 Go to bid for rail and foundation work 6/5/06 6/5/06

27 Place rail and foundation contract 10/2/06 10/2/06

28 Complete rail and foundation work 4/7/08 4/7/08

29 Start installation of fiber and electrical supply 4/14/08 4/14/08

30 Finish installation of fiber and electrical supply 10/6/08 10/6/08

31 Ready for use 10/31/08 10/31/08
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12/3

1/30

8/2

4/2

1/3

1/9

6/5

1/15

1/15

6/4

6/4
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1/7

1/14

6/2

6/2
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6/1

1/3

12/14

1/13

6/5

10/2

4/7

4/14

10/6

10/31

H1 H2 H1 H2 H1 H2 H1 H2 H1 H2 H1 H2 H1 H2 H1 H2 H1 H2 H1 H2 H1 H2
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

Task

Split

Progress

Milestone

Summary

Project Summary

External Tasks

External Milestone

Deadline

EVLA PROJECT PHASE II
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Project: phase2milstones
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f|Y �QY�a1ysZn^  ��y1[]Y �ªu \ �bYO[`^`q8Z YO[ tKY��DuwY �c\ �zq vxklkMy�d�c5 ² 9C5.987<589C]Td05\58/JDEU`OBS{W ² DV5@·�� ¡�ÛYR_9 �_7 ¶ � �V� ¡ ¦ />981\5 ¶ F ² D0DE/JD0UaZa]TDE7:R ² ^ ² />F ² =0F>7 �V² D�� �T�V�
¦ /J941\5�183</>7:D?3<7���/I58-	3<]V9C987:F ² 58]T9.1\¸0=?1\7:5 tX7@3j� �T� � �_5 ² 9C5�1\/J5C7�NKz\� ¶ 9C]63<7@1C1 �V² D�� �T�V�iV�L��1\5 ² 5C/>]TD 3<]T98987:F ² 5C]V9h] ¶ 7;9 ² 5C/>]TD ² F �c² Dk� �V�zN ¦ ¸0DE³6/>D0Ualw]V9�3<]T98987:F ² 5C]V9h7 Ù6¶E² DE1C/>]TD � ¸0D	� �V�T�
u�7:5C98]Gd05�F ² 1\5�O#S{W ² Dc5C7:DED ² WX¸0Us� � � � ¦ />=?7;9�D07:5t�h]V9Cba587;1\5�5C]'�A/>7jÚ{]L��D �V² D�� �T� �S ² 1t5�NKO#S{W 987;3:7:/>^T7;9h/>DE1\5 ² F>F>7;³ W ¶ 9X� � �@� ¦ />D ² F�³67;3:/>1C/J]VDv]VD ² Dc5C7:DED ² 7:F>7:Za7:Dc581 �V² D�� �T� �¢ ]`58]'=0/>³ ]VD ² DV587:D0D ² 1 �V² D�� �T� �
��� 
ªqºZ�� �ºi kMy�^`\QqºZ �_5 ² 9C5�³67;1C/>UTD�]Gl�D07:� O#S�pMW lw7;7;³01 � ¸0D	� �V� �
t#7;3</2³67�dED ² Fu3<]VDE3<7 ¶ 5 �c² Dk� �V�T� ¦ />=?7;9�D07:5t�h]V9Cba587;1\5�5C]`dE941t5X1C/I587 t#7;3�� �T� �¢ ]`5C]'=0/2³vlw]T9�9 ² />F ² DE³vlw]T¸EDE³ ² 58/J]VD � ¸0D�� �T�V� �KF ² 3<7 ² Dc587:D0D ² 3:]TDc5C9 ² 3<5 �V² D�� �T� ��AF ² 3:7#9 ² />F ² D?³slw]V¸0DE³ ² 5C/>]TD�3<]VDV589 ² 3�5 5B3�5#� �T�V� � ]L^T7�Su]V1�WXF ² Za]V1 ² Dc587:D0D ² �V² D�� �T� �fh]TZ ¶ F>7<587�9 ² /JF ² DE³vlw]T¸0DE³ ² 5C/>]TD �M]T98b W ¶ 9X� �V� � fh]VZ ¶ FJ7:5C7�NKz\� ¶ 98]63<7@1C1 � ¸0D	� �V� ��c5 ² 9C5./>DE1\5 ² FJF ² 58/J]VDv]Tl�dE=o7:9 ² DE³ 7:F>7;3<5C98/>3 ² F W ¶ 9X� �V� � W#3:rc¸0/>9C7BdE941\5X1\/J5C7@1 � ¸0D	� �V� �
¦ /JDE/>1C-�/JDE1\5 ² FJF ² 58/J]VDv]Tl{dE=o7:9 ² DE³v7:F>7;3<5C98/>3 ² F 5B3�5#� �T� � �_5 ² 9C5�3</>^_/JFu�M]T98b61M]TDvdE981\5X1C/I587 � ¸0D	� �V� �fh]TZ ¶ F>7<587;³ 5B3�5#� �T� � ¦ />981\5�D07;� ² Dc5@· ² ^ ² /JF ² =EFJ7#lw]T9�]V¸65\d05C5C/>D0U � ¸0D	� �V�zN¡ � 1t5 ² 5C/>]TD�3<]V9C987:F ² 58]T9hlw¸0F>FJRv] ¶ 7:9 ² 5C/>]TD ² F �V² D�� � �V�S ² 1\5 ² Dc5C7;D0D ² ]T¸65Cd05\587;³ t#7;3�� � �@�
NQ�|3<]VD6dEUV¸09 ² 5C/>]TD?�<·{Ú.-07 ² D0D_¸ ² F6lw¸EDE³6/>D0UjFJ7;^T7;F>1Q987;rc¸0/>987;³�5C]�1C¸ ¶0¶ ]T9C5Q5C-0/21 ¶ F ² D ² 9C7�1C-0]L��D[/>D ¦ /JUV¸09C7 � · �0·ª�6¸0ZaZ ² 9CR5 ² =0F>7;1Mlw]T9�7 ² 34- ]Gl�5C-07j7;FJ7;^T7;D s�p��vFJ7;^T7;F{��5 ² 1Cb61 ² 987#/>DE3<F>¸E³67@³ /JDkÚ ² =0F>7�t�·á�[/JDkW ¶0¶ 7;DE³6/ Ù t[·Ú.-07�3<]c1t5Q7@1t58/JZ ² 587./JDE3:FJ¸?³67;1ª]VD0FJR[3<]V1\581ª��-E/>34- ² 987h/>DE3:9C7;Z`7;Dc5 ² F_58]j�A- ² 1\7Mz�· ¦ ]V9Q7 Ù0² Z ¶ F>7TµL58-07�3<]c1t5ª]Gl ² �A98]G�t7;3<5� ² D ² UV7:9ª/>1A/JDE3:FJ¸?³67;³`]TDEFJR�lw]T9ª5C-E]V1C7�RT7 ² 981���-0/234- ² 987.D0]G5K3:]L^T7:987;³�=_R��A- ² 1\7.z�µG=o7;3 ² ¸E1C7��A- ² 1C7hzCz���/>F>F0=?7�Z ² D ² UV7;³=_R`5C-07�1 ² Za7X�A98]G�t7@3�5 � ² D ² UV7:9 ² 1K5C-07B�A- ² 1\7#zA�A98]G�t7;3<5#� 1C7:7��_7;3<5C/>]TD � · ¡c��·�z|DE3:FJ¸E³07;³P/>D'58-07B�K9C]T�t7;3<5 � ² D ² UT7;Za7:Dc5=0¸E³0UT7<5h/>1ª58-07XW �Xz�Z ² D ² UV7:Za7:Dc5ªlw7:7 ² 5 ² 9 ² 5C7�]Tlu�0· ¥ U ² D?³`5C-07X�K9C]T�t7;3<5;~ 1Q1\- ² 9C7.]TlH«Lu�W�5B1A/>DE³6/>9C7@3�5AZ ² D ² UT7;Za7:Dc53<]c1t541.= ² 1C7;³v]TDv5C-E7 ¶ 9C7@³6/23�5C7@³��A98]G�t7;3<5 ¶ 7:941C]TD0D07;F�FJ7;^T7;F>1;·Ú.-07 ¶ 987;³6/23�587;³ ¶ 7;981C]TDED07:FQF>7:^V7:F21:µu]V=65 ² /JDE7;³m=cRe9C]VFJF>/JDEUv¸ ¶ 58-07'7;1\5C/>Z ² 5C7@1�/JDm5C-E7'/JDE³0/J^_/2³6¸ ² Fh3<]V1\5j³ ² 5 ² 1C-07;7<581lw]T9X5C-07`�A98]G�t7@3�5;µ ² 987 ¶ 987;1C7:Dc5C7@³�/JDe/JDeÚ ² =EFJ7�t[· isW ¶E¶ 7;DE³6/ Ù t�·X�ª7;981C]TDED07:F{3:]V1\581X- ² ^T7j=o7:7;De7;1\5C/>Z ² 587;³�¸E1C/JDEUP5C-E71 ² F ² 98RV� ¶ F>¸E1\�ì=o7:D07:d0581h3<]c1t541M1C-0]L��DP/>DvÚ ² =EFJ7 � ·á¥���-E/>34-v�h7;9C7#]T=65 ² />D07;³s=cR ² ^V7:9 ² UV/JD0Uj]L^V7:9K5C-07���-0]VFJ7#]Gl�«Lu�W�5 lw]V97 ² 34-	]GlQ58-07 ¶ 7;981C]TD0DE7:F�3 ² 587:UT]V9C/>7;1;·#Ú.-E7;1C7 ¶ 7:941\]VD0D07:Fª3<]c1t541 ² 9C7�5C-07�lw¸0FJFQ3:]V1\581#9C7@rV¸E/J987;³�58] ¶ 7:9Clw]T98Z¾5C-07`�A- ² 1\7[z\z�M]T98b ² DE³�³6]aD0]T5 ² 181\¸0Za7 ² D_Rs3:]TDc5C98/J=E¸65C/>]TDE1Mlw98]TZ ]G5C-E7:9.lw¸0DE³0/JD0UP1C]T¸E983:7;1;·Ú.-07a=0¸E³0UT7<5�³6]_7@1�D0]G5j/>DE3<F>¸E³67`5C-E7P3<]V1\581B]TlhZa]L^_/JD0Uv5C-E7aS{]V1jWXF ² Z`]c1BO#S{p.W ² Dc587:D0D ² lw98]TZ§/J581j3:¸0989C7;DV5j1C/I587D07 ² 9.Su]V1.WXF ² Z`]c1A58]�58-07 ¶ 98] ¶ ]V1C7;³'D07;�¬1C/I587#D07 ² 9MO ² ¸0UV-0Dv« � ·0Ú.-0/21 ² Dc5C7;D0D ² Z`]L^V7X/21MD0]G5 ² 987;rc¸0/>9C7;Za7:Dc5M]Tlu5C-E7NAOBS{W �A98]G�t7@3�5;µV=0¸65�/21 ² 9C7@rc¸0/J987:Za7;DV5hFJ7;^c/>7;³s=_RaS{]V1MW�F ² Za]V1M« ² 5C/>]TD ² FoS ² =o]T9 ² 58]T98RT·�W ³6/21C3:¸E181\/>]TDP]Tlu5C-E7#987 ² 1\]VDE1lw]T9 ² DE³v5C-07 ² DV58/>3:/ ¶?² 5C7@³�3<]V1\581.]Tl�Za]L^_/JDEU[58-0/21 ² Dc5C7;D0D ²a² 987B/JDkW ¶E¶ 7;DE³6/ Ù NX·

Ú ² =0F>7 � ·á�6y � } X ��YVaºY ��� � y1[��c[�orqsk|^���Y�� � ��v
s�p��v«X]E· Ú ² 1\bP« ² Za7� · � � �A98]G�t7@3�5 � ² D ² UT7;Z`7;Dc5� · � � �_R61t587:Z z|Dc587:UT9 ² 58/J]VD ² DE³�Ú{7@1t58/JD0U� · � i fh/J^_/>F�fh]TDE1\5C98¸E3<5C/>]TD� · � ¡ W�Dc5C7;D0D ² 1� · � ¥ ¦ 98]TDc5�NADE³��_R61\5C7:Z'1� · �T� Su]63 ² F 5B1C3:/JF>F ² 5C]V9��6R_1\5C7;Z� · � � ¦ /J=o7:9 5 ¶ 58/>3��6R_1\5C7;Z� · � � z|Dc5C7:98Za7;³6/ ² 587 ¦ 987;rc¸07:D?3<Rv�_R61\5C7;Z� · �zN fh]T989C7;F ² 5C]V9� ·>� � � ]TDE/I58]T9 ² DE³	fh]VDV589C]VFu�_R61t587:Z� ·>�T� t ² 5 ² � ² D ² UV7:Za7:Dc5 ² DE³kfh]TZ ¶ ¸05C/>D0U
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v(*QÉ�*�� ÏV5�IO03/sÑÒ03B�G,> I�0 .�/1032(4�0 5�687 R�7�S�IO0 Ñ
Ú.-07P/>Dc5C7;9CZa7;³0/ ² 5C7alw987;rc¸07:D?3<Rn1\R61\5C7:Z'1 ² 9C7'/2³67;DV58/>3 ² FK5C]k58-07s1CR_1\5C7;Z'1 ² F>9C7 ² ³6Rm=?7;/JDEU ¶ 98]G5C]T5tR ¶ 7@³ ² DE³m5C7@1t587;³nlw]V9�A- ² 1C7#z�·
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Ú.-07�7 Ù6¶E² DE1C/>]TD']GlH58-07X�A- ² 1C7�zA3<]T98987:F ² 5C]V9�lw9C]VZ�ic�B5C]�¡ � 1t5 ² 58/J]VDE1:µ ² 1K9C7@rV¸E/J987;³[lw]T9M�A- ² 1\7�zCz�µc1C/>Z ¶ FJR`9C7@rc¸0/J987;1Q5C- ² 5Za]T987[3:/J943<¸0/J5�=?] ² 94³01 ² DE³	9 ² 34b61;µ?/2³67:Dc58/>3 ² F�5C]s5C-07a�A- ² 1\7[z�¸0D0/J581;µ�=o7 ¶ 98]6³6¸E3:7;³�·jÚ.-07a3<]c1t5�7;1\5C/>Z ² 5C7�lw]T9B5C-E/>1B- ² 1=o7:7:D ¶ 98]L^_/>³07;³	=_Rk58-07PNAOBS{W��A- ² 1C7[zjf ² D ² ³6/ ² D ¶?² 9C5CD07;981B= ² 1\7@³e]VDe58-07:/>9��A- ² 1\7`zX7 Ù6¶ 7;9C/>7:DE3:7T·'Ú.-07a7;1\5C/>Z ² 587/>DE3<F>¸E³67@1 ² F>F{3<]c1t541Mlw]T9�58-07[f ² D ² ³6/ ² D ¶E² 9C5CDE7:941M5C]P³6]a58-0/>1��h]V9CbH·AÚ.-07j7@1t58/JZ ² 587j/>1�= ² 1C7;³v]TD 5C-E7 ² 181\¸0Z ¶ 58/J]VD 5C- ² 55C-E7`�K- ² 1C7�zCz��h]V9Cbk3 ² D	=o7'³6]TD07[/JD ¶E² 9 ² FJF>7:F���/I58-e58-07`�K- ² 1C7�zX�h]V9CbHµo��-0/>34-m��/JF>Fª9C7@rc¸0/J987 ² 3<]VZaZ`/J5CZa7;DV5B5C]v5C-E77 Ù6¶E² DE1C/J]VDe/>Dn� �T�T� ·�Ú.-07;9C7a/21 ² 98/>1Cb�5C- ² 5j5C-E7 ¶ 9C]T�t7;3�5���/>FJFQD0]T5j=?7 ²T¶0¶ 98]L^T7;³	=cR	5C-0/21B5C/>Za7a1C] ² 3:]TDc5C/>D0UV7:DE3:Rk]Gl� �OU - ² 1.=?7;7:D ² F>FJ]63 ² 5C7@³P58]'3<]L^T7;9M5C-07j/>DE3<987 ² 1\7@³s3:]V1\5;·
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z|Dn=?]T5C-q5C-E7P7:DE³6��58]G��7:DE³q1\]Tl 5t� ² 9C7 ² D?³m]��'/JD07P1C]Gl 5t� ² 987 ² 987 ² 1 ² FJFAZ ² �t]T9�1C]Gl 5t� ² 987 ¶E² 34b ² UT7@1B9C7@rV¸E/J987;³elw]T9��K- ² 1C7z\z.³ ² 5 ²'² 987 ² F21\]a987;rc¸0/>9C7@³Plw]V9X�A- ² 1C7Bz�µE��/I58- ]VD0F>Rs/>DE3<987:Za7:Dc5 ² Fu34- ² D0UT7@1.=?7;/JD0U'DE7:7;³07;³v5C] ¶ 98]L^_/>³07#58-07 ² ³0³6/J5C/>]TD ² Flw¸0DE3<5C/>]TD ² FJ/J5tR�987;rc¸0/>987;³�lw]T9K�K- ² 1C7.z\z�·VÚ.-E7:987M/21 ² 98/>1Cbj58- ² 5A58-07��A- ² 1C7Mz�7 �H]T9C5A��/>FJF?D0]G5 ¶ 98]6³6¸E3:7 ² F>F6]GlH5C-07�3:¸0989C7;DV58FJR¶ F ² D0DE7;³�1\]Tl 5t� ² 9C7�1C] ² 3:]TDc5C/>D0UT7;DE3<R ² FJF>]L� ² DE3:7#]Tlª�6� U /21 ¶ 98]L^c/2³67@³'5C]'987;1 ¶ ]TDE³s5C]`5C-E/>1�/JlªD07;3:7;181 ² 9CRV·
v(*QÉ�*,+3P × 03SO6n;�x�0 wyx�I1G';�5�S
z|D�5C-E7�¸0D0F>/JbV7:F>Rv7;^T7;DV5�58- ² 5X5C-07 ² Za]T¸0Dc5X]TlQ3:]TDc5C/>D0UV7:DE3:RP/>1XD0]G5 ² ³67@rV¸ ² 5C7�58]s3<]VZ ¶ FJ7:5C7�58-07 ¶ 98]G�t7@3�5@µ ² D_¸0Z�=o7:9X]Gl1\5C9 ² />UT-c5\lw]V9C� ² 94³�µc=0¸65X183</>7:Dc5C/Jd?3 ² FJF>Rs3:]V1\5CF>RTµ0³67@1C3:] ¶ 7B] ¶ 5C/>]TD?1 ² 987 ² ^ ² /JF ² =0F>7T·
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¦ /JUV¸0987 � · i�1C-0]L��1#5C-07a]T98U ² D0/ ¤;² 58/J]VDe34- ² 9\5Blw]T9�58-07'�A- ² 1\7`z#�K9C]T�t7;3�5@·�z�5j/21 ¶ 9C] ¶ ]c1\7@³k58- ² 5j58-07'�A- ² 1\7`z\zB�A98]G�t7;3<5��/>FJF�=o7j3<]TZ ¶ F>7<587:F>RPZa7:98UT7@³P��/J5C-v5C-07��K- ² 1C7XzM�A98]G�t7;3<5h58]�lw]V9CZ ² 1C/JDEUTF>7B3:]TZ�=E/JD07@³v�K9C]T�t7;3<5;· ¦ />UT¸E9C7 � · i[��/JF>FH5C-07;D987 ¶ 987;1C7:Dc5�5C-E7�]T98U ² D0/ ¤@² 58/J]VD ² F�1\5C98¸E3�58¸09C7�lw]T9�58-07�3<]VZ�=0/>D07@³ ¶ 9C]T�t7;3<5;·.Ú.-07�D_¸0Z�=o7:941�/>D ¦ /JUV¸09C7 � · ia/JDE³0/>3 ² 5C7���-07:987987;1 ¶ ]VDE1\/>=0/>FJ/J5tRalw]T9M58-07[�V�Ls�p��vSu7;^T7:F���5 ² 1\b61M³67<dEDE7;³v/JD�Ú ² =0F>7 � · ��FJ/>7;1.��/J5C-0/>Dv5C-07�]T98U ² D0/ ¤;² 58/J]VDu·6u�7;1C]T¸0943<7@1K��/>FJF=o7 ² ³0³67@³P58][58-07j7 Ù /21t58/JDEUa«Lu�W�5�«X7:� � 7 Ù /23<]GtX/>^_/>1C/J]VDE1M5C]a7 Ù 7@3<¸6587jSu7:^V7:Fu��5 ² 1\b61.i0µ ¡Eµá¥6µ � µ �_µ �0µ>� � µ ² D?³e�V�T·QÚ ² 1\b
N ��/JF>Fu=o7j7 Ù 7;3:¸65C7@³ ² 1 ² 3<]VDV589 ² 3�5M5C]a58-07 £ 7;9 ¤ =?7;9CU`z|DE1\5C/J5C¸6587jlw]T9�W#1t589C] ¶ -_R_1C/23:1;·
Ú.-07��K9C]T�t7;3�5 � ² D ² UV7:Za7:Dc5Q58]c]VF>1K3<¸0989C7;Dc5CF>R�¸E1C7;³`lw]T9h�A- ² 1\7.z ² 987 � /23<98]V1C]Gl 5A�A98]G�t7@3�5K� �V�T� lw]T9K1834-07@³6¸0F>7�3<]TDc589C]VF² D?³sN Ù 3:7:Folw]T9.=0¸E³0UT7<5�3:]TDc5C98]TFì·�z�5�/21 ² Dc5C/23</ ¶E² 587;³P5C- ² 5M58-07;1C7#5C]_]TF21M��/JF>F�D0]G5.=o7 ² ³67;rc¸ ² 5C7#lw]T9M5C-E7BF ² 98UT7;9h3:]TZ�=E/JD07@³�A- ² 1C7jz ² DE³k�K- ² 1C7�z\z��K9C]T�t7;3�541 ² D?³	1\] ² 5C9 ² DE1C/J5C/>]TD���/JF>F�=?7[Z ² ³67j58] ² Za]T987�1C¸0=E1\5 ² Dc58/ ² F ¶ 98]G�t7@3�5XZ ² D ² UT7;Za7:Dc5/>D6lw]T98Z ² 5C/>]TDq58]c]VF�· Ú.-07P�A98]G�t7@3�5j��/>FJFh¸E1\7a58-07s1 ² Za7`5C]_]TFK��-0/>34- ��/>F>FK1\]_]VDq=o7s1C7:F>7;3<5C7;³mlw]V9�«Qu�W�5X����/2³67 ¶ 98]G�t7;3<5Z ² D ² UT7;Z`7;Dc5;·QÚ.-0/21./>1�F>/>bT7:F>R'58]`=o7 � /23<98]V1C]Gl 5��A98]G�t7@3�5�� �V� i0µ_=0¸05 ² ³67;3:/>1C/J]VDv- ² 1.D0]T5.RV7<5�=o7:7;D Z ² ³67T·�_/>DE3<7X5C-07B�A- ² 1\7Xz\z ¶ 98]G�t7@3�5K��/>F>Fo=o7XZa7;9CUV7;³a��/J5C-P58-07��A- ² 1\7�zK�K9C]T�t7;3<5;µT]T5C-07;9M�K9C]T�t7;3<5 � ² D ² UT7;Z`7;Dc5 ² 3<5C/>^c/J5C/>7;1lw]T9'�K- ² 1C7vzCz[��/>F>F�=?7�/2³67:Dc5C/23 ² F.5C]q5C-E]V1C7 ² FJ987 ² ³6R /JD ¶ F ² 3:7 ² DE³ lw¸EDE3�58/J]VD0/JDEUg1\¸E3;3<7@1C1\lw¸0F>FJRnlw]V9P�A- ² 1\7vz�·A�A98]G�t7;3<5]L^T7;981C/>UT-c5���/>F>F0=?7 ¶ 9C]L^_/2³67;³[=_R�58-07XW ��zQN Ù 7@3<¸658/J^V7 ² DE³aÚ�9C¸E1\5C7;7;1;µG58-07�NAOBS{W�N Ù 587:98D ² F0W#³6^_/>1C]T98R`fh]VZ`Za/J5\587:7TµV5C-E7«QuXW�5 OX/21\/J5C/>D0U�fh]VZaZ`/J5\587:7VµH5C-07`«Qu�W�5 �#1\7;981jfh]TZaZa/I5C5C7;7 ² D?³k9C7;UT¸0F ² 9#9C7 ¶ ]V9\541�58]P5C-E7[«#� ¦ ·��K9C]T�t7;3�5jfh- ² D0UV7fh]TDc589C]VF���/>F>FQ=?7 ¶ 98]L^_/>³67@³	=_R ² fh- ² DEUT7Pfh]TDc5C98]TFQpM] ² 98³�· � 7:Z[=?7;981C-0/ ¶ ]TlA5C-0/21�pM] ² 98³klw9C]VZ§��/I58-0/>De58-07'�A98]G�t7;3<5��/>FJF�/>DE3:FJ¸E³07k5C-07m�A98]G�t7;3<5 � ² D ² UT7:9@µ.�A98]G�t7;3<5s�63</>7:Dc5C/21\5;µ £X² 98³6� ² 987 ² DE³x�_]Tl 5t� ² 9C7	�_R61\5C7:Z'1PNKD0UT/>D07;7:941 ² DE³ 5C-E7fh]T98987:F ² 5C]V9 � ² D ² UT7;9;· � 7;Z�=o7:941\-0/ ¶ ]Glª58-07[pM] ² 98³vlw98]TZ¾]T¸6541\/2³67j58-07 ¶ 9C]T�t7;3�5���/>F>F�=o7 ²G¶E¶ ]V/JDc5C7@³�µ ² 1 ²T¶0¶ 98] ¶ 98/ ² 5C7Vµ=_R 5C-07a«Qu�W�5et#/>9C7@3�5C]V9;· tX7:5 ² /JF21X]TlQ5C-07@1\7 ² D?³k]G58-07:9B�A98]G�t7;3<5 � ² D ² UV7:Za7:Dc5X/21C1C¸07@1#3 ² D	=o7�lw]V¸0DE³	/>Dk58-07`NKO#S�W�A98]G�t7@3�5 � ² D ² UT7;Za7:Dc5��AF ² Du·
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EVLA MANAGEMENT CHART March 2004

EVLA Project Scientist
Rick Perley

2 - EVLA
System Engineer, Electronics

Jim Jackson

2 - EVLA
System Engineer, Software

Barry Clark

EVLA
Budgeter/ Scheduler

Assistant Director, Socorro Operations
Jim Ulvestad

Contracts

1 - EVLA Project Manager
Peter Napier

9 - Canadian Partner
Correlator

NRAO CDL
LNAs

Mexican Partner

5, 6, 8,7 – Electronics
Steve Durand

3,4 - Engineering Services
Lew Serna

10,11 - EVLA Computing
Gustaaf van Moorsel

11 - Interferometry Software
Jim Ulvestad

Scientific Staff

Business

Socorro DivisionsEVLA Software
Project Scientist

Bryan Butler

Note: Numbers refer to WBS Level 2 Tasks

¦ /JUV¸0987 � · i0y 5#98U ² D0/ ¤;² 58/J]VDnfh- ² 9\5jlw]V9�=o]G58-n5C-07s�K- ² 1C7'z ² DE³ �K- ² 1C7'z\z ¶ ]T9C5C/>]TDE1j]Tl.5C-07sN Ù6¶E² DE³07;³OQ7:98RsS ² 98UT7�W�989 ² R
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Ú.-07jNAOBS{W ² D?³'5C-E7jO#S{p.W ��/>FJFu3:]TZ ¶ 98/>1C7 ² 5C]T5 ² F�]Gl�¡ �[² Dc5C7:DED ² 1;yª�z��]VDs58-07j�AF ² />DE1M]GlQ� ² D W�UT¸?1t58/JDuµE7:/>UT-c5MDE7:�«�7;� � 7 Ù />3:] WX9C9 ² R ² Dc587:D0D ² 1 ² 5�d Ù 7;³mF>]_3 ² 58/J]VDE1�/JDn«�7;� � 7 Ù />3:]Eµ ² DE³ � � O#S�pMW ² DV587:D0D ² 1�´Y·'Ú.-07;1C7 ² Dc5C7;D0D ² 1��/>FJFM=?7 ² 181\/>UTDE7;³q5C]m^ ² 98/J]V¸E1�1C¸0= ² 989 ² R_1;µ{��/J5C- ² F>FM3:]T989C7;F ² 5C/>]TDE1;µ{��-07:5C-07;9[/>Dg987 ² FI�ì5C/>Za7P]T9�lw9C]VZ ³6/21Cbq987;3:]T94³6/>D0UV1;µ³6]VD07#=_Ra58-07Lsxz�tXWQu 3<]T98987:F ² 5C]V9;·�Ú.-07B] ¶ 7:9 ² 5C/>]TD?1 ² DE³PZ ² />Dc5C7;D ² DE3:7X]Tlu5C-07�7;DV58/J987 ² 9C9 ² R`��/JF>F�=?7�3<7;Dc5C9 ² F>/ ¤ 7;³ ² DE³98¸0Dv]V¸65�]Gl�5C-E7�W�989 ² R+5 ¶ 7:9 ² 58/J]VDE1�fh7:Dc5C7;9�/JD	�_]63<]V9C98]Eµ_« � ·Ú.-0/21j34- ²G¶ 5C7:9j³67@1C3:9C/>=o7;1B5C-E7`] ¶ 7;9 ² 5C/>]TDE1 ¶ F ² Dqlw]V9#58-07;1C7P3<]VZ�=0/>D07@³ ² 9C9 ² R61:µ ² DE³ ¶ 98]L^_/>³67@1 ² Dq7;1\5C/>Z ² 5C7a]GlM5C-E77 Ù6¶ 7;3<5C7;³�/>DE3:9C7 ² 1C7j/JDk] ¶ 7;9 ² 5C/>]TDE1�3:]V1\581.lw]V9�5C-E7[NAOBS{W ² DE³�O#S�pMW�]L^T7:9#3<¸0989C7;Dc5�FJ7;^T7:F21;·nsq7�7:Z ¶ - ² 1C/ ¤ 7�5C- ² 5X5C-E7/>DE3<987:Za7:Dc5 ² F{] ¶ 7;9 ² 5C/>]TD ² F{=0¸?³6UT7:5 ¶ 987;1C7:Dc5C7@³�-07:987�/21XDE]G5 ¶?² 9C5X]GlQ58-07�lw¸0D?³6/JDEUv987;rc¸07@1t5�lw]V9#3:]TDE1\5C98¸E3�58/J]VDk]GlK�K- ² 1C7z\zM]Gl�5C-07�NKO#S�W�·W�3:]TDc5C/>D0UT7;DE3<R ]Gl��Y¥ U - ² 1X=?7;7:D ² ³0³67@³ 5C]P58-07�] ¶ 7;9 ² 5C/>]TDE1X3<]V1\581;µ ² D ² F>]TUV]T¸E1�5C]s1\5 ² DE³ ² 94³ ¶ 9 ² 3<5C/23<7;1�lw]T9X7@1t58/I�Z ² 58/JD0U'3:]TDE1\5C98¸E3�58/J]VD 3:]V1\581;·
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�A- ² 1C7�z�]TlA5C-07aN Ù6¶E² DE³67@³kO#S�W��K9C]T�t7;3<5XFJ7 ² ^T7@1X¸0D?34- ² D0UV7;³�lw98]TZÊ3:¸09C987:Dc5B] ¶ 7:9 ² 5C/>]TD?1�58-07[D_¸0Z[=?7;9�]Gl ² DV587:D0D ² 1;µ1C/I587;1;µ ² DE³k]L^T7;9 ² FJF�] ¶ 7;9 ² 5C/>]TD ² F{987;rc¸0/>9C7;Za7:Dc581;· ² FJ5C-0]V¸0UT-�58-07[rc¸ ² Dc5C/J5tRv]TlA7:F>7;3�589C]VD0/23:1���/>F>F{=o7[/>DE3<987 ² 1\7@³�µ058-0/21X��/>FJF=o7#3<]V¸0Dc5C7;9C= ² F ² DE3<7@³`=cR`58-07X987:Za]L^ ² F0]Tlu]TF2³ ² D?³a]T=E1C]TF>7<587�Za]_³0¸0FJ7@1K��-E]V1C7�9C7 ¶ F ² 3<7;Za7:Dc5K]T9hZ ² />DV587:D ² DE3<7#3<]V1\581 ² 987-0/>UT-u·`z�5�/21B5C-_¸E1 ² Dc58/>3:/ ¶E² 5C7@³	58- ² 5��A- ² 1C7[z#]GlK58-07 ¶ 98]G�t7@3�5���/JF>FQD0]G5 ² ³0³ ² D_R	1\/>UTDE/Id?3 ² Dc5�/JDE3:9C7 ² 1C7[/>Dq] ¶ 7:9 ² 5C/>]TD?13<]c1t541.]L^T7;9h58-0]V1C7�D0]L�¬7 Ù6¶ 7;DE³67;³vlw]V9.5C-07�3:¸09C987:Dc5�O#S�W�·

� º/. � �3��× � Æ�ÀjË�Ç1
 
�¼�<qÇ�ÈQÀB¿ªÁ:Ì[Â�Ë
Ú.-07�«�7;� � 7 Ù /23<]aW�989 ² R ¶ ]T9C5C/>]TDv]Gl��K- ² 1C7XzCzK��/>FJF�/>DE3:9C7 ² 1C7�5C-E7BD_¸0Z[=?7;9.]Gl{987:Za]G587B1C/J5C7;1M=_R'7:/>UT-c5@µ ² 1h�h7;FJF ² 1 ² ³0³² 1C/JUVD0/Jd?3 ² DV5 ² Za]T¸0Dc5K]TlHDE7:�x7:F>7;3<5C98]TD0/23:1;µT/>DE3:FJ¸E³0/JD0U�5C-07#D07;3:7;181 ² 9CR�dE=?7;9K] ¶ 5C/23:1 ² DE³'³6/21Cb[987;3:]T94³6/JDEU�1\R61\5C7:Z'1;·�Ú.-E7² ³E³67;³kZ ² /JDc5C7;D ² D?3<7�987;1 ¶ ]VDE1C/J=0/>F>/I58/J7@1���/>FJF�D0]G5B=?7`3<]V¸0Dc5C7:98= ² F ² DE3<7@³�=cR Za]6³67:98D0/ ¤;² 58/J]VDk]GlA7;FJ7@3�5C98]TDE/>3;1:µ ² DE³k-E7:DE3:7�M7BZ[¸E1\5 ² Dc5C/23</ ¶E² 587 ² 1C/>UTD0/Jd?3 ² Dc5.98/21\7�/>D ] ¶ 7;9 ² 5C/>]TD ² F�3<]V1\581;·
5 ¶ 7:9 ² 5C/>]TD ² FH7 Ù6¶ 7:DE1C7;1Mlw]V9.5C-07�« � W�989 ² Ral ² FJF{/JDc5C]`58-07�lw]TF>FJ]L��/>D0U'1C/ Ù 3 ² 587:UT]V9C/>7;1;y
�V· u�]T¸658/JDE7 ² DE³k� ¶ 7;3</ ² FuWXDc5C7:DED ² � ² />Dc5C7;D ² DE3:7�	
�0·�Ú{7@34-0D0/23 ² F{�6¸ ¶0¶ ]T9C5Mlw]V9�« � WX9C9 ² RsNhrV¸E/ ¶ Za7;DV5!	
iE·X�_/I587 ¦ ² 3</>FJ/J5C/>7;1 ² DE³�� ¶ bV7:7 ¶ 	
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� ·�NK³6¸E3 ² 58/J]VD ² D?³ �K¸0=0F>/>3 5#¸6589C7 ² 34-u·
Ú.-07j] ¶ 7;9 ² 5C/>]TDE1 ¶ F ² Dk1C¸0ZaZ ² 9C/ ¤ 7@³ =?7;FJ]L�¨/>1�= ² 1C7;³ ]TDv5C-07[³67<5 ² />FJ7@³ ³07;183<98/ ¶ 58/J]VDvUV/J^V7:D�/>D�NKO#S�W � 7:Za] �`¥T�0µlw]T¸EDE³ ² 5�-c5\5 ¶ yÆÛ�ÛY�����j· ² ]63G· D09 ² ]E· 7;³0¸8ÛY7;^cF ² ·

|�*QÉ�*,+ Ù{;�4�I1G,5�0 >A5�B R�x�036jG'>AÔWÎ 5�IO0 5�5�> � >AG,5�I�035�>A5�6n0
W�F>FH5C7;D ² Dc5C7:DED ² 1.3<]VZ ¶ 9C/21C/JD0U[5C-E7�«X7:� � 7 Ù /23<]aW�989 ² Ra��/>FJF�=o7�FJ]63 ² 5C7@³P/>D «X7:� � 7 Ù />3:]Eµ ² DE³ ² FJF���/>FJF�=o7�] ¶ 7:9 ² 587;³lw98]TZ�58-07�W�989 ² R#5 ¶ 7;9 ² 5C/>]TDE1Kfh7;DV587:9A/>DP�_]63<]V9C98]E·{Ú.-E7;1C7�1\/J5C7@1Q��/JF>F0D0]T5AD07:7@³[5C]j=o7�1t5 ² �H7;³`]TD ² ³ ² /JF>R�= ² 1\/21:µ ² 1�58-07:R��/>FJFª=o7�98¸0D	987:Za]G587:F>RTµH��/I58- ² FJFª³ ² 5 ²P¶ 98]6³6¸E3<581B3<]TD?³6¸E3�587;³�58]P58-07`NKO#S�W�3<7;Dc5C9 ² Fª1\/J5C7[=cR�] ¶ 5C/23 ² F{dE=o7:9@·Bu�]T¸658/JDE7Z ² />Dc5C7:D ² DE3:7BDE7:7;³E1���/JF>Fu=o7jZa7<5�=_R ² �M7:7:b_F>RP]T9�=E/I���h7;7:b_F>RP^_/>1C/I5�58]'7 ² 34- 1C/I587j=_RP]TD07j]Tl�58-0987:7BdE7:F2³ UT98]T¸ ¶ 1:µ67 ² 34-3<]VDE1C/>1\5C/>D0U�]Tl�5t�h]�5C7;34-ED0/>3:/ ² DE1;µV��/J5C-P7 ² 34-PUV9C]V¸ ¶ - ² DE³6F>/JD0U�5C-0987:7�5C]�lw]V¸09MUT7:]VUT9 ²G¶ -E/>3 ² F>FJR�UV9C]V¸ ¶ 7;³ ² DV587:D0D ² 1;·�Ú.�M]]Gl�5C-E7;1C7Tµ658-07�N ² 1t587:98D ² DE³ sm7@1t587:98D ¦ />7:F2³ ¢ 9C]V¸ ¶ 1;µ6��/JF>F{] ¶ 7;9 ² 5C7�]T¸05�]GlA�_]63<]T9898] ² DE³v5C-07jOBS{W�1C/I587j9C7@1 ¶ 7;3<5C/>^T7;FJRVµ² D?³v- ² DE³6F>7j58-0]V1C7�1\/J5C7@1���/J5C-0/>D ² =o]T¸05�� �V� Za/>FJ7@1�]Tl�7 ² 34-k3<7;DV587:9@·MÚ.-E7;1C7�5t�h]'UV9C]V¸ ¶ 1.��/>FJF�9C7 ¶ F ² 3<7�58-07�O#S�p.W��A/>7Ú�]L��D ² DE³�Su]c1�W�F ² Za]V1�1C/J5C7j587;34-0D0/23</ ² D?1:µ0987;1C¸0FJ5C/>D0U'/>D DE]'D07<5 ¶ 7:941C]TD0D07;Fu/>DE3<987 ² 1\7V·KÚ.-07jD07;� 1C/J5C7;1�FJ]63 ² 5C7@³v/>D�5C-E71C]T¸658-07:98D ¶?² 9C5B]TlK5C-E7P1t5 ² 5C7a��/>FJFQ=o7'Z ² />Dc5 ² />D07@³e=_R ² �_]T¸05C-07;9CD ¦ /J7;F>³ ¢ 98]T¸ ¶ µ{�h]V9Cb_/>D0Us]V¸65�]Gl��_/JF>^T7;9�fh/I5tR	]V9 ²D07 ² 98=cR'F>]63 ² 5C/>]TDu·Ú.-07BZ ² />DV587:D ² DE3<7�1834-07;³6¸EFJ7Blw]T9M58-07j« � WX9C9 ² R ² Dc5C7;D0D ² 1MZ ² R'987;1C¸0FI5./>D ² 5.F>7 ² 1t5.]TDE7#]Tl{5C-E]V1C7 ² DV587:D0D ² 1M=?7;/JDEU³6]L��D�lw]T9`Z ² /JDc587:D ² DE3<7�³6¸098/JDEUq1C]TZa7v³ ² RV58/JZa7�1C3:/J7;Dc5C/Jd?3s]V=E1C7:98^ ² 5C/>]TDE1;· z�lX�M7 ³0]m98]T¸658/JDE7vZ ² />Dc5C7;D ² DE3:7v]Tl�5C-E7« � W�989 ² R ² Dc5C7;D0D ² 1K]TDa58-07#1 ² Za7X³ ² R61 ² 1A987:UV¸0F ² 9AO#S�W�Z ² />Dc5C7;D ² DE3:7X³ ² R61;µG5C-E7 ² Za]V¸0Dc5K]Gl ² ³E³6/I58/J]VD ² Fo³6]L��Dc5C/>Za7��/>FJF{³07 ¶ 7:DE³ ]TD ��-07:5C-07;9.5C-07jZ ² />Dc5C7;D ² DE3:7�]Glª/JDE³0/J^_/2³6¸ ² Fu« � W�989 ² R ² Dc5C7;D0D ² 1h/21�³6]VD07j�h7;7:b_F>R']T9�=0/J�ì�M7:7;b_FJRV·ªÚ.-E7² FJ5C7;9CD ² 5C/>^T7[�h]V¸0F2³e=o7`5C] - ² ^T7 ² ³07;³6/23 ² 5C7;³m1\7:5j]GlK5t�M]v1C/J5C7`5C7@34-0D0/23</ ² DE1#lw]T9�7 ² 34-e]TlK587:D ² Dc5C7;D0D ² 1;µ�987;rc¸0/>9C/>D0U � �
¦ Ú�NK1./>DE1\5C7 ² ³s]Tl{58-07j1\/ Ùs¶ F ² D0DE7;³ /JDv5C-E7�3<¸0989C7;Dc5M] ¶ 7;9 ² 5C/>]TDE1.3<]VDE3<7 ¶ 5;·�sq7j- ² ^T7�1C7:F>7;3�587;³s5C-0/21 �CFJ7 ² D ��] ¶ 7:9 ² 5C/>]TD?1¶ F ² DP/>Ds]V98³07:9A58][Za/>D0/>Z`/ ¤ 7#5C-E7#]VD0UT]V/JD0U�] ¶ 7:9 ² 5C/>]TD?1K3<]c1t5@· 5#DE3<7X5C-07�« � WX9C9 ² R`9C7 ² 34-07@1A/J581hlw¸0F>Fo] ¶ 7;9 ² 5C/>]TD ² F?1\5 ² 5C7Tµ�M7 7 Ù6¶ 7@3�5a5C]n/>DE3<]V9 ¶ ]T9 ² 587P5C-E7 98]T¸05C/>D07�Z ² /JDc587:D ² DE3<7 9C7@rc¸0/J987:Za7;DV541`/JDc5C]q58-07k³6R_D ² Za/23 1834-07@³6¸0F>/JD0U 1C]Gl 5t� ² 987s/>D]T94³67;9h58]'Za/JD0/>Za/ ¤ 7�5C-07j/>Z ¶E² 3<5�]TD�1C3:/J7;Dc5C/Jd?3B]T=E1C7:98^ ² 5C/>]TD?1:·«�]VD6��9C]V¸65C/>D07Tµ?]T9#7:Za7:98UT7;DE3<RvZ ² /JDc587:D ² DE3<7���/>F>F�=o7�Za7<5B��/I58- ² 98]G5 ² 58/JD0UP1CR61t587:ZÛ]Glª589 ² /JD07@³�5C7@34-0D0/23</ ² DE1;µE��-E]��/>FJFo=?7B]TD0��3 ² F>Fo�L¡�-0]T¸0941 ² ³ ² RT· � ² �t]T9AF>]TD0UT��587:98Z Z ² /JDc5C7;D ² D?3<7X��/>F>F?=o7XD07@3<7@1C1 ² 98R ²T¶0¶ 98] Ù /JZ ² 587:F>R�]VDE3<7 ¶ 7:9h5C-E9C7;7RT7 ² 941:µ ² DE³P��/JF>F?=o7�³6]TD07X=cR ² D ² ¸0UVZa7:Dc5C7@³�} Ú./>UT7;9hÚ�7 ² Z ~c��-0/234-s3<¸E9C987:Dc5CF>R ¶ 7;9\lw]V9CZ'1K1C/>Z`/>F ² 9KZ ² /JDc5C7;D ² D?3<7X]VD'5C-E7O#S�p.W ² Dc5C7;D0D ² 1;·
|�*QÉ�*QP *Ý036ºJ�5�G,6n>AÔ�R�4 xLx�;-/�I�(e;-/�� � Î{/1/1>c7 ÊK2ß4�G�x!ÑÓ0 5�I
Ú.-07 ² ³0³0/I58/J]VD�]Gl?7:/>UT-c5�DE7:� ² DV587:D0D ² 1���/JF>F_9C7@rV¸E/J987 ² D�/>DE3<987 ² 1\7A/>D[5C-07MD_¸0Z�=o7:9ª]Glo1 ¶E² 9C7@1u=_R�� �OU ·�W�5C]G5 ² F_]Gl�� � DE7:�
¦ Ú�NK1M��/>FJFu=o7�D07:7@³67;³s5C]'1C¸ ¶0¶ ]T9C5h58-07 ² ³E³6/I58/J]VD ² FHZ ² />Dc5C7;D ² DE3:7#987;rc¸0/>987:Za7:Dc581��w5C98]T¸0=0F>7;1C-0]_]G58/JDEUEµ_Za]_³0¸0FJ7j987 ¶?² />981;µ7<543G·á��]Tl?58-07X«X7:� � 7 Ù /23<]jW�989 ² RV·��_¸ ¶ 7;9C^_/21\/>]TDa]Glo5C-E7X« � WX9C9 ² RjdE7;F>³`UV9C]V¸ ¶ 587;34-0DE/>3:/ ² DE1A3 ² Da=?7�³67@1\/>UTD ² 5C7@³[5C]�5C-E77 Ù /21t58/JDEUBOBS{p.W dE7;F>³`UT98]T¸ ¶ 1C¸ ¶ 7:98^c/21C]T9@·�«�]�D07;� ¦ Ú�Nh1�5C]�1C¸ ¶0¶ ]T9C5�58-07�1C]Gl 5t� ² 987M1 ¶ 7@3</Jd?3M5C]�« � W�989 ² Rj] ¶ 7:9 ² 5C/>]TD?1��/>FJFu=o7jD07@3<7;181 ² 98RTµ ² 1M58-07�« � WX9C9 ² R'��/>FJFu¸?1\7�7 Ù /21t58/JDEUPNAO#S�W¨5C]_]TF21Mlw]T9.58- ² 5��M]T98bH·Ú.-07MZ ² />D[�M]T98b ² 987 ² lw]V9ª5C-07 ² ³0³6/J5C/>]TD ² F ¶ 7:941C]TD0D07;F_��/JF>F6=?7 ¶ 98/>Z ² 9C/>F>R ² 5�5C-07.O#S�W 1\/J5C7 ² D?³�58-07�W�5jf#·YÚ.-E/>1ª��/>FJF987;rc¸0/>9C7 ² D ² ³0³6/J5C/>]TD ² F�� �T�T� 18ro·hl 5B]GlQF ² =8Û ² 181\7;Z�=0F>Rs1 ¶E² 3:7 ² F>]TD0Ua��/J5C- ²T¶0¶ 98] ¶ 98/ ² 5C7B587;1\5#7;rc¸0/ ¶ Za7:Dc5@·8s ² 987:-E]T¸E1C71 ¶E² 3:7B]Tl ²T¶0¶ 98] Ù />Z ² 587:F>Rs¥ �T�V� 18ro·�l 5;·A��/>FJF{D07:7@³s58]a=?7�3:]TDE1\5C98¸E3�587;³s5C]'-0]V¸E1C7#58-07j7 Ù 589 ² 1 ¶?² 987;1 ² D?³s987 ¶E² /J9 ¶E² 9\541:·
|�*QÉ�*QÉ R�GTI�0 .�>A6jG,Ô,G'I1G'03S�>A5�B�� x�Ø-0c0 x
u�7;UT¸0F ² 9AZ ² /JDc5C7;D07:D?3<7�]TlH7 ² 34-P« � W�989 ² R ² Dc5C7;D0D ² ��/>FJFo987;rc¸0/>9C7.58-07�lw]VFJF>]L��/JDEUj= ² 1C/>3Ml ² 3</>FJ/J5C/>7;1 ² D?³'1\7;9C^_/23<7;1 ² 5K7 ² 34-1C/I587j� ² D ² 3:3:7;181�98] ² ³uµE1\7@3<¸098/J5tRslw7;DE3</>D0U ² 9C]V¸0DE³v5C-07 ¶ 7;9C/>Za7<587:9@µE�M7:7;³ ² DE³ ¶ 7;1\5 ² = ² 5C7;Z`7;Dc5;µo9 ² Z ¶ lw]V9X¸0D0F>] ² ³6/>D0U7;rc¸0/ ¶ Za7:Dc5@µK5 ² D0b lw]V9'� ² 5C7;9a1\5C]V9 ² UT7VµK3<]VZ`Za7;983:/ ² F ¶ ]L�M7:9 ² D?³ ¶ -E]TD07k1C7:98^c/23<7V· N ² 34- 1\/J5C7k��/>FJF�987;rc¸0/>987 ² 1CZ ² FJF=0¸0/>F2³6/JDEU	5C]m-0]T¸?1\7v7:F>7;3�589C]VD0/23:1s� /JD?3<F>¸E³6/>D0U	58-07vZ ² 1\7;9;µ �X�M�Hµ ² DE³ = ² 34b_¸ ¶ UT7;D07:9 ² 58]T9418�<µ��M]T98bn1 ¶E² 3<7'lw]V9�589C]V¸0=0F>71C-0]_]G5C/>D0U?µE1t58]T9 ² UV7Xlw]V9X1\¸ ¶0¶ F>/J7@1:µ07@rc¸0/ ¶ Z`7;Dc5;µ?1 ¶E² 9C7@1:µ_58]T/>FJ7:5 ² DE³�1C/JD0bHµ £ O�WXf¬7@rV¸E/ ¶ Za7;DV5�lw]V9�5C-E7j=0¸0/>F>³6/>D0U ² 1.�h7;FJFlw]T9B58-07'9C]_]VZÊ-0]T¸E1C/>D0Us58-07aZ ² 1C7:9@µu�MfM1;µ ² DE³edE=o7:9�3<]VD0D07@3�5C/>]TD?1:·`N ² 34-q1\/J5C7a��/>FJFQDE7:7;³ ² �h7 ² 5C-E7:9j1t5 ² 58/J]VDu·[N ² 34-dE7;F>³a587;34-0DE/>3:/ ² DP��/JF>FHD07:7@³ ² 3:7:F>FJ¸0F ² 9 ¶ -0]VD07 ² DE³ ² F ²G¶ 5C] ¶ 3<]TZ ¶ ¸05C7:9@·ªz|D ² ³E³6/I58/J]VDuµc5C-07XdE7:F2³'UV9C]V¸ ¶ 1A��/>F>F?987;rc¸0/>9C7 ²
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1 ¶ 7@3</ ² F>FJR[]T¸65Cd05\587;³a^T7;-0/23<F>7.5C]j589 ² DE1 ¶ ]T9C5 ² F>F0987;rc¸0/>9C7@³�587;1\5A7;rc¸0/ ¶ Za7:Dc5 ² DE³'1 ¶?² 987;1;·�Ú.-07�Z ² �t]V9QZ ² />DV587:D ² DE3<7�^_/21\/J581��/>FJFu987;rc¸0/>987Xlw¸09C5C-E7:9X1 ¶ 7@3</ ² F�7@rV¸E/ ¶ Za7;DV5@·AÚ{]P1C¸ ¶0¶ ]T9C5.5C-07@1\7j^_/21\/J581;µ ² DEDc¸ ² F�98] ² ³sZ ² />DV587:D ² DE3<7���/>FJF{=?7j987;rc¸0/>9C7@³�·
|�*QÉ�*_) Î{/s/1>j7 >A5�B Î 5�I�035�5�> � ;�5�G'I�;-/ >A5�B 9�;�5�I�/1;�Ô
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sq7[- ² ^V7 ² F>1C]s=E¸E³6UT7:5C7@³klw]T9 ² DmNK� 5�1C3:/J7;Dc5C/21t5�5C]�3<]VFJF>7;3<5;µ�]V9CU ² D0/ ¤ 7Vµ ¶ 9C7 ¶E² 987Tµ�³67@1C3:9C/>=?7Vµ ² DE³m³6/21C1C7:Za/>D ² 587�58]5C-E7 ¶ ¸0=0F>/>3B58-07j/>Z ² UT7@1.UT7:DE7:9 ² 5C7@³P=_R'58-07�NAOBS{W�·
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|�*rq�*QP ÏV5�S�I�/s4�ÑÒ035�I�>AÔW× 0j=�03Ô,;�x�ÑÒ035�I
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� N Ù 5C7;DE³P58-07�NAOBS{W dE=o7:9�3:]TD0DE7;3�58/J]VDE1M5C]'/>DE3:FJ¸E³07#58-07j987:Z ² />D0/>D0UaO#S{p.W ² DV587:D0D ² 1�	
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� N Ù6¶E² D?³k5C-E7PNAO#S�W!3<]V9C987:F ² 58]T9#5C]�¡���1\5 ² 58/J]VDE1;µ�5C]k7;D ² =0F>7`lw¸0F>F�� � � ¢�£X¤ = ² DE³6��/2³_58-uµ{987 ² Fª5C/>Z`7P3:]T989C7;F ² 5C/>]TD��/I58-v58-07�lw¸0F>Fu¡c¥L� ² Dc5C7:DED ² 3:]TZ[=0/JDE7;³ NAO#S�W ² DE³ O#S�p.W�·
�_]VZ`7h]Gl658-07;1C7h/>Z ¶ 98]L^T7:Za7;DV541u��/>FJF63:]V1\5�F>7;181u58- ² D ² lw7:� Za/>FJF>/>]TD[³0]TF>F ² 981;µY��-0/JF>7A58-07MFJ]L�.�ìlw9C7@rc¸07:DE3:R#7;D0- ² DE3<7;Z`7;Dc5Za/JUV-c5B3<]c1t5 ² 1�Z[¸E34- ² 1��G� � Za/JF>FJ/>]TD{µo1 ¶ 987 ² ³�]L^V7:9X1C7:^V7:9 ² FuRV7 ² 981;·.z|D ² UVUT987:U ² 5C7Vµ_5C-07`/JD?1t589C¸0Za7;DV5 ² F�³67:^V7:F>] ¶ Za7:Dc541F>/>1\5C7@³ ² =?]L^V7M3:]T¸0F2³`3<]V1\5Q]L^T7;9 �Gi � Za/JF>FJ/>]TD{·)5#¸E9Q9C7@rV¸E7;1\5C7;³ ² DEDc¸ ² F_=0¸E³6UV7<5Qlw]V9Q]TD0UV]T/>D0U#/>DE1\5C98¸0Za7:Dc5 ² F ² DE³ ² FJUV]T98/I58-6�Za/>3�³67;^T7;FJ] ¶ Za7:Dc5�]Gl �T¥6·á¥ � ÛLRT7 ² 9@µ ¶ - ² 1\7@³P/>D�]L^T7:9h5C-E7#d?981\5.5C-0987:7�RT7 ² 941Alw]VFJF>]L��/>D0U`3:]TDE1\5C98¸E3<5C/>]TDuµ ² DE³PZ ² />Dc5 ² /JD07@³² 5M5C- ² 5.FJ7;^T7:Fìµc�h]V¸0F>³ ¶ 7;9CZa/J5M58-07�«Qu�W�5¬58][7;D ² =0F>7�58-07BFJ/21t587;³s/JZ ¶ 98]L^T7;Z`7;Dc581 L ]T9M]G58-07:9MZa]T987�5C/>Za7:F>RP]TDE7;1 L ]L^T7;9²a�pL �[RV7 ² 9h58/JZa7 ¶ 7:98/J]6³�·
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@BADCFE ².GDGIHKJML CON>PKQ JSR8² C J E ²<TUH�G Q TVR Q JWR A H E R8².RUX E ².JYLZT[H E XD\OR E^] T Q`_ R A Hba^ced¬²gfM²hT[LiR Qkj^EUEUQeP7C ²lR[H�LWmnJ Cpo HKT EUC R C H Eq J PKQ T[G Q T8².RUH�L ]rQ T ] XDJYL C JMsut A ² E H qvQh] R A Hxw6y{z j t6T Q.| H P R~}&��H�� C J ]rQ T _ ²lR CpQ J CFEK�

� a^ced ²gfM²hT[L�J�X _2� H�T �6j c @����`�h�h�h�S�e�
� j$_bQ XDJSR ���.�h�h�����.�h�`� L Q \p\>²hT E*�
��� XDT4²lR C�Q J �6�.�`�D� R Qu�.�M�~�
� t6T C J PKC G?².\ q J o H E R C sV².R Q T �&��CFPKP ²hT[L Qb�{C ² P�P7Q J C
@BA H�a^ced ²gf.².T*LiJSX _�� HKTn\ CFE R[H�L CFE R A ².R Q.] R A H PKQ.��Q GIHKT4²lR C�o H�².shT[HKH _ HKJSR � H7R�f�HKHKJ j m q ².JYLiR A Hba^cDd� H² E R A Ht A ² E H q G Q TUR CpQ J Q.] R A H�w6y^z j tvT Qh| H P R CpE^� H C JDs ] XDJYLeH�LZR A T Q XDs A R A H Q GYH�T8².R CpQ J E shT4².JSR� o².JMLWJ Q R�² E ² E HKGE²hT8².RUHGDT Q.| H P R�} @BA HxLDXDT8².R CpQ Jk\ CFE RUH�L CFE R A ².R Q.] R A H¡GMT Qh| H P R~ �T8².R A H�TBR A ²hJ<R A ²lR Qh] R A H P7Qh��Q GYH�T8².R Cpo H�².shT[HKH _ HKJSR�}@BA H�T[H _ ² C J C JDsbTUH~¢`XMH E RUH�L C J ]rQ T _ ²lR CpQ J CFE s Cpo HKJ C J<R A H ]rQ \p\ Q f C JDs E H P R C�Q J E }

£�¤V¥0¤U¥ ¦¨§$©0ªS«¬®¦>¯D°²±S«´³Iµ·¶�µe©²µD¸^ª¹¶B¸^º�º»©&¯e¼
@BA H¡w6y{z j t A ² E H q tvT Qh| H P R � H�sV²hJ C J �h�h�D� ².JML CpEBP XDTUT[HKJSR[\���GD\2².JMJDH�LuR Q�� H P7Q`_ GD\�HKRUH~L Q J E[P*A H�LeXM\�H�².JML;f C R ADC J� XMLDshH7R � � �.�D�g�   C Jq² P�P7Q T*L0²hJ P Hxf C R A R A H�t A ² E H qn½ ² E HK\ C JDH2tv\>²hJ¾} @BA H�t A ² E H q tvT Qh| H P R CFE{PKQh_ GDT CpE H�L Q.] R A TUH�H_ ² |�Q T E R8²hshH E } @BA Hn¿YT E R E R8²hshH CFE ²2LDH EUC s`J¾ �GDT Q R Q R��SGIH#²hJML�R[H E R E R8²hshH C J<f ADCpP*A GDT Q R Q R���GYH EvQh] ².\p\IJMHKfÀH�\�H P RUT Q J CpP�EE X �ME � E RUH _�E ².T[H�R[H E RUH~L Q J`²{y{z j ².JSR[HKJDJE² � H ]rQ TUH � H C JDs{R8²hÁhHKJ C J`R Q GDT Q LDX P R C�Q J¾} @BA H E H PKQ JML E R8².s`H CpE ²hJa²hJSRUHKJMJE²Q XDRV¿DRUR C JDs E R4².shH C J�f ADCFP*A R A HBJDHKfÂHK\pH P RUT Q J CFPvE X �ME � E R[H _�E ².T[H C J E R8².\p\pH�L Q JxR A HBy^z j ²hJSRUHKJMJE² E } @BA H�R ADC T*L E R4².shH CpER A H C J E R4².\p\>².R CpQ J Qh] R A H�JDH�f P7Q T[T[HK\2²lR Q TÃf ADCFP*A f C \p\�HKJE² � \pH0R A H Cp_ GMT Qlo H _ HKJSR E´C J E H�J EVC R Cpo�C R��j²hJML E GYH P RUT4².\`TUH EVQ \�XDR CpQ Js Cpo H�J C J @ ² � \pH � } � } @BA T Q XMs ADQ XeR0R A H$R A T[HKH E R8²hshH E  T²h\�\Yy^z j ².JSRUH�JDJE² E f C \p\ PKQ JSR C J�XDH�R QxQh�ME HKT o HBf C R A R A H$H NeCFE R C JMsP7Q TUT[HK\2²lR Q T EVQ R A ²lR�²lR¡J Q R C�_ H�f C \�\&R A HKT[H � HP²hJ>H N R[HKJMLDH�L>GYH�T CpQ LWf A H�J¨R A Hby^z j�CpE XMJE² o ² C \>² � \�H ]rQ T{X E H`} @BA Ht A ² E H q t6T Q.| H P R CpE J Q f P7Q`_bC JDs�R Q R A H¡HKJYL Qh] R A H�¿MT E R E R8²hshHj².JML CFE HKJSRUH�T C JDs�R A H E H PKQ JML E R8².s`H Q.] R A H¡GDT Q.| H P R�}c C J P H �.�`�D� R A H¡t6T Q.| H P R A ² E�_ ²hLeH{s Q�Q LuGDT Q s`TUH EUE R A T Q XDs A;C R E LeH EVC shJ¾ eGMTUH�\ Cp_bC JE²hTU��LeH EVC shJ<TUH o�C H�f�².JML;GDT Q R Qh�R���G C JDsuG A ² E H E }$tvT Q R Q R��SGIH E$Q.] ².\p\´R A HxJDH�f�w6y{z j H�\�H P RUT Q J CpPxE X �ME � E R[H _�E ²hTUH�J Q f�XDJMLeH�TUs QhC JDsbRUH E R E$Q J	²;y^z j².JSR[HKJDJE²M}&c Qh_ H Qh] R A H _ ² |�Q T _bC \�H E R Q JDH E0]rQ TvR A H^tvT Qh| H P R6f AMCpP*AuA ² o H � HKHKJ ² P*ADC H o H�L2R Q L0²lR[Hh SH C R A H�T Q J Q TM² A H@²hLQ.]0E[P*A H�LeXM\�H` 0².T[H^s C�o HKJ C J @ ² � \pH j } � }d C s`XDT[H j } �¡EUADQ f E R A Hxwvy^z j RUH E RX².JSR[HKJDJE² Q J;R A H¡y^z j�_ ² E R[HKT�GE²`Lkf C R A R A H¡JDH�f ] HKH~L P7Q JMHh}j J�X _�� HKT Q.] RUH P*A J CFP ².\ P*A ²h\�\pHKJMshH E?A ² o H � HKH�J E X P�P H E[EV] XD\�\p� EUQ \ o H�L � �¡R A H�tvT Qh| H P R~} @BA H o H�TU�¡f C LeH � ²hJMLef C L�R AME� XMG�R Q��D���B] T[H�¢SXDH�J P ��T8².R CpQS� JDH�H�LeH~L�R Q GMT Qlo�C LeH ] XD\p\ ] T[H�¢SXDHKJ P � P7Qlo H�T8²hshH�TUH~¢SX C T[H$LeH o HK\ Q G _ H�JSR Q.] f C LDH � ²hJML ] HKH~L E  G Q \2².T C�Ä HKT E ²hJML�\ Q fÅJ Q`CpE H�² _ GD\ C ¿MH�T E } @BA H E H A ² o H � HKHKJ E X P�P H E[EV] XD\�\p�2LDH o H�\ Q GYH~L ]rQ T0R A H�JDHKf � } �l��� } �{��ÆnÄ T[H P H C�o HKT~}@BA HkGDT Q R Q R���GYH E ².T[H EUADQ f�J C JÂd C shXDT[H j } � } j J Q GeR CFP ²h\v¿ � H�T�JMH7R�f Q T[Á PKQ JDJDH P R C JDsq².\p\By^z j ².JSR[HKJDJE²WGE²hL E R QR A H P HKJSR[T8²h\ P7Q JSR[T Q \ � X C \pL C JDs�f.² E LeH EVC shJMH�L ².JML C J E R4².\p\�H~Lv² A H;²`L Qh]&E[P*A H~LeXD\pHh} j J(XM\OR[T8² � f C LeH � ².JML ���g�.�b�{�IÇlE H P~�L C s C R8²h\²L0².R8²�R[T8²hJ EU_�CFE[EVCpQ J E � E RUH _,A ² En� H�HKJWLeH EVC shJMH�L	²hJMLkRUH E R[H�L Q J(R A H�RUH E R�².JSRUH�JDJE²D} j GE²hTVR CpP XD\>²hT P*A ²h\�\pHKJDs`Hf C R A R ADCFE \2²lRURUHKT E � E RUH _ÈA ² E2� H�HKJÉR A HkTUH~¢`X C T[H _ HKJSR ]rQ T o HKT[�>\ Q f E H�\ ]Ê� shH�JDHKT4²lR[H�L®T4²hL CpQ(] T[H�¢SXDH�J P � C J`R[HKT ] HKT[HKJ P H
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@ ² � \pH j } �h�)3�4�5�687,9;:!<>=@?BA�CEDGF&HI=KJ>=KL2M�:ON>CEP+M�QIHR=S<0J>CET�=S<
M�QRHI=S<0J>CET�= U�:!JV=t6T Q.| H P RncSRXW.TUR � Wg� �.�`�D�t6T[HK\ Cp_�C JYWhTU� � H EUC s`J E�� H oSC HKf E�Z�Qh_ GD\pH7RUH~L ]rQ T j \p\²c�X �YE � E RUH _�E [ XD\�� �.�`�`�cSRXW.TUR q J E RXW.\p\\W.R CpQ J Q.] t6T Q R Q R���GYH¡c�X �ME � E R[H _�E�Q Jkwvy^z j @ H E R j JSRUH�JDJYW j GDT C \ �.�`�h�
] d C T E Rnz C s A R>^ Q J @ H E R j JSRUHKJMJYW _ P R Q`� H�T �.�`�h�
Z�Qh_ GD\pH7R C�Q J Q.] ¿ � H�T ��Q GeR CpP�P W � \pH C J E RXW.\p\\W.R CpQ J Q J<R A H�WhTUTXWg� dMH �Z�.�`�a`d C T E R q J`R[HKT ] HKT Qh_ H7R[T CFP dDT C JDs`H E f C R A(@ H E R j JSRUH�JDJYW � WhT P*A(�.�`�a`

� � d qV� W.JMLÅR ADCFEuA W E R A H>TUH~¢SX C T[H�LÂR A HWLeH o HK\ Q G _ H�JSR Q.] J Qlo H�\ � d q R C s A R;H�J P \ Q`E XDT[H E WhJMLbWÉ\ Q f ��� d q�_bQ J C R Q T
W.JYL P7Q JSR[T Q \0JDH7R�f Q T[Á�} � XDH�R Q W.J Qlo H�TU\ Q W`L Q J¨H�JDs C JDH�HKT C JDs _ WhJDG Q f�HKT�R A H�R[H E R C JDs Q.]$EUQh_ Huw6y{z j GMT Q R Q R���GIHE X �ME � E RUH _�E$CFE T[XDJDJ C JDs `u_bQ J`R AME$� H AMC JML EUP*A H~LeXD\pHh  � XeRnR ADCFE^E \ C GDGYWhshH¡f C \�\ � HxTUH P7Qlo HKT[H�L � �cW EU_ W.\p\ C J P T[HVW E H C JR A H�TdW.RUH Q.] W.JSR[HKJDJYW Q XeRV¿DRUR C JDsxf A H�JbT Q XeR C JDH W.JSRUH�JDJYW C J E RdW.\p\eWlR CpQ J � HKs C J E } @BA H�y^z j W.JSRUH�JDJYW E f C \p\ � H�XDGDshTXWhLDH�Lf C R A w6y{z j E � E RUH _�E WlR$W�TdW.RUH Q.]?]rQ XDT$WhJSRUHKJMJYW E GIHKT��`HVW.T~}@BA H Z W.JYW`L C W.JÀGYWhTVR[JDHKT E<C J R A H®t A W E H q GDT Q.| H P R� nR A H Æ HKT ÄK� HKT[s q J E R C RUXeR[H ]rQ T jnE RUT Q G A � EVCFPKE   A W o H _ WhLDHs Q�Q L®GDT Q s`TUH EUE¡Q JÉR A H;JDH�f w6y^z j PKQ T[TUH�\\W.R Q T~} @BA HK� A W o H E H P XMTUH~L Z W.JYW`L C WhJ ] XDJML C JDs ���fZ��.�h���¡]rQ TbLeH EUC shJ
W.JYL P7Q J E R[TUX P R CpQ J Qh] R A H P7Q T[T[HK\eWlR Q T,W.JML A W o H�H E RdW � \ CpEUA H�LGWhJ H N GIHKT C H�J P H~L®shT Q XDG Qh]nP7Q T[T[HK\eWlR Q T¡HKJDs C JMHKHKT E WhJMLGDT Q s`TdW _�_ H�T E W.RbR A H � Q`_bC J CpQ J � WhL C�Q®jnE RUT Q G A � EUCpP�E _ �ME HKT o WlR Q T[� C JÂt&H�J`R CpP R Q J¾  Z W.JEWhL!WM} @BA HkLeH EVC shJ Q.] Wh\�\E H P R C�Q J E6Qh] R A H P7Q T[T[HK\eWlR Q TgW.T[H�JDHVWhT C JDs PKQh_ GD\pH7R CpQ J�W.JMLbGDT Q R Q R���G C JDs CFE6� HKs C JDJ C JDsY}&t&H�T ]rQ T _ WhJ P H P WhGYW �MC \ C R C H E f C \�\H NDP HKH�LWR AMQ`E H Qh] R A H Q T C s C JYWh\�\p�iGDT Q G Q`E H�L PKQ T[TUH�\\W.R Q T�} � H E G Q J E H E R Q W Z WhJYWhL C WhJ � H~¢`XMH E R ]rQ T¡t6T Q G Q`E W.\ ]rQ T�R A HJDH�f PKQ T[TUH�\\W.R Q T P*ADC G¾ .R A H�ÁhH�� P7Q`_ G Q JMHKJSR C J�R A H P7Q T[T[HK\eWlR Q T� hW.T[H�LeXDH C J � W.T P*A   �.�`�a`^] T Q`_4P7Q`_b_ H�T PKC Wh\ C JSRUH�shTXWlR[H�LP7C T P X C R ] W � T CFP WlR C�Q J PKQh_ GYW.J C H E }@BA H _ W |�Q T _�C \pH E R Q JMH E�]rQ TBR A H¡T[H _ W C JMLeH�T Qh] R A Hxt A W E H q t6T Q.| H P R W.T[H EUADQ f�J C J @ W � \pH j } �
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@BA H PKQh_2�DC JEWlR CpQ J Qh] R A H<XDGDshTXWhLDH C J E HKJ EVC R Cpo�C R�� W.JML¨R A H C J P TUH>W E H�L W.JDs`XD\eW.TxT[H EUQ \pXeR CpQ J®GDT Qlo�C LDH�L � �WR A H<anHKf� H N�CFP7Q^j T[TdWg� Q GIHKJ E W.JxH N R[TUH _ HK\p�^H NePKC R C JMs�W.T[HVW Qh]DC J o H E R C sKWlR C�Q J�� _�C \p\ C W.T PKE H PKQ JML�T[H EUQ \pXeR CpQ J Cp_ W.s C JDs Qh] R A H�T _ W.\TXWhL CpQ H _�CFE[EVCpQ J¾} @BADCFE�P WhGYW �DC \ C R�� CFE GM\\W P H�L C J P7Q J`R[H N R C J>R A H#W.JDs`XD\eW.T EUCpÄ H o HKT E X En� T C s A RUJMH E[E RUH _ GYH�TdW.RUXDT[H2GM\ Q R
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C J d C shXMTUH ½ } ËD} @BA H�R�f Q L C Whs Q JYW.\6L!W EVA H�L®\ C JDH E¡C J®R A H�¿YshXDT[H EUADQ f�R A H � T C s A RUJDH EUE R[H _ GIHKTXWlRUXMTUH E TUH~¢SX C T[H�L>R QGDT Q LeX P H qMX N LeH�J EVC R C H E^Q.]$�~�h��_B[ � W.JML �2_B[ �if C R ADC J W;s Cpo HKJ@WhJDshXM\\WhTnTXWhL C X E } Z XDT o H E$]rQ T^R A H _bQ`E R^G Q f�H�T ] XM\C J`R[HKT ] HKT Qh_ H7R[T CFP W.T[TdWg� EvP*A W.TXW P R[HKT C�Ä H$R A H C T _ W NeC�_ X _ T[H EUQ \pXeR CpQ J �rADQ T CpÄKQ J`RXW.\�G Q TUR CpQ J � W.JYL _ W NeCp_ X _ E HKJ EVC R Cpo�C R��� L C Whs Q JEW.\´G Q TUR CpQ J � }nd Q T�W EVQ XDT P Hxf C R A W;s Cpo HKJ@WhJDshXM\\WhT$TdW`L C X E WhJML � T C s A R[JDH E[E R[H _ GIHKTXWlRUXMTUH�R Qu� H > %=? M���� %	�x� �
W.JiW.T[TdWg� � W.JMLuR A H�TUH ]rQ T[H Cp_ W.shH~L �   C R _ X E RB\ C H,W �IQlo H$R A H P XDT o H`} !>H�Á�J Q f·R A WlR~ !WlR W � T C s A RUJDH EUE R[H _ GYH�TdW.RUXDT[H Q.]
W ] H�f�
 �~��� �b YTdW`L CpQuEVQ XDT P H E�P W.J � H � T Q W`Le\��kL CpoSC LeH~L C JSR Q J Q J � R A HKT _ W.\�WhJMLkR A H�T _ Wh\ }$t ADQ R Q.��C�Q J C�Ä H�LÃ MJDH � XM\\WhTEUQ XDT P H E�Qh] R A HKT _ W.\ÃTXWhL CpQ H _bCpE[EVCpQ JkshH�JDHKTXW.\p\p� A W o H{H�¢SX C \ Cp� T C X _  eÁ C JDH7R CpP R[H _ GIHKTXWlRUXMTUH EBQ.] W ] H�f�
 �~��� �b} Æ HKJ P Hh P7Q`_ GYW P R^JDH � XD\eW.T{TdW`L C�Q<EVQ XDT P H EnA W o H � T C s A RUJMH E[E RUH _ GYH�TdW.RUXDT[H E WlR^R ADCFE{o Wh\�XMH Q T^\ Q f�HKT~}^t ADQ R Q`E G A H�T CFP H _bCFEUEUCpQ J] T Qh_ E RdWhT E  Ãf ADCFP*A>CFE{Q GeR CpP W.\p\��(R ADCFP ÁjWlR¡Á C JMH7R CFP RUH _ GIHKTXWlR[XDT[H E{Q.]{��� �  �~��� �b  E RUTXWhLDLe\pH E R ADCpEb�~��� � �YQ XDJML!WhTU�`}d C s`XDT[H ½ } Ë EVAMQ f E R A H�\ QeP WlR C�Q J Qh] R A H E RUH�\�\eW.T _ W C J E H~¢SXDHKJ P H W.JML�s C W.JSR � TXW.J P*A H E?]rQ T E RdWhT E W.R�W¡L CFE RXW.J P H Q.]²� ÁSG P }q R CFEnP \�H>W.T ] T Qh_ R A H2L C WhshTXW _ R A W.R� Mf C R A>P XDT[TUH�JSR�W.T[TdWg� E   C�_ W.s C JMs WlR _bC \�\ C WhT P�E H P7Q JMLkTUH EVQ \�XeR C�Q J CpE TUH E R[T CFP R[H�LR Q>ADC s A � T C s A RUJDH EUE RUH _ GIHKTXWlR[XDT[Hh &J Q J � R A HKT _ W.\vTXWhL C�QWEUQ XMT P H E }Wd Q T � T C s A RUJDH EUE RUH _ GIHKTXWlR[XDTUH E�| X E R Qlo HKT ����� �b R A H � w � z q a WhTUTXWg�ÉGDT QloSC LeH EbC�_ W.s`H E W®T[H EUQ \pXeR C�Q J Qh] R[HKJ E;Q.]¡_bC \p\ C WhT P�E H P7Q JYL E } Æ$Q f�H o HKT~ �W E R A H � T C s A RUJMH E[E
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RUH _ GYH�TdW.RUXDT[H(LeT Q G Eb� HK\ Q f R ADCpEuo Wh\�XMHh �R A H _bC J C�_ X _ W.JDs`XD\\WhT�L C�_ H�J EVCpQ J Qlo HKTbf ADCFP*A LeHKRUH P RdW � \pHcqMX NÅP W.J � HQh� RdW C JDH~L C J P TUH>W E H E TXW.G C Le\p�h} Z�Q J E H~¢SXDHKJSRU\p�h  C�_ Whs C JDs WlR _�C \p\ C W.T PKE H PKQ JML�T[H EUQ \pXeR CpQ J Qh] R A HnH�JSR C TUH P \eW E[E0Q.] R A HKT _ W.\ �H _bC RVR C JDs<TdW`L CpQuEVQ XDT P H E�CFE W.J@W.T[HVW Qh] W E RUT Q G A � EVCFP Wh\ C J o H E R C sfW.R CpQ JkR A W.R A W E �hHKRnR Qu� H2H N GD\ QhC RUH~LÃ} @´Q W PKP H E[E R ADCpE
W.T[HVW<T[H�¢SX C TUH E^Q T[LDHKT ��Qh]Ê��_ W.s`J C RUXMLeH C�_ GDT Qlo H _ HKJSR E{C J �IQ R AÉE H�J EVC R Cpo�C R�� Q�� � T[H EUQ \ o�C JMs;G Q f�H�T�} @BA H�a$H�f � H NeCpPKQj T[TXWg�h  C J P7Qh_2�DC JYWlR C�Q J2f C R A R A H$w6y^z j ^ E HKJ Q T _�Q X E&Cp_ GMT Qlo H _ HKJSR E?C J E H�J EVC R Cpo�C R��` hf C \�\MGDT Qlo�C LeH�R A W.R ] W PKC \ C R��`} @BA HJDH�f·TUH�s CpQ J Qh]¾Qh�ME HKT o WlR CpQ JEW.\DGYWhTdW _ H7RUH�T E GYW P H$R A WlRBf Q XD\FL � H�W P�P H E[EUC�� \pH$R Q�Cp_ W.s C JDs � �bR A H PKQh_ GD\pH7RUH~L;wvy^z j CpEC \�\pX E RUTXWlRUH~L;s`TdWhG ADCFP Wh\�\p� � �bR A H EUA WhLeH~LuT[HKs C�Q J C Jkd C shXDT[H ½ } ËD} @BADCFE TUH�s CpQ JuH�J P7Q`_ GYW E[E H E W�f�HVWh\OR A<Qh] G A H�J Qh_ H�JYWC J E RUH�\�\eW.T$W E R[T Q G A � EVCFPKE R A W.R A W o H ADC R A H�TVR Q�� H�HKJiT[H o H>W.\pH�L Q JD\p�+W E 5UG Q`C JSR EUQ XDT P H E 7 Q.] TdW`L CpQ H _�CFE[EVCpQ J¾}d Q T^H N W _ GD\pHh IR A H Cp_ Whs C JDs Qh] R A H E XDT ] W P H Q.]�½ H7R[HK\pshH�X E HsWlR ``�0��Æ$Äi� d C shXDT[H ½ } ���S� f.W E W�R[H P*A J CFP Wh\ � M < > � %

� M >JK %^]rQ T{R A H P XDT[T[HKJSR{y{z j   � XeR C R CFE R A H Q JD\p� E RXW.T C J>R A H2J Q TVR A HKT[J E Á��i\\WhTUs`H�HKJ Q XDs AZ]rQ T^R AMCpE R Q<� H2G Q`E[EUC�� \pHh}� W`L C�Q2C�_ WhshH E \ C ÁhHnR ADCFE W.T[H P T[X PKC Wh\ ]rQ T�XDJYLeHKT E RXW.JML C JDsxR A H � \ Q WlR[H�L W.R _bQ`E G A H�TUH E6Qh] R A H E H E XMGYH�TUs C WhJ`R E RXW.T E   EVC J P HR A HK� EUADQ f�H�LxR A W.R6H NeCpE R C JDs _bQ LeHK\ E&Q.] R A H$W.R _bQ`E G A H�TUH � W E H�L Q J o�CpEUCp�DC \ C R��2L!W.RdW{f�H�TUH�f�T Q JDsY} @BA H PKQh_��MC JYW.R CpQ J Q.]R A HBa �Zj T[TXWg�^T[H EUQ \pXeR CpQ J2f C R A R A H�w6y^z jÂE HKJ EVC R Cpo�C R��¡f C \�\�Wh\�\ Q f _ W.J�� _bQ T[Hvs C W.JSR E RXW.T E R Q^� H E R[XML C H�L W.R _ XD\�R C GD\pH] T[H�¢SXDHKJ P7C H E   Cp_ GMT Qlo�C JDs,WlR _bQSE G A HKT CpPB_bQ LeHK\ E0]rQ T0R A H E H E RXW.T E W.JMLbGIHKT _bC RUR C JDsxX E R Q�E RUXMLD� C J ADQ`_�Q shH�JDH C R C H E0C JbR A H
WlR _bQ`E G A HKT[H E�]rQ T�WbTXW.JDs`H Qh]&E RUH�\�\eW.T$R��SGIH E }�WhJML<R A H2L CpE Á EUCpÄ H�RUH _ GYH�TdW.RUXDT[H Q JiTXWhL C X E�C J@WlR _�QSE G A HKT CpP{_bQ LeHK\ E R Q� H�RUH E RUH~Lkf C R A R A H o W E RU\p� Cp_ GMT Qlo H�L E H�J EVC R Cpo�C R�� Q.]?EUCp_�C \eW.T Qh�YE H�T o WlR C�Q J E�Q.]0E RXW.T E{��� R Cp_ H E$EU_ W.\p\�H�T Q T$Wgf�Wg�`}
j JMshXD\eW.T�T[H EUQ \pXeR CpQ J Q.] W ] HKf _bC \p\ C W.T PKE H PKQ JML E�PKQ T[TUH E G Q JYL E R Q W�\ C JDH>W.TnL Cp_ HKJ EUCpQ J Q.] W ] HKf j m�WlR�WbL CFE RXW.J P HQ.]¾Q JDH$Á�G P } @BADCFE L CFE RdW.J P H CFE R���G CFP Wh\ Qh] R A H �DC JEW.T[� E HKGYWhTdW.R CpQ J Qh]ÃE H _bC�� LDH7RdW P*A H�L C JSRUH�TdW P R C JDs �MC JYWhT C H E�P7Q J`RXW C J C JDss C W.JSR E RXW.T E   E X P*A W E�E � _2�DC�Q R CFPnE RdWhT E W.JML�T[H P XDT[TUH�J`R�J Qlo W.Hh}�_nR A HKT�H N W _ GD\pH E�Q.] R A HKT _ W.\ITdW`L CpQ�EVQ XDT P H E shH�JDHKTXWlR[H�LQ T�W 3 H P R[H�L � �¨G A H�J Qh_ HKJEW Q J j m E[P Wh\�H E W.T[HbR A H;f C JML E WhJML P7C T P X _�E RUHK\p\eW.TxH�J o�C T Q J _ HKJSR ExQ.] HVWhTU\p� � R���GIH E RXW.T E

W.JYLWR A H o HKT[�ZHVWhTU\p� E RdW.s`H E�Qh] J Qlo WhH Q XeR � XDT E R E } j R P XDT[TUH�JSRxTUH EVQ \ o�C JDs<G Q f�HKT~  Cp_ Whs C JDs C J o H E R C sfWlR C�Q J E�Q.] R A H E HR���GYH ExQh]�Q`�e| H P R E¡A W o H � H�HKJÉ\eW.T[shH�\�� PKQ J E RUTXW C JDH~LZR Q H N W _bC JYWlR C�Q J Qh] H | H P RUH~L _ W.RUH�T C W.\0R A WlR A W E GDT Q GEW.sfW.RUH~LZR Q\eW.T[shHxL CFE RXW.J P H EB] T Qh_ R A H�G QhC J`R Q.]0Q T C s C J � H ]rQ TUH � H PKQh_bC JDsuT[H EUQ \ o H�L¾} @BA H�a �Zj TUTXWg�;f C \p\¾¿MJYWh\�\p�cW.\p\ Q f C�_ Whs C JDsQ.] R A HKT _ W.\6TXWhL CpQ H _bCFEUEUCpQ J Q J¨R A H EUP W.\pH Q.] R A H C JSR[HKTXW P R C�Q J¨R A W.R�s Cpo H E T CFE HbR Q H | H P RXWD}id C shXMTUH ½ } �h�uEUADQ f E R A H_ W NeCp_ X _ L CFE RXW.J P HnR Q f ADCFP*A R A H E H�WhJML Q R A H�TvR���GIH E�Q.]´Q`�e| H P R E f Q XD\FL � H{T[H EUQ \ o H�L � � �IQ R A R A H j���P7Q Je¿Ms`XDTdW.R CpQ J
W.JYL�R A H$a �Wj T[TdWg�`}?d Q T&R A H P XDT[T[HKJSR0y^z j  lR���G CFP W.\YL CpE RdWhJ P H E TXW.JDs`H ] T Qh_ W ] HKfÂRUHKJ E R Q W ] H�f A XDJYLeTUH~L E&Q.] GYWhT E H P }
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! ADC \�H$R A H P XDT[TUH�JSR6y^z jÀA W E LDH7RUH P R[H�L E RdWhT E W P T Q`E[E R A H Æ HKTUR Ä~E GDT[XDJDs ��� X EUE HK\p\ML C W.s`TdW _��IQ R A W E R A HKT _ Wh\EWhJMLbJ Q J �R A HKT _ Wh\0TdW`L CpQkEUQ XDT P H E  �R A HKT[H W.T[H o HKT[� ] HKf Qh�D| H P R E R A W.R P W.J � H�TUH EVQ \ o H�L E GYW.R C W.\p\��`} @BA H ] W _bQ X E H ohQ \ o H~L E RdWhT� ! Z<�a` Ë CFE W.JiH N W _ GM\�H Q.] R A H E XMTUGDT CFE H E�C J E R Q T[H�f C R A TUH>W.\ Cp_ Whs C JDsM} @BAMCpE$E RdWhT�f�W E R A H¡GMT Q R Q R���G CFP Wh\IR A H�T _ W.\
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VLA 8.3 GHz HIGH RESOLUTION
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W.T Q XMJML C R�}0dMXDTVR A HKT~  Qh�ME HKT o WlR CpQ J E²Qh]ÃADC s Ae� TUH~L EVAMCO] R6sKW.\eW NeC H E0E XMshshH E RgW P \ QSE H PKQ JDJDH P R C�Q J � H7R�f�HKH�Jb\�X _bC J Q X Evj$� ax _bQ \pH P XD\\WhTnsKW E   WhJML E RdWhT ]rQ T _ WlR C�Q J¾} Z \ Q`E HKT^R Q<ADQh_ H` IH NeCpE R C JDs<LYWlRdW A W o H EVAMQ f�JiR A H C�_ G Q TURdWhJ P H Q.] R A H2\eW.T[shH �E[P W.\pH C J`R[HKTXW P R CpQ J � H7R�f�HKHKJiR A H | HKR�WhJML C R EnE XDT[T Q XDJML C JDs E }Bm$J ]rQ TVR[XDJYWlR[HK\p�h  _ W.J�� Cp_ G Q TVRXW.JSRnGDT Qh� \�H _bE TUH�sfW.T*L C JDs| H7R E T[H _ W C J�XDJ EVQ \ o H�LÃ} @BA HKT[H CFE J Q W PKP HKGeR[H�L o�C HKf Q.]ÃADQ fÅR A H E HnH N R[TdWhsfW.\eW P R CFP²| H7R E W.T[H�\eW.XDJ P*A H�LBW.JYL P7Q \p\ C�_ WlR[H�LÃ J Q T�H o HKJiW.J�� P7Q J E H�J E X E W E R Q R A H C T P7Q JSRUHKJSR~} !¨H¡L Q J Q RBXDJMLeH�T E RdWhJML�R A H C�_ GYW P R Q.] R A H | H7R Q J C R E H�J oSC T Q J _ HKJSR~ 
W.JYL o�CpP H o HKT E WM} !¨HBL Q J Q R?H o H�J A W o H�W P \pHVW.T&G CFP R[XDT[H Qh] R A HB\ CO] H P � P \�H Q.] W$R���G CFP Wh\STXWhL C�Q sfW.\eW N �`} @´Q WhLMLeTUH EUE R A H E HCFEUE XDH E TUH~¢SX C T[H E�AMC s Ae� T[H EUQ \pXeR C�Q J Cp_ W.s`H E¡Qh] R A H EU_ W.\p\ ��E[P W.\pH E R[TUX P RUXMTUH`  E X P*A W E R A H C JMJDHKT | H7R� )WhJML ADC s Ae� ¢SXYW.\ C R��Cp_ WhshH EBQ.] R A H¡\eW.T[shH ��E[P W.\pH E RUT[X P RUXDT[Hh}
 Q�	o9�Pm=K<>CoHIl;JVQICoT ��N>=KJ#<VJ0Pml � J>l�Pm=j:YT;LbCEPmQ�	oQIT�<
[ H7R E W.T[HxR A H�G C GIHK\ C JDH � �(f ADCFP*A R A H P HKJSRUTXW.\ � \eW P Á ADQ \�H C J W.J j$� a P7Q JDJDH P R E R Q R A H Q XeR EUC LDH�f Q T[\pLÃ} @BA H | H7R CpER A H _ HVWhJ E6� �bf ADCFP*A R A H � \eW P Á ADQ \�HnGDT Q LeX P H E R A H^TXWhL CpQ sKW.\eW N �h KW.JML C R CpE W.\ EVQ R A H _ H>W.J E�� �bf ADCpP*A;C R C J!qMXDHKJ P H EC R EBE XMTUT Q XDJYL C JMs En� R���G CpP W.\p\���R A H^GM\\W EV_ W C J�W P \pX E RUH�T Qh] sfWh\\W N�C H E*� } @BA H E H EVQ XDT P H E GDT Qlo�C LeH�L _ X P*AuQh] R A H Cp_ GYHKRUX E]rQ T$R A H Q T C s C JYWh\¾LeH EUC s`J Q.] R A H�y^z j  oWhJMLcWbshT[HVW.RnLeHVWh\ A W E$� H�HKJZ\pHVWhTUJDH~L ] T Qh_ R A HxTUH E XM\OR C JDs Cp_ W.s`H E }�c Q`_ H | H7R EL CFE GM\\Wg�<H N RUTXW Q T[L C JYWhTU� P7Q \�\ Cp_ W.R CpQ J¾  Q.] RUH�J Qlo H�T�R[HKJ EnQ T�H o HKJ A XDJMLDTUH~L E�Q.] Á C \ Q GEW.T E H PKEBC Jk\pHKJMs.R A  Mf ADCFP*A(E XDs`shH E R E
W ADC s A \p� E XDGIHKT EVQ J CFP q Q f¡}._nR A HKT | HKR E H N GEW.JMLkshTXWhLDXYW.\p\��` eTUH _bC J CFE[P HKJSR Qh]0E X �MEUQ J CpP  eRUXDT � XD\pHKJSR$GD\pX _ H E Á�J Q f�J Q Jw�WhTVR A }�cSR C \�\ Q R A HKT | H7R E XDJMLeH�TUs Q WiLeTXW _ W.R CFP R[TdWhJ EVC R CpQ J´  ] T Q`_ W.J C J C R C Wh\ E R[T Q JDs P7Q \p\ C�_ WlR C�Q JWR Q W � T Q WhLeH�T�  � XeRE R C \�\ Q T[LDHKT[H�LÃ SRdW C \(q Q f > R ADCFE�CFE GDT Qh� W � \��<LeXDH{R Q R A H Q J E H7R$WhJML E W.RUXDTXWlR C�Q J Q.] W�qMX C L C J E RdW �DC \ C R��h}j ] HKf | HKR E W.T[H P \ QSE H^HKJ Q XDs A  SWhJML � T C s A R�H�J Q XMs A  SR Q W.\p\ Q f _�Q TUH{LeH7RXW C \�H~L E RUXMLD�h} !¨H^Á�J Q f¹R A WlR | H7R E W.T[HnJ Q R
W.\pf.Wg� E XDJ C�]rQ T _ \��u¿M\�\pH�L¾} q J EUQh_ H EVQ XDT P H E R A H�� P7Q J EUCpE R Qh] R�f CFE R[H�LÃ  _ WhshJDHKR CpÄ H�L A H�\ CFP H E  !WhJML _ Wg� A W o H 5UH _ GeR�� 7� TXWhL C�Qh� ] W C JSR ��E G C JDH E } �Z� Ì � d C shXDT[H ½ } � Ì � W.JML Z ��shJ�X E�j � d C shXMTUH ½ } �h�`� W.T[H{f�H�\�\ � Á�J Q f�J<H N W _ GD\pH E } @BADCFE H P*ADQ H ER A H¡GYW.T E H P ��EUP W.\pH E RUT[X P R[XDT[H Qh]Y| HKR E$E RUXYL C H~Lkf C R A R A H¡y^z ½Bj � W.\�R AMQ XDs AiP XDT[TUH�J`RBy^z ½Bj�C�_ W.s`H EBQh] RUHKJi\pHVW o H _ X P*AR Q<� H�LeH EUC TUH~LÃ  � H C JDsu\ Cp_�C RUH~L C J E HKJ EUC R C�o�C R��h Y¿YLeH�\ C R��h  W.JYL E GYW.R C W.\?Le��JYW _bCFP TXW.JDs`H � } q�] R A H E H ] H>WlR[XDTUH E WhTUH�LDXDHxR Q
qMX C L Q T _ W.shJMH7R Q`A ��LDT Q Le��JYW _�CFP�C J E RdW �MC \ C R C H E   ] XMJML!W _ H�J`RXW.\¾¢SXYWhJ`R C R C H EBE X P*A W E R A H�LDHKJ EUC R�� WhJML E GIHKH�L Q.] R A H | H7RP WhJ � H�LeH�T Cpo H~L .10 � R A H Cp_ WhshH E W.T[H�s Q�Q LZHKJ Q XDs A R Q<C LeHKJSR CO] �@WhJML _ HVW E XDT[H¡R A H2\eW.T[shH ��E[P Wh\�H _bQ LeH E H NePKC R[H�L � �R A H C J E RdW �DC \ C R��h} j J Q R A HKT�H N W _ GD\�H CFE TUH�\\W.R Cpo�CpE R CFP{_�Q R CpQ J Q.]?� T C s A R ] H>WlRUXMTUH EBC JkR A H | HKR�}6y{z ½�qvQ`�ME HKT o W.R CpQ J E�A W o HEUADQ f�R A WlRvR ADCFE6CFEvPKQh_b_bQ J Q JbGYWhT E H P�E[P Wh\�H EU> R A Hny^z j A W E J Q fÅLDH7RUH P R[H�L E X P*Ab_bQ R CpQ J C JbR�f QB| H7R E^� �Z� Ì�  Z HKJ j^�Q J(Á C \ Q GYW.T E H P�EUP W.\pH E } @BA H | H7R C J �Z� Ì EVAMQ f E W.GDGEW.T[HKJSR E GIHKH~L E XMGiR Q<���  EW E f�H�\�\�W E$PKQh_ GD\pH Nko HK\ QeP7C R�� E RUT[X P RUXDT[H� H7R�f�HKHKJ WhJML;f C R AMC JiÁ�J Q R E  EW.JML _bQ R CpQ J E RUTXW.J EUo H�T E H$R Q R A H | HKR�W NeCpE }
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� H E G C R[HkR ADCFE GDT Q shT[H E[E   ] XDJML!W _ H�JSRdW.\�¢SXDH E R C�Q J E TUH _ W C JÅXDJYWhJ E f�H�TUH~LÃ 6LeXDHkR Q \ C�_bC RdW.R CpQ J EbQh] H o HKJÂR A H � H E RP XMTUT[HKJSR Cp_ W.shH E } Æ$Q f�L Q H E R A HxRUTXW.J EVC R CpQ J ] T Qh_ GYWhT E H P R Q Á C \ Q GYW.T E H P¡EUP W.\pH EnQ�P�P XDT�/ � Q H E R A H�q Q f�LeH P H�\�H�TdW.RUH /
! A H�TUH,W.JYL ADQ fL Q H E�C R PKQ \p\ Cp_ WlR[H / q�E R A HKT[H^H oSC LeH�J P H ]rQ TBH�J`R[TdW C J _ H�JSR /j_^J<\\WhTUs`HKT EUP W.\pH E   CFE R A HKT[H{H o�C LeH�J P H ]rQ TT[HK\eWlR Cpo�CpE R CFP$_bQ R CpQ J¾  Q T P XDTUT[HKJSR E   Q T ]rQ T W ADC s Ae��E GIHKH~L E G C JDH C JuR A H�q Q f / ! A WlR CFE R A H E R[TUX P RUXDT[H Q.] R A H _ WhshJDHKR CFP¿MH�\pLÃ )WhJMLÉL Q H E¡C R PKQ JSRUT Cp� XeRUHbR Q�| H7R P7Q \p\ C�_ WlR C�Q J / q�E R A HKT[HudYWhTdW`L!Wg�ZT Q RXWlR CpQ J®H oSC LeH�J P H Qh] W P7Q JD¿MJ C JDs(¿MH�\pL C JR A H�H N R[HKT[JYW.\²GD\\W EV_ W / j T[H¡R A HKT[H�G A � EVCFP Wh\´L C43 H�TUH�J P H E$� H7R�f�HKH�J | H7R E f ADCFP*A T[H _ W C J P7Q \�\ C�_ W.RUH�LjW.JMLkR ADQ`E Hxf ADCFP*AL CFE T[XDGeR P \ QSE H^R Q R A H � \eW P Á AMQ \pH /dDXMTVR A HKT _bQ T[Hh  | HKR E WhTUH�J Q R�Wh\�\ C LeH�J`R CpP W.\�}?mnJMLeH�T E RdWhJML C JDs¡R A H o W.T C HKR�� Q.]�| H7R�G A � EUCFPKE T[H�¢SX C TUH E0Cp_ WhshH E0Q.] W�\\WhTUs`HE W _ GD\pHsW.R�Wk\pH o H�\ P7Qh_ GYWhTdW � \pH¡R Q R A H �W� Ì�LYWlRdWM} @BA H�a$H�f � H NeCpPKQ<j T[TXWg� CFE H E[E HKJSR C W.\²R Q GDT Qlo�C LeH�R A H E H ADC s AD�¢SXYW.\ C R��h  ADC s Ae� TUH EVQ \�XeR C�Q J C�_ W.s`H E   C J P \pXML C JDs2G Q \\WhT Cp_ H7RUT[�h} @BA H{a �Zj TUTXWg�2f C \p\YGDT Qlo�C LDH ��� R C�_ H E�� H7RVR[HKT�TUH EVQ \�XDR CpQ JR A W.J�R A H P XDTUT[HKJSR�y^z j } @BAMCpE f C \p\Is Cpo H ] H�f � GYWhT E H P TUH EVQ \�XeR C�Q J Q J | HKR E WlR � � ��
 �u�r]rQ T C J E RdWhJ P H ���¡Q T _bQ T[H � HVW _bE
W P T QSEUE Wh\�\ Q.] R A H Z �Ss j®| H7R �  `R A X E H�JYW � \ C JDs�LeHKRdW C \pH�L E RUXMLe� Q.] W¡\eW.T[shHBJ�X _2� H�T Q.]�| HKR E W.R�W¡T[H EUQ \pXeR CpQ J P7Q`_ GYW.TXW � \pHR Q R A H P XDT[T[HKJSR �Z� Ì Cp_ WhshH`}q JGWhLDL C R C�Q J®R Q R A H E H�\\WhTUs`HKT E W _ GD\pH E  ¾R A H ] HKf�s Q�Q L¨JDHVWhT � � P W E H E¡_ X E R � H Cp_ W.s`H�L WlR¡R A H � H E R�TUH EVQ \�XDR CpQ JG Q`E[EVCp� \pHh} @BA H | H7R C J �Z� Ì CFE$P \ Q`E H�WhJML � T C s A R�H�J Q XDs A R Q W.\p\ Q f LDH7RdW C \pH�L E RUXMLe� Q.]?C R E Á C \ Q GYWhT E H P7��E[P Wh\�H E R[TUX P RUXMTUH`}@BA H P XDT[TUH�JSR �Z� Ì C�_ W.s`H A W Ev�¡� HVW _�E W P T Q`E[E R A H � T C s A RUH E RvGYWhTVR Q.] R A H | HKR � Á�J Q R j{��> R A H{a �Zj TUTXWg��f C \p\YGMT Qlo�C LeH��� R Q<�`� R Cp_ H E R ADCFE T[H EUQ \pXeR CpQ J �  Ys C�o�C JDs E X �e� GYW.T E H P TUH EVQ \�XDR CpQ Jif C R AZ_bQ T[H¡R A W.J	��
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W.\ EUQ�P \ Q`E H�HKJ Q XDs A R Q \pHVWhTUJ _bQ T[H$W �IQ XDRvR A H C JDJDHKT �p| H7R�T[HKs C�Q J¾ OWhJMLbR A X E R Q H N GD\ Q T[H�R A H P7Q JDJDH P R CpQ JbR Q R A H^J�X P \pHVWhT� \eW P Á ADQ \�H`} @BA H C JDJMHKT | H7R�L CpE GD\eWg� E TXW.G C L P*A W.JDs`H E 0 � >&Q � 0LM 
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� W`L C�QbQ`�ME H�T o W.R CpQ J E�A W o H ADCFE R Q T CFP W.\p\p��GD\\Wg�`H�LiW�ÁhHK�;T Q \�H C J;R A H E R[XMLe� Q.] shTXW oSC RdW.R CpQ JYWh\Y\pHKJ E H E   E RdWhTVR C JDsbf C R A R A HLeHKRUH P R CpQ JcW.JMLu¿MT E RBTUH EVQ \ o H�L Cp_ W.s`H E�Q.] R A H{¿MT E RBÁ�J Q f�Ju\pHKJ E   � Ë � Ì	� �OpD� } ½ ��J Q f ,��~�h� sfW.\eW N � ��_ W EUE \�H�J E H E W.T[HÁ�J Q f�J > W E RUT C Á C JDsiH N W _ GM\�H CFE¡EVADQ f�J C J®d C shXDT[H ½ } � ËD} @BA H�y^z j�A W E�_ WhLDH Cp_ G Q TVRXW.JSR P7Q J`R[T Cp� XeR C�Q J E��IQ R A®C J¿MJML C JDs�JDH�f·\�H�J E H E��&%('*) '  Ã SR A H Z z j cDc E XDT o H��h  � �hH�T E H7R W.\�} �.�h�`�?>�½ T Q f�JDHnH7R W.\�} �h�h�h�S�  SW.JML C J _ H>W E XDT C JDs�R Cp_ HLeH�\\Wg� E0]rQ TvÁ�J Q f�J E � E R[H _�E^�J% '*)+'  � edYW E[E JYW P*A R6H7R.W.\�} �.�h�S�h� }?cSRXWlR CFE R CFP W.\ E RUXML C H E GDT Qlo�C LeH Cp_ G Q TVRXW.JSR PKQ J E RUTXW C JSR E0Q J�IQ R A R A H _ WlRURUHKT$LDHKJ EUC R��iW.JML<R A H¡H�¢SXYW.R CpQ J Q.]0E RXWlRUH Qh] R A H�m$J C�o HKT E H` ef ADCpP*A � � H P WhX E H^R A HK�iLeH�GYH�JMLiL C 3 HKT[HKJSR[\��Q J¹R A H ] XDJYL!W _ HKJSRXW.\nGEW.TXW _ H7R[HKT E ��W.T[H W.J Cp_ G Q TURdWhJSR P7Q`_ GM\�H _ H�JSR�R Q�PKQ J E RUTXW C JSR E LeH�T Cpo H~L ] T Q`_ R A H P7QSEV_bCFP_bCpP T Q f.W o H � W P Á�shT Q XMJML@W.JYLZR���GIH q W E XDGYH�TUJ Qlo WhHh}�d Q T C JML Cpo�C LeXEW.\0\pHKJ E H E   _ HVW E XDT[H _ H�J`R Q.] R A H�R C�_ H�LeHK\eWg� P WhJs Cpo H �IQ R A R A H�shH Qh_ H7R[T CFP L CpE RdWhJ P H W.JYLxR A H�\�H�J E&_ W E[E0EUP W.\pHh OWhJML A HKJ P H W{L C T[H P R&H E R C�_ W.RUH Q.] R A H Æ X �D� \pH P7Q J E RdW.JSR~}� H�\ C W � \pH2R Cp_ HuLDHK\eWg� E W.T[H�J Q f�Á�J Q f�J ]rQ T¡Ë E � E R[H _�Eb� � QeP*A W.JMHKÁ �.�`�`�`�   Q.] f ADCpP*A®� f�HKT[HbLeH7R[HKT _�C JDH~L � �(TXWhL CpQQh�YE H�T o WlR C�Q J E��r]rQ XDT�f C R A R A H�y^z j   Q JDH2f C R A R A H j X E RUTXW.\ C W @ H�\�H EUPKQ GIH Z�Qh_ GYW P R j T[TdWg� � } @BA H�JDH N R E RXW.s`H CFE R QC J P T[HVW E H2R A H�J�X _2� H�T Q.] R Cp_ H � LDHK\eWg� E � E RUH _bE Á�J Q f�J¾ ;W.JMLWR QiC J P T[HVW E H2R A H W PKP XDTdW P � Qh] R A H _ W EUE{_bQ LeHK\ E } @BA HC LeHVWh\6f Q XD\FL � H�R Q ¿MJML W 5Vs Q \FLeHKJ¨\�H�J E 7 E � E RUH _   C J®f ADCFP*A R A H;shH Q`_ H7RUT[�Zf Q XD\FL � H EUCp_ GM\�HuH�J Q XMs A·�&%('*) '  � ;WhJCFEVQ \\W.RUH�L<JDH>W.T[\�� E G A H�T CFP Wh\Ã\�H�J EVC JDsbsfWh\\W N � � R Q�C JSRUT Q LeX P H{R A H _bC J Cp_ X _ Q.]&_bQ LeHK\¾XMJ P H�TVRXW C J`R C H E }

_ ]¾P7Q XDT E H$s`TdW o�C RdWlR C�Q JYW.\e\pHKJ E H E�P W.J � HnX E H�LbR Q LeH�T Cpo H _ W EUE GDT Q ¿M\pH E W E f�HK\p\oW En� Q T C J E RUH>WhL Qh][� L CFE RdW.J P H E }0d Q TC J E RXW.J P Hh  @ T[HKX < � Q�Q G _ WhJ E�� �h�h�S� WD  �Y�´A W o H � HKHKJ P W.T[TU� C JDs Q XeR�W{GDT Q shTXW _ R Q¡P7Qh_2�DC JDH�R A H�\pHKJ EUC JDs Qh�ME HKT o WlR C�Q J Ef C R A¹Q GeR CpP W.\$Á C JDH _ W.R CFPKE W E LDH7RUH�T _bC JDH�LÂR A T Q XDs A ��H P Á Qh�ME HKT o WlR CpQ J E�]rQ T W E W _ GD\�H Qh] TXWhL CpQ \�H�J E H EZ� R Q W ohQ`C LP7Q JSRdW _bC JYWlR C�Q J � � Q GeR CpP W.\ Cp_ WhshH E[� } q JYL CpP WlR C�Q J E�] T Q`_ R A H E H E R[XML C H E W.T[H^R A W.R�R�f Q�PKQh_ G Q JDH�J`R _bQ LeHK\ E f C R A L!WhTUÁ_ WlRURUHKT�GMT Q ¿M\�H E�E R[HKH�GYH�TBR A WhJ<R A H P WhJ Q J CpP W.\ CpEUQ R A HKT _ W.\ÃGDT Q ¿Y\�H P WhJ<H N GD\\W C J<R A H Qh�ME HKT o WlR CpQ J E }@BA H�R�f Q ÁhH�� E R Q(] XMTVR A HKTsWhL o W.J P H ExC J®R ADCpE W.T[HVW WhTUH` ´¿MT E R� ²¿MJML C JDs _bQ T[H�\pHKJ E H E'> W.JML E H PKQ JML¾ ?LeHKRUH�T _bC J C JMs
W P�P XDTXWlR[H¡R Cp_ H�LeHK\eWg� E�]rQ T �IQ R A R A H2JDH�f�\pHKJ E H E W.JML(R ADQSE H�f ADCFP*A W.T[H�Wh\�T[HVW`Le�<Á�J Q f�J´} @BA H�anHKf � H NeCpPKQ<j T[TXWg�f C \�\&W.\p\ Q f _ W |�Q T�WhL o WhJ P H E�C J �YQ R A WhTUH>W E   � �kGDT Qlo�C L C JDsbR A H�¿MT E R{H N RUT[H _ HK\p� E H�J EVC R Cpo H�W.T[TdWg�` Df C R A \ Q JDsuH�J Q XMs A
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� W E H�\ C JDH E R Q T[H EUQ \ o H2\�H�J E�P7Qh_ G Q JDH�JSR E  Ãf ADCpP*A¨CFE W o W C \eW � \pHxR A T Q XDs ADQ XeR{R A H��`HVWhT ]rQ T _bQ J C R Q T C JMs�W.JYL E XDT o HK� C JDsGDXDT[G Q`E H E }
Z�Q J EVC LeHKT ]rQ TkH N W _ GD\pHjW \eW.T[shH ��E[P Wh\�H E HVWhT P*AÅ]rQ TkJDH�f"\�H�J E H E  $W C�_ H~L WlR C J P TUH>W EUC JMs®R A H>JSX _�� HKT Q.] Á�J Q f�J\pHKJ E H E�� �tW ] W P R Q T Q.] RUH�J¾}b_ �YE H�T o�C JDsWf C R A R A H E RdWhJML � W.\ Q JDHia$H�f � H N�CFP7Q®j T[TXWg� W.R �0��Æ$Ä f Q XD\FL s Cpo H o H�TU�P \pHVWhJ E RdW.R CFE R CpP�E  eT[H EUQ \ o�C JMs Q XeR _bQ`E RBH N RUHKJYLeH�LkH _bCFEUEUCpQ J¾ !WhJML E HK\pH P R C JDs ]rQ T.qEW.R ��E GIH P RUT[X _ Q`�e| H P R E f A H�TUH�\pHKJ EUC JMsshH Qh_ H7R[T C H E W.T[HWH>W E �ÅR Q TUH P7Q shJ CpÄ H`} ½ W E H~L Q J R A H®H N GIHKT C H�J P H Q.]BZ z j cMc� $W.JMLÀR A H®J�X _2� H�TiLDHKJ EUC R�� Qh] qEW.RE GYH P RUT[X _   P7Q T[H � L Q`_�C JYW.RUH�L EUQ XDT P H E�C J(R A H�d q�� c @ P W.RdWh\ Q sM  E X P*A W E XDT o HK�kf Q XD\FLiTUH~¢SX C T[H Qh�YE H�T o�C JDs EVQ`_ H �h�`�h�E ¢`XEW.T[H�LeHKs`TUH�H En]rQ T ,��`�6E H P GIHKT{G QhC J`R C JMsM ÃT[H E XD\OR C JMs C J W P WlRXW.\ Q s Qh]vEVQ`_ H , ��� ��EUQ XDT P H E   W.JMLZRdWhÁ C JDsiW �IQ XeR�W�hH>W.T Q.]vQ`�ME HKT oSC JDs;R Cp_ H`} �À@BAMCpE W EUE X _ H E W � \ C JML E XDT o H��h  W.JYLjW<\�H�J EVC JDskTdW.RUH EVCp_bC \eW.T{R Q R A WlR ]rQ XDJML C J Z z j cDc�}
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Æ$Q f TUH�\\W.R CpoSCFE R CFP GEW.TUR CFP \pH E W.T[H�W PKP H�\�H�TdW.RUH~L CFE W.J Cp_ G Q TVRXW.JSRu¢SXDH E R CpQ J�R A W.R PKQ JDJMH P R Eb_ W.J�� L C43 H�TUH�J`R WhTUH>W E2Q.]
W E RUT Q G A � EUCpP�E } @BA H E H2GYW.TUR CFP \pH E LDH7¿MJ C RUH�\��iH N�CFE R > R A H��iWhTUH Qh�ME HKT o H~L �IQ R A L C TUH P R[\�� � R A H PKQ`EU_�CFP TXWg� E f ADCFP*A TUH>W P*AHVWhTVR AY� W.JML C JML C TUH P R[\�� � E ��J P*A T Q RUT Q J�H _bCpE[EVCpQ J ] T Qh_ T[HK\eWlR C�o�CFE R CpP HK\pH P RUT Q J E0E HKH�J�R A T Q XDs ADQ XeR&R A H$m$J Cpo H�T E H � }²w N W _��GD\pH EvQ.] R A Hn\eWlRVR[HKT C J P \�XYLeH E XDGIHKT[J Qlo W�TUH _ JEW.JSR E  `L C43 X E H^sfWh\\W P R CFP�E �SJ P*A T Q RUT Q J A Wh\ QSE W.JML�R A HnTXWhL C�Q H _bCpE[EVCpQ J ] T Qh_E G C TXW.\ÃL CFE Á E  �TdW`L CpQ$| H7R E  !W P R C�o H^sKW.\eW P R CpP J�X P \pH C  �W.JML E �SJ P*A T Q RUT Q J A Wh\ QSE�C J<sfW.\eW N � P \pX E RUH�T E } q R CFEBE R C \p\ÃJ Q RBÁ�J Q f�J´ ADQ f�H o HKT~  ADQ f Q Tbf A H�TUHkR A H E H<GEW.TUR CFP \pH E W.T[HiW PKP HK\pHKTXWlRUH~LÃ} @BA H�TUH WhTUHcWlRb\�H>W E RbR A T[HKHcWlRURUTXW P R C�o H C LeH>W E��kEUADQeP Á� RUXMT � XM\�H�J`R~ �W.JYLWH�\�H P RUT Q Le��JYW _bCFP W PKP HK\pHKTXWlR CpQ J´} � CFE R C JDshX CFEUADC JMs � H7R�f�HKH�JWR A H E HbTUH~¢SX C T[H E^Qh�YE H�T o WlR C�Q J E f ADCFP*A>P WhJGDT Qh� HxR A H�GD\eW EU_ W;Le��JYW _bCpP�E�� f A HKT[H�W.T[H¡R A H EUADQeP Á E / f A WlR CpE R A H _ W.s`JDH7R CpP ¿MHK\FLZL Q`C JMs /�f A HKT[H CFE R A H E � E R[H _RUXMT � XM\�H�J`R�/ � W E f�HK\p\(W E R A H¡HKJDH�TUs C�Ä WlR CpQ J � f A W.R$GYW.TUR CFP \pH�HKJDH�TUs C H E W.T[H{T[HVW P*A H�L /;f C R A f A WlR�H - P7C HKJ P ��/ � }� W`L C�Q W E R[T Q J Qh_ � CpE R A H ] XDJMLYW _ HKJSRdWh\0R Q�Q \ ]rQ T E X P*AÉE R[XML C H E } � W`L C�QiCp_ W.shH E W.JML¨T[H EUQ \ o H~L E GYH P RUTXW.\0H�JDHKT[sh�L CFE R[T Cp� XeR C�Q J E T[H o H>W.\YR A H E GYW.R C W.\ W.JML<HKJMHKT[sh�uL CFE R[T Cp� XeR C�Q J Qh] R A H�TUH�\\W.R CpoSCFE R CFP GYWhTVR CpP \�H E¡� PKQ J ohQ \ o H�L�f C R A R A H¡\ QeP Wh\_ W.s`JDH7R CpP ¿YHK\FL � } @BA H<G A � EVCFPKE¡AMQ f�H o HKT P W.J � H PKQh_ GD\ CpP WlRUH~LÃ )W.JMLÉL C�o HKT E H _bQ LeHK\ E H NeCpE R�f ADCFP*AÉA W o H�J Q R � HKH�JHVW EVC \p�^R[H E RdW � \�H�f C R A2P XDTUT[HKJSR E � E RUH _�E }?c Q TVR C JMs Q XDR´R A H E H CFEUE XDH E T[H�¢SX C TUH E´PKQh_ GYW.T C JDs�R A H Q T[H7R CpP W.\ _bQ LDHK\ E f C R A2ADC s A¢SXYW.\ C R�� Cp_ W.s`H E   _ WhLeH�WlR ADC s A;E GYWlR C Wh\MT[H EUQ \pXeR CpQ J´ KWhJML�f�HK\p\ ��E W _ GD\�H~L Qlo H�T�W � T Q WhL ] T[H�¢SXDHKJ P �bTdWhJDshH`} @BA H{\eW P Á Q.]E GYWlR C Wh\`T[H EUQ \pXeR CpQ J´ ~GEW.TUR CFP XD\eW.T[\�� C J E GYH P R[TdWh\ C JMLeH N W.JML E GIH P RUTXW.\ P XDT o WlRUXMTUH�LeH7R[HKT _�C JYW.R CpQ J E   A W E shT[HVW.RU\p� A W _ GYH�TUH~Lf Q T[Á�XDG�R Q J Q f¡} @BA H PKQ JSR C J�X Q X E0] T[H�¢SXDHKJ P � P7Qlo H�TdWhshH Q.] R A H^wvy^z j f C \p\oWh\�\ Q f¹HKJ Q T _bQ X E WhL o WhJ P H E  KW.JMLuGYH�T _bC RQh�YE H�T o WlR C�Q J E f ADCpP*A®P WhJZR[H E R{R A H _bQ LDHK\ E } @BA H P7Qh_2�DC JYWlR C�Q J Q.] R A H�anHKf � H NeCpPKQkj TUTXWg�h Ãw ��PKQ Je¿Ms`XDTXWlR CpQ J´ oWhJMLP7Q JSR C JSX Q X E¡E GYH P R[TdWh\ P7Qlo HKTXW.shH2f C \p\�Wh\�\ Q f 5 EUP W.\pH�L � W.T[TXWg� 7 Qh�ME HKT o WlR CpQ J E�Qlo HKT,Wif C LeH�TXW.JDs`H Qh]B] TUH~¢`XMHKJ PKC H E } @BA Hw6y{z j f C \�\6GMT Qlo�C LeH�R A H _ WlR P*A H�L¨TUH EVQ \�XDR CpQ JWH EUE HKJSR C Wh\ ]rQ T¡X E H ] XD\ E GYH P R[TdWh\ E R[XML C H E  ;W E f�HK\p\gW E R A H�G Q \\WhT CpÄ W.R CpQ JC J ]rQ T _ WlR CpQ J¹f ADCFP*A T[H o H>W.\ E R A HWshH Q`_ H7RUT[� Qh] R A H _ W.s`JDH7R CpP ¿YHK\FLÃ} @BAMCpE<P7Qh_2�DC JDH�LÅf C R A R A HWw6y{z j ^ EuE XDGIHKT �E HKJ EUC R C�o�C R���f C \p\�\�H>WhL�R Q f�HK\p\ ��E W _ GD\�H~L E GIH P RUTXW�W.R E X �e� W.T PKE H P7Q JML�T[H EUQ \pXeR CpQ J Qlo HKT _bQ TUH0R A W.JsWnLeH P W`LeH C J ] T[H�¢SXDHKJ P �h}@BADCFE{� T Q WhL(TXW.JMshH CFE{C�_ G Q TURdWhJ`R � H P WhX E H�R A Hb\ Q f � ,W��ÆnÄ~�n] T[H�¢SXDHKJ P7C H E TUH0qMH P R^R A H C J C R C Wh\?GEW.TUR CFP \pHsW PKP H�\�H�TdW.R CpQ J� 5 C J | H P R C�Q J 7 �  Df ADC \�H{R A H ADC s A H�T ] TUH~¢`XMHKJ PKC H E GDT Q`� H¡GEW.TUR CFP \pH�Whs C JDs#W.JML _ W.shJMH7R CFP ¿MH�\pLkLeH P Wg�h}

_^JDH¡H N W _ GD\�H CpE R A H2LDH7RdW C \pH�L¾  ADC s Ae� T[H EUQ \pXeR CpQ J¾  � T Q WhL ��E GYH P RUTXW.\ ��P7Qlo H�TdWhshH E RUXMLD� Qh] Á�J Q f�J W PKP H�\�H�TdW.R CpQ J EVC RUH E  E X P*A W E R A H ADQ R E G Q R EbC JÅTdW`L CpQ;| HKR E(� f AMCpP*A TUH~¢SX C T[H<R A H ADC s A T[H EUQ \pXeR CpQ J Q.] R A H(a �Zj TUTXWg� W.JYL�G Q`E[EVCp� \p�ÉR A Hw6y{z j �^y^z ½Bj�PKQh_2�DC JEWlR CpQ J �   Q T E XDGYH�TUJ Qlo WbT[H _ JYWhJSR Ex� f ADCpP*A f C \p\ � HKJDHK¿DR ] T Qh_ R A H�WhLDL C R CpQ J Qh] R A H ��½B@ �{w �P7Q Je¿Ms`XDTdW.R CpQ JkR Q TUH>W P*A R A H�\eW.T[shHKT E GYW.R C W.\ EUP W.\pH E*� } ! C R AWE X P*A L!W.RdWM ILeHKRdW C \ E$Qh] R A HsW PKP HK\pHKTXWlR C�Q J<G A � EUCpP�EnP WhJ � HE RUXML C H�L � L Q H E WZ\ Q f � H�JDHKT[sh�>G Q f�HKT � \eWgf TdWhJDshH�H o HKT2TUH>W.\p\��¨H NeCFE R�/ Z W.JtW(\ Q f � HKJDH�TUs`� C J | H P R CpQ J�\ Cp_�C R � H E H�HKJ /
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EVLA PHASE II PROJECT WBS SUMMARY 3/23/2004

WBS TASK NAME

6.01 Project Management
6.01.01 Overhead Expenses
6.01.06 Management Personnel Expenses
6.01.10 Office Equipment and Supplies
6.01.15 Drafting and Lab Services
6.01.20 Advisory Comm Support

6.02 System Integration
6.02.01 Management/ Subsystem Engineering 
6.02.05 Test and Lab Equipment 

6.02.05.05 Production Test and Lab Equipment, FO

6.02.05.10 Production Test and Lab Equipment, FE

6.02.05.15 Production Test and Lab Equipment, LO

6.02.10 Power Supply System
6.02.10.05 Central Electronics Room

6.02.10.10 Master LO Power Supply

6.02.10.15 Antenna Power Supply

6.02.15 Site RFI Characterization & Suppression
6.02.20 Scientific Support
6.02.25 Modules Bins and Racks

6.03 Civil Construction
6.03.01 Management/Subsystem Engineering
6.03.05 New Mexico Array Sites

6.03.05.05 NMA Site Acquisition and EIS

6.03.05.10 NMA Site Construction

6.03.10 E Array
6.03.10.05 E Array Engineering

6.03.10.10 E Array Civil Work

6.03.10.15 E Array Electrical

6.04 Antennas
6.04.01 Management/Subsystem Engineering
6.04.05 Antenna components to be provided by NRAO

6.04.05.05 Feed Cone Structure

6.04.05.10 HVAC

6.04.10 New antennas
6.04.15 FRM

6.05 Front End Systems
6.05.01 Management/Sub-engineering
6.05.05 Receivers

6.05.05.03 327MHz

6.05.05.05 L - Band

6.05.05.10 S - Band

6.05.05.15 C - Band

6.05.05.20 X - Band

6.05.05.25 Ku - Band

6.05.05.30 K - Band

6.05.05.35 Ka - Band

6.05.05.40 Q - Band

6.05.05.30 W - Band 

6.05.10 Feeds
6.05.10.05 L - Band

6.05.10.10 S - Band

6.05.10.15 C - Band

6.05.10.20 X - Band

6.05.10.25 Ku - Band
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EVLA PHASE II PROJECT WBS SUMMARY 3/23/2004

6.05.10.30 K - Band

6.05.10.35 Ka - Band

6.05.10.40 Q - Band

6.05.10.45 W Band Feed

6.05.30 Cryogenics

6.05.30.05 Vacuum Pump and Manifolds

6.05.30.10 W Band Feed

6.05.30.15 Refrigerators

6.06 LO System
6.06.01 Management/Subsystem Engineering

6.06.05 Master LO System

6.06.05.05 H Maser Frequency Standard 

6.06.05.10 PPS Generator and Distributor

6.06.05.25 L350 Central Reference Generator

6.06.05.40 512 MHz Offset Generator

6.06.07 Ground-based Antenna System

6.06.10 First LO Generator

6.06.15 Second LO Synthesizer

6.06.20 Antenna Reference System 

6.07 Fiber Optic System
6.07.05 New Mexico Array  Digital Data Tranmission Network

6.07.10 Fiber Infrastructure and Antennas

6.07.10.05 Fiber Infrastructure

6.07.10.10 Antenna Fiber

6.07.15 Sampler and Monitor & Control Bus

6.07.05.15 Monitor and Control

6.07.15.10 2-4 GHz Sampler

6.07.05.15 1 GHz Sampler

6.07.20 LO/ Reference

6.08 IF System
6.08.01 Management/ Subsystem Engineering

6.08.05 Switches

6.08.10 4/P & L/S/C Converters

6.08.15 UX Converter Module

6.08.20 IF Down Converter

6.09 Correlator
6.09.05 Correlator Expansion

6.09.10 NMA-VLBA interface

6.10 Monitor & Control System
6.10.01 Management/Subsystem Engineering

6.10.05 M&C Electronic Hardware

6.10.05.05 Physical Interface

6.10.10 M&C Network, Hardware and Software

6.10.15 M&C Computing Systems, Hrdwre & Sftwre

6.10.20 M&C EVLA Software

6.10.20.35 Detailed Design and Coding 

6.11 Data Mgmt & Computing
6.11.01 Management/Subsystem Engineering 

6.11.10 Proposal and Observation Description Toolkit

6.11.15 Observation and Correlator Scheduling Toolkit

6.11.20 EVLA-Specific Pipeline Heuristics

6.11.25 Archive Toolkit

6.11.30 EVLA AIPS++ package

6.11.35 Networking
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Project Management Cost Summary

Description WBS Task Name                               Year 2005 2006 2007 2008 2009 2010 2011 2012 2013 Total
M & S Total 6.01 Project Management 0.0 312.5 852.2 1240.4 1530.6 1506.1 1465.1 796.8 582.6 8286.3

6.01.01 Overhead Expenses 0.0 254.6 776.4 1121.4 1450.6 1442.4 1404.9 767.8 582.6 7800.7

6.01.06 Management Personnel Expenses 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

6.01.10 Office Equipment and Supplies 0.0 40.0 48.0 71.0 31.0 17.0 27.0 3.0 0.0 237.0

6.01.15 Drafting and Lab Services 0.0 2.9 2.8 8.0 7.0 9.7 3.2 1.0 0.0 34.6

6.01.20 Advisory Comm Support 0.0 15.0 25.0 40.0 42.0 37.0 30.0 25.0 0.0 214.0

Travel Total 6.01 Project Management 0.0 8.6 8.6 8.6 8.6 4.3 4.3 4.3 0.0 47.3

Labor Total 6.01 Project Management 0.0 0.0 212.5 212.5 212.5 378.3 357.0 442.0 272.0 2086.8
Total EVLA Labor ($k) 0.0 0.0 212.5 212.5 212.5 378.3 357.0 442.0 272.0 2086.8

Total Off-Budget Labor ($k) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Percentage Off-Budget 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

EVLA TOTAL 0.0 321.1 1073.3 1461.5 1751.7 1888.6 1826.4 1243.1 854.6 10420.4

System Integration & Testing Cost Summary

Description WBS Task Name                                Year 2005 2006 2007 2008 2009 2010 2011 2012 2013 Total
M & S Total 6.02 System Integration & Testing 0.0 67.8 141.2 134.2 537.8 372.8 283.8 1.2 1.2 1540.0

6.02.01 Management/ Subsystem Engineering 0 0 0 0 0 0 0 0 0 0

6.02.05 Test and Lab Equipment 0 7.8 141.2 116.2 226.2 61.2 1.2 1.2 1.2 556.2

6.02.10 Power Supply System 0 0 0 18 107.1 107.1 78.1 0 0 310.3

6.02.15 Site RFI Characterization & Suppression 0 60 0 0 0 0 0 0 0 60

6.02.20 Scientific Support 0 0 0 0 0 0 0 0 0 0

6.02.25 Modules Bins and Racks 0 0 0 0 204.5 204.5 204.5 0 0 613.5

Travel Total 6.02 System Integration & Testing 0.0 19.4 2.2 2.2 2.2 2.2 2.2 0.0 0.0 30.1

Labor Total 6.02 System Integration & Testing 0.0 209.7 124.7 124.7 220.3 180.6 258.5 255.0 335.8 1709.2
Total EVLA Labor ($k) 0.0 209.7 124.7 124.7 220.3 180.6 258.5 255.0 250.8 1624.2

Total Off-Budget Labor ($k) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 85.0 85.0

Percentage Off-Budget 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 25.3% 5.0%

EVLA TOTAL 0.0 296.8 268.0 261.0 760.2 555.6 544.5 256.2 252.0 3194.3

Civil Construction Cost Summary

Description WBS Task Name                                     Year 2005 2006 2007 2008 2009 2010 2011 2012 2013 Total
M & S Total 6.03 Civil Construction 0.0 720.0 5215.4 1812.8 1942.0 1883.0 120.0 0.0 0.0 11693.2

6.03.01 Management/Subsystem Engineering 0.0 250.0 600.0 0.0 0.0 0.0 0.0 0.0 0.0 850.0

6.03.05 New Mexico Array Sites 0.0 240.0 368.0 1392.0 1942.0 1883.0 120.0 0.0 0.0 5945.0

6.03.10 E Array 0.0 230.0 4247.4 420.8 0.0 0.0 0.0 0.0 0.0 4898.2

Travel Total 6.03 Civil Construction 0 2.15 0 0 0 0 0 0 0 2.15

Labor Total 6.03 Civil Construction 0.0 127.5 127.5 136.7 141.3 141.3 85.0 0.0 0.0 759.2
Total EVLA Labor ($K): 0.0 127.5 127.5 136.7 141.3 141.3 85.0 0.0 0.0 759.2

Total Off-Budget Labor ($K): 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Percentage Off-Budget: 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

EVLA TOTAL 0.0 849.7 5342.9 1949.5 2083.3 2024.3 205.0 0.0 0.0 12454.5

Antennas Cost Summary

Description WBS Task Name                                     Year 2005 2006 2007 2008 2009 2010 2011 2012 2013 Total
M & S Total 6.04 Antennas 0.0 0.0 16.0 9651.8 8828.9 8444.9 8984.9 40.0 0.0 35966.5

6.04.01 Management/Subsystem Engineering 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

6.04.05 Antenna components to be provided by NRAO 0.0 0.0 16.0 190.0 70.0 70.0 110.0 0.0 0.0 456.0

6.04.10 New antennas 0.0 0.0 0.0 9077.8 8374.9 8374.9 8874.9 0.0 0.0 34702.5

6.04.15 FRM 0.0 0.0 0.0 384.0 384.0 0.0 0.0 40.0 0.0 808.0

Travel Total 6.04 Antennas 0.0 10.8 8.6 17.2 73.1 73.1 73.1 51.6 51.6 359.1

Labor Total 6.04 Antennas 0.0 42.5 204.8 209.3 301.3 301.3 342.3 219.5 134.5 1755.3
Total EVLA LABOR ($K): 0.0 42.5 204.8 209.3 301.3 301.3 342.3 219.5 134.5 1755.3

Total Off-Budget Labor ($K): 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Percentage Off-Budget: 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

EVLA TOTAL 0.0 53.3 229.4 9878.3 9203.3 8819.3 9400.3 311.1 186.1 38080.8
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Front End Cost Summary

Description WBS Task Name                                Year 2005 2006 2007 2008 2009 2010 2011 2012 2013 Total
M & S Total 6.05 Front End Systems 0 4.5 193.5 893.3 1105.8 1167.1 1354.9 1085.4 933.2 6737.7

6.05.01 Management/Sub-engineering 0 4.5 9.5 59.2 59.2 62.2 59.2 59.2 0 313.0
6.05.05 Receivers 0 0 0 472.4 647.5 631.5 892.7 786.6 749.6 4180.3
6.05.10 Feeds 0 0 58 179.7 179.7 240 183.6 183.6 183.6 1208.2
6.05.30 Cryogenics 0 0 126 182 219.4 233.4 219.4 56 0 1036.2

Travel Total 6.05 Front End Systems 0.0 6.5 6.5 11.4 19.1 19.1 20.0 20.0 20.0 122.6

Labor Total 6.05 Front End Systems 0 29.75 29.75 350.125 440.7083 440.7083 495.458 435.38 360.54 2582.4
Total EVLA Labor ($K): 0.0 29.8 29.8 350.1 440.7 440.7 495.5 435.4 360.5 2582.4
Total Off-Budget ($K): 0 0 0 0 0 0 0 0 0 0.0
Percentage Off-Budget: 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

EVLA TOTAL 0.0 40.7 229.7 1254.8 1565.6 1626.9 1870.4 1540.8 1313.7 9442.7

Local Oscillator Cost Summary

Description WBS Task Name                                Year 2005 2006 2007 2008 2009 2010 2011 2012 2013 Total
M & S Total 6.06 LO System 0.0 0.0 727.0 717.0 1151.7 434.7 434.7 0.0 0.0 3465.1

6.06.01 Management/Subsystem Engineering 0 0.0 10.0 0.0 0.0 0.0 0.0 0.0 0.0 10.0

6.06.05 Master LO System 0 0.0 717.0 717.0 792.7 75.7 75.7 0.0 0.0 2378.1

6.06.07 Ground-based Antenna System 0 0.0 0.0 0.0 16.1 16.1 16.1 0.0 0.0 48.3

6.06.10 First LO Generator 0 0.0 0.0 0.0 95.3 95.3 95.3 0.0 0.0 285.9

6.06.15 Second LO Synthesizer 0 0.0 0.0 0.0 192.0 192.0 192.0 0.0 0.0 576.0

6.06.20 Antenna Reference System 0 0.0 0.0 0.0 55.6 55.6 55.6 0.0 0.0 166.8

Travel Total 6.06 LO System 0.0 0.0 0.0 0.0 12.9 12.9 12.9 0.0 0.0 38.7

Labor Total 6.06 LO System 0.0 3.5 5.3 5.3 251.9 261.2 261.2 9.3 0.0 797.9
Total EVLA Labor ($K): 0.0 3.5 5.3 5.3 251.9 261.2 261.2 9.3 0.0 797.9

Total Off-Budget Labor ($K): 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Percentage Off-Budget: 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

EVLA TOTAL 0.0 3.5 732.3 722.3 1416.5 708.8 708.8 9.3 0.0 4301.7

Fiber Optic Cost Summary

Description WBS Task Name                                Year 2005 2006 2007 2008 2009 2010 2011 2012 2013 Total
M & S Total 6.07 Fiber Optics 0.0 522.0 623.6 727.8 946.8 881.8 486.2 0.0 0.0 4188.2

6.07.05 New Mexico Array  Digital Data Tranmission Netwo 0 170 576.8 465 635 395 272.2 0 0 2514

6.07.10 Fiber Infrastructure and Antennas 0 0 0 133.7 182.7 357.7 214 0 0 888.1

6.07.15 Sampler and Monitor & Control Bus 0 352 46.8 86.3 86.3 86.3 0 0 0 657.7

6.07.20 LO/ Reference 0 0 0 42.8 42.8 42.8 0 0 0 128.4

Travel Total 6.07 Fiber Optics 0 12.9 12.9 68.8 68.8 68.8 68.8 25.8 25.8 352.6

Labor Total 6.07 Fiber Optics 0.0 59.5 129.5 239.5 244.1 244.1 225.8 212.0 125.0 1479.4
Total EVLA Labor ($K): 0.0 59.5 129.5 239.5 244.1 244.1 225.8 212.0 125.0 1479.4

Total Off-Budget Labor ($K): 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Percentage Off-Budget: 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

EVLA TOTAL 0.0 594.4 766.0 1036.1 1259.7 1194.7 780.8 237.8 150.8 6020.2

Intermediate Frequency Cost Summary

Description WBS Task Name                                Year 2005 2006 2007 2008 2009 2010 2011 2012 2013 Total
M & S Total 6.08 IF System 0.0 0.0 0.0 0.0 281.2 281.2 281.2 0.0 0.0 843.6

6.08.01 Management/ Subsystem Engineering 0 0 0 0 0 0 0 0 0 0

6.08.05 Switches 0 0 0 0 47.8 47.8 47.8 0 0 143.4

6.08.10 4/P & L/S/C Converters 0 0 0 0 35.6 35.6 35.6 0 0 106.8

6.08.15 UX Converter Module 0 0 0 0 52.2 52.2 52.2 0 0 156.6

6.08.20 IF Down Converter 0 0 0 0 145.6 145.6 145.6 0 0 436.8

Travel Total 6.08 IF System 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Labor Total 6.08 IF System 0.0 2.1 2.1 2.1 135.2 135.2 135.2 2.1 0.0 414.1
Total EVLA Labor ($K): 0.0 2.1 2.1 2.1 135.2 135.2 135.2 2.1 0.0 414.1

Total Off-Budget Labor ($K): 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Percentage Off-Budget: 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

EVLA TOTAL 0.0 2.1 2.1 2.1 416.4 416.4 416.4 2.1 0.0 1257.7
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Correlator Cost Summary

Description WBS Task Name                                Year 2005 2006 2007 2008 2009 2010 2011 2012 2013 Total
M & S Total 6.09 Correlator 0.0 0.0 5520.0 0.0 0.0 314.0 249.0 353.0 0.0 6436.0

6.09.05 Correlator Expansion 0.0 0.0 5100.0 0.0 0.0 0.0 0.0 0.0 0.0 5100.0

6.09.10 NMA-VLBA interface 0.0 0.0 420.0 0.0 0.0 314.0 249.0 353.0 0.0 1336.0

Travel Total 6.09 Correlator 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Labor Total 6.09 Correlator 0.0 0.0 0.0 0.0 42.5 127.5 85.0 85.0 0.0 340.0
Total EVLA Labor ($k) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total Off-Budget Labor ($k) 0.0 0.0 0.0 0.0 42.5 127.5 85.0 85.0 0.0 340.0

Percentage Off-Budget 0.0% 0.0% 0.0% 0.0% 100.0% 100.0% 100.0% 100.0% 0.0% 100.0%

EVLA TOTAL 0.0 0.0 5520.0 0.0 0.0 314.0 249.0 353.0 0.0 6436.0

Monitor & Control System Cost Summary

Description WBS Task Name                                Year 2005 2006 2007 2008 2009 2010 2011 2012 2013 Total
M & S Total 6.10 Monitor & Control 0.0 0.0 0.0 14.0 181.0 193.0 174.0 500.0 0.0 1062.0

6.10.01 Management/Subsystem Engineering 0 0 0 0 0 0 0 0 0 0

6.10.05 M&C Electronic Hardware 0 0 0 4 78 78 74 0 0 234

6.10.10 M&C Network, Hardware and Software 0 0 0 0 58 0 0 0 0 58

6.10.15 M&C Computing Systems, Hrdwre & Sftwre 0 0 0 10 45 115 100 500 0 770

6.10.20 M&C EVLA Software 0 0 0 0 0 0 0 0 0 0

Travel Total 6.10 Monitor & Control 0.0 12.9 8.6 4.3 8.6 4.3 4.3 4.3 0.0 47.3

Labor Total 6.10 Monitor & Control 0.0 0.0 85.0 302.1 395.6 388.5 383.9 170.0 0.0 1725.1
Total EVLA Labor ($k) 0.0 0.0 85.0 302.1 395.6 388.5 383.9 170.0 0.0 1725.1

Total Off-Budget Labor ($k) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Percentage Off-Budget 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

EVLA TOTAL 0.0 12.9 93.6 320.4 585.2 585.8 562.2 674.3 0.0 2834.4

Data Mgmt & Computing

Description WBS Task Name                                Year 2005 2006 2007 2008 2009 2010 2011 2012 2013 Total
M & S Total 6.11 Data Management and Computing 0 5 10 30 20 20 45 15 1005 1150

6.11.01 Management/Subsystem Engineering 0 0 0 0 0 0 0 0 0 0

6.11.10 Proposal and Observation Description Toolkit 0 0 0 0 0 0 0 0 0 0

6.11.15 Observation and Correlator Scheduling Toolkit 0 0 0 0 0 0 0 0 0 0

6.11.20 EVLA-Specific Pipeline Heuristics 0 0 0 0 0 0 0 0 300 300

6.11.25 Archive Toolkit 0 0 0 0 0 0 0 0 500 500

6.11.30 EVLA AIPS++ package 0 5 0 10 0 0 35 5 195 250
6.11.35 Networking 0 0 10 20 20 20 10 10 10 100

Travel Total 6.11 Data Management and Computing 0 0 0 4.3 4.3 4.3 4.3 4.3 4.3 25.8
Labor Total 6.11 Data Management and Computing Travel 283.3 410.8 453.3 453.3 434.9 477.4 463.3 433.5 3409.9

Total EVLA Labor ($k) 0.0 283.3 410.8 453.3 453.3 434.9 477.4 463.3 433.5 3409.9

Total Off-Budget Labor ($k) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Percentage Off-Budget M and S Tot 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

EVLA TOTAL 0.0 288.3 420.8 487.6 477.6 459.2 526.7 482.6 1442.8 4585.7
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EVLA PHASE II PROJECT Full Time Employee Summary 3/23/2004

FTE's
WBS Task Name               Year 2005 2006 2007 2008 2009 2010 2011 2012 2013 Total

6.01 Project Management 0.0 0.0 2.5 2.5 2.5 3.8 3.5 4.0 2.5 21.3

EVLA FTE's: 0.0 0.0 2.5 2.5 2.5 3.8 3.5 4.0 2.5 21.3

Off-Budget FTE's: 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

6.02 System Integration 0.0 2.3 1.8 1.8 3.3 3.2 4.1 4.1 3.8 24.5

EVLA FTE's: 0.0 2.3 1.8 1.8 3.3 3.2 4.1 4.1 3.8 24.5

Off-Budget FTE's: 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

6.03 Civil Construction 0.0 1.5 1.5 1.7 1.8 1.8 1.0 0.0 0.0 9.2

EVLA FTE's: 0.0 1.5 1.5 1.7 1.8 1.8 1.0 0.0 0.0 9.2

Off-Budget FTE's: 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

6.04 Antennas 0.0 0.5 2.8 3.3 5.3 5.3 6.3 3.5 2.5 29.3

EVLA FTE's: 0.0 0.5 2.8 3.3 5.3 5.3 6.3 3.5 2.5 29.3

Off-Budget FTE's: 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

6.05 Front End Systems 0.0 0.3 0.3 5.3 7.0 7.0 7.6 6.7 5.5 39.6

EVLA FTE's: 0.0 0.3 0.3 5.3 7.0 7.0 7.6 6.7 5.5 39.6

Off-Budget FTE's: 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

6.06 Local Oscillator System 0.0 0.0 0.1 0.1 3.9 4.0 4.0 0.1 0.0 12.3

EVLA FTE's: 0.0 0.0 0.1 0.1 3.9 4.0 4.0 0.1 0.0 12.3

Off-Budget FTE's: 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

6.07 Fiber Optic System 0.0 0.5 1.5 3.8 3.6 3.6 3.3 3.0 2.0 21.2

EVLA FTE's: 0.0 0.5 1.5 3.8 3.6 3.6 3.3 3.0 2.0 21.2

Off-Budget FTE's: 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

6.08 Intermediate Frequency Syste 0.0 0.0 0.0 0.0 2.2 2.2 2.2 0.0 0.0 6.6

EVLA FTE's: 0.0 0.0 0.0 0.0 2.2 2.2 2.2 0.0 0.0 6.6

Off-Budget FTE's: 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

6.09 Correlator 0.0 0.0 0.0 0.0 0.5 1.5 1.0 1.0 0.0 4.0

EVLA FTE's: 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Off-Budget FTE's: 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

6.10 Monitor & Control System 0.0 0.0 1.0 3.6 4.9 4.8 4.7 2.0 0.0 21.0

EVLA FTE's: 0.0 0.0 1.0 3.6 4.9 4.8 4.7 2.0 0.0 21.0

Off-Budget FTE's: 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

6.11 Data Mgmt & Computing 0.0 3.3 4.8 5.3 5.3 4.9 5.4 5.3 5.0 39.4

EVLA FTE's: 0.0 3.3 4.8 5.3 5.3 4.9 5.4 5.3 5.0 39.4

Off-Budget FTE's: 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

FTE TOTALS 2005 2006 2007 2008 2009 2010 2011 2012 2013 Total
Total EVLA FTE's 0.0 8.5 16.3 27.3 39.7 40.5 42.0 28.7 21.2 224.1
Off-Budget FTE's 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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EVLA Phase II Contingency Allowances for each WBS Level 3 Task
WBS TASK NAME Contingency (%)

Project Management
6.01.01 Overhead Expenses 15
6.01.06 Management Personnel Expenses 15
6.01.10 Office Equipment and Supplies 15
6.01.15 Drafting and Lab Services 15
6.01.20 Advisory Comm Support 15

System Integration
6.02.01 Management/ Subsystem Engineering 15
6.02.05 Test and Lab Equipment 15
6.02.10 Power Supply System 8
6.02.15 Site RFI Characterization & Suppression 15
6.02.20 Scientific Support 20
6.02.25 Modules Bins and Racks 8

Civil Construction
6.03.01 Management/Subsystem Engineering 13
6.03.05 New Mexico Array Sites 16
6.03.10 E Array 10

Antennas
6.04.01 Management/Subsystem Engineering 16
6.04.05 Antenna components to be provided by NRAO 14
6.04.10 New antennas 16
6.04.15 FRM 18

Front End Systems
6.05.01 Management/Sub-engineering 12
6.05.05 Receivers 12
6.05.10 Feeds 14
6.07.30 Cryogenics 8

LO System
6.06.01 Management/Subsystem Engineering 12
6.06.05 Master LO System 8
6.06.07 Ground-based Antenna System 12
6.06.10 First LO Generator 12
6.06.15 Second LO Synthesizer 12
6.06.20 Antenna Reference System 12

Fiber Optic System
6.07.05 New Mexico Array  Digital Data Tranmission Network 12
6.07.10 Fiber Infrastructure and Antennas 18 *
6.07.15 Sampler and Monitor & Control Bus 14
6.07.20 LO/ Reference 12

* In addition $3200K added to contingency to cover
  risk of currently uninstalled fiber - see Section 6.3.7
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IF System
6.08.01 Management/ Subsystem Engineering 14
6.08.05 Switches 14
6.08.10 4/P & L/S/C Converters 12
6.08.15 UX Converter Module 14
6.08.20 IF Down Converter 14

Correlator
6.09.05 Correlator Expansion 20
6.09.10 NMA-VLBA interface 10

Monitor & Control System
6.10.01 Management/Subsystem Engineering 12
6.10.05 M&C Electronic Hardware 12
6.10.10 M&C Network, Hardware and Software 14
6.10.15 M&C Computing Systems, Hrdwre & Sftwre 20
6.10.20 M&C EVLA Software 21

Data Mgmt & Computing
6.11.01 Management/Subsystem Engineering 21
6.11.10 Proposal and Observation Description Toolkit 21
6.11.15 Observation and Correlator Scheduling Toolkit 21
6.11.20 EVLA-Specific Pipeline Heuristics 21
6.11.25 Archive Toolkit 21
6.11.30 EVLA AIPS++ package 21
6.11.35 Networking 21
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 Physics Teachers 
 
(v) Collaborators and Other Affiliations 
(a) Collaborators and Co-Editors:   Alexander, D. (Institute of Astronomy, Cambridge 
UK); Bauer, F. (Pennsylvania State U. [PSU]);  Bergeron, J. (Inst. d�Astrophysique de 
Paris); Bohringer, H. (Max-Planck-Institute fur extraterrestrische Physik [MPIeP]); 
Borgani, S. (Osser. Astronomico, Trieste [Trieste]); Brandt, N. (PSU);  Burg, R. 
(European Southern Observatory [ESO]); Cavalieri, A. (U. of Rome); Chatzchristou, E. 
(Yale);  Cimatti, A. (Osser. Astrofisico di Arcetri, Firenze [Firenze]); Comastri, A. 
(INAF-Osser. Astronomico, Bologna); (Conselice, C. (Caltech); Cristiani, S. (Trieste); 
Daddi, E. (ESO); della Ceca, R. (INAF-Osser. Astronomico di Brera, Milan); Eisenhardt, 
P.R. (NASA-Jet Propulsion Laboratory [JPL]); Elbaz, D. (CEA/Saclay); Fall, M. (Space 
Telescope Science Institute [STScI]);  Fosbury, R. (ESO); Gilli, R. (Firenze);  Gilmozzi, 
R. (ESO);  Glazebrook, K.  (Johns Hopkins University [JHU]); Grogin, N. (JHU); Gunn, 
J.E. (Princeton U. Observatory [Princeton]); Gursky, H. (Naval Research Laboratory); 
Hasinger, G.  (MPIeP);  Heckman, T. (JHU); Hornschemeier, A. (JHU); Huchra, J. 
(Harvard-Smithsonian Center for Astrophysics [CfA];   Kellermann, K. (National Radio 
Astronomy  Observatory);  Kewley, L. (CfA); Koekemoer, A. (STScI); Komossa, S. 
(MPIeP); Lehnann, I. (MPIeP); Lidman, C. (ESO);  Lombardi, M. (ESO); Lucas, R. 
(STScI); Mader, J. (CfA); Mainieri, V. (ESO); Maiolino, R. (MPIeP); Marconi, A. (INAF 
� Firenze);, McCaughrean, M. (Astrophysics Institute, Potsdam); McLean, B.  (STScI); 
Menci, N.  (Osser. Astronomico di Roma, Monteprorzio); Mignoli, M. (Inst. Nazionale di 
Astrofisica,, Bologna); Moustakes, L.  (STScI); Norman, C. (JHU); Nonino, M. (Trieste); 
Paolillo, M. (STScI); Pozzetti, L.  (Osser. Astronomico, Bologna [Bologna]); Ptak, A. 
(JHU); Ravindranath, S. (STScI); Ranalli, P. (U. of Bologna); Reiprich, T.H. ( MPIeP); 
Retzloff, J. (MPIeP); Romaniello, M. (ESO); Rosati, P. (ESO);  Ruffini, R. (U. degli 
Studidi, Roma); Salvatti, M. (Firenze); Schmidt, M. (Caltech ); Schneider, D.P. (PSU); 
Schreier, E. (STScI; Associated Universities Inc.); Schuecker, P. (MPIeP); Serio, S. 
(Osser. Astronomico, Palermo); Shaver, P. ( ESO); Simic, D.  (MPIeP); Simmons, B. 
(Yale); Squires, G.  (Caltech); Stanford, S. (U. of California, Davis); Stanke, T. (Max-
Planck-Institute fur Radioastronomi [MPI-R]); Stella, L. (Osserv. Astronomico di Roma); 
Stern, D. (JPL); Szokoly, Gyula (MPIeP);  Thompson, D. (Caltech); Tozzi, P. (Trieste); 
Truemper, J. (MPIeP); Tucker, W. (retired); Urry, C.M. (Yale); Voges, W. (MPIeP); 
Wambsganns, J.  (U. of  Potsdam); Wang, J-X (JHU); Wilson, G. (Caltech);  Woods, D. 
(New Mexico State U.); Zamorani, G. (Bologna); Zheng, W. (JHU); Zirm, A. (Leiden 
Observatory); 
  
(b) Graduate and Postdoctoral Advisors:   All deceased. 
 
(c)Thesis Advisor to: Rosati, P. (European Southern Observatory); Zirm, A. (Leiden 
Observatory).



VITA � K. Y. LO 
 

(i) Professional Preparation 
       
MIT   Physics  S.B., 1969 
MIT   Physics  Ph.D., 1974 
 
 (ii) Appointments 
 
2002- present  NRAO    Director, and Senior Scientist w/Tenure 
1998- 2002       National Taiwan Univ.  Professor of Physics 
1997- 2002  Inst. of Astr. & Astro.       Distinguished Research Fellow 
   Academia Sinica 
1997-2002  Inst.of Astr. & Astro.  Director 

Academia Sinica 
1995-1997  Univ. of Illinois   Chairman of Astronomy Department 
  
1994, June -Dec  Max Planck Institut   Alexander von Humboldt Sr. Scientist  

für extraterretrische  Physik  
1994, May � June Ecole Normale Superieure Visiting Professor 
1994, Jan. - April       Academia Sinica  ROC National Science Council  

Inst. of Astr. & Astro.  Guest Prof. 
1991, July-Sept.  Univ. of Hawaii, IfA  James Clerk Maxwell Telescope Fellow 
1986-2000  Univ. of Illinois at Urbana- Professor of Astronomy 

Champaign 
1985, Dec.  UCSB    Participant, �Program on Star Form.�  
   Institute for Theoretical Physics 
1985, June  Onsala Space Obs.  Visiting Astronomer 
1985, May  Univ. of Minnesota  Visiting Lecturer, Astronomy Dept., 
 
(iii) Publications 
 
  (a) Closely Related to Proposed Subject 

1. Trung, D. V., Lo, K. Y., Kim, D. C., Gao, Y., and Gruendl, R., 2000, Ap. J., 556, 141, 
�Nature of Widely Separated Ultraluminous Galaxies.� 

2. Wang, W. H., Lo, K. Y., Gao, Y., Gruendl, R., 2001, A. J., 122, 140, �Star Formation in 
Widely Separated Luminous Infrared Galaxies NGC 6670.� 

3. Chen, Jacqueline, Lo, K. Y., Gruendl, R., Peng, Miao-Ling, 2001, A. J., 123, 720, 
�Distorted HI Gas in the Widely-separated LIRG: Arp 256.� 

4. Young, L. M., van Zee, L., Lo, K. Y., Dohm-Palmer, R. C., and Beierle, Michelle 
E., 2003, Ap. J., 592, 111, �Star Formation and the ISM in Four Dwarf Irregular 
Galaxies.� 

5. Walter, F., Bertoldi, Frank; Carilli, Chris; Cox, Pierre; Lo, K. Y.; Neri, Roberto; 
Fan, Xiaohui; Omont, Alain; Strauss, Michael A.; Menten, Karl M.,2003, Nature 
624, 406, �Molecular gas in the host galaxy of a quasar at redshift z = 6.42.� 

 
  (b) Other Significant  Publications 

1. Lo, K. Y. and Sargent, W. L. W., 1979, A. J., 227, 756, �Search for Intergalactic Neutral 
Hydrogen in Three Nearby Groups of Galaxies.� 



2. Lo, K. Y. and Claussen, M. J., 1983, Nature, 306, 647, �High Resolution Observations of 
Ionized Gas in Central 3 Parsecs of the Galaxy: Possible Evidence For Infall?� 

3. Lo, K. Y., 1986, Science, 233, 1394, �The Galactic Center: Is It A Massive Black-hole?� 
4. Lo, K. Y., Sargent, W. L. W., and Young, K., 1993, A. J., 106, 507, �The HI Structure of 

Nine Intrinsically Faint Dwarf Galaxies.� 
5. Lo, K. Y., Shen, Z.-Q., Zhao, J.-H., Ho, P. T. P., 1998, Ap. J. (Letters), 508, L61, 

�Intrinsic structure of Sgr A*: 72 Schwarzchild Radii.� 
 
(iv) Synergistic Activities 
 
2001-2002  Ten-Yr. Astr. Dev. in Taiwan Co-Chair, Planning Committee 
2002 Taiwan National Space Prog. Office Chair, Advisory Panel 
2001 Int. Jour. Of Mod. Phy. D  Member, Editorial Board  
2001   Academia Sinica Inst.  Member, Director Search 
   of Atomic & Molecular Sciences Committee 
2001 Taiwan, R.O.C., 2 Chair, Selection Committee for 

Physical Sciences Pres. Sci. 
Prize 

2001   Taiwan, R.O.C.     Advisory Com. For Astro-and 
Geo-Sci. Ministry Ed. 

 
 (v) Collaborators and Other Affiliations 
 
(a)  Collaborators and Co-Editors:   Trung, D. V. (Academia Sincica); Kim, D. C. (CFA); Y. 
Gao (U. Mass); R. Gruendl (U. of Illinois); Wang, W. H. (Stockholm Observatory); Chen, J. (U. 
of Illinois); Peng, M. (Academia Sincica); L. M. Young (U. of Illinois). L. van Zee (Indiana U. ), 
Dohm-Palmer, R. C. (U. of Minnesota); Beierle, M. E., Walter, F. (NRAO); F. Bertoldi (MPI fuer 
Radioastronomie), C. Carilli (NRAO), Cox, P. (Marseille Observatory); Neri, R. (IRAM); Fan, X. 
(Princeton University. Observatory); Omont, A. (Inst. d'Astrophysique); Strauss, M.A.(Princeton 
University Observatory); Menten, K. M. (CFA); J. H. Zhao (Harvard-Smithsonian, CfA), R. M. 
Herrnstein (Caltech), P. Ho (CfA), M. Goss (NRAO), G. Bower (UC, Berkeley), Y. Gao (U. 
Mass), R. Gruendl (U. of Illinois)  
 
(b) Graduate and Postdoctoral Advisors:  Graduate Advisor, B. F. Burke;  Postdoctoral 
Sponsor, W. J. Welch. 
 
(c) Thesis Advisor to:     
Ph.D. and Masters Students Supervised:  Raymond Plante (Ph. D.), 1988-1995; Lisa Norton 
Young (Ph. D.), 1992-1997; Wei-Hao Wang (M. Sc.), 1997-1998; Mou-Chang Liang (M. Sc.), 
1998-2000; Paul Bao-Ching Hsieh (Ph. D.), 2000-; Cheng Jiun Ma (Ph. D), 2001-; Kai Yang Lin 
(Ph. D), 2001-. 
Postdoctoral Fellows Supervised - Present Position:  Gregory Engargiola - 1991-1994 - Postdoc. 
Fellow, UC Berkeley; Yu Gao - 1996-1998 - Postdoc. Fellow, IPAC, Caltech; Robert Gruendl - 
1996-1997 - Postdoc. Fellow, U. of Illinois; Siow-Wang Lee - 1997-1999 - Postdoc. Fellow, U. 
of Toronto; Dinh Van Trung - 1999- 2002; Dong-Chang Kim - 1999- 2002; Ruiqing Mao, 2001- 
2002. 



VITA - Peter John Napier 
                        

(i) Professional Preparation 
       
Univ. of Canterbury, New Zealand Bachelor of Electrical    1968 
 Engineering (1st Class Honors)   
Univ. of Canterbury, New Zealand Ph.D. (Electrical Engineering)  1972 
 
(ii)  Appointments 
 
May 2001 - present: NRAO  EVLA Project Manager. 
Feb. 2000 - Apr. 2001  NRAO ALMA-US Project, Antenna Division Head. 
Jun. 1998 - Feb. 2000  NRAO   Project Manager for the Millimeter Array 
        (MMA) Project. 
Jun. 1995 - Oct. 1995  NRAO  Acting NRAO Assistant Director,  
        VLA/VLBA Operations. 
Jul. 1993 to present  NRAO  Scientist, NRAO Scientific Staff.  
Jan. 1987 - Jun. 1993  NRAO  Assistant Director, NRAO;  
        VLBA Project Manager 
1986      NRAO  Tenure granted by Associated Universities Inc. 
Jul. 1985 - Dec. 1986   NRAO  VLBA Deputy Project Manager 
Dec. 1980 - Jun. 1985  NRAO  VLA Deputy Site Manager in charge of Engineering.  
Jun. 1982 - Dec. 1982  CSIRO  Visiting Principal Research Scientist at CSIRO Division of 

Radiophysics, Sydney, Australia. 
Feb. 1978 - May 1981   NRAO  Head of Electronics Division for the Very Large Array Program. 
Dec. 1974 - Jan. 1978   NRAO  Group leader of Front End Group for the Very Large Array Program.  
Sep. 1976 - Jul. 1985  NRAO  Assistant Head of  Electronics Division for the VLA.  
Jan. - Dec. 1974    NRAO  Electronics Engineer 1 in the  Electronics Division of the NRAO. 
Apr. 1972 - Dec. 1973   NRAO  Postdoctoral Research Associate.  
Mar. 1972 - Apr. 1972   CSIRO  Visiting Scientist at the   Radiophysics Division of CSIRO.  
 
Publications 

 
a) Closely related to Proposed Subject 

 
1.  Weinreb, S., Balister, M., Maas, S., Napier, P. J.  "Multi-band Low-Noise Receiversfor a Very Large Array," 

IEEE MTT-25, 243,1977. 
2.  Gustincec, J. J., Napier, P. J.  "A Hybrid Lens Feed for the VLA," IEEE A/P Symposium Digest, pp. 361-363, 

1977. 
3.  Napier, P. J., Thompson, A. R., Ekers, R. D.  "The Very Large Array:  Design and Performance of a Modern 

Synthesis Radio Telescope," Proc. IEEE, 71, 1295, 1983.  (Invited paper.) 
4. Napier, P.J., Bagri, D., Clark, B., Romney, J., Thompson, A., Walker, R., "The Very Long Baseline Array", Proc. 

IEEE, vol 82, pp 658-672, 1994. 
5. Napier, P.J., “The Primary Antenna Elements”, in Synthesis Imaging in Radio Astronomy II, ASP Conf Series, 

vol 180, G.B Taylor, C.L. Carilli and R.A. Perley editors, pp 37-56, 1999. 
 



(iv) Synergistic Activities 
 
Membership:  URSI Commission J 
Oct 2003 to Present.  South Pole Telescope  U. Chicago, External Advisory Board  
Oct 2003   NSF Review Panel    for SPT Project Management  
Jan 2001 to Present  Square Kilometer Array    International Engineering 
       Management  Team 
Jan 3-4, 2002   NSF Review Panel    for ACT and SPT Proposals 
Jan 2000-Dec 2002  URSI, US Commission J   Chairman 
July 2000 to Present  Chairman     Allen Telescope Array (ATA) 
         Technical Advisory Panel 
April 2000   Chairman     ATA Antenna Optics Preliminary     
1997 to Present  Advisory Committee    for the Australia Telescope                                    
       Upgrade Project 
August 1997 to Dec. 1997  Chairman, Joint LSA MMA antenna study group 
Jan 1996 to Jan 2000  URSI    US Commission J, Vice Chairman 
June 1995 to Jan 2000  Amer. Geophys. Union   Associate Editor for  Radio Science 
Aug 1993 to Feb 2000  Gemini Project Oversight Com.  AURA  
1991    Review Committee   BIMA Millimeter Array 
1990 - 1992 (Chairman, 1992) Scientific Advisory Com. Arecibo 
1989 to Present   Scientific and Tech. Adv. Grp. Smithsonian Astrophysical Observatory 

Submillimeter Array Project 
Review papers for Proceedings IEEE, IEEE Transactions on Antennas and Propagation, Radio Science, ApJ.    
  

(v) Collaborators and Other Affiliations 
 

 (a) Collaborators and Co-Editors:  J. Baars (ESO); P. Horowitz (Harvard); R. Ekers (CSIRO); A. Van Ardenne 
(ASTRON); B. Clark (NRAO); S. Durand (NRAO); F. Owen (NRAO); C. Walker (NRAO); P. Hall (CSIRO); A. Thompson 
(NRAO);  B. Verdt (DRAO); D. De Boer (SETI); J. Dreher (SETI); R. Hills (U. Cambridge); J. Bock (Caltech); M. Shepherd 
(Caltech); R. Chamberlin (Caltech); K. Irwin (NIST); D. Woody (Caltech) 
 
 (b) Graduate and Postdoctoral Advisors:  Deceased 
 
 (c) Thesis Advisor:  None 

 



VITA - RICHARD A. PERLEY 
 
(i) Professional Preparation 
 
University of British Columbia   Physics   B.Sc. (1st Class Hon.) 1968 
University of British Columbia        Physics   M.Sc. 1970 
University of Maryland        Astronomy Ph.D. 1977 
National Radio Astronomy Observatory   Post-Doctoral Research Assoc. 1977 - 1980 
 
(ii) Appointments 
 
EVLA Project Scientist   1995 -- Present 
Scientist, Tenure NRAO   1994 -- Present 
Scientist, Continuing Appointment NRAO   1988 -- 1997 
Deputy Asst. Director, VLA/VLBA Ops.   1989 -- 1992 
Systems Scientist, NRAO   1980 -- 1988 
 
(iii) Publications 
 
  (a) Closely Related to Proposed Subject 
 

1. “EVLA Science Goals & Technical Requirements.” Chapter 2 of the EVLA Project Book. 
Eds. R. Perley & Peter Napier, 2003.  (http://www.aoc.nrao.edu/evla/pbook.shtml) 

 
2. The Very Large Array Expansion Project. R. A. Perley.   Proceedings of SPIE, Volume 

4015, 2, 2000.   
 

3. Radio-Interferometric Imaging of Very Large Fields; the Problem of Non-Coplanar Arrays.  
Cornwell, T.J. and Perley, R.A.  A&A, 261, 353 (1992). 

 
4. Wide-Field Surveying in Radio Astronomy.  Perley, R.  in `The New Era of Wide Field 

Imaging', Astronomical Society of the Pacific Conference Series, Vol 232, 2001.   
 

5. The NRAO VLA Sky Survey.  Condon, J., Cotton, W., Greisen, E., Yin, Q., Perley, R., 
Taylor, G., and Broderick, J.  A.J. 115, 1693, 1998. 

 
  (b) Other Significant  Publications

 
 

1. Observations of Interaction between Cluster Gas and the Lobes of Cygnus A.  Carilli, C., 
Perley, R, and Harris, D.  MNRAS 270, 173, 1994. 

 
2. Observational Evidence against Birefringence over Cosmological 

 Distances.  Wardle, J.F.C., Perley, R.A., and Cohen, M.A. Phys. Rev. Lett. 79, 1801, 
1997. 

 
 
 
 
 

http://www.aoc.nrao.edu/evla/pbook.shtml


 
(iv) Synergistic Activities 
 
1) I was the lead author for the EVLA Project Phase I proposal, submitted to the NSF in May 

2000, and also lead for the responses to the NSF's requests for more information:  February 
and September  2001.   

 
2) I organized three of the NRAO's highly successful 'Summer School for Synthesis Imaging', 

and have given lectures at virtually all of these summer schools, from 1985 to 2004.  I have 
given versions of these lectures to the NRAO summer students every June since at least 1980.    

 
3) I have authored numerous memoranda in the EVLA Memo series.  
 
4) Haystack Observatory Visiting Committee (2001-2003). 
 
 
(v) Collaborators and Other Affiliations 
 
    (a) Collaborators and Co-Editors 
 
Blundell, Katherine (Oxford); Bridle, Alan (NRAO); Broderick, J (Virginia Tech); Carilli, C. 
(NRAO); Clarke, Tracy (U. Va); Cohen, Aaron (NRL); Condon, Jim (NRAO); Conway, Robin 
(MERLIN); Cotton, Bill (NRAO); Crane, Pat (NRL); Djorgovski, S.G. (Caltech); Ensslin,  
Torsten (MPIfE); Erickson, William (retired); Fabian, Andy (IoA); Fassnacht, Chris (STScI); 
Feretti, Luigina (IRA, Bologna); Flatters, Chris (Renaissance Technologies, NY); Garrington, 
Simon (MERLIN); Giovannini, G. (IRA, Bologna); Greisen, Eric (NRAO); Harris, Dan (CfA); 
Hicks, Brian (NRL); Jauncey, Dave (CSIRO); Jester, Sebastian (Fermilab); Jones, Dayton (JPL); 
Kassim, Namir (NRL); Kronberg, Phil (LANL); Laing, Robert (ESO); Lane, Wendy (NRL); 
Lazio, Joe (NRL); Meisenheimer, Klaus (MPIfA); Miley, George, (Univ. of Leiden); Parma, 
Paola (IRA, Bologna); Rawlings, Steve  (Oxford); Reid, Rob (DRAO); Roeser, H.J. (MPIfA); 
Rottgering, Huib (Leiden); Schilizzi, Richard (SKA Inst.); Snellen, Ignas (Inst. of Astron. – 
Edinburgh, UK); Stewart, Ken (NRL); Taylor, Greg (NRAO); Ulvestad, Jim (NRAO); Wall, 
Jasper (retired); Wieringa, M.A. (ATNF/CSIRO); Yin, Q. (NRAO). 
 
 
(b) Graduate and Postdoctoral Advisors:  Graduate Advisor:  Dr. William C. Erickson.  
(retired).  Postdoctoral Sponsor:  None. 
 
(c) Thesis Advisor to: Chris Carilli (NRAO), Greg Taylor (NRAO) 
 
     
 



VITA---JAMES S. ULVESTAD
March 31, 2004

(i)Professional Preparation
UCLA Astronomy B.A. (summa cum laude), 1976
University of Maryland Astronomy M.S., 1978; Ph.D., 1981
NRAO Astronomy Postdoctoral Research Associate, 1981-84

(ii) Appointments
2001-present NRAO Assistant Director (Director of VLA/VLBA

Operations
2002-present NMSU, NMTech Adjunct Professor
2001 NRAO Deputy Assistant Director
2000-2003 NRAO AIPS Group Leader
1999-2001 NRAO Division Head, Scientific Services, VLA/VLBA Ops
1999-present NRAO Scientist (Continuing Appointment, 2001)
1998-2000 NRAO Project Scientist/Manager, VLA-Pie Town Link

Project
1996-1998 NRAO Associate Scientist
1992-1996 JPL System Engineer, U.S. Space VLBI Project
1991-1994 JPL System Engineer, POINTS Study Team
1989-1990 JPL Manager, Astrometric Technology Development, Deep

Space Network Advanced Systems Program
1988-1989 JPL Technical Group Leader
1984-1996 JPL Member of the Technical Staff

(iii) Publications

(a) Closely Related to Proposed Subject
1. Taylor, G. B., Ulvestad, J. S., & Perley, R. A. ``The Very Large Array

Observational Status Summary,'' 2003
(http://www.vla.nrao.edu/astro/guides/vlas/current/).

2. Ulvestad, James S. ``EVLA Transition Operations,'' EVLA Memo No. 55,
2003 (not available electronically--contains sensitive budget
information).

3. Ulvestad, J., & Taylor, G. ``Transition Plan,'' in EVLA Project:
Construction Project Book (eds. P. Napier \& R. Perley), Chapter 11,
2003 (http://www.aoc.nrao.edu/evla/pbook.shtml).

4. Ulvestad, J. S., & EVLA Science Team. ``The EVLA and the Evolving
Universe, 2000, BAAS, 32, 719.

5. Claussen, M. J., Beresford, R., Sowinski, K., & Ulvestad, J. S. ``The
Optical-Fiber Transmission Link Between the VLA and the Pie Town VLBA
Station,'' 1999, BAAS, 31, 1498.

(b) Other Significant Publications
1. Neff, S. G., Ulvestad, J. S., & Teng, S. H. ``A Supernova Factory in

the Merger System Arp 299,'' 2004, ApJ, in press.
2. Anderson, J. M., Ulvestad, J. S., & Ho, L. C. ``Low-Luminosity AGNs at

the Highest Resolution: Jets or Accretion Flows?,'' 2004, ApJ, 603, 42-
50.

3. Ulvestad, J. S., & Antonucci, R. R. J. ``VLA Observations of NGC 253:
Supernova Remnants and HII Regions at 1-pc Resolution,'' 1997, ApJ,
488, 621-641.

4. Ulvestad, J. S., & Wilson, A. S. ``Radio Structures of Seyfert
Galaxies. VII. Extension of a Distance-limited Sample,'' 1989, ApJ,
343, 659-671 (+5 previous papers in series).



5. Levy, G. S., Linfield, R. P., Ulvestad, J. S., Edwards, C. D., Jordan,
J. F., Di Nardo, S. J., Christensen, C. S., Preston, R. A., Skjerve, L.
J., Stavert, L. R., Burke, B. F., Whitney, A. R., Cappallo, R. J.,
Rogers, A. E. E., Blaney, K. B., Maher, M. J., Ottenhoff, C. H.,
Jauncey, D. L., Peters, W. L., Nishimura, T., Hayashi, T., Takano, T.,
Yamada, T., Hirabayashi, H., Morimoto, M., Inoue, M., Shiomi, T.,
Kawaguchi, N., & Kunimori, H. ``Very Long Baseline Interferometry
Observations Using an Orbiting Radio Telescope,'' 1986, Science, 234,
187-189.

(iv) Synergistic Activities
2003-present AAS Committee on the Status of Women in Astronomy
2003-present AAS Committee on Astronomy and Public Policy
2003—present NASA Structure & Evolution of the Universe Subcommittee
1995-2003 Various Proposal review panels for HST, NSF (3 times),

Chandra (panel chair)
1997-2001 NASA/JPL Pre-Project Scientist for ARISE

(v) Collaborators and Other Affiliations

(a) Collaborators and Co-Editors: James Anderson (New Mexico Tech), Robert
Antonucci (UCSB), Amy Barger (Wisconsin), Andreas Brunthaler (MPIfR), Scott
Campion (NASA-Goddard), Cathy Clarke (Cambridge), James Condon (NRAO), Kristy
Dyer (NSF postdoc), Moshe Elitzur (Kentucky), Martin Elvis (Smithsonian
Astrophysical Observatory), Heino Falcke (MPIfR), Chris Fassnacht (UC Davis),
Dale Fields (Ohio State), Jack Gallimore (Bucknell), Neil Gehrels (NASA-
Goddard), Christian Henkel (MPIfR),Luis Ho (Carnegie Observatories), Leslie
Hunt (Arcetri), Anne Kinney (NASA), Daryl Macomb (Boise State), Smita Mathur
(Ohio State), Karl Menten (MPIfR), Peter Michelson (Stanford), Carole Mundell
(Liverpool John Moores),Neil Nagar (Arcetri), Susan Neff (NASA-Goddard),
Chris O'Dea (STScI), Alison Peck (Harvard-Smithsonian CfA), James Pringle
(Cambridge), Roger Romani (Stanford), Alan Roy (MPIfR), Eva Schinnerer
(NRAO), Henrique Schmitt (NRAO), David Sowards-Emmerd (Stanford), Aaron
Steffen (Wisconsin), Greg Taylor (NRAO), Stacy Teng (Maryland), Yuichi
Terashima (ISAS), Trinh Thuan (Virginia), Andrew Wilson (Maryland), Diane
Wong (UC Berkeley).

(b) Graduate and Postdoctoral Advisors: Thesis Advisor, Andrew Wilson
(Maryland). No postdoctoral advisor.

(c) Thesis Advisor and Postgraduate-Scholar Sponsor: Thesis advisor for
James Anderson (New Mexico Tech, expected graduation 2004).



VITA � BRYAN BUTLER 
 
i) Professional Preparation 
 
Utah State University Major: Computer Science    B.S, 1989 
   and Electrical Engineering (double major)   
    
Caltech     Major: Planetary Science  M.S., Ph.D.,  
         1991, 1994 
             
NRAO   Planetary Radio Astronomy   1994-1997 
 
ii) Appointments 
 
2003 � present  NRAO  Scientist 
2000-2003  NRAO  Associate Scientist 
1997 � 2000  NRAO  Assistant Scientist 
 
iii) Publications 
 

(a) Closely Related to Proposed Subject 
 

1.  Butler, B.J., and T.S. Bastian, Solar System Objects, in Synthesis Imaging in Radio 
Astronomy II, ed. G.B. Taylor, C.L. Carilli, and R.A. Perley, pp. 625-656, 
Astronomical Society of the Pacific, San Francisco, 1999 

2.  Butler, B.J., P.G. Steffes, S.H. Suleiman, M.A. Kolodner, and J.M. Jenkins, Accurate and 
Consistent Microwave Observations of Venus and their Implications, Icarus, 154, 226-
238, 2001 

3.  de Pater, I., and B.J. Butler, Low Frequency VLA Observations of Jupiter, Icarus, 163, 
428-433, 2003 

 
4.  Hofstadter, M.D., and B.J. Butler, Seasonal Change in the Deep Atmosphere of Uranus, 

Icarus, 165, 168-180, 2003 
 

5.  Jenkins, J.M., M.A. Kolodner, B.J. Butler, S.H. Suleiman, and P.G. Steffes, Microwave 
Remote Sensing of the Temperature and   Distribution of Sulfur Compounds in the 
Lower Atmosphere of Venus, Icarus, 158, 312-328, 2002 

 
 b) Other Significant Publications 
 

1.  Butler, B.J., D.O. Muhleman, and M.A. Slade, Mercury: Full Disk Radar Images and the 
Detection and Stability of Ice at the North Pole, J. Geophys. Res., 98, 15003-15023, 
1993 

 
2.  Butler, B.J., The Migration of Volatiles on the Surfaces of Mercury and the Moon, J. 

Geophys. Res., 102, 19283-19291, 1997  
 

3.  Muhleman, D.O., A.W. Grossman, and B.J. Butler, Radar Investigations of Mars, Mercury and 
Titan, Ann. Rev. Earth and Plan. Sci., 23, 337-374, 1995 

 



4.  Muhleman, D.O., B.J. Butler, A.W. Grossman, and M.A. Slade, Radar Images of Mars, 
Science, 253, 1508-1513, 1991  

 
5.  Muhleman, D.O., A.W. Grossman, B.J. Butler, and M.A. Slade, Radar Reflectivity of 

Titan, Science, 248, 975-980, 1990 
 
iv) Synergistic Activities 
 
  1) Service on NASA Review Panels for MARSIS Instrument Scientist 
     and New Frontiers Missions. 
 
  2) NASA proposal reviewer for proposals in PG&G, Planetary Astronomy, 
     Planetary Atmospheres, and PIDDP. 
 
  3) Organized and chaired sessions at national and international 
     URSI meetings. 
 
  4) Numerous public presentations on radio wavelength observations 
     (especially with the VLA) of solar system objects. 
 
v) Collaborators and Other Affiliations 
 
    a) Collaborators and Co-Editors:  Mike Bird (University of Bonn); Dominique Bockelee 
(Morvan  Observatoire de Paris); Bob Brown (National Astronomy and Ionosphere Center); 
Claire Chandler (NRAO); Mark Claussen (NRAO); Jacques Crovisier (Observatoire de Paris); 
Imke de Pater (University of California at Berkeley);  Didier Despois (Observatoire de 
Bordeaux); O Funke (University of Bonn); Ashley Graham (Industry); Lincoln Greenhill (Center 
for Astrophysics);  Dave Green (Mullard Radio Astronomy Observatory); Mark Gurwell (Center 
for Astrophysics); Leif Harcke (Stanford  University); John Harmon (National Astronomy and 
Ionosphere Center); Mark Hofstadter (Jet Propulsion Lab); Richard Hunstead (University of 
Sydney); Jon Jenkins (SETI Institute); Ray  Jurgens  (Jet Propulsion Lab); Mike Kestevan 
(Australia Telescope National Facility); Mike Klein (Jet Propulsion Lab); Leonia Kogan  
(NRAO); Kotaro Kohno (National Astronomy Observatory of Japan); Marc Kolodner (Johns 
Hopkins University); Ron Maddalena (NRAO); R Millan (University of California at Berkeley); 
Duane Muhleman (California Institute of Technology); J Neidhöfer (Max Planck Institute of 
Radioastronomy); Angel Otarola (European Southern Observatory); Pat Palmer (University of 
Chicago); Simon Radford (National Radio Astronomy Observatory); Seiichi Sakamoto (National 
Astronomy Observatory of Japan); Bob Sault (Australia Telescope National Facility); Marty 
Slade (Jet Propulsion Lab); Derck Smits (University of South Africa); Paul Steffes (Georgia 
Institute of Technology); Vladamir Strelnitski (Margaret Mitchell Observatory); Bob Strom 
(Lunar and Planetary Lab); Shady Suleiman (TRW); Al Wootten (NRAO); Don Yeomans (Jet 
Propulsion Lab); Howard Zebker  (Stanford University) 
 
 b) Graduate and Postdoctoral Advisors 
 
  Duane O. Muhleman, Professor Emeritus, California Institute of Technology 
 
 c) Thesis Advisor and Postgraduate-Scholar Sponsor 

none

 



VITA ñ BARRY CLARK 
 

 
i)  Professional Preparation  
 
Caltech    Astronomy      BS  1959  
Caltech    Astronomy      PhD  1964  
 
ii) Appointments  
 
7/01/97 - Present NRAO  Tenured Sr. Scientist 
9/01/80   NRAO  Sr. Scientist 
7/01/69   NRAO  Scientist 
7/01/66   NRAO  Associate Scientist 
1/30/64   NRAO  Assistant Scientist 
 
iii) Applicable Publications  
 

1.  Napier, P.J., Bagri, D.S., Clark, B.G., Rogers, A.E.E., Romney, J.D., Thompson, A.R.,  
and Walker, R.C., 1994, "The Very Long Baseline Array",  Proc IEEE, 82, 658-672.  
 

2.  Thompson, A.R., Clark, B.G., Wade, C.M., and Napier, P.J., 1980,  
       "The Very Large Array", Astrophys. Journal Supplement, 44, 151-167.  
 
3.  Clark, B. G., 1980, "An Efficient Implementation of the Algorithm [CLEAN]" A & A 89, 

7-378. 
 

4.  Clark, B. G. 1973, "The NRAO Tape Recorder Interferometer System", Proc IEEE, 61, 
1242-1248.  
 

iv) Synergistic Activities  
 

Service as scheduling officer of the VLA and VLBA, from initial construction  
to present.  
 

v) Collaborators  
 
My thesis advisors were V. Radhakrishnan, Raman Institute  
M. Schmidt, Caltech  
 
I was thesis advisor or co-thesis advisor for  
F.N. Bash, University of Texas  
P.D. Hemenway, University of Rhode Island 

 



VITA - STEVEN J. DURAND 
  

 
(i) Professional Preparation 
 
Eastern Washington University   Chemistry      Bachelor of Arts, 1977 
New Mexico State University   Electrical Engineering  Master of Science, 1983 
 
(ii) Appointments 
 
2002 – present   NRAO          Electronics Division Head 
1999 – 2002  NRAO          Data Acquisition Group Leader 
1998 – 1999  Florida Solar Energy Center at the   Southeast Region Experiment 

University of Central Florida   Station (SERES) Program Manager 
1991 – 1998  Southwest Technology Development  Southwest Region Experiment Station 
      Institute         (SWRES) Program Manager 
1988 – 1991  Southwest Technology Development  Research Engineer/Specialist III 

Institute 
1987    Southwest Technology Development  Research Engineer/Specialist II 

Institute 
1985 – 1987  New Mexico Solar Energy Institute   Engineer II 
1983 – 1985   Bell Laboratories       MTS- Fiber Optics Design Engineer 
1982 – 1983  New Mexico Solar Energy Institute   Research Associate 
1982 – 1983  New Mexico State University    Teaching Assistant 
1978 – 1980  NORTEC Corporation      Nondestructive Test Equipment Design  
1971 – 1977  U.S. Air Force Reserves      Radio Repairman 
 
 
(iii) Publications 

(a) Closely Related to Proposed Subject 
 
1. Durand, S. J., Jackson, J., & Ridgeway, R. “RFI Tight Enclosures for the EVLA Project,” 

presented at the URSI Conference, June 2003. 
 

2. Durand, S. J., & Cotter, T. “Operational Performance of the EVLA LO Round-trip Phase 
System,” SPIE – International Society for Optical Engineering, Astronomical Telescopes and 
Instrumentation Conference, August 2002  

 
3. Jackson, J. & Durand, S. J. “Operational Performance of the EVLA Digital Transmission 

System,” SPIE – International Society for Optical Engineering, Astronomical Telescopes and 
Instrumentation Conference, August 2002  

 
4. Baldwin, T. & Durand, S. J. “IF Fiber Selection Criteria,” EVLA Memo No. 32, 2001 

(http://www.aoc.nrao.edu/evla/geninfo/memoseries/evlamemo32.pdf) 
 

5. Durand, S. J., Romney, J. “EVLA/ New Mexico Array: Within and Beyond the 21Km Radius.  
Presented at the eVLBI Conference, May 2003. (http://www.jive.nl/evlbi_ws/abstract.html) 

 
 

 



(b) Other Significant Publications 
 

1. Durand, S. J., Rosenthal, A. & Thomas, M. “PV System Field Experience and Reliability,” 
NREL/S.NL Photovoltaics Program Review, 14th Conference, November 1996 

 
2. Durand, S. J., Rosenthal, A. & Thomas, M. “Photovoltaic Hybrid System Performance 

Comparisons: Predicted versus Field Results,” IEEE Photovoltaic Specialist Conference, May 
1996. 

 
3. Durand, S. J. & Slaggle, D. “United States Coast Guard Hybrid System Experience on Kodiak 

Island, Alaska,” IEEE Photovoltaic Specialist Conference, May 1996. 
 

4. Bower, W. & Durand, S. J. “Safety, Performance, and Reliability of Photovoltaic Systems,” 
manual for the First World Conference on Photovoltaic Energy Conversion, Waikoloa, Hawaii, 
December 1994. 

 
5. Durand, S. J. “Attaining Thirty-Year Photovoltaic System Lifetime: The BOS Issues,” Progress 

in Photovoltaic Research and Applications, Vol. 2, 1994, pp. 107-113. 
 

 
(iv) Synergistic Activities 
 
2000-present  SEC  Advisor on photovoltaic systems for Socorro Electric Cooperative 
2002-2003   NMT  Taught electrical engineering courses at New Mexico Tech. 
 
(v) Collaborators and Other Affiliations 
  

(a) Collaborators and Co-Editors: 
Tom Baldwin (NRAO), Ward Bower (SNL), Terry Cotter (NRAO), James M. Jackson (NRAO) 
Robert Ridgeway (NRAO), Andrew Rosenthal (NMSU), Dan Slaggle (USCG), Mike Thomas 
(SNL) 
 

(b) Graduate Advisors:  Naranja Gunaji (NMSU), Vern Risser (TDI Las Cruces) 
 
(c) Thesis Advisor:  Robert Black (NMSU) 

 
 
 
 
 



VITA - JAMES M. JACKSON 
  
 

(i) Professional Preparation 
 
Florida Institute of Technology  Electrical Engineering   1981 to 1982 
University of Maryland    Electrical Engineering   B.S.E.E .,1985 
Johns Hopkins University/APL  Electrical Engineering    M.S.E.E., (summa cum laude), 1991 
 
(ii) Appointments 
 
1999 – present  NRAO            EVLA Project Engineer 
1995 – 1999 US Department of Defense Menwith Hill Station  Antenna/RF Engineer 
1993 – 1995 National Security Agency Information Security  Communications Systems  

Directorate           Engineer 
1986 – 1993 National Security Agency       Design Engineer 
1985   University of Maryland College Park    Technician in Radio Astronomy Lab  
 
(iii) Publications 

(b) Closely Related to Proposed Subject 
 
6. Durand, S. J., Jackson, J., & Ridgeway, R. “RFI Tight Enclosures for the EVLA Project,” 

presented at the URSI Conference, June 2003. 
 

7. Jackson, J. & Durand, S. J. “Operational Performance of the EVLA Digital Transmission 
System,” SPIE – International Society for Optical Engineering, Astronomical Telescopes and 
Instrumentation Conference, August 2002  

 
(iv) Synergistic Activities 
Serve on the Board of Directors for the annual Enchanted Skies Star Party at the Etscorn Observatory on 
the New Mexico Technology campus.  Volunteer and consulting services at the Etscorn Observatory. 
 
(v) Collaborators and Other Affiliations 
  

(b) Collaborators and Co-Editors: 
Steven Durand (NRAO) 
 
(b)  Graduate Advisors:  Dr. Andrew Goldfinger 
 
(c) Thesis Advisor: None  

 



VITA - LEWIS SERNA 
 
i)  Professional Preparation 
 
New Mexico Tech  Petroleum Engineering   1975 - 1978   

Attended New Mexico Tech full time  
and part time to achieve Engineering  
Degree. General Studies completed,  
degree not achieved. 

 
United States Navy  Electronic Technician   1969 - 1975 

2 years of  Advanced Electronic  
Technical Schools in LF, HF,  
VHF, UHF, and Crypto  
communications.  Including Loran  
and mega navigation systems. Honorable  
Discharge, Vietnam Veteran. 
Numerous training certificates in:  
Management Programs, Advanced Power  
Quality, High Voltage training, HVAC  
training, Programmable controllers,  
Occupational & environmental Safety  
Engineering and Management, Project Management. 

 
ii)  Appointments 

 
1999 – Present NRAO Engineering Services Division Head 

VLA/VLBA 
1996 - 1999      NRAO     Deputy Division Head 
 
1977 - 1996   NRAO Front line supervisor to all maintenance and 

fabrication shops in the Engineering Services 
Division at the VLA at one time or another.   
Electrical Group Supervisor,  
VLA Servo System Engineer and supervisor, 
Machine shop, Drafting and Antenna Mechanic 
supervisor 

 
1976       Outfitter on the VLA Telescopes 
 
iii)  Applicable Publications 

None 
 
iv) Synergistic Activities 
 None 
 
v)  Collaborators 
 None 
 



VITA – GUSTAAF A. van MOORSEL 
 
 
 
(i) Professional Preparation 

 
Rijkuniversiteit Groningen  Ph.D. Astronomy 1978 – 1982 
Groningen, Netherlands 
Rijkuniversiteit Groningen  M. S. Astronomy, 1973 – 1977 
Groningen, Netherlands   Mathematics, Physics 
Rijksuniversiteit Groningen  B.S Physics,   1969 – 1973 
Groningen, Netherlands   Mathematics, Astronony 
Willem Lodewijk Gymnasium  Gymnasium β  1963 – 1969 
Groningen Netherlands 
 
(ii) Appointments 
 
 
(1992 - 1993)  NRAO     Assistant Scientist 
(1993 – 1998)  NRAO     Associate Scientist    
(1998 - present)  NRAO     Scientist     
(1992 - 1997)  NRAO     AIPS Manager 
(1993 – Aug. 2003) NRAO     Head of Computing Division  
(Sep. 2003 – present)  NRAO     Head of EVLA Computing   
 
1984 – 1992 Space Telescope European Coordinating Facility (STECF)  

European Southern Observatory (ESO) 
Garching, Germany 

                    Software Scientist 
Instrument Scientist for Wide Field 
Planetary Camera (WFPC) 

1983 – 1984  NRAO     Visiting Scientist 
1976 – 1978  Willem Lodewijk Gymnasium  High School Mathematics teacher  

Groningen, Netherelands  (Part time) 
 

(iii) Publications 
 a) Closely related to Proposed Subject 

 
1.  Van Moorsel, G.A., Kemball, A., Greisen, E., 1996, ASP Conf.  Ser. 101: Astronomical Data 

Analysis Software and Systems V, 5, 37 2.  
 
2.   Van Moorsel, G.A., An Automated Method for Velocity Field Analysis, 1985, in: Data 

Analysis in Astronomy, Edited by V. di Gesù et al., Plenum Publishing Corporation. 
 

b) Other Significant Publications 
 

1.  Fraternali, F., Van Moorsel, G., Sancisi, R., Oosterloo, T. A., Deep H I 
 Survey of the Spiral Galaxy NGC 2403 2002, Astron. J. 123, 3124 

 



2.  Morganti, R, Oosterloo, T.A., Tadhunter, C.N., Van Moorsel, G.A., 
Killeen, N., Wills K.A., HI absorption in radio galaxies: effect of 
orientation or interstellar medium? 2001, MNRAS 323, 331 

 
3.  Cox, A.L., Sparke, L.S., Watson, A.M., Van Moorsel, G.A., Stars & Gas in the Galaxy     Pair 

IIZw70/71 2001, Astron. J. 121, No 2 
 

4.  Jörsäter, S., Van Moorsel, G.A., High Resolution Neutral Hydrogen Observations of the 
Barred Spiral Galaxy NGC 1365, 1995, Astron. J. 110, 2037 - 2066 

 
5.  Van Moorsel, G.A., Dark Matter Associated with Binary Galaxies, 1987, 

Astron. Astrophys. 176, 13 - 24 
 
 
(iv) Synergistic Activities 
 
 
(v) Collaborators and Other Affiliations 
 
 (a) Collaborators and Co-Editors:  Fraternali, F. , (Kapteyn Astronomical Institute, Groningen, 
Netherlands); Sancisi, R., (Bologna Observatory, Bologna, Italy); Oosterloo, T. A., (ASTRON, Dwingeloo, 
Netherlands); Morganti, R., (ASTRON, Dwingeloo, Netherlands); Tinti, S., (Instituto di Astronomia, 
Bologna, Italy); Tadhunter, C. N., (Department of Physics and Astronomy, University of Sheffield, UK); 
Wills, K. A., (Department of Physics and Astronomy, University of Sheffield, UK); Killeen, N., (CSIRO, 
Sydney, Australia); Peck, A.B., (SAO/SMA, Hilo, Hawaii); Capetti, A., (Osservatorio Astronoico di Torino, 
Italy); Parma, P., (Instituto di Astronomia, Bologna, Italy); De Ruiter, H., (Instituto di Astronomia, Bologna, 
Italy); Fanti, R., (Instituto di Astronomia, Bologna, Italy); Cappi, M., (Dipartimento di Astronomia, 
Bologna, Italy); Cox, A.L., (Beloit College, Beloit, Wisconsin); Sparke, L.S., (University of Wisconsin, 
Madison); Watson, A.M., (UNAM, Morelia, Mexico). 
 
 (b) Graduate and Postdoctoral Advisors: Seth Shostak (SETI); Renzo Sancisi, (Bologna 
Observatory). 
 
 (c) Thesis Advisor:  T. S. van Albada, Kapteyn Astronomical Institute. 
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NSF Funded
Person-months

FOR NSF USE ONLY
ORGANIZATION PROPOSAL NO. DURATION (months)

Proposed Granted

PRINCIPAL INVESTIGATOR / PROJECT DIRECTOR AWARD NO.

A.  SENIOR PERSONNEL: PI/PD, Co-PI’s, Faculty  and Other Senior Associates
          (List each separately with title, A.7.  show number in brackets) CAL ACAD SUMR

$ $1.

2.

3.

4.

5.

6. (        ) OTHERS (LIST INDIVIDUALLY ON BUDGET JUSTIFICATION PAGE)

7. (        ) TOTAL SENIOR PERSONNEL (1 - 6)

B.  OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)

1. (        ) POST DOCTORAL ASSOCIATES

2. (        ) OTHER PROFESSIONALS (TECHNICIAN, PROGRAMMER, ETC.)

3. (        ) GRADUATE STUDENTS

4. (        ) UNDERGRADUATE STUDENTS

5. (        ) SECRETARIAL - CLERICAL (IF CHARGED DIRECTLY)

6. (        ) OTHER

   TOTAL SALARIES AND WAGES (A + B)

C.  FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS)

   TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A + B + C)

D.  EQUIPMENT (LIST ITEM AND DOLLAR AMOUNT FOR EACH ITEM EXCEEDING $5,000.)

   TOTAL EQUIPMENT

E.  TRAVEL 1.  DOMESTIC (INCL. CANADA, MEXICO AND U.S. POSSESSIONS)

2.  FOREIGN

F.  PARTICIPANT SUPPORT COSTS

1. STIPENDS         $

2. TRAVEL

3. SUBSISTENCE

4. OTHER

   TOTAL NUMBER OF PARTICIPANTS       (          )                         TOTAL PARTICIPANT COSTS

G.  OTHER DIRECT COSTS

1. MATERIALS AND SUPPLIES

2. PUBLICATION COSTS/DOCUMENTATION/DISSEMINATION

3. CONSULTANT SERVICES

4. COMPUTER SERVICES

5. SUBAWARDS

6. OTHER

   TOTAL OTHER DIRECT COSTS

H.  TOTAL DIRECT COSTS (A THROUGH G)

I.  INDIRECT COSTS (F&A)(SPECIFY RATE AND BASE)

TOTAL INDIRECT COSTS (F&A)

J.  TOTAL DIRECT AND INDIRECT COSTS (H + I)

K.  RESIDUAL FUNDS (IF FOR FURTHER SUPPORT OF CURRENT  PROJECTS SEE GPG II.C.6.j.)

L.  AMOUNT OF THIS REQUEST (J) OR (J MINUS K) $ $

M. COST SHARING PROPOSED LEVEL $ AGREED LEVEL IF DIFFERENT $

PI/PD NAME FOR NSF USE ONLY
INDIRECT COST RATE VERIFICATION

ORG. REP. NAME*

 *ELECTRONIC SIGNATURES REQUIRED FOR REVISED BUDGET 

4YEAR

4

Associated Universities Inc/National Radio Astronomy Observatory

Riccardo

Riccardo

Riccardo

 Giacconi

 Giacconi

 Giacconi - none  0.00  0.00  0.00 0
K. Y. Lo - none  0.00  0.00  0.00 0
Peter Napier - none  0.00  0.00  0.00 0
Richard A Perley - none  0.00  0.00  0.00 0
James Ulvestad - none  0.00  0.00  0.00 0
   0   0.00   0.00   0.00        0

5  0.00  0.00  0.00        0

0 0.00 0.00 0.00 0
39 470.00 0.00 0.00 2,170,000

0 0
0 0
0 0
0 0

 2,170,000
1,045,000
 3,215,000

       0
227,000

0

0
0
0
0

0        0

20,071,000
0
0
0
0
0

20,071,000
23,513,000

0
 (Rate: , Base: )

23,513,000
0

23,513,000
0

K. Y. lo



SUMMARY
PROPOSAL BUDGET

Funds
Requested By

proposer

Funds
granted by NSF

(if different)

Date Checked Date Of Rate Sheet Initials - ORG

NSF Funded
Person-months

FOR NSF USE ONLY
ORGANIZATION PROPOSAL NO. DURATION (months)

Proposed Granted

PRINCIPAL INVESTIGATOR / PROJECT DIRECTOR AWARD NO.

A.  SENIOR PERSONNEL: PI/PD, Co-PI’s, Faculty  and Other Senior Associates
          (List each separately with title, A.7.  show number in brackets) CAL ACAD SUMR

$ $1.

2.

3.

4.

5.

6. (        ) OTHERS (LIST INDIVIDUALLY ON BUDGET JUSTIFICATION PAGE)

7. (        ) TOTAL SENIOR PERSONNEL (1 - 6)

B.  OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)

1. (        ) POST DOCTORAL ASSOCIATES

2. (        ) OTHER PROFESSIONALS (TECHNICIAN, PROGRAMMER, ETC.)

3. (        ) GRADUATE STUDENTS

4. (        ) UNDERGRADUATE STUDENTS

5. (        ) SECRETARIAL - CLERICAL (IF CHARGED DIRECTLY)

6. (        ) OTHER

   TOTAL SALARIES AND WAGES (A + B)

C.  FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS)

   TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A + B + C)

D.  EQUIPMENT (LIST ITEM AND DOLLAR AMOUNT FOR EACH ITEM EXCEEDING $5,000.)

   TOTAL EQUIPMENT

E.  TRAVEL 1.  DOMESTIC (INCL. CANADA, MEXICO AND U.S. POSSESSIONS)

2.  FOREIGN

F.  PARTICIPANT SUPPORT COSTS

1. STIPENDS         $

2. TRAVEL

3. SUBSISTENCE

4. OTHER

   TOTAL NUMBER OF PARTICIPANTS       (          )                         TOTAL PARTICIPANT COSTS

G.  OTHER DIRECT COSTS

1. MATERIALS AND SUPPLIES

2. PUBLICATION COSTS/DOCUMENTATION/DISSEMINATION

3. CONSULTANT SERVICES

4. COMPUTER SERVICES

5. SUBAWARDS

6. OTHER

   TOTAL OTHER DIRECT COSTS

H.  TOTAL DIRECT COSTS (A THROUGH G)

I.  INDIRECT COSTS (F&A)(SPECIFY RATE AND BASE)

TOTAL INDIRECT COSTS (F&A)

J.  TOTAL DIRECT AND INDIRECT COSTS (H + I)

K.  RESIDUAL FUNDS (IF FOR FURTHER SUPPORT OF CURRENT  PROJECTS SEE GPG II.C.6.j.)

L.  AMOUNT OF THIS REQUEST (J) OR (J MINUS K) $ $

M. COST SHARING PROPOSED LEVEL $ AGREED LEVEL IF DIFFERENT $

PI/PD NAME FOR NSF USE ONLY
INDIRECT COST RATE VERIFICATION

ORG. REP. NAME*

 *ELECTRONIC SIGNATURES REQUIRED FOR REVISED BUDGET 

5YEAR

5

Associated Universities Inc/National Radio Astronomy Observatory

Riccardo

Riccardo

Riccardo

 Giacconi

 Giacconi

 Giacconi - none  0.00  0.00  0.00 0
K. Y. Lo - none  0.00  0.00  0.00 0
Peter Napier - none  6.00  0.00  0.00 0
Richard A Perley - none  6.00  0.00  0.00 0
Total Sr Personnel  0.00  0.00  0.00 112,000
   1   0.00   0.00   0.00        0

6 12.00  0.00  0.00   112,000

0 0.00 0.00 0.00 0
40 481.00 0.00 0.00 2,148,000

0 0
0 0
0 0
0 0

 2,260,000
1,088,000
 3,348,000

       0
218,000

0

0
0
0
0

0        0

18,926,000
0
0
0
0
0

18,926,000
22,492,000

0
 (Rate: , Base: )

22,492,000
0

22,492,000
0

K. Y. lo



SUMMARY PROPOSAL BUDGET COMMENTS - Year 5

  

Other Senior Personnel
Name - Title                                              Cal     Acad    Sumr    Funds Requested
--------------------------------------                 ----     -------    -------    ----------------------
Ulvestad, James  - none                       0.00         0.00        0.00                  0



SUMMARY
PROPOSAL BUDGET

Funds
Requested By

proposer

Funds
granted by NSF

(if different)

Date Checked Date Of Rate Sheet Initials - ORG

NSF Funded
Person-months

FOR NSF USE ONLY
ORGANIZATION PROPOSAL NO. DURATION (months)

Proposed Granted

PRINCIPAL INVESTIGATOR / PROJECT DIRECTOR AWARD NO.

A.  SENIOR PERSONNEL: PI/PD, Co-PI’s, Faculty  and Other Senior Associates
          (List each separately with title, A.7.  show number in brackets) CAL ACAD SUMR

$ $1.

2.

3.

4.

5.

6. (        ) OTHERS (LIST INDIVIDUALLY ON BUDGET JUSTIFICATION PAGE)

7. (        ) TOTAL SENIOR PERSONNEL (1 - 6)

B.  OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)

1. (        ) POST DOCTORAL ASSOCIATES

2. (        ) OTHER PROFESSIONALS (TECHNICIAN, PROGRAMMER, ETC.)

3. (        ) GRADUATE STUDENTS

4. (        ) UNDERGRADUATE STUDENTS

5. (        ) SECRETARIAL - CLERICAL (IF CHARGED DIRECTLY)

6. (        ) OTHER

   TOTAL SALARIES AND WAGES (A + B)

C.  FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS)

   TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A + B + C)

D.  EQUIPMENT (LIST ITEM AND DOLLAR AMOUNT FOR EACH ITEM EXCEEDING $5,000.)

   TOTAL EQUIPMENT

E.  TRAVEL 1.  DOMESTIC (INCL. CANADA, MEXICO AND U.S. POSSESSIONS)

2.  FOREIGN

F.  PARTICIPANT SUPPORT COSTS

1. STIPENDS         $

2. TRAVEL

3. SUBSISTENCE

4. OTHER

   TOTAL NUMBER OF PARTICIPANTS       (          )                         TOTAL PARTICIPANT COSTS

G.  OTHER DIRECT COSTS

1. MATERIALS AND SUPPLIES

2. PUBLICATION COSTS/DOCUMENTATION/DISSEMINATION

3. CONSULTANT SERVICES

4. COMPUTER SERVICES

5. SUBAWARDS

6. OTHER

   TOTAL OTHER DIRECT COSTS

H.  TOTAL DIRECT COSTS (A THROUGH G)

I.  INDIRECT COSTS (F&A)(SPECIFY RATE AND BASE)

TOTAL INDIRECT COSTS (F&A)

J.  TOTAL DIRECT AND INDIRECT COSTS (H + I)

K.  RESIDUAL FUNDS (IF FOR FURTHER SUPPORT OF CURRENT  PROJECTS SEE GPG II.C.6.j.)

L.  AMOUNT OF THIS REQUEST (J) OR (J MINUS K) $ $

M. COST SHARING PROPOSED LEVEL $ AGREED LEVEL IF DIFFERENT $

PI/PD NAME FOR NSF USE ONLY
INDIRECT COST RATE VERIFICATION

ORG. REP. NAME*

 *ELECTRONIC SIGNATURES REQUIRED FOR REVISED BUDGET 

6YEAR

6

Associated Universities Inc/National Radio Astronomy Observatory

Riccardo

Riccardo

Riccardo

 Giacconi

 Giacconi

 Giacconi - none  0.00  0.00  0.00 0
K. Y. Lo - none  0.00  0.00  0.00 0
Peter Napier - none  6.00  0.00  0.00 0
Richard A Perley - none  6.00  0.00  0.00 0
Total Sr Personnel  0.00  0.00  0.00 112,000
   1   0.00   0.00   0.00        0

6 12.00  0.00  0.00   112,000

0 0.00 0.00 0.00 0
42 481.00 0.00 0.00 2,237,000

0 0
0 0
0 0
0 0

 2,349,000
1,131,000
 3,480,000

       0
219,000

0

0
0
0
0

0        0

15,983,000
0
0
0
0
0

15,983,000
19,682,000

0
 (Rate: , Base: )

19,682,000
0

19,682,000
0

K. Y. lo



SUMMARY PROPOSAL BUDGET COMMENTS - Year 6

  

Other Senior Personnel
Name - Title                                              Cal     Acad    Sumr    Funds Requested
--------------------------------------                 ----     -------    -------    ----------------------
Ulvestad, James  - none                       0.00         0.00        0.00                  0



SUMMARY
PROPOSAL BUDGET

Funds
Requested By

proposer

Funds
granted by NSF

(if different)

Date Checked Date Of Rate Sheet Initials - ORG

NSF Funded
Person-months

FOR NSF USE ONLY
ORGANIZATION PROPOSAL NO. DURATION (months)

Proposed Granted

PRINCIPAL INVESTIGATOR / PROJECT DIRECTOR AWARD NO.

A.  SENIOR PERSONNEL: PI/PD, Co-PI’s, Faculty  and Other Senior Associates
          (List each separately with title, A.7.  show number in brackets) CAL ACAD SUMR

$ $1.

2.

3.

4.

5.

6. (        ) OTHERS (LIST INDIVIDUALLY ON BUDGET JUSTIFICATION PAGE)

7. (        ) TOTAL SENIOR PERSONNEL (1 - 6)

B.  OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)

1. (        ) POST DOCTORAL ASSOCIATES

2. (        ) OTHER PROFESSIONALS (TECHNICIAN, PROGRAMMER, ETC.)

3. (        ) GRADUATE STUDENTS

4. (        ) UNDERGRADUATE STUDENTS

5. (        ) SECRETARIAL - CLERICAL (IF CHARGED DIRECTLY)

6. (        ) OTHER

   TOTAL SALARIES AND WAGES (A + B)

C.  FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS)

   TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A + B + C)

D.  EQUIPMENT (LIST ITEM AND DOLLAR AMOUNT FOR EACH ITEM EXCEEDING $5,000.)

   TOTAL EQUIPMENT

E.  TRAVEL 1.  DOMESTIC (INCL. CANADA, MEXICO AND U.S. POSSESSIONS)

2.  FOREIGN

F.  PARTICIPANT SUPPORT COSTS

1. STIPENDS         $

2. TRAVEL

3. SUBSISTENCE

4. OTHER

   TOTAL NUMBER OF PARTICIPANTS       (          )                         TOTAL PARTICIPANT COSTS

G.  OTHER DIRECT COSTS

1. MATERIALS AND SUPPLIES

2. PUBLICATION COSTS/DOCUMENTATION/DISSEMINATION

3. CONSULTANT SERVICES

4. COMPUTER SERVICES

5. SUBAWARDS

6. OTHER

   TOTAL OTHER DIRECT COSTS

H.  TOTAL DIRECT COSTS (A THROUGH G)

I.  INDIRECT COSTS (F&A)(SPECIFY RATE AND BASE)

TOTAL INDIRECT COSTS (F&A)

J.  TOTAL DIRECT AND INDIRECT COSTS (H + I)

K.  RESIDUAL FUNDS (IF FOR FURTHER SUPPORT OF CURRENT  PROJECTS SEE GPG II.C.6.j.)

L.  AMOUNT OF THIS REQUEST (J) OR (J MINUS K) $ $

M. COST SHARING PROPOSED LEVEL $ AGREED LEVEL IF DIFFERENT $

PI/PD NAME FOR NSF USE ONLY
INDIRECT COST RATE VERIFICATION

ORG. REP. NAME*

 *ELECTRONIC SIGNATURES REQUIRED FOR REVISED BUDGET 

7YEAR

7

Associated Universities Inc/National Radio Astronomy Observatory

Riccardo

Riccardo

Riccardo

 Giacconi

 Giacconi

 Giacconi - none  0.00  0.00  0.00 0
K. Y. Lo - none  0.00  0.00  0.00 0
Peter Napier - none 12.00  0.00  0.00 0
Richard A Perley - none  6.00  0.00  0.00 0
Total Sr Personnel  0.00  0.00  0.00 179,000
   1   0.00   0.00   0.00        0

6 18.00  0.00  0.00   179,000

0 0.00 0.00 0.00 0
28 339.00 0.00 0.00 1,541,000

0 0
0 0
0 0
0 0

 1,720,000
828,000

 2,548,000

       0
127,000

0

0
0
0
0

0        0

3,220,000
0
0
0
0
0

 3,220,000
 5,895,000

0
 (Rate: , Base: )

 5,895,000
0

 5,895,000
0

K. Y. lo



SUMMARY PROPOSAL BUDGET COMMENTS - Year 7

  

Other Senior Personnel
Name - Title                                              Cal     Acad    Sumr    Funds Requested
--------------------------------------                 ----     -------    -------    ----------------------
Ulvestad, James  - none                       0.00         0.00        0.00                  0



SUMMARY
PROPOSAL BUDGET

Funds
Requested By

proposer

Funds
granted by NSF

(if different)

Date Checked Date Of Rate Sheet Initials - ORG

NSF Funded
Person-months

FOR NSF USE ONLY
ORGANIZATION PROPOSAL NO. DURATION (months)

Proposed Granted

PRINCIPAL INVESTIGATOR / PROJECT DIRECTOR AWARD NO.

A.  SENIOR PERSONNEL: PI/PD, Co-PI’s, Faculty  and Other Senior Associates
          (List each separately with title, A.7.  show number in brackets) CAL ACAD SUMR

$ $1.

2.

3.

4.

5.

6. (        ) OTHERS (LIST INDIVIDUALLY ON BUDGET JUSTIFICATION PAGE)

7. (        ) TOTAL SENIOR PERSONNEL (1 - 6)

B.  OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)

1. (        ) POST DOCTORAL ASSOCIATES

2. (        ) OTHER PROFESSIONALS (TECHNICIAN, PROGRAMMER, ETC.)

3. (        ) GRADUATE STUDENTS

4. (        ) UNDERGRADUATE STUDENTS

5. (        ) SECRETARIAL - CLERICAL (IF CHARGED DIRECTLY)

6. (        ) OTHER

   TOTAL SALARIES AND WAGES (A + B)

C.  FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS)

   TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A + B + C)

D.  EQUIPMENT (LIST ITEM AND DOLLAR AMOUNT FOR EACH ITEM EXCEEDING $5,000.)

   TOTAL EQUIPMENT

E.  TRAVEL 1.  DOMESTIC (INCL. CANADA, MEXICO AND U.S. POSSESSIONS)

2.  FOREIGN

F.  PARTICIPANT SUPPORT COSTS

1. STIPENDS         $

2. TRAVEL

3. SUBSISTENCE

4. OTHER

   TOTAL NUMBER OF PARTICIPANTS       (          )                         TOTAL PARTICIPANT COSTS

G.  OTHER DIRECT COSTS

1. MATERIALS AND SUPPLIES

2. PUBLICATION COSTS/DOCUMENTATION/DISSEMINATION

3. CONSULTANT SERVICES

4. COMPUTER SERVICES

5. SUBAWARDS

6. OTHER

   TOTAL OTHER DIRECT COSTS

H.  TOTAL DIRECT COSTS (A THROUGH G)

I.  INDIRECT COSTS (F&A)(SPECIFY RATE AND BASE)

TOTAL INDIRECT COSTS (F&A)

J.  TOTAL DIRECT AND INDIRECT COSTS (H + I)

K.  RESIDUAL FUNDS (IF FOR FURTHER SUPPORT OF CURRENT  PROJECTS SEE GPG II.C.6.j.)

L.  AMOUNT OF THIS REQUEST (J) OR (J MINUS K) $ $

M. COST SHARING PROPOSED LEVEL $ AGREED LEVEL IF DIFFERENT $

PI/PD NAME FOR NSF USE ONLY
INDIRECT COST RATE VERIFICATION

ORG. REP. NAME*

 *ELECTRONIC SIGNATURES REQUIRED FOR REVISED BUDGET 

8YEAR

8

Associated Universities Inc/National Radio Astronomy Observatory

Riccardo

Riccardo

Riccardo

 Giacconi

 Giacconi

 Giacconi - none  0.00  0.00  0.00 0
K. Y. Lo - none  0.00  0.00  0.00 0
Peter Napier - none  6.00  0.00  0.00 0
Richard A Perley - none  6.00  0.00  0.00 0
Total Sr Personnel  0.00  0.00  0.00 114,000
   1   0.00   0.00   0.00        0

6 12.00  0.00  0.00   114,000

0 0.00 0.00 0.00 0
21 250.00 0.00 0.00 1,128,000

0 0
0 0
0 0
0 0

 1,242,000
598,000

 1,840,000

       0
119,000

0

0
0
0
0

0        0

2,945,000
0
0
0
0
0

 2,945,000
 4,904,000

0
 (Rate: , Base: )

 4,904,000
0

 4,904,000
0

K. Y. lo



SUMMARY PROPOSAL BUDGET COMMENTS - Year 8

  

Other Senior Personnel
Name - Title                                              Cal     Acad    Sumr    Funds Requested
--------------------------------------                 ----     -------    -------    ----------------------
Ulvestad, James  - none                       0.00         0.00        0.00                  0



SUMMARY
PROPOSAL BUDGET

Funds
Requested By

proposer

Funds
granted by NSF

(if different)

Date Checked Date Of Rate Sheet Initials - ORG

NSF Funded
Person-months

FOR NSF USE ONLY
ORGANIZATION PROPOSAL NO. DURATION (months)

Proposed Granted

PRINCIPAL INVESTIGATOR / PROJECT DIRECTOR AWARD NO.

A.  SENIOR PERSONNEL: PI/PD, Co-PI’s, Faculty  and Other Senior Associates
          (List each separately with title, A.7.  show number in brackets) CAL ACAD SUMR

$ $1.

2.

3.

4.

5.

6. (        ) OTHERS (LIST INDIVIDUALLY ON BUDGET JUSTIFICATION PAGE)

7. (        ) TOTAL SENIOR PERSONNEL (1 - 6)

B.  OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)

1. (        ) POST DOCTORAL ASSOCIATES

2. (        ) OTHER PROFESSIONALS (TECHNICIAN, PROGRAMMER, ETC.)

3. (        ) GRADUATE STUDENTS

4. (        ) UNDERGRADUATE STUDENTS

5. (        ) SECRETARIAL - CLERICAL (IF CHARGED DIRECTLY)

6. (        ) OTHER

   TOTAL SALARIES AND WAGES (A + B)

C.  FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS)

   TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A + B + C)

D.  EQUIPMENT (LIST ITEM AND DOLLAR AMOUNT FOR EACH ITEM EXCEEDING $5,000.)

   TOTAL EQUIPMENT

E.  TRAVEL 1.  DOMESTIC (INCL. CANADA, MEXICO AND U.S. POSSESSIONS)

2.  FOREIGN

F.  PARTICIPANT SUPPORT COSTS

1. STIPENDS         $

2. TRAVEL

3. SUBSISTENCE

4. OTHER

   TOTAL NUMBER OF PARTICIPANTS       (          )                         TOTAL PARTICIPANT COSTS

G.  OTHER DIRECT COSTS

1. MATERIALS AND SUPPLIES

2. PUBLICATION COSTS/DOCUMENTATION/DISSEMINATION

3. CONSULTANT SERVICES

4. COMPUTER SERVICES

5. SUBAWARDS

6. OTHER

   TOTAL OTHER DIRECT COSTS

H.  TOTAL DIRECT COSTS (A THROUGH G)

I.  INDIRECT COSTS (F&A)(SPECIFY RATE AND BASE)

TOTAL INDIRECT COSTS (F&A)

J.  TOTAL DIRECT AND INDIRECT COSTS (H + I)

K.  RESIDUAL FUNDS (IF FOR FURTHER SUPPORT OF CURRENT  PROJECTS SEE GPG II.C.6.j.)

L.  AMOUNT OF THIS REQUEST (J) OR (J MINUS K) $ $

M. COST SHARING PROPOSED LEVEL $ AGREED LEVEL IF DIFFERENT $

PI/PD NAME FOR NSF USE ONLY
INDIRECT COST RATE VERIFICATION

ORG. REP. NAME*

 *ELECTRONIC SIGNATURES REQUIRED FOR REVISED BUDGET 

Cumulative

C

Associated Universities Inc/National Radio Astronomy Observatory

Riccardo

Riccardo

Riccardo

 Giacconi

 Giacconi

 Giacconi - none  0.00  0.00  0.00 0
K. Y. Lo - none  0.00  0.00  0.00 0
Peter Napier - none 30.00  0.00  0.00 0
Richard A Perley - none 24.00  0.00  0.00 0
Total Sr Personnel  0.00  0.00  0.00 517,000

1  0.00  0.00  0.00 0
6 54.00  0.00  0.00   517,000

0 0.00 0.00 0.00 0
221 2630.00 0.00 0.00 12,426,000

0 0
0 0
0 0
0 0

12,943,000
6,232,000

19,175,000

       0
1,182,000

0

0
0
0
0

0        0

96,881,000
0
0
0
0
0

96,881,000
117,238,000

0
 

117,238,000
0

117,238,000
0

K. Y. lo



Project Budget

All budget numbers in this proposal are in FY 2003 dollars. The cost for the Project has been estimated by
preparing a Work Breakdown Structure for the Project detailed down to WBS Level 4. The Level 1 task,
identi�ed as task 6 in NRAO's overall WBS, is the complete EVLA Project. The eleven Level 2 tasks are
shown in Table 1.

Table 1: WBS Level 2 Tasks for the EVLA

WBS No. Task Name
6.01 Project Management
6.02 System Integration and Testing
6.03 Civil Construction
6.04 Antennas
6.05 Front End Systems
6.06 Local Oscillator System
6.07 Fiber Optic System
6.08 Intermediate Frequency System
6.09 Correlator
6.10 Monitor and Control System
6.11 Data Management and Computing

The full list of WBS tasks, detailed down to Level 4, is shown in Appendix D of the Project Description.
For every task in the Project a cost data sheet has been generated detailing the personnel, materials/services
and travel cost expenses for the Project by year. These costs are then rolled up to provide the total cost.
The total cost for the Project determined in this way, including the risk-based adjustments to Project costs,
expressed as the contingency, is shown in Table 2 for each of the 11 WBS Level 2 tasks. Table 3 shows
the breakdown of the total cost amongst the two major components of the Project (New Mexico Array, and
E-con�guration). Summary tables for each of the eleven WBS level 2 tasks are included in Appendix D of
the Project Description. The annual funding levels required to support this plan are shown in Figure 1.

The cost estimate includes only costs which are incremental to Phase I. For example, the cost of a Project
Manager is included only for those years in which this cost is not already covered in Phase I because Phase II
will be managed by the same Project Manager as the Phase I Project, as described in the Project Description.
Included in the project management budget is the AUI management fee at a rate of 2.5% and the Project's
share of NRAO's indirect management costs based on the predicted project personnel levels.

The predicted personnel levels, obtained by rolling up the estimates in the individual cost data sheets for
the Project, are presented in Appendix D in the Project Description. Personnel costs have been estimated
using the salary-plus-bene�ts costs shown in Table 4 which were obtained by averaging over the whole of
NRAO for each of the personnel categories. These personnel costs are the full costs required to perform the
Phase II work and do not assume any contributions from other funding sources.

Risk Analysis

The cost estimate, including contingency, is considered to be adequate based on NRAO's considerable past
experience with the construction of the VLA, VLBA and EVLA Phase I Projects. The estimate for the

1
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Table 2: Cost Estimates for Phase II, in FY 2003 k$

WBS Task Name 2006 2007 2008 2009 2010 2011 2012 2013 Total

6.01 Project Management 321 861 1249 1539 1510 1469 801 583 8334

6.02 System Integration 87 143 136 540 375 286 1 1 1570

6.03 Civil Construction 722 5215 1813 1942 1883 120 0 0 11695

6.04 Antennas 11 25 9669 8902 8518 9058 92 52 36326

6.05 Front End Systems 11 200 905 1125 1186 1375 1105 953 6860

6.06 LO System 0 727 717 1165 448 448 0 0 3504

6.07 Fiber Optics 535 637 797 1016 951 555 26 26 4541

6.08 IF System 0 0 0 281 281 281 0 0 844

6.09 Correlator 0 5520 0 0 314 249 353 0 6436

6.10 Monitor & Control 13 9 18 190 197 178 504 0 1109

6.11 DM & Computing 5 10 34 24 24 49 19 1009 1176

M&S 1705 13346 15338 16723 15688 14069 2902 2624 82394

Wages & Bene�ts 758 1332 2036 2796 2906 3022 2209 1576 16634

Sub-Total 2463 14678 17374 19520 18594 17090 5110 4200 99028

Contingency 365 2168 3706 3993 3899 2591 784 704 18210

Project Total 2827 16846 21080 23513 22493 19682 5894 4904 117238

largest single item in the budget, the eight new 25 m diameter antennas for the New Mexico array, is based
on a current estimate by the company that built the VLBA 25 m antennas. The VLBA antennas meet the
performance requirements for the EVLA and this company is now part of the largest antenna company in
the world. Their estimate is consistent with the ination corrected actual cost of the VLBA antennas. A
competitive procurement is planned based on the VLBA design which is owned by NRAO. Estimates for
almost all other major items in the budget are either based on previous construction experience with the
VLA or VLBA, for example the civil works for the E-con�guration antenna foundations and the New Mexico
Array sites, or on the costs of prototype electronics equipment already tested for Phase I. The only major
item for which costing is not substantially based on prior experience is the cost of the �ber network required
for the New Mexico Array. For this item estimates of the cost of leasing the dark �bers required for the
network have been obtained from the companies that own the dark �bers.

The contingency allowance for the Project has been estimated using a standard Risk Factor/Percentage
method1 applied to every element of the WBS. The results of this analysis are given in Table D.4 in Ap-
pendix D of the Project Description, and shows the percentage contingency assigned to each Level 3 element
of the WBS.

1Sanders, G., Project Science Workshop, Planning for Performance Measurement, Cost Estimate-Risk Analysis.
http://131.215.125.172/workshop2/talks/sanders02.pdf
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Table 3: Component Budget Summary in FY2003$k

WBS Description NMArray E-Con�g Total

6.01 Project Management 8167 167 8334

6.02 System Integration 1570 0 1570

6.03 Civil Construction 6441 5254 11695

6.04 Antennas 36326 0 36326

6.05 Front End Systems 6860 0 6860

6.06 LO System 3504 0 3504

6.07 Fiber Optics 4521 20 4541

6.08 IF System 844 0 844

6.09 Correlator 6436 0 6436

6.10 Monitor & Control 1109 0 1109

6.11 DM &Computing 1176 0 1176

M&S 76953 5441 82394

Wages&Bene�ts 16481 153 16634

Sub-Total 93434 5594 99028

Contingency 17650 559 18210

Project Total 111085 6153 117238

Table 4: Salary-plus-Bene�ts Costs for Various Personnel Categories

Salary Level Category Salary plus Bene�ts
Cost ($K/year)

1 Top level manager 170
2 Senior engineer 119
3 Mid-level engineer 85
4 Technician 55
5 Tradesman 37

Phase II Budget Summary
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Figure 1: Annual Funding Levels required for Phase II.



Current & Pending Support

Project/Proposal Title Support 
Source

Total Award Support 
Type

Term Person 
Months/year

Location

Operation & Maintenance  of 
NRAO (FY04)

NSF $54,974,000 current 10/1/03 - 9/30/04 5580 AZ, CA, HI, IA, NH, 
NM, TX, VA, VI, 
WA,WV

Operation & Maintenance 
  of NRAO (FY05-09) NSF tbd pending 10/01/04 - 9/30/09 tbd

ALMA NSF $50,840,000 current
10/1/03 - 9/30/04

1308
AZ,NM,VA,WV, 
Chile

REU/RET NSF $184,176 current
10/1/03 - 9/30/04

3.5 AZ,NM,VA,WV

REU/RET NSF $1,112,898 pending
10/1/03 - 9/30/08

3.5 AZ,NM,VA,WV



Facilities Equipment & Other Resources 
 
 The work under this proposal will be performed using the facilities and equipment of the 
National Radio Astronomy Observatory (NRAO), supplemented where appropriate with contracts to 
commercial companies. 
 
 The work related to the new telescopes for the NM Array and the new observing pads for the E 
Configuration will be the responsibility of the NRAO Engineering and Services Division (ESD) located at 
the Very Large Array (VLA) site near Socorro, New Mexico. The ESD is currently building the 
equipment needed to outfit the VLA antennas for Phase I and the Phase II requirements are the same as 
Phase I. The VLA site is fully equipped with machine shops, welding shops and all equipment needed to 
fabricate and install equipment on radio telescopes. The new telescopes constituting the NM Array, and 
the new sites required for them, will be constructed by commercial companies. This process of telescope 
construction by commercial companies and outfitting by ESD was successfully used for both the VLA 
and VLBA instruments. 
 
 The work related to the new electronic systems required for outfitting the new telescopes will 
be the responsibility of the NRAO Electronics Division (ED) located in the NRAO Array Operations 
Center (AOC) in Socorro, New Mexico. The AOC is fully equipped with the facilities and equipment 
necessary to build these electronic systems and the ED is already producing identical electronic systems 
for Phase I. The circuit boards for the new equipment will be built by commercial companies, with 
integration and test performed by the ED. 
 
 The cryogenic low noise amplifiers required for the new receivers will be built by the NRAO 
Central Development Laboratory (CDL) in Charlottesville, VA. The CDL is fully equipped with the 
equipment and facilities required to build these amplifiers and identical amplifiers are already being built 
by the CDL for Phase I. 
 
 The additions to the Phase I correlator required to provide Phase II capabilities will be provided 
by the Canadian Phase I partner, the Herzberg Institute of Astrophysics (HIA), under contract from 
NRAO. HIA is currently constructing the Phase I correlator at their laboratory in Penticton, Canada, 
where they have all the necessary facilities and equipment required for the work. The Phase II correlator 
additions are identical to the Phase I systems. 
 







9 April 2004 
 

Dr. Fred K. Y. Lo, Director, NRAO 
520 Edgemont Road 
Charlottesville, VA 22903-2475 
 
Dr. Lo: 
 
I am writing this letter in support of the EVLA Phase II proposal both as a spokesperson 
for the Southwest Consortium (SWC) and as a Deputy Vice Provost for Research at the 
University of New Mexico.  Both entities are particularly interested in having access to 
the infrastructure that will be constructed as part of the EVLA Phase II proposal.   This 
includes both the power that will be brought to the remote sights and the real-time wide-
bandwidth phase-coherent data transport system.  

The SWC is considering several projects that would greatly benefit from the high-
bandwidth phase-coherent transport system as well as the power.   These include a long 
wavelength array that would consist of 40 sites separated by up to 500 km with 
approximately 256 dipole antennae per site.  This system would be sensitive to 
frequencies between 30 and ~90 MHz.  The cost of this project will be significantly 
reduced if the EVLA Phase II infrastructure is available.  In fact, the placement of the 
sites will be strongly influenced by access to the fiber network and power.  In addition, 
UNM is an active member of the US SKA association.  The most likely US site for the 
SKA is in New Mexico.  Because of this the SWC will be actively involved in RFI 
testing in New Mexico.  Again, the infrastructure necessary for the EVLA Phase II would 
be necessary for SKA and would provide one of the important justifications put forward 
to the site selection committee.   Finally, the southwest is considered to be the best 
location for the FASR project.  The SWC has just begun discussions with this group.  
Again, the existence of existing infrastructure will strongly impact the cost of the project 
as well as its placement.  

The University of New Mexico is also involved in or planning several projects that will 
benefit from the real-time wide-bandwidth phase-coherent data transport system.  The 
most obvious is the National Ecological Observatory Network (NEON).  This will 
involve instrumenting and networking a number of spatially distributed sites.  Hence, the 
broadband network associated with your proposed project will be important for NEON.  
In fact, many of the environmental projects that UNM is considering will be positively 
influenced by your project.  The second set of projects that will benefit from the real-time 
wide-bandwidth phase-coherent data transport system is a number of water related 



projects.  These include ones particular to UNM as well as several statewide projects.  All 
of these projects require the sensing and collection of data from wide areas of the state.   

In summary, your project can and will have broad impact on a number of projects that are 
being consider by both the SWC and UNM.   There are undoubtedly other projects of 
which I am either unaware or are not sufficiently well developed to discuss.  Yet, it is 
important to realize that having a real-time wide-bandwidth phase-coherent data transport 
system will undoubtedly stimulate other ideas for projects that would not have occurred 
without this system being in place.  

Sincerely, 

John K. McIver 

Interim Deputy Vice Provost for Research 

 
 
 






