
Agenda 

Greenville City Council 

September 14, 2017 
6:00 PM 

City Council Chambers 
200 West Fifth Street 

 

Assistive listening devices are available upon request for meetings held in the Council Chambers. If an 
interpreter is needed for deaf or hearing impaired citizens, please call 252-329-4422 (voice) or 252-329-4060 
(TDD) no later than two business days prior to the meeting. 

I. Call Meeting To Order 
 
II. Invocation - Council Member Connelly 
 
III. Pledge of Allegiance 
 
IV. Roll Call 
 
V. Approval of Agenda 
 

l   Public Comment Period 
  
The Public Comment Period is a period reserved for comments by the public.  Items that were or 
are scheduled to be the subject of public hearings conducted at the same meeting or another 
meeting during the same week shall not be discussed.  A total of 30 minutes is allocated with each 
individual being allowed no more than 3 minutes.  Individuals who registered with the City Clerk 
to speak will speak in the order registered until the allocated 30 minutes expires.  If time remains 
after all persons who registered have spoken, individuals who did not register will have an 
opportunity to speak until the allocated 30 minutes expires. 
 

VI. Special Recognitions 
 

l  Greenville Area All-Star Team Winners of Southeast Regional Baseball / Softball Tournaments 

l Pitt County Girls Softball League 8U All-Stars  
l Greenville Tar Hill Little League Baseball 8-10 Year Old All-Stars  
l Greenville Tar Hill Little League Baseball 9-11 Year Old All-Stars  
l Greenville North State Little League Baseball 10-12 Year Old All-Stars (Finished 4th 

Overall in Little League World Series)  
l Greenville Babe Ruth Baseball 14U All-Stars  

 
VII. Appointments 



 
1.   Appointment of the alternate member to the Greenville Urban Area Transportation Advisory 

Committee (TAC) 
 

2.   Appointments to Boards and Commissions 
 

VIII. New Business 
 

Public Hearings 
 

3.   Ordinance requested by Blackwood, Parrott and Roberson, LLC to annex 1.9940 acres 
located east of Corey Road and adjacent to Blackwood Ridge Subdivision 
 

4.   Ordinance requested by Blackwood, Parrott & Roberson, LLC to rezone 1.9940 acres located east 
of Corey Road and adjacent to Blackwood Ridge Subdivision from RR (Rural Residential – Pitt 
County’s Jurisdiction) to R9S (Residential-Single-family [Medium Density]) 
 

5.   Ordinance requested by East Carolina University to rezone 3.5+/- acres located along the northern 
right-of-way of East 10th Street between Evans Street and Cotanche Street from CDF (Downtown 
Commercial Fringe) to OR (Office-Residential [High Density Multi-family]) 
 

6.   Ordinance requested by Glenn Arthur, LLC  to rezone 4.054 total acres located along the northern 
right-of-way of East 14th Street between Charles Boulevard and Cotanche Street from CDF 
(Downtown Commercial Fringe) and CN (Neighborhood Commercial) to CDF-UC (Downtown 
Commercial Fringe - Urban Core Overlay) 
 

7.   Public Hearing for the approval of the Draft Assessment of Fair Housing (AFH) for the City of 
Greenville 
 

8.   Public Hearing for the approval of the Draft 2016 Consolidated Annual Performance and 
Evaluation Report (CAPER) 
 

Other Items of Business 
 

9.   Authorization to Apply for Bloomberg Philanthropies 2017 Mayors Challenge 
 

10.   Presentation on the Town Common Gateway Plaza Design 
 

11.   Discussion of Bradford Creek Third-Party Marketing Firm 
 

IX.  City Manager's Report 
 
X. Comments from Mayor and City Council 
 
XI. Adjournment 



 



 

 

City of Greenville,  
North Carolina 

 

Meeting Date: 9/14/2017
Time: 6:00 PM 

  

Title of Item: Appointment of the alternate member to the Greenville Urban Area 
Transportation Advisory Committee (TAC) 
  

Explanation: Abstract:  Alternate members may be officially appointed to the Transportation 
Advisory Committee of the Greenville Urban Area Metropolitan Planning 
Organization (MPO) and must be appointed by their respective governing body.  
The City Council needs to appoint an alternate member to the TAC. 
  
Explanation:  The Greenville Urban Area Metropolitan Planning Organization 
(MPO) is a federally mandated transportation policy-making organization 
comprised of representatives from the City of Greenville, Pitt County, Town of 
Winterville, Town of Ayden, and Village of Simpson.  The Greenville Urban 
Area Transportation Advisory Committee (TAC) is established with the 
responsibility of serving as a forum for cooperative transportation planning and 
decision making for the Greenville Urban Area Metropolitan Planning 
Organization.  The TAC is a policy board of the MPO.  The TAC shall consist of 
a representative appointed by member boards of local government and a member 
of the North Carolina Board of Transportation.  Additionally, an alternate 
member may be appointed by member boards of local government and the North 
Carolina Board of Transportation.  Alternate members may only vote in the 
absence of the voting member.  The TAC representative and the alternate 
member appointed by boards of local government must be an elected official of 
the appointing board of local government.  
  
The City Council has designated the mayoral position as the City's elected 
representative and needs to designate the alternate member.  
  

Fiscal Note: No direct fiscal impact.  
  

Recommendation:    Designate an alternate member to the TAC from the City Council.  
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Viewing Attachments Requires Adobe Acrobat. Click here to download.
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City of Greenville,  
North Carolina 

 

Meeting Date: 9/14/2017
Time: 6:00 PM 

  

Title of Item: Appointments to Boards and Commissions 
  

Explanation: Abstract:  The City Council fills vacancies and makes reappointments to the 
City's boards and commissions.  Appointments are scheduled to be made to seven 
of the boards and commissions. 
  
Explanation:  City Council appointments need to be made to the Affordable 
Housing Loan Committee, Board of Adjustment, Community Appearance 
Commission, Human Relations Council, Pitt-Greenville Convention & Visitors 
Authority, Redevelopment Commission, and the Youth Council. 
  
The City's Board and Commission Policy on the Pitt-Greenville Convention & 
Visitors Authority states that the City Council shall make the nomination to the 
County on five of the members, and appointment of County members shall be 
made by the Pitt County Commissioners based on the nominations of City 
Council.  The County seats for  Christopher Jenkins, Tyler McDowell, and 
Monta Stegall are up for nomination. 
  
The City Council updated the Board and Commission Policy on August 15, 
2016.  A provision for extended vacancies was included:  
  
Nominations for Extended Vacancies 
In the event there is a vacancy on a City board or commission which has been on 
the City Council agenda for appointment by City Council for more than three (3) 
calendar months in which a regular City Council meeting has been held, then 
any Council Member may make a nomination to fill the vacancy without regard 
to any other provision relating to who has the authority to make the nomination. 
If there is more than one nomination, the appointment shall be conducted in 
accordance with the procedure for nominations and elections in Robert’s Rules 
of Order. 
  
Under this provision, the following seats are open to nominations from the City 
Council: 
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l Kathy Moore, Human Relations Council, Shaw University Seat  
l Maurice Whitehurst - Human Relations Council, Pitt Community College 

Seat  
l Christopher Jenkins - Pitt-Greenville Convention & Visitors Authority, 

County - Resident not involved in tourist or convention-related business  
l Monta Stegall - Pitt-Greenville Convention & Visitors Authority, County - 

Hotel/motel owner or operator  
l 10 vacant seats - Youth Council, Pitt County High Schools  

  

Fiscal Note: No direct fiscal impact.  
  

Recommendation:    Make appointments and nominations to the Affordable Housing Loan 
Committee, Board of Adjustment, Community Appearance Commission, Human 
Relations Council, Pitt-Greenville Convention & Visitors Authority, 
Redevelopment Commission, and the Youth Council. 
  

Viewing Attachments Requires Adobe Acrobat. Click here to download.

 

Attachments / click to download
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Appointments to Boards and Commissions 
September 2017 

 

Affordable Housing Loan Committee 
 Council Liaison: Council Member Calvin Mercer 
 Current  Reappointment Expiration 
 Name District # Term Status Date   

Ronita Jones 1 Filling unexpired term  Eligible January 2017 
 

Board of Adjustment 
 Council Liaison: Council Member PJ Connelly 
 Current  Reappointment Expiration 
 Name District # Term Status Date   

William Johnson 4 First term  Eligible June 2017 
(District 1) 

Jim Watts 5 First term  Resigned June 2018 
(Mayor Pro-Tem Rose Glover) 

 

Community Appearance Commission 
 Council Liaison: Council Member McLean Godley 
 Current  Reappointment Expiration 
 Name District # Term Status Date   

Jorgette Mullins 1 First term Resigned April 2020 

Ryan Naziri 4 Filling unexpired term Resigned July 2018 

 

Human Relations Council 
 Council Liaison: Mayor Pro-Tem Rose Glover 
 Current  Reappointment Expiration 
 Name District # Term Status Date   

Samar Badwan 4 Filling unexpired term Eligible Sept. 2017 

Prudencio Martinez-Mengal  3 Second term Ineligible Sept. 2017 

Lomax Mizzelle 4 Filling unexpired term Eligible Sept. 2017 
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Franchine Pena 2 Second term Ineligible Sept. 2017 

Rajesh Verma  Filling unexpired term Eligible  Sept. 2017 

Kathy Moore 3 First term Eligible October 2016 
(Shaw University)     

Maurice Whitehurst 2 Second term Did not meet Oct. 2015 
(Pitt Community College)  attendance 
    requirement  
 
 

Pitt-Greenville Convention & Visitors Authority 
 Council Liaison: Mayor Pro-Tem Rose Glover  

 Current Reappointment Expiration 
 Name District # Term Status Date   

Christopher Jenkins County         Resigned July 2017 
(Resident not involved in tourist or convention related business) 

Tyler McDowell County Filling unexpired term Eligible July 2017 
(Owner/Operator of hotel/motel) 

Monta Stegall County First term Resigned July 2019 
(Owner/Operator of hotel/motel) 

 

Redevelopment Commission 
 Council Liaison: Council Member McLean Godley 
 Current  Reappointment Expiration 
 Name District # Term Status Date   

Richard Patterson, Sr. 2 Final term Resigned Nov. 2017 
(Mayor Pro-Tem Glover)  

 

Youth Council 
 Council Liaison:   Council Member Calvin Mercer  

 Current Reappointment Expiration 
 Name  Term Status Date   

Trinity Dupree  Filling unexpired term  Eligible Sept. 2017 

Aniyah Lane  Filling unexpired term Eligible Sept. 2017 
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Jenna Lee  Filling unexpired term Eligible Sept. 2017 

Joshua McCarter  Filling unexpired term Eligible Sept. 2017 

Kunj Patel  Filling unexpired term Eligible Sept. 2017 

  

10 spots open to the City Council 

 
*Seats that are open to nomination from  the City Council are highlighted.  
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Applicants for 
 Affordable Housing Loan Committee 
 Dillon R. Godley Application Date: 5/5/2017 
 1560 Wimbledon Drive #107 
 Greenville, NC 27858 Home Phone: (252) 341-2961 
 Business Phone: (252) 321-1101 
 District #: 5 Email: dillon.godley@gmail.com  
 Debora Spencer Application Date: 7/10/2017 
 2104 Stoney Street 
 Greenville, NC 27834 Home Phone: (252) 258-6642 
 Business Phone: 

District #:  1                  Email: spencergdsch@yahoo.com
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Applicants for 
 Board of Adjustment 

 
 Byron Aynes Application Date: 9/17/2016 
 1903 Brook Road 
 Greenville, NC 27858 Home Phone: (252) 414-1710 
 Business Phone: 
 District #: 4 Email: byron.rha@gmail.com 
 Alan Brock Application Date: 
 1403 Kaley Ct. B 
 Greenville, NC 27858 Home Phone: (252) 367-7599 
 Business Phone: (252) 215-5599 
 District #: 4 Email: alanbrock@kw.com 
 Dillon Godley Application Date: 5/05/2017 
 1560 Wimbledon Dr. Apt. 107 
 Greenville, NC 27858 Home Phone: (252) 341-2961 
 Business Phone: (252) 321-1101 
 District #: 5 Email: Dillon.godley@gmail.com 
 Robert Kevin Howard Application Date: 5/29/2014 
 2745 North Chatham Court 
 Winterville, NC 28590 Home Phone: (252) 258-7900 
 Business Phone: (252) 227-4313 
 District #: 2 Email: gvegasmagazine@hotmail.com 
 Lettie Micheletto Application Date: 7/13/2016 
 929 Bremerton Drive 
 Greenville, NC 27858 Home Phone: (252) 355-8991 
 Business Phone: (252) 321-3640 
 District #: 5 Email: mitchell@pitt.k12.nc.us 
 Billy Parker Application Date: 5/20/2017 
 305 Woodspring Ln 
 Greenville, NC 27834 Home Phone: (252) 714-4111 
 Business Phone: (252) 756-2388 
 District #: 1 Email: parkersbarbecue@gmail.com 
 Stephanie Winfield Application Date: 7/14/2017 
 1103 Red Banks Road 
 Greenville, NC  Home Phone: 
 Business Phone: 
 District #: 4 Email: ladona12@gmail.com 
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Applicants for 
 Community Appearance Commission 
 Christopher Powell Application Date: 6/24/2016 
 108 B Chandler Drive 
 Greenville, NC 27834 Home Phone: (252) 714-0286 
 Business Phone: 
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Applicants for 
 Human Relations Council 
  

 Eric Hogue Application Date:  
 2911 Tripp Lane 
 Greenville, NC 27834 Home Phone: (252) 373-1445 
 Business Phone: 
 District #: 1 Email: erichogue@gmail.com 
 Deborah J. Monroe Application Date: 1/15/2015 
 1308 Old Village Road 
 Greenville, NC 27834 Home Phone: (252) 714-0969 
 Business Phone: 
 District #: 1 Email: debj.monroe@gmail.com 

  

 Bridget Moore Application Date: 8/28/2014 
 4128A Bridge Court 
 Winterville, NC 28590 Home Phone: (252) 355-7377 
 Business Phone: (252) 355-0000 
 District #: 5 Email: bmoore2004@netzero.com 
 Travis Williams Application Date: 
 3408 Evans Street Apt. E 
 Greenville, NC 27834 Home Phone: (252) 412-4584 
 Business Phone: 
 District #: 5 Email:  
 Stephanie Winfield Application Date: 7/14/2017 
 1103 Red Banks Road 
 Greenville, NC  Home Phone: 
 Business Phone: 
 District #: 4 Email: ladona12@gmail.com 

Attachment number 1
Page 7 of 19

Item # 2



8 
 

  
Applicants for 

 Pitt-Greenville Convention & Visitors Authority 
(County) 
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Applicants for 

 Redevelopment Commission  
 

 

 Alan Brock  Application Date:  
 1403 Kaley Ct, B 
 Greenville, NC 27858 Home Phone: (252) 367-7599 
 Business Phone: 
 District #: 4 Email: alanbrock@kw.com 
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Applicants for 
 Youth Council 
  
 None.  
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City of Greenville,  
North Carolina 

 

Meeting Date: 9/14/2017
Time: 6:00 PM 

  

Title of Item: Ordinance requested by Blackwood, Parrott and Roberson, LLC to annex 1.9940 
acres located east of Corey Road and adjacent to Blackwood Ridge Subdivision 
  

Explanation: Abstract:  The City received a voluntary annexation petition from  Blackwood, 
Parrott and Roberson, LLC to annex 1.9940 acres located east of Corey Road and 
adjacent to Blackwood Ridge Subdivision.  The subject area is currently undeveloped 
and is anticipated to yield 5 single-family lots.  
  
ANNEXATION PROFILE 
 
A.        SCHEDULE     
                                     
         1.         Advertising date:  September 4, 2017                                          
          
         2.         City Council public hearing date:  September 14, 2017 
  
         3.         Effective date:  September 14, 2017  
  
B.         CHARACTERISTICS                                         
  
         1.         Relation to Primary City Limits:  Contiguous                                         
  
         2.         Relation to Recognized Industrial Area:  Outside           
  
         3.         Acreage:  1.9940 
  
         4.         Voting District: 5 
                                     
         5.         Township:  Winterville                                   
         
         6.         Zoning:  RR (Rural Residential - Pitt County's Jurisdiction) 
  
         7.         Land Use:  Existing:  Vacant     
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                                       Anticipated:  Five (5) single-family lots 
  
         8.         Population:     
  

* average household size   
  
        9.       Rural Fire Tax District:  Rural Winterville                            
    
        10.       Greenville Fire District:  Station #3 (Distance of 4.5 miles)                        
  
        11.       Present Tax Value:  $3,366 
                    Estimated Future Tax Value:  $963,366 
  

Formula Number of 
People

Total Current -----         0

Estimated at full development 5 x 2.18* 11

Current Minority ----- 0

Estimated Minority at full development 11 x 43.4% 5

Current White ---- 0

Estimated White at full development 11 - 5 6

Fiscal Note: The total estimated tax value at full development is $963,366. 
  

Recommendation:    Approve the attached ordinance to annex  
  

Viewing Attachments Requires Adobe Acrobat. Click here to download.

 

Attachments / click to download
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ORDINANCE NO. 17- 
AN ORDINANCE TO EXTEND THE CORPORATE LIMITS OF 

THE CITY OF GREENVILLE, NORTH CAROLINA 
 
 

WHEREAS, the City Council of the City of Greenville has been petitioned under G.S. 160A-31, as 
amended, to annex the area described herein; and 

 
WHEREAS, the City Council has directed the City Clerk to investigate the sufficiency of said petition; 

and 
 WHEREAS, the City Clerk has certified the sufficiency of said petition and a public hearing on the 

question of this annexation was held at City Hall at 6:00 p.m. on the 14th day of September, 2017, after due 
notice by publication in The Daily Reflector on the 4th day of September, 2017; and 

 
 WHEREAS, the City Council does hereby find as a fact that said petition meets the requirements of G.S. 
160A-31, as amended. 
 

NOW, THEREFORE, THE CITY COUNCIL OF THE CITY OF GREENVILLE, NORTH 
CAROLINA, DOES ORDAIN: 

 
Section 1. That by virtue of the authority vested in the City Council of the City of Greenville, North 

Carolina, under G. S. 160A-31, as amended, the following described contiguous territory is annexed: 
 

TO WIT:  Being all of that certain property as shown on the annexation map entitled “Blackwood, 
Parrott & Roberson, LLC”  involving 1.9940 acres as prepared by Malpass & Associates.  

 
LOCATION: Lying and being situated in Winterville Township, Pitt County, North Carolina, located  

east of Corey Road and adjacent to Blackwood Ridge Subdivision.  
 

GENERAL DESCRIPTION: 
 
Lying and being situate in Winterville Township, Pitt County, North Carolina and being more particularly 
described as follows: 
 
Beginning at the northeast corner of Tull’s Cove Section 2 as recorded in Map Book 71, Page 11 of the Pitt 
County Registry said point being located S 81-36-44 E – 395.74’ from the intersection of the eastern right-of-
way of Sedbrook Lane and the southern property line of the Blackwood, Parrott & Roberson, LLC property as 
recorded in Deed Book 3507, Page 200 thence from said point of beginning with the eastern line of the 
Blackwood, Parrott & Roberson, LLC property N 14-50-19 E – 397. 48’ to a point thence leaving the eastern 
line of the Blackwood, Parrott & Roberson, LLC property S 75-09-41 E – 195.75’, thence S 10-04-47 E – 
278.00’ to the northern line of the James G. Faulkner property as recorded in Deed Book 3171, Page 135, 
thence with the northern line of the James G. Faulkner property S 79-15-33 W – 345.00’ to the point of 
beginning containing 1.9940 acres. 
 

Section 2.  Territory annexed to the City of Greenville by this ordinance shall, pursuant to the terms of 
G.S. 160A-23, be annexed into Greenville municipal election district five. The City Clerk, City Engineer, 
representatives of the Board of Elections, and any other person having responsibility or charge of official maps 
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or documents shall amend those maps or documents to reflect the annexation of this territory into municipal 
election district five.  
 

Section 3.  The territory annexed and its citizens and property shall be subject to all debts, laws, 
ordinances, and regulations in force in the City of Greenville and shall be entitled to the same privileges and 
benefits as other territory now within the City of Greenville.  Said territory shall be subject to municipal taxes 
according to G.S. 160A-58.10. 
 

Section 4.  The Mayor of the City of Greenville, North Carolina, shall cause a copy of the map of the 
territory annexed by this ordinance and a certified copy of this ordinance to be recorded in the office of the 
Register of Deeds of Pitt County and in the Office of the Secretary of State in Raleigh, North Carolina.  Such a 
map shall also be delivered to the Pitt County Board of Elections as required by G.S. 163-288.1. 
 

Section 5.  This annexation shall take effect from and after the 14
th
 day of September, 2017. 

 
ADOPTED this 14

th
 day of September, 2017. 

  
_______________________________ 

        Kandie D. Smith, Mayor 
ATTEST: 
 
 
_____________________________ 
Carol L. Barwick, City Clerk 
 
 
NORTH CAROLINA 
PITT COUNTY 
 
I, Polly Jones, a Notary Public for said County and State, certify that Carol L. Barwick personally came before 
me this day and acknowledged that she is the City Clerk of the City of Greenville, a municipality, and that by 
authority duly given and as the act of the municipality, the foregoing instrument was signed in its name by its 
Mayor, sealed with the corporate seal, and attested by herself as its City Clerk. 
 
 WITNESS my hand and official seal this ___th day of ____, 2017. 
 
 
        ______________________________ 
        Notary Public 
 
My Commission Expires:  _____________________         
 
1058392 
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City of Greenville,  
North Carolina 

 

Meeting Date: 9/14/2017
Time: 6:00 PM 

  

Title of Item: Ordinance requested by Blackwood, Parrott & Roberson, LLC to rezone 
1.9940 acres located east of Corey Road and adjacent to Blackwood Ridge 
Subdivision from RR (Rural Residential – Pitt County’s Jurisdiction) to R9S 
(Residential-Single-family [Medium Density]) 
  

Explanation: Abstract:  The City has received a request from Blackwood, Parrott & 
Roberson, LLC to rezone 1.9940 acres located east of Corey Road and adjacent 
to Blackwood Ridge Subdivision from RR (Rural Residential – Pitt County’s 
Jurisdiction) to R9S (Residential-Single-family [Medium Density]).  

 ** There is a voluntary annexation request in conjunction with this rezoning. 

Required Notices: 
  
Planning and Zoning meeting notice (property owner and adjoining property 
owner letter) mailed on August 1, 2017.  
On-site sign(s) posted on August 1, 2017.  
City Council public hearing notice (property owner and adjoining property 
owner letter) mailed on August 22, 2017.   
Public hearing legal advertisement published on September 4 and September 11,  
2017.  

Comprehensive Plan: 

The Future Land Use and Character Map recommends traditional neighborhood, 
low-medium density (TNLM) east of Corey Road between Farrington 
Subdivision and Rosewood/Tulls Cove Subdivisions. 
  
Traditional Neighborhood, Low-Medium Density 

Residential area with a mix of housing types on small lots with a single-family 
neighborhood appearance. Traditional neighborhoods should have a walkable 
street network of small blocks, a defined center and edges, and connections to 
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surrounding development. 

Intent: 

l Provide streetscape features such as sidewalks, street trees, and lighting  
l Introduce neighborhood-scale commercial centers at key intersections 

Primary uses: 
Single-family residential 
Two-family residential 
Attached residential (townhomes) 
  
Secondary uses: 
Multi-family residential 
Small-scale Institutional/Civic (churches and school) 

Thoroughfare/Traffic Report Summary (PWD- Engineering Division): 

Based on possible uses permitted by the requested rezoning, the proposed 
rezoning classification could generate 77 trips to and from the site on Corey 
Road, which is a net increase of 48 additional trips per day.   
 
During the review process, measures to mitigate the traffic will be determined.  

History/Background: 

This property is currently located in Pitt County's Jurisdiction and zoned RR 
(Rural Residential).  There is a voluntary annexation request associated with this 
rezoning to incorporate this property into the City of Greenville's Jurisdiction and 
apply city zoning.  

Present Land Use: 

Woodland 

Water/Sewer: 

Water and sanitary sewer are available.  

Historic Sites: 

There are no known effects on historic sites.  

Environmental Conditions/Constraints: 

There are no known environmental conditions/constraints. 

Surrounding Land Uses and Zoning: 
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North:  RR - Farmland 
South:  RR - Farmland 
East:  RR - Woodland 
West:  R9S - Blackwood Ridge Subdivision   

Density Estimates: 

Under the current zoning (RR), the site could accommodate no more than two (2) 
single-family lots.   

Under the proposed zoning (R9S), the site could accommodate no more than 
five (5) single-family lots.   

The anticipated build-out time is 1-2 years.    

  

Fiscal Note: No cost to the City. 
  

Recommendation:    
In staff's opinion, the request is in compliance with Horizons 2026:  Greenville's 
Community Plan and the Future Land Use and Character Map.  
  
"In compliance with the comprehensive plan" should be construed as meaning 
the requested zoning is (i) either specifically recommended in the text of the 
Horizons Plan (or addendum to the plan) or is predominantly or completely 
surrounded by the same or compatible and desirable zoning and (ii) promotes the 
desired urban form.  The requested district is considered desirable and in the 
public interest, and staff recommends approval of the requested rezoning. 
  
The Planning and Zoning Commission voted unanimously to approve the request 
at its August 15, 2016 meeting.   
  
If the City Council determines to approve the zoning map amendment, a motion 
to adopt the attached zoning map amendment ordinance will accomplish this.  
The ordinance includes the statutorily required statement describing whether the 
action taken is consistent with the comprehensive plan and explaining why 
Council considers the action taken to be reasonable and in the public interest. 
  
If City Council determines to deny the zoning map amendment, in order to 
comply with this statutory requirement, it is recommended that the motion be as 
follows: 
  
Motion to deny the request to rezone and to make a finding and determination 
that the rezoning request is inconsistent with the adopted comprehensive plan 
including, but not limited to, Policy 1.1.1 guide development with the Future 
Land Use and Character Map and Policy 1.1.6 guide development using the 
Tiered Growth Approach, and further that the denial of the rezoning request is 
reasonable and in the public interest due to the rezoning request does not 
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promote, in addition to the furtherance of other goals and objectives, the safety 
and general welfare of the community because the requested zoning is consistent 
with the recommended Future Land Use and Character designation and is located 
in a Secondary Service Area.  
  
Note:  In addition to the other criteria, the Planning and Zoning Commission and 
City Council shall consider the entire range of permitted and special uses for the 
existing and proposed zoning districts as listed under Title 9, Chapter 4, Article 
D of the Greenville City Code. 
  

Viewing Attachments Requires Adobe Acrobat. Click here to download.
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ORDINANCE NO. 17- 
AN ORDINANCE OF THE CITY COUNCIL OF THE CITY OF GREENVILLE 
REZONING TERRITORY LOCATED WITHIN THE PLANNING AND ZONING 

JURISDICTION OF THE CITY OF GREENVILLE, NORTH CAROLINA 
 
 

WHEREAS, the City Council of the City of Greenville, North Carolina, in accordance 
with Article 19, Chapter 160A, of the General Statutes of North Carolina, caused a public notice 
to be given and published once a week for two successive weeks in The Daily Reflector setting 
forth that the City Council would, on the 14th day of September, 2017, at 6:00 p.m., in the 
Council Chambers of City Hall in the City of Greenville, NC, conduct a public hearing on the 
adoption of an ordinance rezoning the following described territory;  
 

WHEREAS, the City Council has been informed of and has considered all of the 
permitted and special uses of the districts under consideration;  

 
WHEREAS, in accordance with the provisions of North Carolina General Statute 160A-

383, the City Council does hereby find and determine that the adoption of the ordinance zoning 
the following described property is consistent with the adopted comprehensive plan and other 
officially adopted plans that are applicable and that the adoption of the ordinance zoning the 
following described property is reasonable and in the public interest due to its consistency with 
the comprehensive plan and other officially adopted plans that are applicable and, as a result, its 
furtherance of the goals and objectives of the comprehensive plan and other officially adopted 
plans that are applicable;  
           

WHEREAS, as a further description as to why the action taken is consistent with the 
comprehensive plan and other officially adopted plans that are applicable in compliance with the 
provisions of North Carolina General Statute 160A-383, the City Council of the City of 
Greenville does hereby find and determine that the adoption of this ordinance is consistent with 
provisions of the comprehensive plan including, but not limited to, Policy 1.1.1 guide 
development with the Future Land Use and Character Map and Policy 1.1.6 guide development 
using the Tiered Growth Approach; and  

 
WHEREAS, as a further explanation as to why the action taken is reasonable and in the 

public interest in compliance with the provisions of North Carolina General Statute 160A-383, 
the City Council of the City of Greenville does hereby find and determine that the adoption of 
this ordinance will, in addition to the furtherance of other goals and objectives, promote the 
safety and general welfare of the community because the requested zoning is consistent with the 
recommended Future Land Use and Character designation and is located in a Secondary Service 
Area;  

  
THE CITY COUNCIL OF THE CITY OF GREENVILLE, NORTH CAROLINA, DOES 

HEREBY ORDAIN: 
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Section 1. That the following described territory is rezoned from RR (Rural 
Residential - Pitt County’s Jurisdiction) to R9S (Residential-Single-family). 

 
TO WIT:  Blackwood, Parrott and Roberson, LLC Property 
 
LOCATION:  Located east of Corey Road and adjacent to Blackwood Ridge Subdivision.  

 
DESCRIPTION:  Lying and being situate in Winterville Township, Pitt County, North 

Carolina and being more particularly described as follows: 
 
Beginning at the northeast corner of Tulls Cove Section 2 as recorded in Map Book 71, Page 11 
of the Pitt County Registry said point being located S 81-36-44 E – 395.74’ from the intersection 
of the eastern right-of-way of Sedbrook Lane and the southern property line of the Blackwood, 
Parrott & Roberson, LLC property as recorded in Deed Book 3507, Page 200 thence from said 
point of beginning with the eastern line of the Blackwood, Parrott & Roberson, LLC property N 
14-50-19 E – 397. 48’ to a point thence leaving the eastern line of the Blackwood, Parrott & 
Roberson, LLC property S 75-09-41 E – 195.75’, thence S 10-04-47 E – 278.00’ to the northern 
line of the James G. Faulkner property as recorded in Deed Book 3171, Page 135, thence with 
the northern line of the James G. Faulkner property S 79-15-33 W – 345.00’ to the point of 
beginning containing 1.9940 acres. 

 
Section 2.  That the Director of Community Development is directed to amend the zoning 

map of the City of Greenville in accordance with this ordinance. 
 

Section 3.  That all ordinances and clauses of ordinances in conflict with this ordinance are 
hereby repealed. 
 

Section 4.  That this ordinance shall become effective upon its adoption. 
 
ADOPTED this 14th day of September, 2017.  

 
         
       ____________________________ 

Kandie D. Smith, Mayor 
 
 
ATTEST: 
 
 
 
      
Carol L. Barwick, City Clerk 
 
1058479 
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Excerpt from the DRAFT Planning & Zoning Commission Minutes (08/15/2017) 
 
ORDINANCE REQUESTED BY BLACKWOOD, PARROTT & ROBERSON, LLC TO 
REZONE 1.9940 ACRES LOCATED EAST OF COREY ROAD AND ADJACENT TO 
BLACKWOOD RIDGE SUBDIVISION FROM RR (RURAL RESIDENTIAL – PITT 
COUNTY’S JURISDICTION) TO R9S (RESIDENTIAL-SINGLE-FAMILY [MEDIUM 
DENSITY]) – APPROVED 
 
Ms. Gooby delineated the property. It is located east of Corey Road and adjacent to Blackwood 
Ridge Subdivision and north of Tulls Cove Subdivision. Currently, the property is located in Pitt 
County’s Jurisdiction and there is an annexation request in conjunction with this rezoning. The 
area is mainly single-family and agricultural uses. A small increase in traffic is anticipated.  
Under the current county zoning, the site could yield 2-3 single-family lots.  Under the proposed 
zoning, the site could yield 5-6 single-family lots.  The Future Land Use and Character Map 
recommends traditional neighborhood, low-medium density.  The requested zoning is part of that 
character.  In staff's opinion, the request is in compliance with Horizons 2026:  Greenville’s 
Community Plan and the Future Land Use and Character Plan Map. 
 
Chairman King opened the public hearing. 
 
Ken Malpass, Malpass and Associates, representative for the applicant, spoke in favor of the 
request.   
 
No one spoke in opposition. 
 
Chairman King closed the public hearing and opened for board discussion. 
 
Motion made by Mr. Overton, seconded by Mr. Schrade, to recommend approval of the 
proposed amendment to advise that it is consistent with the Comprehensive Plan and other 
applicable plans and to adopt the staff report which addresses plan consistency and other 
matters.  Motion passed unanimously.     
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Residential
SŝŶŐůĞͲĨĂŵŝůǇ ĚǁĞůůŝŶŐ ʹ ;Ϯϱ͕ϬϬϬ ƐƋ͘ Ĩƚ͘ ůŽƚ ƉĞƌ ĞĂĐŚ ĚĞƚĂĐŚĞĚ ƵŶŝƚͿ  
Duplex dwelling (37,500 sq. ft. lot for 2 attached units)
Mobile home on individual lot
Mobile home park (5 or less units per park)
Nursing home
MƵůƚŝͲĨĂŵŝůǇ ĚǁĞůůŝŶŐ ;ůĞƐƐ ƚŚĂŶ ϱ ƵŶŝƚƐ ƉĞƌ ůŽƚͿ ʹ ;ϲϮ͕ϱϬϬ ƐƋ͘ Ĩƚ͘ ĨŽƌ ϰ 
attached units)                    

Farming

Private campground and RV Park
Athletic fields
Swim and tennis club
Private club or recreational center

Church or place of worship
Civic, social, and fraternal associations
Emergency shelter
Day care center
Retreat or conference center
Bed and breakfast inn
Communication towers (60 feet in height or less)

(1) General
a. Accessory use or building
c. On-premise signs per Article N

(2) Residential
a. Single-family dwelling
f. Residential cluster development per Article M
k. Family care homes (see also 9-4-103)
q. Room renting

(3) Home Occupations - None
(4) Governmental

b. City of Greenville municipal government building or use (see also section 9-4-103)
(5) Agricultural/Mining

a. Farming; agricultural, horticulture, forestry (see also section 9-4-103)
l. Beekeeping; minor use (see also section 9-4-103)

(6) Recreational/Entertainment
f.  Public park or recreational facility

g. Private noncommercial park or recreational facility

RR (Rural Residential) - County Zoning 
EXISTING ZONING

Agricultural/Mining

Recreational/Entertainment

Per zoning permit and by-right subject to standards (selected uses)

Services

PROPOSED ZONING
R9S (RESIDENTIAL-SINGLE-FAMILY) - PERMITTED USES
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(7) Office/Financial/Medical - None 
(8) Services

o. Church or place of worship (see also section 9-4-103)
(9) Repair - None

(10) Retail Trade - None

(12) Construction
c. Construction office; temporary, inclding modular office (see also section 9-4-103)

(13) Transportation - None
(14) Manufacturing/Warehousing - None 

(1) General - None
(2) Residential - None
(3) Home Occupations

a. Home occupation; not otherwise listed
(4) Governmental

a. Public utility building or use
(5) Agricultural/Mining

l. Beekeeping; minor use (see also section 9-4-103)
(6) Recreational/Entertainment

a. Golf course; 18-hole regulation length (see also section 9-4-103)
a(1). Golf course; 9-hole regulation length (see also section 9-4-103)
c(1). Tennis club; indoor and outdoor facilities

(7) Office/Financial/Medical - None 
(8) Services

d. Cemetery
g. School; junior and senior high (see also section 9-4-103)
h. School; elementary (see also section 9-4-103)
i. School; nursery and kindergarten (see also section 9-4-103)

(9) Repair - None
(10) Retail Trade - None

(12) Construction - None
(13) Transportation - None
(14) Manufacturing/Warehousing - None 

(11) Wholesale/Rental/Vehicle-Mobile Home Trade - None 

(15) Other Activities (not otherwise listed - all categories) - None 
R9S (RESIDENTIAL-SINGLE-FAMILY) - SPECIAL USES

(11) Wholesale/Rental/Vehicle-Mobile Home Trade - None 

(15) Other Activities (not otherwise listed - all categories) - None 
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City of Greenville,  
North Carolina 

 

Meeting Date: 9/14/2017
Time: 6:00 PM 

  

Title of Item: Ordinance requested by East Carolina University to rezone 3.5+/- acres 
located along the northern right-of-way of East 10th Street between Evans Street 
and Cotanche Street from CDF (Downtown Commercial Fringe) to OR (Office-
Residential [High Density Multi-family]) 
  

Explanation: Abstract:  The City has received a request from East Carolina University to 
rezone 3.5+/- acres located along the northern right-of-way of East 10th Street 
between Evans Street and Cotanche Street from CDF (Downtown Commercial 
Fringe) to OR (Office-Residential [High Density Multi-family]). 
 
Required Notices: 
  
Planning and Zoning meeting notice (property owner and adjoining property 
owner letter) mailed on August 1, 2017.  
On-site sign(s) posted on August 1, 2017.  
City Council public hearing notice (property owner and adjoining property 
owner letter) mailed on August 22, 2017.  
Public hearing legal advertisement published on September 4 and September 11, 
2017. 
  
Comprehensive Plan: 
    
The Future Land Use and Character Map recommends university institutional 
(UI) in the area bounded by East 10th Street, Evans Street, East 9th Street, 
and Cotanche Street.   
 
University Institutional: 
  
Mainly comprised of East Carolina University's (ECU) Main Campus 
and surrounding facilities. The core of the campus area tends to cluster buildings 
in a walkable pattern.  At the edges of the campus are related facilities and 
parking areas.  
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Intent:   

l Encourage better physical links between Uptown and ECU  
l Support Campus development as described in A Campus Within Context, 

A Comprehensive Plan Master Plan for East Carolina University (2012) 
and in potential master plan updates by coordinating infrastructure 
improvements and leveraging investments to revitalize adjacent areas  

Primary Uses: 
Institutional/Civic 
  
Secondary uses: 
Office 
Multi-family residential 
  
Thoroughfare/Traffic Report Summary (PWD- Engineering Division): 
  
Based on the possible uses permitted by the requested rezoning, the proposed 
rezoning classification could generate 900 trips to and from the site on Evans 
Street, which is a net increase of 420 additional trips per day.  
  
Based on the possible uses permitted by the requested rezoning, the proposed 
rezoning classification could generate 900 trips to and from the site on 
Cotanche Street, which is a net increase of 420 additional trips per day.  
  
A Traffic Impact Analysis has been submitted for this project with 
recommendations for mitigation.  The report is currently being reviewed.  
Combined City of Greenville and NCDOT comments (to that report) will define 
any mitigation to adjacent streets that may be required.  
  
History/Background: 
  
In 1969, the subject property was zoned to its current zoning. 
  
Present Land Use: 
  
Currently, the site contains two (2) parking lots associated with ECU, four (4) 
single-family residences and one (1) duplex building. 
  
Water/Sewer: 
  
Water and sanitary sewer are available. 
  
Historic Sites: 
  
There are no known effects on designated sites.   
  
Environmental Conditions/Constraints: 
  
There are no known environmental conditions/constraints. 
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Surrounding Land Uses and Zoning: 
  
North:  CD - The Clemons Law Firm, two (2) ECU parking lots, two (2) single-
family residences and one (1) duplex building 
South:  CDF - Sheetz Convenience Store and Starbucks Center  
East:  OR - East Carolina University Main Campus; CDF - McDonald's 
West:  OR - McCarthy Family Chiropractic; CDF - A&B Auto Service 
  
Anticipated Density: 
  
Currently, the site contains two (2) parking lots associated with ECU, four (4) 
single-family residences, and one (1) duplex building. 
 
Under the proposed zoning, the site is anticipated to be used for classroom space 
and a 500-space parking deck.  

The anticipated build-out time is within 1-2 years.  

  

Fiscal Note: No cost to the City. 
  

Recommendation:    
In staff's opinion, the request is in compliance with Horizons 2026:  Greenville's 
Community Plan and the Future Land Use and Character Map.  
  
"In compliance with the comprehensive plan" should be construed as meaning 
the requested zoning is (i) either specifically recommended in the text of the 
Horizons Plan (or addendum to the plan) or is predominantly or completely 
surrounded by the same or compatible and desirable zoning and (ii) promotes the 
desired urban form.  The requested district is considered desirable and in the 
public interest, and staff recommends approval of the requested rezoning. 
  
The Planning and Zoning Commission voted unanimously to approve the request 
at its August 15, 2016 meeting.   
  
If the City Council determines to approve the zoning map amendment, a motion 
to adopt the attached zoning map amendment ordinance will accomplish this.  
The ordinance includes the statutorily required statement describing whether the 
action taken is consistent with the comprehensive plan and explaining why 
Council considers the action taken to be reasonable and in the public interest. 
  
If City Council determines to deny the zoning map amendment, in order to 
comply with this statutory requirement, it is recommended that the motion be as 
follows: 
  
Motion to deny the request to rezone and to make a finding and determination 
that the rezoning request is inconsistent with the adopted comprehensive plan 

Item # 5



 

including, but not limited to, Policy 1.1.1 guide development with the Future 
Land Use and Character Map and Policy 1.1.6 guide development using the 
Tiered Growth Approach, and further that the denial of the rezoning request is 
reasonable and in the public interest due to the rezoning request does not 
promote, in addition to the furtherance of other goals and objectives, the safety 
and general welfare of the community because the requested zoning is consistent 
with the recommended Future Land Use and Character designation and is located 
in a Preferred Growth Area.  
  
Note:  In addition to the other criteria, the Planning and Zoning Commission and 
City Council shall consider the entire range of permitted and special uses for the 
existing and proposed zoning districts as listed under Title 9, Chapter 4, Article 
D of the Greenville City Code. 
  

Viewing Attachments Requires Adobe Acrobat. Click here to download.

 

Attachments / click to download

Attachments

Ordinance___ECU_17_13_rezoning_1058473

Minutes___ECU_17_13_1058466
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ORDINANCE NO. 17- 
AN ORDINANCE OF THE CITY COUNCIL OF THE CITY OF GREENVILLE 
REZONING TERRITORY LOCATED WITHIN THE PLANNING AND ZONING 

JURISDICTION OF THE CITY OF GREENVILLE, NORTH CAROLINA 
 
 

WHEREAS, the City Council of the City of Greenville, North Carolina, in accordance 
with Article 19, Chapter 160A, of the General Statutes of North Carolina, caused a public notice 
to be given and published once a week for two successive weeks in The Daily Reflector setting 
forth that the City Council would, on the 14th day of September, 2017, at 6:00 p.m., in the 
Council Chambers of City Hall in the City of Greenville, NC, conduct a public hearing on the 
adoption of an ordinance rezoning the following described territory;  
 

WHEREAS, the City Council has been informed of and has considered all of the 
permitted and special uses of the districts under consideration;  

 
WHEREAS, in accordance with the provisions of North Carolina General Statute 160A-

383, the City Council does hereby find and determine that the adoption of the ordinance zoning 
the following described property is consistent with the adopted comprehensive plan and other 
officially adopted plans that are applicable and that the adoption of the ordinance zoning the 
following described property is reasonable and in the public interest due to its consistency with 
the comprehensive plan and other officially adopted plans that are applicable and, as a result, its 
furtherance of the goals and objectives of the comprehensive plan and other officially adopted 
plans that are applicable;  
           

WHEREAS, as a further description as to why the action taken is consistent with the 
comprehensive plan and other officially adopted plans that are applicable in compliance with the 
provisions of North Carolina General Statute 160A-383, the City Council of the City of 
Greenville does hereby find and determine that the adoption of this ordinance is consistent with 
provisions of the comprehensive plan including, but not limited to, Policy 1.1.1 guide 
development with the Future Land Use and Character Map and Policy 1.1.6 guide development 
using the Tiered Growth Approach; and  

 
WHEREAS, as a further explanation as to why the action taken is reasonable and in the 

public interest in compliance with the provisions of North Carolina General Statute 160A-383, 
the City Council of the City of Greenville does hereby find and determine that the adoption of 
this ordinance will, in addition to the furtherance of other goals and objectives, promote the 
safety and general welfare of the community because the requested zoning is consistent with the 
recommended Future Land Use and Character designation and is located in a Preferred Growth 
Area; 

  
THE CITY COUNCIL OF THE CITY OF GREENVILLE, NORTH CAROLINA, DOES 

HEREBY ORDAIN: 
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Section 1. That the following described territory is rezoned from CDF (Commercial 
Downtown Fringe) to OR (Office-Residential).  

 
TO WIT:  State of North Carolina Property 
 
LOCATION:  Located along the northern right-of-way of East 10

th
 Street between Evans  

Street and Cotanche Street. 
 

DESCRIPTION: LYING AND BEING IN THE CITY OF GREENVILLE, PITT 
COUNTY, NORTH CAROLINA AND BEING LOCATED ON THE NORTH SIDE OF E. 10TH 
STREET, ON THE EAST SIDE OF EVANS STREET, ON THE SOUTH SIDE OF EAST 9TH 
STREET, ON THE WEST SIDE OF COTANCHE STREET AND BEING MORE 
PARTICULARLY DESCRIBED AS FOLLOWS: 
 
BEGINING AT AN EXISTING IRON STAKE, SAID POINT LYING S 86°24'16" W 3,004.95 
FEET FROM N.C.G.S.M. “MESSICK” HAVING NAD 83 GRID COORDINATES N (Y) = 
679,941.12 FT. (GRID) E (X) = 2,486,546.65 FT. (GRID), THENCE S 79°22'03" E 50.00 FEET 
TO AN EXISTING IRON PIPE; THENCE S 10°57'13" W 163.37 FEET TO A POINT; 
THENCE S 78°13'38" E 117.43 FEET TO A POINT; THENCE N 10°57'13" E 75.36 FEET TO 
A POINT; THENCE S 78°02'13" E 60.01 FEET TO A POINT; THENCE N 10°57'13" E 90.01 
FEET TO A POINT; THENCE S 78°02'13" E 60.85 FEET TO A POINT; THENCE S 08°24'47" 
W 164.72 FEET TO A POINT; THENCE S 07°40'47" W 111.90 FEET TO A POINT; THENCE 
S 06°34'50" W 53.70 FEET TO A POINT; THENCE N 79°15'00" W 87.76 FEET TO A POINT; 
THENCE N 79°15'00" W 39.97 FEET TO A POINT; THENCE N 79°15'00" W 42.10 FEET TO 
A POINT; THENCE N 79°15'00" W 86.21 FEET TO A POINT; THENCE N 10°57'13" E 2.02 
FEET TO A POINT; THENCE N 79°02'47" W 50.00 FEET TO A POINT; THENCE N 
79°38'48" W 78.56 FEET TO A POINT; THENCE N 76°47'59" W 141.30 FEET TO A POINT; 
THENCE N 12°33'04" W 49.67 FEET TO A POINT; THENCE N 10°55'21" E 266.54 FEET 
TO A RIGHT-OF-WAY DISK; THENCE N 52°59'18" E 11.94 FEET TO A RIGHT-OF-WAY 
DISK; THENCE S 79°10'18" E 75.61 FEET TO A POINT; THENCE N 10°59'41" E 4.81 FEET 
TO A POINT; THENCE S 78°53'29" E 156.09 FEET TO THE POINT AND PLACE OF 
BEGINNING CONTAINING 3.5 ACRES OR 151,455 SQUARE FEET MORE OR LESS. 

 
Section 2.  That the Director of Community Development is directed to amend the zoning 

map of the City of Greenville in accordance with this ordinance. 
 

Section 3.  That all ordinances and clauses of ordinances in conflict with this ordinance are 
hereby repealed. 
 

Section 4.  That this ordinance shall become effective upon its adoption. 
 
ADOPTED this 14th day of September, 2017.  

 
         
       ____________________________ 

Kandie D. Smith, Mayor 
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ATTEST: 
 
 
 
      
Carol L. Barwick, City Clerk 
 
 
 
 
 
1058473 
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Excerpt from the DRAFT Planning & Zoning Commission Minutes (08/15/2017) 
 
ORDINANCE REQUESTED BY EAST CAROLINA UNIVERSITY TO REZONE 3.5+/- 
ACRES LOCATED ALONG THE NORTHERN RIGHT-OF-WAY OF EAST 10TH STREET 
BETWEEN EVANS STREET AND COTANCHE STREET FROM CDF (DOWNTOWN 
COMMERCIAL FRINGE) TO OR (OFFICE-RESIDENTIAL [HIGH DENSITY MULTI-
FAMILY]) – APPROVED 
 
Ms. Gooby delineated the property. It is located along East 10th Street between Evans and 
Cotanche Streets.  Currently, the property is being used as surface parking and residential uses 
associated with the university.  This rezoning could generate an increase of 840 trips – 420 on 
Evans Street and 420 on Cotanche Street. A traffic impact analysis has been submitted and the 
city and NCDOT are reviewing it.  Under the proposed zoning, staff anticipates classroom space 
and a parking deck associated with the university. The Future Land Use and Character Map 
recommends university institutional (UI) along the frontage of East 10th Street between Evans 
and Cotanche Streets.  This character is mainly comprised of the ECU main campus and the 
surrounding facilities. The requested zoning is considered part of the university institutional 
character. In staff's opinion, the request is in compliance with Horizons 2026:  Greenville’s 
Community Plan and the Future Land Use and Character Plan Map. 
 
Chairman King opened the public hearing. 
 
Michelle Clements, The East Group, representative for the applicant, spoke in favor of the 
request.  She stated that the property will be used for classroom space, a 500-space parking deck 
and space for future development.  The deck should result in a net of gain 250 spaces where 
students are parking city streets.    
 
No one spoke in opposition. 
 
Chairman King closed the public hearing and opened for board discussion. 
 
Motion made by Mr. Robinson, seconded by Ms. Reid, to recommend approval of the 
proposed amendment to advise that it is consistent with the Comprehensive Plan and other 
applicable plans and to adopt the staff report which addresses plan consistency and other 
matters.  Motion passed unanimously.     
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(1) General
a. Accessory use or building
b. Internal service facilities
c. On-premise signs per Article N
e. Temporary uses; of listed district uses
f. Retail sales; incidental 
g. Incidental assembly of products sold at retail or wholesale as an accessory to 

principal uses 
(2) Residential

a. Single-family dwelling
b. Two-family attached dwelling (duplex) 
c. Multi-family development per Article I 
k. Family care homes (see also 9-4-103)
q. Room renting

(3) Home Occupations - None 
(4) Governmental

b. City of Greenville municipal government building or use (see also section 9-4-
103)

c. County or state government building or use  not otherwise listed; excluding 
outside storage and major or minor repair

d Federal government building or use
g. Liquor store, state ABC

(5) Agricultural/Mining
a. Farming; agricultural, horticulture, forestry (see also section 9-4-103)
l. Beekeeping; minor use (see also section 9-4-103)

f.  Public park or recreational facility
g. Private noncommercial park or recreational facility
n. Theater; movie or drama, indoor only

a. Office; professional and business, not otherwise listed
c. Office; customer service, not otherwise listed, including accessory service 

delivery vehicle parking and indoor storage

d. Bank, savings and loans or other savings or investment institutions
e. Medical, dental, ophthalmology or similar clinic, not otherwise listed

(8) Services
c. Funeral home 
e. Barber or beauty salon
f. Manicure, pedicure or facial salon
g. School; junior and senior high (see also section 9-4-103)
h. School; elementary (see also section 9-4-103)
i. School; nursery and kindergarten (see also section 9-4-103)
k. Business or trade school
n. Auditorium

EXISTING ZONING
CDF (DOWNTOWN COMMERCIAL FRINGE) - PERMITTED USES

(6) Recreational/Entertainment

(7) Office/Financial/Medical
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o. Church or place of worship (see also section 9-4-103)
p. Library
q. Museum
r. Art gallery
s. Hotel, motel bed and breakfast inn; limited stay lodging (see also residential 

quarters for resident manager, supervisor or caretaker and section 9-4-103)

u. Art studio including art and supply sales 
v. Photography studio including photo and supply sales

w. Recording studio
z. Printing or publishing service including graphic art, maps, newspapers, 

magazines and books
aa. Catering service including food preparation (see also restaurant; conventional 
kk. Launderette; household users

ll. Dry cleaners; household users
mm. Commercial laundries; linen supply

oo. Clothes alteration or shoe repair shop
pp. Automobile wash

(9) Repair
d. Upholsterer; furniture
f. Appliance; household and office equipment repair
g. Jewelry, watch, eyewear or other personal item repair

(10) Retail Trade
a. Miscellaneous retail sales; non-durable goods, not otherwise listed
d. Pharmacy
e. Convenience store (see also gasoline sales) 
f. Office and school supply, equipment sales
g. Fish market; excluding processing or packing
h. Restaurant; conventional
i. Restaurant; fast food 

l. EůĞĐƚƌŽŶŝĐ͖ ƐƚĞƌĞŽ͕ ƌĂĚŝŽ͕ ĐŽŵƉƵƚĞƌ͕ TV͕ ĞƚĐ͙ ƐĂůĞƐ ĂŶĚ ĂĐĐĞƐƐŽƌǇ ƌĞƉĂŝƌ

m. Appliance; household use, sales and accessory repair, excluding outside storage
n. Appliance; commercial use, sales and accessory repair, excluding outside 

storage
p. Furniture and home furnishing sales not otherwise listed
q.  Floor covering, carpet and wall covering sales 
r. Antique sales, excluding vehicles 
s. Book or card store, news stand
v. Video or music store; records, tape, CD and the like sales

w. Florist
x. Sporting goods sales and rental shop
y. Auto part sales (see also major and minor repair)

ee. Christmas tree sales lot; temporary only (see also section 9-4-103)

c. Rental of clothes and accessories; formal wear, and the like

(11) Wholesale/Rental/Vehicle-Mobile Home Trade
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d. Rental of automobiles, noncommercial trucks or trailers, recreational vehicles, 
motorcycles and boats

f. Automobiles, truck, recreational vehicle, motorcycles and boats sales and 
services (see also major and minor repair)

(12) Construction
a. LŝĐĞŶƐĞĚ ĐŽŶƚƌĂĐƚŽƌ͖ ŐĞŶĞƌĂů ĞůĞĐƚƌŝĐĂů͕ ƉůƵŵďŝŶŐ͕ ŵĞĐŚĂŶŝĐĂů͕ ĞƚĐ͙ ĞǆĐůƵĚŝŶŐ 

outside storage
c. Construction office; temporary, including modular office (see also section 9-4-

103)
e. Building supply; lumber and materials sales, plumbing and/or electrical supply 

excluding outdoor sales 

f. Hardware store

(13) Transportation
b. Bus station; passenger and related freight
c. Taxi or limousine service
e. Parcel delivery service

f. Ambulance service

(14) Manufacturing/Warehousing
c. Bakery; production, storage, and shipment facilities

(1) General - None
(2) Residential

d. Land use intensity multi-family (LUI) development rating 50 per Article K
e. Land use intensity multi-family (LUI) development rating 67 per Article K
i. Residential quarters for resident manager, supervisor or caretaker; excluding 

mobile home

m. Shelter for homeless or abused (see also section 9-4-103)
n. Retirement center or home

o(1). Nursing, convalescent or maternity home; minor care facility
o. Nursing, convalescent or maternity home; major care facility
r. Fraternity or sorority house

(3) Home Occupations
a. Home occupation; not otherwise listed
b. Home occupation; barber and beauty shop
c. Home occupation; manicure, pedicure or facial salon

(4) Governmental
a. Public utility building or use

(5) Agricultural/Mining - None

d. Game center
i. Commercial recreation; indoor and outdoor, not otherwise listed
l. Billiard parlor or pool hall 

m. Public or private club
m(1). Dining and entertainment establishment (see also section 9-4-103)

CDF (DOWNTOWN COMMERCIAL FRINGE) - SPECIAL USES

(6) Recreational/Entertainment

(15) Other Activities (not otherwise listed - all categories) - None
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s. Athletic club; indoor only

(8) Services
a. Child day care facilities
b. Adult day care facilities
l. Convention center; private
x. Dance studio

bb. Civic organizations

cc. Trade or business organization

ff(1). Mental health, emotional or physical rehabilitation day program facility

hh. Exercise and weight loss studio; indoor only
(9) Repair

a. Major repair; as an accessory or principal use
b. Minor repair; as an accessory or principal use

(10) Retail Trade
b. Gasoline or automotive fuel sales; accessory or principal use, retail 
c. Wine shop; including on-premise consumption (see also section 9-4-103)
g. Fish market; excluding processing or packing
j. Restaurant and/or dining and entertainment establishment; regulated outdoor 

activities
t. Hobby or craft shop 
u. Pet shop (see also animal boarding; outside facility)
ff. Tobacco shop (Class 1) (see also section 9-4-103)

hh. Hookah café (see also section 9-4-103)

(12) Construction
d. Building supply; lumber and materials sales, plumbing and/or electrical supply 

including outdoor sales 
(13) Transportation

h. Parking lot or structure; principal use

(14) Manufacturing/Warehousing
g. Cabinet, woodwork or frame shop; excluding furniture manufacturing or 

upholstery

a. Other activities; personal services not otherwise listed 
b. Other activities; professional services not otherwise listed 
c. Other activities; commercial services not otherwise listed 
d. Other activities; retail sales not otherwise listed 

(1) General
a. Accessory use or building
b. Internal service facilities
c. On-premise signs per Article N
f. Retail sales; incidental 

PROPOSED ZONING

(7) Office/Financial/Medical - None

(11) Wholesale/Rental/Vehicle-Mobile Home Trade - None

(15) Other Activities (not otherwise listed - all categories) 

OR (OFFICE-RESIDENTIAL) - PERMITTED USES 
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(2) Residential 
b. Two-family attached dwelling (duplex)
c. Multi-family development per Article I 
k. Family care homes (see also 9-4-103)
n. Retirement center or home
o. Nursing, convalescent or maternity home; major care facility
p. Boarding or rooming house
q. Room renting

(3) Home Occupations - None
(4) Governmental

b. City of Greenville municipal government building or use (see also section 9-4-
103)

c. County or state government building or use  not otherwise listed; excluding 
outside storage and major or minor repair

d. Federal government building or use
(5) Agricultural/Mining

a. Farming; agricultural, horticulture, forestry (see also section 9-4-103)

f.  Public park or recreational facility
g. Private noncommercial recreation; indoor only, not otherwise listed

a. Office; professional and business, not otherwise listed
b. Operation/processing center
c. Office; customer service, not otherwise listed, including accessory service 

delivery vehicle parking and indoor storage
d. Bank, savings and loans or other savings or investment institutions
e. Medical, dental, ophthalmology or similar clinic, not otherwise listed

(8) Services
c. Funeral home 
e. Barber or beauty salon
f. Manicure, pedicure or facial salon
g. School; junior and senior high (see also section 9-4-103)
h. School; elementary (see also section 9-4-103)
i. School; nursery and kindergarten (see also section 9-4-103)
j. College and other institutions of higher learning
k. Business or trade school 
n. Auditorium
o. Church or place of worship (see also section 9-4-103)
p. Library
q. Museum
r. Art gallery
u. Art studio including art and supply sales 
v. Photography studio including photo and supply sales

w. Recording studio
x. Dance studio

(6) Recreational/Entertainment

(7) Office/Financial/Medical
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y(2) TV and/or radio broadcast facilities, including receiving and transmission 
equipment and towers not exceeding 120 feet in height or cellular telephone 
and wireless communication towers not exceeding 120 feet in height (see also 
section 9-4-103)

bb. Civic organizations
cc. Trade or business organizations

(9) Repair - None
(10) Retail Trade

s. Book or card store, news stand
w. Florist

ee. Christmas tree sales lot; temporary only (see also section 9-4-103)

(12) Construction
a. LŝĐĞŶƐĞĚ ĐŽŶƚƌĂĐƚŽƌ͖ ŐĞŶĞƌĂů ĞůĞĐƚƌŝĐĂů͕ ƉůƵŵďŝŶŐ͕ ŵĞĐŚĂŶŝĐĂů͕ ĞƚĐ͙ ĞǆĐůƵĚŝŶŐ 

outside storage
c. Construction office; temporary, including modular office (see also section 9-4-

103)
(13) Transportation - None
(14) Manufacturing/Warehousing - None

(1) General - None
(2) Residential

d. Land use intensity multi-family (LUI) development rating 50 per Article K
e. Land use intensity multi-family (LUI) development rating 67 per Article K
i. Residential quarters for resident manager, supervisor or caretaker; excluding 

mobile home
m. Shelter for homeless or abused (see also section 9-4-103)

o(1). Nursing, convalescent or maternity home; minor care facility
r. Fraternity or sorority house

(3) Home Occupations - None
(4) Governmental

a. Public utility building or use
(5) Agricultural/Mining - None

c(1). Tennis club; indoor and outdoor facilities
h. Commercial recreation; indoor only, not otherwise listed

m(1). Dining and entertainment establishment (see also section 9-4-103)

f. Veterinary clinic or animal hospital (see also animal boarding; outside facility, 
kennel and stable) 

(8) Services
a. Child day care facilities
b. Adult day care facilities
l. Convention center; private

(7) Office/Financial/Medical

(11) Wholesale/Rental/Vehicle-Mobile Home Trade - None

(15) Other Activities (not otherwise listed - all categories) - None
OR (OFFICE-RESIDENTIAL) - SPECIAL USES

(6) Recreational/Entertainment 
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s. Hotel, motel bed and breakfast inn; limited stay lodging (see also residential 
quarters for resident manager, supervisor or caretaker and section 9-4-103)

ff. Mental health, emotional or physical rehabilitation day program facility
ff(1). Mental health, emotional or physical rehabilitation day program facility

(9) Repair- None
(10) Retail Trade - None

h. Restaurant; conventional
j. Restaurant and/or dining and entertainment establishment; regulated outdoor 

activities

(12) Construction - None
(13) Transportation

h. Parking lot or structure; principal use
(14) Manufacturing/Warehousing - None 

a. Other activities; personal services not otherwise listed 
b. Other activities; professional services not otherwise listed 

(11) Wholesale/Rental/Vehicle-Mobile Home Trade - None 

(15) Other Activities (not otherwise listed - all categories)
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City of Greenville,  
North Carolina 

 

Meeting Date: 9/14/2017
Time: 6:00 PM 

  

Title of Item: Ordinance requested by Glenn Arthur, LLC  to rezone 4.054 total acres located 
along the northern right-of-way of East 14th Street between Charles Boulevard 
and Cotanche Street from CDF (Downtown Commercial Fringe) and CN 
(Neighborhood Commercial) to CDF-UC (Downtown Commercial Fringe - 
Urban Core Overlay)   

Explanation: Abstract:  The City has received a request from Glenn Arthur, LLC to rezone 
4.054 total acres located along the northern right-of-way of East 14th Street 
between Charles Boulevard and Cotanche Street from CDF (Downtown 
Commercial Fringe) and CN (Neighborhood Commercial) to CDF-UC 
(Downtown Commercial Fringe - Urban Core Overlay). 

Required Notices:      

Planning and Zoning meeting notice (property owner and adjoining property 
owner letter) mailed on August 1, 2017.   
On-site sign(s) posted on August 1, 2017.   
City Council public hearing notice (property owner and adjoining property 
owner letter) mailed on August 22, 2017.   
Public hearing legal advertisement published on September 4 and September 11, 
2017.    

Comprehensive Plan:      

The Future Land Use and Character Map recommends mixed use (MU) at the 
northwest corner of the intersection of East 14th Street and Charles Boulevard 
transitioning to uptown edge (UE) along the western right-of-way of Evans 
Street and uptown neighborhood (UN) in the interior.   
  
Mixed Use 

Small-scale activity centers that contain places to live, work, and shop integrated 
in a walkable pattern. Mixed Use buildings are located close together and near 
the street. Buildings tend to be smaller than Mixed Use Center, High Intensity, 
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supporting primarily locally-oriented uses and serving as a transition in intensity 
to nearby neighborhoods. 

Intent: 

l Vertical mixed use buildings (residential or office above commercial) as 
well as various single-use buildings that are integrated in a walkable street 
pattern  

l Accommodate parking on-street, behind or to one side of buildings, or in 
parking structures; limit curb cuts that break main pedestrian ways; wrap 
parking structures with other uses or decorative elements; light parking 
well for safety.  

l Provide pedestrian and vehicular connection to surrounding development 

Primary uses: 
Office 
Commercial 
Multi-family residential 
  
Secondary uses: 
Institutional/Civic 

Uptown Edge 

Uptown Edge surrounds the Uptown Core and continues the urban street grid. It 
includes the Warehouse District and the area near the future ECU Millennial 
Campus. Development should extend the mixed use and walkable pattern of the 
core. With parcels generally larger than in Uptown Core, this area offers 
opportunity for larger-scale infill and redevelopment projects. 

Intent: 

l Infill and redevelopment with a mix of uses  
l Adapt and reuse existing buildings for non-industrial uses  
l Improve public realm with sidewalks and street trees  
l Reduce/consolidate surface parking 

Primary uses: 
Commercial 
Institutional/Civil 
Neighborhood-scale commercial 
 
Secondary uses:  
Multi-family residential 

Uptown Neighborhood 

Uptown Neighborhood is a primarily residential area surrounding the Uptown 
Core and Uptown Edge. It features a grid street pattern and mix of residential 
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building types on small lots, with some commercial, office and civic uses. 

Intent: 

l Improve/maintain streetscape features such as consistent sidewalks, street 
trees, and lighting  

l Introduce neighborhood-scale commercial centers at key intersections  
l Address blight/property maintenance  
l Address historic preservation efforts 

Primary uses: 
Single-family residential 
Two-family residential 
  
Secondary uses:  
Multi-family residential 
Commercial (neighborhood scale) 
Institutional/Civic (neighborhood scale) 

Goal 1.3. High Quality Infill and Redevelopment     

Infill and redevelopment strategies will be pursued. Empty lots in developed 
areas will be built on. Aging sites served by infrastructure and utilities will be 
remediated and revitalized. Gaps between developed areas will be filled with 
transitions that respect uses they currently separate.  

Policy 1.3.1. Support Infill and Redevelopment  

Promote development and redevelopment throughout the city with a 
concentration of these projects in the Uptown Core of the Future Land Use and 
Character map and the Primary Service Area of the Tiered Growth Map in order 
to balance the city’s tax base, reduce service and maintenance expenditures, and 
make smart long term investments that use taxpayer dollars wisely. This is 
generally preferred over new peripheral development.  

Goal 1.4. A Vibrant Uptown  

Greenville will have a beautiful and vibrant Uptown with active public spaces. 
Safe and exciting streets will be active throughout the morning and evening. 
Diverse housing choices will be offered in Uptown for people of all ages where 
there will be many shopping opportunities, a unique connection to River Park 
North, reused historic structures, and a variety of employment spaces for 
companies large and small.  

Thoroughfare/Traffic Report Summary (PWD- Engineering Division):     

Based on the possible uses permitted by the requested rezoning, the proposed 
rezoning classification could generate 993 trips to and from the site on East 14th 
Street, which is a net increase of 738 additional trips per day.  
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Based on the possible uses permitted by the requested rezoning, the proposed 
rezoning classification could generate 993 trips to and from the site on Charles 
Boulevard, which is a net increase of 738 additional trips per day.  

During the review process, measures to mitigate the traffic will be determined. A 
Traffic Impact Analysis will be required during the site development. Any 
mitigation to adjacent streets will be determined through reviewing agencies’ 
comments to that report.   

History/Background:      

In 1969, the block bounded by East 14th Street, Charles Boulevard, East 13th 
Street, and Glenn Arthur Avenue was zoned CN (Neighborhood Commercial) 
and the block bounded by East 14th Street, Glenn Arthur Avenue, East 13th 
Street, and Cotanche Street was zoned CDF (Downtown Commercial Fringe).  

The tract located at the northwestern corner of the intersection of East 14th Street 
and Charles Boulevard and the adjacent tract to the north was rezoned to CDF 
(Downtown Commercial Fringe) in 1974 and 2005, respectively.  

Present Land Use:     

Currently, the rezoning consists of one (1) church, 13 single-family dwellings, 
five (5) duplex buildings, two (2) multi-family properties, one (1) office building 
and one (1) parking lot with leased spaces.  

Water/Sewer:      

Water and sanitary sewer are available. 

Historic Sites:      

There are no known effects on historic sites.      

Environmental Conditions/Constraints:     

There are no known environmental conditions/constraints.      

Surrounding Land Uses and Zoning:    

North:  CDF - Two (2) duplex buildings and six (6) single-family residences  
South:  CG and CH - Harris Teeter Shopping Center 
East:  CN – Duck Thru Convenience Store; OR-UC - The Province Apartments 
West:  CDF – Two (2) duplex buildings and four (4) single-family residences 

Density Estimates:       

Currently, the rezoning consists of one (1) church, 13 single-family dwellings, 
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five (5) duplex buildings, two (2) multi-family properties, one (1) office building 
and one (1) parking lot with leased spaces.  

Under the proposed zoning, the site could accommodate a multi-family project of 
190-200 multi-family units (550-600 beds) and a commercial compenent, based 
on similar site comparison of the Proximity at 10th Apartments. 

The anticipated build-out time is within 2-3 years.  

Additional Staff Comments:    

The general purpose and intent of the Urban Core (UC) Overlay District is to 
allow modifications of specific site development standards of the OR and CDF 
underlying zoning districts which are designed to facilitate development and 
redevelopment of infill sites in the general area bounded by East 10th Street, the 
CSX Railroad, East 14th Street, and Green Mill Run. 

  

Fiscal Note: No cost to the City. 
  

Recommendation:    In staff's opinion, the request is in compliance with Horizons 2026:  Greenville's 
Community Plan and the Future Land Use and Character Map.  
  
"In compliance with the comprehensive plan" should be construed as meaning 
the requested zoning is (i) either specifically recommended in the text of the 
Horizons Plan (or addendum to the plan) or is predominantly or completely 
surrounded by the same or compatible and desirable zoning and (ii) promotes the 
desired urban form.  The requested district is considered desirable and in the 
public interest, and staff recommends approval of the requested rezoning. 
  
The Planning and Zoning Commission voted 6-2 to approve the request at its 
August 15, 2017 meeting.   
  
If the City Council determines to approve the zoning map amendment, a motion 
to adopt the attached zoning map amendment ordinance will accomplish this.  
The ordinance includes the statutorily required statement describing whether the 
action taken is consistent with the comprehensive plan and explaining why 
Council considers the action taken to be reasonable and in the public interest. 
  
If City Council determines to deny the zoning map amendment, in order to 
comply with this statutory requirement, it is recommended that the motion be as 
follows: 
  
Motion to deny the request to rezone and to make a finding and determination 
that the rezoning request is inconsistent with the adopted comprehensive plan 
including, but not limited to, Policy 1.1.1 guide development with the Future 
Land Use and Character Map and Policy 1.1.6 guide development using the 
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Tiered Growth Approach, and further that the denial of the rezoning request is 
reasonable and in the public interest due to the rezoning request does not 
promote, in addition to the furtherance of other goals and objectives, the safety 
and general welfare of the community because the requested zoning is consistent 
with the recommended Future Land Use and Character designation and is located 
in a Secondary Service Area.  
  
Note:  In addition to the other criteria, the Planning and Zoning Commission and 
City Council shall consider the entire range of permitted and special uses for the 
existing and proposed zoning districts as listed under Title 9, Chapter 4, Article 
D of the Greenville City Code. 
  

Viewing Attachments Requires Adobe Acrobat. Click here to download.

 

Attachments / click to download

Attachments

Ordinance___Glenn_Arthur__LLC_rezoning_1058482

Minutes___Glenn_Arthur__LLC_1058472
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1 
 

ORDINANCE NO. 17- 
AN ORDINANCE OF THE CITY COUNCIL OF THE CITY OF GREENVILLE 
REZONING TERRITORY LOCATED WITHIN THE PLANNING AND ZONING 

JURISDICTION OF THE CITY OF GREENVILLE, NORTH CAROLINA 
 
 

WHEREAS, the City Council of the City of Greenville, North Carolina, in accordance 
with Article 19, Chapter 160A, of the General Statutes of North Carolina, caused a public notice 
to be given and published once a week for two successive weeks in The Daily Reflector setting 
forth that the City Council would, on the 14th day of September, 2017, at 6:00 p.m., in the 
Council Chambers of City Hall in the City of Greenville, NC, conduct a public hearing on the 
adoption of an ordinance rezoning the following described territory;  
 

WHEREAS, the City Council has been informed of and has considered all of the 
permitted and special uses of the districts under consideration;  

 
WHEREAS, in accordance with the provisions of North Carolina General Statute 160A-

383, the City Council does hereby find and determine that the adoption of the ordinance zoning 
the following described property is consistent with the adopted comprehensive plan and other 
officially adopted plans that are applicable and that the adoption of the ordinance zoning the 
following described property is reasonable and in the public interest due to its consistency with 
the comprehensive plan and other officially adopted plans that are applicable and, as a result, its 
furtherance of the goals and objectives of the comprehensive plan and other officially adopted 
plans that are applicable;  
           

WHEREAS, as a further description as to why the action taken is consistent with the 
comprehensive plan and other officially adopted plans that are applicable in compliance with the 
provisions of North Carolina General Statute 160A-383, the City Council of the City of 
Greenville does hereby find and determine that the adoption of this ordinance is consistent with 
provisions of the comprehensive plan including, but not limited to, Policy 1.1.1 guide 
development with the Future Land Use and Character Map and Policy 1.1.6 guide development 
using the Tiered Growth Approach; and  

 
WHEREAS, as a further explanation as to why the action taken is reasonable and in the 

public interest in compliance with the provisions of North Carolina General Statute 160A-383, 
the City Council of the City of Greenville does hereby find and determine that the adoption of 
this ordinance will, in addition to the furtherance of other goals and objectives, promote the 
safety and general welfare of the community because the requested zoning is consistent with the 
recommended Future Land Use and Character designation and is located in a Preferred Growth 
Area; 

  
THE CITY COUNCIL OF THE CITY OF GREENVILLE, NORTH CAROLINA, DOES 

HEREBY ORDAIN: 

Attachment number 1
Page 1 of 4

Item # 6



 

2 
 

2 

Section 1. That the following described territory is zoned Urban Core Overlay (UC) 
District in conjunction with the existing underlying general purpose zoning district so that, 
within the following described territory, the territory is zoned CDF-UC (Downtown Commercial 
Fringe) with an Urban Core Overlay. 

 
TO WIT:   Glenn Arthur, LLC, and CRONES, LLC Properties.  
 
LOCATION:   Located at the northeastern corner of the intersection of East 14th Street  

and Cotanche Street.  
 

DESCRIPTION: Beginning at a point located at the intersection of the northern right-of- 
way of East 14th Street and the eastern right-of-way of Cotanche Street thence running along the 
eastern right-of-way of Cotanche Street N 11°03’16” E 332.95 feet to a point located at the 
intersection of the eastern right-of-way of Cotanche Street and the southern right-of-way of East 
13th Street; thence running along the southern right-of-way of East 13th Street S 78°55’33” E 
264.16 feet to a point located at the intersection of the southern right-of-way of East 13th Street 
and the western right-of-way of Glenn Arthur Avenue; thence running along the western right-
of-way of Glenn Arthur Avenue S 11°09’07” W 331.30 feet to a point located at the intersection 
of the western right-of-way of Glenn Arthur Avenue and the northern right-of-way of East 14th 
Street; thence running along the northern right-of-way of East 14th Street N 79°16’58” W 157.80 
feet to a point located on the northern right-of-way of East 14th Street; thence leaving the 
northern right-of-way of East 14th Street N 11°08’57” E 120.00 feet to a point; thence N 
79°11’59” W 53.00 feet to a point; thence S 11°05’14” W 120.07 feet to a point located on the 
northern right-of-way of East 14th Street; thence running along the northern right-of-way of East 
14th Street N 79°16’58” W 52.93 feet to the point of beginning containing 1.866 acres. 

 
Section 2. That the following described territory is rezoned from CN (Neighborhood 

Commercial) to CDF (Commercial Downtown Fringe) and add the UC (Urban Core Overlay) so 
that, within the following described territory, the territory is zoned CDF-UC (Downtown 
Commercial Fringe) with an Urban Core Overlay. 

 
TO WIT:   Glenn Arthur, LLC, CRONES, LLC, and Leonard Franklin Sutton, Jr.  

Properties.  
 
LOCATION:   Located at the northeastern corner of the intersection of East 14th Street  

and Glenn Arthur Avenue.   
 

DESCRIPTION: Beginning at a point located at the intersection of the northern right-of- 
way of East 14th Street and the eastern right-of-way of Glenn Arthur Avenue thence running 
along the eastern right-of-way of Glenn Arthur Avenue N 10°33’24” E 329.57 feet to a point 
located at the intersection of the eastern right-of-way of Glenn Arthur Avenue and the southern 
right-of-way of East 13th Street; thence running along the southern right-of-way of East 13th 
Street S 79°23’57” E 249.75 feet to a point located at the intersection of the southern right-of-
way of East 13th Street and the western right-of-way of Charles Boulevard; thence running along 
the western right-of-way of Charles Boulevard the following course and distances: S 02°50’09” 
E 100.00 feet to a point;  thence running along the southern property line of tax parcel 14983 as 
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identified at the Pitt County Tax Assessor’s Office for a distance of 171.00 feet in a westerly 
direction; thence running along the eastern property lines of tax parcels 04791 and 00106 as 
identified at the Pitt County Tax Assessor’s Office for a distance of 100.00 feet in a southerly 
direction; thence running along the southern property line of tax parcel 00106 as identified at the 
Pitt County Tax Assessor’s Office for a distance of 12.00 feet in a westerly direction; thence 
running along the eastern line of the parcel 00055 as identified at the Pitt County Tax Assessor’s 
Office for a distance 128.00 feet in a southerly direction; thence running along the northern right-
of-way of East 14th Street N 79°16’ 58” W 100.00 feet to the point of beginning containing 1.17  
acres. 

 
Section 3. That the following described territory is zoned Urban Core Overlay (UC) 

District in conjunction with the existing underlying general purpose zoning district so that, 
within the following described territory, the territory is zoned CDF-UC (Downtown Commercial 
Fringe) with an Urban Core Overlay. 

 
TO WIT:   Glenn Arthur, LLC, and Smith-Corbitt Enterprise, Inc. Properties  

LOCATION:   Located at the northwestern corner of the intersection of East 14th Street  
and Charles Boulevard.  

 
DESCRIPTION: Beginning at a point located at the intersection of the northern right-of- 

way of East 14th Street and the western right-of-way of Charles Boulevard thence running along 
the northern right-of-way of East 14th Street N 79°16’58” W 215.00 feet; thence running along 
the eastern line of the parcel 00055 as identified at the Pitt County Tax Assessor’s Office for a 
distance of 128.00 feet in a northerly direction; then running along the southern property line of 
parcel 00106 as identified at the Pitt County Tax Assessor’s Office for a distance of 12.00 feet in 
an easterly direction; thence running along the eastern property lines of parcels 04791 and 00106 
as identified at the Pitt County Tax Assessor’s Office for a distance of 100.00 feet in a northerly 
direction; thence running along the southern property line of parcel 14983 as identified at the Pitt 
County Tax Assessor’s Office for a distance of 171.00 feet in a easterly direction; thence running 
along the western right-of-way of Charles Boulevard the following course and distances: S 
02°50’09” E 54.00 and S 03°14’48” E 160.94 feet to a point; thence S 30°37’34” W 25.17 feet to 
the point of beginning containing 1.018 acres. 
 

Section 4.  That the Director of Community Development is directed to amend the zoning 
map of the City of Greenville in accordance with this ordinance. 
 

Section 5.  That all ordinances and clauses of ordinances in conflict with this ordinance are 
hereby repealed. 
 

Section 6.  That this ordinance shall become effective upon its adoption. 
 
ADOPTED this 14th day of September, 2017.  

 
         
       ____________________________ 

Kandie D. Smith, Mayor 

Attachment number 1
Page 3 of 4

Item # 6



 

4 
 

4 

 
 
ATTEST: 
 
 
 
      
Carol L. Barwick, City Clerk 
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Excerpt from the DRAFT Planning & Zoning Commission Minutes (08/15/2017) 
 
ORDINANCE REQUESTED BY GLENN ARTHUR, LLC TO REZONE 4.054 TOTAL 
ACRES LOCATED ALONG THE NORTHERN RIGHT-OF-WAY OF EAST 14TH STREET 
BETWEEN CHARLES BOULEVARD AND COTANCHE STREET FROM CDF 
(DOWNTOWN COMMERCIAL FRINGE) AND CN (NEIGHBORHOOD COMMERCIAL) 
TO CDF-UC (DOWNTOWN COMMERCIAL FRINGE - URBAN CORE OVERLAY)  – 
APPROVED 
 
Ms. Gooby delineated the property. It is located at the corner of East 14th Street and Charles 
Boulevard.  The rezoning area consists of two blocks except for one property.  This area contains 
a variety of uses.  This rezoning could generate an increase in traffic of 1,476 trips – 738 on East 
14th Street and 738 on Charles Boulevard. This is the difference between the existing uses and 
the anticipated use under the proposed rezoning. This request is to have the site rezoned to CDF 
and apply an Urban Core Overlay.  The overlay is for residential uses only and allows for a 
relaxation of standards for infill and redevelopment in the area between East 10th Street and East 
14th Street between Green Mill Run and the CSX Railroad. The rezoning is in the area eligible to 
apply the Urban Core Overlay.  Under the requested zoning, the site could accommodate a multi-
family project of 550-600 beds and a commercial component.  This is based on similar site 
comparison of the Proximity on 10th multi-family project.  The Future Land Use and Character 
Map recommends mixed use at East 14th Street and Charles Boulevard transitioning to uptown 
edge along Charles Boulevard and uptown neighborhood in the interior area. The intent of the 
mixed use character is to have intensive uses in small areas. Uptown edge is for the area next to 
Uptown and ECU and the intent is to have infill and redevelopment with a mix of uses including 
commercial and multi-family.  The intent for uptown neighborhood is for residential uses near 
the uptown core and edge characters.  In the comprehensive plan, there are goals and policies 
that apply to this rezoning.  Goal 1.3. High Quality Infill and Redevelopment is for the city to 
pursue infill and redevelopment.  Policy 1.3.1 Support Infill and Redevelopment is specifically 
for the Uptown area.  Goal 1.4. A Vibrant Uptown speaks to diverse housing choices in the 
Uptown area. The requested zoning and overlay are part of these characters.  In staff's opinion, 
the request is in compliance with Horizons 2026:  Greenville’s Community Plan and the Future 
Land Use and Character Plan Map. 
 
Ms. Leech asked about parking issues with past developments and the potential for closed 
streets. 
 
Ms. Gooby explained that a public hearing is required for a street closing and are not approved 
by staff. 
 
Chairman King opened the public hearing. 
 
Bryan Fagundus, ARK Consulting Group, representative for the applicant, spoke in favor of the 
request.  The property owners have collectively owned these properties since 1982.  With the 
developments in the Uptown area and with ECU, this request makes sense. This rezoning is in 
anticipation of future development. There are active rental units in the area.  
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Ms. Leech asked if there was any affordable housing planned for the displaced residents. 
 
Mr. Fagundus stated that there are no immediate plans for development.  
  
Melissa Tilley spoke in favor.  She is concerned about the potential parking overflow from future 
development that could be problematic for the rest of the area. 
 
Mike Dail, Planner, explained there are parking standards with any development.  If the property 
was developed similar to other projects, a special use permit from the Board of Adjustment 
would be required.  The required parking standard is 0.75 parking spaces per bed.  However, the 
Board of Adjustment could require 1 parking space per bed or other conditions. 
 
No one spoke in opposition. 
 
Mr. Fagundus, spoke in rebuttal, that the city has development standards in place to determine 
the number of required parking spaces when the property is developed.   
 
Chairman King closed the public hearing and opened for board discussion. 
 
Mr. Wilson asked if the overlay had parking requirements. 

Ms. Gooby explained that the overlay addresses setbacks and building separation.  

Ms. Leech expressed that students tend to have a lot of visitors that can exacerbate parking 
problems in residential area.   

Motion made by Mr. Robinson, seconded by Mr. Schrade, to recommend approval of the 
proposed amendment to advise that it is consistent with the Comprehensive Plan and other 
applicable plans and to adopt the staff report which addresses plan consistency and other 
matters.  Voting in favor:  Wilson, Reid, Robinson, Collins, Schrade and Overton. Voting 
in opposition: Leech and Maxwell. Motion passed.    
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(1) General
a. Accesory use or building
b. Internal service facilities
c. On-premise signs per Article N
f. Retail sales; incidental 

(2) Residential - None
(3) Home Occupations - None
(4) Governmental

b. City of Greenville municipal government building or use (see also section 9-4-103)
(5) Agricultural/Mining

a. Farming; agricultural, horticulture, forestry (see also section 9-4-103)

f.  Public park or recreational facility
s. Athletic club; indoor only

a. Office; professional and business, not otherwise listed

d. Bank, savings and loans or other savings or investment institutions

e. Medical, dental, ophthalmology or similar clinic, not otherwise listed
(8) Services

e. Barber or beauty salon
f. Manicure, pedicure or facial salon

o. Church or place of worship (see also section 9-4-103)
u. Art studio including art and supply sales 
x. Dance studio

hh. Exercise and weight loss studio; indoor only
kk. Launderette; household users

ll. Dry cleaners; household users
(9) Repair - None

(10) Retail Trade
d. Pharmacy
e. Convenience store (see also gasoline sales) 
h. Restaurant; conventional

(12) Construction
c. Construction office; temporary, including modular office (see also section 9-4-103)

(13) Transportation - None
(14) Manufacturing/Warehousing - None 

(1) General - None
(2) Residental - None
(3) Home Occupations - None
(4) Governmental

EXISTING ZONING
CN (NEIGHBORHOOD COMMERCIAL) - PERMITTED USES

(6) Recreational/Entertainment

(7) Office/Financial/Medical

(11) Wholesale/Rental/Vehicle-Mobile Home Trade - None 

(15) Other Activities (not otherwise listed - all categories) - None 
CN (NEIGHBORHOOD COMMERCIAL) - SPECIAL USES
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a. Public utility building or use

(5) Agricultural/Mining- None

m(1). Dining and entertainment establishment (see also section 9-4-103)
t. Athletic club; indoor and outdoor facilities 

(8) Services
a. Child day care facilities
b. Adult day care facilities

aa. Catering service including food preparation (see also restaurant; conventional and fast 
food)

(9) Repair
b. Minor repair; as an accessory or principal use

(10) Retail Trade
b. Gasoline or automotive fuel sales; accessory or principal use, retail 
c. Wine shop; including on-premise consumption (see also section 9-4-103)
i. Restaurant; fast food 
j. Restaurant and/or dining and entertainment establishment; regulated outdoor activities

u. Pet shop (see also animal boarding; outside facility)

(12) Construction - None
(13) Transportation - None
(14) Manufacturing/Warehousing - None 

(1) General
a. Accessory use or building
b. Internal service facilities
c. On-premise signs per Article N
e. Temporary uses; of listed district uses
f. Retail sales; incidental 
g. Incidental assembly of products sold at retail or wholesale as an accessory to principal 

uses 
(2) Residential

a. Single-family dwelling
b. Two-family attached dwelling (duplex) 
c. Multi-family development per Article I 
k. Family care homes (see also 9-4-103)
q. Room renting

(3) Home Occupations - None 

(4) Governmental
b. City of Greenville municipal government building or use (see also section 9-4-103)

(7) Office/Financial/Medical - None

(11) Wholesale/Rental/Vehicle-Mobile Home Trade - None 

(15) Other Activities (not otherwise listed - all categories) - None 

(6) Recreational/Entertainment

PROPOSED  ZONING
CDF (DOWNTOWN COMMERCIAL FRINGE) - PERMITTED USES
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c. County or state government building or use  not otherwise listed; excluding outside 
storage and major or minor repair

d Federal government building or use
g. Liquor store, state ABC

(5) Agricultural/Mining
a. Farming; agricultural, horticulture, forestry (see also section 9-4-103)
l. Beekeeping; minor use (see also section 9-4-103)

f.  Public park or recreational facility

g. Private noncommercial park or recreational facility
n. Theater; movie or drama, indoor only

a. Office; professional and business, not otherwise listed
c. Office; customer service, not otherwise listed, including accessory service delivery vehicle 

parking and indoor storage
d. Bank, savings and loans or other savings or investment institutions
e. Medical, dental, ophthalmology or similar clinic, not otherwise listed

(8) Services
c. Funeral home 

e. Barber or beauty salon
f. Manicure, pedicure or facial salon
g. School; junior and senior high (see also section 9-4-103)

h. School; elementary (see also section 9-4-103)

i. School; nursery and kindergarten (see also section 9-4-103)
k. Business or trade school
n. Auditorium

o. Church or place of worship (see also section 9-4-103)
p. Library
q. Museum
r. Art gallery
s. Hotel, motel bed and breakfast inn; limited stay lodging (see also residential quarters for 

resident manager, supervisor or caretaker and section 9-4-103)
u. Art studio including art and supply sales 
v. Photography studio including photo and supply sales

w. Recording studio
z. Printing or publishing service including graphic art, maps, newspapers, magazines and 

books

aa.
Catering service including food preparation (see also restaurant; conventional and fast 
food)

kk. Launderette; household users
ll. Dry cleaners; household users

mm. Commercial laundries; linen supply
oo. Clothes alteration or shoe repair shop
pp. Automobile wash

(9) Repair

(6) Recreational/Entertainment

(7) Office/Financial/Medical
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d. Upholsterer; furniture
f. Appliance; household and office equipment repair
g. Jewelry, watch, eyewear or other personal item repair

(10) Retail Trade
a. Miscellaneous retail sales; non-durable goods, not otherwise listed
d. Pharmacy
e. Convenience store (see also gasoline sales) 
f. Office and school supply, equipment sales
g. Fish market; excluding processing or packing
h. Restaurant; conventional
i. Restaurant; fast food 
l. EůĞĐƚƌŽŶŝĐ͖ ƐƚĞƌĞŽ͕ ƌĂĚŝŽ͕ ĐŽŵƉƵƚĞƌ͕ TV͕ ĞƚĐ͙ ƐĂůĞƐ ĂŶĚ ĂĐĐĞƐƐŽƌǇ ƌĞƉĂŝƌ

m. Appliance; household use, sales and accessory repair, excluding outside storage
n. Appliance; commercial use, sales and accessory repair, excluding outside storage

p. Furniture and home furnishing sales not otherwise listed
q.  Floor covering, carpet and wall covering sales 
r. Antique sales, excluding vehicles 
s. Book or card store, news stand
v. Video or music store; records, tape, CD and the like sales

w. Florist
x. Sporting goods sales and rental shop
y. Auto part sales (see also major and minor repair)

ee. Christmas tree sales lot; temporary only (see also section 9-4-103)

c. Rental of clothes and accessories; formal wear, and the like
d. Rental of automobiles, noncommercial trucks or trailers, recreational vehicles, 

motorcycles and boats
f. Automobiles, truck, recreational vehicle, motorcycles and boats sales and services (see 

also major and minor repair)
(12) Construction

a. LŝĐĞŶƐĞĚ ĐŽŶƚƌĂĐƚŽƌ͖ ŐĞŶĞƌĂů ĞůĞĐƚƌŝĐĂů͕ ƉůƵŵďŝŶŐ͕ ŵĞĐŚĂŶŝĐĂů͕ ĞƚĐ͙ ĞǆĐůƵĚŝŶŐ ŽƵƚƐŝĚĞ 
storage

c. Construction office; temporary, including modular office (see also section 9-4-103)

e. Building supply; lumber and materials sales, plumbing and/or electrical supply excluding 
outdoor sales 

f. Hardware store
(13) Transportation

b. Bus station; passenger and related freight
c. Taxi or limousine service
e. Parcel delivery service
f. Ambulance service

(14) Manufacturing/Warehousing
c. Bakery; production, storage, and shipment facilities

(11) Wholesale/Rental/Vehicle-Mobile Home Trade

(15) Other Activities (not otherwise listed - all categories) - None
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(1) General - None
(2) Residential

d. Land use intensity multi-family (LUI) development rating 50 per Article K
e. Land use intensity multi-family (LUI) development rating 67 per Article K
i. Residential quarters for resident manager, supervisor or caretaker; excluding mobile home

m. Shelter for homeless or abused (see also section 9-4-103)
n. Retirement center or home

o(1). Nursing, convalescent or maternity home; minor care facility
o. Nursing, convalescent or maternity home; major care facility
r. Fraternity or sorority house

(3) Home Occupations
a. Home occupation; not otherwise listed
b. Home occupation; barber and beauty shop
c. Home occupation; manicure, pedicure or facial salon

(4) Governmental
a. Public utility building or use

(5) Agricultural/Mining - None

d. Game center
i. Commercial recreation; indoor and outdoor, not otherwise listed
l. Billiard parlor or pool hall 

m. Public or private club
m(1). Dining and entertainment establishment (see also section 9-4-103)

s. Athletic club; indoor only

(8) Services
a. Child day care facilities
b. Adult day care facilities
l. Convention center; private
x. Dance studio

bb. Civic organizations
cc. Trade or business organization

ff(1). Mental health, emotional or physical rehabilitation day program facility
hh. Exercise and weight loss studio; indoor only

(9) Repair
a. Major repair; as an accessory or principal use
b. Minor repair; as an accessory or principal use

(10) Retail Trade
b. Gasoline or automotive fuel sales; accessory or principal use, retail 
c. Wine shop; including on-premise consumption (see also section 9-4-103)
g. Fish market; excluding processing or packing
j. Restaurant and/or dining and entertainment establishment; regulated outdoor activities

t. Hobby or craft shop 

(6) Recreational/Entertainment

(7) Office/Financial/Medical - None

CDF (DOWNTOWN COMMERCIAL FRINGE) - SPECIAL USES
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u. Pet shop (see also animal boarding; outside facility)
ff. Tobacco shop (Class 1) (see also section 9-4-103)

hh. Hookah café (see also section 9-4-103)

(12) Construction
d. Building supply; lumber and materials sales, plumbing and/or electrical supply including 

outdoor sales 
(13) Transportation

h. Parking lot or structure; principal use
(14) Manufacturing/Warehousing

g. Cabinet, woodwork or frame shop; excluding furniture manufacturing or upholstery

a. Other activities; personal services not otherwise listed 
b. Other activities; professional services not otherwise listed 
c. Other activities; commercial services not otherwise listed 
d. Other activities; retail sales not otherwise listed 

(11) Wholesale/Rental/Vehicle-Mobile Home Trade - None

(15) Other Activities (not otherwise listed - all categories) 
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City of Greenville,  
North Carolina 

 

Meeting Date: 9/14/2017
Time: 6:00 PM 

  

Title of Item: Public Hearing for the approval of the Draft Assessment of Fair Housing (AFH) 
for the City of Greenville 
  

Explanation: Abstract:  This action involves approval of the Assessment of Fair Housing 
(AFH) for the City of Greenville following a public hearing.  Staff is 
requesting approval of AFH by Council for submission to HUD for approval. 

Explanation:  The City of Greenville is an entitlement community and receives 
an annual formula allocation of Community Development Block Grant (CDBG) 
and Home Investment Partnership (HOME) funds.  As such, the City is required 
to undertake an Assessment of Fair Housing (AFH) in order to demonstrate 
compliance with the Affirmatively Furthering Fair Housing (AFFH) Final Rule 
(24 CFR Parts 5, 91, 92, 570, 574, 576 and 903).  The AFH, including all 
required public participation, is due to HUD 270 days prior to the due date for 
the 2018 Consolidated Plan (October 2, 2017).  

  

Fiscal Note: The AFH will apply to 2018 funding for the CDBG and HOME Programs, which 
is estimated to be approximately one million dollars ($1,000,000). 
  

Recommendation:    Following the public hearing, Housing Division staff recommends that Council 
approve the Assessment of Fair Housing and grant authority for the City 
Manager and/or her designee to execute all documents for its submission to the 
U.S. Department of Housing and Urban Development for final approval. 
  

Viewing Attachments Requires Adobe Acrobat. Click here to download.
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∃< 1,∋2Ρ!Ν∋%%,<∗22%

)< =∋+∋∃Ρ!Η+∋)5!6(∋+2∗,(

0< Ω,∆!Α(Γ∃Ρ!./≅?≅

Μ< Χ∃−,(Γ!Α(4∃−∃Γ!:2!∋8,#!+##∃##%∃&∋Ρ!Χ1)+Σ%∋!.ϑΜ/!Τ!Χ1)+Σ%∋!.ϑ.Μ

Θ< ;&,∋,+56!+%∃&Γ∃Γ6!(−!−∃&∃ς+5!∀∗.Ρ!∀,∗)∗(2

ΕΞ< 9(!∋8∃!:∃#∋!()!,∋#!Ψ&(ς5∃Γ0∃!+&Γ!:∃5,∃)6!∋8∃!#∋+∋∃%∃&∋#!+&Γ!,&)(−%+∋,(&
Α(&∋+,&∃Γ!8∃−∃,&!+−∃!∋−/∃6!+ΑΑ/−+∋∃6!+&Γ!Α(%∆5∃∋∃!+&Γ!∋8∃!∆−(0−+%
∆+−∋,Α,∆+&∋!8+#!Γ∃4∃5(∆∃Γ!∋8,#!∀∗.!,&!Α(%∆5,+&Α∃!ς,∋8!∋8∃!−∃Ζ/,−∃%∃&∋#!()
ΙΒ!1<∗<Π<![[!Ν<ΕΝΞ∴Ν<ΕΜΞ!(−!Α(%∆+−+:5∃!−∃∆5+Α∃%∃&∋!−∃0/5+∋,(&#!()!∋8∃
ϑ∃∆+−∋%∃&∋!()!.(/#,&0!+&Γ!]−:+&!ϑ∃4∃5(∆%∃&∋⊥

ΕΕ< 98∃!∆−(0−+%!∆+−∋,Α,∆+&∋!ς,55!∋+Ψ∃!%∃+&,&0)/5!+Α∋,(&#!∋(!)/−∋8∃−!∋8∃!0(+5#
,Γ∃&∋,),∃Γ!,&!,∋#!∀∗.!Α(&Γ/Α∋∃Γ!,&!+ΑΑ(−Γ+&Α∃!ς,∋8!∋8∃!−∃Ζ/,−∃%∃&∋#!,&![[
Ν<ΕΝΞ!∋8−(/08!Ν<ΕΜΞ!+&Γ!ΙΒ!1<∗<Π<![[!ΘΕ<ΙΙΝΣ+ΤΣΕΤ6!ΘΕ<>ΙΝΣ+ΤΣΕΤ6!ΘΕ<ΒΙΝΣ+ΤΣΕΤ6
ΝΛΞ<ΒΜΛΣ:ΤΣΕΤ6!ΝΛΞ<ΗΞΕ6!ΘΞ><ΛΣ(Τ6!+&Γ!ΘΞ><ΕΝΣΓΤ6!+#!+∆∆5,Α+:5∃<

___ΣΧ−,&∋!7+%∃Τ!! ΣΧ−(0−+%!Χ+−∋,Α,∆+&∋9,∋5∃Τ!!!

8Ο3!Π+Θ%!
6∗)3!+:!Ν∋%%,<∗22%!
Γ+∆9∗,&!Α∗<∗9∗+,!87Ο∗,∗9)∋()+∋!

Σ=,0&+∋/−∃Τ!ΣΓ+∋∃Τ!
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;;< ?≅∃Α/∋,4∃!=/%%+−2

Μ# =/%%+−,α∃!∋8∃!)+,−!8(/#,&0!,##/∃#6!#,0&,),Α+&∋!Α(&∋−,:/∋,&0!)+Α∋(−#6!+&Γ!0(+5#<!!∀5#(
,&Α5/Γ∃!+&!(4∃−4,∃ς!()!∋8∃!∆−(Α∃##!+&Γ!+&+52#,#!/#∃Γ!∋(!−∃+Α8!∋8∃!0(+5#<

!∀#∃%&∋(#)%∀∗

Υ,+Θ,! (9! )5%! 1(Β∗)(2! +:! 4(9)! 6(∋+2∗,(Λ! Ν∋%%,<∗22%Λ! Η#6#Λ! ∗9! )5%! %1+,+Ο∗1Λ! 1∆2)∆∋(2! (,7!
%7∆1()∗+,(2! 5%(∋)! +:! )5%! ∋%&∗+,! (,7! )5%! 9%()! +:! ;∗))! 6+∆,)3Λ! 2+1()%7! ς∆9)! ∗,2(,7!+::! )5%!
8)2(,)∗1!1+(9)#!Γ∗9)+∋∗1(223!(!2%(7∗,&!Ο(∋Ω%)%∋!+:!)+Σ(11+Λ!)+7(3!)5%!%1+,+Ο∗1!7∋∗<%∋9!(∋%!
5%(2)5!1(∋%Λ!%7∆1()∗+,!(,7!Ο(,∆:(1)∆∋∗,&Λ!Θ∗)5!(,!%ΟΒ5(9∗9!+,!Σ∗+91∗%,1%!(,7!∋+Σ+)∗19#!
Ν∋%%,<∗22%!5(9!Σ∗&!1∗)3!:%()∆∋%9!Τ!(!1+,<%,)∗+,!1%,)%∋Λ!(∋)!&(22%∋∗%9Λ!Ο∆9%∆Ο9Λ!)5%()%∋9Λ!(!
Σ(22%)!(,7!4(9)!6(∋+2∗,(!Ξ,∗<%∋9∗)3Λ!Θ5∗15!∗9!)5%!)5∗∋7!2(∋&%9)!∆,∗<%∋9∗)3! ∗,!)5%!9)()%!Θ∗)5!
(,! %,∋+22Ο%,)! +:! .ϴ͕Ϯϴϵ! 9)∆7%,)9Λ! ∗,12∆7∗,&! (!Ο%7∗1(2! 915++2! (,7! ?ϑΛϑϑϑͲ9%()! :++)Σ(22!
9)(7∗∆Ο!Ͳ Σ∆)! )5%! 1∗)3! (29+! 5(9! 9Ο(22! )+Θ,! 15(∋Ο9! Θ∗)5! ∗,<∗)∗,&! :∋+,)ͲΒ+∋15!

ŶĞŝŐŚďŽƌŚŽŽĚƐ ĂŶĚ Ο+∋%!)5(,!.ϑ!Β∆Σ2∗1!Β(∋Ω9#!

Ν∋%%,<∗22%! 5(9! )Θ∗1%! =.ϑϑ≅! (,7! .ϑΜϑ>! Σ%%,! ,(Ο%7! (Ο+,&! )5%! ,()∗+,Ζ9! [Μϑϑ! ∴%9)!
6+ΟΟ∆,∗)∗%9! :+∋! ]+∆,&! ;%+Β2%[! Σ3! )5%! 8Ο%∋∗1(Ζ9! ;∋+Ο∗9%! 822∗(,1%#! ⊥+∋Σ%9! _(&(∗,%!
∋(,Ω%7!Ν∋%%,<∗22%!∗,!)5%!)+Β!Μϑ!+:!)5%!,()∗+,Ζ9![∴%9)!∃Ο(22!;2(1%9!:+∋!∴∆9∗,%99!(,7!6(∋%%∋9[!
∗,!.ϑΜ.!(,7!.Κ)5!∗,!Ο∗7Ψ1∗)3!Σ∆9∗,%99!&∋+Θ)5!(,7!7%<%2+ΒΟ%,)!∗,!.ϑΜϑ#!

Χ<%∋!)5%!Β(9)!1+∆Β2%!+:!7%1(7%9Λ!Ν∋%%,<∗22%!5(9!%αΒ%∋∗%,1%7!9)%(73!&∋+Θ)5#!811+∋7∗,&!)+!
)5%!Ο+9)!∋%1%,)!8Ο%∋∗1(,!6+ΟΟ∆,∗)3!∃∆∋<%3Λ!)5%!.ϑΜ?!Β+Β∆2()∗+,!∗,!)5%!1∗)3!Θ(9!≅≅Λ?Ι≅!
Τ (!ΚΕ#?!Β%∋1%,)!∗,1∋%(9%!9∗,1%!)5%!3%(∋!.ϑϑϑ!(,7!)Θ∗1%!)5%!9)()%Θ∗7%!∋()%!+:!..#β!Β%∋1%,)#

Ν∋%%,<∗22%Ψ;∗))!6+∆,)3!9%∋<%9!)5%!2(∋&%9)!1+,1%,)∋()∗+,!+:!Β%+Β2%!∗,!%(9)%∋,!Η+∋)5!6(∋+2∗,(!
Θ∗)5!(!Β+Β∆2()∗+,!7%,9∗)3!+:!.ΛβΕ?!Β%+Β2%!Β%∋!9χ∆(∋%!Ο∗2%Λ!)5%!5∗&5%9)!7%,9∗)3!+:!(,3!∋%&∗+,!
+,!)5%!%(9)!9∗7%!+:!)5%!9)()%#!Ν∋%%,<∗22%Ψ;∗))!6+∆,)3!∗9!1%,)∋(223!2+1()%7!(,7!5(9!Ο+∋%!)5(,!
≅Μ.Λϑϑϑ!Β%+Β2%!Θ∗)5∗,!Κ?!Ο∗2%9#!

Ρ5∗2%!)5%!(<%∋(&%!5+∆9∗,&!1+9)!∗,!Ν∋%%,<∗22%Ψ;∗))!6+∆,)3!=Ν∋%%,<∗22%!(∋%(!.ϑΜΜ!Ψ!δΜΙΚΛΚ/Ε>!
∗9!2+Θ%∋!)5(,!)5%!9)()%!(,7!,()∗+,(2!(<%∋(&%9Λ!(,7!:∋+Ο!(!9)∋∗1)23!χ∆(,)∗)()∗<%!9)(,7Β+∗,)!
)5%∋%!(∋%!%,+∆&5!5+∆9∗,&!∆,∗)9!)+!5+∆9%!)5%!Β+Β∆2()∗+,Λ!)5%!Β∋+Σ2%Ο!∗9!)5%!(<(∗2(Σ∗2∗)3!+:!
7%1%,)!(::+∋7(Σ2%!5+∆9∗,&!9∗)∆()%7!∗,!(∋%(9!Θ∗)5!%1+,+Ο∗1!+ΒΒ+∋)∆,∗)∗%9#!41+,+Ο∗1!&∋+Θ)5!
5(9! 2%7! )+! ∋∗9∗,&!5+∆9∗,&!1+9)9#!89! )5%!1+9)!+:!5+∆9∗,&!5(9! ∋∗9%,Λ! ∗)!5(9!Β∆95%7!+∆)! 2+ΘΨ
∗,1+Ο%!∋%9∗7%,)9Λ!Β(∋)∗1∆2(∋23!∋%,)%∋9!Θ5+!7+!,+)!9%%!∋∗9∗,&!5+∆9∗,&!1+9)9!(9!(,!∗,1∋%(9%!∗,!
)5%!<(2∆%!+:!)5%∗∋!∗,<%9)Ο%,)#!Ρ5%,!∗,1+Ο%!∗9!9)∋+,&23!2∗,Ω%7!)+!∋(1%!+∋!%)5,∗1∗)3!)5∗9!1(,!
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2%(7!)+!∋(1∗(2!(,7!%)5,∗1!9%&∋%&()∗+,#!ε5∗9!∗9!)5%!1(9%!∗,!Ν∋%%,<∗22%#!Π+ΘΨ∗,1+Ο%!∋%9∗7%,)9!
&()5%∋!)+&%)5%∋!(2+,&!∋(1∗(2!(,7!%)5,∗1! 2∗,%9!(,7!5(<%!Σ%%,!Β∋∗1%7!+∆)!+:!Ο+∋%!(::2∆%,)!
(∋%(9#!

ε5∋+∆&5!)5%!Β∋+1%99!+:!)5∗9!899%99Ο%,)!+:!⊥(∗∋!Γ+∆9∗,&Λ!(,7!7%91∋∗Σ%7!∗,!∃%1)∗+,!Φ!+:!)5∗9!
∋%Β+∋)Λ!)5%!:+22+Θ∗,&!:(∗∋!5+∆9∗,&!∗99∆%9!5(<%!Σ%%,!∗7%,)∗:∗%7!Θ∗)5∗,!)5%!1∗)3!+:!Ν∋%%,<∗22%φ!!

Μ#! ∃%&∋%&()∗+,!
.#! 0(1∗(2!(,7!4)5,∗1!6+,1%,)∋()∗+,9!+:!;+<%∋)3!
β#! Α∗9Β(∋∗)∗%9!∗,!811%99!)+!ΧΒΒ+∋)∆,∗)3!
Κ#! Α∗9Β∋+Β+∋)∗+,()%!Γ+∆9∗,&!Η%%79!
?#! ;∆Σ2∗123!∃∆ΒΒ+∋)%7!Γ+∆9∗,&!Π+1()∗+,!(,7!Χ11∆Β(,13!
Ε#! Α∗9(Σ∗2∗)3!(,7!811%99!∀99∆%9!
/#! ⊥(∗∋!Γ+∆9∗,&!4,:+∋1%Ο%,)Λ!Χ∆)∋%(15!6(Β(1∗)3!(,7!0%9+∆∋1%9!

⊥+∋!%(15!:(∗∋!5+∆9∗,&!∗99∆%Λ!)5%!(99+1∗()%7!1+,)∋∗Σ∆)∗,&!:(1)+∋9!∗7%,)∗:∗%7!∗,!)5∗9!(99%99Ο%,)!
(∋%!Β∋∗+∋∗)∗%7!Σ3!7%&∋%%!+:!∗ΟΒ(1)!+,!)5%!Β(∋)∗1∆2(∋!:(∗∋!5+∆9∗,&!∗99∆%!Τ!)5%!5∗&5%9)!∋(,Ω∗,&!
1+,)∋∗Σ∆)∗,&!:(1)+∋!)5∆9!1+,)∋∗Σ∆)∗,&!)5%!Ο+9)!)+Θ(∋7!)5%!:(∗∋!5+∆9∗,&!∗99∆%#!Χ<%∋(22Λ!)5%!
5∗&5%9)!Β∋∗+∋∗)3!+:!(22!)5%!1+,)∋∗Σ∆)∗,&!:(1)+∋9!∗9!)5%!2+1()∗+,!(,7!)3Β%!+:!(::+∋7(Σ2%!5+∆9∗,&Λ!
Θ5∗15! ∗9! +<%∋Θ5%2Ο∗,&23! )5%! 2%(7∗,&! :(1)+∋! 1+,)∋∗Σ∆)∗,&! )+! 9%&∋%&()∗+,! (,7! ∋(1∗(2! (,7!
%)5,∗1!1+,1%,)∋()∗+,9!+:!Β+<%∋)3!Θ∗)5∗,!)5%!1∗)3#!

6+ΟΟ∆,∗)3! +ΒΒ+9∗)∗+,! (,7! 7∗9Β2(1%Ο%,)! +:! ∋%9∗7%,)9! 7∆%! )+! %1+,+Ο∗1! Β∋%99∆∋%! (29+!
1+,)∋∗Σ∆)%! )+! Ο∆2)∗Β2%! :(∗∋! 5+∆9∗,&! ∗99∆%9! ∗,12∆7∗,&! 9%&∋%&()∗+,Λ! ∋(1∗(2! (,7! %)5,∗1!
1+,1%,)∋()∗+,9!+:!Β+<%∋)3!(9!Θ%22!(9!7∗9Β∋+Β+∋)∗+,()%!5+∆9∗,&!,%%79#!4χ∆(223!(9!∗ΟΒ+∋)(,)Λ!
)5%!2(1Ω!+:!Β∆Σ2∗1!∗,<%9)Ο%,)9!(,7!)5%!2(1Ω!+:!2+1(2!:(∗∋!5+∆9∗,&!%,:+∋1%Ο%,)!(29+!1+,)∋∗Σ∆)%!
)+!Ο∆2)∗Β2%!:(∗∋!5+∆9∗,&!∗99∆%9#!

ε5%!1∗)3!+:!Ν∋%%,<∗22%!5(9!Ο(,(&%7!)+!2%<%∋(&%!:∆,79!:∋+Ο!+∆)9∗7%!:%7%∋(2!&∋(,)9Λ!Σ∆)!)5%!
,∆ΟΣ%∋!+:!Β∋+ς%1)9!)5%3!1∋%()%!∗9!,+)!%,+∆&5!)+!Ο%%)!)5%!,%%79#!Α%9Β∗)%!:+1∆9%7!%1+,+Ο∗1!
(,7!1+ΟΟ∆,∗)3!7%<%2+ΒΟ%,)!%::+∋)9!)(∋&%)∗,&!)5%!∋(1∗(223−%)5,∗1(223Ψ1+,1%,)∋()%7!(∋%(9!
+:!Β+<%∋)3!=0−468;>!)∋(1)!∗,!)5%!,+∋)5Θ%9)!(∋%(!+:!)5%!1∗)3Λ!9%&∋%&()∗+,!(,7!Β+<%∋)3!Β%∋9∗9)!
)5%∋%#!

ε5%!2+1()∗+,!(,7!)3Β%!+:!(::+∋7(Σ2%!5+∆9∗,&!5(9!7%%Β%,%7!9%&∋%&()∗+,!∗,!)5%!0−468;!)∋(1)Λ!
Θ5∗15!5(9!(!<%∋3!5∗&5!∋()%!+:!9∆Σ9∗7∗%7!5+∆9∗,&#! ∀,!.ϑΜ?Λ!Ο+∋%!)5(,!βϑ!Β%∋1%,)!+:! )5%!
Β+Β∆2()∗+,!+:!)5%!0−468;!)∋(1)!∋%1%∗<%7!9∆Σ9∗7∗%7!5+∆9∗,&Λ!Θ5∗15!∗9!1+,9∗7%∋(Σ23!5∗&5%∋!
)5(,!)5%!1∗)3!(<%∋(&%!+:!Κ#?Κ!Β%∋1%,)#!8∋%(9!Θ∗)5!(!5∗&5!Σ2(1ΩΛ!,+,ΨΓ∗9Β(,∗1!Β+Β∆2()∗+,!
∋%1%∗<%!Ο+∋%!9∆Σ9∗7∗%7!5+∆9∗,&!)5(,!+)5%∋!(∋%(9!+:!)5%!1∗)3!(,7!)5∗9!∗9!1+,)∋∗Σ∆)∗,&!)+!)5%!
Β%∋Β%)∆()∗+,!+:!)5%!0−468;#!
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811+∋7∗,&!)+!ΓΞΑΛ!Β∆Σ2∗1!5+∆9∗,&!7%<%2+ΒΟ%,)9!(,7!∋%9∗7%,)9!∆9∗,&!Γ6Φ!5+∆9∗,&!<+∆15%∋9!
(∋%!(2Ο+9)!%,)∗∋%23!Σ2(1Ω!5+∆9%5+279!Β+∗,)∗,&!)+!9%&∋%&()∗+,!(2+,&!∋(1∗(2!2∗,%9#!811%99!)+!
Β∆Σ2∗1! 5+∆9∗,&! 7%<%2+ΒΟ%,)9! ∗9! ,+)! 7%Β%,7%,)! +,! ∋(1%Λ! Σ∆)! Σ%1(∆9%! +:! 2+1()∗+,! +∋!
Β∋%:%∋%,1%Λ!)5%!7%<%2+ΒΟ%,)9!(∋%!Β∋%7+Ο∗,(,)23!Σ2(1Ω#!!ε5∗9!∗9!(29+!)∋∆%!:+∋!(!:%Θ!;∋+ς%1)Ψ
Σ(9%7!∃%1)∗+,!≅!5+∆9∗,&!9∗)%9!∗,!)5%!1∗)3#!!

Ρ5∗2%! Σ2(1Ω9! Ο(Ω%! ∆Β! βΚ#Ε! Β%∋1%,)! +:! 5+∆9%5+279! ∗,! )5%! 1∗)3! +:! Ν∋%%,<∗22%Λ! (!
7∗9Β∋+Β+∋)∗+,()%! ,∆ΟΣ%∋! =ΚΜ#/! Β%∋1%,)>! +:! 5+∆9%5+279! ∗,! )5%! 1∗)3! Θ∗)5! %α)∋%Ο%23! 2+Θ!
∗,1+Ο%9!=ϑΨβϑ!Β%∋1%,)!8_∀>!(∋%!Σ2(1Ω#!877∗)∗+,(223Λ!Κβ#?!Β%∋1%,)!+:!5+∆9%5+279!)5()!(∋%!
<%∋3!2+Θ!∗,1+Ο%!=ϑΨ?ϑ!Β%∋1%,)!8_∀>!(∋%!Σ2(1Ω#!!ε5∗9!Ο%(,9!Σ2(1Ω!5+∆9%5+279!∗,!)5%!1∗)3!(∋%!
Ο+∋%!2∗Ω%23!)+!5(<%!2+Θ!∗,1+Ο%9!(9!1+ΟΒ(∋%7!)+!+)5%∋!∋(1%!&∋+∆Β9Λ!Θ5∗15!Β(∋)23!%αΒ2(∗,9!
Θ53!(!Ο(ς+∋∗)3!+:!5+∆9%5+279!∋%9∗7∗,&!∗,!Β∆Σ2∗123!9∆ΒΒ+∋)%7!5+∆9∗,&!(∋%!Σ2(1Ω#!

∴2(1Ω9!(∋%!+<%∋Ψ∋%Β∋%9%,)%7!∗,!(22!Β∆Σ2∗1!5+∆9∗,&!1()%&+∋∗%9!(9!1+ΟΒ(∋%7!)+!)5%!Β%∋1%,)(&%!
+:!Σ2(1Ω!5+∆9%5+279!∗,!)5%!1∗)3Λ!Ο(Ω∗,&!∆Β!Ι.#.!Β%∋1%,)!+:!)5%!Β∆Σ2∗1!5+∆9∗,&!Β+Β∆2()∗+,#!
Χ,! )5%! +)5%∋! 5(,7Λ! Γ∗9Β(,∗19! (11+∆,)! :+∋! β! Β%∋1%,)! +:! 5+∆9%5+279! (,7! 89∗(,9! :+∋! .#Κ!
Β%∋1%,)!∗,!)5%!1∗)3Λ!3%)!)5%3!5(<%!2∗))2%!+∋!,+!∋%Β∋%9%,)()∗+,!∗,!Β∆Σ2∗1!5+∆9∗,&!Β∋+&∋(Ο9#!
Γ∗9Β(,∗1!(,7!89∗(,!5+∆9%5+279!)5()!Ο%%)!)5%!∗,1+Ο%!∋%χ∆∗∋%Ο%,)9!9%)!Σ3!ΓΞΑ!:+∋!Β∆Σ2∗123!
9∆ΒΒ+∋)%7!5+∆9∗,&!(∋%!,+)!∆)∗2∗∗,&!)5%9%!Β∋+&∋(Ο9#!89!)5%!Γ∗9Β(,∗1!Β+Β∆2()∗+,!∗9!+,%!+:!
)5%!:(9)%9)Ψ&∋+Θ∗,&!1+ΟΟ∆,∗)∗%9!∗,!Ν∋%%,<∗22%Λ!∗)!∗9!∗ΟΒ+∋)(,)!)5()!)5%3!:∗,7!(7%χ∆()%!(,7!
(::+∋7(Σ2%!5+∆9∗,&#!

Α∗<%∋9%!5+∆9∗,&!+Β)∗+,9!%,5(,1%!%1+,+Ο∗1!&∋+Θ)5#!∴∆)!∗,!Ν∋%%,<∗22%Λ!(∋%(9!Θ∗)5!%1+,+Ο∗1!
+ΒΒ+∋)∆,∗)∗%9! 2(1Ω! )5%! 5+∆9∗,&! ,%1%99(∋3! :+∋! )5%! Θ+∋Ω:+∋1%Λ! Θ5∗15! ∗,1∋%(9%9! 1+ΟΟ∆)%!
)∗Ο%9!(,7! 2∗Ο∗)9!+ΒΒ+∋)∆,∗)∗%9! :+∋! 2+ΘΨ∗,1+Ο%!∗,7∗<∗7∆(29#!Χ,%!(∋%(!%9Β%1∗(223! 2(1Ω∗,&! ∗,!
Ν∋%%,<∗22%! ∗9! 5+∆9∗,&! ∆,∗)9! )5()! (∋%! ,%∗)5%∋! 2(∋&%! Ο∆2)∗Ψ:(Ο∗23! 1+ΟΒ2%α%9! ,+∋! +,%Ψ∆,∗)!
7%)(15%7!5+∆9∗,&#!Υ,+Θ,!(9!(!)5%!γΟ∗99∗,&!Ο∗772%Λη!βΙ#.!Β%∋1%,)!+:!5+∆9∗,&!:(229!∗,!)5∗9!
1()%&+∋3!(,7!∗9!9∗&,∗:∗1(,)23!5∗&5%∋!)5(,!)5%!1+∆,)3!+∋!9)()%#!

8,+)5%∋!Σ(∋∋∗%∋!∗9!)5%!2(1Ω!+:!(11%99!)+!5∗&5!Β%∋:+∋Ο∗,&!915++29#!ε5∗9!1∋%()%9!∋+(7Σ2+1Ω9!)+!
9)∆7%,)!(7<(,1%Ο%,)Λ!%9Β%1∗(223!)5%!,+∋)5Θ%9)%∋,!(∋%(9!+:!)5%!1∗)3#!!Γ(<∗,&!2∗Ο∗)%7!(11%99!
)+!5∗&5ΨΒ%∋:+∋Ο∗,&!915++29!∗9!(!1+,)∋∗Σ∆)∗,&!:(1)+∋!)+!2+Θ!1+22%&%!%7∆1()∗+,!Β(∋)∗1∗Β()∗+,!
∋()%9Λ!(,7!)5%∋%:+∋%!2+Θ!%7∆1()∗+,!())(∗,Ο%,)#!47∆1()∗+,(2!())(∗,Ο%,)!∗9!7∗∋%1)23!)∗%7!)+!
%(∋,∗,&9Λ!Θ5∗15!∗9!(!Ω%3!Β(∋)!∗,!∗,1+Ο%!Ο+Σ∗2∗)3#!!!

811+∋7∗,&! )+! )5%!.ϑΜΜΨ.ϑΜ?!86∃Λ! +,23! Μ/#Κ!Β%∋1%,)! +:! Σ2(1Ω9! .?! 3%(∋9! (,7!+27%∋! 5(7! (!
Σ(15%2+∋ι9!7%&∋%%!+∋!5∗&5%∋#!ε5%!1∗)3Θ∗7%!∋()%!∗9!β≅!Β%∋1%,)#!!89!+:!.ϑΜ?Λ!Β%∋9+,9!Θ∗)5!(!
Σ(15%2+∋ι9! 7%&∋%%! ∗,! Ν∋%%,<∗22%! %(∋,%7! δβ/Λβ≅ΕΛ! Θ5∗2%! )5+9%! Θ∗)5! +,23! (! 5∗&5! 915++2!
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%7∆1()∗+,!%(∋,%7!δ.βΛΚΜΚ!(,,∆(223#!Α∗9Β(∋∗)∗%9! ∗,! (11%99! )+! +ΒΒ+∋)∆,∗)∗%9! 9∆15! (9!5∗&5Ψ
Β(3∗,&!ς+Σ9!(,7!(::+∋7(Σ2%!5+∆9∗,&!Θ∗22!1+,)∗,∆%!)+!Β%∋9∗9)!∗,!)5∗9!1+ΟΟ∆,∗)3#!!!

8,+)5%∋!:(1)+∋!1+,)∋∗Σ∆)∗,&!)+!)5%!7%:∗1∗%,13!+:!5+∆9∗,&!+ΒΒ+∋)∆,∗)∗%9!∗9!)5%!2(1Ω!+:!Β∋∗<()%!
∗,<%9)Ο%,)! ∗,!9Β%1∗:∗1!,%∗&5Σ+∋5++79Λ!Β(∋)∗1∆2(∋23! ∗,!)5%!,+∋)5Θ%9)!(,7!Θ%9)%∋,!(∋%(!+:!
Ν∋%%,<∗22%Λ!1+ΟΒ(∋%7!)+!)5%!∋%9)!+:!)5%!1∗)3#!Ρ5∗2%!,+)!(!Β%∋:%1)!∗,7∗1()+∋!+:!(!2(1Ω!∗,!Β∋∗<()%!
∗,<%9)Ο%,)!∗,!(,!(∋%(Λ!)5∗9!Β(∋)!+:!)5%!1∗)3!5(9!9%<%∋(2!(∋%(9!Θ∗)5!(!<%∋3!5∗&5!Β%∋1%,)(&%!+:!
Σ∆9∗,%99!<(1(,1∗%9!∗,!1+ΟΟ%∋1∗(2!Σ∆9∗,%99!2+1()∗+,9#!

811+∋7∗,&!)+!)5%!.ϑΜΜΨ.ϑΜ?!86∃Λ!.≅#.!Β%∋1%,)!+:!5+Ο%+Θ,%∋9!Θ∗)5!(!Ο+∋)&(&%!(,7!?Ι#Κ!
Β%∋1%,)!+:!∋%,)%∋9!(∋%!1+9)!Σ∆∋7%,%7!=9Β%,7∗,&!Ο+∋%!)5(,!βϑ!Β%∋1%,)!+:!∗,1+Ο%!+,!5+∆9∗,&!
1+9)9>Λ!Β+∗,)∗,&!)+!(!Ο(ς+∋!7∗91+,,%1)!Σ%)Θ%%,!)5%!5+∆9∗,&!9∆ΒΒ23!(,7!∋%9∗7%,)9ι!∗,1+Ο%#!
∀,!(77∗)∗+,!)+!Σ2(1Ω!:(Ο∗2∗%9Λ!)5%!%27%∋23!(,7!Β%∋9+,9!Θ∗)5!7∗9(Σ∗2∗)∗%9!(∋%!Ο+∋%!2∗Ω%23!)+!Σ%!
1+9)!Σ∆∋7%,%7#!ε5+9%!Θ∗)5!7∗9(Σ∗2∗)∗%9!+:)%,!:(1%!)5%!(77%7!7∗::∗1∆2)3!+:!Β∆∋15(9∗,&!5+Ο%9!
)5()!Ο∆9)!Σ%!Σ∋+∆&5)!∆Β!)+!(ΒΒ2∗1(Σ2%!9)()%!(,7! 2+1(2!+∋!8Ο%∋∗1(,9!Θ∗)5!Α∗9(Σ∗2∗)∗%9!81)!
=8Α8>!1+7%9Λ!Θ5∗15!(779!)+!)5%!1+9)!+:!Β∆∋15(9∗,&!+∋!+Θ,∗,&!(!5+Ο%#!

;%∋9+,9!Θ∗)5!(!7∗9(Σ∗2∗)3!%(∋,!Μ/#?!Β%∋1%,)!2%99!)5(,!)5+9%!Θ∗)5+∆)!=δΜ?Λ≅?Ε!Ο%7∗(,!∗,1+Ο%!
<%∋9∆9! δΜΙΛ.Μ?>#! 8ΒΒ∋+α∗Ο()%23! .≅#.! Β%∋1%,)! +:! 5+Ο%+Θ,%∋9! Θ∗)5! (! Ο+∋)&(&%! ∗,! )5%!
Ν∋%%,<∗22%! (∋%! (2∋%(73! 1+9)! Σ∆∋7%,%7Λ! (,7! 1+9)! Σ∆∋7%,! &%,%∋(223! ∗,1∋%(9%9! (9! Ο%7∗(,!
∗,1+Ο%!7%1∋%(9%9#!;%∋9+,9!Θ∗)5!(!7∗9(Σ∗2∗)3!5(<%!Ο+∋%!2∗Ο∗)%7!+Β)∗+,9!:+∋!5+Ο%+Θ,%∋95∗Β!
∗,!)5%!1∗)3!)5(,!,+,Ψ7∗9(Σ2%7!Β%∋9+,9#!

ε5%!1∗)3!Β∋+<∗7%9!(!&∋∗%<(,1%!Β∋+1%7∆∋%!)+!Ο%%)!)5%!∋%χ∆∗∋%Ο%,)9!+:!)5%!8Α8#!!Ρ∋∗))%,!
1+ΟΒ2(∗,)9!7%)(∗2∗,&!)5%!1∗∋1∆Ο9)(,1%!1(,!Σ%!:∗2%7!Θ∗)5!)5%!8Α8!1++∋7∗,()+∋#!!!

+,,)∃−.#)/012∗3∋∃#40∃)∀5∗3.)∃∗6%∋7)∀5∗∗
∗
⊥(∗∋!5+∆9∗,&!5(9!2+,&!Σ%%,!(,!∗ΟΒ+∋)(,)!∗99∆%!∗,!8Ο%∋∗1(,!∆∋Σ(,!Β+2∗13!Τ!(!Β∋+Σ2%Ο!Σ+∋,!
∗,!7∗91∋∗Ο∗,()∗+,!(,7!:∆%2%7!Σ3!&∋+Θ∗,&!1∗<∗2!∆,∋%9)!)5()!∋%(15%7!(!Σ+∗2∗,&!Β+∗,)!7∆∋∗,&!)5%!
6∗<∗2! 0∗&5)9!_+<%Ο%,)#! ε5%! Β(99∗,&! +:! )5%! ⊥(∗∋! Γ+∆9∗,&! 81)! ∗,! ΜΙΕ≅!Θ(9! (! 1∋∗)∗1(2! 9)%Β!
)+Θ(∋7!(77∋%99∗,&!)5∗9!1+ΟΒ2%α!Β∋+Σ2%ΟΛ!Σ∆)!∗)!Θ(9!:(∋!:∋+Ο!(!9+2∆)∗+,#!∃∗,1%!Β(99(&%!+:!
)5%!(1)Λ!1+ΟΟ∆,∗)3!&∋+∆Β9Λ!Β∋∗<()%!Σ∆9∗,%99Λ!1+,1%∋,%7!1∗)∗%,9!(,7!&+<%∋,Ο%,)!(&%,1∗%9!
()!(22!2%<%29!5(<%!Θ+∋Ω%7!%(∋,%9)23!()!Σ())2∗,&!5+∆9∗,&!7∗91∋∗Ο∗,()∗+,#!ε5%!⊥(∗∋!Γ+∆9∗,&!81)!
Ο(,7()%9!)5()!)5%!Α%Β(∋)Ο%,)!+:!Γ+∆9∗,&!(,7!Ξ∋Σ(,!Α%<%2+ΒΟ%,)!=ΓΞΑ>!γ(::∗∋Ο()∗<%23!
:∆∋)5%∋! :(∗∋! 5+∆9∗,&η! )5∋+∆&5! ∗)9! Β∋+&∋(Ο9#! ε+Θ(∋7! )5∗9! %,7Λ! ΓΞΑ! ∋%χ∆∗∋%9! :∆,7∗,&!
∋%1∗Β∗%,)9!)+!∆,7%∋)(Ω%!:(∗∋!5+∆9∗,&!Β2(,,∗,&!=⊥Γ;>!∗,!+∋7%∋!Β∋+(1)∗<%23!)+!)(Ω%!9)%Β9!)5()!
Θ∗22! 2%(7!)+!2%99!7∗91∋∗Ο∗,()+∋3!5+∆9∗,&!Ο(∋Ω%)9!(,7!Σ%))%∋! 2∗<∗,&!1+,7∗)∗+,9!:+∋!Ο∗,+∋∗)3!
&∋+∆Β9! (,7! <∆2,%∋(Σ2%! Β+Β∆2()∗+,9#! Ξ,)∗2! ∋%1%,)23Λ! )5%! 8,(239∗9! +:! ∀ΟΒ%7∗Ο%,)9! )+! ⊥(∗∋!
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Γ+∆9∗,&!65+∗1%!Θ(9!)5%!Β∋∗Ο(∋3!1+ΟΒ+,%,)!+:!ΓΞΑι9!:(∗∋!5+∆9∗,&!%::+∋)9#!!

Χ,! ϕ∆23! ΜΕΛ! .ϑΜ?Λ! ΓΞΑ! Β∆Σ2∗95%7! ∗)9! :∗,(2! ∋∆2%! +,! (::∗∋Ο()∗<%23! :∆∋)5%∋∗,&! :(∗∋! 5+∆9∗,&!
=8⊥⊥Γ>#!ε5∋%%!Θ%%Ω9!%(∋2∗%∋!)5%!Ξ#∃#!∃∆Β∋%Ο%!6+∆∋)!∆Β5%27!)5%!7∗9)∗,1)!Σ∆)!∋%2()%7!1+,1%Β)!
+:! 7∗9Β(∋()%! ∗ΟΒ(1)! 2∗(Σ∗2∗)3! =809.7∗ :0;.∃#−0∀#∗ %,∗ 6%∋7)∀5∗ .∀&∗ <%−−∋∀)#2∗ +,,.)∃7∗ /=∗
!∀(1∋7)/0∗<%−−∋∀)#)07∗>∃%?0(#>#!!

ε5%! Β∋+1%7∆∋(2! (9Β%1)9! +:! )5%! ∋∆2%! (∋%! ,%ΘΛ! Σ∆)! )5%! :∆,7(Ο%,)(2! 1+,1%Β)! ∗9! ,+)φ! )5%!
∋%χ∆∗∋%Ο%,)!)+!(::∗∋Ο()∗<%23!:∆∋)5%∋!:(∗∋!5+∆9∗,&!∗9!(!Ω%3!Β∋+<∗9∗+,!+:!)5%!⊥(∗∋!Γ+∆9∗,&!81)Λ!
(9!1+7∗:∗%7! ∗,!ε∗)2%!Φ∀∀∀!+:!)5%!6∗<∗2!0∗&5)9!81)!+:!ΜΙΕ≅!=Κ.!Ξ#∃#6#!βΕϑ≅>#!89!(!1+,7∗)∗+,!+:!
(11%Β)∗,&! ΓΧ_4! ∀,<%9)Ο%,)! ;(∋),%∋95∗Β9! ;∋+&∋(Ο! :∆,7∗,&Λ! 6+ΟΟ∆,∗)3! Α%<%2+ΒΟ%,)!
∴2+1Ω! Ν∋(,)9! =6Α∴Ν>Λ! _1Υ∗,,%3ΨΦ%,)+! Γ+Ο%2%99! 899∗9)(,1%! Ν∋(,)9! (,7! Β∆Σ2∗1! 5+∆9∗,&!
9∆Σ9∗7∗%9Λ! (&%,1∗%9!Ο∆9)!∆,7%∋)(Ω%! γΟ%(,∗,&:∆2! (1)∗+,9! #! #! #! )5()!+<%∋1+Ο%!Β())%∋,9!+:!
9%&∋%&()∗+,! (,7! :+9)%∋! ∗,12∆9∗<%! 1+ΟΟ∆,∗)∗%9! :∋%%! :∋+Ο! Σ(∋∋∗%∋9! )5()! ∋%9)∋∗1)! (11%99! )+!
+ΒΒ+∋)∆,∗)3!Σ(9%7!+,!Β∋+)%1)%7!15(∋(1)%∋∗9)∗19#η!Μ!

ε5%! 8⊥⊥Γ! :∗,(2! ∋∆2%! ∋%Β2(1%9! )5%! %α∗9)∗,&! ∋%χ∆∗∋%Ο%,)! )+! 1+,7∆1)! (,! (,(239∗9! +:!
∗ΟΒ%7∗Ο%,)9!)+!:(∗∋!5+∆9∗,&!=8∀>!Θ∗)5!)5()!+:!(!,%Θ!9)∆73Λ!)5%!899%99Ο%,)!+:!⊥(∗∋!Γ+∆9∗,&!
=8⊥Γ>#!ε5%!,%Θ!8⊥Γ!Β∋+<∗7%9!&∋(,)%%9!Θ∗)5!(!∆,∗:+∋Ο!)%ΟΒ2()%Λ!:∗∋Ο%∋!&∆∗7(,1%!:∋+Ο!ΓΞΑΛ!
(,7!(!5+9)!+:!7()(!(,7!Ο(ΒΒ∗,&!)++29!)+!(99∗9)!)5%Ο!∗,!)5%∗∋!:(∗∋!5+∆9∗,&!(,(239∗9#!!

ε5%!:∗,(2!∋∆2%!9)()%9!)5()!(!ς∆∋∗97∗1)∗+,ι9!γΟ%(,∗,&:∆2!(1)∗+,9η!Ο∆9)φ!!

•! 877∋%99!9∗&,∗:∗1(,)!7∗9Β(∋∗)∗%9!∗,!5+∆9∗,&!,%%79!(,7!(11%99!)+!+ΒΒ+∋)∆,∗)3κ!͒!
•! 0%Β2(1%!9%&∋%&()∗+,!Θ∗)5!)∋∆23!∗,)%&∋()%7!(,7!Σ(2(,1%7!2∗<∗,&!Β())%∋,9κ!(,7͒!
•! ε∋(,9:+∋Ο! ∋(1∗(223−%)5,∗1(223! 1+,1%,)∋()%7! (∋%(9! +:! Β+<%∋)3! ∗,)+! (∋%(9! +:!

͒+ΒΒ+∋)∆,∗)3#!͒ 
 

ε5%∋%!∗9!,+!:%7%∋(2!%αΒ%1)()∗+,!:+∋!9Β%1∗:∗1!+∆)1+Ο%9#!∀,9)%(7Λ!(&%,1∗%9!5(<%!)+!1(∋%:∆223!

(,7!)5+∆&5):∆223!1(∋∋3!+∆)!)5%!,%Θ!Β∋+1%99#!͒!

89!(!Β(∋)!+:!)5∗9!,%Θ!(ΒΒ∋+(15!∆,7%∋!)5%!8⊥ΓΛ!)5%!1∗)3!+:!Ν∋%%,<∗22%!Θ∗22!)(Ω%!(!Σ(2(,1%7!
(ΒΒ∋+(15!)+!%,9∆∋%!)5%9%!:+∆∋!&+(29!(∋%!Ο%)!:+∋!∗)9!∋%9∗7%,)9φ!!

Μ#! 0%7∆1%!9%&∋%&()∗+,!͒!

.#! 42∗Ο∗,()%!∋(1∗(223−%)5,∗1(223!1+,1%,)∋()%7!(∋%(9!+:!Β+<%∋)3!=0−468;>!͒!

                                                        
Μ!8::∗∋Ο()∗<%23!⊥∆∋)5%∋∗,&!⊥(∗∋!Γ+∆9∗,&φ!⊥∗,(2!0∆2%#!30&0∃.1∗≅05)7#0∃∗Α%1=∗ΒΧ∗∆%=∗ΕΦΓΗ∗ϕ∆23!ΜΕΛ!.ϑΜ?#!

5))Β9φ−−ΘΘΘ#&Β+#&+<−:7939−ΒΩ&−⊥0Ψ.ϑΜ?Ψϑ/ΨΜΕ−Β7:−.ϑΜ?ΨΜ/ϑβ.#Β7:!͒!
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β#! 0%7∆1%!7∗9Β(∋∗)∗%9!∗,!(11%99!ぉ!

Κ#! 0%7∆1%!7∗9Β∋+Β+∋)∗+,()%!5+∆9∗,&!,%%79!:+∋!Β∋+)%1)%7!12(99%9!ぉ!

∀)!∗9!)5%!&+(2!+:!)5∗9!,%Θ!(99%99Ο%,)!)+!)(Ω%!)5%!,%α)!9)%Β!∗,!1+ΟΟ∆,∗)3!Β2(,,∗,&!∋%&(∋7∗,&!
:(∗∋!5+∆9∗,&!∗99∆%9!∗,!)5%!1∗)3#!!

Ι0#4%&%1%52ϑΚ/0∃/)0Λ∗%,∗>∃%(077∗∗
!
ε5%!899%99Ο%,)!+:!⊥(∗∋!Γ+∆9∗,&!ε++2!∗9!Σ∋+Ω%,!7+Θ,!∗,)+!:+∆∋!Β(∋)9φ!!

Μ#! 6+ΟΟ∆,∗)3!Β(∋)∗1∗Β()∗+,!Β∋+1%99κ!ぉ!

.#! 899%99Ο%,)!+:!Β(9)!&+(29!(,7!(1)∗+,9!)+!∋%7∆1%!7∗9Β(∋∗)∗%9!∗,!(11%99κ!ぉ!

β#! ⊥(∗∋!5+∆9∗,&!(,(239∗9Λ!Θ5∗15!∗,12∆7%9!(!7%Ο+&∋(Β5∗1!9∆ΟΟ(∋3Λ!&%,%∋(2!∗99∆%9Λ!;∆Σ2∗1!
Γ+∆9∗,&! 8∆)5+∋∗)3! =;Γ8>! (,(239∗9Λ! 7∗9(Σ∗2∗)3! (11%99! (,(239∗9! (,7! (,(239∗9! +:! :(∗∋!
5+∆9∗,&!1+ΟΒ2(∗,)9Λ!7∗91∋∗Ο∗,()∗+,!(,7!9%&∋%&()∗+,!Β())%∋,9#!

Κ#! ⊥(∗∋!5+∆9∗,&!&+(29!(,7!Β∋∗+∋∗)∗%9!ぉ!

Ρ∗)5∗,! )5%9%! 9%1)∗+,9Λ! )5%! (99%99Ο%,)! 1+,9∗9)9! +:! (! 1+ΟΒ∋%5%,9∗<%! ∋%<∗%Θ! +:! 2(Θ9Λ!
∋%&∆2()∗+,9Λ!Β+2∗1∗%9!(,7!Β∋(1)∗1%9!(::%1)∗,&!5+∆9∗,&!(::+∋7(Σ∗2∗)3Λ!(11%99∗Σ∗2∗)3Λ!(<(∗2(Σ∗2∗)3!
(,7!15+∗1%!Θ∗)5∗,!)5%!1∗)3!+:!Ν∋%%,<∗22%#!ε5%!(99%99Ο%,)!9Β%1∗:∗1(223!∗,12∆7%9!(,!%<(2∆()∗+,!
+:φ!!

! ! Ψ!!4α∗9)∗,&!9+1∗+Ψ%1+,+Ο∗1!1+,7∗)∗+,9!(,7!)∋%,79!∗,!)5%!(∋%(Λ!Θ∗)5!(!Β(∋)∗1∆2(∋!:+1∆9!
+,!)5+9%!)5()!(::%1)!5+∆9∗,&!(,7!9Β%1∗(2!,%%79!Β+Β∆2()∗+,9κ!ぉ!

! ! Ψ!!;∆Σ2∗1!(,7!Β∋∗<()%!+∋&(,∗()∗+,9!)5()!∗ΟΒ(1)!5+∆9∗,&!∗99∆%9!∗,!)5%!1∗)3!(,7!)5%∗∋!
Β∋(1)∗1%9Λ!Β+2∗1∗%9Λ!∋%&∆2()∗+,9!(,7!∗,9∗&5)9!∋%2()∗<%!)+!:(∗∋!5+∆9∗,&!15+∗1%κ!ぉ!

! ! Ψ!!ε5%!∋(,&%!+:!∗ΟΒ%7∗Ο%,)9!)+!:(∗∋!5+∆9∗,&!15+∗1%!)5()!%α∗9)!Θ∗)5∗,!Σ+)5!)5%!∆∋Σ(,!
1%,)%∋!1+ΟΟ∆,∗)∗%9!(,7!+)5%∋!(∋%(9!+:!)5%!1∗)3κ!ぉ!

! ! Ψ! !∃Β%1∗:∗1! ∋%1+ΟΟ%,7()∗+,9! (,7! (1)∗<∗)∗%9! :+∋! )5%! 1∗)3! )+! (77∋%99! (,3! ∋%(2! +∋!

Β%∋1%∗<%7!∗ΟΒ%7∗Ο%,)9κ!(,7!ぉ!

! ! Ψ! !4::%1)∗<%!Ο%(9∆∋%Ο%,)! )++29! (,7! ∋%Β+∋)∗,&!Ο%15(,∗9Ο9! )+! (99%99! Β∋+&∋%99! ∗,!
Ο%%)∗,&!:(∗∋!5+∆9∗,&!&+(29!(,7!%2∗Ο∗,()∗,&!Σ(∋∋∗%∋9!)+!:(∗∋!5+∆9∗,&!15+∗1%!∗,!)5%!1∗)3#!

ぉ!

ε5%!Β2(,,∗,&!Β∋+1%99!Θ(9! 2(∆,15%7!Θ∗)5!(!1+ΟΒ∋%5%,9∗<%!∋%<∗%Θ!+:!%α∗9)∗,&!9)∆7∗%9! :+∋!
∗,:+∋Ο()∗+,! (,7! 7()(! ∋%2%<(,)! )+! 5+∆9∗,&! ,%%7! (,7! ∋%2()%7! ∗99∆%9#! ε5%9%! 7+1∆Ο%,)9!

Attachment number 1
Page 9 of 205

Item # 7



 10 

∗,12∆7%7!2+1(2!1+ΟΒ∋%5%,9∗<%!Β2(,9!(,7!+∋7∗,(,1%9Λ!)5%!Γ+∆9∗,&!Α∗<∗9∗+,ι9!6+,9+2∗7()%7!
;2(,! :+∋! )5%! 1∗)3Λ! (,7! +)5%∋! Β+2∗13! 7+1∆Ο%,)9#! 877∗)∗+,(2! 9%∋<∗1%! Β∋+<∗7%∋! 7()(! (,7!
+Σ9%∋<()∗+,9! Θ%∋%! ∗,1+∋Β+∋()%7! )+! ∗,12∆7%! χ∆(2∗)()∗<%! (,7! χ∆(,)∗)()∗<%! ∗,:+∋Ο()∗+,! +,!
9Β%1∗(2!,%%79!Β+Β∆2()∗+,9#!!

8,!(99%99Ο%,)!+:!:(∗∋!5+∆9∗,&!Θ(9!(29+!Ο(7%!:+∋!Β∆Σ2∗123!9∆ΒΒ+∋)%7!5+∆9∗,&!(,7!)5%!;Γ8!
∗,!)5%!1∗)3#!!

ε5%! Β∋∗Ο(∋3! 7()(! ∆9%7! ∗,! )5∗9! (99%99Ο%,)!Θ(9! ΓΞΑΨΒ∋+<∗7%7Ψ7()(! 9Β%1∗:∗1! )+! )5%! 8⊥Γ#!!
Α∆∋∗,&! )5%! 7%<%2+ΒΟ%,)! +:! )5%! 8⊥ΓΛ! ΓΞΑ! (,,+∆,1%7! 15(,&%9! )+! )5%! 8⊥Γ! Α()(! (,7!
_(ΒΒ∗,&!)++2!(,7!)5%!8⊥Γ!Ξ9%∋!∀,)%∋:(1%!+,!ϕ∆23!ΜΙΛ!.ϑΜ/Λ!Θ5∗15!∆Β7()%7!)5%!7%Ο+&∋(Β5∗1!
7()(!(,7!+ΒΒ+∋)∆,∗)3! ∗,7%α%9! ∗,!)5%!7()(!(,7!)5%!Σ+∆,7(∋∗%9!+:! ∋(1∗(2!(,7−+∋!%)5,∗1(223!
1+,1%,)∋()%7! (∋%(9! +:! Β+<%∋)3! =0−468;>! (,7! ∗,7∗1()+∋9! ∗,! )5%! Ν%+&∋(Β5∗1! ∀,:+∋Ο()∗+,!
∃39)%Ο!=Ν∀∃>!Ο(Β9#!!ε5∗9!8⊥Γ!∋%:2%1)9!)5%!∆Β7()%9!Ο(7%!Σ3!ΓΞΑ#!

877∗)∗+,(2!7()(!+Σ)(∗,%7! :+∋! )5%!8⊥Γ! :∋+Ο!+)5%∋!9+∆∋1%9!Θ%∋%!Ξ#∃#!6%,9∆9! ∋%Β+∋)9Λ! )5%!
8Ο%∋∗1(,!6+ΟΟ∆,∗)3! ∃∆∋<%3Λ! )5%!Γ+Ο%!_+∋)&(&%!Α∗912+9∆∋%!81)! =Γ_Α8>Λ! )5%!Γ+∆9∗,&!
8∆)5+∋∗)3!+:!)5%!6∗)3!+:!Ν∋%%,<∗22%Λ!Ν∋%()∃15++29Λ!Φ(2(9∗99!Π∗9)9Λ!(,7!8Ο%∋∗1(,!6+ΟΟ∆,∗)3!
∃∆∋<%3−6%,9∆9!Ν∀∃!Ο(Β9!<∗(!;+2∗13_(Β#!!

∗

3.)∃∗6%∋7)∀5∗!77∋07∗∗
!
ΓΞΑ!5(9!∋%1+&,∗%7!9%<%,!!Ω%3!(∋%(9!∗,!⊥(∗∋!Γ+∆9∗,&!∀99∆%9!:+∋!)5%!8⊥Γ#!ε5%3!(∋%φ!!

Μ>!∃%&∋%&()∗+,!͒ 

.>!0(1∗(2!(,7!%)5,∗1!1+,1%,)∋()∗+,9!+:!Β+<%∋)3!͒ 

β>!Α∗9Β(∋∗)∗%9!∗,!(11%99!)+!+ΒΒ+∋)∆,∗)3!!

Κ>!Α∗9Β∋+Β+∋)∗+,()%!5+∆9∗,&!,%%79!͒ 

?>!;∆Σ2∗123!9∆ΒΒ+∋)%7!5+∆9∗,&!2+1()∗+,!(,7!+11∆Β(,13!͒ 

Ε>!Α∗9(Σ∗2∗)3!(,7!(11%99!∗99∆%9!͒ 

/>!⊥(∗∋!Γ+∆9∗,&!%,:+∋1%Ο%,)Λ!+∆)∋%(15!1(Β(1∗)3!(,7!∋%9+∆∋1%9!!

∗
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Μ)5∀),)(.∀#∗<%∀#∃)Ν∋#)∀5∗3.(#%∃7∗∗

4(15!+:!)5%!9%<%,!:(∗∋!5+∆9∗,&!∗99∆%9!(9!2∗9)%7!∗,!)5%!8⊥Γ!5(9!1+,)∋∗Σ∆)∗,&!:(1)+∋9!)5()!%α∗9)#!
6+,)∋∗Σ∆)∗,&!:(1)+∋9!)+!)5%!:(∗∋!5+∆9∗,&!∗99∆%9!(∋%!∋(,Ω%7!Σ3!Β∋%<(2%,1%#!!

6+,)∋∗Σ∆)∗,&!⊥(1)+∋9!+:!∃%&∋%&()∗+,!
!

Μ#! Π+1()∗+,!(,7!)3Β%!+:!(::+∋7(Σ2%!5+∆9∗,&!
.#! 6+ΟΟ∆,∗)3!+ΒΒ+9∗)∗+,!
β#! Α∗9Β2(1%Ο%,)!+:!∋%9∗7%,)9!7∆%!)+!%1+,+Ο∗1!Β∋%99∆∋%9!

!
6+,)∋∗Σ∆)∗,&!⊥(1)+∋9!+:!0−468;9!
!

Μ#! Α∗9Β2(1%Ο%,)!+:!∋%9∗7%,)9!7∆%!)+!%1+,+Ο∗1!Β∋%99∆∋%9!
.#! Π+1()∗+,!(,7!)3Β%!+:!(::+∋7(Σ2%!5+∆9∗,&!

!
6+,)∋∗Σ∆)∗,&!⊥(1)+∋9!+:!Α∗9Β(∋∗)∗%9!∗,!811%99!)+!ΧΒΒ+∋)∆,∗)3!
!

Μ#! ε5%!(<(∗2(Σ∗2∗)3Λ!)3Β%Λ!:∋%χ∆%,13!(,7!∋%2∗(Σ∗2∗)3!+:!Β∆Σ2∗1!)∋(,9Β+∋)()∗+,!
.#! Π+1()∗+,!+:!%ΟΒ2+3%∋9!!
β#! Π+1()∗+,!(,7!)3Β%!+:!(::+∋7(Σ2%!5+∆9∗,&!

!
6+,)∋∗Σ∆)∗,&!⊥(1)+∋9!+:!Α∗9Β∋+Β+∋)∗+,()%!Γ+∆9∗,&!Η%%79!
!

Μ#! ε5%!(<(∗2(Σ∗2∗)3!+:!(::+∋7(Σ2%!∆,∗)9!∗,!(!∋(,&%!+:!9∗%9!
.#! Α∗9Β2(1%Ο%,)!+:!∋%9∗7%,)9!7∆%!)+!%1+,+Ο∗1!Β∋%99∆∋%9!

!
6+,)∋∗Σ∆)∗,&!⊥(1)+∋9!+:!;∆Σ2∗123!∃∆ΒΒ+∋)%7!Γ+∆9∗,&!Π+1()∗+,!(,7!Χ11∆Β(,13!
!

Μ#! 87Ο∗99∗+,9!(,7!+11∆Β(,13!Β+2∗1∗%9!(,7!Β∋+1%7∆∋%9Λ! ∗,12∆7∗,&!Β∋%:%∋%,1%9! ∗,!
Β∆Σ2∗123!9∆ΒΒ+∋)%7!5+∆9∗,&!!

.#! ∀ΟΒ%7∗Ο%,)9!)+!Ο+Σ∗2∗)3!
β#! Π(1Ω!+:!Ο%(,∗,&:∆2!2(,&∆(&%!(11%99!
Κ#! Π(1Ω!+:!Β∋∗<()%!∗,<%9)Ο%,)!∗,!9Β%1∗:∗1!,%∗&5Σ+∋5++79!
?#! λ∆(2∗)3!+:!(::+∋7(Σ2%!5+∆9∗,&!∗,:+∋Ο()∗+,!Β∋+&∋(Ο9!

!
Α∗9(Σ∗2∗)3!(,7!811%99!∀99∆%9!6+,)∋∗Σ∆)∗,&!⊥(1)+∋9!

Μ#! 811%99!)+!Β∆Σ2∗123!9∆ΒΒ+∋)%7!5+∆9∗,&!:+∋!Β%∋9+,9!Θ∗)5!7∗9(Σ∗2∗)∗%9!
.#! Π(1Ω!+:!(::+∋7(Σ2%Λ!∗,)%&∋()%7!5+∆9∗,&!:+∋!∗,7∗<∗7∆(29!Θ5+!,%%7!9∆ΒΒ+∋)∗<%!9%∋<∗1%9!
β#! Π(1Ω!+:!(99∗9)(,1%!:+∋!5+∆9∗,&!(11%99∗Σ∗2∗)3!Ο+7∗:∗1()∗+,9!
Κ#! Π+1()∗+,!+:!(11%99∗Σ2%!5+∆9∗,&!
?#! Π+99!+:!(::+∋7(Σ2%!5+∆9∗,&!

!
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⊥(∗∋!Γ+∆9∗,&!4,:+∋1%Ο%,)Λ!Χ∆)∋%(15!6(Β(1∗)3Λ!(,7!0%9+∆∋1%9!6+,)∋∗Σ∆)∗,&!⊥(1)+∋9!

Μ#! Π(1Ω!+:!∋%9+∆∋1%9!:+∋!:(∗∋!5+∆9∗,&!(&%,1∗%9!(,7!+∋&(,∗()∗+,9!
!

!
!

Ο%.17∗
!
ε5%!:+22+Θ∗,&!:∗<%!&+(29!Θ%∋%!7%<%2+Β%7!(9!(!∋%9∆2)!+:!)5∗9!8⊥Γφ!

Μ#!∀,1∋%(9%!811%99!)+!8::+∋7(Σ2%!Γ+∆9∗,&!
.#!0%7∆1%!∃∆Σ9)(,7(∋7!Γ+∆9∗,&!
β#!∀,1∋%(9%!4ΟΒ2+3Ο%,)!ε∋(∗,∗,&!(,7!!4ΟΒ2+3Ο%,)!ΧΒΒ+∋)∆,∗)∗%9!
Κ#!∀,1∋%(9%!41+,+Ο∗1!Α%<%2+ΒΟ%,)!81)∗<∗)∗%9!µ!∀,<%9)Ο%,)9!
?#!∀,1∋%(9%!⊥(∗∋!Γ+∆9∗,&!8Θ(∋%,%99!(,7!47∆1()∗+,!
! !
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;;;<! 1(%%/&,∋2!Χ+−∋,Α,∆+∋,(&!Χ−(Α∃##!
 
Μ#! ϑ∃#Α−,:∃!(/∋−∃+Α8! +Α∋,4,∋,∃#! /&Γ∃−∋+Ψ∃&! ∋(! ∃&Α(/−+0∃! +&Γ!:−(+Γ∃&!%∃+&,&0)/5!
Α(%%/&,∋2!∆+−∋,Α,∆+∋,(&!,&!∋8∃!∀∗.!∆−(Α∃##6!,&Α5/Γ,&0!∋8∃!∋2∆∃#!()!(/∋−∃+Α8!+Α∋,4,∋,∃#!+&Γ!
Γ+∋∃#! ()! ∆/:5,Α! 8∃+−,&0#! (−! %∃∃∋,&0#<! ! ;Γ∃&∋,)2! %∃Γ,+! (/∋5∃∋#! /#∃Γ! +&Γ! ,&Α5/Γ∃! +!
Γ∃#Α−,∆∋,(&!()!∃))(−∋#!%+Γ∃!∋(!−∃+Α8!∋8∃!∆/:5,Α6!,&Α5/Γ,&0!∋8(#∃!−∃∆−∃#∃&∋,&0!∆(∆/5+∋,(&#!
∋8+∋!+−∃!∋2∆,Α+552!/&Γ∃−−∃∆−∃#∃&∋∃Γ!,&!∋8∃!∆5+&&,&0!∆−(Α∃##!#/Α8!+#!∆∃−#(&#!ς8(!−∃#,Γ∃!
,&! +−∃+#! ,Γ∃&∋,),∃Γ! +#! Π?1∀Χ#6! ∆∃−#(&#! ς8(! +−∃! 5,%,∋∃Γ! ?&05,#8! ∆−(),Α,∃&∋! Σβ?ΧΤ6! +&Γ!
∆∃−#(&#!ς,∋8!Γ,#+:,5,∋,∃#<!Κ−,∃)52!∃≅∆5+,&!8(ς! ∋8∃#∃! Α(%%/&,Α+∋,(&#!ς∃−∃!Γ∃#,0&∃Γ! ∋(!
−∃+Α8!∋8∃!:−(+Γ∃#∋!+/Γ,∃&Α∃!∆(##,:5∃<!!∗(−!Χ.∀#6!,Γ∃&∋,)2!2(/−!%∃∃∋,&0#!ς,∋8!∋8∃!Π∃#,Γ∃&∋!
∀Γ4,#(−2!Κ(+−Γ!+&Γ!(∋8∃−!−∃#,Γ∃&∋!(/∋−∃+Α8<!

In order to gather the greatest number of viewpoints about the issues affecting the community, the 
City of Greenville conducted several meetings with community leaders and the general public. The 
city worked with local organizations to advertise the events and encourage participation from 
underrepresented groups.  
 
Community Outreach Meeting #1 
On August 8, 2017 at 9:30 am, the City of Greenville held a public meeting to discuss furthering fair 
housing in Greenville. This meeting was held in City Hall. Approximately thirty members of the 
community attended the meeting, which included a presentation and Q&A period. Additionally, local 
media was present to record the event. Issues discussed included public housing, homeownership, 
rental rates, landlord behavior, and other housing issues.     
 
Interdepartmental Roundtable 
On August 8, 2017 at 2:00 pm, leaders in the City of Greenville held a roundtable discussion to 
discuss AFH Goals. Included in this meeting were experts in zoning, fair housing education, 
compliance, home construction, financial literacy education, media outreach, economic 
development, and a neighborhood liaison.  
 
Community Outreach Meeting #2 
On August 8, 2017 at 6:00 pm, consultants for the City of Greenville held a public meeting to discuss 
furthering fair housing in Greenville. This meeting was held at the Lucille W. Gorham 
Intergenerational Community Center which is located in a R/ECAP tract. Government officials were 
not present in order to encourage honest and direct feedback from the community. Approximately 
ten residents attended this meeting. 
 
Public Hearing 
Scheduled: September 14  
 
Assessment of Fair Housing 30-Day Public Comment Period: 
Greenville made the City’s Assessment of Fair Housing available to the public from August 14, 2017 
to September 13, 2017 
!

.#! Χ−(4,Γ∃! +! 5,#∋! ()! (−0+&,α+∋,(&#! Α(&#/5∋∃Γ! Γ/−,&0! ∋8∃! Α(%%/&,∋2! ∆+−∋,Α,∆+∋,(&!
∆−(Α∃##<!!
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6∗)3! +:! Ν∋%%,<∗22%! 6+ΟΟ∆,∗)3! Α%<%2+ΒΟ%,)! Α%Β(∋)Ο%,)Λ! 6∗)3! +:! Ν∋%%,<∗22%! 41+,+Ο∗1! 
Α%<%2+ΒΟ%,)!  ΑŝǀŝƐŝŽŶΛ!  6∗)3!  +:!  Ν∋%%,<∗22%!  ;2(,,∗,&!  ΑŝǀŝƐŝŽŶΛ!  ∆%∃#4∗  <.∃%1)∀.∗
:0;.∃#−0∀#∗%,∗60.1#4∗.∀&∗6∋−.∀∗Μ0∃/)(0Η∗ĂŶĚ ∆<∗6%∋7)∀5∗<%.1)#)%∀͘∗!

β# ϑ∃#Α−,:∃!ς8∃∋8∃−!∋8∃!(/∋−∃+Α8!+Α∋,4,∋,∃#!∃5,Α,∋∃Γ!:−(+Γ!Α(%%/&,∋2!∆+−∋,Α,∆+∋,(&
Γ/−,&0!∋8∃!Γ∃4∃5(∆%∃&∋!()!∋8∃!∀∗.<!!;)!∋8∃−∃!ς+#!5(ς!∆+−∋,Α,∆+∋,(&6!(−!5(ς!∆+−∋,Α,∆+∋,(&!
+%(&0!∆+−∋,Α/5+−!∆−(∋∃Α∋∃Γ!Α5+##!0−(/∆#6!ς8+∋!+ΓΓ,∋,(&+5!#∋∃∆#!%,08∋!,%∆−(4∃!(−!,&Α−∃+#∃!
Α(%%/&,∋2!∆+−∋,Α,∆+∋,(&!,&!∋8∃!)/∋/−∃6!,&Α5/Γ,&0!(4∃−+55!∆+−∋,Α,∆+∋,(&!(−!+%(&0!#∆∃Α,),Α!
∆−(∋∃Α∋∃Γ!Α5+##!0−(/∆#χ!

Efforts to elicit meaningful communication were successful. There was sufficient input from a 
diverse group of citizens and community leaders. Meaningful insight was obtained – this insight 
informed the content of the plan and aided city staff in developing goals.  

Κ# =/%%+−,α∃! +55! Α(%%∃&∋#! (:∋+,&∃Γ! ,&! ∋8∃! Α(%%/&,∋2! ∆+−∋,Α,∆+∋,(&! ∆−(Α∃##<
;&Α5/Γ∃!+!#/%%+−2!()!+&2!Α(%%∃&∋#!(−!4,∃ς#!&(∋!+ΑΑ∃∆∋∃Γ!+&Γ!∋8∃!−∃+#(&#!ς82<!

Meetings: 
Community Outreach Meeting #1 – The following is a summary of the key points that arose during 
the first community outreach meeting on August 8. A complete list of comments is available in the 
appendix. 

−! What type of data is collected and compared in the AFH? 
o Transition from public housing to homeownership
o Comparisons with similar communities, particularly other college towns
o Cost burdens across different communities

−! Segregation 
o Glaring segregation lines along the railroad track
o Families lack the money to leave low-income communities, housing is segregated
o Program changes are needed to encourage affordable housing in strategic areas and

encourage rehabilitation
−! Rental Issues 

o Increasing quickly
o Lack of housing stock for some income categories
o Renters in substandard housing because there are no other options
o Landlords often require double deposits, a $50 application fee, and charge for a

background check, which all prohibits low-income families from finding housing
and leads to homelessness and other instability

o Legal and illegal discrimination is present in the community
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−! Outreach 
o! More effort is needed to educate residents about financial literacy 
o! Landlords and renters need more information about their rights 

 
Interdepartmental Meeting – The following is a summary of the interdepartmental meeting held by 
the City of Greenville on August 8. A complete list of comments is available in the appendix. 

−! Zoning 
o! Currently no affordable housing incentives 
o! All multifamily buildings, whether it has four units or forty units, are viewed the 

same 
−! Increased Capacity 

o! City needs greater code enforcement 
o! City needs a stronger mediation program 

−! Five Goals Prioritized 
o! Increase affordable housing access 
o! Reduce Substandard Housing 
o! Increase Employment Training and Employment Opportunities 
o! Increase Economic Development Activities and Investments. 
o! Increase Fair Housing Awareness and Education 

 
Community Outreach Meeting #2 – The following is a summary of the key points that arose during 
the second community outreach meeting on August 8. A complete list of comments is available in 
the appendix. 

−! Home Ownership 
o! City is not assisting with rehabilitation like it should be 
o! It is difficult for many people to get a loan, even when they meet all the credit 

requirements. There is a perception of discrimination. 
o! The city does not seem to be encouraging affordable housing 

−! R/ECAP Tracts 
o! Lack home ownership opportunities 
o! Lack necessary training to increase economic opportunities 

−! City Programs 
o! Residents perceive the City and County are unhelpful and give residents “the run 

around” 
o! “Housing First” program is needed to help with the homeless populations 
o! Financial education is needed in minority communities 

Public Hearing (TBD) 
!

!

! !
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∀&+52#∃#! ()! ;%∆∃Γ,%∃&∋#6! ∀##∃##%∃&∋#! ()! ∗+,−! .(/#,&06! (−! (∋8∃−! −∃5∃4+&∋! ∆5+&&,&0!
Γ(Α/%∃&∋#Ρ!
!
+<! ϑ,#Α/##!ς8+∋!∆−(0−∃##!8+#!:∃∃&!%+Γ∃! ∋(ς+−Γ! ∋8∃!+Α8,∃4∃%∃&∋!()! )+,−! 8(/#,&0!
0(+5#<!

!
ε5%!1∗)3!+:!Ν∋%%,<∗22%! ∗7%,)∗:∗%7! :∗<%! ∗ΟΒ%7∗Ο%,)9! )+! :(∗∋!5+∆9∗,&! ∗,! ∗)9!.ϑΜβ!8,(239∗9!+:!
∀ΟΒ%7∗Ο%,)9!)+!⊥(∗∋!Γ+∆9∗,&!65+∗1%#!!ε5%3!Θ%∋%φ!
!

∴! ;%∆∃Γ,%∃&∋!ΕΡ!Π(1Ω!+:!(::+∋7(Σ2%!5+∆9∗,&!:+∋1%9!)5%!2+Θ%∋!∗,1+Ο%!Β+Β∆2()∗+,!)+!
:∗,7!(2)%∋,()∗<%!5+∆9∗,&#!

∴! ;%∆∃Γ,%∃&∋! ΙΡ! Π(1Ω! +:! %7∆1()∗+,! (Σ+∆)! 7∗91∋∗Ο∗,()∗+,! (,7! :(∗∋! 5+∆9∗,&! 2(Θ9! ∗,!
Ν∋%%,<∗22%!∋%9∆2)!∗,!1∗)∗%,9!Θ5+!(∋%!∆,(Θ(∋%!+:!∋∗&5)9!+∋!Θ5%∋%!)+!∋%Β+∋)!<∗+2()∗+,9!
(,7!2%,7%∋9!Θ5+!Ο(3!,+)!Σ%!Ω,+Θ2%7&%(Σ2%!(Σ+∆)!:(∗∋!5+∆9∗,&!Β∋(1)∗1%9#!

∴! ;%∆∃Γ,%∃&∋!>Ρ!∃∆Σ9)(,7(∋7!5+∆9∗,&!(,7!2+Θ!Β∋+Β%∋)3!Ο(∗,)%,(,1%!1+,)∋∗Σ∆)%!)+!
)5%!2(1Ω!+:!9(:%Λ!7%1%,)Λ!(,7!9(,∗)(∋3!(::+∋7(Σ2%!5+∆9∗,&#!

∴! ;%∆∃Γ,%∃&∋!ΒΡ!Π∗Ο∗)%7!5+∆9∗,&!+ΒΒ+∋)∆,∗)∗%9!%α∗9)!:+∋!)5%!5+Ο%2%99Λ!)5+9%!Θ5+!(∋%!
()!∋∗9Ω!+:!5+Ο%2%99,%99Λ!(,7!9Β%1∗(2!,%%79!Β+Β∆2()∗+,9#!

∴! ;%∆∃Γ,%∃&∋!ΝΡ!Π(1Ω!+:!(11%99!)+!5+Ο%+Θ,%∋95∗Β!=Σ(9%7!+,!Γ_Α8!(,7!(ΒΒ(∋%,)!
Β∋%7()+∋3!2%,7∗,&!Β∋(1)∗1%9>!2∗Ο∗)!5+∆9∗,&!15+∗1%9#!!

!
;∋+&∋%99!+<%∋!)5%!2(9)!:∗<%!3%(∋9!Θ(9!∋%1+∋7%7!(,,∆(223!)5∋+∆&5!)5%!6+,9+2∗7()%7!8,,∆(2!
;%∋:+∋Ο(,1%! (,7! 4<(2∆()∗+,! 0%Β+∋)#! ! ε5%! 1∗)3! +:! Ν∋%%,<∗22%! 5(9! 1+,)∗,∆(223! Θ+∋Ω%7! ()!
(77∋%99∗,&! )5%! ∗7%,)∗:∗%7! ∗ΟΒ%7∗Ο%,)9! )5∋+∆&5! ∗)9! Β2(,,∗,&! %::+∋)9! (,7! 5(9! )(∋&%)%7!
9Β%1∗:∗1! (∋%(9! (,7! &∋+∆Β9! Θ∗)5∗,! )5%! 1∗)3! Θ∗)5! )5%! 5∗&5%9)! ,%%7! (11+∋7∗,&! )+! )5%!
6+,9+2∗7()%7!;2(,!;∋∗+∋∗)∗%9#!!!
!
3%∃∗!−;0&)−0∀#∗ΕΛ!)5%!1∗)3!Ο(∗,23!)(∋&%)%7!)5%!Ρ%9)!Ν∋%%,<∗22%!0%7%<%2+ΒΟ%,)!8∋%(!Θ∗)5!
,%Θ!9∗,&2%Ψ:(Ο∗23!5+∆9∗,&!1+,9)∋∆1)∗+,#!!ε5%!Σ+∆,7(∋∗%9!+:!)5∗9!(∋%(!(∋%!)5%!ε(∋!0∗<%∋!)+!
)5%!,+∋)5Λ!Ν∋%%,%!∃)∋%%)!)+!)5%!%(9)Λ!ε%,)5!∃)∋%%)!6+,,%1)+∋!)+!)5%!9+∆)5Λ!(,7!_%Ο+∋∗(2!
Α∋∗<%! )+! )5%! Θ%9)#! Χ)5%∋! (1)∗<∗)∗%9! )5()! 5%2Β! )+! Ο(Ω%! 5+∆9∗,&! (::+∋7(Σ2%! ∗,! )5%!
∋%7%<%2+ΒΟ%,)! (∋%(! (,7! (1∋+99! )5%! 1∗)3! (∋%! )5%! +Θ,%∋Ψ+11∆Β∗%7! (,7! ∋%,)(2! 5+∆9∗,&!
∋%5(Σ∗2∗)()∗+,!%::+∋)9!)+!5%2Β!Θ∗)5!Ο(∗,)(∗,∗,&!5+Ο%9! ∗,!)5%!1∗)3Λ!Β∋+Β%∋)3!(1χ∆∗9∗)∗+,!+:!
7∗2(Β∗7()%7! (,7! Σ2∗&5)%7! 5+Ο%9! :+∋! )5%! Β∆∋Β+9%! +:! ∋%Ο+<(2Λ! )%,(,)! 7∗9Β2(1%Ο%,)! (,7!
∋%2+1()∗+,Λ!(,7!)5%!7+Θ,!Β(3Ο%,)!(99∗9)(,1%!Β∋+&∋(Ο9!Θ5∗15!5%2Β9!Θ∗)5!7+Θ,!Β(3Ο%,)!
:∆,79! :+∋! :∗∋9)Ψ)∗Ο%! 2+ΘΨ! (,7! Ο+7%∋()%Ψ∗,1+Ο%! 5+Ο%Σ∆3%∋9! :∋+Ο! :%7%∋(2! (,7! 2+1(223!
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:∆,7%7!9+∆∋1%9#!!⊥∋+Ο!.ϑΜΜ!)+!.ϑΜΕΛ!)5%!1∗)3!1+,9)∋∆1)%7!Μϑ!,%Θ!9∗,&2%Ψ:(Ο∗23!5+Ο%9!(,7!
(29+!9+27!(,+)5%∋!:+∆∋#!!∀,!)5%!9(Ο%!)∗Ο%!Β%∋∗+7Λ!.≅!:∗∋9)Ψ)∗Ο%!2+ΘΨ!(,7!Ο+7%∋()%Ψ∗,1+Ο%!
:(Ο∗2∗%9!∆)∗2∗%7!)5%!7+Θ,ΨΒ(3Ο%,)!(99∗9)(,1%!Β∋+&∋(Ο#!
!
ε5%! 1∗)3! Θ∗22! 1+,)∗,∆%! )+! Β(∋),%∋! Θ∗)5! ,+,Β∋+:∗)9! )+! Σ∆∗27! (::+∋7(Σ2%! ∆,∗)9! :+∋!
5+Ο%+Θ,%∋95∗Β!+∋!2%(9%−Β∆∋15(9%!+Β)∗+,9#!
!
3%∃∗!−;0&)−0∀#∗ΠΗ!)5%!1∗)3!∗9!Θ+∋Ω∗,&!1+,)∗,∆(223!)+!%7∆1()%!∗)9!1∗)∗%,9!(Σ+∆)!:(∗∋!5+∆9∗,&!
2(Θ9! (,7! (,)∗Ψ7∗91∋∗Ο∗,()∗+,! ∋∗&5)9#! ! ∀,! .ϑΜβ! )5%! 1∗)3! ∋%2%(9%7! )5%! .ϑΜβ! 8,(239∗9! +:!
∀ΟΒ%7∗Ο%,)9!)+!⊥(∗∋!Γ+∆9∗,&!65+∗1%!=8∀>Λ!Θ5∗15!Θ(9!(,!(,(239∗9!+:!:(∗∋!5+∆9∗,&!∗,!Ν∋%%,<∗22%Λ!
∗7%,)∗:3∗,&!)5%!:∗<%!Ο+9)!Β∋%99∗,&!∗ΟΒ%7∗Ο%,)9!:+∋!:(∗∋!5+∆9∗,&!∗,!)5%!1∗)3#!!ε5%!8∀!Σ∋+∆&5)!
)+&%)5%∋!(22!)5%!1∗)3ι9!9)(Ω%5+27%∋9!9%%Ω∗,&!)+!:∆∋)5%∋!:(∗∋!5+∆9∗,&!(,7!Β∋+7∆1%7!(!Β2(,!+:!
(1)∗+,! :+∋! %(15! ∗ΟΒ%7∗Ο%,)#! ! ε5%! 1∗)3! (29+! 1+,)∗,∆%9! )+!Ο(∋Ω%)! :(∗∋! 5+∆9∗,&! 9)∋()%&∗%9!
)5∋+∆&5!(7<%∋)∗9%Ο%,)9!∗,!)5%!2+1(2!,%Θ9Β(Β%∋9Λ!9+1∗(2!Ο%7∗(Λ!<(∋∗+∆9!1+ΟΟ∆,∗)3!%<%,)9Λ!
,+,Β∋+:∗)9!(,7!+)5%∋!Ο%7∗(#!!47∆1()∗+,!+:!⊥(∗∋!Γ+∆9∗,&!2(Θ9!+11∆∋9!)5∋+∆&5+∆)!)5%!3%(∋Λ!
Σ∆)!Β%(Ω9!7∆∋∗,&!)5%!Ο+,)5!+:!8Β∋∗2Λ!Θ5∗15!5(9!Σ%%,!7%9∗&,()%7!(9!γ⊥(∗∋!Γ+∆9∗,&!_+,)5η!
∗,!Ν∋%%,<∗22%#!!⊥∗,(223Λ!%::+∋)9!)+!(::∗∋Ο()∗<%23!:∆∋)5%∋!:(∗∋!5+∆9∗,&!∗,!)5%!1∗)3!(∋%!5(,72%7!Σ3!
)5%! 5∆Ο(,! ∋%2()∗+,9! 1++∋7∗,()+∋! Θ5+! 1(,! (77∋%99! 2(,72+∋7−)%,(,)! ∗99∆%9Λ! Β∋+<∗7%!
%Ο%∋&%,13!5+∆9∗,&!(99∗9)(,1%!(,7!1++∋7∗,()%9!+∆)∋%(15#!!ε5∗9!9)(::!Ο%ΟΣ%∋!(29+!9%∋<%9!(9!
(!2∗(∗9+,!)+!)5%!Ν∋%%,<∗22%!Γ∆Ο(,9!0%2()∗+,!6+∆,1∗2Λ!Θ5∗15!∗9!∋%9Β+,9∗Σ2%!:+∋!(7<+1()∗,&!:+∋!
%7∆1()∗+,!Β∋+&∋(Ο9! )5()! %,5(,1%! ∋%2()∗+,95∗Β9Λ! %χ∆(2! +ΒΒ+∋)∆,∗)3Λ!Ο∆)∆(2! ∋%9Β%1)! (,7!
5(∋Ο+,3!∗,!)5%!1∗)3#!!ε5%!1∗)3!5(9!(29+!(77%7!:(∗∋!5+∆9∗,&!Β∋%9%,)()∗+,!)+!)5%!Γ+Ο%Σ∆3%∋!
47∆1()∗+,! Β∋+&∋(Ο#! ! ε5%! 1+ΟΟ∆,∗)3! ∋%2()∗+,9! +::∗1%∋! :∋+Ο! 6+ΟΟ∆,∗)3! Α%<%2+ΒΟ%,)!
Α%Β(∋)Ο%,)!:(1∗2∗)()%9!)5%!9%99∗+,#!
!
3%∃∗ !−;0&)−0∀#∗ ΦΛ! 9∆Σ9)(,7(∋7! 5+∆9∗,&! ∗9! (77∋%99%7! )5∋+∆&5! )5%! +Θ,%∋Ψ+11∆Β∗%7! (,7!
∋%,)(2!5+∆9∗,&!∋%5(Σ∗2∗)()∗+,!%::+∋)9! ∗,!)5%!1∗)3#! !⊥∋+Ο!.ϑΜΜ!)+!.ϑΜΕΛ!Ε?!+Θ,%∋Ψ+11∆Β∗%7!
5+Ο%9!Θ%∋%!∋%5(Σ∗2∗)()%7!)5∋+∆&5!)5%!ΓΧ_4!Β∋+&∋(Ο#!!0%5(Σ∗2∗)()∗+,!:+∋!+Θ,%∋Ψ+11∆Β∗%7!
5+∆9∗,&!Θ(9! :+∋! 2+ΘΨ! (,7!Ο+7%∋()%Ψ∗,1+Ο%!5+∆9%5+279! (,7! 5%2Β%7! ∋%5(Σ! 9∆Σ9)(,7(∋7!
7Θ%22∗,&9! :+∋! 9∗,&2%Ψ:(Ο∗23! 5+Ο%9#! ! ∀,! .ϑΜΜ! (,7! .ϑΜ.Λ! (:)%∋! ∋%5(Σ∗2∗)()∗+,! +:! Ρ∗,92+Θ!
;+∗,)%Λ!(!Ο∆2)∗Ψ:(Ο∗23!7%<%2+ΒΟ%,)!Θ∗)5!≅Κ!∋%,)(2!5+∆9∗,&!∆,∗)9!Θ(9!Ο(7%!(<(∗2(Σ2%!)+!2+ΘΨ!
(,7!Ο+7%∋()%Ψ∗,1+Ο%!5+∆9%5+279!(9!Θ%22#!
!
;∋+Β%∋)3! Θ(9! (1χ∆∗∋%7! ∗,! +∋7%∋! )+! ∋%Ο+<%! 7∗2(Β∗7()%7! 9)∋∆1)∆∋%9! (,7! 1+,9)∋∆1)! ,%Θ!
(::+∋7(Σ2%!5+∆9∗,&!∗,!)5%!1∗)3#!!⊥∋+Ο!.ϑΜΜ!)+!.ϑΜΕΛ!.Μ!7∗2(Β∗7()%7!Β∋+Β%∋)∗%9!Θ%∋%!(1χ∆∗∋%7!
Σ3!)5%!1∗)3!)+!%2∗Ο∗,()%!Σ2∗&5)%7!1+,7∗)∗+,9#!!
!
ε5%!1∗)3!5(9!,+Θ!∗ΟΒ2%Ο%,)%7!(,!4,%∋&3!4::∗1∗%,13!;∋+&∋(Ο!(,7!Ξ∋&%,)!0%Β(∗∋!;∋+&∋(Ο!
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:+∋!+Θ,%∋!+11∆Β∗%7!5+Ο%9!(9!Β(∋)!+:!)5%!ΧΘ,%∋ΨΧ11∆Β∗%7!0%5(Σ∗2∗)()∗+,!;∋+&∋(Ο#!!ε5%!1∗)3!
,+Θ!5(9!(!Β(∋),%∋95∗Β!Θ∗)5!)5%!∃)()%!4ΟΒ2+3%%ι9!6∋%7∗)!Ξ,∗+,!)+!∋%5(Σ∗2∗)()%!+∋!Σ∆∗27!,%Θ!
9∗,&2%Ψ:(Ο∗23!∋%,)(29!+∋!7∆Β2%α%9#!!!
!
3%∃∗!−;0&)−0∀#∗ΘΛ!)5%!1∗)3!1+,)∗,∆%9!)+!9∆ΒΒ+∋)!Β∋+&∋(Ο9!)5()!∗,1∋%(9%!9%2:Ψ9∆::∗1∗%,13!:+∋!
5+Ο%2%99!(,7!()Ψ∋∗9Ω!9Β%1∗(2!,%%79!Β+Β∆2()∗+,9!∗,!Ν∋%%,<∗22%#!∀,!.ϑΜΕΛ!)5%!;∀ε!6+∆,)!Θ(9!
,∗,%!5+∆9%5+279!Θ∗)5!15∗27∋%,!(,7!/≅!Θ∗)5+∆)!Ο∗,+∋!15∗27∋%,#!ε5%!1∗)3!+:!Ν∋%%,<∗22%! ∗9!(!
Ο%ΟΣ%∋!+:!)5%!Η+∋)5!6(∋+2∗,(!∴(2(,1%!+:!∃)()%!6+,)∗,∆∆Ο!+:!6(∋%!=6+6>!(,7!Ο%%)9!Θ∗)5!
)5%!6+6!Ο+,)523!)+!7∗91∆99! ∗99∆%9!(::%1)∗,&!)5%!5+Ο%2%99!Β+Β∆2()∗+,! ∗,!)5%!1∗)3!(,7!)5%!
∋%&∗+,!(,7!)+!7%<%2+Β!+,&+∗,&!9)∋()%&∗%9!)+!Β∋+<∗7%!(99∗9)(,1%!)+!)5∗9!&∋+∆Β#!!!
!
ε5%!1∗)3Λ!(2+,&!Θ∗)5!)5%!;∗))!6+∆,)3!∴+(∋7!+:!6+ΟΟ∗99∗+,%∋9Λ!(29+!(7+Β)%7!∋%9+2∆)∗+,9!∗,!
.ϑϑ/! )+! 7%<%2+Β! (! ΜϑΨ3%(∋! Β2(,! )+! %,7! 15∋+,∗1! 5+Ο%2%99,%99! ∗,! ;∗))! 6+∆,)3#! ! ⊥∗,(,1∗(2!
(99∗9)(,1%! )5∋+∆&5! )5%! 6Α∴Ν! Β∋+&∋(Ο! Θ(9! Β∋+<∗7%7! )+! )5%! 6%,)%∋! +:! ⊥(Ο∗23! Φ∗+2%,1%!
;∋%<%,)∗+,Λ!Θ5∗15!Β∋+<∗7%9!%Ο%∋&%,13!5+∆9∗,&!)+!Σ())%∋%7!Θ+Ο%,!(,7!3+∆,&!15∗27∋%,#!!
ε∋(,9∗)∗+,(2!5+∆9∗,&!Θ(9!(29+!Β∋+<∗7%7!)5∋+∆&5!)5%!1%,)%∋!(,7!∗9!7%9∗&,%7!)+!Σ%!(!Σ∋∗7&%!
:∋+Ο!5+Ο%2%99,%99!)+!9%2:Ψ9∆::∗1∗%,)!Β%∋Ο(,%,)!5+∆9∗,&#!
!
∀,!.ϑΜΕΛ!)5%!1∗)3!(9!(!Ο%ΟΣ%∋!+:!)5%!;∗))!6+∆,)3!6+6!(,7!)5%!Γ+∆9∗,&!8∆)5+∋∗)3!+:!)5%!6∗)3!
+:! Ν∋%%,<∗22%! =Γ86Ν>! (99∗9)%7! Κϑ! ∗,7∗<∗7∆(29! Θ∗)5! Γ∀Φ−8∀Α∃! Θ∗)5! 5+∆9∗,&! +ΒΒ+∋)∆,∗)∗%9!
∆9∗,&! Γ+∆9∗,&! ΧΒΒ+∋)∆,∗)∗%9! :+∋! ;%∋9+,9! Θ∗)5! 8∀Α∃! =ΓΧ;Ρ8>! :∆,79#! ! 6∆∋∋%,)23Λ! Γ86Ν!
Ο(,(&%9! Μϑ! ∆,∗)9! 7%9∗&,()%7! :+∋! Γ∀Φ−8∀Α∃! ∗,7∗<∗7∆(29#! ! 6(9%!Ο(,(&%Ο%,)! 9%∋<∗1%9! (∋%!
Β∋+<∗7%7!∗,!Β(∋),%∋95∗Β!Θ∗)5!)5%!;∗))!6+∆,)3!8∀Α∃!∃%∋<∗1%!Χ∋&(,∗()∗+,#!!!

⊥∗,(223Λ! )5%! Ν∋%%,<∗22%! ;+2∗1%! Α%Β(∋)Ο%,)! (,7! Π#∀#⊥#4#! +:! Η6Λ! ∀,1#! Α∴8! ∃ε0∀Φ4! 5(<%!
1+22(Σ+∋()%7!)+&%)5%∋!)+!∗ΟΒ2%Ο%,)!(!Β∋∗9+,%∋!∋%Ψ%,)∋3!Β∋+&∋(Ο!∗,!)5%!1∗)3!+:!Ν∋%%,<∗22%#!!
ε5∗9!Β∋+&∋(Ο!Θ(9!Ο(7%!Β+99∗Σ2%!)5∋+∆&5!(!&∋(,)!:∆,7%7!Σ3!)5%!Η+∋)5!6(∋+2∗,(!Ν+<%∋,+∋ι9!
6∋∗Ο%!6+ΟΟ∗99∗+,#!!

3%∃∗!−;0&)−0∀#∗ΡΗ!)+!(77∋%99!)5%!2(1Ω!+:!(11%99!)+!5+Ο%+Θ,%∋95∗Β!=Σ(9%7!+,!Γ_Α8!(,7!
(ΒΒ(∋%,)! Β∋%7()+∋3! 2%,7∗,&! Β∋(1)∗1%9>Λ! )5%! 1∗)3ι9! %::+∋)9! Θ%∋%! :+1∆9%7! +,! ! %7∆1()∗,&!
Β+)%,)∗(2!5+Ο%Σ∆3%∋9#!!ε5%!1∗)3!1+,7∆1)%7!Β∋+Β%∋)3!Ο(,(&%∋!9%Ο∗,(∋9!)5()!Θ%∋%!())%,7%7!
Σ3!Ε≅!∗,7∗<∗7∆(29#!822!:∗∋9)Ψ)∗Ο%!5+Ο%Σ∆3%∋9!∗,!)5%!1∗)3!(∋%!∋%χ∆∗∋%7!)+!())%,7!(!Θ+∋Ω95+Β!
:+∋!⊥(∗∋!Γ+∆9∗,&!47∆1()∗+,#!!829+Λ!(77∗)∗+,(2!Θ+∋Ω95+Β9!+,!:(∗∋!5+∆9∗,&Λ!2%,7∗,&!Β∋(1)∗1%9!
(,7!(11%99!Θ%∋%! 915%7∆2%7! )5∋+∆&5+∆)! )5%!Β∋+&∋(Ο!3%(∋!(,7!(∋%!+,&+∗,&#! ! ∀,! )5%!Β(9)!
)5∋%%!3%(∋9!(2+,%Λ!)5%∋%!5(<%!Σ%%,!Ο+∋%!)5(,!.?ϑ!Β(∋)∗1∗Β(,)9!()!)5%9%!Θ+∋Ω95+Β9#!
!
!
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:<! ϑ,#Α/##!8(ς!#/ΑΑ∃##)/5!,&!+Α8,∃4,&0!∆+#∋!0(+5#6!+&Γ(−!8(ς!,∋!8+#!)+55∃&!#8(−∋!()!
+Α8,∃4,&0!∋8(#∃!0(+5#!Σ,&Α5/Γ,&0!∆(∋∃&∋,+552!8+−%)/5!/&,&∋∃&Γ∃Γ!Α(&#∃Ζ/∃&Α∃#Τ<!

!
Ν∋%%,<∗22%ι9! Γ+∆9∗,&!Α∗<∗9∗+,! 1+,9∗9)%,)23! %<(2∆()%9! )5%! 6Α∴Ν! (,7!ΓΧ_4! Β∋+&∋(Ο9! :+∋!
%::∗1∗%,13!(,7!∋%&∆2(∋23!∆Β7()%9!)5%!∋%χ∆∗∋%Ο%,)9!(,7!Β∋+1%7∆∋%9!(9!,%%7%7!+,!(,!(,,∆(2!
Σ(9∗9#!!!
!
∃+Ο%!5∗&52∗&5)9!+:!9∆11%99!(∋%!)5%!7%Ο+2∗)∗+,!+:!9∆Σ9)(,7(∋7!(,7!(Σ(,7+,%7!Β∋+Β%∋)∗%9Λ!
Θ5∗15!5(<%!∗ΟΒ∋+<%7!)5%!2∗<∗,&!1+,7∗)∗+,9!+:!2+ΘΨ!(,7!Ο+7%∋()%Ψ∗,1+Ο%!,%∗&5Σ+∋5++79#!!
ε5%!Ο(ς+∋∗)3!+:!,%Θ!∋%,)(2!Β∋+Β%∋)∗%9!∗,!)5%!1∗)3!(∋%!,+Θ!()!+∋!,%(∋!Ο(∋Ω%)!∋()%9#!
!
∀,!)5%!Β(9)!:∗<%!3%(∋9Λ!)5%!6Α∴Ν!Β∋+&∋(Ο!5(9!∋%1+∋7%7!,+!:(∗2∆∋%9#!81)∗<∗)∗%9!+:!)5%!Β∋+&∋(Ο!
(∋%!(11+ΟΒ2∗95%7!∗,!(11+∋7(,1%!Θ∗)5!:+22+Θ∗,&!Η()∗+,(2!ΧΣς%1)∗<%9!+:!)5%!:∆,7∗,&#!!ε5%∋%!
∗9!(29+!,+!∋%1+∋7!+:!Ν∋%%,<∗22%!%αΒ%∋∗%,1∗,&!Β+)%,)∗(223!5(∋Ο:∆2!∆,∗,)%,7%7!1+,9%χ∆%,1%9!
(9!(!∋%9∆2)!+:!)5%!(1)∗+,9!)(Ω%,!Σ3!)5%!1∗)3!)+!(77∋%99!:∆∋)5%∋∗,&!:(∗∋!5+∆9∗,&!Θ∗)5∗,!∗)9!2∗Ο∗)9#!!
4<%,!Θ∗)5!)5%!2∗Ο∗)%7!:∆,7∗,&!(<(∗2(Σ2%Λ!)5%!1∗)3!5(9!(77∋%99%7!(22!+:!)5%!&+(29!9%)!:+∋)5!Σ3!
∗)9!Β2(,9#!!ε+!(99∗9)!∗,!9∆11%99:∆223!(15∗%<∗,&!)5%9%!&+(29Λ!Ν∋%%,<∗22%!2%<%∋(&%7!:∆,79!:∋+Ο!
:%7%∋(2!:∆,79!(,7!(!<(∋∗%)3!+:!+)5%∋!9+∆∋1%9#!
!
ε5%∋%!(∋%Λ!5+Θ%<%∋Λ! 9+Ο%!(∋%(9!Θ5%∋%! )5%!1∗)3! 9%%9!(!,%%7! :+∋! ∗ΟΒ∋+<%Ο%,)#! !ε5%! )(α!
1∋%7∗)!Β∋+Β%∋)∗%9!∗,!Ν∋%%,<∗22%!+::%∋!2+Θ%∋Ψ1+9)!∋%,)(2!∆,∗)9Λ!Σ∆)!∗)!9)∗22!2%(<%9!+∆)!:(Ο∗2∗%9!
1(∆&5)!∗,!)5%!Ο∗772%!?ϑΨ≅ϑ!Β%∋1%,)!Ο%7∗(,!∗,1+Ο%!Σ∋(1Ω%)9!(,7!2(∋&%!:(Ο∗2∗%9#!⊥(Ο∗2∗%9!+:!
:∗<%!+∋!Ο+∋%!5(<%!(!2∗Ο∗)%7!9%2%1)∗+,!)+!15++9%!:∋+Ο!7∆%!)+!(!95+∋)(&%!+:!5+∆9∗,&!9)+1Ω!
2(∋&%!%,+∆&5!)+!(11+ΟΟ+7()%!)5%∗∋!,%%79#!!⊥∗,(223Λ!)5%!1∗)3!∋%1+&,∗%9!)5%!,%%7!:+∋!,%Θ!
∋%,)(2!1+,9)∋∆1)∗+,!)5()!9%∋<%9!(!7∗<%∋9∗)3!+:!∋%,)%∋9#!Χ<%∋!)5%!Β(9)!)Θ+!3%(∋9Λ!!)5%!1∗)3!5(9!
Ο+9)23!)(∋&%)%7!)5%!9)∆7%,)!Β+Β∆2()∗+,#!
!
Α<! ϑ,#Α/##! +&2! +ΓΓ,∋,(&+5! ∆(5,Α,∃#6! +Α∋,(&#6! (−! #∋∃∆#! ∋8+∋! ∋8∃! ∆−(0−+%! ∆+−∋,Α,∆+&∋!
Α(/5Γ!∋+Ψ∃!∋(!+Α8,∃4∃!∆+#∋!0(+5#6!(−!%,∋,0+∋∃!∋8∃!∆−(:5∃%#!,∋!8+#!∃≅∆∃−,∃&Α∃Γ<!!

!

0%1%,)! (,7! Β(9)! Β2(,9! 7∗7! ,+)! (77∋%99! ∗ΟΒ+∋)(,)!8⊥⊥Γ!Ο%(9∆∋%9! 9∆15! (9! ∋(1∗(2! (,7−+∋!
%)5,∗1(223! 1+,1%,)∋()%7! (∋%(9! +:! Β+<%∋)3! =0−468;>! )∋(1)9Λ! +ΒΒ+∋)∆,∗)3! ∗,7∗1()+∋9! +∋!
7∗99∗Ο∗2(∋∗)3! ∗,7∗1%9#! ! ε5%9%!Ο%(9∆∋%9! 5%2Β! 9Β%1∗:3! 2+1()∗+,9! (,7! Σ%,%:∗1∗(∋∗%9! (,7! 5%2Β!
Β∋+<∗7%!9+2∆)∗+,9!:+∋!(::∗∋Ο()∗<%23!:∆∋)5%∋∗,&!:(∗∋!5+∆9∗,&!Θ∗)5∗,!)5%!1∗)3!2∗Ο∗)9#!!∀,!)5%!Β(9)Λ!
)5%! 1∗)3! 5(9! Β∋∗+∋∗)∗%7! )5%! Ρ%9)! Ν∋%%,<∗22%! 0%7%<%2+ΒΟ%,)! 8∋%(! =6%,9∆9! ε∋(1)!
β/Μβ/ϑϑϑ/ϑΜ>Λ!Θ5∗15!)∋(7∗)∗+,(223!5(9!Σ%%,!(,!(∋%(!Θ5%∋%!)5%∋%!∗9!(!5∗&5!Β+Β∆2()∗+,!+:!
Ο∗,+∋∗)3!Σ2(1Ω9!(,7!(29+!(,!(∋%(!+:!Θ5%∋%!Β+<%∋)3!∗9!5∗&5!∗,!)5%!1∗)3#! ! ∀,!.ϑϑϑΛ!)5%!Ρ%9)!
Ν∋%%,<∗22%!0%7%<%2+ΒΟ%,)!8∋%(!Θ(9!%9)(Σ2∗95%7!∗,!1%,9∆9!)∋(1)!β/ΜΚ/ϑϑϑ/ϑΜΛ!Θ5∗15!Θ(9!
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)5%!+,23!0−468;!)∋(1)!∗,!)5%!1∗)3!()!)5()!)∗Ο%#!ε5%!1∗)3!+:!Ν∋%%,<∗22%!1(,!(7+Β)!ΓΞΑι9!,%Θ!
Ο%(9∆∋%9!+:!0−468;!)∋(1)9Λ!+ΒΒ+∋)∆,∗)3!∗,7∗1()+∋9!(,7!7∗99∗Ο∗2(∋∗)3!∗,7%α%9!)+!(2∗&,!Ο+∋%!
12+9%23!)+!ΓΞΑι9!:(∗∋!5+∆9∗,&!Ο%(9∆∋%9#!

!

ε5%!0%,)(2! 0%5(Σ∗2∗)()∗+,! ;∋+&∋(Ο!5(9! Σ%%,! ∗,9)∋∆Ο%,)(2! ∗,! )5%!Ο(∗,)%,(,1%! +:!Ο∆2)∗Ψ
:(Ο∗23! ∋%,)(2! ∆,∗)9! ∗,! )5%! 1∗)3Λ! 5+Θ%<%∋Λ! )5%∋%! ∗9! (! ,%%7! )+! ∗ΟΒ2%Ο%,)! )5∗9! Β∋+&∋(Ο! :+∋!
9∗,&2%Ψ:(Ο∗23!5+Ο%9!(,7!7∆Β2%α%9#!

!

8!1∋%()∗+,!+:!(!∋%,)(2!∋%&∗9)∋3!:+∋!Β∋+Β%∋)∗%9!Θ+∆27!Σ%!Σ%,%:∗1∗(2!:+∋!Β∋+Β%∋)∗%9!)5()!Ο%%)!
Ο∗,∗Ο∆Ο!5+∆9∗,&!9)(,7(∋79!(,7!5(<%!Σ%%,!Ο(7%!2%(7!9(:%#!!ε5∗9!Θ+∆27!5%2Β!)5%!6∗)3!Θ∗)5!
Ο(∗,)(∗,∗,&!∋%1+∋79!(,7!(29+!Σ%!∗,)%&∋(2!:+∋!∋%9∗7%,)9!(9!)5%3!9%%Ω!+∋!2∗<%!∗,!)5%∗∋!5+Ο%9#!

!

6∆∋∋%,)23Λ!:(∗∋!5+∆9∗,&!9%Ο∗,(∋9!(∋%!9Β+,9+∋%7!Σ3!)5%!1∗)3!(,,∆(223!∗,!8Β∋∗2!(9!Β(∋)!+:!)5%!
⊥(∗∋!Γ+∆9∗,&!_+,)5!(1)∗<∗)∗%9#!ε5%9%!Ω∗,79!+:!%7∆1()∗+,(2!+∆)∋%(15!Β∋+&∋(Ο9!,%%7!)+!Σ%!
%αΒ(,7%7! ∗,! )%∋Ο9! +:! :∋%χ∆%,13! (,7! (∆7∗%,1%#! 877∗)∗+,(2! +∆)∋%(15! %::+∋)9! 95+∆27! Σ%!
7∗∋%1)%7!)+!2(,72+∋79!(,7!Β∋+Β%∋)3!Ο(,(&%∋9!(9!Θ%22!(9!∋%9∗7%,)9!(,7!Β+)%,)∗(2!∋%9∗7%,)9#!!!

!

Γ<! ϑ,#Α/##! 8(ς! ∋8∃! ∃≅∆∃−,∃&Α∃! ()! ∆−(0−+%! ∆+−∋,Α,∆+&∋Σ#Τ! ς,∋8! ∆+#∋! 0(+5#! 8+#!
,&)5/∃&Α∃Γ!∋8∃!#∃5∃Α∋,(&!()!Α/−−∃&∋!0(+5#<!
!

Χ<%∋!)5%! 2(9)! :∗<%Ψ3%(∋!Β2(,,∗,&!Β%∋∗+7Λ!)5%!1∗)3!+:!Ν∋%%,<∗22%!5(9!1+,)∗,∆(223!(77%7!(,7!
∋%5(Σ∗2∗)()%7!Ο(,3!(::+∋7(Σ2%!5+∆9∗,&!∆,∗)9Λ!Θ5∗15!1+,)∋∗Σ∆)%!&∋%()23!)+!)5%!(::+∋7(Σ∗2∗)3!
+:!5+∆9∗,&!∗,!)5%!1∗)3#!ε5%!7%Ο(,7!:+∋!(::+∋7(Σ2%!5+∆9∗,&!1+,)∗,∆%9!)+!+∆)Β(1%!9∆ΒΒ23Λ!(!
1+,7∗)∗+,! %α(1%∋Σ()%7! Σ3! (! &∋+Θ∗,&! Β+Β∆2()∗+,! +:! 2+ΘΨ∗,1+Ο%! ∗,7∗<∗7∆(29! (,7! :(Ο∗2∗%9!
1+ΟΒ2∗1()%7!Σ3!∋∗9∗,&!5+∆9∗,&!1+9)9Λ!(77∗,&!)+!)5%!5+∆9∗,&!1+9)!Σ∆∋7%,#!
!
∀,!Β(9)!Β2(,9Λ!)5%!1∗)3! ∗7%,)∗:∗%7!)5%!Ρ%9)!Ν∋%%,<∗22%!0%7%<%2+ΒΟ%,)!8∋%(!=6%,9∆9!ε∋(1)!
β/Μβ/ϑϑϑ/ϑΜ>! (9! (,! (∋%(! )5()! 5(9! (! 5∗&5! ,%%7! :+∋! (::+∋7(Σ2%! 5+∆9∗,&#! ε5%!Ο(ς+∋∗)3! +:!
,+∋)5Θ%9)!Ν∋%%,<∗22%!5(9!%αΒ%∋∗%,1%7!5∗&5%∋! 2%<%29!+:!Β+<%∋)3! )5(,! )5%! ∋%9)!+:! )5%!1∗)3#!!
0−468;! )∋(1)9! 5(<%! Β%∋9∗9)%7! +<%∋! 9%<%∋(2! 7%1(7%9Λ! Θ5∗15! ∗,7∗1()%9! )5%! ,%%7! )+! Σ+)5!
∗ΟΒ∋+<%! 1+,7∗)∗+,9! :+∋! ∋%9∗7%,)9! (,7! 9)∋()%&∗1(223! )+! 1∋%()%! (::+∋7(Σ2%! 5+∆9∗,&! +Β)∗+,9!
%29%Θ5%∋%#!ε5%!:+∋Ο%∋!1(,!Σ%!(77∋%99%7!Σ3!∗ΟΒ∋+<%7!)∋(,9∗)Λ!915++2!9∆ΒΒ+∋)∗<%!9%∋<∗1%9!
(,7!ς+Σ!)∋(∗,∗,&#!ε5%!2())%∋!Θ∗22!∋%9∆2)!:∋+Ο!∗,1∋%(9%7!7%<%2+ΒΟ%,)#!!  
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Φ<! ∗+,−!.(/#,&0!∀&+52#,#!
 

∀<! ϑ∃%(0−+∆8,Α!=/%%+−2!
!
1.! ϑ∃#Α−,:∃!Γ∃%(0−+∆8,Α!∆+∋∋∃−&#!,&!∋8∃!δ/−,#Γ,Α∋,(&!+&Γ!−∃0,(&6!+&Γ!Γ∃#Α−,:∃!
∋−∃&Γ#!(4∃−!∋,%∃!Σ#,&Α∃!ΕΘΘΞΤ<!

!

Π+Α,+5?∋8&,Α!Χ(∆/5+∋,(&#!

Ν∋%%,<∗22%!∗9!∗,!)5%!%(9)Ψ1%,)∋(2!Β+∋)∗+,!+:!Η+∋)5!6(∋+2∗,(!(,7!∗9!)5%!Β∋∗,1∗Β(2!1∗)3!:+∋!)5%!
Ν∋%%,<∗22%!_%)∋+Β+2∗)(,!∃)()∗9)∗1(2!8∋%(!=_∃8>!1+,)(∗,%7!∗,!;∗))!6+∆,)3#!Ρ5%,!∋%:%∋%,1%!∗9!
Ο(7%!)+!)5%!∋%&∗+,!+∋!)5%!ς∆∋∗97∗1)∗+,!∗,!)5∗9!∋%Β+∋)!∗)!Β%∋)(∗,9!)+!)5%!_∃8#!!ε5%!∋(1∗(2!(,7!
%)5,∗1!7%Ο+&∋(Β5∗19!+:!Ν∋%%,<∗22%!(∋%!9∗Ο∗2(∋! )+!)5%!∋%9)!+:! )5%!∋%&∗+,#!ε5%!Θ5∗)%Λ!,+,Ψ
Γ∗9Β(,∗1!Β+Β∆2()∗+,!Ο(Ω%9!∆Β!)5%!Ο(ς+∋∗)3!∗,!)5%!1∗)3!()!??#≅?!Β%∋1%,)Λ!Θ5∗15!∗9!12+9%!)+!
)5%!∋%&∗+,(2!Θ5∗)%Λ!,+,ΨΓ∗9Β(,∗1!Β+Β∆2()∗+,!+:!?/#Μ.!Β%∋1%,)#!ε5%!Γ∗9Β(,∗1!Β+Β∆2()∗+,!∗,!
Ν∋%%,<∗22%! ∗9!92∗&5)23! 2+Θ%∋!)5(,!)5%!∋%&∗+,Λ!Κ#ϑ.!Β%∋1%,)!(,7!?#Κ/!Β%∋1%,)Λ!∋%9Β%1)∗<%23#!
ε5%!Σ2(1ΩΛ!,+,ΨΓ∗9Β(,∗1!Β+Β∆2()∗+,!∗9!)5%!9%1+,7!2(∋&%9)!∋(1∗(2!&∋+∆Β!()!β?#Ε?!Β%∋1%,)!∗,!
Ν∋%%,<∗22%!(,7!ββ#/Ι!Β%∋1%,)!∗,!)5%!∋%&∗+,!(9!(!Θ5+2%#!ε5%!:+22+Θ∗,&!)(Σ2%!95+Θ9!)5%!∋(1∗(2!
(,7!%)5,∗1!7%Ο+&∋(Β5∗19!:+∋!)5%!ς∆∋∗97∗1)∗+,!(,7!)5%!∋%&∗+,#!
!
9+:5∃Ρ!Π+Α,+5!+&Γ!?∋8&,Α!ϑ∃%(0−+∆8,Α#!

Π+Α∃?∋8&,Α,∋2!
Υ/−,#Γ,Α∋,(&Ρ!3−∃∃&4,55∃! Π∃0,(&Ρ!3−∃∃&4,55∃!ε=∀!

φ! γ! φ! γ!

Ρ5∗)%Λ!Η+,ΨΓ∗9Β(,∗1! Κ/Λβ?Κ! ??#≅?ν! ΙΕΛϑβ≅! ?/#Μ.ν!

∴2(1ΩΛ!Η+,ΨΓ∗9Β(,∗1! βϑΛ../! β?#Ε?ν! ?ΕΛ≅Μβ! ββ#/Ιν!

Γ∗9Β(,∗1! βΛΚϑ≅! Κ#ϑ.ν! ΙΛ.ϑ.! ?#Κ/ν!

89∗(,!+∋!;(1∗:∗1!∀92(,7%∋Λ!Η+,ΨΓ∗9Β(,∗1! ΜΛΙϑΙ! .#.?ν! .ΛΕβ.! Μ#?/ν!

Η()∗<%!8Ο%∋∗1(,Λ!Η+,ΨΓ∗9Β(,∗1! .Κ/! ϑ#.Ιν! Κ/Κ! ϑ#.≅ν!

εΘ+!+∋!_+∋%!0(1%9Λ!Η+,ΨΓ∗9Β(,∗1! ΜΛΚΙ.! Μ#/Εν! .ΛΕΙΙ! Μ#ΕΜν!

Χ)5%∋Λ!Η+,ΨΓ∗9Β(,∗1! ΜΚΚ! ϑ#Μ/ν! .Ιϑ! ϑ#Μ/ν!

∃+∆∋1%φ!Α%1%,,∗(2!6%,9∆9Λ!.ϑΜϑ!

!

∃∗,1%!ΜΙΙϑΛ!Ν∋%%,<∗22%!5(9!∆,7%∋&+,%!(!92∗&5)!7%Ο+&∋(Β5∗1!95∗:)#!ε5%!Θ5∗)%Λ!,+,ΨΓ∗9Β(,∗1!
Β+Β∆2()∗+,! ∗,1∋%(9%7! :∋+Ο! β?Λ.Ι.! Β%∋9+,9! )+! Κ/Λβ?ΚΛ! Σ∆)Λ! 7%9Β∗)%! )5%! &∋+Θ)5Λ! )5%!
Β%∋1%,)(&%! +:! )5%! Β+Β∆2()∗+,! )5()! ∗7%,)∗:3! (9! Θ5∗)%Λ! ,+,ΨΓ∗9Β(,∗1! ∋%7∆1%7! :∋+Ο! ΕΕ#..!
Β%∋1%,)! )+! ??#≅?! Β%∋1%,)#! Α∆∋∗,&! )5()! 9(Ο%!Β%∋∗+7Λ! )5%! Σ2(1ΩΛ! ,+,ΨΓ∗9Β(,∗1! Β+Β∆2()∗+,!
&∋%Θ!:∋+Ο!ΜΕΛ≅.Ε!∗,!ΜΙΙϑ!)+!βϑΛ../Λ!+∋!(,!∗,1∋%(9%!:∋+Ο!βΜ#??!Β%∋1%,)!)+!β?#Ε?!Β%∋1%,)#!
ε5%!Γ∗9Β(,∗1! Β+Β∆2()∗+,! 5(9! &∋+Θ,! Σ3! ,%(∋23! %∗&5)Ψ:+27! 9∗,1%! ΜΙΙϑ! :∋+Ο! ΚΕϑ! )+! βΛΚϑ≅Λ!
Ο(Ω∗,&!)5%Ο!)5%!)5∗∋7!Ο+9)!Β+Β∆2+∆9!%)5,∗1!&∋+∆Β!∗,!)5%!1∗)3#!ε5%!89∗(,!+∋!;(1∗:∗1!∀92(,7!
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Β+Β∆2()∗+,!,%(∋23!!χ∆(7∋∆Β2%7!:∋+Ο!??Ι!)+!ΜΛΙϑΙ#!
!
ε5%!+<%∋(22! ∋%&∗+,!5(9!∆,7%∋&+,%! 9∗Ο∗2(∋! 95∗:)9! ∗,! ∋(1∗(2! (,7!%)5,∗1!7%Ο+&∋(Β5∗19! 9∗,1%!
ΜΙΙϑ#! ε5%! Θ5∗)%Λ! ,+,ΨΓ∗9Β(,∗1! Β+Β∆2()∗+,! 5(9! &∋+Θ,! :∋+Ο! /ϑΛΜΙ≅! )+! ΙΕΛϑβ≅Λ! Σ∆)! )5∗9!
&∋+Θ)5! 5(9! ,+)! Ο()15%7! +<%∋(22! Β+Β∆2()∗+,! &∋+Θ)5! (,7! )5%! Θ5∗)%! Β+Β∆2()∗+,!
∋%Β∋%9%,)()∗+,!5(9!95∋∆,Ω!:∋+Ο!Ε?#ϑΚ!Β%∋1%,)!)+!?/#Μ.!Β%∋1%,)#!ε5%!Σ2(1ΩΛ!,+,ΨΓ∗9Β(,∗1!
Β+Β∆2()∗+,!&∋%Θ!:∋+Ο!β?Λ/ΙΕ!∗,!ΜΙΙϑ!)+!?ΕΛ≅Μβ#!ε5%!Γ∗9Β(,∗1!Β+Β∆2()∗+,!5(7!)5%!5∗&5%9)!
∋()%!+:!&∋+Θ)5!:∋+Ο!Μ≅Κ!=+∋!ϑ#Μ/!Β%∋1%,)!+:!)5%!Β+Β∆2()∗+,>!)+!ΙΛ.ϑ.!=?#Κ/!Β%∋1%,)>#!ε5%!
:+22+Θ∗,&!)(Σ2%!95+Θ9!)5%!∋(1∗(2!(,7!7%Ο+&∋(Β5∗1!)∋%,79!:+∋!)5%!ς∆∋∗97∗1)∗+,!(,7!)5%!∋%&∗+,#!
!

!

! !

9+:5∃Ρ!Π+Α,+5!+&Γ!ϑ∃%(0−+∆8,Α!9−∃&Γ#!

Π+Α∃?∋8&,Α,∋2!

Υ/−,#Γ,Α∋,(&Ρ!3−∃∃&4,55∃!

ΕΘΘΞ!9−∃&Γ! ΙΞΞΞ!9−∃&Γ! ΙΞΕΞ!9−∃&Γ! 1/−−∃&∋!

φ! γ! φ! γ! φ! γ! φ! γ!

Ρ5∗)%Λ!Η+,ΨΓ∗9Β(,∗1! β?Λβ.ϑ! ΕΕ#..ν! ΚΜΛ?ϑΙ! ΕΜ#≅Κν! Κ/Λβ?Κ! ??#≅?ν! Κ/Λβ?Κ! ??#≅?ν!

∴2(1ΩΛ!Η+,ΨΓ∗9Β(,∗1! ΜΕΛ≅.Ε! βΜ#??ν! ..Λ./β! ββ#Μ≅ν! βΜΛΜβΙ! βΕ#/βν! βϑΛ../! β?#Ε?ν!

Γ∗9Β(,∗1! ΚΕϑ! ϑ#≅Εν! ΜΛΚ/Ι! .#.ϑν! βΛΚϑ≅! Κ#ϑ.ν! βΛΚϑ≅! Κ#ϑ.ν!

89∗(,!+∋!;(1∗:∗1!∀92(,7%∋Λ!Η+,ΨΓ∗9Β(,∗1! ??Ι! Μ#ϑ?ν! ΜΛβΜ?! Μ#ΙΕν! .ΛβϑΜ! .#/Μν! ΜΛΙϑΙ! .#.?ν!

Η()∗<%!8Ο%∋∗1(,Λ!Η+,ΨΓ∗9Β(,∗1! ΜΜϑ! ϑ#.Μν! ./ϑ! ϑ#Κϑν! ΚϑΜ! ϑ#Κ/ν! .Κ/! ϑ#.Ιν!

Π+Α∃?∋8&,Α,∋2!

Π∃0,(&Ρ!3−∃∃&4,55∃!ε=∀!

ΕΘΘΞ!9−∃&Γ! ΙΞΞΞ!9−∃&Γ! ΙΞΕΞ!9−∃&Γ! 1/−−∃&∋!

φ! γ! φ! γ! φ! γ! φ! γ!

Ρ5∗)%Λ!Η+,ΨΓ∗9Β(,∗1! /ϑΛΜΙ≅! Ε?#ϑΚν! ≅ΜΛΕϑ?! Εϑ#ΙΙν! ΙΕΛϑβ≅! ?/#Μ.ν! ΙΕΛϑβ≅! ?/#Μ.ν!

∴2(1ΩΛ!Η+,ΨΓ∗9Β(,∗1! β?Λ/ΙΕ! ββ#ΜΕν! Κ?Λβ?.! ββ#≅Ιν! ?≅Λ?./! βΚΛ≅Μν! ?ΕΛ≅Μβ! ββ#/Ιν!

Γ∗9Β(,∗1! Μ≅Κ! ϑ#Μ/ν! ΚΙ.! ϑ#β/ν! ΙΛ.ϑ.! ?#Κ/ν! ΙΛ.ϑ.! ?#Κ/ν!

89∗(,!+∋!;(1∗:∗1!∀92(,7%∋Λ!Η+,ΨΓ∗9Β(,∗1! Ε/Ε! ϑ#Εβν! ΜΛ/.Μ! Μ#.Ιν! βΛ.Κβ! Μ#Ιβν! .ΛΕβ.! Μ#?/ν!

Η()∗<%!8Ο%∋∗1(,Λ!Η+,ΨΓ∗9Β(,∗1! ΙΕΜ! ϑ#≅Ιν! ΚΛ.ϑ≅! β#ΜΚν! /ΙΚ! ϑ#Κ/ν! Κ/Κ! ϑ#.≅ν!
∃+∆∋1%φ!Α%1%,,∗(2!6%,9∆9Λ!.ϑΜϑΛ!∴∋+Θ,!Π+,&∗)∆7∗,(2!ε∋(1)!Α()(Σ(9%!Σ(9%7!+,!7%1%,,∗(2!1%,9∆9!7()(!.ϑϑϑ!(,7!ΜΙΙϑΛ!
8Ο%∋∗1(,!6+ΟΟ∆,∗)3!∃∆∋<%3!.ϑϑΙΨ.ϑΜβ!
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7+∋,(&+5!Ο−,0,&!Χ(∆/5+∋,(&#!!

Ν∋%%,<∗22%!5(9!9%%,!(!2(∋&%!∗,1∋%(9%!∗,!)5%!:+∋%∗&,ΨΣ+∋,!Β+Β∆2()∗+,!∗,!)5%!Β(9)!:%Θ!7%1(7%9#!
∀,! ΜΙΙϑΛ! +,23! Μ#ΕΚ! Β%∋1%,)! =≅/.! Β%+Β2%>! Θ%∋%! Σ+∋,! +∆)9∗7%! +:! )5%! Ξ,∗)%7! ∃)()%9Λ! Σ∆)!
1∆∋∋%,)23!?#Μβ!Β%∋1%,)!=ΚΛβΚ?!Β%+Β2%>!(∋%!:+∋%∗&,ΨΣ+∋,#!ε5%!∋%&∗+,!9(Θ!9∗Ο∗2(∋!&∋+Θ)5!∋()%!
∗,! )5%! :+∋%∗&,ΨΣ+∋,!Β+Β∆2()∗+,! :∋+Ο!Μ#..!Β%∋1%,)! =ΜΛβ..!Β%+Β2%>! )+!Κ#≅Ι!Β%∋1%,)! =≅Λ..Ε!
Β%+Β2%>#! ε5%! :+22+Θ∗,&! )(Σ2%! 7∗9Β2(39! )5%! )∋%,79! ∗,! :+∋%∗&,ΨΣ+∋,! Β+Β∆2()∗+,! ∗,! )5%!
ς∆∋∗97∗1)∗+,!(,7!∋%&∗+,#!

 

ε5%!Ο+9)!1+ΟΟ+,!1+∆,)∋3!+:!+∋∗&∗,!:+∋!Ν∋%%,<∗22%!∋%9∗7%,)9!Σ+∋,!+∆)9∗7%!)5%!Ξ,∗)%7!∃)()%9!
∗9!∀,7∗(!()!!ϑ#/Ε!Β%∋1%,)!+:!)5%!Β+Β∆2()∗+,#!ε5%!9%1+,7!Ο+9)!1+ΟΟ+,!Β2(1%!+:!Σ∗∋)5!:+∋!)5%!
Ν∋%%,<∗22%!Β+Β∆2()∗+,!∗9!_%α∗1+!()!ϑ#Κϑ!Β%∋1%,)#!ε5%!∋%Ο(∗,7%∋!+:!)5%!1+∆,)∋∗%9!+:!,()∗+,(2!
+∋∗&∗,!Ο(Ω%!∆Β!2%99!)5(,!ϑ#ββ!Β%∋1%,)!+:!)5%!Β+Β∆2()∗+,!%(15!(,7!∗,12∆7%!42!∃(2<(7+∋Λ!65∗,(!
=%α12∆7∗,&!Γ+,&!Υ+,&!µ!ε(∗Θ(,>Λ!Υ+∋%(Λ!6(,(7(Λ!ε(∗Θ(,Λ!4&3Β)Λ!ϕ(Β(,Λ!(,7!Ν∆()%Ο(2(#!ε5%!
Ν∋%%,<∗22%!∋%&∗+,!5(9!(!∋%2()∗<%23!2(∋&%!_%α∗1(,!Β+Β∆2()∗+,!Ο(Ω∗,&!∆Β!,%(∋23!Μ#≅Κ!Β%∋1%,)!
+:!)5%!)+)(2!∋%9∗7%,13Λ!+∋!.ΛΙβΚ!Β%+Β2%#!ε5%!9%1+,7!Ο+9)!1+ΟΟ+,!1+∆,)∋3!+:!+∋∗&∗,!:+∋!)5%!
∋%&∗+,!(9!(!Θ5+2%!Θ∗)5!ϑ#Κβ!Β%∋1%,)!+:!)5%!Β+Β∆2()∗+,!∗9!∀,7∗(#!6(,(7(Λ!42!∃(2<(7+∋Λ!Υ+∋%(Λ!
65∗,(!=%α12∆7∗,&!Γ+,&!Υ+,&!µ!ε(∗Θ(,>Λ!ϕ(Β(,Λ!;5∗2∗ΒΒ∗,%9Λ!4&3Β)!(,7!ε(∗Θ(,!Ο(Ω%!∆Β!)5%!
∋%9)!+:!)5%!)+Β!Μϑ!1+∆,)∋∗%9!+:!+∋∗&∗,!:+∋!)5%!∋%&∗+,#!ε5%!:+22+Θ∗,&!)(Σ2%!7∗9Β2(39!)5%!,()∗+,(2!
+∋∗&∗,!:+∋!)5%!:+∋%∗&,ΨΣ+∋,!Β+Β∆2()∗+,#!

!

! !

!

!

!

! ! ! !

! ! ! ! ! ! ! !

! ! ! ! ! ! ! ! !

!

!

! ! ! !

! ! ! ! ! ! ! !

! ! ! ! ! ! ! ! !
!

9+:5∃Ρ!∗(−∃,0&∴Κ(−&!Χ(∆/5+∋,(&!∋−∃&Γ#!

!

Υ/−,#Γ,Α∋,(&Ρ!3−∃∃&4,55∃!

ΕΘΘΞ!9−∃&Γ! ΙΞΞΞ!9−∃&Γ! ΙΞΕΞ!9−∃&Γ! 1/−−∃&∋!

φ! γ! φ! γ! φ! γ! φ! γ!

⊥+∋%∗&,Ψ∴+∋,! ≅/.! Μ#ΕΚν! .ΛΕ≅≅! Κ#ϑϑν! βΛΕΜΜ! Κ#.Εν! ΚΛβΚ?! ?#Μβν!

!

Π∃0,(&Ρ!3−∃∃&4,55∃!ε=∀!

ΕΘΘΞ!9−∃&Γ! ΙΞΞΞ!9−∃&Γ! ΙΞΕΞ!9−∃&Γ! 1/−−∃&∋!

φ! γ! φ! γ! φ! γ! φ! γ!

⊥+∋%∗&,Ψ∴+∋,! ΜΛβ..! Μ#..ν! ΚΛ≅≅ϑ! β#Ε?ν! /Λ//Κ! Κ#Ε.ν! ≅Λ..Ε! Κ#≅Ιν!
∃+∆∋1%φ!Α%1%,,∗(2!6%,9∆9Λ!.ϑΜϑΛ!∴∋+Θ,!Π+,&∗)∆7∗,(2!ε∋(1)!Α()(Σ(9%!Σ(9%7!+,!7%1%,,∗(2!1%,9∆9!7()(!.ϑϑϑ!(,7!ΜΙΙϑΛ!
8Ο%∋∗1(,!6+ΟΟ∆,∗)3!∃∆∋<%3!.ϑϑΙΨ.ϑΜβ!
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9+:5∃Ρ!7+∋,(&+5!Ο−,0,&!

!
Υ/−,#Γ,Α∋,(&Ρ!3−∃∃&4,55∃! Π∃0,(&Ρ!3−∃∃&4,55∃!ε=∀!

! φ! γ! ! φ! γ!
οΜ!1+∆,)∋3!+:!+∋∗&∗,! ∀,7∗(! Ε.Μ! ϑ#/Εν! _%α∗1+! .ΛΙβΚ! Μ#≅Κν!

ο.!1+∆,)∋3!+:!+∋∗&∗,! _%α∗1+! β.Κ! ϑ#Κϑν! ∀,7∗(! Ε≅Ε! ϑ#Κβν!

οβ!1+∆,)∋3!+:!+∋∗&∗,! 42!∃(2<(7+∋! .Ε≅! ϑ#ββν! 6(,(7(! βΕΙ! ϑ#.βν!

οΚ!1+∆,)∋3!+:!+∋∗&∗,! 65∗,(π! .βΜ! ϑ#.≅ν! 42!∃(2<(7+∋! ./Ι! ϑ#Μ≅ν!

ο?!1+∆,)∋3!+:!+∋∗&∗,! Υ+∋%(! ..?! ϑ#.≅ν! Υ+∋%(! .Κβ! ϑ#Μ?ν!

οΕ!1+∆,)∋3!+:!+∋∗&∗,! 6(,(7(! Μ≅.! ϑ#..ν! 65∗,(π! .βΜ! ϑ#ΜΚν!

ο/!1+∆,)∋3!+:!+∋∗&∗,! ε(∗Θ(,! Μ?β! ϑ#ΜΙν! ϕ(Β(,! ...! ϑ#ΜΚν!

ο≅!1+∆,)∋3!+:!+∋∗&∗,! 4&3Β)! ΜΚΕ! ϑ#Μ≅ν! ;5∗2∗ΒΒ∗,%9! Μ≅β! ϑ#ΜΜν!

οΙ!1+∆,)∋3!+:!+∋∗&∗,! ϕ(Β(,! ΜβΕ! ϑ#Μ/ν! 4&3Β)! Μ/Κ! ϑ#ΜΜν!

οΜϑ!1+∆,)∋3!+:!+∋∗&∗,! Ν∆()%Ο(2(! Μβ?! ϑ#Μ/ν! ε(∗Θ(,! Μ?β! ϑ#Μϑν!

∃+∆∋1%φ!Α%1%,,∗(2!6%,9∆9Λ!.ϑΜϑΛ!8Ο%∋∗1(,!6+ΟΟ∆,∗)3!∃∆∋<%3!.ϑϑΙΨ.ϑΜβ!
π!4α12∆7∗,&!Γ+,&!Υ+,&!µ!ε(∗Θ(,!

!
!

β,%,∋∃Γ!?&05,#8!Χ−(),Α,∃&Α,∃#!

ε5%∋%!∗9!+:)%,!(!9)∋+,&!1+∋∋%2()∗+,!Σ%)Θ%%,!)5%!9∗%!+:!:+∋%∗&,ΨΣ+∋,!Β+Β∆2()∗+,9!(,7!)5%!
,∆ΟΣ%∋!+:!∋%9∗7%,)9!Θ∗)5!2∗Ο∗)%7Ψ4,&2∗95!Β∋+:∗1∗%,13!=Π4;>Λ!Θ5∗15!∋%χ∆∗∋%9!(&%,1∗%9!∗,!)5%!
∋%&∗+,! )+! Β∋+<∗7%! )∋(,92()+∋9! (,7! 9%∋<∗1%9! ∗,! (! <(∋∗%)3! +:! 2(,&∆(&%9#! ∀,! Ν∋%%,<∗22%Λ! )5%!
Β%∋1%,)(&%!+:! )5%!Β+Β∆2()∗+,! )5()!5(9!Π4;! ∗,1∋%(9%7! :∋+Ο!Μ#ϑβ!Β%∋1%,)! ∗,!ΜΙΙϑ! )+!.#ΜΜ!
Β%∋1%,)#!∀,!)+)(2Λ!Ο+∋%!)5(,!/?ϑ!Β%∋9+,9!∗,!1∗)3!5(<%!Π4;#!ε5%∋%!Θ(9!9∗Ο∗2(∋!&∋+Θ)5!∗,!)5%!
∋%&∗+,#!∀,!ΜΙΙϑΛ!Μ#ϑ/!Β%∋1%,)!+:!)5%!Β+Β∆2()∗+,!5(7!Π4;Λ!Σ∆)!)5()!∗,1∋%(9%7!)+!.#ΕΚ!Β%∋1%,)#!
∀,!)5%!∋%&∗+,Λ!ΚΛΚβ≅!Β%+Β2%!5(<%!Π4;#!ε5%!:+22+Θ∗,&!)(Σ2%!7∗9Β2(39!)∋%,79!∗,!Π4;#!

!

!
!

9+:5∃Ρ!β,%,∋∃Γ∴?&05,#8!Χ−(),Α,∃&Α2!9−∃&Γ#!

!

Υ/−,#Γ,Α∋,(&Ρ!3−∃∃&4,55∃!

ΕΘΘΞ!9−∃&Γ! ΙΞΞΞ!9−∃&Γ! ΙΞΕΞ!9−∃&Γ! 1/−−∃&∋!

φ! γ! φ! γ! φ! γ! φ! γ!

Π4;! ??ϑ! Μ#ϑβν! ΜΛΚ?/! .#Μ/ν! ΜΛβΙΕ! Μ#Ε?ν! ΜΛ/≅Ε! .#ΜΜν!

!

Π∃0,(&Ρ!3−∃∃&4,55∃!ε=∀!

ΕΘΘΞ!9−∃&Γ! ΙΞΞΞ!9−∃&Γ! ΙΞΕΞ!9−∃&Γ! 1/−−∃&∋!

φ! γ! φ! γ! φ! γ! φ! γ!

Π4;! ΜΛΜ??! Μ#ϑ/ν! βΛ.?≅! .#ΚΚν! ΚΛΜΙ.! .#ΚΙν! ΚΛΚβ≅! .#ΕΚν!
∃+∆∋1%φ!Α%1%,,∗(2!6%,9∆9Λ!.ϑΜϑΛ!.ϑϑϑΛ!(,7!ΜΙΙϑΛ!8Ο%∋∗1(,!6+ΟΟ∆,∗)3!∃∆∋<%3!.ϑϑΙΨ.ϑΜβ!
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∃Β(,∗95!∗9!)5%!Ο+9)!1+ΟΟ+,!2(,&∆(&%!:+∋!∗,7∗<∗7∆(29!Θ∗)5!Π4;!∗,!Σ+)5!Ν∋%%,<∗22%!(,7!)5%!
∋%&∗+,#! ε5%! ∋()%! +:! Π4;! :+∋! ∃Β(,∗95! 9Β%(Ω%∋9! ∗,! Ν∋%%,<∗22%! ∗9! ϑ#≅ϑ! Β%∋1%,)Λ! Θ5∗15! ∗9!
9∗&,∗:∗1(,)23!2%99!)5(,!)5%!∋%&∗+,!.#ϑΕ!Β%∋1%,)#!ε5∗9!∗9!(!∋%9∆2)!+:!)5%!1+,9∗7%∋(Σ23!9Ο(22%∋!
_%α∗1(,ΨΣ+∋,! Β+Β∆2()∗+,! ∗,! Ν∋%%,<∗22%! <%∋9∆9! )5%! ∋%&∗+,#! ε5%! 9%1+,7! Ο+9)! 1+ΟΟ+,!
Β∋∗Ο(∋3!2(,&∆(&%!12(99∗:∗1()∗+,!:+∋!Π4;!∗,7∗<∗7∆(29!∗,!Ν∋%%,<∗22%!∗9!65∗,%9%!(,7!∗9!(ΒΒ2∗1(Σ2%!
)+!ϑ#βΜ!Β%∋1%,)!+:!)5%!Β+Β∆2()∗+,#!822!+)5%∋!2(,&∆(&%9!∋%Β∋%9%,)!2%99!)5(,!ϑ#Μ?!Β%∋1%,)!+:!
)5%!Β+Β∆2()∗+,#!ε5%!:+22+Θ∗,&!)(Σ2%!7∗9Β2(39!Π4;!∗,!)5%!ς∆∋∗97∗1)∗+,!(,7!∋%&∗+,#!

9+:5∃Ρ!β,%,∋∃Γ!?&05,#8!Χ−(),Α,∃&Α2!Σβ?ΧΤ!β+&0/+0∃!

!
Υ/−,#Γ,Α∋,(&Ρ!3−∃∃&4,55∃! Π∃0,(&Ρ!3−∃∃&4,55∃!ε=∀!

! φ! γ! ! φ! γ!
οΜ!Π4;!Π(,&∆(&%! ∃Β(,∗95! ΕΚΙ! ϑ#≅ϑν! ∃Β(,∗95! βΛ.≅.! .#ϑΕν!

ο.!Π4;!Π(,&∆(&%! 65∗,%9%! .?Μ! ϑ#βΜν! 65∗,%9%! .?Μ! ϑ#ΜΕν!

οβ!Π4;!Π(,&∆(&%! 8∋(Σ∗1! ΜΜΕ! ϑ#ΜΚν! 8∋(Σ∗1! ΜΜΕ! ϑ#ϑ/ν!

οΚ!Π4;!Π(,&∆(&%! Φ∗%),(Ο%9%! ΙΚ! ϑ#Μ.ν! ;+∋)∆&∆%9%! Μϑ≅! ϑ#ϑ/ν!

ο?!Π4;!Π(,&∆(&%! ;+∋)∆&∆%9%! ≅Μ! ϑ#Μϑν! Φ∗%),(Ο%9%! Μϑ≅! ϑ#ϑ/ν!

οΕ!Π4;!Π(,&∆(&%! Υ+∋%(,! ΕΙ! ϑ#ϑ≅ν! ⊥∋%,15! Μϑ?! ϑ#ϑ/ν!

ο/!Π4;!Π(,&∆(&%! ⊥∋%,15! Ε?! ϑ#ϑ≅ν! ϕ(Β(,%9%! Μϑϑ! ϑ#ϑΕν!

ο≅!Π4;!Π(,&∆(&%! ;%∋9∗(,! Κ/! ϑ#ϑΕν! Υ+∋%(,! ΕΙ! ϑ#ϑΚν!

οΙ!Π4;!Π(,&∆(&%! ϕ(Β(,%9%! βΙ! ϑ#ϑ?ν! ;%∋9∗(,! Ε.! ϑ#ϑΚν!

οΜϑ!Π4;!Π(,&∆(&%! Ν%∋Ο(,! β/! ϑ#ϑ?ν! Ν%∋Ο(,! β/! ϑ#ϑ.ν!

∃+∆∋1%φ!Α%1%,,∗(2!6%,9∆9Λ!.ϑΜϑΛ!.ϑϑϑΛ!(,7!ΜΙΙϑΛ!8Ο%∋∗1(,!6+ΟΟ∆,∗)3!∃∆∋<%3!.ϑϑΙΨ.ϑΜβ!

!
!
;&Γ,4,Γ/+5#!ς,∋8!ϑ,#+:,5,∋,∃#!:2!ϑ,#+:,5,∋2!92∆∃!

Ν∋%%,<∗22%!95+Θ9!2+Θ%∋!∋()%9!+:!7∗9(Σ∗2∗)3!)5(,!)5%!∋%&∗+,!(1∋+99!(22!)3Β%9#!8,!(ΟΣ∆2()+∋3!
7∗::∗1∆2)3!∗9!)5%!Ο+9)!1+ΟΟ+,!7∗9(Σ∗2∗)3!Θ∗)5!?#?β!Β%∋1%,)!+:!Ν∋%%,<∗22%!(,7!/#Μϑ!Β%∋1%,)!+:!
)5%!∋%&∗+,ι9!Β+Β∆2()∗+,!%αΒ%∋∗%,1∗,&!+,%!+∋!Ο+∋%#!6+&,∗)∗<%!7∗::∗1∆2)3!∗9!)5%!9%1+,7!Ο+9)!
1+ΟΟ+,!7∗9(Σ∗2∗)3!Θ∗)5!Κ#?/!Β%∋1%,)!∗,!)5%!1∗)3!(,7!?#.ϑ!Β%∋1%,)!∗,!)5%!∋%&∗+,Λ!:+22+Θ%7!Σ3!
(,!∗,7%Β%,7%,)2Π∗<∗,&!7∗::∗1∆2)3!Θ∗)5!β#?Κ!Β%∋1%,)!+:!)5%!1∗)3!(,7!Κ#?/!Β%∋1%,)!+:!)5%!∋%&∗+,#!
ε5%!:+22+Θ∗,&!)(Σ2%!7∗9Β2(39!)5%!Β∋%9%,1%!+:!7∗9(Σ∗2∗)∗%9!Σ3!)3Β%!Θ∗)5∗,!)5%!ς∆∋∗97∗1)∗+,!(,7!
∋%&∗+,#!

! !
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9+:5∃Ρ!ϑ,#+:,5,∋2!92∆∃!

!
Υ/−,#Γ,Α∋,(&Ρ!3−∃∃&4,55∃! Π∃0,(&Ρ!3−∃∃&4,55∃!ε=∀!

φ! γ! φ! γ!
Γ%(∋∗,&!Α∗::∗1∆2)3! ΜΛ/?Μ! .#Μ/ν! ΚΛΚβΙ! .#≅Μν!

Φ∗9∗+,!Α∗::∗1∆2)3! ΜΛ/ΜΙ! .#Μβν! βΛ≅Κβ! .#Κβν!

6+&,∗)∗<%!Α∗::∗1∆2)3! βΛΕ≅Κ! Κ#?/ν! ≅Λ.ϑ/! ?#.ϑν!

8ΟΣ∆2()+∋3!Α∗::∗1∆2)3! ΚΛΚΕϑ! ?#?βν! ΜΜΛ.ϑ/! /#Μϑν!

∃%2:Ψ6(∋%!Α∗::∗1∆2)3! ΜΛΙΚϑ! .#ΚΜν! ΚΛΕ/Κ! .#ΙΕν!

∀,7%Β%,7%,)!Π∗<∗,&!Α∗::∗1∆2)3! .Λ≅?Κ! β#?Κν! /Λ..?! Κ#?/ν!

∃+∆∋1%φ!8Ο%∋∗1(,!6+ΟΟ∆,∗)3!∃∆∋<%3!.ϑϑΙΨ.ϑΜβ!

!

∗+%,5,∃#!ς,∋8!18,5Γ−∃&!

∀,!Ν∋%%,<∗22%Λ!)5%∋%!(∋%!≅Λβ?Μ!:(Ο∗2∗%9!Θ∗)5!15∗27∋%,Λ!Θ5∗15!∗9!Κ/#≅/!Β%∋1%,)!+:!(22!:(Ο∗2∗%9!
∗,!1∗)3#!ε5%!7%Ο+&∋(Β5∗19!∗,!)5%!Ν∋%%,<∗22%!_∃8!∋%&∗+,!(∋%!92∗&5)23!2+Θ%∋φ!ΚΕ#Ε?!Β%∋1%,)!
=Μ≅Λ?ϑβ!)+)(2>#!6+ΟΟ∆,∗)∗%9!)5()!5(<%!(!5∗&5! 2%<%2!+:!:(Ο∗2∗%9!Θ∗)5!15∗27∋%,!5(<%!9Β%1∗(2!
,%%79Λ!∗,12∆7∗,&!Β∆Σ2∗1!)∋(,9Β+∋)()∗+,Λ!5∗&5!χ∆(2∗)3!%7∆1()∗+,!(,7!%1+,+Ο∗1!+ΒΒ+∋)∆,∗)∗%9!
,%(∋Σ3#!

∃∗,1%!ΜΙΙϑΛ!)5%!Β%∋1%,)(&%!+:!:(Ο∗2∗%9!Θ∗)5!15∗27∋%,!5(9!∋%Ο(∗,%7!∋%2()∗<%23!9)(Σ2%!∗,!Σ+)5!
)5%!ς∆∋∗97∗1)∗+,!(,7!)5%!∋%&∗+,Λ!∗,1∋%(9∗,&!2%99!)5(,!ϑ#Μ!Β%∋1%,)!∗,!)5%!1∗)3!(,7!7%1∋%(9∗,&!
.!Β%∋1%,)!∗,!)5%!ς∆∋∗97∗1)∗+,#!ε5%!:+22+Θ∗,&!)(Σ2%!7∗9Β2(39!)∋%,79!∗,!:(Ο∗23!)3Β%!∗,!Ν∋%%,<∗22%#!

!

!
!

! !

9+:5∃Ρ!∗+%,5,∃#!ς,∋8!18,5Γ−∃&!

!

Υ/−,#Γ,Α∋,(&Ρ!3−∃∃&4,55∃!

ΕΘΘΞ!9−∃&Γ! ΙΞΞΞ!9−∃&Γ! ΙΞΕΞ!9−∃&Γ! 1/−−∃&∋!

φ! γ! φ! γ! φ! γ! φ! γ!

⊥(Ο∗2∗%9!Θ∗)5!65∗27∋%,! ?ΛβΙ.! Κ/#/≅ν! ΚΛβ≅?! Κ≅#.ϑν! ≅Λβ?Μ! Κ/#/≅ν! ≅Λβ?Μ! Κ/#≅/ν!

!

Π∃0,(&Ρ!3−∃∃&4,55∃!ε=∀!

ΕΘΘΞ!9−∃&Γ! ΙΞΞΞ!9−∃&Γ! ΙΞΕΞ!9−∃&Γ! 1/−−∃&∋!

φ! γ! φ! γ! φ! γ! φ! γ!

⊥(Ο∗2∗%9!Θ∗)5!65∗27∋%,! Μ.ΛΙΜ.! Κ≅#Ε/ν! ΜΜΛϑϑΕ! Κ≅#Μβν! Μ≅Λ?ϑβ! ΚΕ#Ε?ν! Μ≅Λ?ϑβ! ΚΕ#Ε?ν!

∃+∆∋1%φ!Α%1%,,∗(2!6%,9∆9Λ!.ϑΜϑΛ!.ϑϑϑΛ!(,7!ΜΙΙϑΛ!8Ο%∋∗1(,!6+ΟΟ∆,∗)3!∃∆∋<%3!.ϑϑΙΨ.ϑΜβ!
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Κ<! 3∃&∃−+5!;##/∃#!!
;<! =∃0−∃0+∋,(&;&∋∃0−+∋,(&!

 
Ε<! ∀&+52#,#!
a.! ϑ∃#Α−,:∃!+&Γ!Α(%∆+−∃!#∃0−∃0+∋,(&!5∃4∃5#!,&!∋8∃!δ/−,#Γ,Α∋,(&!+&Γ!−∃0,(&<!!;Γ∃&∋,)2!
∋8∃!−+Α,+5∃∋8&,Α!0−(/∆#!∋8+∋!∃≅∆∃−,∃&Α∃!∋8∃!8,08∃#∋!5∃4∃5#!()!#∃0−∃0+∋,(&<!

ε5%!9%&∋%&()∗+,!2%<%29!∗,!(!ς∆∋∗97∗1)∗+,!1(,!Σ%!χ∆(,)∗:∗%7!∆9∗,&!0(1∗(2−4)5,∗1!Α∗99∗Ο∗2(∋∗)3!
ε∋%,79#!811+∋7∗,&! )+!ΓΞΑΛ!γθ)ρ5∗9!7∗99∗Ο∗2(∋∗)3! ∗,7%α!Ο%(9∆∋%9! )5%!7%&∋%%! )+!Θ5∗15! )Θ+!
&∋+∆Β9!(∋%!%<%,23!7∗9)∋∗Σ∆)%7!(1∋+99!(!&%+&∋(Β5∗1!(∋%(!(,7!∗9!1+ΟΟ+,23!∆9%7!:+∋!(99%99∗,&!
∋%9∗7%,)∗(2! 9%&∋%&()∗+,!Σ%)Θ%%,! )Θ+!&∋+∆Β9#!Φ(2∆%9! ∋(,&%! :∋+Ο!ϑ! )+!ΜϑϑΛ!Θ5%∋%!5∗&5%∋!
,∆ΟΣ%∋9! ∗,7∗1()%! (! 5∗&5%∋! 7%&∋%%! +:! 9%&∋%&()∗+,! Σ%)Θ%%,! )5%! )Θ+! &∋+∆Β9! Ο%(9∆∋%7#!
Α∗99∗Ο∗2(∋∗)3! ∗,7%α! <(2∆%9! Σ%)Θ%%,! ϑ! (,7! βΙ! &%,%∋(223! ∗,7∗1()%! 2+Θ! 9%&∋%&()∗+,Λ! <(2∆%9!
Σ%)Θ%%,!Κϑ!(,7!?Κ!&%,%∋(223!∗,7∗1()%!Ο+7%∋()%!9%&∋%&()∗+,Λ!(,7!<(2∆%9!Σ%)Θ%%,!??!(,7!
Μϑϑ!&%,%∋(223!∗,7∗1()%!(!5∗&5!2%<%2!+:!9%&∋%&()∗+,#η!

6∆∋∋%,)23Λ!Ν∋%%,<∗22%!5(9!&%,%∋(223!Ο+7%∋()%!(,7!2+Θ!2%<%29!+:!9%&∋%&()∗+,!)5∋+∆&5+∆)!)5%!
1∗)3Λ!7%Β%,7∗,&!+,!)5%!&∋+∆Β9!Σ%∗,&!1+ΟΒ(∋%7#!ε5%!5∗&5%9)!<(2∆%!∗,!Ν∋%%,<∗22%!∗9!Σ%)Θ%%,!
Σ2(1Ω! (,7! Θ5∗)%! Β+Β∆2()∗+,9! Θ∗)5! (,! ∗,7%α! 91+∋%! +:! ΚΙ#ΕΙ#! ε5%! 2+Θ%9)! ∗,7%α! 91+∋%! ∗9!
Σ%)Θ%%,! )5%!89∗(,!+∋!;(1∗:∗1! ∀92(,7%∋!(,7!Θ5∗)%!Β+Β∆2()∗+,9!Θ∗)5!(! 91+∋%!+:!.Μ#Ε≅#!ε5%!
Ν∋%%,<∗22%!_∃8!0%&∗+,!5(9!2%99!<(∋∗(,1%!Σ%)Θ%%,!∗,7%α!91+∋%9#!∀,!)5%!∋%&∗+,Λ!)5%!5∗&5%9)!
∗,7%α!91+∋%!∗9!Σ%)Θ%%,!Σ2(1Ω!(,7!Θ5∗)%!Β+Β∆2()∗+,9!Θ∗)5!(!91+∋%!+:!Κ.#ϑϑ!(,7!)5%!2+Θ%9)!
∗,7%α!91+∋%!∗9!Σ%)Θ%%,!89∗(,!+∋!;(1∗:∗1!∀92(,7%∋!(,7!Θ5∗)%!Β+Β∆2()∗+,!Θ∗)5!(!91+∋%!+:!βΚ#.Μ#!
ε5%!:+22+Θ∗,&!)(Σ2%!7∗9Β2(39!)5%!∋(1∗(2−%)5,∗1!7∗99∗Ο∗2(∋∗)3!)∋%,79!∗,!)5%!ς∆∋∗97∗1)∗+,!(,7!)5%!
∋%&∗+,#!

9+:5∃Ρ!Π+Α,+5?∋8&,Α!ϑ,##,%,5+−,∋2!9−∃&Γ#!

!
Υ/−,#Γ,Α∋,(&Ρ!3−∃∃&4,55∃!

ΕΘΘΞ!9−∃&Γ! ΙΞΞΞ!9−∃&Γ! ΙΞΕΞ!9−∃&Γ! 1/−−∃&∋!

Η+,ΨΡ5∗)%−Ρ5∗)%! Κ.#ΕΙ! ββ#.Μ! βϑ#?Ι! Κ?#Κ?!

∴2(1Ω−Ρ5∗)%! ΚΚ#/Ι! β?#/?! ββ#Μϑ! ΚΙ#ΕΙ!

Γ∗9Β(,∗1−Ρ5∗)%! ..#/Μ! βϑ#ϑΚ! βϑ#ΙΙ! ββ#Ε/!

89∗(,!+∋!;(1∗:∗1!∀92(,7%∋−Ρ5∗)%! β.#/?! .β#/Ι! .Μ#Κβ! .Μ#Ε≅!

!
Π∃0,(&Ρ!3−∃∃&4,55∃!ε=∀!

ΕΘΘΞ!9−∃&Γ! ΙΞΞΞ!9−∃&Γ! ΙΞΕΞ!9−∃&Γ! 1/−−∃&∋!

Η+,ΨΡ5∗)%−Ρ5∗)%! β≅#.ϑ! βϑ#?Κ! .≅#βΕ! β≅#Ε/!

∴2(1Ω−Ρ5∗)%! Κϑ#ϑ≅! β.#≅.! βϑ#Ε?! Κ.#ϑϑ!

Γ∗9Β(,∗1−Ρ5∗)%! ..#ΕΕ! ./#Κ?! .≅#ΜΚ! β?#β?!

89∗(,!+∋!;(1∗:∗1!∀92(,7%∋−Ρ5∗)%! β≅#ϑΕ! .Ι#ΜΙ! ./#ΚΚ! βΚ#.Μ!
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!
!
b.! ;Γ∃&∋,)2&+−∃+#!,&!∋8∃!δ/−,#Γ,Α∋,(&!+&Γ!−∃0,(&!ς,∋8!−∃5+∋,4∃52!8,08!#∃0−∃0+∋,(&!+&Γ!
,&∋∃0−+∋,(&!:2!−+Α∃∃∋8&,Α,∋26!&+∋,(&+5!(−,0,&6!(−!β?Χ!0−(/∆6!+&Γ!,&Γ,Α+∋∃!∋8∃!∆−∃Γ(%,&+&∋!
0−(/∆#!5,4,&0!,&!∃+Α8!+−∃+<!
!

≅.(0ϑΣ#4∀)()#2∗

Ν∋%%,<∗22%!∗9!Ο+∋%!9%&∋%&()%7!)5(,!)5%!∋%9)!+:!)5%!∋%&∗+,#!0%2()∗<%!9%&∋%&()∗+,!:+∋!(,!(∋%(!
∗9!7%)%∋Ο∗,%7!Σ3!)5%!Β∋%9%,1%!+:!(!&∋+∆Β!1+ΟΒ(∋%7!)+!)5%∗∋!+<%∋(22!∋%Β∋%9%,)()∗+,!∗,!)5%!
1∗)3#!⊥+∋!%α(ΟΒ2%Λ!∗:!.ϑ!Β%∋1%,)!+:!)5%!1∗)3ι9!Β+Β∆2()∗+,!∗9!(!Β(∋)∗1∆2(∋!&∋+∆Β!Σ∆)!Ο(Ω%!∆Β!
?ϑ!Β%∋1%,)!+:!(!Β(∋)∗1∆2(∋!(∋%(Λ!)5()!(∋%(!Θ+∆27!Σ%!∋%2()∗<%23!9%&∋%&()%7#!∀,!)5∗9!9%1)∗+,Λ!
7()(!:∋+Ο!)5%!.ϑΜΜΨ.ϑΜ?!8Ο%∋∗1(,!6+ΟΟ∆,∗)3!∃∆∋<%3!?Ψ]%(∋!49)∗Ο()%9!Θ(9!∆9%7!Σ%1(∆9%!
∗)!∗9!)5%!Ο+9)!∋%1%,)!7()(!(<(∗2(Σ2%#!

Τ4)#0Υ!_+∋%!)5(,!??!Β%∋1%,)!+:!)5%!Β+Β∆2()∗+,!=??#≅?!Β%∋1%,)>!+:!Ν∋%%,<∗22%! ∗7%,)∗:3!(9!
Θ5∗)%Λ!Σ∆)!)5%∋%!(∋%!:+∆∋!1%,9∆9!)∋(1)9!Θ∗)5∗,!)5%!1∗)3!95+Θ∗,&!(!Θ5∗)%!Β+Β∆2()∗+,!+:!Ο+∋%!
)5(,!/?!Β%∋1%,)#!ε5%!:∗∋9)!∗9!1%,9∆9!)∋(1)!β/ΜΚ/ϑϑϑΚϑϑ!(,7!∗9!1%,)∋(223!2+1()%7!(,7!Θ∋(Β9!
(∋+∆,7!4(9)%∋,!6(∋+2∗,(!Ξ,∗<%∋9∗)3!Β∋∗Ο(∋∗23!)+!)5%!9+∆)5!(,7!)5%!%(9)#!!ε5%!9%1+,7!1%,9∆9!
)∋(1)! ∗9! β/ΜΚ/ϑϑϑβϑΜ! (,7! ∗9! 2+1()%7! ∗,! )5%! 9+∆)51%,)∋(2! Β(∋)! +:!Ν∋%%,<∗22%#! ε5∗9! )∋(1)! ∗9!
Σ+∋7%∋%7!Σ3!Γ∗&5Θ(3!.ΕΚ!)+!)5%!,+∋)5Λ!65(∋2%9!∴+∆2%<(∋7!)+!)5%!Θ%9)Λ!4#!ΜΚ)5!∃)∋%%)!)+!)5%!
%(9)Λ!(,7!⊥∗∋%!ε+Θ%∋!0+(7!)+!)5%!9+∆)5#!ε5%!)5∗∋7!(,7!:+∆∋)5!1%,9∆9!)∋(1)9!(∋%!+,23!Β(∋)∗(223!
Θ∗)5∗,!)5%!1∗)3!(,7!)5%3!(∋%!Σ+)5!∗,!)5%!9+∆)5Θ%9)%∋,!(∋%(#!ε∋(1)!β/ΜΚ/ϑϑΜβϑβ!∗9!2+1()%7!
9+∆)5! +:! ⊥∗∋%! ε+Θ%∋! 0+(7! Σ%)Θ%%,! 4<(,9! ∃)∋%%)! (,7! 6+∆,)3! Γ+Ο%! 0+(7#! ε∋(1)!
β/ΜΚ/ϑϑΜ.ϑϑ!∗9!9+∆)5!(,7!%(9)!+:!∃#!65(∋2%9!(,7!%(9)!+:!6+∆,)3!Γ+Ο%!0+(7#!ε5%!:+22+Θ∗,&!
Ο(Β!7∗9Β2(39!)5%!7∗9)∋∗Σ∆)∗+,!+:!)5%!Θ5∗)%!Β+Β∆2()∗+,!∗,!Ν∋%%,<∗22%#!

∃+∆∋1%φ!Α%1%,,∗(2!6%,9∆9Λ!.ϑΜϑκ!∴∋+Θ,!Π+,&∗)∆7∗,(2!ε∋(1)!Α()(Σ(9%!Σ(9%7!+,!7%1%,,∗(2!1%,9∆9!7()(Λ!.ϑΜϑΛ!
.ϑϑϑΛ!(,7!ΜΙΙϑ!
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Η()∗+,(2!Χ∋∗&∗,!(,7!Π4;!

8∋%(9!+:!∋%2()∗<%!9%&∋%&()∗+,!Σ3!,()∗+,(2!+∋∗&∗,!(,7!Π4;!(∋%!∗,)%∋)Θ∗,%7#!89!%αΒ%1)%7Λ!(∋%(9!
Θ∗)5!(!5∗&5%∋!1+,1%,)∋()∗+,9!+:!∋%9∗7%,)9!:∋+Ο!(!:+∋%∗&,!1+∆,)∋3!(29+!5(<%!5∗&5%∋!∋()%9!+:!
∗,7∗<∗7∆(29!Θ5+!Β∋∗Ο(∋∗23!9Β%(Ω!)5%!,()∗<%!2(,&∆(&%!+:!)5()!1+∆,)∋3#!Α%9Β∗)%!)5%!1+ΟΟ+,!
+<%∋2(Β!Σ%)Θ%%,!2(,&∆(&%!(,7!,()∗+,(2!+∋∗&∗,Λ!∗)!∗9!∗ΟΒ+∋)(,)!)+!(,(23%!%(15!7()(!Β+∗,)!
9%Β(∋()%23!)+!&%)!(!)5+∋+∆&5!2++Ω!()!,()∗+,(2!+∋∗&∗,!(,7!Π4;!∗,!Ν∋%%,<∗22%#!∃%<%∋(2!1+∆,)∋∗%9!
+:!1+ΟΟ+,!,()∗+,(2!+∋∗&∗,!95(∋%!(!,()∗<%!2(,&∆(&%!=∗#%#Λ!_%α∗1+Λ!42!∃(2<(7+∋!(,7!Ν∆()%Ο(2(!
9Β%(Ω!∃Β(,∗95>!(,7!9+Ο%!1+ΟΟ+,!2∗Ο∗)%7Ψ4,&2∗95!Β∋+:∗1∗%,13!Β+Β∆2()∗+,9!7+!,+)!5(<%!(!
Β+Β∆2(∋!,()∗+,(2!+∋∗&∗,!∋%Β∋%9%,)%7!∗,!Ν∋%%,<∗22%!=∗#%#Λ!Φ∗%),(Ο%9%Λ!;%∋9∗(,!(,7!Ν%∋Ο(,>#!
ε5%!:+22+Θ∗,&!)(Σ2%!95+Θ9!)5%!)+Β!Μϑ!,()∗+,(2!+∋∗&∗,9!(,7!Π4;!2(,&∆(&%9#!

9+:5∃Ρ!7+∋,(&+5!Ο−,0,&!+&Γ!β,%,∋∃Γ!?&05,#8!Χ−(),Α,∃&Α2!β+&0/+0∃!Χ(∆/5+∋,(&#!

!
Υ/−,#Γ,Α∋,(&Ρ!3−∃∃&4,55∃! Π∃0,(&Ρ!3−∃∃&4,55∃!ε=∀!

7+∋,(&+5!Ο−,0,&! 9(∋+5! Χ∃−Α∃&∋+0∃! 7+∋,(&+5!Ο−,0,&! 9(∋+5! Χ∃−Α∃&∋+0∃!
οΜ! ∀,7∗(! Ε.Μ! ϑ#/Εν! _%α∗1+! .ΛΙβΚ! Μ#≅Κν!

ο.! _%α∗1+! β.Κ! ϑ#Κϑν! ∀,7∗(! Ε≅Ε! ϑ#Κβν!

οβ! 42!∃(2<(7+∋! .Ε≅! ϑ#ββν! 6(,(7(! βΕΙ! ϑ#.βν!

οΚ! 65∗,(π! .βΜ! ϑ#.≅ν! 42!∃(2<(7+∋! ./Ι! ϑ#Μ≅ν!

ο?! Υ+∋%(! ..?! ϑ#.≅ν! Υ+∋%(! .Κβ! ϑ#Μ?ν!

οΕ! 6(,(7(! Μ≅.! ϑ#..ν! 65∗,(π! .βΜ! ϑ#ΜΚν!

ο/! ε(∗Θ(,! Μ?β! ϑ#ΜΙν! ϕ(Β(,! ...! ϑ#ΜΚν!

ο≅! 4&3Β)! ΜΚΕ! ϑ#Μ≅ν! ;5∗2∗ΒΒ∗,%9! Μ≅β! ϑ#ΜΜν!

οΙ! ϕ(Β(,! ΜβΕ! ϑ#Μ/ν! 4&3Β)! Μ/Κ! ϑ#ΜΜν!

οΜϑ! Ν∆()%Ο(2(! Μβ?! ϑ#Μ/ν! ε(∗Θ(,! Μ?β! ϑ#Μϑν!

! Υ/−,#Γ,Α∋,(&Ρ!3−∃∃&4,55∃! Π∃0,(&Ρ!3−∃∃&4,55∃!ε=∀!

β?Χ!β+&0/+0∃! 9(∋+5! Χ∃−Α∃&∋+0∃! β?Χ!β+&0/+0∃! 9(∋+5! Χ∃−Α∃&∋+0∃!

οΜ! ∃Β(,∗95! ΕΚΙ! ϑ#≅ϑν! ∃Β(,∗95! βΛ.≅.! .#ϑΕν!

ο.! 65∗,%9%! .?Μ! ϑ#βΜν! 65∗,%9%! .?Μ! ϑ#ΜΕν!

οβ! 8∋(Σ∗1! ΜΜΕ! ϑ#ΜΚν! 8∋(Σ∗1! ΜΜΕ! ϑ#ϑ/ν!

οΚ! Φ∗%),(Ο%9%! ΙΚ! ϑ#Μ.ν! ;+∋)∆&∆%9%! Μϑ≅! ϑ#ϑ/ν!

ο?! ;+∋)∆&∆%9%! ≅Μ! ϑ#Μϑν! Φ∗%),(Ο%9%! Μϑ≅! ϑ#ϑ/ν!

οΕ! Υ+∋%(,! ΕΙ! ϑ#ϑ≅ν! ⊥∋%,15! Μϑ?! ϑ#ϑ/ν!

ο/! ⊥∋%,15! Ε?! ϑ#ϑ≅ν! ϕ(Β(,%9%! Μϑϑ! ϑ#ϑΕν!

ο≅! ;%∋9∗(,! Κ/! ϑ##ϑΕν! Υ+∋%(,! ΕΙ! ϑ#ϑΚν!

οΙ! ϕ(Β(,%9%! βΙ! ϑ#ϑ?ν! ;%∋9∗(,! Ε.! ϑ#ϑΚν!

οΜϑ! Ν%∋Ο(,! β/! ϑ#ϑ?ν! Ν%∋Ο(,! β/! ϑ#ϑ.ν!

∃+∆∋1%φ!8Ο%∋∗1(,!6+ΟΟ∆,∗)3!∃∆∋<%3!.ϑϑΙΨ.ϑΜβ!!!π4α12∆7∗,&!ε(∗Θ(,!(,7!Γ+,&!Υ+,&!

!
! !
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 37 

ε5%! :+22+Θ∗,&!Ο(Β! 95+Θ9! )5%! &%+&∋(Β5∗1! 7∗9)∋∗Σ∆)∗+,! +:! ∋%9∗7%,)9! Σ3! ,()∗+,(2! +∋∗&∗,! ∗,!
Ν∋%%,<∗22%#!ε5%9%!7∗9)∋∗Σ∆)∗+,9!95+Θ!9+Ο%!Β())%∋,9!+:!9%&∋%&()∗+,Λ!Β∋∗Ο(∋∗23!Θ∗)5!∋%9∗7%,)9!
:∋+Ο!42!∃(2<(7+∋!Θ5+!2∗<%!Ο+9)23!∗,!+,%!1%,9∆9!)∋(1)#!∀)!(29+!(ΒΒ%(∋9!)5()!∋%9∗7%,)9!Θ∗)5!(!
:+∋%∗&,!,()∗+,(2!+∋∗&∗,!∋(∋%23!2∗<%!∗,!2(∋&%!,∆ΟΣ%∋9!∗,!)5%!1%,)∋(2!Β(∋)!+:!Ν∋%%,<∗22%!+∋!∗,!)5%!
)Θ+!1%,)∋(2!0−468;!)∋(1)9#!!

6Ξ:∗Ι.;∗Φ∗Ψ∗∆.#)%∀.1∗Κ∃)5)∀∗

 
∃+∆∋1%φ!ΓΞΑ!
!
!
!
! !
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 38 

∆.#)%∀.1∗Κ∃)5)∀∗Ψ∗!∀&).∗

0%9∗7%,)9!:∋+Ο!∀,7∗(!(∋%!Ο+9)23!9Β∋%(7!∆,∗:+∋Ο23!(∋+∆,7!)5%!ς∆∋∗97∗1)∗+,#!ε5%∋%!(∋%!(!:%Θ!
1%,9∆9!)∋(1)9!)5()!2(1Ω!∋%9∗7%,)9!:∋+Ο!∀,7∗(Λ!Β∋∗Ο(∋∗23!∗,!)5%!Θ%9)!1%,)∋(2!Β(∋)!+:!)5%!1∗)3!
)5()! ∗,12∆7%! )Θ+!0−468;9#!ε5%! :+22+Θ∗,&!ΓΞΑΨΒ∋+<∗7%7!Ο(Β!7∗9Β2(39! )5%!7∗9)∋∗Σ∆)∗+,!+:!
∀,7∗(ΨΣ+∋,!∋%9∗7%,)9!∗,!)5%!ς∆∋∗97∗1)∗+,#!

6Ξ:∗Ι.;∗Φ∗Ψ∗∆.#)%∀.1∗Κ∃)5)∀Η∗!∀&).∗

!
∃+∆∋1%φ!ΓΞΑ!
!
!
! !
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 39 

∆.#)%∀.1∗Κ∃)5)∀∗Ψ∗Ι09)(%∗
!
0%9∗7%,)9!:∋+Ο!_%α∗1+!2∗<%!Β∋∗Ο(∋∗23!∗,!1%,9∆9!)∋(1)9!(∋+∆,7!)5%!+∆)%∋!%7&%9!+:!)5%!1∗)3Λ!
Β(∋)∗1∆2(∋23!∗,!)5%!,+∋)5Λ!%(9)!(,7!9+∆)5Θ%9)#!ε5%!1%,)∋(2!Β(∋)!+:!)5%!1∗)3!5(9!(!9∗&,∗:∗1(,)23!
2+Θ%∋!,∆ΟΣ%∋!+:!∋%9∗7%,)9!:∋+Ο!_%α∗1+!)5(,!)5%!+∆)%∋!)∋(1)9#!
!
6Ξ:∗Ι.;∗Φ∗Ψ∗∆.#)%∀.1∗Κ∃)5)∀Η∗Ι09)(%∗

∗
∃+∆∋1%φ!ΓΞΑ!
!
!
! !
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 40 

∆.#)%∀.1∗Κ∃)5)∀∗Ψ∗Σ1∗Μ.1/.&%∃∗

0%9∗7%,)9!:∋+Ο!42!∃(2<(7+∋!)%,7!)+!2∗<%!12∆9)%∋%7!∗,!)Θ+!1%,9∆9!)∋(1)9!∗,!Ν∋%%,<∗22%#!ε5%!:∗∋9)!
∗9! 2+1()%7! ∗,!)5%!,+∋)5%(9)%∋,!Β(∋)!+:!)5%!1∗)3!(,7!)5%!9%1+,7! ∗,!)5%!9+∆)5Θ%9)%∋,!Β(∋)#!
∃∆15!∋%2()∗<%!9%&∋%&()∗+,!1+∆27!5(<%!Ο(,3!1(∆9%9!(,7!∗9!Θ+∋)5!,+)∗,&#!!

6Ξ:∗Ι.;∗Φ∗Ψ∗∆.#)%∀.1∗Κ∃)5)∀Η∗Σ1∗Μ.1/.&%∃∗

∗
∃+∆∋1%φ!ΓΞΑ!
! !
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 41 

∆.#)%∀.1∗Κ∃)5)∀∗Ψ∗<4)∀.Η∗09(1∋&)∀5∗6%∀5∗Ζ%∀5∗[∗8.)Λ.∀∗

Ν∋%%,<∗22%!∋%9∗7%,)9!:∋+Ο!65∗,(!95+Θ!9∗Ο∗2(∋!2∗<∗,&!Β())%∋,9!)+!∋%9∗7%,)9!:∋+Ο!42!∃(2<(7+∋#!
ε5%3!2∗<%!Β∋∗Ο(∋∗23!∗,!)Θ+!1%,9∆9!)∋(1)9Λ!+,%!∗,!)5%!9+∆)5Θ%9)!(,7!)Θ+!∗,!)5%!%(9)#!ε5%9%!
)∋(1)9!(29+!5(<%!(!∋%2()∗<%23!5∗&5!Β+Β∆2()∗+,!+:!∋%9∗7%,)9!:∋+Ο!42!∃(2<(7+∋Λ!_%α∗1+!(,7!∀,7∗(#!!

6Ξ:∗Ι.;∗Φ∗Ψ∗∆.#)%∀.1∗Κ∃)5)∀Η∗<4)∀.Η∗09(1∋&)∀5∗6%∀5∗Ζ%∀5∗[∗8.)Λ.∀∗

∗
∃+∆∋1%φ!ΓΞΑ!
!
!
! !
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 42 

∆.#)%∀.1∗Κ∃)5)∀∗Ψ∗Ζ%∃0.∗

ε5%!Β+Β∆2()∗+,!:∋+Ο!Υ+∋%(!∗9!Β∋∗Ο(∋∗23!7∗9)∋∗Σ∆)%7!)+!)5%!%(9)!(,7!9+∆)5%∋,!Β(∋)9!+:!)5%!
1∗)3#!Π∗Ω%!Ο(,3!:+∋%∗&,ΨΣ+∋,!Β+Β∆2()∗+,9!)5%!,∆ΟΣ%∋!+:!∋%9∗7%,)9!:∋+Ο!Υ+∋%(!∗9!∋%2()∗<%23!
9Ο(22!Σ∆)!Β())%∋,9!+:!9%&∋%&()∗+,!%α∗9)#!!

6Ξ:∗Ι.;∗Φ∗Ψ∗∆.#)%∀.1∗Κ∃)5)∀Η∗Ζ%∃0.∗

∗
∃+∆∋1%φ!ΓΞΑ!
!
!
! !
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 43 

∴)−)#0&∗Σ∀51)74∗>∃%,)()0∀(2∗

ε5%! :+22+Θ∗,&! Ο(Β! 7∗9Β2(39! )5%! 7∗9)∋∗Σ∆)∗+,! +:! ∋%9∗7%,)9! Θ5+! 5(<%! 2∗Ο∗)%7! 4,&2∗95!
Β∋+:∗1∗%,13!Σ3! 2(,&∆(&%#!Χ<%∋(22Λ! )5%!Β+Β∆2()∗+,!Θ∗)5! 2∗Ο∗)%7!4,&2∗95!Β∋+:∗1∗%,13! ∗9! :(∗∋23!
7∗9)∋∗Σ∆)%7!(∋+∆,7!)5%! ς∆∋∗97∗1)∗+,!=Θ∗)5!)5%!)Θ+!0−468;!)∋(1)9!,%(∋!7+Θ,)+Θ,!(,7!)5%!
9∆∋∋+∆,7∗,&! (∋%(! (9! (!,+)(Σ2%! %α1%Β)∗+,>!Σ∆)! )5%!Β(∋)∗1∆2(∋! 2(,&∆(&%9! 9Β+Ω%,!Σ3! )5%9%!
Β+Β∆2()∗+,9!9%%Ο!)+!Σ%!9%&∋%&()%7!∗,)+!9Β%1∗:∗1!)∋(1)9#!

6Ξ:∗Ι.;∗Θ∗]∗∴Σ>∗

∗
∃+∆∋1%φ!ΓΞΑ!
!
!
!
!
!
! !
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 44 

∴)−)#0&∗Σ∀51)74∗>∃%,)()0∀(2∗Ψ∗Μ;.∀)74∗

Η+)!9∆∋Β∋∗9∗,&23Λ!)5%!7∗9)∋∗Σ∆)∗+,!+:!)5%!2∗Ο∗)%7!4,&2∗95!Β∋+:∗1∗%,13!Β+Β∆2()∗+,!)5()!9Β%(Ω9!
∃Β(,∗95! ∗9! 12+9%23! 1+∋∋%2()%7! Θ∗)5! )5%! 1%,9∆9! )∋(1)9! )5()! 5(<%! (! 5∗&5! _%α∗1(,! (,7! 42!
∃(2<(7+∋∗(,! Β+Β∆2()∗+,9#! ε5%! Β+Β∆2()∗+,9! (∋%! Β∋∗Ο(∋∗23! ∗,! )5%! 1%,9∆9! )∋(1)9! (2+,&! )5%!
+∆)9∗7%!+:!)5%!1∗)3Λ!%9Β%1∗(223!∗,!)5%!,+∋)5!0−468;!)∋(1)!,%(∋!)5%!(∗∋Β+∋)#!!

6Ξ:∗Ι.;∗Θ∗Ψ∗∴Σ>Η∗Μ;.∀)74∗

∗
∃+∆∋1%φ!ΓΞΑ!
!
!
! !
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 45 

∴)−)#0&∗Σ∀51)74∗>∃%,)()0∀(2∗Ψ∗<4)∀070∗

ε5%!2∗Ο∗)%7!4,&2∗95!Β∋+:∗1∗%,13!Β+Β∆2()∗+,!)5()!9Β%(Ω9!65∗,%9%!∗9!Β∋∗Ο(∋∗23!∗,!)5%!%(9)%∋,!
(,7! 9+∆)5Θ%9)%∋,! 1+∋,%∋9! +:! )5%! ς∆∋∗97∗1)∗+,#! ε5%9%! (∋%! )5%! 9(Ο%! 1%,9∆9! )∋(1)9!Θ∗)5! (!
∋%2()∗<%23!5∗&5!:+∋%∗&,ΨΣ+∋,!Β+Β∆2()∗+,!:∋+Ο!65∗,(#!

6Ξ:∗Ι.;∗Θ∗Ψ∗∴Σ>Η∗<4)∀070∗

∗
∃+∆∋1%φ!ΓΞΑ!
!
!
! !
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 46 

∴)−)#0&∗Σ∀51)74∗>∃%,)()0∀(2∗Ψ∗+∃.Ν)(∗

8∋(Σ∗1Ψ9Β%(Ω∗,&!∋%9∗7%,)9!Θ5+!5(<%! 2∗Ο∗)%7!4,&2∗95!Β∋+:∗1∗%,13! 2∗<%!(2Ο+9)!%α12∆9∗<%23! ∗,!
)Θ+!1%,9∆9!)∋(1)9#!ε5%!:∗∋9)!)∋(1)!∗9!)5%!9+∆)5Θ%9)!(,7!∗9!)5%!9(Ο%!)∋(1)!Θ∗)5!(!5∗&5!:+∋%∗&,Ψ
Σ+∋,!Β+Β∆2()∗+,#!ε5%! 9%1+,7! )∋(1)! ∗9!,%(∋! )5%!7+Θ,)+Θ,!(∋%(! 9+∆)5%(9)!+:! )5%!0−468;!
)∋(1)9#!!

6Ξ:∗Ι.;∗Θ∗Ψ∗∴Σ>Η∗+∃.Ν)(∗

∗
∃+∆∋1%φ!ΓΞΑ!
!
!
! !
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 47 

∴)−)#0&∗Σ∀51)74∗>∃%,)()0∀(2∗Ψ∗Α)0#∀.−070∗

ε5%!Φ∗%),(Ο%9%!9Β%(Ω∗,&!Β+Β∆2()∗+,! 2∗<%9!(2Ο+9)!%,)∗∋%23! ∗,!+,%!(∋%(!+:! )5%!1∗)3#!Ρ5∗2%!
Φ∗%),(Ο!∗9!,+)!(!1+∆,)∋3!+:!+∋∗&∗,!:+∋!(!9∗&,∗:∗1(,)!:+∋%∗&,ΨΣ+∋,!Β+Β∆2()∗+,!∗,!Ν∋%%,<∗22%Λ!
)5%∋%!(∋%!(∋%(9!+:!65∗,(!Θ5%∋%!Φ∗%),(Ο%9%!∗9!)5%!Β∋∗Ο(∋3!2(,&∆(&%!(,7!∗)!∗9!Β+99∗Σ2%!)5()!
(::%1)9! )5∗9! 9)()∗9)∗1#! 0%&(∋72%99! +:! )5%! ∋%(9+,Λ! )5∗9! Β+Β∆2()∗+,! (ΒΒ%(∋9! )+! Σ%! 7%%Β23!
9%&∋%&()%7!:∋+Ο!)5%!∋%9)!+:!)5%!1∗)3!(,7!1(∋%!95+∆27!Σ%!)(Ω%,!)+!(,(23%!(,7!(77∋%99!)5∗9#!!

6Ξ:∗Ι.;∗Θ∗Ψ∗∴Σ>Η∗Α)0#∀.−070∗

∗
∃+∆∋1%φ!ΓΞΑ!
!
!
!
! !
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 48 

∴)−)#0&∗Σ∀51)74∗>∃%,)()0∀(2∗]∗>%∃#∋5∋070!!

ε5%!;+∋)∆&∆%9%Ψ9Β%(Ω∗,&!Β+Β∆2()∗+,!∗9!∋%2()∗<%23!9Ο(22!(,7!∗9!Β∋%9%,)!+,23!∗,!(!5(,7:∆2!+:!
1%,9∆9!)∋(1)9#!ε5∗9!Β+Β∆2()∗+,!∋%9∗7%9!,%(∋!7+Θ,)+Θ,!(,7!∗,!)5%!9+∆)5%(9)!1+∋,%∋!+:!)5%!
1∗)3#!

6Ξ:∗Ι.;∗Θ∗Ψ∗∴Σ>Η∗>%∃#∋5∋070∗

∗
∃+∆∋1%φ!ΓΞΑ!
!
!
! !
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 49 

c.! ?≅∆5+,&!8(ς!∋8∃#∃!#∃0−∃0+∋,(&!5∃4∃5#!+&Γ!∆+∋∋∃−&#!,&!∋8∃!δ/−,#Γ,Α∋,(&!+&Γ!−∃0,(&!
8+4∃!Α8+&0∃Γ!(4∃−!∋,%∃!Σ#,&Α∃!ΕΘΘΞΤ<!
!

∃∗,1%!ΜΙΙϑΛ!(11+∋7∗,&!)+!)5%!∋(1∗(2−%)5,∗1!7∗99∗Ο∗2(∋∗)3!)∋%,79!Β∋+<∗7%7!Σ3!ΓΞΑΛ!)5%!+<%∋(22!
2%<%29!+:! 9%&∋%&()∗+,!5(<%! ∗,1∋%(9%7!92∗&5)23! ∗,!Ν∋%%,<∗22%Λ!Σ∆)! )5%!15(,&%!5(9!,+)!Σ%%,!
∆,∗:+∋Ο#! ε5%! 9%&∋%&()∗+,! 91+∋%! Σ%)Θ%%,! Σ2(1Ω! (,7! Θ5∗)%! Β+Β∆2()∗+,9! 5(9! &∋+Θ,! :∋+Ο!
ΚΚ#/Ι!)+!ΚΙ#ΕΙΛ!(,7!)5%!91+∋%9!Σ%)Θ%%,!Γ∗9Β(,∗1!(,7!Θ5∗)%!Β+Β∆2()∗+,9!5(<%!&∋+Θ,!:∋+Ο!
..#/Μ!)+!ββ#Ε/#!Χ,!)5%!+)5%∋!5(,7Λ!)5%!91+∋%9!Σ%)Θ%%,!89∗(,!+∋!;(1∗:∗1!∀92(,7%∋!(,7!Θ5∗)%!
Β+Β∆2()∗+,9!5(<%!7%1∋%(9%7!:∋+Ο!β.#/?!)+!.Μ#Ε≅#!!

ε5%!∋%&∗+,!9(Θ!(!9∗Ο∗2(∋Λ!Σ∆)!&%,%∋(223!,+)!(9!%α)∋%Ο%!15(,&%! ∗,!9%&∋%&()∗+,#!ε5%!,+,Ψ
Θ5∗)%−Θ5∗)%!∗,7%α!91+∋%9!7∗7!,+)!15(,&%!+<%∋(22Λ!Σ∆)!)5%!Θ5∗)%!(,7!Σ2(1Ω!91+∋%9!∗,1∋%(9%7!
92∗&5)23! :∋+Ο!Κϑ#ϑ≅! )+!Κ.#ϑϑ#!877∗)∗+,(223Λ! )5%!Γ∗9Β(,∗1!(,7!Θ5∗)%! ∗,7%α! 91+∋%! ∗,1∋%(9%7!
9∗&,∗:∗1(,)23!:∋+Ο!..#ΕΕ!)+!β?#β?#!⊥∗,(223Λ!)5%!89∗(,!+∋!;(1∗:∗1!∀92(,7%∋!(,7!Θ5∗)%!Β+Β∆2()∗+,9!
9(Θ!(!92∗&5)!7%1∋%(9%!:∋+Ο!β≅#ϑΕ!)+!βΚ#.Μ#!

!
d.! 1(&#,Γ∃−!+&Γ!Γ∃#Α−,:∃!∋8∃!5(Α+∋,(&!()!(ς&∃−!+&Γ!−∃&∋∃−!(ΑΑ/∆,∃Γ!8(/#,&0!,&!∋8∃!
δ/−,#Γ,Α∋,(&!+&Γ!−∃0,(&!,&!Γ∃∋∃−%,&,&0!ς8∃∋8∃−!#/Α8!8(/#,&0!,#!5(Α+∋∃Γ!,&!#∃0−∃0+∋∃Γ!(−!
,&∋∃0−+∋∃Γ!+−∃+#6!+&Γ!Γ∃#Α−,:∃!∋−∃&Γ#!(4∃−!∋,%∃<!!!
!

;%∋!)5%!.ϑΜΜΨ.ϑΜ?!8Ο%∋∗1(,!6+ΟΟ∆,∗)3!∃∆∋<%3Λ!)5%!∋%,)(2!+11∆Β(,13!∋()%!∗,!Ν∋%%,<∗22%!∗9!
Ε?#ΜΙ! Β%∋1%,)#! ε5%! :+22+Θ∗,&! )(Σ2%! 95+Θ9! )5%! :∗<%! 1%,9∆9! )∋(1)9! Θ∗)5! ∋%,)(2! +11∆Β(,13!
(Σ+<%! )5%! 1∗)3! (<%∋(&%! (,7! )5%∗∋! ∋(1∗(2−%)5,∗1! Β+Β∆2()∗+,9#! ε5∗9! Ο(Ω%9! ∗)! Β+99∗Σ2%! )+!
7%)%∋Ο∗,%!∗:!∋%,)(2!5+∆9∗,&!∗9!Β∋∗Ο(∋∗23!∗,!(!9%&∋%&()%7!+∋!∗,)%&∋()%7!(∋%(#!⊥+∆∋!)∋(1)9!5(<%!
(! 7∗9Β∋+Β+∋)∗+,()%23! 5∗&5! Σ2(1Ω! Β+Β∆2()∗+,! (,7! ∋%,)%∋! Β+Β∆2()∗+,#! ε5%9%! 1%229! (∋%!
5∗&52∗&5)%7!Σ%2+Θ#!

9∀Κβ?Ρ!=∃5∃Α∋!ϑ∃%(0−+∆8,Α#!)−(%!.,08!Π∃&∋∃−!ΟΑΑ/∆,∃Γ!9−+Α∋#!
∀−∃+! Χ∃−Α∃&∋+0∃! Κ5+ΑΨ! .,#∆+&,Α!

β/ΜΚ/ϑϑϑΕϑΜ! /Ι#Μ/ν! ?≅#Ι.ν! .#?.ν!
β/ΜΚ/ϑϑϑ/ϑΜ! ≅ϑ#Ιϑν! ≅Μ#ϑ≅ν! Κ#ΜΙν!
β/ΜΚ/ϑϑϑΕϑ.! /Ε#Κ≅ν! Εϑ#.ϑν! Μ#/?ν!
β/ΜΚ/ϑϑϑ/ϑ.! Ε/#.βν! Ιβ#≅Κν! β#βΕν!
β/ΜΚ/ϑϑϑΜϑϑ! ≅≅#ΜΜν! .≅#ϑΜν! β#ϑΜν!
β/ΜΚ/ϑϑϑ.ϑΜ! Ιβ#ΚΜν! .Ε#ϑΚν! Κ#Κ≅ν!
Ν∋%%,<∗22%! Ε?#ΜΙν! β/#/Εν! Κ#ΜΜν!
∃+∆∋1%φ!.ϑΜΜΨ.ϑΜ?!8Ο%∋∗1(,!6+ΟΟ∆,∗)3!∃∆∋<%3!?Ψ]%(∋!49)∗Ο()%9!

!
!
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811+∋7∗,&! )+!7()(!1+22%1)%7!Σ3! )5%!Ξ#∃#!6%,9∆9!∴∆∋%(∆Λ!5+Ο%+Θ,%∋95∗Β! ∋()%9! ∋%Ο(∗,%7!
:(∗∋23!1+,9)(,)!∗,!Ν∋%%,<∗22%!Σ%)Θ%%,!.ϑϑϑ!(,7!.ϑΜ?#!∀,!.ϑϑϑΛ!ββ#/!Β%∋1%,)!+:!)5%!+11∆Β∗%7!
5+∆9∗,&!∆,∗)9!Θ%∋%!+Θ,%∋Ψ+11∆Β∗%7#!∴3!.ϑΜ?Λ!)5()!7%Ο+&∋(Β5∗1!Ο(7%!∆Β!βΚ#≅!Β%∋1%,)!+:!
+11∆Β∗%7!5+∆9∗,&!∆,∗)9#!ε5%!:+22+Θ∗,&!)(Σ2%!7∗9Β2(39!∋%,)%∋!(,7!+Θ,%∋Ψ+11∆Β∗%7!5+∆9∗,&!
7()(!+<%∋!)∗Ο%#!Α()(!,+)%φ!)5%!Ξ#∃#!6%,9∆9!7∗7!,+)!1+22%1)!)5∗9!7()(!7∆∋∗,&!.ϑϑΜΛ!.ϑϑ.Λ!.ϑϑβ!
+∋!.ϑϑΚ#!

∃+∆∋1%φ!Ξ#∃#!6%,9∆9!Τ!8Ο%∋∗1(,!6+ΟΟ∆,∗)3!∃∆∋<%3!(,7!Α%1%,,∗(2!6%,9∆9!

6+9)!Σ∆∋7%,%7!5+∆9%5+279!(∋%!(! 9∗&,∗:∗1(,)!Β∋+Σ2%Ο! )5∋+∆&5+∆)! )5%!Ξ,∗)%7!∃)()%9Λ! (,7!
Ν∋%%,<∗22%! ∗9!,+!%α1%Β)∗+,#!811+∋7∗,&! )+!ΓΞΑΛ!(!5+∆9%5+27! ∗9! 1+9)!Σ∆∋7%,%7! ∗:! )5%3! (∋%!
Β(3∗,&!Ο+∋%!)5(,!βϑ!Β%∋1%,)!+:!)5%∗∋!∗,1+Ο%!+,!5+∆9∗,&!1+9)9#!Χ<%∋!)5%!2(9)!:∗<%!3%(∋9Λ!)5%!
+<%∋(22!∋()%!+:!1+9)!Σ∆∋7%,%7!5+∆9%5+279!5(9!15(,&%7!<%∋3!2∗))2%Λ!∗,!:(1)!∗)!5(9!7%1∋%(9%7!
92∗&5)23! Σ3! ϑ#Ε! Β%∋1%,)#! ∴∆)Λ! )5()! 2(1Ω! +:! 15(,&%! ∗9! 7%1%Β)∗<%! Σ%1(∆9%! )5%∋%! 5(9! Σ%%,!
9∗&,∗:∗1(,)! 15(,&%! Θ∗)5∗,! 1%∋)(∗,! 7%Ο+&∋(Β5∗19#! ε5%! ∋()%! +:! ∋%,)%∋9! (,7! 5+Ο%+Θ,%∋9!
Θ∗)5+∆)!(!Ο+∋)&(&%!=9Β%1∗:∗1(223!)5+9%!Θ5+!(∋%!%27%∋23!+∋!+)5%∋Θ∗9%!+,!:∗α%7!∗,1+Ο%9>!)5()!
(∋%!1+9)!Σ∆∋7%,%7!5(<%!Σ+)5! ∗,1∋%(9%7!Θ5∗2%!5+Ο%+Θ,%∋9!Θ∗)5!Ο+∋)&(&%9!5(<%!9%%,!(!
7%1∋%(9%!∗,!)5%!∋()%!+:!Σ%∗,&!1+9)!Σ∆∋7%,%7#!

ε5∗9!∗9!(!)∋+∆Σ2∗,&!)∋%,7!&∗<%,!)5%!15(22%,&%9!∋%,)%∋9!(,7!5+Ο%+Θ,%∋9!Θ∗)5+∆)!(!Ο+∋)&(&%!
:(1%#!Η%(∋23!Εϑ!Β%∋1%,)!+:!∋%,)%∋9!(∋%!1+9)!Σ∆∋7%,%7!(,7!)5()!∋()%!(ΒΒ%(∋9!)+!Σ%!∋∗9∗,&#!
0%,)%∋9!)%,7!)+!:(1%!&∋%()%∋!:∗,(,1∗(2!(,7!5+∆9∗,&!∗,9)(Σ∗2∗)3Λ!Β(∋)∗1∆2(∋23!Θ5%,!Β∋+Β%∋)3!
Β∋∗1%9!∋∗9%#!ε5%! ∗,1∋%(9%! ∗,!Β∋+Β%∋)3!<(2∆%!)∆∋,9! ∗,)+! ∗,1∋%(9%7!∋%,)9!Θ5∗15!:+∋1%9!Ο(,3!

ΕΕ#βν Ε?#.ν

ββ#/ν βΚ#≅ν

ϑ#ϑν

Μϑ#ϑν

.ϑ#ϑν

βϑ#ϑν

Κϑ#ϑν

?ϑ#ϑν

Εϑ#ϑν

/ϑ#ϑν

.ϑϑϑ .ϑϑΜ .ϑϑ. .ϑϑβ .ϑϑΚ .ϑϑ? .ϑϑΕ .ϑϑ/ .ϑϑ≅ .ϑϑΙ .ϑΜϑ .ϑΜΜ .ϑΜ. .ϑΜβ .ϑΜΚ .ϑΜ?

0%,)%∋!(,7!ΧΘ,%∋!Χ11∆Β∗%7!Γ+∆9∗,&

0%,)%∋!Χ11∆Β∗%7 ΧΘ,%∋!Χ11∆Β∗%7
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∋%9∗7%,)9!)+!Σ%!1+9)!Σ∆∋7%,%7!+∋!2∗<%!∗,!9∆Σ9)(,7(∋7!5+∆9∗,&#!0%9∗7%,)9!+:!+Θ,%∋Ψ+11∆Β∗%7!
5+∆9∗,&!Θ∗)5+∆)!(!Ο+∋)&(&%!:(1%!Σ%∗,&!1+9)!Σ∆∋7%,%7!()!)5%!2+Θ%9)!∋()%Λ!Σ∆)!)5%3!(29+!5(<%!
(! &∋%()%∋! 2∗Ω%2∗5++7!+:! Σ%∗,&!+,! (! :∗α%7! ∗,1+Ο%#! 0%9∗7%,)9! +,! (! :∗α%7! ∗,1+Ο%!(∋%! +:)%,!
∆,(Σ2%!)+!5(,72%!)5%!1+9)9!)5()!1+Ο%!Θ∗)5!5+Ο%!Ο(∗,)%,(,1%!+∋!∗,1∋%(9%7!Β∋+Β%∋)3!)(α%9!
)5()!(11+ΟΒ(,3!(,!∗,1∋%(9%!∗,!5+Ο%!<(2∆%#!!ε5%!:+22+Θ∗,&!)(Σ2%!7∗9Β2(39!1+9)!Σ∆∋7%,!Θ∗)5∗,!
Ν∋%%,<∗22%#!!

9∀Κβ?Ρ!1(#∋!Κ/−Γ∃&∃Γ!.(/#∃8(5Γ#!

ΙΞΕΞ! ΙΞΕΝ! 18+&0∃!

φ! γ! φ! γ! φ! γ!

0%,)%∋!Χ11∆Β∗%7!Γ+∆9∗,&! ΜΜΛΕ?≅! ?≅#Κν! Μ.ΛΙ≅Ι! ?Ι#Κν! τΜΛββΜ! τΜ#ϑ!

ΧΘ,%∋!Χ11∆Β∗%7!Γ+∆9∗,&!Θ∗)5!(!_+∋)&(&%! βΛΚ.?! β?#Κν! .ΛΚ≅Μ! .≅#.ν! ΨΙΚΚ! Ψ/#.ν!

ΧΘ,%∋!Χ11∆Β∗%7!Γ+∆9∗,&!Θ∗)5+∆)!(!_+∋)&(&%! Κϑ/! Μβ#Κν! ?.Κ! Μ?#ϑν! τΙβΜ! τΜ#Εν!

ε+)(2!Χ11∆Β∗%7!Γ+∆9∗,&! Μ?ΛΚϑΙ! Κ/#Κν! Μ?ΛΙΙΚ! ΚΕ#≅ν! τ?≅?! Ψϑ#Εν!

∃+∆∋1%φ!8Ο%∋∗1(,!6+ΟΟ∆,∗)3!∃∆∋<%3!?Ψ]%(∋!49)∗Ο()%9!

e. ϑ,#Α/##!ς8∃∋8∃−! ∋8∃−∃! +−∃! +&2! Γ∃%(0−+∆8,Α! ∋−∃&Γ#6! ∆(5,Α,∃#6! (−! ∆−+Α∋,Α∃#! ∋8+∋
Α(/5Γ!5∃+Γ!∋(!8,08∃−!#∃0−∃0+∋,(&!,&!∋8∃!δ/−,#Γ,Α∋,(&!,&!∋8∃!)/∋/−∃<!Χ+−∋,Α,∆+&∋#!#8(/5Γ!)(Α/#!
(&!∆+∋∋∃−&#!∋8+∋!+))∃Α∋!∋8∃!δ/−,#Γ,Α∋,(&!+&Γ!−∃0,(&!−+∋8∃−!∋8+&!Α−∃+∋,&0!+&!,&4∃&∋(−2!()!
5(Α+5!5+ς#6!∆(5,Α,∃#6!(−!∆−+Α∋,Α∃#<!

Χ<%∋(22Λ!(11+∋7∗,&!)+!ΓΞΑΨΒ∋+<∗7%7!7()(Λ!9%&∋%&()∗+,!∗9!&∋+Θ∗,&!∗,!Ν∋%%,<∗22%Λ!Β(∋)∗1∆2(∋23!
Σ%)Θ%%,!Θ5∗)%!(,7!Σ2(1Ω!Β+Β∆2()∗+,9Λ!(9!Θ%22!(9!)5%!Γ∗9Β(,∗1!(,7!Θ5∗)%!Β+Β∆2()∗+,9#!_(Β9!
∋%<%(2!9∆Σ9)(,)∗(2!9%&∋%&()∗+,!(2+,&!∋(1∗(2!(,7!%)5,∗1!2∗,%9#!ε5%9%!)∋%,79!Ο(3!Σ%!∗,:2∆%,1%7!
Σ3!Β+2∗1∗%9!+∋!Β∋(1)∗1%9!Θ∗)5∗,!)5%!1∗)3Λ!∗,12∆7∗,&!)5%!2+1()∗+,!+:!∋%,)(2!5+∆9∗,&!+∋!Β∆Σ2∗123!
9∆ΒΒ+∋)%7!5+∆9∗,&!∗:!)5+9%!5+∆9∗,&!+Β)∗+,9!7∗9Β∋+Β+∋)∗+,()%23!(::%1)!5+∆9%5+279!Σ(9%7!+,!
∋(1%!+∋!%)5,∗1∗)3#!!
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Ι< ∀ΓΓ,∋,(&+5!;&)(−%+∋,(&

(# Κ∃2(&Γ!∋8∃!.]ϑ∴∆−(4,Γ∃Γ!Γ+∋+6!∆−(4,Γ∃!+ΓΓ,∋,(&+5!−∃5∃4+&∋!,&)(−%+∋,(&6!,)!+&26
+:(/∋!#∃0−∃0+∋,(&! ,&! ∋8∃! δ/−,#Γ,Α∋,(&!+&Γ!−∃0,(&!+))∃Α∋,&0!0−(/∆#!ς,∋8!(∋8∃−!∆−(∋∃Α∋∃Γ!
Α8+−+Α∋∃−,#∋,Α#<!

ε5%! ⊥%7%∋(2! ⊥(∗∋! Γ+∆9∗,&! 81)! Β∋%<%,)9! 5+∆9∗,&! 7∗91∋∗Ο∗,()∗+,! Σ(9%7! +,! )5%! :+22+Θ∗,&!
Β∋+)%1)%7! 12(99%9φ! ∋(1%Λ! 1+2+∋Λ! ,()∗+,(2! +∋∗&∗,Λ! ∋%2∗&∗+,Λ! 9%α−&%,7%∋Λ! :(Ο∗2∗(2! 9)()∆9! (,7!
7∗9(Σ∗2∗)3#!0(1%!(,7!,()∗+,(2!+∋∗&∗,!(∋%!(77∋%99%7!(Σ+<%!(,7!7∗9(Σ∗2∗)3!∗9!(77∋%99%7!2()%∋!∗,!
)5∗9!7+1∆Ο%,)#!!ε5%!Η+∋)5!6(∋+2∗,(!∃)()%!⊥(∗∋!Γ+∆9∗,&!81)!∋%∗,:+∋1%9!)5%9%!Β∋+)%1)∗+,9!Σ∆)!
7+%9!,+)!%αΒ(,7! )5%Ο!)+!(,3!+)5%∋!Β∋+)%1)%7!&∋+∆Β9Λ!(,7!Ν∋%%,<∗22%!7+%9!,+)!Β∋+<∗7%!
%αΒ2∗1∗)!5+∆9∗,&!Β∋+)%1)∗+,9!:+∋!(,3!&∋+∆Β9#!!!

ε5%!1∆∋∋%,)!7()(!(<(∗2(Σ2%!7+%9!,+)!Β+∗,)!)+!9%&∋%&()∗+,!∗,!)5%!ς∆∋∗97∗1)∗+,!(::%1)∗,&!&∋+∆Β9!
Θ∗)5!+)5%∋!Β∋+)%1)%7!15(∋(1)%∋∗9)∗19#!!

Σ# 98∃! ∆−(0−+%! ∆+−∋,Α,∆+&∋! %+2! +5#(! Γ∃#Α−,:∃! (∋8∃−! ,&)(−%+∋,(&! −∃5∃4+&∋! ∋(! ,∋#
+##∃##%∃&∋! ()! #∃0−∃0+∋,(&6! ,&Α5/Γ,&0! +Α∋,4,∋,∃#! #/Α8! +#! ∆5+Α∃∴:+#∃Γ! ,&4∃#∋%∃&∋#! +&Γ!
0∃(0−+∆8,Α!%(:,5,∋2!(∆∋,(&#!)(−!∆−(∋∃Α∋∃Γ!Α5+##!0−(/∆#<!

ε5%!Γ+∆9∗,&!8∆)5+∋∗)3!+:!)5%!6∗)3!Ν∋%%,<∗22%!γΒ∋+Ο+)%9!)5%!7%<%2+ΒΟ%,)!+:!Β∋+:%99∗+,(2!
Ο(,(&%Ο%,)! +:! (! <(∋∗%)3! +:! (::+∋7(Σ2%! 5+∆9∗,&! +ΒΒ+∋)∆,∗)∗%9Λ! :(1∗2∗)∗%9! (,7! 9∆ΒΒ+∋)∗<%!
9%∋<∗1%9! )+! ,∆∋)∆∋%! ,%∗&5Σ+∋5++79Λ! Β∋+<∗7%! %1+,+Ο∗1! 7%<%2+ΒΟ%,)! (,7! 9%2:Ψ9∆::∗1∗%,13!
(1)∗<∗)∗%9!:+∋!∋%9∗7%,)9!Θ5∗2%!(29+!(99∆∋∗,&!%χ∆(2!(11%99!)+!9(:%Λ!χ∆(2∗)3!5+∆9∗,&!:+∋!2+ΘΨ!(,7!
Ο+7%∋()%Ψ∗,1+Ο%!:(Ο∗2∗%9!)5∋+∆&5+∆)!)5%!1+ΟΟ∆,∗)3#η!!

ε+!(11+ΟΒ2∗95!)5∗9!&+(2Λ!)5%!Γ+∆9∗,&!8∆)5+∋∗)3!+:!)5%!6∗)3!+:!Ν∋%%,<∗22%!∋∆,9!)5%!:+22+Θ∗,&!
Β∋+&∋(Ο9φ!

• ⊥(Ο∗23! ∃%2:! ∃∆::∗1∗%,13! Τ! )5∗9! <+2∆,)(∋3! Β∋+&∋(Ο! (99∗9)9! :(Ο∗2∗%9! ∋%1%∗<∗,&! ΓΞΑ
Γ+∆9∗,&! 65+∗1%! Φ+∆15%∋! +∋! 2∗<∗,&! ∗,! Β∆Σ2∗1! 5+∆9∗,&! )+! ∗ΟΒ∋+<%! )5%∗∋! %1+,+Ο∗1
9∗)∆()∗+,

• Γ6Φ!Γ+Ο%+Θ,%∋95∗Β!Τ!ε5%!Γ6Φ!Γ+Ο%+Θ,%∋95∗Β!;∋+&∋(Ο!Β∋+<∗7%9! 2+ΘΨ∗,1+Ο%Λ
7∗9(Σ2%7!(,7!%27%∋23!:(Ο∗2∗%9!Θ5+!(∋%!%2∗&∗Σ2%!)+!%αΒ(,7!)5%∗∋!5+∆9∗,&!+Β)∗+,9#

• Γ+∆9∗,&!65+∗1%!Φ+∆15%∋!;∋+&∋(Ο!Τ!ε5∗9!Β∋+&∋(Ο!+::%∋9!%αΒ(,7%7!+ΒΒ+∋)∆,∗)∗%9!:+∋
∋%,)(2!(99∗9)(,1%!:+∋!<%∋3!2+ΘΨ∗,1+Ο%!:(Ο∗2∗%9Λ!7%:∗,%7!(9!?ϑ!Β%∋1%,)!+:!(∋%(!Ο%7∗(,
∗,1+Ο%Λ!∗,!Β∋∗<()%23!+Θ,%7!5+∆9∗,&!∆,∗)9#
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!
><! 1(&∋−,:/∋,&0!∗+Α∋(−#!()!=∃0−∃0+∋,(&!

∋()∗+,−.& /0−& 1+∗/−,& 234/(.∗& 3),&3)5&(/0−.& 234/(.∗& 322−4/+)6& /0−& 78.+∗,+4/+()&3),& .−6+()9&&
:,−)/+25& 234/(.∗& /03/& ∗+6)+2+43)/15& 4.−3/−;& 4()/.+<8/−& /(;& =−.=−/83/−;& (.& +)4.−3∗−& /0−&
∗−>−.+/5&(2&∗−6.−63/+()9&

•! 1(%%/&,∋2!(∆∆(#,∋,(&!
•! ϑ,#∆5+Α∃%∃&∋!()!−∃#,Γ∃&∋#!Γ/∃!∋(!∃Α(&(%,Α!∆−∃##/−∃#!
•! β+ΑΨ!()!Α(%%/&,∋2!−∃4,∋+5,α+∋,(&!#∋−+∋∃0,∃#!
•! β+ΑΨ!()!∆−,4+∋∃!,&4∃#∋%∃&∋#!,&!#∆∃Α,),Α!&∃,08:(−8((Γ#!
•! β+ΑΨ!()!∆/:5,Α!,&4∃#∋%∃&∋#!,&!#∆∃Α,),Α!&∃,08:(−8((Γ#6!,&Α5/Γ,&0!#∃−4,Α∃#!(−!+%∃&,∋,∃#!
•! β+ΑΨ!()!−∃0,(&+5!Α((∆∃−+∋,(&!
•! β+&Γ!/#∃!+&Γ!α(&,&0!5+ς#!
•! β∃&Γ,&0!Γ,#Α−,%,&+∋,(&!
•! β(Α+∋,(&!+&Γ!∋2∆∃!()!+))(−Γ+:5∃!8(/#,&0!
•! β(##!()!∀))(−Γ+:5∃!.(/#,&0!!
•! ΟΑΑ/∆+&Α2!Α(Γ∃#!+&Γ!−∃#∋−,Α∋,(&#!
•! Χ−,4+∋∃!Γ,#Α−,%,&+∋,(&!
•! =(/−Α∃!()!,&Α(%∃!Γ,#Α−,%,&+∋,(&!!
•! Ο∋8∃−!

!
!

υ+,∗,&!(,7!2(,7!∆9%!+∋7∗,(,1%9!1(,!∗,1∋%(9%!9%&∋%&()∗+,!(2+,&!∋(1∗(2!(,7!%)5,∗1!2∗,%9#!∀)!∗9!
∗22%&(2!)+!7∗91∋∗Ο∗,()%!∗,!)5∗9!Θ(3Λ!Σ∆)!)5%!∋%9∆2)!+:!)5%!+∋7∗,(,1%9!Ο(3!9)∗22!Σ%!9%&∋%&()∗+,#!
Ρ5%,!2(Θ9!7%)%∋Ο∗,%&/0−&1(43/+()&3),&/5=−&(2&322(.,3<1−&0(8∗+)6&∗,)+!+,%!(∋%(!)5()!1(,!
2%(7!)+!9%&∋%&()∗+,!∗,!1+ΟΟ∆,∗)∗%9!Θ5%∋%!Β∋+)%1)%7!9)()∆9!(,7!∗,1+Ο%!(∋%!1+∋∋%2()%7#!!

∋(??8)+/5&(==(∗+/+()&)+!∗,)%&∋()∗+,!∗9!(!7∗::∗1∆2)!)5∗,&!)+!(11∆∋()%23!ς∆7&%!Σ∆)!Β+)%,)∗(223!
%α∗9)9!∗,!%<%∋3!1+ΟΟ∆,∗)3#!ε5%∋%!(∋%!+:)%,!9)%∋%+)3Β%9!)5()!2+ΘΨ∗,1+Ο%!∋%9∗7%,)9!Θ∗22!Σ∋∗,&!
7+Θ,! )5%! Β∋+Β%∋)3! <(2∆%! +:! )5%! ,%∗&5Σ+∋5++7! (,7!Ο(3! ())∋(1)! 1∋∗Ο%Λ! (,7! 2+ΘΨ∗,1+Ο%!
∋%9∗7%,)9!+:)%,!2(1Ω!(!<+∗1%! ∗,!Β+2∗13!7∗91∆99∗+,9#!4<%,!Θ5%,!1+ΟΟ∆,∗)∗%9!∋%1+&,∗%!)5%!
,%%7! :+∋! Β∆Σ2∗1! 5+∆9∗,&! (,7! Β∆Σ2∗123! 9∆Σ9∗7∗%7! 5+∆9∗,&Λ! 2∗Ω%! Π+ΘΨ∀,1+Ο%! Γ+∆9∗,&! ε(α!
6∋%7∗)9Λ!)5∋+∆&5+∆)!)5%!1∗)3!)5%∋%!1(,!Σ%!(!γΗ+)!∀,!_3!∴(1Ω3(∋7η!=Η∀_∴]>!<∗%Θ!+:!Β∆Σ2∗1!
5+∆9∗,&!)5()!Ο(3!∗,1∋%(9%!∗,)%&∋()∗+,#!

0∗9∗,&!5+∆9∗,&!1+9)9!1(,!2%(7!)+!,+∗=134−?−)/&(2&.−∗+,−)/∗&,8−&/(&−4()(?+4&=.−∗∗8.−∗9&89!
)5%!1+9)!+:!5+∆9∗,&!∋∗9%9Λ!∗)!1(,!Β∆95!+∆)!2+ΘΨ∗,1+Ο%!∋%9∗7%,)9Λ!Β(∋)∗1∆2(∋23!∋%,)%∋9!Θ5+!7+!
,+)!9%%!∋∗9∗,&!5+∆9∗,&!1+9)9!(9!(,!∗,1∋%(9%!∗,!)5%!<(2∆%!+:!)5%∗∋!∗,<%9)Ο%,)#!Ρ5%,!∗,1+Ο%!
∗9!9)∋+,&23!2∗,Ω%7!)+!∋(1%!+∋!%)5,∗1∗)3!)5∗9!1(,!2%(7!)+!∋(1∗(2!(,7!%)5,∗1!9%&∋%&()∗+,#!Π+ΘΨ
∗,1+Ο%!∋%9∗7%,)9!&()5%∋!)+&%)5%∋!(2+,&!∋(1∗(2!(,7!%)5,∗1!2∗,%9!(,7!(∋%!Β∋∗1%7!+∆)!+:!Ο+∋%!

Attachment number 1
Page 56 of 205

Item # 7



 57 

(::2∆%,)!(∋%(9#!!

ε5%!:+22+Θ∗,&!)(Σ2%!7∗9Β2(39!%1+,+Ο∗1!15(,&%9!+<%∋!)∗Ο%!Θ∗)5∗,!Ν∋%%,<∗22%#!ε5%!1∗)3!5(9!
9%%,!1+,9∗7%∋(Σ2%!&∋+Θ)5!∗,!5+∆9∗,&!1+9)9!:+∋!5+Ο%+Θ,%∋9Λ!&∋+99!∋%,)!(,7!)5%!∋()%!+:!1+9)Ψ
Σ∆∋7%,%7!∋%9∗7%,)9#!∀,!(77∗)∗+,Λ!Θ5∗2%!)5%!Ο%7∗(,!5+∆9%5+27!∗,1+Ο%!5(9!∗,1∋%(9%7!∗)!5(9!
,+)!7+,%!9+!()!(!∋()%!)5()!Ω%%Β9!Β(1%!Θ∗)5!5+∆9∗,&!1+9)!∗,1∋%(9%9Λ!Β(∋)∗1∆2(∋23!:+∋!∋%,)%∋9#!!

!
9∀Κβ?Ρ!?Α(&(%,Α!18+&0∃#!Ο4∃−!9,%∃!

! ΙΞΞΞ! ΙΞΕΝ!
Χ∃−Α∃&∋!
18+&0∃!

_%7∗(,!Ν∋+99!0%,)! δΚ≅.! δ/Κ.! ?β#Ιν!

_%7∗(,!ΧΘ,%∋!Γ+∆9∗,&!6+9)9!=Θ∗)5!_+∋)&(&%>! δΜΛϑβΕ! δΜΛ.Ε?! ..#Μν!

_%7∗(,!ΧΘ,%∋!Γ+∆9∗,&!6+9)9!=Θ∗)5+∆)!_+∋)&(&%>! δβΚΙ! δΚ/β! β?#?ν!

Γ+Ο%!Φ(2∆%! δΜΜϑΛ.ϑϑ! δΜΚ/ΛΜϑϑ! ββ#?ν!

6+9)!∴∆∋7%,%7!0%,)%∋9! Κ?#βν! ?Ι#Κν! .Κ#?ν!

6+9)!∴∆∋7%,%7!Γ+Ο%!ΧΘ,%∋9! .ϑ#ϑν! .Κ#?ν! ..#?ν!

_%7∗(,!Γ+∆9%5+27!∀,1+Ο%! δ.≅ΛΚ≅/! δβΚΛΚβ?! .ϑ#Ιν!

∃+∆∋1%φ!.ϑΜΜΨ.ϑΜ?!8Ο%∋∗1(,!6+ΟΟ∆,∗)3!∃∆∋<%3!?Ψ]%(∋!49)∗Ο()%9Λ!.ϑϑϑ!Α%1%,,∗(2!6%,9∆9!

! !
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;;<! Π+Α,+552!(−!?∋8&,Α+552!1(&Α∃&∋−+∋∃Γ!∀−∃+#!()!Χ(4∃−∋2!ΣΠ?1∀Χ#Τ!
 

Ε<! ∀&+52#,#!

a.! ;Γ∃&∋,)2! +&2!Π?1∀Χ#!(−! 0−(/∆,&0#!()!Π?1∀Χ! ∋−+Α∋#!ς,∋8,&! ∋8∃! δ/−,#Γ,Α∋,(&!+&Γ!
−∃0,(&<!

811+∋7∗,&!)+!ΓΞΑΛ!(!∋(1∗(223−%)5,∗1(223Ψ1+,1%,)∋()%7!(∋%(!+:!Β+<%∋)3!=0−468;>!∗9!7%:∗,%7!(9!
:+22+Θ9φ!
!

θ0−468;ρ!∗,<+2<%9!(!∋(1∗(223−%)5,∗1!1+,1%,)∋()∗+,!)5∋%95+27!(,7!(!Β+<%∋)3!)%9)#!ε5%!
∋(1∗(2−%)5,∗1!1+,1%,)∋()∗+,!)5∋%95+27!∗9!9)∋(∗&5):+∋Θ(∋7φ!0−468;9!Ο∆9)!5(<%!(!,+,Ψ
Θ5∗)%!Β+Β∆2()∗+,!+:!?ϑ!Β%∋1%,)!+∋!Ο+∋%#!0%&(∋7∗,&!)5%!Β+<%∋)3!)5∋%95+27Λ!Ρ∗29+,!
=ΜΙ≅ϑ>!7%:∗,%9!,%∗&5Σ+∋5++79!+:!%α)∋%Ο%!Β+<%∋)3!(9!1%,9∆9!)∋(1)9!Θ∗)5!Κϑ!Β%∋1%,)!
+∋!Ο+∋%! ∗,7∗<∗7∆(29! 2∗<∗,&! ()! +∋! Σ%2+Θ! )5%! Β+<%∋)3! 2∗,%#! ∴%1(∆9%! +<%∋(22! Β+<%∋)3!
2%<%29!(∋%!9∆Σ9)(,)∗(223!2+Θ%∋!∗,!Ο(,3!Β(∋)9!+:!)5%!1+∆,)∋3Λ!ΓΞΑ!9∆ΒΒ2%Ο%,)9!)5∗9!
Θ∗)5!(,!(2)%∋,()%!1∋∗)%∋∗+,#!ε5∆9Λ!(!,%∗&5Σ+∋5++7!1(,!Σ%!(!0−468;!∗:!∗)!5(9!(!Β+<%∋)3!
∋()%!)5()!%α1%%79!Κϑ!Β%∋1%,)!+∋!∗9!)5∋%%!+∋!Ο+∋%!)∗Ο%9!)5%!(<%∋(&%!)∋(1)!Β+<%∋)3!
∋()%!:+∋!)5%!Ο%)∋+Β+2∗)(,−Ο∗1∋+Β+2∗)(,!(∋%(Λ!Θ5∗15%<%∋!)5∋%95+27!∗9!2+Θ%∋!ϖ!#!
!

∴(9%7!+,!)5%!8::∗∋Ο()∗<%23!⊥∆∋)5%∋∗,&!⊥(∗∋!Γ+∆9∗,&!=8⊥⊥Γ>!Ο(ΒΒ∗,&!)++2Λ!)5%∋%!(∋%!)5∋%%!
0−468;!)∋(1)9!∗,!)5%!ς∆∋∗97∗1)∗+,#!!

!
ε∋(1)!β/ΜΚ/ϑϑ/ϑ.!=2(Σ%2%7!γΜη!∗,!)5%!Ο(Β!Σ%2+Θ>!∗9!2+1()%7!∗,!)5%!Θ%9)%∋,!7+Θ,)+Θ,!(∋%(!
+:!Ν∋%%,<∗22%!)+!)5%!Θ%9)!+:!)5%!6∃ε!)∋(1)9#!ε5%!Θ%9)%∋,!Σ+∋7%∋!∗9!Γ∗&5Θ(3!Μβ!(,7!)5%!,+∋)5!
Σ+∋7%∋! ∗9!∃Β∋∆1%!∃)∋%%)#!ε5%!)∋(1)ι9!9+∆)5%∋,!Σ+∋7%∋! ∋∆,9!Σ%)Θ%%,!_∗22Σ∋++Ω!9)∋%%)!(,7!
0∗7&%!;2(1%#!ε5%!:+22+Θ∗,&!Ο(Β!7∗9Β2(39!)5%!0−468;!)∋(1)!∗,!Ν∋%%,<∗22%#!

!
ε∋(1)!β/ΜΚ/ϑϑϑ/ϑΜ!=2(Σ%2%7!γ.η!∗,!)5%!Ο(Β!Σ%2+Θ>!∗9!(!)∋(1)!)5()!∗9!95(Β%7!2∗Ω%!)5%!,∆ΟΣ%∋!
γ/η!(,7!∗9!2+1()%7!,+∋)5!+:!ε∋(1)!β/ΜΚ/ϑϑ/ϑ.#!

!
ε∋(1)!β/ΜΚϑϑϑ≅ϑϑ! =2(Σ%2%7!γβη! ∗,! )5%!Ο(Β!Σ%2+Θ>! ∗9! (!&%+&∋(Β5∗1(223! 2(∋&%! )∋(1)!+,! )5%!
,+∋)5! %,7! +:! )5%! 1∗)3! )5()! ∗,12∆7%9! )5%! ;∗))ΨΝ∋%%,<∗22%! 8∗∋Β+∋)#! ε5%! %(9)! (,7! ,+∋)5%∋,!
Σ+∋7%∋9!(∋%!Γ∗&5Θ(3!.ΕΚ!(,7!)5%!9+∆)5%∋,!Σ+∋7%∋!∗9!)5%!ε(∋!0∗<%∋#!!
!

! !
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b.! ϑ∃#Α−,:∃!+&Γ! ,Γ∃&∋,)2!∋8∃!∆−∃Γ(%,&+&∋!∆−(∋∃Α∋∃Γ!Α5+##∃#!−∃#,Γ,&0! ,&!Π?1∀Χ#! ,&!
∋8∃!δ/−,#Γ,Α∋,(&!+&Γ!−∃0,(&<!!.(ς!Γ(!∋8∃#∃!Γ∃%(0−+∆8,Α#!()!∋8∃!Π?1∀Χ#!Α(%∆+−∃!ς,∋8!
∋8∃!Γ∃%(0−+∆8,Α#!()!∋8∃!δ/−,#Γ,Α∋,(&!+&Γ!−∃0,(&χ!!

!
Ρ∗)5∗,!Ν∋%%,<∗22%ι9!0−468;!)∋(1)!)5%!Β∋%7+Ο∗,(,)!Β∋+)%1)%7!12(99!∗9!Σ2(1ΩΛ!,+,ΨΓ∗9Β(,∗1#!
ε5%! Β∋∗Ο(∋3! 1+∆,)∋3! +:! +∋∗&∗,! :+∋! :+∋%∗&,! Σ+∋,! ∋%9∗7%,)9! ∗9!_%α∗1+#! ε5%! :+22+Θ∗,&! )(Σ2%!
7∗9Β2(39!)5%!1+ΟΒ2%)%!7%Ο+&∋(Β5∗19!+:!)5∗9!)∋(1)#!
!

9∀Κβ?Ρ!Π?1∀Χ!ϑ∃%(0−+∆8,Α#!
Π+Α∃?∋8&,Α,∋2! ! φ! γ!

ε+)(2!;+Β∆2()∗+,! ! ΙΛϑΕΕ! ΨΨ!
Ρ5∗)%Λ!Η+,ΨΓ∗9Β(,∗1! ! ΜΛϑ/Μ! ΜΜ#≅Μν!
∴2(1ΩΛ!Η+,ΨΓ∗9Β(,∗1! ! /Λ.Ι.! ≅ϑ#Κβν!
Γ∗9Β(,∗1! ! ΚΕ?! ?#ΚΕν!
89∗(,!+∋!;(1∗:∗1!∀92(,7%∋Λ!Η+,ΨΓ∗9Β(,∗1! ! ΕΕ! ϑ#/βν!
Η()∗<%!8Ο%∋∗1(,Λ!Η+,ΨΓ∗9Β(,∗1! ! ββ! ϑ#βΕν!
Χ)5%∋Λ!Η+,ΨΓ∗9Β(,∗1! ! β! ϑ#ϑβν!

∗+%,52!92∆∃! ! φ! γ!
ε+)(2!⊥(Ο∗2∗%9! ! .Λϑ?β! ΨΨ!
⊥(Ο∗2∗%9!Θ∗)5!65∗27∋%,! ! ≅/Κ! Κ.#?/ν!

7+∋,(&+5!Ο−,0,&! 1(/&∋−2! φ! γ!
οΜ!6+∆,)∋3!+:!Χ∋∗&∗,! _%α∗1+! ΜΚ.! Μ#/ϑν!
ο.!6+∆,)∋3!+:!Χ∋∗&∗,! Φ%,%∆%2(! Κ.! ϑ#?ϑν!
οβ!6+∆,)∋3!+:!Χ∋∗&∗,! ∃Β(∗,! ..! ϑ#.Εν!
οΚ!6+∆,)∋3!+:!Χ∋∗&∗,! ;%∋∆! Μβ! ϑ#ΜΕν!
ο?!6+∆,)∋3!+:!Χ∋∗&∗,! 65∗,(π! ΜΜ! ϑ#Μβν!
οΕ!6+∆,)∋3!+:!Χ∋∗&∗,! ϕ(Β(,! Ι! ϑ#ΜΜν!
ο/!6+∆,)∋3!+:!Χ∋∗&∗,! 42!∃(2<(7+∋! β! ϑ#ϑΚν!
ο≅!6+∆,)∋3!+:!Χ∋∗&∗,! ∆∋11∗ ϑ! ϑ#ϑϑν!
οΙ!6+∆,)∋3!+:!Χ∋∗&∗,! ∆∋11∗ ϑ! ϑ#ϑϑν!
οΜϑ!6+∆,)∋3!+:!Χ∋∗&∗,! ∆∋11∗ ϑ! ϑ#ϑϑν!
∃+∆∋1%φ!8Ο%∋∗1(,!6+ΟΟ∆,∗)3!∃∆∋<%3!?Ψ]%(∋!49)∗Ο()%9!!π4α12∆7∗,&!Γ+,&!Υ+,&!(,7!ε(∗Θ(,!

!

Ρ5%,! 1+ΟΒ(∋%7! )+! )5%! 1∗)3! (9! (! Θ5+2%! ∗)! ∗9! 12%(∋! )5()! )5%∋%! (∋%! 9+Ο%! 7%Ο+&∋(Β5∗1!
7∗::%∋%,1%9!Θ∗)5∗,!)5%!0−468;!)∋(1)9#!ε5%!Ο(ς+∋!7∗::%∋%,1%!∗9!)5%!5∗&5!Σ2(1ΩΛ!,+,ΨΓ∗9Β(,∗1!
Β+Β∆2()∗+,!∗,!)5%!0−468;!)∋(1)9#!_+∋%!)5(,!≅ϑ!Β%∋1%,)!+:!)5%!0−468;!)∋(1)!∗9!Σ2(1ΩΛ!,+,Ψ
Γ∗9Β(,∗1Λ!Θ5∗15!∗9!1+,9∗7%∋(Σ23!&∋%()%∋!)5(,!)5%!Σ2(1ΩΛ!,+,ΨΓ∗9Β(,∗1!Β+Β∆2()∗+,!∗,!)5%!1∗)3!
(9!(!Θ5+2%!()!βΕ#Ε?!Β%∋1%,)#!⊥(Ο∗2∗%9!∗,!)5%!0−468;!)∋(1)!(∋%!(29+!92∗&5)23!2%99!2∗Ω%23!)+!5(<%!
15∗27∋%,#!⊥+∋%∗&,ΨΣ+∋,!∋%9∗7%,)9!∗,!)5%!0−468;!(∋%!Ο∆15!Ο+∋%!2∗Ω%23!)+!1+Ο%!:∋+Ο!_%α∗1+!
)5(,! ∗,! )5%! &%,%∋(2! Β+Β∆2()∗+,#! 877∗)∗+,(223Λ! )5∋%%! ,()∗+,(2! +∋∗&∗,9! (∋%! Β∋%9%,)! ∗,! )5%!
0−468;!)∋(1)!)5()!7+!,+)!95+Θ!∆Β!∗,!)5%!Μϑ!2(∋&%9)!,()∗+,(2!+∋∗&∗,9!:+∋!)5%!1∗)3φ!Φ%,%∆%2(Λ!
∃Β(∗,!(,7!;%∋∆#!
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!
9∀Κβ?Ρ!ϑ∃%(0−+∆8,Α!1(%∆+−,#(&!Κ∃∋ς∃∃&!Π?1∀Χ!9−+Α∋!+&Γ!Υ/−,#Γ,Α∋,(&!

Π+Α∃?∋8&,Α,∋2! Π?1∀Χ! 3−∃∃&4,55∃! Χ∃−Α∃&∋!ϑ,))∃−∃&Α∃!
Ρ5∗)%Λ!Η+,ΨΓ∗9Β(,∗1! ΜΜ#≅Μν! ??#≅?ν! ΚΚ#ϑΚν!
∴2(1ΩΛ!Η+,ΨΓ∗9Β(,∗1! ≅ϑ#Κβν! βΕ#Ε?ν! ΨΚβ#/≅ν!
Γ∗9Β(,∗1! ?#ΚΕν! Κ#ϑ.ν! ΨΜ#ΚΚν!
89∗(,!+∋!;(1∗:∗1!∀92(,7%∋Λ!Η+,ΨΓ∗9Β(,∗1! ϑ#/βν! .#.?ν! Μ#?.ν!
Η()∗<%!8Ο%∋∗1(,Λ!Η+,ΨΓ∗9Β(,∗1! ϑ#βΕν! ϑ#.Ιν! Ψϑ#ϑ/ν!
Χ)5%∋Λ!Η+,ΨΓ∗9Β(,∗1! ϑ#ϑβν! ϑ#Μ/ν! ϑ#ΜΚν!

∗+%,52!92∆∃! Π?1∀Χ! 3−∃∃&4,55∃! Χ∃−Α∃&∋!ϑ,))∃−∃&Α∃!
⊥(Ο∗2∗%9!Θ∗)5!65∗27∋%,! Κ.#?/ν! Κ/#≅/ν! ?#βϑν!

7+∋,(&+5!Ο−,0,&!
Π?1∀Χ! 3−∃∃&4,55∃!

1(/&∋−2! γ! 1(/&∋−2! γ!
οΜ!6+∆,)∋3!+:!Χ∋∗&∗,! _%α∗1+! Μ#/ϑν! ∀,7∗(! ϑ#/Εν!
ο.!6+∆,)∋3!+:!Χ∋∗&∗,! Φ%,%∆%2(! ϑ#?ϑν! _%α∗1+! ϑ#Κϑν!
οβ!6+∆,)∋3!+:!Χ∋∗&∗,! ∃Β(∗,! ϑ#.Εν! 42!∃(2<(7+∋! ϑ#ββν!
οΚ!6+∆,)∋3!+:!Χ∋∗&∗,! ;%∋∆! ϑ#ΜΕν! 65∗,(π! ϑ#.≅ν!
ο?!6+∆,)∋3!+:!Χ∋∗&∗,! 65∗,(π! ϑ#Μβν! Υ+∋%(! ϑ#..ν!
οΕ!6+∆,)∋3!+:!Χ∋∗&∗,! ϕ(Β(,! ϑ#ΜΜν! 6(,(7(! ϑ#..ν!
ο/!6+∆,)∋3!+:!Χ∋∗&∗,! 42!∃(2<(7+∋! ϑ#ϑΚν! ε(∗Θ(,! ϑ#ΜΙν!
ο≅!6+∆,)∋3!+:!Χ∋∗&∗,! ∆∋11! ϑ#ϑϑν! 4&3Β)! ϑ#Μ≅ν!
οΙ!6+∆,)∋3!+:!Χ∋∗&∗,! ∆∋11! ϑ#ϑϑν! ϕ(Β(,! ϑ#Μ/ν!
οΜϑ!6+∆,)∋3!+:!Χ∋∗&∗,! ∆∋11! ϑ#ϑϑν! Ν∆()%Ο(2(! ϑ#Μ/ν!
∃+∆∋1%φ!8Ο%∋∗1(,!6+ΟΟ∆,∗)3!∃∆∋<%3!?Ψ]%(∋!49)∗Ο()%9!!π4α12∆7∗,&!Γ+,&!Υ+,&!(,7!ε(∗Θ(,!

!
!

!

!

!

! !
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c.! ϑ∃#Α−,:∃!8(ς!Π?1∀Χ#!8+4∃!Α8+&0∃Γ!(4∃−!∋,%∃!,&!∋8∃!δ/−,#Γ,Α∋,(&!+&Γ!−∃0,(&!Σ#,&Α∃!
ΕΘΘΞΤ<!

811+∋7∗,&!)+!)5%!ΓΞΑ!Β∋+<∗7%7!Ο(Β9Λ!)5%∋%!5(<%!Σ%%,!95∗:)9!∗,!0−468;!)∋(1)9!9∗,1%!ΜΙΙϑ#!
∀,!ΜΙΙϑΛ!)5%∋%!Θ%∋%!+,23!)Θ+!∗7%,)∗:∗%7!0−468;!)∋(1)9#!ε5%9%!)∋(1)9!(∋%!2(Σ2%7!γΜη!(,7!γ.η!
∗,!)5%!Β∋%<∗+∆9!Ο(Β#!ε5%!:+22+Θ∗,&!Ο(Β!7∗9Β2(39!0−468;!)∋(1)9!∗,!ΜΙΙϑ#!
!

Ι+>Υ∗≅ϑΣ<+>∗8∃.(#7Η∗Ε⊥⊥Χ∗

 
∃+∆∋1%φ!ΓΞΑ!
!

! !
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∀,! .ϑϑϑΛ! 7()(! :∋+Ο! Ν∋%%,<∗22%! ∗7%,)∗:∗%7! +,23! +,%! 0−468;#! ε5∗9! 0−468;! Θ(9! Β∋%<∗+∆923!
∗7%,)∗:∗%7! ∗,! ΜΙΙϑ! =β/ΜΚ/ϑϑϑ/ϑΜ>! (,7! Θ(9! Β∋%<∗+∆923! 2(Σ%2%7! γ.#η! ε5%! :+22+Θ∗,&! Ο(Β!
7∗9Β2(39!)5%!0−468;!)∋(1)!∗,!.ϑϑϑ#!
!

Ι+>Υ∗≅ϑΣ<+>∗8∃.(#7Η∗ΠΧΧΧ∗

!
∃+∆∋1%φ!ΓΞΑ!
!

Ι<! ∀ΓΓ,∋,(&+5!;&)(−%+∋,(&!

(#! Κ∃2(&Γ!∋8∃!.]ϑ∴∆−(4,Γ∃Γ!Γ+∋+6!∆−(4,Γ∃!+ΓΓ,∋,(&+5!−∃5∃4+&∋!,&)(−%+∋,(&6!,)!+&26!
+:(/∋! Π?1∀Χ#! ,&! ∋8∃! δ/−,#Γ,Α∋,(&! +&Γ! −∃0,(&! +))∃Α∋,&0! 0−(/∆#! ς,∋8! (∋8∃−! ∆−(∋∃Α∋∃Γ!
Α8+−+Α∋∃−,#∋,Α#<!

ε5%∋%! ∗9! ,+! :∆∋)5%∋! ∗,:+∋Ο()∗+,! (Σ+∆)! &∋+∆Β9! Θ∗)5! Β∋+)%1)%7! 15(∋(1)%∋∗9)∗19! ∗,! )5%!
ς∆∋∗97∗1)∗+,9!0−468;!)∋(1)#!
!

Σ#! 98∃! ∆−(0−+%! ∆+−∋,Α,∆+&∋! %+2! +5#(! Γ∃#Α−,:∃! (∋8∃−! ,&)(−%+∋,(&! −∃5∃4+&∋! ∋(! ,∋#!
+##∃##%∃&∋! ()! Π?1∀Χ#6! ,&Α5/Γ,&0! +Α∋,4,∋,∃#! #/Α8! +#! ∆5+Α∃∴:+#∃Γ! ,&4∃#∋%∃&∋#! +&Γ!
0∃(0−+∆8,Α!%(:,5,∋2!(∆∋,(&#!)(−!∆−(∋∃Α∋∃Γ!Α5+##!0−(/∆#<!

ε5%! 1∗)3ι9! .ϑΜΕΨ.ϑΜ/! 8,,∆(2! 81)∗+,! ;2(,! ∗,12∆7%7! )(∋&%)%7! ∋%7%<%2+ΒΟ%,)! (∋%(9! )5()!
:+1∆9%7! +,! ∗ΟΒ∋+<∗,&! (∋%(9! Θ∗)5! 2+Θ! %1+,+Ο∗1! +ΒΒ+∋)∆,∗)∗%9#! ∀,! Β(∋)∗1∆2(∋Λ! )5%! Ρ%9)!
Ν∋%%,<∗22%!0%7%<%2+ΒΟ%,)!8∋%(! ∗,12∆7%9!(! 9∗&,∗:∗1(,)!Β+∋)∗+,!+:! (!0−468;! )∋(1)! =1%,9∆9!
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)∋(1)!β/ΜΚ/ϑϑϑ/ϑΜ>#!877∗)∗+,(223Λ!)5%!1∗)3!5(9!∗,1∋%(9%7!∗,<%9)Ο%,)!∗,!)5%!0−468;!)∋(1)!)+!
)5%! ,+∋)5! +:! )5%! ε(∋! 0∗<%∋! =1%,9∆9! )∋(1)! β/ΜΚϑϑϑ≅ϑϑ>#! ε5%! :+22+Θ∗,&!Ο(Β! 7∗9Β2(39! )5%!
Β2(,,%7!∋%7%<%2+ΒΟ%,)!(∋%(!∗,!Ρ%9)!Ν∋%%,<∗22%#!
!
_8;φ!Ρ%9)!Ν∋%%,<∗22%!0%7%<%2+ΒΟ%,)!8∋%(!

!
∃+∆∋1%φ!.ϑΜΕΨ.ϑΜ/!Ν∋%%,<∗22%!8,,∆(2!81)∗+,!;2(,!
!

!

!

! !
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><! 1(&∋−,:/∋,&0!∗+Α∋(−#!()!Π?1∀Χ#!

∋()∗+,−.&/0−&1+∗/−,&234/(.∗&3),&3)5&(/0−.&234/(.∗&322−4/+)6&/0−&78.+∗,+4/+()&3),&.−6+()9&&
:,−)/+25&234/(.∗&/03/&∗+6)+2+43)/15&4.−3/−;&4()/.+<8/−&/(;&=−.=−/83/−;&(.&+)4.−3∗−&/0−&
∗−>−.+/5&(2&∀≅Α∋#Β∗9&!

•! 1(%%/&,∋2!(∆∆(#,∋,(&!
•! ϑ∃∋∃−,(−+∋∃Γ!+&Γ!+:+&Γ(&∃Γ!∆−(∆∃−∋,∃#!
•! ϑ,#∆5+Α∃%∃&∋!()!−∃#,Γ∃&∋#!Γ/∃!∋(!∃Α(&(%,Α!∆−∃##/−∃#!
•! β+ΑΨ!()!Α(%%/&,∋2!−∃4,∋+5,α+∋,(&!#∋−+∋∃0,∃#!
•! β+ΑΨ!()!5(Α+5!(−!−∃0,(&+5!Α((∆∃−+∋,(&!!
•! β+ΑΨ!()!∆−,4+∋∃!,&4∃#∋%∃&∋#!,&!#∆∃Α,),Α!&∃,08:(−8((Γ#!
•! β+ΑΨ!()!∆/:5,Α!,&4∃#∋%∃&∋#!,&!#∆∃Α,),Α!&∃,08:(−8((Γ#6!,&Α5/Γ,&0!#∃−4,Α∃#!(−!+%∃&,∋,∃#!
•! β+&Γ!/#∃!+&Γ!α(&,&0!5+ς#!
•! β(Α+∋,(&!+&Γ!∋2∆∃!()!+))(−Γ+:5∃!8(/#,&0!
•! β(##!()!∀))(−Γ+:5∃!.(/#,&0!!
•! ΟΑΑ/∆+&Α2!Α(Γ∃#!+&Γ!−∃#∋−,Α∋,(&#!
•! Χ−,4+∋∃!Γ,#Α−,%,&+∋,(&!!
•! =(/−Α∃!()!,&Α(%∃!Γ,#Α−,%,&+∋,(&!
•! Ο∋8∃−!

!
Α∆%!)+!)5%!1+∋∋%2()∗+,!Σ%)Θ%%,!9%&∋%&()∗+,!(,7!0−468;!)∋(1)9Λ!Ο(,3!+:!)5%!:(1)+∋9!5%∋%!
Ο∗∋∋+∋!)5+9%!∗,!)5%!Β∋%<∗+∆9!9%1)∗+,!+,!9%&∋%&()∗+,#!
!
0∗9∗,&!5+∆9∗,&!1+9)9!1(,!2%(7!)+!,+∗=134−?−)/&(2&.−∗+,−)/∗&,8−&/(&−4()(?+4&=.−∗∗8.−∗9&89!
)5%!1+9)!+:!5+∆9∗,&!∋∗9%9Λ!∗)!1(,!Β∆95!+∆)!2+ΘΨ∗,1+Ο%!∋%9∗7%,)9Λ!Β(∋)∗1∆2(∋23!∋%,)%∋9!Θ5+!7+!
,+)!9%%!∋∗9∗,&!5+∆9∗,&!1+9)9!(9!(,!∗,1∋%(9%!∗,!)5%!<(2∆%!+:!)5%∗∋!∗,<%9)Ο%,)#!Ρ5%,!∗,1+Ο%!
∗9!9)∋+,&23!2∗,Ω%7!)+!∋(1%!+∋!%)5,∗1∗)3!)5∗9!1(,!2%(7!)+!∋(1∗(2!(,7!%)5,∗1!9%&∋%&()∗+,#!Π+ΘΨ
∗,1+Ο%!∋%9∗7%,)9!&()5%∋!)+&%)5%∋!(2+,&!∋(1∗(2!(,7!%)5,∗1!2∗,%9!(,7!(∋%!Β∋∗1%7!+∆)!+:!Ο+∋%!
(::2∆%,)!(∋%(9#!!

ε5%! 1(43/+()& 3),& /5=−& (2& 322(.,3<1−& 0(8∗+)6& 1(,! :∆∋)5%∋! 9%&∋%&()∗+,! ∗,! Θ(39! )5()! (∋%!
9∗Ο∗2(∋!)+!)5%!(Σ+<%!Β+∗,)9#!∃∆Σ9∗7∗%7!5+∆9∗,&!1(,!Σ%!Β∆95%7!∗,)+!1%∋)(∗,!,%∗&5Σ+∋5++79!
+∋! 1%,9∆9! )∋(1)9Λ! (,7! ∗:! ∗,1+Ο%! ∗9! 1+∋∋%2()%7! Θ∗)5! ∋(1%! +∋! %)5,∗1∗)3! )5()! 1(,! 1∋%()%!
9%&∋%&()∗+,#! ε5%! 0−468;! )∋(1)! ∗,! Ν∋%%,<∗22%! 5(9! (,! ∗,+∋7∗,()%23! 5∗&5! ∋()%! +:! 9∆Σ9∗7∗%7!
5+∆9∗,&#! ∀,!.ϑΜ?Λ!Ο+∋%! )5(,!βϑ!Β%∋1%,)!+:! )5%!Β+Β∆2()∗+,!+:! )5%!0−468;!)∋(1)! ∋%1%∗<%7!
5+∆9∗,&!9∆Σ9∗7∗%9Λ!Θ5∗15!∗9!1+,9∗7%∋(Σ23!5∗&5%∋!)5(,!)5%!1∗)3!(<%∋(&%!+:!Κ#?Κ!Β%∋1%,)#!ε5%!
:+22+Θ∗,&!Ο(Β!7∗9Β2(39!)5%!Β+Β∆2()∗+,9!Θ5+!2∗<%!∗,!9∆Σ9∗7∗%7!5+∆9∗,&#!62%(∋23!)5%!(∋%(9!
)5()! 5(<%! (! 5∗&5! Σ2(1ΩΛ! ,+,ΨΓ∗9Β(,∗1! Β+Β∆2()∗+,! ∋%1%∗<%!Ο+∋%! 9∆Σ9∗7∗%7! 5+∆9∗,&! )5(,!
+)5%∋!(∋%(9!+:!)5%!1∗)3!(,7!)5∗9!Ο(3!Σ%!1+,)∋∗Σ∆)∗,&!)+!)5%!Ο(∗,)%,(,1%!+:!)5%!0−468;#!

!
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!

;;;<! ϑ,#∆+−,∋,∃#!,&!∀ΑΑ∃##!∋(!Ο∆∆(−∋/&,∋2!
!

Ε<! ∀&+52#,#!
!

∀,!+∋7%∋! )+!7%)%∋Ο∗,%!7∗9Β(∋∗)∗%9!Θ∗)5!(11%99! )+!+ΒΒ+∋)∆,∗)3Λ!ΓΞΑ!Β∋+<∗7%9! ∗,7∗1%9! )5()!
Ο%(9∆∋%!(!,∆ΟΣ%∋!+:!9+1∗(2!(,7!%1+,+Ο∗1!∗,7∗1()+∋9!∗,!)5%!1+ΟΟ∆,∗)3#!811+∋7∗,&!)+!ΓΞΑΛ!
γ(!5∗&5%∋!91+∋%!+,!%(15!+:!)5%!∗,7∗1%9!Θ+∆27! ∗,7∗1()%φ! 2+Θ%∋!,%∗&5Σ+∋5++7!Β+<%∋)3!∋()%9κ!
5∗&5%∋!2%<%29!+:!915++2!Β∋+:∗1∗%,13κ!5∗&5%∋!2%<%29!+:! 2(Σ+∋!%,&(&%Ο%,)κ!12+9%∋!Β∋+α∗Ο∗)3!)+!
ς+Σ9κ! 2+Θ%∋! )∋(,9Β+∋)()∗+,! 1+9)9κ! 12+9%∋! (11%99! )+! Β∆Σ2∗1! )∋(,9Β+∋)()∗+,κ! (,7! &∋%()%∋!
,%∗&5Σ+∋5++7!%,<∗∋+,Ο%,)(2!χ∆(2∗)3!=∗#%#Λ!2+Θ%∋!%αΒ+9∆∋%!∋()%9!)+! 5(∋Ο:∆2!)+α∗,9>#η!

ε5%!:+22+Θ∗,&!)(Σ2%9!7∗9Β2(3!)5%!ΓΞΑΨΒ∋+<∗7%7!∗,7∗1%9!:+∋!)5%!ς∆∋∗97∗1)∗+,!(,7!∋%&∗+,!:+∋!
)5%!)+)(2!Β+Β∆2()∗+,!(,7!)5%!Β+Β∆2()∗+,9!Σ%2+Θ!)5%!Β+<%∋)3!2%<%2#!

!

9∀Κβ?Ρ!Ο∆∆(−∋/&,∋2!;&Γ,Α+∋(−#!∴!3−∃∃&4,55∃!

9(∋+5!Χ(∆/5+∋,(&!
β(ς!

Χ(4∃−∋2!
=Α8((5!

Χ−(),Α,∃&Α2!
β+:(−!
ε+−Ψ∃∋!

9−+&#,∋!
β(ς!

9−+&#∆(−∴
∋+∋,(&!1(#∋!

Υ(:#!
Χ−(≅,%,∋2!

?&4,−(&∴
%∃&∋+5!
.∃+5∋8!

η8,∋∃! ΕΚ#/≅! β≅#Ε≅! ?Ι#Κβ! ΕΚ#.?! ΚΚ#ϑΕ! ??#Εϑ! ?≅#Ε.!

Κ5+ΑΨ! βΙ#Ι.! .Ε#ΜΕ! ΚΚ#≅.! ΕΕ#.≅! ΚΕ#βΕ! ΕΚ#ϑ≅! ΚΙ#Ε/!
.,#∆+&,Α! ?ϑ#?β! βΚ#.≅! ?Μ#βΚ! Εϑ#Ι≅! Κ.#ϑΕ! Εϑ#ΕΜ! Εβ#≅≅!
∀#,+&!(−!Χ+Α,),Α!;#5+&Γ∃−! ΕΜ#Ιβ! βΚ#.ϑ! ΕΜ#Εβ! ΕΕ#βΚ! Κ?#.Ε! Εϑ#Ι?! ?.#ΕΚ!
7+∋,4∃!∀%∃−,Α+&! ?Μ#ΚΜ! ββ#/≅! Κ≅#.ϑ! Ε/#ΜΙ! ΚΕ#β.! ?Ι#..! ΚΙ#?/!

Χ(∆/5+∋,(&!Κ∃5(ς!
Χ(4∃−∋2!β,&∃!

β(ς!
Χ(4∃−∋2!

=Α8((5!
Χ−(),Α,∃&Α2!

β+:(−!
ε+−Ψ∃∋!

9−+&#,∋!
β(ς!

9−+&#∆(−∴
∋+∋,(&!1(#∋!

Υ(:#!
Χ−(≅,%,∋2!

?&4,−(&∴
%∃&∋+5!
.∃+5∋8!

η8,∋∃! ?Ε#..! βΕ#?Ι! ?ϑ#≅Ι! /β#Μϑ! ?ϑ#ΕΙ! Εϑ#ΙΚ! ?ϑ#Μ?!
Κ5+ΑΨ! βϑ#ΙΚ! ΜΙ#Ε≅! βΙ#≅.! Ε?#ΕΜ! Κ/#βΚ! ΕΜ#ΕΜ! Κ?#Κβ!
.,#∆+&,Α! β?#βΙ! .Κ#Εϑ! ΚΚ#≅≅! ?≅#?≅! ΚΜ#ϑΕ! ΕΜ#ΕΜ! Ε?#?/!
∀#,+&!(−!Χ+Α,),Α!;#5+&Γ∃−! /.#β.! Κ≅#ϑϑ! ?β#β.! ΕΕ#Μ.! Κ?#≅ϑ! ΚΕ#Ι.! ΚΙ#ϑ/!
7+∋,4∃!∀%∃−,Α+&! .Ι#ϑϑ! Μ#ϑϑ! Μ?#ϑϑ! ?.#ϑϑ! ./#ϑϑ! ?.#≅β! ≅?#ϑϑ!
∃+∆∋1%φ!8Ο%∋∗1(,!6+ΟΟ∆,∗)3! ∃∆∋<%3!?Ψ]%(∋! 49)∗Ο()%9Λ!Ν∋%()! ∃15++29Λ! 6+ΟΟ+,!6+∋%!+:!Α()(Λ! ∃15++2!8))%,7(,1%!∴+∆,7(∋3!
∀,:+∋Ο()∗+,!∃39)%Ο9Λ!Π+1()∗+,!8::+∋7(Σ∗2∗)3!∀,7%αΛ!Π+,&∗)∆7∗,(2!4ΟΒ2+3%∋ΨΓ+∆9%5+27!Α3,(Ο∗19Λ!Η()∗+,(2!8∗∋!ε+α∗19!899%99Ο%,)!

!
!
!

! !
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9∀Κβ?Ρ!Ο∆∆(−∋/&,∋2!;&Γ,Α+∋(−#!∴!Π∃0,(&!

9(∋+5!Χ(∆/5+∋,(&!
β(ς!

Χ(4∃−∋2!
=Α8((5!

Χ−(),Α,∃&Α2!
β+:(−!
ε+−Ψ∃∋!

9−+&#,∋!
β(ς!

9−+&#∆(−∋∴
+∋,(&!1(#∋!

Υ(:#!
Χ−(≅,%,∋2!

?&4,−(&∴
%∃&∋+5!
.∃+5∋8!

η8,∋∃! ??#?ϑ! Κϑ#Ε?! ??#Μ.! ΚΚ#βΜ! β.#Ε≅! ??#ϑΚ! /?#Μβ!

Κ5+ΑΨ! β/#ϑ.! .≅#.Μ! ΚΜ#/.! ?ϑ#.≅! β?#β?! Ε?#ΚΚ! ΕΙ#/≅!
.,#∆+&,Α! βΙ#Μ.! β≅#ϑΚ! ΚΜ#≅?! Κ?#≅Κ! .Ι#≅?! ΕΚ#ϑΚ! /≅#β?!
∀#,+&!(−!Χ+Α,),Α!;#5+&Γ∃−! Εϑ#ΕΜ! β/#ϑΜ! Ε.#Μβ! ?≅#Κ≅! βΙ#Ιβ! ?Ι#/Ι! ΕΕ#Ι.!
7+∋,4∃!∀%∃−,Α+&! Κ/#Μϑ! β?#ΚΙ! Κ≅#ΜΚ! Κ≅#ϑΚ! βΚ#Ε≅! ?Ι#.Κ! Ε≅#ΙΜ!

Χ(∆/5+∋,(&!Κ∃5(ς!
Χ(4∃−∋2!β,&∃!

β(ς!
Χ(4∃−∋2!

=Α8((5!
Χ−(),Α,∃&Α2!

β+:(−!
ε+−Ψ∃∋!

9−+&#,∋!
β(ς!

9−+&#∆(−∋∴
+∋,(&!1(#∋!

Υ(:#!
Χ−(≅,%,∋2!

?&4,−(&∴
%∃&∋+5!
.∃+5∋8!

η8,∋∃! ?.#ϑΙ! βΕ#.Μ! ΚΙ#.β! ?Ι#ΜΜ! Κ.#ϑΕ! ?Κ#?Ε! Ε?#≅≅!
Κ5+ΑΨ! .Ι#Κ?! .Κ#Ε.! βΕ#β.! Κ≅#Ι/! β?#./! ?β#≅≅! Ε≅#β.!
.,#∆+&,Α! .β#ΜΚ! .ϑ#ΙΙ! .≅#/Ε! ??#/≅! .≅#≅?! β≅#ΕΜ! ≅ϑ#ΚΙ!
∀#,+&!(−!Χ+Α,),Α!;#5+&Γ∃−! /β#.≅! Κ≅#Ε/! ?/#Ι.! Ε.#ΕΜ! Κβ#Μϑ! Κ≅#Μ.! ?Ε#Κ?!
7+∋,4∃!∀%∃−,Α+&! .Μ#Ε/! .β#Ε/! .Ι#ϑϑ! βΚ#ϑϑ! .?#ϑϑ! ΕΜ#Μ?! ≅ϑ#ββ!
∃+∆∋1%φ!8Ο%∋∗1(,!6+ΟΟ∆,∗)3! ∃∆∋<%3!?Ψ]%(∋! 49)∗Ο()%9Λ!Ν∋%()! ∃15++29Λ! 6+ΟΟ+,!6+∋%!+:!Α()(Λ! ∃15++2!8))%,7(,1%!∴+∆,7(∋3!
∀,:+∋Ο()∗+,!∃39)%Ο9Λ!Π+1()∗+,!8::+∋7(Σ∗2∗)3!∀,7%αΛ!Π+,&∗)∆7∗,(2!4ΟΒ2+3%∋ΨΓ+∆9%5+27!Α3,(Ο∗19Λ!Η()∗+,(2!8∗∋!ε+α∗19!899%99Ο%,)!

!
!

!

+<! ?Γ/Α+∋,(&!

,<! ∗(−!∋8∃!∆−(∋∃Α∋∃Γ!Α5+##!0−(/∆#!.]ϑ!8+#!∆−(4,Γ∃Γ!Γ+∋+6!Γ∃#Α−,:∃!+&2!Γ,#∆+−,∋,∃#!,&!
+ΑΑ∃##!∋(!∆−(),Α,∃&∋!#Α8((5#!,&!∋8∃!δ/−,#Γ,Α∋,(&!+&Γ!−∃0,(&<!!
!

ε5%! ∃15++2! ;∋+:∗1∗%,13! ∀,7%α! Ο%(9∆∋%9! )5%! Β∋+:∗1∗%,13! +:! %2%Ο%,)(∋3! 915++29! (,7! ∗9!
7%)%∋Ο∗,%7!Σ3!)5%!Β%∋:+∋Ο(,1%!+:!Κ)5!&∋(7%∋9!+,!9)()%!%α(Ο9#!∀,7%α!91+∋%9!(∋%!ΜΨΜϑϑΛ!Θ∗)5!
(! 5∗&5%∋! 91+∋%! Ο%(,∗,&! (! 5∗&5%∋Ψ∋(,Ω%7! 915++2! 939)%Ο! (9! 1+ΟΒ(∋%7! )+! (! 2+Θ%∋! 91+∋%!
Ο%(,∗,&!(!2+Θ%∋Ψ∋(,Ω%7!915++2!939)%Ο#!

Χ<%∋(22Λ!Θ∗)5∗,!Ν∋%%,<∗22%Λ!)5%!915++2!Β∋+:∗1∗%,13!∗,7%α!∗9!12+9%23!9∗Ο∗2(∋!(1∋+99!∋(1∗(2!(,7!
%)5,∗1!7%Ο+&∋(Β5∗19Λ!)5+∆&5!)5%!91+∋%9!(∋%!:(∗∋23!2+Θ#!⊥+∋!)5%!)+)(2!Β+Β∆2()∗+,!∗,!)5%!1∗)3Λ!
Θ5∗)%Λ! ,+,ΨΓ∗9Β(,∗1! ∋%9∗7%,)9!5(<%! )5%!5∗&5%9)! 91+∋%!+:! β≅#Ε≅!(,7!Σ2(1ΩΛ!,+,ΨΓ∗9Β(,∗19!
5(<%! )5%! 2+Θ%9)! 91+∋%! +:! .Ε#ΜΕ#! ⊥+∋! )5%! Β+Β∆2()∗+,! Σ%2+Θ! )5%! Β+<%∋)3! 2∗,%Λ! )5%∋%! ∗9!
1+,9∗7%∋(Σ23!Ο+∋%!<(∋∗%)3Λ!89∗(,!+∋!;(1∗:∗1!∀92(,7%∋9!5(<%!)5%!5∗&5%9)!91+∋%!Θ∗)5!Κ≅#ϑϑ!(,7!
)5%!Η()∗<%!8Ο%∋∗1(,!Β+Β∆2()∗+,9!5(<%!)5%!2+Θ%9)!91+∋%!Θ∗)5!Μ#ϑϑ#!

∀,!)5%!∋%&∗+,Λ!91+∋%9!(∋%!9+Ο%Θ5()!9∗Ο∗2(∋!:+∋!)5%!)+)(2!Β+Β∆2()∗+,#!8&(∗,Λ!)5%!Θ5∗)%Λ!,+,Ψ
Γ∗9Β(,∗1! Β+Β∆2()∗+,! 5(9! )5%! 5∗&5%9)! 91+∋%! Θ∗)5! Κϑ#Ε?! (,7! )5%! Σ2(1ΩΛ! ,+,ΨΓ∗9Β(,∗1!
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Β+Β∆2()∗+,!5(9!)5%!2+Θ%9)!91+∋%!Θ∗)5!.≅#.Μ#!⊥+∋!)5%!Β+Β∆2()∗+,!Σ%2+Θ!)5%!Β+<%∋)3!2∗,%Λ!)5%!
89∗(,! +∋! ;(1∗:∗1! ∀92(,7%∋! Β+Β∆2()∗+,! 5(9! )5%! 5∗&5%9)! 91+∋%! Θ∗)5! Κ≅#Ε/! (,7! )5%! Γ∗9Β(,∗1!
Β+Β∆2()∗+,!5(9!)5%!2+Θ%9)!91+∋%!Θ∗)5!.ϑ#ΙΙ#!!

ε5%!:+22+Θ∗,&!Ο(Β!7∗9Β2(39!)5%!∃15++2!;∋+:∗1∗%,13! ∀,7%α! ∗,!Ν∋%%,<∗22%#!ε5%!1%,9∆9!)∋(1)9!
Θ∗)5!)5%!2+Θ%9)!91+∋%9!)%,7!)+!Σ%!∗,!)5%!,+∋)5!(,7!Θ%9)!Β(∋)9!+:!)5%!1∗)3#!!

6Ξ:∗Ι.;∗∗Ψ∗:0−%5∃.;4)(7∗.∀&∗Μ(4%%1∗>∃%,)()0∀(2∗

!
∃+∆∋1%φ!ΓΞΑ!
!
!

,,<! ∗(−! ∋8∃! ∆−(∋∃Α∋∃Γ! Α5+##! 0−(/∆#! .]ϑ! 8+#! ∆−(4,Γ∃Γ! Γ+∋+6! Γ∃#Α−,:∃! 8(ς! ∋8∃!
Γ,#∆+−,∋,∃#! ,&! +ΑΑ∃##! ∋(! ∆−(),Α,∃&∋! #Α8((5#! −∃5+∋∃! ∋(! −∃#,Γ∃&∋,+5! 5,4,&0! ∆+∋∋∃−&#! ,&! ∋8∃!
δ/−,#Γ,Α∋,(&!+&Γ!−∃0,(&<!

Ρ∗)5∗,!Ν∋%%,<∗22%Λ! )5%∋%! ∗9!+,23!+,%!Β∋+)%1)%7!&∋+∆Β!)5()!(ΒΒ%(∋9! )+!5(<%!7∗9Β(∋∗)∗%9! ∗,!
(11%99!)+!Β∋+:∗1∗%,)!915++29#!ε5%!Σ2(1ΩΛ!,+,ΨΓ∗9Β(,∗1!Β+Β∆2()∗+,!&%,%∋(223!5(9!2%99!(11%99!
)+!Β∋+:∗1∗%,)!915++29!)5(,!)5%!+)5%∋!∋(1∗(2!+∋!%)5,∗1!&∋+∆Β9#!ε5%!2+Θ%9)!91+∋%!Σ%2+,&9!)+!)5%!
Η()∗<%!8Ο%∋∗1(,Λ!,+,ΨΓ∗9Β(,∗1!Β+Β∆2()∗+,!Σ%2+Θ!)5%!Β+<%∋)3!2%<%2!Σ∆)!)5∗9!Β+Β∆2()∗+,!∗9!
∗,1∋%7∗Σ23!9Ο(22#!!
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!
!

,,,<! ;&)(−%∃Γ! :2! Α(%%/&,∋2! ∆+−∋,Α,∆+∋,(&6! +&2! Α(&#/5∋+∋,(&! ς,∋8! (∋8∃−! −∃5∃4+&∋!
0(4∃−&%∃&∋!+0∃&Α,∃#6!+&Γ!∋8∃!∆+−∋,Α,∆+&∋ι#!(ς&!5(Α+5!Γ+∋+!+&Γ!5(Α+5!Ψ&(ς5∃Γ0∃6!Γ,#Α/##!
∆−(0−+%#6!∆(5,Α,∃#6!(−!)/&Γ,&0!%∃Α8+&,#%#!∋8+∋!+))∃Α∋!Γ,#∆+−,∋,∃#!,&!+ΑΑ∃##!∋(!∆−(),Α,∃&∋!
#Α8((5#<!
!

811+∋7∗,&! )+! )5%! Ν∋%%,<∗22%! 8,(239∗9! +:! ∀ΟΒ%7∗Ο%,)9! ∋%9%(∋15! Θ(9! 1+ΟΒ2%)%7! +,! )5%!
2+1()∗+,! +:! ∋%,)(2! Β∋+Β%∋)∗%9! ∗,! )5%! ς∆∋∗97∗1)∗+,#! ε5%! ∋%9%(∋15! :+∆,7! )5()! Ο+9)! 2∗9)∗,&9!
∗,12∆7%7!∗,12∆9∗<%!7%91∋∗Β)∗+,9!)5()!5∗&52∗&5)%7!12+9%!Β∋+α∗Ο∗)∗%9!)+!915++29#!∀)!∗9!∗,1∋%7∗Σ23!
∗ΟΒ+∋)(,)! )5()! )5+9%! 2∗<∗,&! ∗,! ∋%,)(2! 5+∆9∗,&! 5(<%! (11%99! )+! Β∋+:∗1∗%,)! 915++29! Σ%1(∆9%!
χ∆(2∗)3!%7∆1()∗+,! ∗9!(!&()%Θ(3! )+!%1+,+Ο∗1!+ΒΒ+∋)∆,∗)∗%9! 2%(7∗,&! )+!9)(Σ∗2∗)3!(,7!5+Ο%!
+Θ,%∋95∗Β#!∀,!)5∗9!9(Ο%!∋%Β+∋)Λ!Ν∋%%,<∗22%!∋%1+&,∗%7!)5%!,%%7!:+∋!:∆∋)5%∋!∗,<%9)Ο%,)!∗,!
Β∋+:∗1∗%,)!915++29!(,7!Σ%&(,!95∗:)∗,&!:∆,79!:∋+Ο!Ρ%9)!Ν∋%%,<∗22%!∗,)+!)5%!,+∋)5%∋,!Β(∋)!+:!
)5%!1∗)3!Θ5%∋%!:+∆∋!915++29!(∋%!∆,7%∋(15∗%<∗,&#!
! !
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:<! ?%∆5(2%∃&∋!

,<! ∗(−!∋8∃!∆−(∋∃Α∋∃Γ!Α5+##!0−(/∆#!.]ϑ!8+#!∆−(4,Γ∃Γ!Γ+∋+6!Γ∃#Α−,:∃!+&2!Γ,#∆+−,∋,∃#!,&!
+ΑΑ∃##!∋(!δ(:#!+&Γ!5+:(−!%+−Ψ∃∋#!:2!∆−(∋∃Α∋∃Γ!Α5+##!0−(/∆#!,&!∋8∃!δ/−,#Γ,Α∋,(&!+&Γ!−∃0,(&<!

Α∗9Β(∋∗)∗%9! ∗,!(11%99! )+! ς+Σ9!(,7! 2(Σ+∋!Ο(∋Ω%)9!1(,!Σ%! ∗7%,)∗:∗%7!Σ3!(,(23∗,&! )5%!Π(Σ+∋!
_(∋Ω%)! ∀,7%α! (,7! ϕ+Σ9! ;∋+α∗Ο∗)3! ∀,7%α! ∗,! )5%! ς∆∋∗97∗1)∗+,#! ε5%! Π(Σ+∋!_(∋Ω%)! ∀,7%α! ∗9! (!
Ο%(9∆∋%! +:! ∆,%ΟΒ2+3Ο%,)! ∋()%Λ! 2(Σ+∋Ψ:+∋1%! Β(∋)∗1∗Β()∗+,! ∋()%! (,7! )5%! Β%∋1%,)! +:! )5%!
Β+Β∆2()∗+,! =Ο+∋%! )5(,!.?! 3%(∋9!+27>!Θ∗)5!(!Σ(15%2+∋ι9!7%&∋%%#! ε5%! ϕ+Σ!;∋+α∗Ο∗)3! ∀,7%α!
Ο%(9∆∋%9! )5%! Β539∗1(2! 7∗9)(,1%! Σ%)Θ%%,! (,! ∗,7∗<∗7∆(2ι9! 5+Ο%! (,7! ς+ΣΛ! Σ(9%7! +,! ∋(1%#!
ε5%9%!)Θ+!∗,7∗1%9!Β∋+<∗7%!(!9,(Β95+)!+:!%ΟΒ2+3Ο%,)!+ΒΒ+∋)∆,∗)3!7∗9Β(∋∗)∗%9!∗,!)5%!∋%&∗+,#!
ε5%!∗,7∗1%9!(∋%!91+∋%7!ΜΨΜϑϑ!Θ∗)5!(!2+Θ!<(2∆%!∗,7∗1()∗,&!2+Θ%∋!(11%99!(,7!(!5∗&5%∋!<(2∆%!
∗,7∗1()%7!Σ%))%∋!(11%99#!

!
Ρ∗)5∗,!Ν∋%%,<∗22%!:+∋!)5%!)+)(2!Β+Β∆2()∗+,!)5%∋%!(∋%!9+Ο%!7∗::%∋%,1%9!∗,!)5%!Π(Σ+∋!_(∋Ω%)!
∀,7%α!Σ%)Θ%%,!∋(1%!(,7!%)5,∗1!&∋+∆Β9#!ε5%!Σ2(1ΩΛ!,+,ΨΓ∗9Β(,∗1!Β+Β∆2()∗+,!5(9!)5%!2+Θ%9)!
91+∋%!Θ∗)5!ΚΚ#≅.!(,7!)5%!89∗(,!+∋!;(1∗:∗1!∀92(,7%∋Λ!,+,ΨΓ∗9Β(,∗1!Β+Β∆2()∗+,!5(9!)5%!5∗&5%9)!
91+∋%!Θ∗)5!ΕΜ#Εβ#!⊥+∋!)5%!Β+Β∆2()∗+,!Σ%2+Θ!)5%!Β+<%∋)3!2∗,%Λ!)5%∋%!∗9!Ο+∋%!7∗<%∋9∗)3!∗,!Π(Σ+∋!
_(∋Ω%)!∀,7%α!∃1+∋%9#!ε5%!Η()∗<%!8Ο%∋∗1(,Λ!,+,ΨΓ∗9Β(,∗1!Β+Β∆2()∗+,!5(9!)5%!2+Θ%9)!91+∋%!
Θ∗)5! Μ?#ϑϑ! (,7! )5%! 5∗&5%9)! 91+∋%! ∗9! (&(∗,! )5%! 89∗(,! +∋! ;(1∗:∗1! ∀92(,7%∋Λ! ,+,ΨΓ∗9Β(,∗1!
Β+Β∆2()∗+,!Θ∗)5!(!91+∋%!+:!?β#β.#!ε5%!:+22+Θ∗,&!Ο(Β!7∗9Β2(39!)5%!&%+&∋(Β5∗1!7∗9)∋∗Σ∆)∗+,!+:!
)5%!Π(Σ+∋!_(∋Ω%)!∀,7%α#!
!

! !
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6Ξ:∗Ι.;∗⊥∗Ψ∗:0−%5∃.;4)(7∗.∀&∗∴.Ν%∃∗Ι.∃Ω0#∗

!
∃+∆∋1%φ!ΓΞΑ!

!

! !

Attachment number 1
Page 72 of 205

Item # 7



 73 

ε5%!ϕ+Σ9!;∋+α∗Ο∗)3!∀,7%α!∗,!)5%!1∗)3!∗9!12+9%23!9∗Ο∗2(∋!:+∋!)5%!Β+Β∆2()∗+,!(9!(!Θ5+2%!Θ∗)5∗,!
Ν∋%%,<∗22%#!ε5%!Θ5∗)%Λ!,+,ΨΓ∗9Β(,∗1!Β+Β∆2()∗+,!5(9!)5%! 2+Θ%9)!91+∋%!Θ∗)5!??#Εϑ!(,7!)5%!
Σ2(1ΩΛ!,+,ΨΓ∗9Β(,∗1!Β+Β∆2()∗+,!5(9!)5%!5∗&5%9)!ϕ+Σ9!;∋+α∗Ο∗)3!∀,7%α!91+∋%!Θ∗)5!ΕΚ#ϑ≅#!⊥+∋!
)5%!Β+Β∆2()∗+,!Σ%2+Θ!)5%!Β+<%∋)3!2%<%2!)5%!91+∋%9!(∋%!9∗Ο∗2(∋#!ε5%!Σ2(1ΩΛ!,+,ΨΓ∗9Β(,∗1!(,7!
Γ∗9Β(,∗1! Β+Β∆2()∗+,9! Σ+)5! 5(<%! )5%! 5∗&5%9)! 91+∋%! Θ∗)5! ΕΜ#ΕΜ! (,7! )5%! 89∗(,! +∋! ;(1∗:∗1!
∀92(,7%∋! Β+Β∆2()∗+,! 5(9! )5%! 2+Θ%9)! 91+∋%! Θ∗)5! ΚΙ#Ι.#! ε5%! :+22+Θ∗,&! Ο(Β! 7∗9Β2(39! )5%!
&%+&∋(Β5∗1!7∗9)∋∗Σ∆)∗+,!+:!)5%!ϕ+Σ9!;∋+α∗Ο∗)3!∀,7%α#!
!
6Ξ:∗Ι.;∗Β∗Ψ∗:0−%5∃.;4)(7∗.∀&∗α%Ν∗>∃%9)−)#2∗

!
∃+∆∋1%φ!ΓΞΑ!

! !
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,,<! ∗(−!∋8∃!∆−(∋∃Α∋∃Γ!Α5+##!0−(/∆#!.]ϑ!8+#!∆−(4,Γ∃Γ!Γ+∋+6!Γ∃#Α−,:∃!8(ς!Γ,#∆+−,∋,∃#!,&!
+ΑΑ∃##!∋(!∃%∆5(2%∃&∋!−∃5+∋∃!∋(!−∃#,Γ∃&∋,+5!5,4,&0!∆+∋∋∃−&#!,&!∋8∃!δ/−,#Γ,Α∋,(&!+&Γ!−∃0,(&<!

ε5%! Π(Σ+∋! _(∋Ω%)! ∀,7%α! ∗9! 9∗&,∗:∗1(,)23! 2∗,Ω%7! )+! ∋%9∗7%,)∗(2! 2∗<∗,&! Β())%∋,9! ∗,! )5%!
ς∆∋∗97∗1)∗+,#!0%9∗7%,)9!Θ5+!2∗<%!,%(∋!)5%!,+∋)5%∋,!(,7!Θ%9)%∋,!Β(∋)9!+:!)5%!1∗)3!5(<%!2+Θ%∋!
∗,7%α!91+∋%9Λ! )5∗9!(∋%(! ∗,12∆7%9!)5%!0−468;!)∋(1)!Β∋%<∗+∆923! ∗7%,)∗:∗%7#!ε5%∋%! ∗9! 2%99!+:!(!
&%+&∋(Β5∗1! 2∗,Ω! )+! ϕ+Σ9! ;∋+α∗Ο∗)3! ∀,7%α! 91+∋%9#! ε5%∋%! (∋%! 9+Ο%! )∋(1)9! Θ∗)5! 2+Θ%∋! ϕ+Σ9!
;∋+α∗Ο∗)3!∀,7%α!91+∋%9!Σ∆)!)5%3!(∋%!7∗9)∋∗Σ∆)%7!Ο+∋%!%<%,23!)5∋+∆&5+∆)!)5%!ς∆∋∗97∗1)∗+,Λ!
)5+∆&5!)5%!%(9)%∋,!Β+∋)∗+,!+:!)5%!1∗)3!&%,%∋(223!5(9!2+Θ%∋!91+∋%9#!
!

,,,<! ;&)(−%∃Γ! :2! Α(%%/&,∋2! ∆+−∋,Α,∆+∋,(&6! +&2! Α(&#/5∋+∋,(&! ς,∋8! (∋8∃−! −∃5∃4+&∋!
0(4∃−&%∃&∋!+0∃&Α,∃#6!+&Γ!∋8∃!∆+−∋,Α,∆+&∋ι#!(ς&!5(Α+5!Γ+∋+!+&Γ!5(Α+5!Ψ&(ς5∃Γ0∃6!Γ,#Α/##!
ς8∃∋8∃−! ∋8∃−∃!+−∃!∆−(0−+%#6!∆(5,Α,∃#6!(−! )/&Γ,&0!%∃Α8+&,#%#! ∋8+∋!+))∃Α∋!Γ,#∆+−,∋,∃#! ,&!
+ΑΑ∃##!∋(!∃%∆5(2%∃&∋<!

ε5%!.ϑΜ?Ψ.ϑΜΕ!Ν∋%%,<∗22%!68;40!∋%1+&,∗%9!)5%!,%%7!:+∋!%ΟΒ2+3Ο%,)!+ΒΒ+∋)∆,∗)∗%9!:+∋!(22!
∋%9∗7%,)9#!∀,!+∋7%∋!)+!∋%7∆1%!Β+<%∋)3Λ!)5%!1∗)3!∗9!Β∋%9%∋<∗,&!5+∆9∗,&!9)+1Ω!)5()!∗9!+11∆Β∗%7!
Σ3! 2+ΘΨ∗,1+Ο%! 5+∆9%5+279Λ! Θ5∗15! Β∋%9%∋<%9! ,%∗&5Σ+∋5++79! (,7! %ΟΒ2+3Ο%,)!
+ΒΒ+∋)∆,∗)∗%9!:+∋!∋%9∗7%,)9#!4ΟΒ2+3Ο%,)!+ΒΒ+∋)∆,∗)∗%9!,%(∋!∋%9∗7%,)∗(2!,%∗&5Σ+∋5++79!∗9!
Β(∋)∗1∆2(∋23!∗ΟΒ+∋)(,)!:+∋!2+ΘΨ∗,1+Ο%!∋%9∗7%,)9#!!

!
ε5%!.ϑΜβΨ.ϑΜ≅!6+,9+2∗7()%7!;2(,!∋%1+&,∗%7!)5%!,%%7!:+∋!9∆∗)(Σ2%!%ΟΒ2+3Ο%,)!∗,!+∋7%∋!)+!
∋%7∆1%!Β+<%∋)3#!ε+!(99∗9)!Θ∗)5!)5∗9Λ!6+ΟΟ∆,∗)3!Α%<%2+ΒΟ%,)!∴2+1Ω!Ν∋(,)!:∆,7∗,&!(22+Θ9!
)∋(,9∗)∗+,(2!5+∆9∗,&!Β∋+<∗7%∋9!=∗#%#!Ν∋%%,<∗22%!6+ΟΟ∆,∗)3!∃5%2)%∋>!)+!(99∗9)!:(Ο∗2∗%9!Θ∗)5!ς+Σ!
)∋(∗,∗,&! (,7! %7∆1()∗+,(2! Β∋+&∋(Ο9#! ε5%9%! Β∋+&∋(Ο9! :+1∆9! +,! 6%∋)∗:∗%7! 0%7%<%2+ΒΟ%,)!
8∋%(9! ∗,! Ν∋%%,<∗22%! Θ∗)5! <%∋3! 5∗&5! Β+<%∋)3! ∋()%9! (,7! Θ5%∋%! )5%! <(9)! Ο(ς+∋∗)3! +:! )5%!
Β+Β∆2()∗+,!∗9!Σ2(1ΩΛ!,+,ΨΓ∗9Β(,∗1#!
 
!

!

!

!

! !
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Α<! 9−+&#∆(−∋+∋,(&!

,<! ∗(−!∋8∃!∆−(∋∃Α∋∃Γ!Α5+##!0−(/∆#!.]ϑ!8+#!∆−(4,Γ∃Γ!Γ+∋+6!Γ∃#Α−,:∃!+&2!Γ,#∆+−,∋,∃#!,&!
+ΑΑ∃##!∋(!∋−+&#∆(−∋+∋,(&!−∃5+∋∃Γ!∋(!Α(#∋#!+&Γ!+ΑΑ∃##!∋(!∆/:5,Α!∋−+&#,∋!,&!∋8∃!δ/−,#Γ,Α∋,(&!
+&Γ!−∃0,(&<!!!

Α∗9Β(∋∗)∗%9!∗,!(11%99!)+!)∋(,9Β+∋)()∗+,!∋%2()%7!)+!1+9)9!(,7!(11%99!)+!Β∆Σ2∗1!)∋(,9Β+∋)()∗+,!
1(,! Σ%! ∗7%,)∗:∗%7! Σ3! (,(23∗,&! )5%! Π+Θ! ε∋(,9Β+∋)()∗+,! 6+9)! ∀,7%α! (,7! ε∋(,9∗)! ∀,7%α! ∗,!
Ν∋%%,<∗22%#! ε5%! ε∋(,9∗)! ∀,7%α! Ο%(9∆∋%9! 5+Θ! +:)%,! 2+ΘΨ∗,1+Ο%! :(Ο∗2∗%9! ∆9%! Β∆Σ2∗1!
)∋(,9Β+∋)()∗+,!(,7!)5%!Π+Θ!ε∋(,9Β+∋)()∗+,!6+9)!∀,7%α!Ο%(9∆∋%9!)5%!1+9)!+:!)∋(,9Β+∋)()∗+,#!
ε5%!∗,7∗1%9!(∋%!91+∋%7!ϑΨΜϑϑ!Θ∗)5!(!2+Θ!<(2∆%!∗,7∗1()∗,&!5∗&5!∆9%!+:!Β∆Σ2∗1!)∋(,9Β+∋)()∗+,!
(,7!5∗&5!)∋(,9Β+∋)()∗+,!1+9)!(,7!(!5∗&5%∋!<(2∆%!∗,7∗1()%9!2+Θ!∆9%!+:!Β∆Σ2∗1!)∋(,9Β+∋)()∗+,!
(,7!2+Θ!)∋(,9Β+∋)()∗+,!1+9)#!

!
Ρ∗)5∗,!Ν∋%%,<∗22%!:+∋!)5%!)+)(2!Β+Β∆2()∗+,!)5%∋%!∗9!<%∋3!2∗))2%!7∗::%∋%,1%!∗,!)5%!ε∋(,9∗)!∀,7%α!
Σ%)Θ%%,!∋(1%!(,7!%)5,∗1!&∋+∆Β9#!ε5%!Γ∗9Β(,∗1!Β+Β∆2()∗+,!5(9!)5%!2+Θ%9)!91+∋%!Θ∗)5!Εϑ#Ι≅!
(,7!)5%!Η()∗<%!8Ο%∋∗1(,Λ!,+,ΨΓ∗9Β(,∗1!Β+Β∆2()∗+,!5(9!)5%!5∗&5%9)!91+∋%!Θ∗)5!Ε/#ΜΙ#!⊥+∋!
)5%!Β+Β∆2()∗+,!Σ%2+Θ!)5%!Β+<%∋)3!2∗,%!)5%!91+∋%9!<(∋3!92∗&5)23!Ο+∋%#!ε5%!2+Θ%9)!91+∋%!∗9!)5%!
Η()∗<%!8Ο%∋∗1(,Λ!,+,ΨΓ∗9Β(,∗1!Β+Β∆2()∗+,!Θ∗)5!(!91+∋%!+:!?.#ϑϑΛ!(,7!)5%!5∗&5%9)!91+∋%!∗9!
)5%!Θ5∗)%Λ! ,+,ΨΓ∗9Β(,∗1! Β+Β∆2()∗+,!Θ∗)5! /β#Μϑ#! ε5%! :+22+Θ∗,&!Ο(Β! 7∗9Β2(39! )5%! ε∋(,9∗)!
∀,7%α!Σ3!∋(1%!(,7!%)5,∗1∗)3!∗,!Ν∋%%,<∗22%#!
! !
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!
_8;!Μϑ!Τ!Α%Ο+&∋(Β5∗19!(,7!ε∋(,9∗)!ε∋∗Β9!

!
∃+∆∋1%φ!ΓΞΑ!

!

! !
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ε5%! Π+Θ!ε∋(,9Β+∋)()∗+,!6+9)! ∀,7%α! ∗,! )5%! 1∗)3! (29+!7∗9Β2(39! ∋%2()∗<%! 1+,9∗9)%,13! :+∋! )5%!
Β+Β∆2()∗+,!(9!(!Θ5+2%#!ε5%!Γ∗9Β(,∗1!Β+Β∆2()∗+,!5(9!)5%!2+Θ%9)!91+∋%!Θ∗)5!Κ.#ϑΕ!(,7!)5%!
Σ2(1ΩΛ!,+,ΨΓ∗9Β(,∗1!Β+Β∆2()∗+,!5(9!)5%!5∗&5%9)!91+∋%!Θ∗)5!ΚΕ#βΕ#!⊥+∋!)5%!Β+Β∆2()∗+,!Σ%2+Θ!
)5%! Β+<%∋)3! 2%<%2! )5%∋%! ∗9! 92∗&5)23! Ο+∋%! <(∋∗%)3#! ε5%! Η()∗<%! 8Ο%∋∗1(,Λ! ,+,ΨΓ∗9Β(,∗1!
Β+Β∆2()∗+,!5(9!)5%!2+Θ%9)!91+∋%!Θ∗)5!./#ϑϑ!(,7!)5%!5∗&5%9)!91+∋%!∗9!)5%!Θ5∗)%Λ!,+,ΨΓ∗9Β(,∗1!
Β+Β∆2()∗+,!Θ∗)5!?ϑ#ΕΙ#!ε5%!:+22+Θ∗,&!Ο(Β!7∗9Β2(39!)5%!Π+Θ!ε∋(,9Β+∋)()∗+,!6+9)!∀,7%α!Σ3!
∋(1%!(,7!%)5,∗1∗)3!∗,!Ν∋%%,<∗22%#!
!
!
ΓΞΑ!_(Β!ΜΜ!Τ!Α%Ο+&∋(Β5∗19!(,7!Π+Θ!ε∋(,9Β+∋)!6+9)!

!
∃+∆∋1%φ!ΓΞΑ!
!
!

! !
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,,<! ∗(−!∋8∃!∆−(∋∃Α∋∃Γ!Α5+##!0−(/∆#!.]ϑ!8+#!∆−(4,Γ∃Γ!Γ+∋+6!Γ∃#Α−,:∃!8(ς!Γ,#∆+−,∋,∃#!,&!
+ΑΑ∃##! ∋(! ∋−+&#∆(−∋+∋,(&! −∃5+∋∃Γ! ∋(! −∃#,Γ∃&∋,+5! 5,4,&0! ∆+∋∋∃−&#! ,&! ∋8∃! δ/−,#Γ,Α∋,(&! +&Γ!
−∃0,(&<!

ε5%∋%!(∋%!,+!Β∋+)%1)%7!12(99%9!)5()!:(1%!7∗9Β(∋∗)∗%9!∗,!(11%99!)+!)∋(,9Β+∋)()∗+,!∋%2()%7!)+!
2∗<∗,&!Β())%∋,9!∗,!)5%!ς∆∋∗97∗1)∗+,#!∀,!&%,%∋(2Λ!∗,7%α!91+∋%9!(∋%!5∗&5%∋!)+Θ(∋7!)5%!1%,)%∋!+:!
)+Θ,!1+ΟΒ(∋%7!)+!)5%!+∆)9Ω∗∋)9#!!
!

,,,<! ;&)(−%∃Γ! :2! Α(%%/&,∋2! ∆+−∋,Α,∆+∋,(&6! +&2! Α(&#/5∋+∋,(&! ς,∋8! (∋8∃−! −∃5∃4+&∋!
0(4∃−&%∃&∋!+0∃&Α,∃#6!+&Γ!∋8∃!∆+−∋,Α,∆+&∋ι#!(ς&!5(Α+5!Γ+∋+!+&Γ!5(Α+5!Ψ&(ς5∃Γ0∃6!Γ,#Α/##!
ς8∃∋8∃−! ∋8∃−∃!+−∃!∆−(0−+%#6!∆(5,Α,∃#6!(−! )/&Γ,&0!%∃Α8+&,#%#! ∋8+∋!+))∃Α∋!Γ,#∆+−,∋,∃#! ,&!
+ΑΑ∃##!∋(!∋−+&#∆(−∋+∋,(&<!

8! ∋+Σ∆9)! Β∆Σ2∗1! )∋(,9Β+∋)()∗+,! 939)%Ο! ∗9! ,%1%99(∋3! )+! ∋%7∆1%! 7∗9Β(∋∗)∗%9! ∗,! (11%99! )+!
+ΒΒ+∋)∆,∗)∗%9!Θ∗)5∗,! (! ς∆∋∗97∗1)∗+,#! Π+ΘΨ∗,1+Ο%! :(Ο∗2∗%9! (∋%!Ο+∋%! 7%Β%,7%,)! +,! Β∆Σ2∗1!
)∋(,9Β+∋)()∗+,!(,7!∗:!)5%∋%!∗9,ι)!(11%99!)+!Β∆Σ2∗1!)∋(,9Β+∋)()∗+,!)5%,!)5+9%!:(Ο∗2∗%9!5(<%!
∋%7∆1%7!%ΟΒ2+3Ο%,)!(,7!%7∆1()∗+,(2!+ΒΒ+∋)∆,∗)∗%9#!ε5%!Ν∋%%,<∗22%!8∋%(!ε∋(,9∗)!=Ν048ε>!
939)%Ο!Β∋+<∗7%9!Σ∆9!9%∋<∗1%!)5∋+∆&5+∆)!)5%!1∗)3#!∀,!(77∗)∗+,!)+!Β∋+<∗7∗,&!Σ∆9%9!)5∋+∆&5+∆)!
)5%! 1∗)3! )5%3! 5(<%! (,! %αΒ2∗1∗)! Β+2∗13! γ)+! Β∋+<∗7%! %χ∆(2! +ΒΒ+∋)∆,∗)∗%9! )+! (22! Β%+Β2%!Θ5+!
Β(∋)∗1∗Β()%!∗,!+∋!Θ5+!(∋%!)5%!∋%1∗Β∗%,)9!+:!Ν048ε!9%∋<∗1%9#!Ν048ε!∗9!1+ΟΟ∗))%7!)+!%,9∆∋∗,&!
)5()! ,+! Β%∋9+,! ∗9! %α12∆7%7! :∋+Ο! Β(∋)∗1∗Β()∗+,! ∗,Λ! +∋! 7%,∗%7! )5%! Σ%,%:∗)9! +:! )5%! )∋(,9∗)!
9%∋<∗1%9Λ!Θ5∗15!(∋%!Β∋+<∗7%7!Θ∗)5+∆)!∋%&(∋7!)+!∋(1%Λ!1+2+∋Λ!+∋!,()∗+,(2!+∋∗&∗,!∗,!(11+∋7(,1%!
Θ∗)5!ε∗)2%!Φ∀!+:!)5%!6∗<∗2!0∗&5)9!81)#η!!

!
ε5%∋%!(∋%!(∋%(9!∗,!Θ5∗15!)5%!Β∆Σ2∗1!)∋(,9Β+∋)()∗+,!939)%Ο!1+∆27!Σ%!∗ΟΒ∋+<%7Λ!∗,12∆7∗,&!(,!
%αΒ(,9∗+,! +:! )5%! )∗Ο%9! )5()! Σ∆9%9! (∋%! (<(∗2(Σ2%#! 6∆∋∋%,)23Λ! 9%∋<∗1%! ∗9! ,+)! (<(∗2(Σ2%! +,!
∃∆,7(3Λ!1%∋)(∗,!5+2∗7(39!=Η%Θ!]%(∋ι9!Α(3Λ!∀,7%Β%,7%,1%!Α(3Λ!ε5(,Ω9&∗<∗,&!Α(3Λ!_%Ο+∋∗(2!
Α(3Λ!Π(Σ+∋!Α(3!+∋!65∋∗9)Ο(9!Α(3>Λ!(:)%∋!/!Β#Ο#!+,!Θ%%Ω7(39!(,7!(:)%∋!Ε!Β#Ο#!+,!∃()∆∋7(39#!
Ξ,:+∋)∆,()%23Λ!Ο(,3!2+ΘΨ∗,1+Ο%!ς+Σ9!+Β%∋()%!+∆)9∗7%!+:!)5%9%!9%∋<∗1%!5+∆∋9Λ!(,7!∋%9∗7%,)9!
Ο(3! Σ%! :+∋1%7! )+! ∆9%! Ο+∋%! %αΒ%,9∗<%! +∋! )∗Ο%Ψ1+,9∆Ο∗,&! :+∋Ο9! +:! )∋(,9Β+∋)()∗+,Λ! +∋!
Β+99∗Σ23! 2+9%! +∆)! +,! %ΟΒ2+3Ο%,)! (,7! %7∆1()∗+,(2! +ΒΒ+∋)∆,∗)∗%9#! 877∗)∗+,(223Λ! 7∗91+∆,)!
:(∋%9!(∋%!(<(∗2(Σ2%!:+∋!%27%∋23!(,7!7∗9(Σ2%7!∋%9∗7%,)9!Σ∆)!)5∗9!Β∋+&∋(Ο!1+∆27!Σ%!%αΒ(,7%7!
)+!2+ΘΨ∗,1+Ο%!:(Ο∗2∗%9!)+!∋%7∆1%!)5%!1+9)!Σ∆∋7%,!)5%3!:(1%#!ε5%!:+22+Θ∗,&!∗9!(!Ο(Β!+:!)5%!
9%∋<∗1%!∋+∆)%!:+∋!)5%!Ν048ε!939)%Ο#!
! !
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Ι+>Υ∗Ο≅Σ+8∗Μ0∃/)(0∗≅%∋#0∗

 
∃+∆∋1%φ!Ν∋%%,<∗22%!6∗)3!Ν+<%∋,Ο%,)Λ!ΘΘΘ#&∋%%,<∗22%#&+<!
!
811+∋7∗,&!)+!)5%!.ϑΜΜΨ.ϑΜ?!8Ο%∋∗1(,!6+ΟΟ∆,∗)3!∃∆∋<%3Λ!+,23!Μ#Ι!Β%∋1%,)! =≅ΜΚ>!+:! )5%!
Θ+∋Ω%∋9!∆9%7!Β∆Σ2∗1!)∋(,9Β+∋)()∗+,!(9!)5%∗∋!Β∋∗Ο(∋3!Θ(3!)+!1+ΟΟ∆)%!)+!Θ+∋Ω!∗,!Ν∋%%,<∗22%#!
∴3! :(∋Λ! )5%!Ο+9)!1+ΟΟ+,!Ο%(,9!+:! )∋(,9Β+∋)()∗+,! ∗9!Β%∋9+,(2!<%5∗12%!7∋∗<%,!(2+,%κ! )5%!
9%1+,7!Ο+9)!1+ΟΟ+,!∗9!Β%∋9+,(2!<%5∗12%!1(∋Β++2#!ε5%!:+22+Θ∗,&!)(Σ2%!7∗9Β2(39!Ο%(,9!+:!
)∋(,9Β+∋)()∗+,!)+!Θ+∋Ω!Θ∗)5∗,!Ν∋%%,<∗22%#!!
!
9∀Κβ?Ρ!ε∃+&#!()!9−+&#∆(−∋+∋,(&!∋(!η(−Ψ!ΣΟ4∃−!ΕΗ!2∃+−#!(5ΓΤ!

! φ! γ!

6(∋Λ!)∋∆1ΩΛ!+∋!<(,!Τ!Α∋+<%!82+,%! β?ΛΚϑΜ! ≅β#Εν!

6(∋Λ!)∋∆1ΩΛ!+∋!<(,!Τ!6(∋Β++2%7! βΛΜΕΚ! /#?ν!

;∆Σ2∗1!ε∋(,9Β+∋)()∗+,! ≅ΜΚ! Μ#Ιν!

ε(α∗1(Σ! /Ε! ϑ#.ν!

_+)+∋1312%! ?Ε! ϑ#Μν!

∴∗1312%! Μ?β! ϑ#Κν!

Ρ(2Ω%7! ΜΛββϑ! β#Μν!

Χ)5%∋!Ο%(,9! Μβ≅! ϑ#βν!

Ρ+∋Ω%7!()!5+Ο%! ΜΛ.Μ.! .#Ιν!

∃+∆∋1%φ!8Ο%∋∗1(,!6+ΟΟ∆,∗)3!∃∆∋<%3!?Ψ]%(∋!49)∗Ο()%9!=.ϑΜΜΨ.ϑΜ?>!

!
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6+ΟΟ∆)%∋9!Θ5+!∆9%!Β∆Σ2∗1!)∋(,9Β+∋)()∗+,!)%,7!)+!Σ%!9∗&,∗:∗1(,)23!7∗::%∋%,)!)5(,!)5%!)+)(2!
Β+Β∆2()∗+,#!ε5%3!(∋%!Ο∆15!Ο+∋%!2∗Ω%23!)+!Σ%!Σ2(1Ω!+∋!8:∋∗1(,!8Ο%∋∗1(,Λ!2+ΘΨ∗,1+Ο%!(,7!
2∗<%!∗,!∋%,)(2!∆,∗)9#!ε5%!:+22+Θ∗,&!)(Σ2%!7∗9Β2(39!9%2%1)!7%Ο+&∋(Β5∗19!:+∋!)5%!Β+Β∆2()∗+,!)5()!
∆9%9!Β∆Σ2∗1!)∋(,9Β+∋)()∗+,!)+!1+ΟΟ∆)%!)+!Θ+∋Ω!(,7!)5%!)+)(2!Β+Β∆2()∗+,#!
!
9∀Κβ?Ρ!=∃5∃Α∋!ϑ∃%(0−+∆8,Α#!()!∋8∃!9(∋+5!Χ(∆/5+∋,(&!+&Γ!∋8∃!Χ(∆/5+∋,(&!∋8+∋!]#∃#!Χ/:5,Α!
9−+&#∆(−∋+∋,(&!)(−!η(−Ψ!

Π+Α∃?∋8&,Α,∋2! Χ(∆/5+∋,(&!98+∋!]#∃#!
Χ/:5,Α!9−+&#∆(−∋+∋,(&!

9(∋+5!Χ(∆/5+∋,(&!

Ρ5∗)%! .?#βν! Εϑ#.ν!

∴2(1Ω!+∋!8:∋∗1(,!8Ο%∋∗1(,! /Μ#Εν! ββ#Κν!

8Ο%∋∗1(,!∀,7∗(,!(,7!82(9Ω(!Η()∗<%! ϑ#ϑν! ϑ#.ν!

89∗(,! Μ#?ν! β#βν!

Η()∗<%!Γ(Θ(∗∗(,!+∋!Χ)5%∋!;(1∗:∗1!∀92(,7%∋! ϑ#ϑν! ϑ#ϑν!

∃+Ο%!Χ)5%∋!0(1%! Μ#Εν! Μ#?ν!

! Χ(∆/5+∋,(&!98+∋!]#∃#!
Χ/:5,Α!9−+&#∆(−∋+∋,(&!

9(∋+5!Χ(∆/5+∋,(&!

Π%99!)5(,!δΜϑΛϑϑϑ! Μ≅#.ν! ..#Ιν!

δΜϑΛϑϑϑ!)+!δΜΚΛΙΙΙ! .Ι#/ν! Μ.#Μν!

δΜ?Λϑϑϑ!)+!δ.ΚΛΙΙΙ! β≅#/ν! Μ?#Κν!

Ν∋%()%∋!)5(,!δ.?Λϑϑϑ! Μβ#Κν! ΚΙ#/ν!

_%7∗(,!4(∋,∗,&9! δΜ?Λβ?/! δ.ΚΛ/ϑϑ!

! Χ(∆/5+∋,(&!98+∋!]#∃#!
Χ/:5,Α!9−+&#∆(−∋+∋,(&!

9(∋+5!Χ(∆/5+∋,(&!

ΧΘ,%∋ΨΧ11∆Β∗%7!Γ+∆9∗,&!Ξ,∗)9! Μ#ϑν! β?#Ιν!

0%,)%∋ΨΧ11∆Β∗%7!Γ+∆9∗,&!Ξ,∗)9! ΙΙ#ϑν! ΕΚ#Μν!

∃+∆∋1%φ!8Ο%∋∗1(,!6+ΟΟ∆,∗)3!∃∆∋<%3!?Ψ]%(∋!49)∗Ο()%9!=.ϑΜΜΨ.ϑΜ?>!∃ϑ≅ϑΜ!

! !
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Γ<! ∀ΑΑ∃##!∋(!β(ς!Χ(4∃−∋2!7∃,08:(−8((Γ#!

,<! ∗(−!∋8∃!∆−(∋∃Α∋∃Γ!Α5+##!0−(/∆#!.]ϑ!8+#!∆−(4,Γ∃Γ!Γ+∋+6!Γ∃#Α−,:∃!+&2!Γ,#∆+−,∋,∃#!,&!
+ΑΑ∃##!∋(!5(ς!∆(4∃−∋2!&∃,08:(−8((Γ#!,&!∋8∃!δ/−,#Γ,Α∋,(&!+&Γ!−∃0,(&<!!!

ε5%!ΓΞΑΨΒ∋+<∗7%7!7()(!∗,12∆7%9!)5%!Π+Θ!;+<%∋)3!∀,7%αΛ!Θ5∗15!∆9%9!∋()%9!+:!:(Ο∗23!Β+<%∋)3!
Σ3! 5+∆9%5+27! )+!Ο%(9∆∋%! %αΒ+9∆∋%! )+! Β+<%∋)3#! 8! 5∗&5%∋! 91+∋%! &%,%∋(223! ∗,7∗1()%9! 2%99!
%αΒ+9∆∋%!)+!Β+<%∋)3!(,7!(!2+Θ%∋!91+∋%!&%,%∋(223!∗,7∗1()%9!5∗&5!%αΒ+9∆∋%!)+!Β+<%∋)3#!!

∀,! Ν∋%%,<∗22%Λ! )5%! Π+Θ! ;+<%∋)3! ∀,7%α! 91+∋%9! Σ3! ∋(1%−%)5,∗1∗)3! (∋%! &∋+∆Β%7! ∗,)+! )5∋%%!
&∋+∆Β9#!ε5%!∋%2()∗<%23!5∗&5!91+∋%!&∋+∆Β!∗9!)5%!Θ5∗)%Λ!,+,ΨΓ∗9Β(,∗1!(,7!)5%!89∗(,!+∋!;(1∗:∗1!
∀92(,7%∋Λ!,+,ΨΓ∗9Β(,∗1!Β+Β∆2()∗+,9!Θ∗)5!91+∋%9!+:!ΕΚ#/≅!(,7!ΕΜ#ΙβΛ!∋%9Β%1)∗<%23#!ε5%!Ο∗772%!
91+∋%! &∋+∆Β! ∗,12∆7%9! )5%! Γ∗9Β(,∗1! Β+Β∆2()∗+,! (,7! )5%! Η()∗<%! 8Ο%∋∗1(,Λ! ,+,ΨΓ∗9Β(,∗1!
Β+Β∆2()∗+,!Θ∗)5!?ϑ#?β!(,7!?Μ#ΚΜΛ!∋%9Β%1)∗<%23#!⊥∗,(223Λ!)5%!2+Θ!91+∋%!&∋+∆Β!∗,12∆7%9!+,23!
)5%!Σ2(1ΩΛ!,+,ΨΓ∗9Β(,∗1!Β+Β∆2()∗+,!Θ∗)5!(!91+∋%!+:!βΙ#Ι.#!

Ξ,9∆∋Β∋∗9∗,&23Λ!91+∋%9!+,!)5%!Π+Θ!;+<%∋)3!∀,7%α!(∋%!&%,%∋(223!2+Θ%∋!(1∋+99!(22!∋(1∗(2−%)5,∗1!
7%Ο+&∋(Β5∗19!:+∋!)5%!Β+Β∆2()∗+,!Σ%2+Θ!)5%!:%7%∋(2!Β+<%∋)3!2∗,%#!ε5%!)Θ+!5∗&5%9)!91+∋%9!
(∋%!(&(∗,!)5%!89∗(,!+∋!;(1∗:∗1!∀92(,7%∋Λ!,+,ΨΓ∗9Β(,∗1!(,7!Θ5∗)%Λ!,+,ΨΓ∗9Β(,∗1!Β+Β∆2()∗+,9!
Θ∗)5!/.#β.!(,7!?Ε#..#!ε5%!∋%Ο(∗,∗,&!)5∋%%!∋(1∗(2−%)5,∗1!&∋+∆Β9!(∋%!9∗&,∗:∗1(,)23!2+Θ%∋#!ε5%!
Σ2(1ΩΛ!,+,ΨΓ∗9Β(,∗1!Β+Β∆2()∗+,!5(9!(!91+∋%!+:!βϑ#ΙΚΛ!)5%!Γ∗9Β(,∗1!Β+Β∆2()∗+,!5(9!(!91+∋%!+:!
β?#βΙΛ!(,7!)5%!Η()∗<%!8Ο%∋∗1(,Λ!,+,ΨΓ∗9Β(,∗1!Β+Β∆2()∗+,!5(9!)5%!2+Θ%9)!91+∋%!Θ∗)5!.Ι#ϑϑ#!
ε5%!:+22+Θ∗,&!Ο(Β!7∗9Β2(39!)5%!Π+Θ!;+<%∋)3!∀,7%α!Σ3!∋(1%−%)5,∗1∗)3!∗,!)5%!ς∆∋∗97∗1)∗+,#!

! !
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6Ξ:∗Ι.;∗ΕΠ∗Ψ∗:0−%5∃.;4)(7∗.∀&∗>%/0∃#2∗

!
∃+∆∋1%φ!ΓΞΑ!
!
!

,,<! ∗(−!∋8∃!∆−(∋∃Α∋∃Γ!Α5+##!0−(/∆#!.]ϑ!8+#!∆−(4,Γ∃Γ!Γ+∋+6!Γ∃#Α−,:∃!8(ς!Γ,#∆+−,∋,∃#!,&!
+ΑΑ∃##!∋(!5(ς!∆(4∃−∋2!&∃,08:(−8((Γ#!−∃5+∋∃!∋(!−∃#,Γ∃&∋,+5!5,4,&0!∆+∋∋∃−&#!()!∋8(#∃!0−(/∆#!
,&!∋8∃!δ/−,#Γ,Α∋,(&!+&Γ!−∃0,(&<!!

 
811+∋7∗,&!)+!)5%!ΓΞΑΨΒ∋+<∗7%7!Ο(Β!(,7!)(Σ2%!)5%!Θ%9)%∋,!Β(∋)!+:!)5%!1∗)3Λ!∗,12∆7∗,&!)5%!
0−468;!)∋(1)Λ!5(9!)5%!2+Θ%9)!91+∋%!+,!)5%!Π+Θ!;+<%∋)3!∀,7%α#!ε5∗9!(∋%(!5(9!(!∋%2()∗<%23!5∗&5!
Σ2(1ΩΛ!,+,ΨΓ∗9Β(,∗1!Β+Β∆2()∗+,!Θ5∗15!Β+∗,)9!)+!(!2∗,Ω!Σ%)Θ%%,!∋(1%!(,7!Β+<%∋)3!Θ∗)5∗,!)5%!
1∗)3#!Π∗<∗,&!+,!)5%!Θ%9)!9∗7%!+∋!,%(∋!)5%!,+∋)5%∋,!(∗∋Β+∋)!9∗&,∗:∗1(,)23!∗,1∋%(9%9!)5%!15(,1%!
(!∋%9∗7%,)!Θ∗22!5(<%!∋%7∆1%7!(11%99!)+!2+Θ!Β+<%∋)3!(∋%(9#!!
!
! !
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!

∃<! ∀ΑΑ∃##!∋(!?&4,−(&%∃&∋+552!.∃+5∋82!7∃,08:(−8((Γ#!

,<! ∗(−!∋8∃!∆−(∋∃Α∋∃Γ!Α5+##!0−(/∆#!.]ϑ!8+#!∆−(4,Γ∃Γ!Γ+∋+6!Γ∃#Α−,:∃!+&2!Γ,#∆+−,∋,∃#!,&!
+ΑΑ∃##!∋(!∃&4,−(&%∃&∋+552!8∃+5∋82!&∃,08:(−8((Γ#!,&!∋8∃!δ/−,#Γ,Α∋,(&!+&Γ!−∃0,(&<!!

∀,!+∋7%∋!)+!7%)%∋Ο∗,%!7∗9Β(∋∗)∗%9!∗,!(11%99!)+!%,<∗∋+,Ο%,)(223!5%(2)53!,%∗&5Σ+∋5++79!Θ%!
1(,! 1+ΟΒ(∋%! 4,<∗∋+,Ο%,)(2! Γ%(2)5! ∀,7%α! Σ%)Θ%%,! ∋(1∗(2! (,7! %)5,∗1! &∋+∆Β9#! ε5%!
4,<∗∋+,Ο%,)(2!Γ%(2)5!∀,7%α!Ο%(9∆∋%9!%αΒ+9∆∋%!Σ(9%7!+,!4;8!%9)∗Ο()%9!+:!(∗∋!χ∆(2∗)3!∗,!
)%∋Ο9!+:! 1(∋1∗,+&%,∗1Λ! ∋%9Β∗∋()+∋3!(,7!,%∆∋+2+&∗1(2! )+α∗,9#!8!5∗&5! 91+∋%!Ο%(,9! )5()! )5%!
,%∗&5Σ+∋5++7!∗9!%,<∗∋+,Ο%,)(223!5%(2)53!Θ5∗2%!(!2+Θ!91+∋%!Ο%(,9!)5()!)5%!,%∗&5Σ+∋5++7!
∗9!,+)!(9!%,<∗∋+,Ο%,)(223!5%(2)53#!

Ρ∗)5∗,!Ν∋%%,<∗22%Λ!)5%∋%!∗9!<%∋3!2∗))2%!<(∋∗()∗+,!(Ο+,&!∋(1∗(2−%)5,∗1!&∋+∆Β9!∗,!4,<∗∋+,Ο%,)(2!
Γ%(2)5!∀,7%α!91+∋%9!∗,!)5%!)+)(2!Β+Β∆2()∗+,#!4(15!∋(1∗(2!(,7!%)5,∗1!&∋+∆Β!5(9!(!Ο+7%∋()%!
91+∋%#!ε5%!5∗&5%9)!91+∋%!∗9!)5%!Γ∗9Β(,∗1!Β+Β∆2()∗+,Λ!Θ∗)5!Εβ#≅≅Λ!(,7!)5%!2+Θ%9)!91+∋%!∗9!)5%!
Η()∗<%!8Ο%∋∗1(,Λ!,+,ΨΓ∗9Β(,∗1!Β+Β∆2()∗+,!Θ∗)5!(!91+∋%!+:!ΚΙ#?/#!⊥+∋!)5%!Β+Β∆2()∗+,!Σ%2+Θ!
)5%!Β+<%∋)3!2∗,%Λ!)5%!91+∋%9!(∋%!∗,!)5%!9(Ο%!Ο+7%∋()%!∋(,&%!Σ∆)!95+Θ!Ο+∋%!<(∋∗()∗+,#!ε5%!
Η()∗<%!8Ο%∋∗1(,Λ!,+,ΨΓ∗9Β(,∗1!Β+Β∆2()∗+,!5(9!)5%!5∗&5%9)!91+∋%!=≅?#ϑϑ>!(,7!)5%!Σ2(1ΩΛ!,+,Ψ
Γ∗9Β(,∗1! Β+Β∆2()∗+,! 5(9! )5%! 2+Θ%9)! 91+∋%! =Κ?#Κβ>#! ε5%! :+22+Θ∗,&! Ο(Β! 7∗9Β2(39! )5%!
4,<∗∋+,Ο%,)(2!Γ%(2)5!∀,7%α!Θ∗)5∗,!)5%!ς∆∋∗97∗1)∗+,#!

! !
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6Ξ:∗Ι.;∗ΕΦ∗Ψ∗:0−%5∃.;4)(7∗.∀&∗Σ∀/)∃%∀−0∀#.1∗60.1#4∗

!
∃+∆∋1%φ!ΓΞΑ!
!

,,<! ∗(−!∋8∃!∆−(∋∃Α∋∃Γ!Α5+##!0−(/∆#!.]ϑ!8+#!∆−(4,Γ∃Γ!Γ+∋+6!Γ∃#Α−,:∃!8(ς!Γ,#∆+−,∋,∃#!,&!
+ΑΑ∃##!∋(!∃&4,−(&%∃&∋+552!8∃+5∋82!&∃,08:(−8((Γ#!−∃5+∋∃!∋(!−∃#,Γ∃&∋,+5!5,4,&0!∆+∋∋∃−&#!,&!
∋8∃!δ/−,#Γ,Α∋,(&!+&Γ!−∃0,(&<!!

ε5%∋%! (∋%! ,+! &∋+∆Β9! )5()! 5(<%! ,+)∗1%(Σ23! 2%99! (11%99! )+! %,<∗∋+,Ο%,)(223! 5%(2)53!
,%∗&5Σ+∋5++79#!

,,,<! ;&)(−%∃Γ! :2! Α(%%/&,∋2! ∆+−∋,Α,∆+∋,(&6! +&2! Α(&#/5∋+∋,(&! ς,∋8! (∋8∃−! −∃5∃4+&∋!
0(4∃−&%∃&∋!+0∃&Α,∃#6!+&Γ!∋8∃!∆+−∋,Α,∆+&∋ι#!(ς&!5(Α+5!Γ+∋+!+&Γ!5(Α+5!Ψ&(ς5∃Γ0∃6!Γ,#Α/##!
ς8∃∋8∃−! ∋8∃−∃!+−∃!∆−(0−+%#6!∆(5,Α,∃#6!(−! )/&Γ,&0!%∃Α8+&,#%#! ∋8+∋!+))∃Α∋!Γ,#∆+−,∋,∃#! ,&!
+ΑΑ∃##!∋(!∃&4,−(&%∃&∋+552!8∃+5∋82!&∃,08:(−8((Γ#<!

811+∋7∗,&!)+!)5%!.ϑΜβ!Ν∋%%,<∗22%!6+,9+2∗7()%7!;2(,!)5%!1∗)3!∗9!1+,)∗,∆∗,&!)+!Β∆∋9∆%!:∆,7∗,&!
:∋+Ο!)5%!Π%(7!Ν∋(,)!(,7!)5%!∴∋+Θ,:∗%279!Ν∋(,)!)+!5%2Β!%2∗Ο∗,()%!%,<∗∋+,Ο%,)(2!5((∋79!∗,!
)5%! 1∗)3#! ε5%3!(∋%! 9Β%1∗:∗1(223! :+1∆9∗,&!+,! )5%!%2∗Ο∗,()∗+,!+:!5((∋79!Θ∗)5∗,! 2+ΘΨ∗,1+Ο%!
1+ΟΟ∆,∗)∗%9#!!
! !
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)<! Χ+∋∋∃−&#!,&!ϑ,#∆+−,∋,∃#!,&!∀ΑΑ∃##!∋(!Ο∆∆(−∋/&,∋2!
!

,<! ∗(−!∋8∃!∆−(∋∃Α∋∃Γ!Α5+##!0−(/∆#!.]ϑ!8+#!∆−(4,Γ∃Γ!Γ+∋+6!,Γ∃&∋,)2!+&Γ!Γ,#Α/##!+&2!
(4∃−+−Α8,&0! ∆+∋∋∃−&#! ()! +ΑΑ∃##! ∋(! (∆∆(−∋/&,∋2! +&Γ! ∃≅∆(#/−∃! ∋(! +Γ4∃−#∃! Α(%%/&,∋2!
)+Α∋(−#<!;&Α5/Γ∃!8(ς!∋8∃#∃!∆+∋∋∃−&#!Α(%∆+−∃!∋(!∆+∋∋∃−&#!()!#∃0−∃0+∋,(&6!,&∋∃0−+∋,(&6!+&Γ!
Π?1∀Χ#<!ϑ∃#Α−,:∃!∋8∃#∃!∆+∋∋∃−&#!)(−!∋8∃!δ/−,#Γ,Α∋,(&!+&Γ!−∃0,(&<!!!

⊥+∋! )5%! )+)(2!Β+Β∆2()∗+,! ∗,!Ν∋%%,<∗22%Λ! )5%!Σ2(1ΩΛ!,+,ΨΓ∗9Β(,∗1!Β+Β∆2()∗+,! 9)(,79!+∆)!(9!
5(<∗,&! 2%99! (11%99! )+! +ΒΒ+∋)∆,∗)3! (,7! &∋%()%∋! %αΒ+9∆∋%! )+! (7<%∋9%! :(1)+∋9! )5(,! +)5%∋!
&∋+∆Β9! ∗,! )5%! ς∆∋∗97∗1)∗+,#! ε5%! 89∗(,! +∋! ;(1∗:∗1! ∀92(,7%∋Λ! ,+,ΨΓ∗9Β(,∗1! (,7! Θ5∗)%Λ! ,+,Ψ
Γ∗9Β(,∗1!Β+Β∆2()∗+,9!5(<%!&∋%()%∋!(11%99!)+!+ΒΒ+∋)∆,∗)∗%9!)5(,!+)5%∋!&∋+∆Β9!∗,!Ν∋%%,<∗22%#!
ε5%∋%!∗9!(!9∗Ο∗2(∋!Β())%∋,!:+∋!)5%!Β+Β∆2()∗+,!Σ%2+Θ!)5%!Β+<%∋)3!2%<%2#!8&(∗,Λ!)5%!Σ2(1ΩΛ!,+,Ψ
Γ∗9Β(,∗1!Β+Β∆2()∗+,!5(9!)5%!2+Θ%9)!(11%99!)+!+ΒΒ+∋)∆,∗)∗%9!(,7!)5%!89∗(,!+∋!;(1∗:∗1!∀92(,7%∋!
(,7!Θ5∗)%!Β+Β∆2()∗+,9!5(<%!)5%!5∗&5%9)!(11%99!)+!+ΒΒ+∋)∆,∗)∗%9#!

ε5%! 0−468;! )∋(1)9! ∗,! Ν∋%%,<∗22%! 5(<%! 7∗9Β∋+Β+∋)∗+,(223! 5∗&5! Σ2(1ΩΛ! ,+,ΨΓ∗9Β(,∗1! (,7!
Γ∗9Β(,∗1! Β+Β∆2()∗+,9#! Η+)! +,23! (∋%! )5%9%! )∋(1)9! ∋(1∗(223! 9%&∋%&()%7! (,7! Β+9%! %1+,+Ο∗1!
Β∋+Σ2%Ο9Λ!)5+9%!)∋(1)9!(29+!5(<%!2+Θ!+ΒΒ+∋)∆,∗)3!∗,7∗1()+∋9#!!

9∀Κβ?Ρ!Ο∆∆(−∋/&,∋2!;&Γ∃≅!=Α(−∃!1(%∆+−,#(&!

9(∋+5!Χ(∆/5+∋,(&!
9(∋+5!Ο∆∆(−∋/&,∋2!
;&Γ,Α+∋(−!=Α(−∃!

∀4∃−+0∃!Ο∆∆(−∋/&,∋2!
;&Γ,Α+∋(−!=Α(−∃!

Ρ5∗)%! β?≅#Κβ! ?Μ#.ϑ!

∴2(1Ω! β./#≅ϑ! ΚΕ#≅β!

Γ∗9Β(,∗1! ββ/#ϑΙ! Κ≅#ΜΕ!

89∗(,!+∋!;(1∗:∗1!∀92(,7%∋! β≅Κ#≅/! ?Κ#Ι≅!

Η()∗<%!8Ο%∋∗1(,! βΚΜ#Εϑ! Κ≅#≅ϑ!
Χ(∆/5+∋,(&!Κ∃5(ς!∋8∃!Χ(4∃−∋2!β,&∃! 9(∋+5!Ο∆∆(−∋/&,∋2!

;&Γ,Α+∋(−!=Α(−∃!
∀4∃−+0∃!Ο∆∆(−∋/&,∋2!
;&Γ,Α+∋(−!=Α(−∃!

Ρ5∗)%! β?Ι#ΜΚ! ?Μ#βΜ!

∴2(1Ω! .ΕΙ#≅β! β≅#??!

Γ∗9Β(,∗1! ./Ε#Ε.! βΙ#?.!

89∗(,!+∋!;(1∗:∗1!∀92(,7%∋! βΙϑ#Μ?! ??#/Κ!

Η()∗<%!8Ο%∋∗1(,! ./Μ#≅β! β≅#≅β!
∃+∆∋1%φ!ΓΞΑ!

!

,,<! Κ+#∃Γ! (&! ∋8∃! (∆∆(−∋/&,∋2! ,&Γ,Α+∋(−#! +##∃##∃Γ! +:(4∃6! ,Γ∃&∋,)2! +−∃+#! ∋8+∋!
∃≅∆∃−,∃&Α∃Ρ!Σ+Τ!8,08!+ΑΑ∃##⊥!+&Γ!Σ:Τ!5(ς!+ΑΑ∃##!+Α−(##!%/5∋,∆5∃!,&Γ,Α+∋(−#<!!

ε5%∋%!(∋%!,+! 12%(∋! 1∆)! γ5∗&5!(11%99η! (,7! γ2+Θ!(11%99η! 1%,9∆9! )∋(1)!Σ2+1Ω9! ∗,!Ν∋%%,<∗22%!
(1∋+99!Ο∆2)∗Β2%!∗,7∗1()+∋9Λ!Σ∆)!9+Ο%!Β())%∋,9!1(,!Σ%!:+∆,7#!∀,!&%,%∋(2Λ!)5%!0−468;!)∋(1)9!
(∋%! 2+Θ! (11%99! (∋%(9Λ! Β(∋)∗1∆2(∋23! )5%! 0−468;! )+! )5%! ,+∋)5! )5()! ∗,12∆7%9! )5%! (∗∋Β+∋)#!
877∗)∗+,(223Λ!)∋(1)9!+,!)5%!Θ%9)!9∗7%!+:!)+Θ,!(ΒΒ%(∋!)+!Σ%!2+Θ%∋!(11%99#!Γ∗&5!(11%99!(∋%(9!
∗,12∆7%!)5%!)∋(1)9!)+!)5%!%(9)!+:!)5%!1+22%&%!(,7!(2+,&!)5%!9+∆)5%∋,!Σ+∋7%∋!+:!)5%!1∗)3#!!!
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!
Ι<! ∀ΓΓ,∋,(&+5!;&)(−%+∋,(&!

+<!Κ∃2(&Γ!∋8∃!.]ϑ∴∆−(4,Γ∃Γ!Γ+∋+6!∆−(4,Γ∃!+ΓΓ,∋,(&+5!−∃5∃4+&∋!,&)(−%+∋,(&6!,)!+&26!+:(/∋!
Γ,#∆+−,∋,∃#!,&!+ΑΑ∃##!∋(!(∆∆(−∋/&,∋2!,&!∋8∃!δ/−,#Γ,Α∋,(&!+&Γ!−∃0,(&!+))∃Α∋,&0!0−(/∆#!ς,∋8!
(∋8∃−!∆−(∋∃Α∋∃Γ!Α8+−+Α∋∃−,#∋,Α#<&

!

Ν∋%%,<∗22%! 7+%9! ,+)! 5(<%! 9∗&,∗:∗1(,)! 7∗9Β(∋∗)∗%9! ∗,! (11%99! )+! +ΒΒ+∋)∆,∗)∗%9! Θ∗)5∗,! )5%!
ς∆∋∗97∗1)∗+,!(::%1)∗,&!&∋+∆Β9!Θ∗)5!+)5%∋!Β∋+)%1)%7!15(∋(1)%∋∗9)∗19#!
!
!
:<!98∃! ∆−(0−+%! ∆+−∋,Α,∆+&∋! %+2! +5#(! Γ∃#Α−,:∃! (∋8∃−! ,&)(−%+∋,(&! −∃5∃4+&∋! ∋(! ,∋#!

+##∃##%∃&∋!()!Γ,#∆+−,∋,∃#! ,&!+ΑΑ∃##! ∋(!(∆∆(−∋/&,∋26! ,&Α5/Γ,&0!+&2!+Α∋,4,∋,∃#!+,%∃Γ!+∋!
,%∆−(4,&0!+ΑΑ∃##!∋(!(∆∆(−∋/&,∋,∃#!)(−!+−∃+#!∋8+∋!%+2!5+ΑΨ!#/Α8!+ΑΑ∃##6!(−!,&!∆−(%(∋,&0!
+ΑΑ∃##! ∋(! (∆∆(−∋/&,∋2! Σ∃<0<6! ∆−(),Α,∃&∋! #Α8((5#6! ∃%∆5(2%∃&∋! (∆∆(−∋/&,∋,∃#6! +&Γ!
∋−+&#∆(−∋+∋,(&Τ<&&&

&

8,!(,(239∗9!+:!1+ΟΟ∆)∗,&!Β())%∋,9!Θ∗)5∗,!Ν∋%%,<∗22%!95+Θ9!)5()!Β∋+<∗7∗,&!&∋%()%∋!5+∆9∗,&!
(,7! %ΟΒ2+3Ο%,)! +ΒΒ+∋)∆,∗)∗%9! Θ∗)5∗,! )5%! 1∗)3! 1(,! 5%2Β! Θ∗)5! )∋(,9Β+∋)()∗+,! ∗99∆%9#!
∀,7∗<∗7∆(29!Θ5+!1(,,+)!2+1()%!5+∆9∗,&!,%(∋!)5%∗∋!Θ+∋Ω!Ο∆9)!1+ΟΟ∆)%!9∗&,∗:∗1(,)!7∗9)(,1%9Λ!
Θ5∗15!∗,1∋%(9%9!)∋(::∗1Λ!Β+22∆)∗+,Λ!(,7!Β2(1%9!(!9)∋(∗,!+,!Β∆Σ2∗1!∗,<%9)Ο%,)9#!Π+,&!7∗9)(,1%!
1+ΟΟ∆)∗,&!(29+!∋%7∆1%9!+ΒΒ+∋)∆,∗)∗%9!:+∋!,+,ΨΒ∋∗<()%!<%5∗12%!1+ΟΟ∆)∗,&!9∆15!(9!Β∆Σ2∗1!
)∋(,9Β+∋)()∗+,Λ! 1312∗,&! (,7! Θ(2Ω∗,&#! 89! ,+)%7! %(∋2∗%∋Λ! )5%! ∋()%! +:! ,+,ΨΒ∋∗<()%! <%5∗12%!
1+ΟΟ∆)∗,&!∗9!2+Θ!∗,!Ν∋%%,<∗22%#!!!
!
ε5%!:+22+Θ∗,&!Ο(Β!95+Θ!)5%!1+ΟΟ∆)∗,&!Β())%∋,9!:+∋!Ν∋%%,<∗22%#!ε5%!1∗)3!:(1%9!(!9∗&,∗:∗1(,)!
1+ΟΟ∆)∗,&!∗ΟΣ(2(,1%#!_+∋%!)5(,!/ϑ!Β%∋1%,)!+:!)5%!Θ+∋Ω:+∋1%!2∗<%9!+∆)9∗7%!+:!)5%!1∗)3!(,7!
,%(∋23!5(2:!+:!)5%!1∗)3ι9!Β+Β∆2()∗+,!Θ+∋Ω9!+∆)9∗7%!)5%!1∗)3#!ε5()!Ο%(,9!,%(∋23!?ϑΛϑϑϑ!5(<%!
(! 1+ΟΟ∆)∗,&! 9∗)∆()∗+,! )5()! 7+%9! ,+)! Θ+∋Ω! Θ%22! Θ∗)5! Β∆Σ2∗1! )∋(,9Β+∋)()∗+,! (,7! (779!
9∗&,∗:∗1(,)23!)+!)5%!)∋(::∗1! ∗,!)5%!1∗)3#!ε5∗9!Β+∗,)9!)+!(!7%Ο(,7!:+∋!(!<(∋∗%)3!+:!(::+∋7(Σ2%!
5+∆9∗,&!+Β)∗+,9!∗,!)5%!1∗)3#!822!+)5%∋!)5∗,&9!Σ%∗,&!%χ∆(2Λ!∋%9∗7%,)9!Θ+∆27!∋()5%∋!2∗<%!,%(∋!
Θ+∋Ω!(,7!95+∋)%,!1+ΟΟ∆)%!)5(,!7∋∗<%!2+,&!7∗9)(,1%9!:+∋!Θ+∋Ω#!!
! !
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Ι+>Υ∗<%−−∋#)∀5∗>.##0∃∀7∗

 
∃+∆∋1%φ!Ξ#∃#!6%,9∆9!∴∆∋%(∆! !
!
Ρ5%,!(,(23∗,&!)5%!1+ΟΟ∆)%!Β())%∋,9!Σ3!Ο+,)523!∗,1+Ο%!:+∋!Ν∋%%,<∗22%!)5%∋%!∗9!,+!12%(∋!
Β())%∋,!Σ(9%7!+,!∗,1+Ο%#!ε5∗9!Β+∗,)9!)+!(!&%,%∋(2!2(1Ω!+:!(ΒΒ∋+Β∋∗()%!5+∆9∗,&!(22!∗,1+Ο%!
2%<%29#!ε5%!:+22+Θ∗,&!)(Σ2%!7∗9Β2(39!1+ΟΟ∆)%!Β())%∋,9!Σ3!Ο+,)523!∗,1+Ο%#!!
!

 
!!!!∃+∆∋1%φ!Ξ#∃#!6%,9∆9!∴∆∋%(∆! !
! !

?/#βϑν
?β#β.ν ?Κ#/≅ν

Μ≅#≅Εν .Μ#ϑβν
.?#Εϑν.β#≅Κν .?#ΕΚν

.ϑ#/Ιν

Π%99!)5(,!δΜΛ.?ϑ!Β%∋!Ο+,)5 δΜΛ.?Μ!)+!δβΛβββ!Β%∋!Ο+,)5 _+∋%!)5(,!δβΛβββ!Β%∋!Ο+,)5

6+ΟΟ∆)%!;())%∋,9!Σ3!_+,)523!∀,1+Ο%

4ΟΒ2+3%7!∗,!Ν∋%%,<∗22%Λ!Π∗<%!Χ∆)9∗7% 4ΟΒ2+3%7!(,7!Π∗<%!∗,!Ν∋%%,<∗22%

Π∗<%!∗,!Ν∋%%,<∗22%Λ!4ΟΒ2+3%7!Χ∆)9∗7%
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><!1(&∋−,:/∋,&0!∗+Α∋(−#!()!ϑ,#∆+−,∋,∃#!,&!∀ΑΑ∃##!∋(!Ο∆∆(−∋/&,∋2!

∋()∗+,−.& /0−& 1+∗/−,& 234/(.∗& 3),&3)5&(/0−.& 234/(.∗& 322−4/+)6& /0−& 78.+∗,+4/+()&3),& .−6+()9&&
:,−)/+25& 234/(.∗& /03/& ∗+6)+2+43)/15& 4.−3/−;& 4()/.+<8/−& /(;& =−.=−/83/−;& (.& +)4.−3∗−& /0−&
∗−>−.+/5&(2&,+∗=3.+/+−∗&+)&344−∗∗&/(&(==(./8)+/59&

•! ∀ΑΑ∃##!∋(!),&+&Α,+5!#∃−4,Α∃#!
•! ∀4+,5+:,5,∋26!∋2∆∃6!)−∃Ζ/∃&Α26!+&Γ!−∃5,+:,5,∋2!()!∆/:5,Α!∋−+&#∆(−∋+∋,(&!
•! ;%∆∃Γ,%∃&∋#!∋(!%(:,5,∋2!
•! β+ΑΨ!()!+ΑΑ∃##!∋(!(∆∆(−∋/&,∋2!Γ/∃!∋(!8,08!8(/#,&0!Α(#∋#!
•! β+ΑΨ!()!∆−,4+∋∃!,&4∃#∋%∃&∋#!,&!#∆∃Α,),Α!&∃,08:(−8((Γ#!
•! β+ΑΨ!()!∆/:5,Α!,&4∃#∋%∃&∋#!,&!#∆∃Α,),Α!&∃,08:(−8((Γ#6!,&Α5/Γ,&0!#∃−4,Α∃#!(−!+%∃&,∋,∃#!!
•! β+ΑΨ!()!5(Α+5!(−!−∃0,(&+5!Α((∆∃−+∋,(&!
•! β+&Γ!/#∃!+&Γ!α(&,&0!5+ς#!!
•! β∃&Γ,&0!Γ,#Α−,%,&+∋,(&!
•! β(Α+∋,(&!+&Γ!∋2∆∃!()!+))(−Γ+:5∃!8(/#,&0!
•! β(Α+∋,(&!()!∃%∆5(2∃−#!
•! β(Α+∋,(&!()!∃&4,−(&%∃&∋+5!8∃+5∋8!8+α+−Γ#!
•! β(Α+∋,(&!()!∆−(),Α,∃&∋!#Α8((5#!+&Γ!#Α8((5!+##,0&%∃&∋!∆(5,Α,∃#!
•! β(##!()!∀))(−Γ+:5∃!.(/#,&0!!
•! ΟΑΑ/∆+&Α2!Α(Γ∃#!+&Γ!−∃#∋−,Α∋,(&#!
•! Χ−,4+∋∃!Γ,#Α−,%,&+∋,(&!!
•! =(/−Α∃!()!,&Α(%∃!Γ,#Α−,%,&+∋,(&!
•! Ο∋8∃−!

!
!
!

%0−& 3>3+13<+1+/5;& /5=−;& 2.−Χ8−)45;& 3),& .−1+3<+1+/5& (2& =8<1+4& /.3)∗=(./3/+()& ∗9! (,! ∗99∆%! ∗,!
Ν∋%%,<∗22%#!8!2(∋&%!Β+∋)∗+,!+:!)5%!Θ+∋Ω∗,&!Β+Β∆2()∗+,!1+ΟΟ∆)%9#!0%2∗(Σ2%!)∋(,9Β+∋)()∗+,!
)5()! ∗9! (<(∗2(Σ2%! Θ5%,! (,7!Θ5%∋%! Θ+∋Ω%∋9! ,%%7! ∗)Λ! Β(∋)∗1∆2(∋23! 2+ΘΨ∗,1+Ο%!Θ+∋Ω%∋9Λ! ∗9!
%99%,)∗(2!)+!)5%!1+ΟΟ∆,∗)3#!!

ε5%! 1(43/+()&(2&−?=1(5−.∗&(,7! 1(43/+()&3),&/5=−&(2&322(.,3<1−&0(8∗+)6!(∋%!∗,)%∋∋%2()%7!
∗99∆%9!)5()!1+,)∋∗Σ∆)%!)+!7∗9Β(∋∗)∗%9!∗,!+ΒΒ+∋)∆,∗)3#!8∋%(9!Θ∗)5!%1+,+Ο∗1!+ΒΒ+∋)∆,∗)∗%9!2(1Ω!
)5%! 5+∆9∗,&! ,%1%99(∋3! :+∋! )5%! Θ+∋Ω:+∋1%Λ! Θ5∗15! ∗,1∋%(9%9! 1+ΟΟ∆)%! )∗Ο%9! (,7! 2∗Ο∗)9!
+ΒΒ+∋)∆,∗)∗%9!:+∋!2+ΘΨ∗,1+Ο%!∗,7∗<∗7∆(29#!
!
! !
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!
;Φ<! ϑ,#∆−(∆(−∋,(&+∋∃!.(/#,&0!7∃∃Γ#!

 
Ε<! ∀&+52#,#!

+<!η8,Α8!∆−(∋∃Α∋∃Γ!Α5+##!0−(/∆#!Σ:2!−+Α∃∃∋8&,Α,∋2!+&Γ!)+%,5,+5!#∋+∋/#Τ!∃≅∆∃−,∃&Α∃!8,08∃−!
−+∋∃#! ()! 8(/#,&0! ∆−(:5∃%#! ΣΑ(#∋! :/−Γ∃&6! (4∃−Α−(ςΓ,&06! (−! #/:#∋+&Γ+−Γ! 8(/#,&0Τ!ς8∃&!
Α(%∆+−∃Γ!∋(!(∋8∃−!0−(/∆#!)(−!∋8∃!δ/−,#Γ,Α∋,(&!+&Γ!−∃0,(&χ!!η8,Α8!0−(/∆#!+5#(!∃≅∆∃−,∃&Α∃!
8,08∃−!−+∋∃#!()!#∃4∃−∃!8(/#,&0!Α(#∋!:/−Γ∃&#!ς8∃&!Α(%∆+−∃Γ!∋(!(∋8∃−!0−(/∆#χ!!

0(1%−4)5,∗1∗)3!
811+∋7∗,&! )+! )5%! ΓΞΑΨΒ∋+<∗7%7! 7()(Λ! Κβ#Ι/! Β%∋1%,)! +:! (22! 5+∆9%5+279! ∗,! Ν∋%%,<∗22%!
%αΒ%∋∗%,1%!()!2%(9)!+,%!+:!(,3!+:!)5%!:+∆∋!5+∆9∗,&!Β∋+Σ2%Ο9#!ε5%!∋(1%−%)5,∗1∗)3!Θ∗)5!)5%!
5∗&5%9)! ∋()%! +:! 5+∆9%5+27! Β∋+Σ2%Ο9! ∗9! )5%! Σ2(1ΩΛ! ,+,ΨΓ∗9Β(,∗1! Β+Β∆2()∗+,! Θ∗)5! ?Μ#≅.!
Β%∋1%,)#!ε5%!Γ∗9Β(,∗1!Β+Β∆2()∗+,!5(9!(!9∗Ο∗2(∋!∋()%!+:!5+∆9∗,&!Β∋+Σ2%Ο9!Θ∗)5!?ϑ#.Κ!Β%∋1%,)#!
ε5%!∋(1%−%)5,∗1∗)3!Θ∗)5!)5%!2+Θ%9)!∋()%!∗9!)5%!Η()∗<%!8Ο%∋∗1(,Λ!,+,ΨΓ∗9Β(,∗1!Β+Β∆2()∗+,!
Θ∗)5!β.#?Ε!Β%∋1%,)!Σ∆)!)5()!Β+Β∆2()∗+,!∗9!<%∋3!9Ο(22!Θ∗)5!+,23!Κβ!:(Ο∗2∗%9!∗,!)5%!1∗)3#!ε5%!
Θ5∗)%Λ!,+,ΨΓ∗9Β(,∗1!Β+Β∆2()∗+,!5(9!(!∋%2()∗<%23!2+Θ!∋()%!+:!5+∆9%5+27!Β∋+Σ2%Ο9!Θ∗)5!βΙ#βΕ!
Β%∋1%,)#!
!
⊥(Ο∗23!∃)()∆9!
⊥(Ο∗2∗%9!+:!:∗<%!+∋!Ο+∋%!:(1%!5+∆9∗,&!Β∋+Σ2%Ο9!()!(!Ο∆15!5∗&5%∋!∋()%!)5(,!+)5%∋!5+∆9%5+27!
)3Β%9! +∋! 9∗%9! =?≅#ΕΕ! Β%∋1%,)>#! ⊥(Ο∗23! 5+∆9%5+279! Θ∗)5! :%Θ%∋! )5(,! :∗<%! :(1%! 5+∆9∗,&!
Β∋+Σ2%Ο9!()!)5%!2+Θ%9)!∋()%!=βΜ#ϑ.!Β%∋1%,)>#!
!
9∀Κβ?Ρ!.(/#∃8(5Γ#!?≅∆∃−,∃&Α,&0!∀&2!()!Β!.(/#,&0!Χ−(:5∃%#!

Π+Α∃?∋8&,Α,∋2! φ!ς,∋8!∆−(:5∃%#! φ!∋(∋+5!
8(/#∃8(5Γ#!

γ!ς,∋8!
∆−(:5∃%#!

Ρ5∗)%Λ!,+,ΨΓ∗9Β(,∗1! /ΛΙϑ?! .ϑΛϑ≅β! βΙ#βΕν!
∴2(1ΩΛ!,+,ΨΓ∗9Β(,∗1! ΕΛΜ≅≅! ΜΜΛΙΚΜ! ?Μ#≅.ν!
Γ∗9Β(,∗1! ?.ϑ! ΜΛϑβ?! ?ϑ#.Κν!
89∗(,!+∋!;(1∗:∗1!∀92(,7%∋Λ!,+,ΨΓ∗9Β(,∗1! βϑϑ! ≅βΙ! β?#/Εν!
Η()∗<%!8Ο%∋∗1(,Λ!,+,ΨΓ∗9Β(,∗1! ΜΚ! Κβ! β.#?Εν!
Χ)5%∋Λ!,+,ΨΓ∗9Β(,∗1! .?ϑ! ??.! Κ?#.Ιν!
8%#.1∗ ΕΡΗΕΡΡ∗ ΦΘΗΘΧ∗ ΘΦ=⊥β∗

.(/#∃8(5Γ!92∆∃!+&Γ!=,α∃! φ!ς,∋8!∆−(:5∃%#! φ!∋(∋+5!
8(/#∃8(5Γ#!

γ!ς,∋8!
∆−(:5∃%#!

⊥(Ο∗23!5+∆9%5+279Λ!ω?!Β%+Β2%! ΚΛ/?ϑ! Μ?ΛβΜΚ! βΜ#ϑ.ν!
⊥(Ο∗23!5+∆9%5+279Λ!?τ!Β%+Β2%! ≅ΕΚ! ΜΛΚ/β! ?≅#ΕΕν!
Η+,Ψ:(Ο∗23!5+∆9%5+279! ΙΛ?βϑ! Μ/ΛΕΕΚ! ?β#Ι?ν!
∃+∆∋1%φ!6+ΟΒ∋%5%,9∗<%!Γ+∆9∗,&!8::+∋7(Σ∗2∗)3!∃)∋()%&3!=6Γ8∃>Λ!.ϑϑ≅Ψ.ϑΜ.!

!
!
!
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!
:<!η8,Α8!+−∃+#!,&!∋8∃!δ/−,#Γ,Α∋,(&!+&Γ!−∃0,(&!∃≅∆∃−,∃&Α∃!∋8∃!0−∃+∋∃#∋!8(/#,&0!:/−Γ∃&#χ!!
η8,Α8!()!∋8∃#∃!+−∃+#!+5,0&!ς,∋8!#∃0−∃0+∋∃Γ!+−∃+#6!,&∋∃0−+∋∃Γ!+−∃+#6!(−!Π?1∀Χ#!+&Γ!ς8+∋!
+−∃!∋8∃!∆−∃Γ(%,&+&∋!−+Α∃∃∋8&,Α,∋2!(−!&+∋,(&+5!(−,0,&!0−(/∆#!,&!#/Α8!+−∃+#χ!!
!

811+∋7∗,&! )+! )5%! ΓΞΑΨΒ∋+<∗7%7! Ο(Β! (,7! 7()(Λ! )5%! (∋%(9! Θ∗)5! (! 5∗&5! Β%∋1%,)(&%! +:!
5+∆9%5+279!Θ∗)5!Σ∆∋7%,!(∋%!9)∋+,&23!1+∋∋%2()%7!Θ∗)5!)5%!0−468;9#!Χ<%∋(22Λ!9%<%,!1%,9∆9!
)∋(1)9!5(<%!9∗&,∗:∗1(,)23!(Σ+<%!(<%∋(&%!Β%∋1%,)(&%!+:!5+∆9%5+279!Θ∗)5!5+∆9∗,&!Β∋+Σ2%Ο9!
=Ο+∋%!)5(,!Κ?#Ι/!Β%∋1%,)>Λ!∗,12∆7∗,&!)5%!)5∋%%!0−468;!)∋(1)9#!ε5%!:+22+Θ∗,&!Ο(Β!7∗9Β2(39!
)5%!Β%∋1%,)(&%!+:!5+∆9%5+279!Θ∗)5!Σ∆∋7%,!∗,!Ν∋%%,<∗22%#!!
!
6Ξ:∗Ι.;∗Γ∗Ψ∗6%∋7)∀5∗>∃%Ν10−7∗

!
∃+∆∋1%φ!ΓΞΑ!

! !
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ε5%!:+22+Θ∗,&!)(Σ2%!7∗9Β2(39!9%2%1)!7%Ο+&∋(Β5∗1!7()(!:+∋!)5%!5∗&5ΨΣ∆∋7%,!1%,9∆9!)∋(1)9#!ε5%!
ε5%∗2!∀,7%α!∋(,&%9!:∋+Ο!ϑ!)+!Μ!(,7!7∗9Β2(39!∗,:+∋Ο()∗+,!(Σ+∆)!∋(1∗(2!9%&∋%&()∗+,#!8!91+∋%!
2+Θ%∋! )5(,! #.ϑ! 9∆&&%9)9! 2%99! 9%&∋%&()∗+,! (,7! (! 91+∋%! Ο+∋%! )5(,! #Κϑ! 9∆&&%9)9! &∋%()!
9%&∋%&()∗+,#!Χ<%∋(22Λ!+,%!)∋(1)!5(9!5∗&5!9%&∋%&()∗+,!=&∋%()%∋!)5(,!#Κϑ>!Σ∆)!)Θ+!)∋(1)9!(∋%!
12+9%!)+!)5()!1∆)+::!Ο(∋Ω!Θ∗)5!ϑ#βΕ!(,7!ϑ#β/#!ε5%!0−468;!)∋(1)9!Ο(Ω%!∆Β!)5∋%%!+:!)5%!:+∆∋!
5∗&5%9)!ε5%∗2!∀,7%α!91+∋%9#!!
!
9∀Κβ?Ρ!.(/#∃8(5Γ#!ς,∋8!.(/#,&0!Χ−(:5∃%#!+&Γ!Π+Α∃?∋8&,Α,∋2!:2!ϕ∃2!1∃&#/#!9−+Α∋#!

1∃&#/#!9−+Α∋!
.(/#∃8(5Γ#!ς,∋8!

.(/#,&0!
Χ−(:5∃%#!

98∃,5!;&Γ∃≅!
Κ5+ΑΨ6!7(&∴
.,#∆+&,Α!

.,#∆+&,Α!

β/ΜΚ/ϑϑϑ≅ϑϑ! Κ≅#≅Εν! ϑ#βΕ! Ε/#/ϑν! Μ?#ϑ/ν!

β/ΜΚ/ϑϑϑ/ϑΜ! ?Μ#Ι/ν! ϑ#ΚΕ! ≅.#≅Μν! Κ#ΜΙν!

β/ΜΚ/ϑϑϑ/ϑ.! ?β#ϑΕν! ϑ#./! ≅≅#Κ≅ν! β#βΕν!

β/ΜΚ/ϑϑϑΕϑ.! ?β#Ι?ν! ϑ#ΜΚ! ?≅#?/ν! Μ#/?ν!

β/ΜΚ/ϑϑϑΜϑϑ! ?/#/βν! ϑ#β/! βΕ#ΜΜν! β#ϑΜν!

β/ΜΚ/ϑϑϑ.ϑΜ! ΕΜ#?Ιν! ϑ#.ϑ! ΜΙ#Κ/ν! Κ#Κ≅ν!

β/ΜΚ/ϑϑϑ?ϑ.! Κ≅#≅?ν! ϑ#Μϑ! ΜΙ#≅Εν! Κ#Μ?ν!

Ν∋%%,<∗22%! Κβ#Ι/ν! ΨΨ! βΕ#Ι≅ν! Κ#ΜΜν!

∃+∆∋1%φ!Α%1%,,∗(2!6%,9∆9!.ϑΜϑ!

!

! !
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Α<! 1(%∆+−∃!∋8∃!&∃∃Γ#!()!)+%,5,∃#!ς,∋8!Α8,5Γ−∃&!)(−!8(/#,&0!/&,∋#!ς,∋8!∋ς(6!+&Γ!∋8−∃∃!(−!
%(−∃!:∃Γ−((%#!ς,∋8! ∋8∃! +4+,5+:5∃! ∃≅,#∋,&0!8(/#,&0! #∋(ΑΨ! ,&! ∃+Α8! Α+∋∃0(−2!()! ∆/:5,Α52!
#/∆∆(−∋∃Γ!8(/#,&0!)(−!∋8∃!δ/−,#Γ,Α∋,(&!+&Γ!−∃0,(&<!

;∆Σ2∗123! 9∆ΒΒ+∋)%7! 5+∆9∗,&! ∗,! Ν∋%%,<∗22%! Β∋+<∗7%9! (! <(∋∗%)3! +:! 5+∆9∗,&! +Β)∗+,9! :+∋! )5%!
∋%9∗7%,)9!+:!)5%!1∗)3#!Η%(∋23!+,%Ψ)5∗∋7!=βϑ#?Ε!Β%∋1%,)>!+:!)5%!Β∆Σ2∗123!9∆ΒΒ+∋)%7!5+∆9∗,&!
9)+1Ω! ∗9! :+∋! 5+Ο%9! Θ∗)5! )5∋%%! Σ%7∋++Ο9! +∋! Ο+∋%! (,7! (∋%! 9∆∗)(Σ2%! :+∋! 2(∋&%∋! :(Ο∗2∗%9#!
8ΒΒ∋+α∗Ο()%23!β?!Β%∋1%,)!+:!)5%!5+Ο%9!(∋%!ϑ!+∋!Μ!Σ%7∋++ΟΛ!Θ5∗15! ∗9!Ο+∋%!9∆∗)(Σ2%!:+∋!
9∗,&2%!∗,7∗<∗7∆(29!+∋!1+∆Β2%9!Θ∗)5+∆)!15∗27∋%,#!Χ<%∋(22Λ!)5%∋%!(∋%!(ΒΒ∋+Β∋∗()%!5+Ο%!+Β)∗+,9!
:+∋!)5%!5+∆9%5+279!)5()!∆)∗2∗%!)5%!Β∋+&∋(Ο9!Τ!≅≅Μ!+:!)5%!:(Ο∗2∗%9!5(<%!15∗27∋%,!(,7!ΜΛ..Κ!
+:!)5%!5+∆9%5+279!5(<%!)Θ+!Σ%7∋++Ο9!+∋!Ο+∋%#!!
!
;∆Σ2∗123!9∆ΒΒ+∋)%7!5+∆9∗,&!∗9!Β∋∗Ο(∋∗23!)5∋+∆&5!)5%!Γ6Φ!;∋+&∋(Ο!(,7!;∆Σ2∗1!Γ+∆9∗,&#!Χ:!
)5%!ΜΛ≅/?!∆,∗)9Λ!/ϑΕ!=+∋!β/#Ε?!Β%∋1%,)>!(∋%!)5∋+∆&5!)5%!Γ6Φ!;∋+&∋(Ο!(,7!Ε≅Ε!=+∋!βΕ#?Ι!
Β%∋1%,)>!(∋%!;∆Σ2∗1!Γ+∆9∗,&#!Χ)5%∋!Ο∆2)∗:(Ο∗23!Β∋+&∋(Ο9!(∋%!)5%!9Ο(22%9)!Θ∗)5!+,23!β≅!∆,∗)9!
∗,!)5()!Β∋+&∋(Ο#!ε5%!:+22+Θ∗,&!)(Σ2%!7∗9Β2(39!)5%!Β∆Σ2∗123!9∆ΒΒ+∋)%7!5+∆9∗,&!Σ3!1()%&+∋3#!
!
9∀Κβ?Ρ!Χ/:5,Α52!=/∆∆(−∋∃Γ!.(/#,&0!:2!Χ−(0−+%!1+∋∃0(−2!

.(/#,&0!92∆∃!
.(/#∃8(5Γ#!,&!Ξ∴Ε!
Κ∃Γ−((%!]&,∋#!

.(/#∃8(5Γ#!,&!Ι!
Κ∃Γ−((%!]&,∋#!

.(/#∃8(5Γ#!,&!
>κ!Κ∃Γ−((%!

]&,∋#!

.(/#∃8(5Γ#!
ς,∋8!18,5Γ−∃&!

φ! γ! φ! γ! φ! γ! φ! γ!
;∆Σ2∗1!Γ+∆9∗,&! Μβϑ! Μ≅#Ι.ν! .βΜ! ββ#Ε.ν! β.?! Κ/#βΜν! βΙΚ! ?/#β?ν!

;∋+ς%1)Ψ∴(9%7!∃%1)∗+,!≅! βΜϑ! Ε≅#?≅ν! /Ι! Μ/#Κ≅ν! ?Ε! Μ.#βΙν! ΜΜϑ! .Κ#βΚν!

Χ)5%∋!_∆2)∗:(Ο∗23! β≅! ≅Ε#βΕν! ϑ! ϑ#ϑϑν! ϑ! ϑ#ϑϑν! ϑ! ϑ#ϑϑν!

Γ6Φ!;∋+&∋(Ο! Μ/β! .β#Ε/ν! βΚΜ! ΚΕ#Ε?ν! ΜΙ.! .Ε#./ν! β//! ?Μ#?/ν!

∃+∆∋1%φ!ΓΞΑΛ!Π∀Γε6!Α()(Σ(9%!

!
! !
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!
Γ<! ϑ∃#Α−,:∃! ∋8∃! Γ,))∃−∃&Α∃#! ,&! −+∋∃#! ()! −∃&∋∃−! +&Γ! (ς&∃−! (ΑΑ/∆,∃Γ! 8(/#,&0! :2!
−+Α∃∃∋8&,Α,∋2!,&!∋8∃!δ/−,#Γ,Α∋,(&!+&Γ!−∃0,(&<!

811+∋7∗,&!)+!)5%!.ϑΜΜΨ.ϑΜ?!8Ο%∋∗1(,!6+ΟΟ∆,∗)3!∃∆∋<%3!?Ψ]%(∋!49)∗Ο()%9Λ!βΚ#≅!Β%∋1%,)!
+:! )5%! +11∆Β∗%7! 5+∆9∗,&! ∆,∗)9! ∗,! Ν∋%%,<∗22%! (∋%! +Θ,%∋Ψ+11∆Β∗%7#! ε5%∋%! ∗9! (! 1+∋∋%2()∗+,!
Σ%)Θ%%,!∋(1%!(,7!5+∆9∗,&!)%,∆∋%#!Ρ5∗)%Λ!,+,ΨΓ∗9Β(,∗1!(,7!89∗(,!5+∆9%5+279!(∋%!Ο∆15!
Ο+∋%! 2∗Ω%23! )+! Σ%! 5+Ο%+Θ,%∋9! )5(,! Σ2(1Ω! +∋! Γ∗9Β(,∗1! 5+∆9%5+279#! ε5%! :+22+Θ∗,&! )(Σ2%!
7∗9Β2(39!5+∆9∗,&!)%,∆∋%!∗,!Ν∋%%,<∗22%!Σ3!∋(1%−%)5,∗1∗)3#!!
!
9∀Κβ?Ρ!.(/#,&0!9∃&/−∃!:2!=∃5∃Α∋!Π+Α∃?∋8&,Α,∋2!

! Ος&∃−∴ΟΑΑ/∆,∃Γ!.(/#,&0! Π∃&∋∃−!ΟΑΑ/∆,∃Γ!.(/#,&0!
Ρ5∗)%! ΚΕ#βν! ?β#/ν!
∴2(1Ω! Μ/#?ν! ≅.#?ν!
89∗(,! Κ?#/ν! ?Κ#βν!
Γ∗9Β(,∗1! .Μ#/ν! /≅#βν!
Ν∋%%,<∗22%! βΚ#≅ν! Ε?#.ν!
∃+∆∋1%φ!.ϑΜΜΨ.ϑΜ?!8Ο%∋∗1(,!6+ΟΟ∆,∗)3!∃∆∋<%3!

!

! !
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Ι<! ∀ΓΓ,∋,(&+5!;&)(−%+∋,(&!

+<! Κ∃2(&Γ!∋8∃!.]ϑ∴∆−(4,Γ∃Γ!Γ+∋+6!∆−(4,Γ∃!+ΓΓ,∋,(&+5!−∃5∃4+&∋!,&)(−%+∋,(&6!,)!+&26!
+:(/∋!Γ,#∆−(∆(−∋,(&+∋∃!8(/#,&0!&∃∃Γ#!,&!∋8∃!δ/−,#Γ,Α∋,(&!+&Γ!−∃0,(&!+))∃Α∋,&0!0−(/∆#!ς,∋8!
(∋8∃−!∆−(∋∃Α∋∃Γ!Α8+−+Α∋∃−,#∋,Α#<!!

 

∴0∀&)∀5∗>∃.(#)(07∗)∀∗Ο∃00∀/)110∗

6∗)3Θ∗7%!2%,7∗,&!Β∋(1)∗1%9!Θ%∋%!(,(23%7!∆9∗,&!7()(!&()5%∋%7!:∋+Ο!2%,7∗,&!∗,9)∗)∆)∗+,9!
∗,!1+ΟΒ2∗(,1%!Θ∗)5!)5%!Γ+Ο%!_+∋)&(&%!Α∗912+9∆∋%!81)!=Γ_Α8>#!!ε5%!Γ_Α8!Θ(9!%,(1)%7!
Σ3!6+,&∋%99!∗,!ΜΙ/?!(,7!∗9!∗ΟΒ2%Ο%,)%7!Σ3!)5%!⊥%7%∋(2!0%9%∋<%!∴+(∋7!(9!0%&∆2()∗+,!6#!!
ε5%! ∗,)%,)! +:! )5%! (1)! ∗9! )+! Β∋+<∗7%! )5%! Β∆Σ2∗1! Θ∗)5! ∗,:+∋Ο()∗+,! ∋%2()%7! )+! :∗,(,1∗(2!
∗,9)∗)∆)∗+,! 2%,7∗,&! Β∋(1)∗1%9! (,7! )+! (∗7! Β∆Σ2∗1! +::∗1∗(29! ∗,! )(∋&%)∗,&! Β∆Σ2∗1! 1(Β∗)(2!
∗,<%9)Ο%,)9!)+!())∋(1)!(77∗)∗+,(2!Β∋∗<()%!9%1)+∋!∗,<%9)Ο%,)9#!

∃∗,1%!%,(1)Ο%,)!+:!)5%!Γ_Α8!∗,!ΜΙ/?Λ!2%,7∗,&!∗,9)∗)∆)∗+,9!5(<%!Σ%%,!∋%χ∆∗∋%7!)+!1+22%1)!
(,7!Β∆Σ2∗123!7∗912+9%!7()(!∋%&(∋7∗,&!(ΒΒ2∗1(,)9Λ!∗,12∆7∗,&!2+1()∗+,!+:!)5%!2+(,!=Σ3!1%,9∆9!
)∋(1)Λ!1+∆,)3!(,7!_∃8>κ!∗,1+Ο%Λ!∋(1%!(,7!&%,7%∋!+:!)5%!Σ+∋∋+Θ%∋κ!)5%!,∆ΟΣ%∋!(,7!7+22(∋!
(Ο+∆,)!+:!%(15!2+(,κ!Β∋+Β%∋)3!)3Β%κ! 2+(,!)3Β%κ! 2+(,!Β∆∋Β+9%κ!Θ5%)5%∋!)5%!Β∋+Β%∋)3! ∗9!
+Θ,%∋Ψ+11∆Β∗%7κ!(1)∗+,!)(Ω%,!:+∋!%(15!(ΒΒ2∗1()∗+,κ!(,7Λ! ∗:! )5%!(ΒΒ2∗1()∗+,!Θ(9!7%,∗%7Λ!
)5%! ∋%(9+,=9>! :+∋! 7%,∗(2#! ;∋+Β%∋)3! )3Β%9! %α(Ο∗,%7! ∗,12∆7%! +,%Ψ)+Ψ:+∆∋! :(Ο∗23! ∆,∗)9Λ!
Ο(,∆:(1)∆∋%7!5+∆9∗,&!(,7!Ο∆2)∗Ψ:(Ο∗23!7%<%2+ΒΟ%,)9#!!

Γ_Α8!7()(!∗9!(!∆9%:∆2!)++2!∗,!(11%99∗,&!2%,7∗,&!Β∋(1)∗1%9!(,7!)∋%,79!Θ∗)5∗,!(!ς∆∋∗97∗1)∗+,#!!
Ρ5∗2%!Ο(,3!:∗,(,1∗(2!∗,9)∗)∆)∗+,9!(∋%!∋%χ∆∗∋%7!)+!∋%Β+∋)!2+(,!(1)∗<∗)∗%9Λ!∗)!∗9!∗ΟΒ+∋)(,)!)+!
,+)%!)5()!,+)!(22!∗,9)∗)∆)∗+,9!(∋%!∋%χ∆∗∋%7!)+!Β(∋)∗1∗Β()%#!!Α%Β+9∗)+∋3!2%,7∗,&!∗,9)∗)∆)∗+,9!
Τ! Σ(,Ω9Λ! 1∋%7∗)! ∆,∗+,9Λ! (,7! 9(<∗,&9! (99+1∗()∗+,9! Τ!Ο∆9)! :∗2%! ∆,7%∋!Γ_Α8! ∗:! )5%3!5+27!
(99%)9!%α1%%7∗,&!)5%!1+<%∋(&%!)5∋%95+27!9%)!(,,∆(223!Σ3!)5%!⊥%7%∋(2!0%9%∋<%!∴+(∋7Λ!5(<%!
(!5+Ο%!+∋!Σ∋(,15!+::∗1%!∗,!+,%!+∋!Ο+∋%!Ο%)∋+Β+2∗)(,!9)()∗9)∗1(2!(∋%(9!=_∃8>Λ!+∋!+∋∗&∗,()%7!
()!2%(9)!+,%!5+Ο%!Β∆∋15(9%!+∋!∋%:∗,(,1∗,&!2+(,!+,!(!+,%Ψ)+Ψ:+∆∋!:(Ο∗23!7Θ%22∗,&!∗,!)5%!
Β∋%1%7∗,&! 1(2%,7(∋! 3%(∋#! ∃∆15! ∗,9)∗)∆)∗+,9!Ο∆9)! (29+! :∗2%! ∗:! )5%3!Ο%%)! (,3! +,%! +:! )5%!
:+22+Θ∗,&! )5∋%%! 1+,7∗)∗+,9φ! 9)()∆9! (9! (! :%7%∋(223! ∗,9∆∋%7! +∋! ∋%&∆2()%7! ∗,9)∗)∆)∗+,κ!
+∋∗&∗,()+∋!+:!(!Ο+∋)&(&%!2+(,!)5()!∗9!∗,9∆∋%7Λ!&∆(∋(,)%%7!+∋!9∆ΒΒ2%Ο%,)%7!Σ3!(!:%7%∋(2!
(&%,13κ!+∋!+∋∗&∗,()+∋!+:!(!2+(,!∗,)%,7%7!:+∋!9(2%!)+!⊥(,,∗%!_(%!+∋!⊥∋%77∗%!_(1#!

⊥+∋ΨΒ∋+:∗)Λ! ,+,Ψ7%Β+9∗)+∋3! ∗,9)∗)∆)∗+,9! =9∆15! (9!Ο+∋)&(&%! 1+ΟΒ(,∗%9>!Ο∆9)! :∗2%!Γ_Α8!
7()(!∗:!)5%∗∋!<(2∆%!+:!5+Ο%!Β∆∋15(9%!+∋!∋%:∗,(,1∗,&!2+(,9!%α1%%79!Μϑ!Β%∋1%,)!+:!)5%∗∋!)+)(2!
2+(,!+∋∗&∗,()∗+,9!+∋!%χ∆(29!+∋!%α1%%79!δ.?!Ο∗22∗+,κ!)5%3!%∗)5%∋!Ο(∗,)(∗,!(!5+Ο%!+∋!Σ∋(,15!
+::∗1%!∗,!+,%!+∋!Ο+∋%!_∃89!+∋!∗,!(!&∗<%,!3%(∋!%α%1∆)%!:∗<%!+∋!Ο+∋%!5+Ο%!Β∆∋15(9%Λ!5+Ο%!
∋%:∗,(,1∗,&Λ!+∋!5+Ο%!∗ΟΒ∋+<%Ο%,)!2+(,!(ΒΒ2∗1()∗+,9Λ!+∋∗&∗,()∗+,9Λ!+∋!2+(,!Β∆∋15(9%9!:+∋!
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Β∋+Β%∋)∗%9!2+1()%7!∗,!_∃89κ!+∋!)5%3!5+27!(99%)9!%α1%%7∗,&!δΜϑ!Ο∗22∗+,!+∋!5(<%!%α%1∆)%7!
Ο+∋%!)5(,!Μϑϑ!5+Ο%!Β∆∋15(9%!+∋!∋%:∗,(,1∗,&!2+(,!+∋∗&∗,()∗+,9!∗,!)5%!Β∋%1%7∗,&!1(2%,7(∋!
3%(∋#!

∀)!∗9!∋%1+ΟΟ%,7%7!)5()!)5%!(,(239∗9!+:!Γ_Α8!7()(!Σ%!)%ΟΒ%∋%7!Σ3!)5%!Ω,+Θ2%7&%!)5()!
,+!+,%!15(∋(1)%∋∗9)∗1!1(,!Σ%!1+,9∗7%∋%7!∗,!∗9+2()∗+,Λ!Σ∆)!Ο∆9)!Σ%!1+,9∗7%∋%7!∗,!2∗&5)!+:!
+)5%∋!:(1)+∋9#!⊥+∋!∗,9)(,1%Λ!Θ5∗2%!∗)! ∗9!Β+99∗Σ2%!)+!7%<%2+Β!1+,12∆9∗+,9!9∗ΟΒ23!Σ(9%7!+,!
∋(1%!7()(Λ! ∗)! ∗9!Ο+∋%!(11∆∋()%!Θ5%,!(22!Β+99∗Σ2%! :(1)+∋9!(∋%! 1+,9∗7%∋%7Λ!Β(∋)∗1∆2(∋23! ∗,!
∋%2()∗+,!)+!2+(,!7%,∗(29!(,7!2+(,!Β∋∗1∗,&#!811+∋7∗,&!)+!)5%!⊥⊥∀46Λ!γΘ∗)5!:%Θ!%α1%Β)∗+,9Λ!
1+,)∋+22∗,&!:+∋!Σ+∋∋+Θ%∋Ψ∋%2()%7!:(1)+∋9!∋%7∆1%9!)5%!7∗::%∋%,1%9!(Ο+,&!∋(1∗(2!(,7!%)5,∗1!
&∋+∆Β9#η! ∴+∋∋+Θ%∋Ψ∋%2()%7! :(1)+∋9! ∗,12∆7%! ∗,1+Ο%Λ! 2+(,! (Ο+∆,)Λ! 2%,7%∋Λ! (,7! +)5%∋!
∋%2%<(,)! ∗,:+∋Ο()∗+,! ∗,12∆7%7! ∗,! )5%!Γ_Α8!7()(#!⊥∆∋)5%∋Λ! )5%!⊥⊥∀46!1(∆)∗+,9! )5()! )5%!
∗,:+∋Ο()∗+,!∗,!)5%!Γ_Α8!7()(Λ!%<%,!Θ5%,!1+,)∋+22%7!:+∋!Σ+∋∋+Θ%∋Ψ∋%2()%7!:(1)+∋9!(,7!
)5%!2%,7%∋Λ!γ∗9!∗,9∆::∗1∗%,)!)+!(11+∆,)!:∆223!:+∋!∋(1∗(2!+∋!%)5,∗1!7∗::%∋%,1%9!∗,!)5%!∗,1∗7%,1%!
+:! 5∗&5%∋ΨΒ∋∗1%7! 2%,7∗,&#η! ε5%! ⊥⊥∀46! 9∆&&%9)9! )5()! (! Ο+∋%! )5+∋+∆&5! (,(239∗9! +:! )5%!
7∗::%∋%,1%9!Ο(3!∋%χ∆∗∋%!(77∗)∗+,(2!7%)(∗29!:∋+Ο!9+∆∋1%9!+)5%∋!)5(,!Γ_Α8!(Σ+∆)!:(1)+∋9!
∗,12∆7∗,&!)5%!9Β%1∗:∗1!1∋%7∗)!1∗∋1∆Ο9)(,1%9!+:!%(15!Σ+∋∋+Θ%∋Λ!)5%!9Β%1∗:∗1!2+(,!Β∋+7∆1)9!
)5()!)5%3!(∋%!9%%Ω∗,&Λ!(,7!)5%!Σ∆9∗,%99!Β∋(1)∗1%9!+:!)5%!∗,9)∗)∆)∗+,9!)5()!)5%3!(ΒΒ∋+(15!
:+∋!1∋%7∗)#!!!

ε5%! :+22+Θ∗,&! (,(239∗9! ∗9! Β∋+<∗7%7! :+∋! )5%! 1∗)3! +:! Ν∋%%,<∗22%Λ! Η#6#Λ! 9∆ΟΟ(∋∗∗,&! .ϑΜ?!
Γ_Α8!7()(!=)5%!Ο+9)!∋%1%,)!3%(∋!:+∋!Θ5∗15!7()(!(∋%!(<(∗2(Σ2%>Λ!(,7!7()(!Σ%)Θ%%,!.ϑϑ/!
(,7!.ϑΜ?!Θ5%∋%!(ΒΒ2∗1(Σ2%#!Α∆%!)+!Γ_Α8!7()(ι9!&%+&∋(Β5∗1!1+,9)∋(∗,)9!()!)5%!Ο∆,∗1∗Β(2!
ς∆∋∗97∗1)∗+,! 2%<%2Λ! )5%! &%+&∋(Β53! ∆)∗2∗%7! ∗,12∆7%9! (22! 1%,9∆9! )∋(1)9! )5()! :(22!Θ∗)5∗,! )5%!
Σ+∆,7(∋∗%9!+:!Ν∋%%,<∗22%#!Ρ5%∋%! 9Β%1∗:∗1! 7%)(∗29! (∋%! ∗,12∆7%7! ∗,! )5%!Γ_Α8! ∋%1+∋79Λ! (!
9∆ΟΟ(∋3!∗9!Β∋+<∗7%7!Σ%2+Θ!:+∋!2+(,!7%,∗(29!∗,12∆7∗,&!∗,:+∋Ο()∗+,!∋%&(∋7∗,&!)5%!Β∆∋Β+9%!
+:!)5%!2+(,!(ΒΒ2∗1()∗+,Λ!∋(1%!+:!)5%!(ΒΒ2∗1(,)!(,7!)5%!Β∋∗Ο(∋3!∋%(9+,!:+∋!7%,∗(2#!!⊥+∋!)5%!
Β∆∋Β+9%9!+:!(,(239∗9Λ!)5∗9!∋%Β+∋)!Θ∗22!:+1∆9!+,23!+,!)5%!∗,:+∋Ο()∗+,!(<(∗2(Σ2%!(,7!Θ∗22!,+)!
Ο(Ω%!(99∆ΟΒ)∗+,9!∋%&(∋7∗,&!7()(!)5()!∗9!,+)!(<(∗2(Σ2%!+∋!Θ(9!,+)!Β∋+<∗7%7!(9!Β(∋)!+:!)5%!
Ο+∋)&(&%!(ΒΒ2∗1()∗+,!+∋!∗,!)5%!Γ_Α8!∋%Β+∋)∗,&!Β∋+1%99#!!

!

ΙΞΕΝ!1,∋2!Ο4∃−4,∃ς!

∀,!.ϑΜ?Λ!Ν∋%%,<∗22%!∋%9∗7%,)9!(ΒΒ2∗%7!:+∋!∋+∆&523!ΚΛΕϑϑ!5+Ο%!2+(,9!)+!Β∆∋15(9%Λ!∋%:∗,(,1%!
+∋! Ο(Ω%! 5+Ο%! ∗ΟΒ∋+<%Ο%,)9! :+∋! (! 9∗,&2%Ψ:(Ο∗23! 5+Ο%! Τ! ,+)! ∗,12∆7∗,&! Ο(,∆:(1)∆∋%7!
5+Ο%9#! Χ:! )5+9%! (ΒΒ2∗1()∗+,9Λ! Ο+∋%! )5(,! .ΛΚΕϑ! +∋! ?Κ! Β%∋1%,)! Θ%∋%! (ΒΒ∋+<%7! (,7!
+∋∗&∗,()%7Λ!(,!∗,1∋%(9%!+:!Ο+∋%!)5(,!β.ϑ!+∋∗&∗,()∗+,9!:∋+Ο!.ϑΜΚ!(,7!(!Β%∋1%,)(&%!∗,1∋%(9%!
+:!Μ?!Β%∋1%,)Λ!Σ%2+Θ!)5%!,()∗+,(2!∋()%!+:!..!Β%∋1%,)#!Χ:!)5%!∋%Ο(∗,∗,&!.ΛΜΚϑ!(ΒΒ2∗1()∗+,9Λ!
(ΒΒ∋+α∗Ο()%23! /βϑ! +∋! ΜΕ! Β%∋1%,)! +:! (22! (ΒΒ2∗1()∗+,9!Θ%∋%! 7%,∗%7! :+∋! ∋%(9+,9! ∗7%,)∗:∗%7!
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Σ%2+Θ#!!∀)!∗9!∗ΟΒ+∋)(,)!)+!,+)%!)5()!:∗,(,1∗(2!∗,9)∗)∆)∗+,9!(∋%!,+)!∋%χ∆∗∋%7!)+!∋%Β+∋)!∋%(9+,9!
:+∋!2+(,!7%,∗(29Λ!(2)5+∆&5!Ο(,3!7+!9+!<+2∆,)(∋∗23#!!829+Λ!Θ5∗2%!Ο(,3!2+(,!(ΒΒ2∗1()∗+,9!(∋%!
7%,∗%7! :+∋!Ο+∋%! )5(,!+,%! ∋%(9+,Λ!Γ_Α8!7()(! ∋%:2%1)9!+,23! )5%!Β∋∗Ο(∋3! ∋%(9+,! :+∋! )5%!
7%,∗(2!+:!%(15! 2+(,#!ε5%!Σ(2(,1%!+:! )5%!(ΒΒ∋+α∗Ο()%23!ΜΛΚϑϑ!(ΒΒ2∗1()∗+,9! )5()!Θ%∋%!,+)!
+∋∗&∗,()%7!+∋!7%,∗%7!Θ%∋%!12+9%7!:+∋!+,%!∋%(9+,!+∋!(,+)5%∋Λ!%#&#Λ!(>!)5%!2+(,!Θ(9!(ΒΒ∋+<%7!
Σ∆)!,+)!(11%Β)%7!Σ3!)5%!Σ+∋∋+Θ%∋κ!Σ>!)5%!(ΒΒ2∗1()∗+,!Θ(9!12+9%7!Σ%1(∆9%!+:! ∗,1+ΟΒ2%)%!
∗,:+∋Ο()∗+,!+∋!∗,(1)∗<∗)3!Σ3!)5%!Σ+∋∋+Θ%∋κ!+∋!1>!∗,!Ο(,3!∗,9)(,1%9!)5%!(ΒΒ2∗1()∗+,!Ο(3!5(<%!
Σ%%,!Θ∗)57∋(Θ,!Σ3!)5%!(ΒΒ2∗1(,)#!!

9+:5∃Ρ!ϑ,#∆(#,∋,(&!()!∀∆∆5,Α+∋,(&!:2!β(+&!92∆∃!+&Γ!Χ/−∆(#∃6!ΙΞΕΝ!
=,&05∃∴)+%,52!.(%∃#!Σ∃≅Α5/Γ,&0!%+&/)+Α∋/−∃Γ!8(%∃#Τ!
! β(+&!92∆∃! .(%∃!Χ/−Α8+#∃! Π∃),&+&Α∃! .(%∃!

;%∆−(4∃%∃&∋!
9(∋+5!∀∆∆5,Α+∋,(&#! ! ! ! !

! 6+,<%,)∗+,(2! ΜΛ?ϑ/! ΜΛβϑβ! ΜΙΜ!
! ⊥Γ8! Κ/Μ! β≅≅! Μ.!
! Φ8! .βΙ! βΜ/! Κ!
! ⊥∃8−0Γ∃! ΜΕβ! β! ϑ!
β(+&#!Ο−,0,&+∋∃Γ! ! ! ! !

! 6+,<%,)∗+,(2! ΜΛϑ?ϑ! ΕϑΚ! ≅≅!
! ⊥Γ8! .βΙ! Μββ! /!
! Φ8! Μββ! Μ.β! .!
! ⊥∃8−0Γ∃! ≅Μ! Μ! ϑ!
β(+&#!∀∆∆−(4∃Γ!:/∋!&(∋!+ΑΑ∃∆∋∃Γ! ! ! ! !

! 6+,<%,)∗+,(2! .Ι! ??! Μ≅!
! ⊥Γ8! /! .ϑ! ϑ!
! Φ8! Κ! Ε! ϑ!
! ⊥∃8−0Γ∃! Μ! ϑ! ϑ!
∀∆∆5,Α+∋,(&#!ϑ∃&,∃Γ! ! ! ! !

! 6+,<%,)∗+,(2! ≅Κ! βϑβ! /.!
! ⊥Γ8! Κ?! ΜΜϑ! Μ!
! Φ8! ΜΙ! ≅Μ! Μ!
! ⊥∃8−0Γ∃! Μ≅! ϑ! ϑ!
∀∆∆5,Α+∋,(&#!η,∋8Γ−+ς&! ! ! ! !

! 6+,<%,)∗+,(2! ΙΚ! Μ/Μ! Κ!
! ⊥Γ8! β/! Εϑ! ϑ!
! Φ8! ΜΙ! ?ϑ! ϑ!
! ⊥∃8−0Γ∃! ?! ϑ! ϑ!
∗,5∃#!15(#∃Γ!)(−!;&Α(%∆5∃∋∃&∃##! ! ! ! !

! 6+,<%,)∗+,(2! ΚΜ! /Ε! ≅!
! ⊥Γ8! ?! Μ/! .!
! Φ8! .! .Ι! Μ!
! ⊥∃8−0Γ∃! Μ! ϑ! ϑ!
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∃+∆∋1%φ!.ϑΜ?!Γ_Α8!

!

Χ:!)5%!5+Ο%!Β∆∋15(9%!2+(,9!:+∋!9∗,&2%Ψ:(Ο∗23!5+Ο%9!)5()!Θ%∋%!+∋∗&∗,()%7!∗,!.ϑΜ?Λ!=ΜΛ?ϑϑ!
2+(,9! +∋∗&∗,()%7>! (ΒΒ∋+α∗Ο()%23! /ϑ! Β%∋1%,)! +:! )5%9%! +∋∗&∗,()∗+,9! Θ%∋%! Β∋+<∗7%7! Σ3!
1+,<%,)∗+,(2!2%,7%∋9Λ!5∗&5%∋!)5(,!)5%!,()∗+,(2!1+,<%,)∗+,(2!5+Ο%!Β∆∋15(9%!95(∋%!+:!ΕΜ!
Β%∋1%,)#!ε5%!∋%Ο(∗,∗,&!βϑ!Β%∋1%,)!Θ%∋%!Β∋+<∗7%7!Σ3!:%7%∋(223!Σ(1Ω%7!9+∆∋1%9!∗,12∆7∗,&!
)5%! ⊥Γ8Λ! Φ8! (,7! ⊥∃8−0Γ∃! =0∆∋(2! Γ+∆9∗,&! ∃%∋<∗1%>#! ! ε5%! ⊥Γ8Λ! Φ8Λ! 0Γ∃! 2%,7%∋9! 5(7!
(ΒΒ2∗1()∗+,−(ΒΒ∋+<(2! ∋()∗+9! +:! ΚΚ! Β%∋1%,)Λ! ΚΕ! Β%∋1%,)! (,7! ΚΙ! Β%∋1%,)Λ! ∋%9Β%1)∗<%23#!!
6+,<%,)∗+,(2!2%,7%∋9Λ!Σ3!1+,)∋(9)Λ!+∋∗&∗,()%7!5+Ο%!Β∆∋15(9%!2+(,9!()!(!5∗&5%∋!?≅!Β%∋1%,)!
+:!(22!(ΒΒ2∗1()∗+,9#!!

8! :∆∋)5%∋!%α(Ο∗,()∗+,!+:! )5%!/βΚ!7%,∗(29!Θ∗)5∗,!Ν∋%%,<∗22%!7∆∋∗,&!.ϑΜ?! ∗,7∗1()%9! )5()!
Ο+∋%! )5(,! )Θ+Ψ)5∗∋79!Θ%∋%! :+∋! (ΒΒ2∗1(,)9! 9%%Ω∗,&! )+! ∋%:∗,(,1%!%α∗9)∗,&!Ο+∋)&(&%9! :+∋!
+Θ,%∋Ψ+11∆Β∗%7Λ! Β∋∗Ο(∋3! ∋%9∗7%,1%9#! ε5%! ,∆ΟΣ%∋! +,%! ∋%(9+,! :+∋! 7%,∗(2! +:! ∋%:∗,(,1%!
(ΒΒ2∗1()∗+,9! Θ(9! 1∋%7∗)! 5∗9)+∋3! =βΜ! Β%∋1%,)! +:! ∋%:∗,(,1%! 7%,∗(29>Λ! :+22+Θ%7! Σ3! 2(1Ω! +:!
1+22()%∋(2!=.Μ!Β%∋1%,)!+:!∋%:∗,(,1%!7%,∗(29>#!ε3Β∗1(223Λ!5+Ο%+Θ,%∋9!9%%Ω∗,&!)+!∋%:∗,(,1%!
)5%∗∋!%α∗9)∗,&!5+Ο%!Ο+∋)&(&%!(∋%!(Σ2%!)+!∆9%!)5%∗∋!5+Ο%!(9!1+22()%∋(2#!!Ρ5%,!)5%!7%,∗(2!
∋%(9+,!&∗<%,!:+∋!(!∋%:∗,(,1%!∗9!(!2(1Ω!+:!1+22()%∋(2Λ!)5∗9!Θ+∆27!∗,7∗1()%!)5%!5+Ο%!∗9!Θ+∋)5!
2%99!)5(,!)5%!%α∗9)∗,&!Ο+∋)&(&%!(,7Λ!)5%∋%:+∋%Λ!∋%:∗,(,1∗,&!∗9!,+)!(,!+Β)∗+,!Τ!)5%9%!5+Ο%9!
(∋%!1+ΟΟ+,23!∋%:%∋∋%7!)+!(9!γ∆,7%∋ΨΘ()%∋η!+∋!)5%!Σ+∋∋+Θ%∋9!(∋%!γ∆Β9∗7%Ψ7+Θ,η!∗,!)5%∗∋!
Ο+∋)&(&%#!!

ε5%!Β%∋1%,)(&%!+:!2+(,!(ΒΒ2∗1()∗+,!7%,∗(29!:+∋!)∋(7∗)∗+,(2!5+Ο%!Β∆∋15(9%!2+(,9!:+∋!+,%Ψ
)+Ψ:+∆∋!:(Ο∗23!5+∆9∗,&!∗,!Ν∋%%,<∗22%!<(∋∗%9!Σ3!∋(1%−%)5,∗1!&∋+∆Β9#!∀)!95+∆27!Σ%!,+)%7!)5()!
)5%!Ο(ς+∋∗)3!+:!1+,<%,)∗+,(2!5+Ο%!Β∆∋15(9%!(ΒΒ2∗1(,)9!∗,!.ϑΜ?!Θ%∋%!,+,ΨΓ∗9Β(,∗1!Θ5∗)%9!
=Ο+∋%!)5(,!/ϑ!Β%∋1%,)>Λ!:+22+Θ%7!Σ3!Σ2(1Ω!(ΒΒ2∗1(,)9!()!,%(∋23!.β!Β%∋1%,)#!Γ∗9Β(,∗1!=β!
Β%∋1%,)>! (,7!89∗(,! =.! Β%∋1%,)>! (ΒΒ2∗1(,)9!Θ%∋%! ∋%Β∋%9%,)%7! Σ3!Ο∆15! 9Ο(22%∋! 9(ΟΒ2%!
9∗%9Λ!(,7!(∋%!%α12∆7%7!:∋+Ο!Ο∆15!+:!)5%!:+22+Θ∗,&!(,(239∗9!7∆%!)+!∗,9∆::∗1∗%,)!7()(#!∀,!
.ϑΜ?Λ! Θ5∗)%9! Θ%∋%! 2%(9)! 2∗Ω%23! )+! Σ%! 7%,∗%7! :+∋! 1+,<%,)∗+,(2! 9∗,&2%Ψ:(Ο∗23! 5+Ο%!
Β∆∋15(9%9Λ!Σ%∗,&!7%,∗%7!()!(!∋()%!+:!∆,7%∋!?!Β%∋1%,)#!Γ∗9Β(,∗19!(,7!89∗(,9!Θ%∋%!7%,∗%7!
()!9∗Ο∗2(∋!∋()%9!+:!Μϑ!(,7!ΜΜ!Β%∋1%,)!∋%9Β%1)∗<%23Λ!Θ5∗2%!Σ2(1Ω!(ΒΒ2∗1(,)9!:(1%7!)5%!5∗&5%9)!
5+Ο%!Β∆∋15(9%!7%,∗(2!∋()%!()!Μ.!Β%∋1%,)#!

877∗)∗+,(223Λ! (! 12+9%∋! 2++Ω! ()! 5+Ο%!Β∆∋15(9%!7%,∗(2! ∋()%9! Σ3! ∋(1%−%)5,∗1∗)3! (,7! ∗,1+Ο%!
&∋+∆Β!Θ∗)5∗,!Ν∋%%,<∗22%Λ!95+Θ,!Σ%2+ΘΛ!7%Ο+,9)∋()%9!)5()!5∗&5!∗,1+Ο%!Σ2(1Ω9!(,7!Γ∗9Β(,∗19!
=5(<∗,&!&∋%()%∋!)5(,!Μ.ϑ!+:!8∋%(!_%7∗(,!∀,1+Ο%>!Θ%∋%!Ο+∋%!2∗Ω%23!)+!Σ%!7%,∗%7!:+∋!(!9∗,&2%Ψ
:(Ο∗23!5+Ο%!Β∆∋15(9%Λ!()!ΜΜ!Β%∋1%,)Λ!)5(,!2+Θ!∗,1+Ο%!Θ5∗)%9!=5(<∗,&!2%99!)5(,!≅ϑ!Β%∋1%,)!
+:!8∋%(!_%7∗(!∀,1+Ο%>Λ!()!/!Β%∋1%,)#!⊥∆∋)5%∋Λ!2+Θ!∗,1+Ο%!Σ2(1Ω9!Θ%∋%!)5%!&∋+∆Β!Θ∗)5!)5%!
5∗&5%9)!5+Ο%!Β∆∋15(9%!7%,∗(2!∋()%!()!.Ι!Β%∋1%,)Λ!Ο+∋%!)5(,!)∋∗Β2%!)5%!∋()%!+:!2+Θ!∗,1+Ο%!
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Θ5∗)%9#!Γ∗&5!∗,1+Ο%!Σ2(1Ω9!%αΒ%∋∗%,1%7!(!7%,∗(2!∋()%!9∗Ο∗2(∋!)+!5∗&5!∗,1+Ο%!Γ∗9Β(,∗19!()!
(ΒΒ∋+α∗Ο()%23!ΜΜ!Β%∋1%,)Λ!Θ5∗2%!5∗&5!∗,1+Ο%!Θ5∗)%9!Θ%∋%!7%,∗%7!()!(!∋()%!+:!β!Β%∋1%,)Λ!
)5%!2+Θ%9)!+:!(22!&∋+∆Β9!%α(Ο∗,%7#!Ρ5∗)%!(ΒΒ2∗1(,)9!7%Ο+,9)∋()%7!)5%!2+Θ%9)!7∗9Β(∋∗)3!∗,!
7%,∗(2!∋()%9!Σ%)Θ%%,!2+ΘΨ!(,7!5∗&5Ψ∗,1+Ο%!(ΒΒ2∗1(,)9Λ!()!Κ!Β%∋1%,)#!ε5%!&(Β!Σ%)Θ%%,!2+ΘΨ!
(,7!5∗&5Ψ∗,1+Ο%!Γ∗9Β(,∗19!Θ(9!(ΒΒ∋+α∗Ο()%23!ΜΚ!Β%∋1%,)!Θ5∗2%!Σ2(1Ω!(ΒΒ2∗1(,)9!95+Θ%7!
)5%! &∋%()%9)! 7∗9Β(∋∗)3! ∗,! 7%,∗(2! ∋()%9! Σ%)Θ%%,! 2+ΘΨ! (,7! 5∗&5Ψ∗,1+Ο%! (ΒΒ2∗1(,)9! ()! Μ≅!
Β%∋1%,)#!!

!

!

!

∀∆∆5,Α+∋,(&!ϑ∃&,+5!Π∃+#(&#!:2!;&Α(%∃!3−(/∆!

ε5%!Σ%2+Θ!15(∋)9!1+ΟΒ(∋%!7%,∗(2!∋%(9+,9!(Ο+,&!Σ2(1Ω!(,7!Θ5∗)%!(ΒΒ2∗1(,)9!∗,!Ν∋%%,<∗22%!
:+∋!.ϑΜ?!Σ3!∗,1+Ο%!&∋+∆Β#!Γ∗9Β(,∗1!(,7!89∗(,!(ΒΒ2∗1(,)9!(∋%!%α12∆7%7!7∆%!)+!9Ο(22!9(ΟΒ2%!
9∗%9#!!

89! +:! .ϑΜ?Λ! )5%! 2%(7∗,&! 7%,∗(2! ∋%(9+,! :+∋! 5∗&5! ∗,1+Ο%! Σ2(1Ω! (ΒΒ2∗1(,)9! Σ3! (! 9∗&,∗:∗1(,)!
Ο(∋&∗,!Θ(9!1∋%7∗)!5∗9)+∋3Λ!∋%Β∋%9%,)∗,&!Ο+∋%!)5(,!Εϑ!Β%∋1%,)!+:!(22!7%,∗(29#!∴3!1+,)∋(9)Λ!
7%,∗(2!∋%(9+,9!:+∋!5∗&5!∗,1+Ο%!Θ5∗)%!(ΒΒ2∗1(,)9!Θ%∋%!Ο+∋%!%<%,23!7∗9)∋∗Σ∆)%7Λ!Θ∗)5!2(1Ω!+:!
1+22()%∋(2! (9! )5%!Ο+9)! 1+ΟΟ+,! 7%,∗(2! ∋%(9+,! ()! .β! Β%∋1%,)Λ! :+22+Θ%7! 12+9%23! Σ3! 1∋%7∗)!
5∗9)+∋3!()!..!Β%∋1%,)#!Γ∗&5! ∗,1+Ο%!Θ5∗)%9!Θ%∋%! )Θ∗1%!(9! 2∗Ω%23! )+!Σ%!7%,∗%7! :+∋! 2(1Ω!+:!
1+22()%∋(2! ∋%2()∗<%! )+! 5∗&5! ∗,1+Ο%! Σ2(1Ω9! (,7! )5∋%%! )∗Ο%9! (9! 2∗Ω%23! )+! Σ%! 7%,∗%7! :+∋!
∗,1+ΟΒ2%)%!1∋%7∗)!(ΒΒ2∗1()∗+,9#!

!

ϑν

?ν

Μϑν

Μ?ν

.ϑν

.?ν

βϑν

β?ν

Ρ5∗)% ∴2(1Ω!+∋!8:∋∗1(,!8Ο%∋∗1(, Γ∗9Β(,∗1!+∋!Π()∗,+

ϑ
∃&

,+
5!Π
+∋
∃

Π+Α∃?∋8&,Α,∋2

=,&05∃!∗+%,52!.(%∃!Χ/−Α8+#∃!ϑ∃&,+5!Π+∋∃6!ΙΞΕΝ!

Π+ΘΨ∀,1+Ο% Γ∗&5Ψ∀,1+Ο%
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!

!

⊥+∋!2+Θ!∗,1+Ο%!7%,∗(29Λ!2(1Ω!+:!1+22()%∋(2!(,7!∗,1+ΟΒ2%)%!1∋%7∗)!(ΒΒ2∗1()∗+,9!∋%Β∋%9%,)%7!
∋%2()∗<%23!9Ο(22!95(∋%9!∗,!.ϑΜ?Λ!Θ∗)5!)5%!Ο∗27!%α1%Β)∗+,!+:!)5%!ΜΚ!Β%∋1%,)!+:!2+Θ!∗,1+Ο%!
Σ2(1Ω!(ΒΒ2∗1(,)9!)5()!Θ%∋%!7%,∗%7!:+∋!2(1Ω!+:!1+22()%∋(2#!∴+)5!2+Θ!∗,1+Ο%!Σ2(1Ω!(ΒΒ2∗1(,)9!
(,7! 2+Θ! ∗,1+Ο%!Θ5∗)%!(ΒΒ2∗1(,)9!Θ%∋%!7%,∗%7! :+∋!7%Σ)Ψ)+Ψ∗,1+Ο%!∋()∗+!()!(!5∗&5%∋! ∋()%!
)5(,!)5%∗∋!5∗&5!∗,1+Ο%!1+∆,)%∋Β(∋)9Λ!(,7!∗,!)5%!1(9%!+:!2+Θ!∗,1+Ο%!Θ5∗)%9Λ!)5%!∋()%!Θ(9!
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Ν∋%%,<∗22%ι9!∃∗,&2%Ψ:(Ο∗23!Π%,7∗,&!_(∋Ω%)Λ!.ϑϑ/Ψ.ϑΜ?!
!

ε5%!:+22+Θ∗,&!9%1)∗+,!Θ∗22!%α(Ο∗,%!Γ_Α8!7()(!+<%∋!)5%!)∗Ο%!Β%∋∗+7!.ϑϑ/Ψ.ϑΜ?Λ!:+∋!)5%!1∗)3!
+:!Ν∋%%,<∗22%#!

Γ∗&52∗&5)%7!Σ%2+ΘΛ!)5%!,∆ΟΣ%∋!+:!9∗,&2%Ψ:(Ο∗23!2+(,!+∋∗&∗,()∗+,9!∗,!Ν∋%%,<∗22%!:+22+Θ%7!(!
73,(Ο∗1!)∋(ς%1)+∋3!Σ%)Θ%%,!.ϑϑ/!(,7!.ϑΜ?#!8)!)5%!+,9%)!+:!)5%!5+∆9∗,&!1∋∗9∗9Λ!+∋∗&∗,()∗+,9!
7%12∗,%7!Σ%)Θ%%,!.ϑϑ/!(,7!.ϑϑ≅Λ!:+22+Θ%7!Σ3!(!92∗&5)!∗,1∋%(9%!Σ%)Θ%%,!.ϑϑ≅!(,7!.ϑϑΙΛ!∗,!
1+,)∋(9)!)+!Ο(,3!+)5%∋!2+1()∗+,9#!∃∆Σ9%χ∆%,)23Λ!+∋∗&∗,()∗+,9!)∋%,7%7!7+Θ,Θ(∋7!Σ%)Θ%%,!
.ϑϑΙ!(,7!.ϑΜΜΛ!:(22∗,&!)+!)5%!2+Θ%9)!2%<%2!+:!(22!3%(∋9!%α(Ο∗,%7#!∴%)Θ%%,!.ϑΜΜ!(,7!.ϑΜ.Λ!
5+Θ%<%∋Λ!)5%!)+)(2!,∆ΟΣ%∋!+:!+∋∗&∗,()∗+,9!∗,!Ν∋%%,<∗22%!Ο+∋%!)5(,!χ∆∗,)∆Β2%7Λ!∗,1∋%(9∗,&!
Σ3!Ο+∋%!)5(,!.Λ/ϑϑ!(,7!∋%(15∗,&!,%(∋23!)∋∗Β2%!)5%!.ϑϑ/!)+)(2#!Π+(,!+∋∗&∗,()∗+,9!)5%,!:%22!Σ3!
Ο+∋%!)5(,!(!)5∗∋7!Σ%)Θ%%,!.ϑΜβ!(,7!.ϑΜΚΛ!)5+∆&5!&∋%Θ!Σ3!Ο+∋%!)5(,!Μ?!Β%∋1%,)!Σ%)Θ%%,!
.ϑΜΚ! (,7! .ϑΜ?Λ! (,7! ∋%Ο(∗,!Ο+∋%! )5(,! 7+∆Σ2%! )5%! 2%<%2! Β∋∗+∋! )+! )5%! 5+∆9∗,&! 1∋∗9∗9#! ∀,!
1+,)∋(9)!)+!+∋∗&∗,()∗+,9Λ!)5%!,∆ΟΣ%∋!+:!(ΒΒ2∗1()∗+,!7%,∗(29!Θ∗)5∗,!Ν∋%%,<∗22%!7%Ο+,9)∋()%7!
2%99!%α)∋%Ο%!15(,&%9!Σ%)Θ%%,!.ϑϑ/!(,7!.ϑΜ?Λ!:(22∗,&!%<%∋3!3%(∋!Σ%)Θ%%,!.ϑϑ/!(,7!.ϑΜΜΛ!
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95(∋%!+:!7%,∗(29!(9!(!Β%∋1%,)!+:!)+)(2!+∋∗&∗,()∗+,9!(,7!)+)(2!7%,∗(29!5(9!7%12∗,%7!Ο(∋Ω%723!
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∃5+Θ,!Σ%2+ΘΛ!Ο∆15! +:! )5%! 3%(∋Ψ)+Ψ3%(∋! :2∆1)∆()∗+,9! ∗,! )+)(2! +∋∗&∗,()∗+,9! )5()! +11∆∋∋%7!
Σ%)Θ%%,! .ϑϑ/! (,7! .ϑΜ?! Θ%∋%! )5%! ∋%9∆2)! +:! ∋%:∗,(,1∗,&! +∋∗&∗,()∗+,9#! ε5+∆&5! 5+Ο%!
Β∆∋15(9%9!∋%Β∋%9%,)%7!)5%!)+Β!2+(,!Β∆∋Β+9%!Σ3!)+)(2!+∋∗&∗,()∗+,9!Β∋∗+∋!)+!)5%!5+∆9∗,&!Σ∆9)!
∗,!.ϑϑ≅Λ! ∋%:∗,(,1∗,&!Σ%1(Ο%! )5%! 2%(7∗,&! 2+(,!Β∆∋Β+9%!Σ%)Θ%%,!.ϑϑΙ!(,7!.ϑΜβΛ!(,7!Σ3!
9∗&,∗:∗1(,)!Ο(∋&∗,9!∗,!.ϑΜ.!(,7!.ϑΜβ#!∃∗,1%!.ϑΜΚΛ!5+Ο%!Β∆∋15(9%9!5(<%!Σ%%,!)5%!)+Β!2+(,!
Β∆∋Β+9%!∗,!Ν∋%%,<∗22%Λ!1+ΟΒ∋∗9∗,&!Ο+∋%!)5(,!Εϑ!Β%∋1%,)!+:!)5%!1∗)3ι9!)+)(2!(9!+:!)5%!Ο+9)!
∋%1%,)!7()(!3%(∋#!ε5%!3%(∋Ψ+<%∋Ψ3%(∋!&∋+Θ)5!+:!ΜΕ!Β%∋1%,)!Σ%)Θ%%,!.ϑΜΚ!(,7!.ϑΜ?!∋%:2%1)9!
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!

!

!

ε5%!2%<%2!+:!∋%:∗,(,1%!+∋∗&∗,()∗+,9!(ΒΒ%(∋9!)+!Ο+<%!&%,%∋(223!Θ∗)5!)5%!βϑΨ3%(∋!:∗α%7!∋()%!
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∃+∆∋1%φ!Γ_Α8Λ!⊥%7%∋(2!0%9%∋<%!∴(,Ω!+:!∃)#!Π+∆∗9!

!

;&Α(%∃6!Π+Α∃6!+&Γ!=,&05∃∴)+%,52!β(+&!ϑ∃&,+5#!,&!3−∃∃&4,55∃!

Α%,∗(2!∋()%9!:+∋!9∗,&2%Ψ:(Ο∗23!2+(,9!∗,!Ν∋%%,<∗22%!+<%∋!)∗Ο%!<(∋3!Σ3!∋(1%!(,7!%)5,∗1∗)3#!ε5%!
15(∋)9!Σ%2+Θ!95+Θ!)5()!Σ%)Θ%%,!.ϑϑ/!(,7!.ϑΜ?Λ!Θ5∗)%!(ΒΒ2∗1(,)9!Θ%∋%!2%99! 2∗Ω%23!)+!Σ%!
7%,∗%7!∋%2()∗<%!)+!Σ2(1Ω!(ΒΒ2∗1(,)9!:+∋!(22!3%(∋9!%α(Ο∗,%7#!ε5+∆&5!)5%!7%,∗(2!∋()%!:+∋!Σ2(1Ω!
(ΒΒ2∗1(,)9! 5(9! :(22%,! 9∗&,∗:∗1(,)23! :∋+Ο! )5%! ∋()%9! Β∋∗+∋! )+! )5%! 5+∆9∗,&! Σ∆9)Λ! )5%! +<%∋(22!
7∗9Β(∋∗)3!Σ%)Θ%%,!Σ2(1Ω!(,7!Θ5∗)%!(ΒΒ2∗1(,)9!5(9!∋%Ο(∗,%7!∋+∆&523!)5%!9(Ο%Λ!Θ∗)5!Σ2(1Ω!
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Γ+Ο%!Β∆∋15(9%!(ΒΒ2∗1()∗+,9!%α5∗Σ∗)!2+Θ%∋!7%,∗(2!∋()%9!:+∋!Σ+)5!Σ2(1Ω!(,7!Θ5∗)%!(ΒΒ2∗1(,)9!
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!

8! <∗%Θ! +:! 9∗,&2%Ψ:(Ο∗23! 7%,∗(2! ∋()%9! Σ3! (ΒΒ2∗1(,)! ∗,1+Ο%! &∋+∆Β! Θ∗)5∗,! Ν∋%%,<∗22%Λ!
5∗&52∗&5)%7! Σ%2+ΘΛ! 95+Θ9! )5%! %αΒ%1)%7! +∆)1+Ο%! +:! 5∗&5%∋! ∗,1+Ο%! &∋+∆Β9! &%,%∋(223!
%αΒ%∋∗%,1∗,&!2+Θ%∋!7%,∗(2!∋()%9!)5(,!2+Θ%∋!∗,1+Ο%!&∋+∆Β9#!Φ%∋3!2+Θ!∗,1+Ο%!(ΒΒ2∗1(,)9!=?ϑ!
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∗,1+Ο%! ,%∗&5Σ+∋5++79#! ∀,! .ϑΜΚ! (,7! .ϑΜ?Λ! 5+Θ%<%∋Λ! )5%! ∋(,Ω∗,&! +:! 7%,∗(2! ∋()%9! Σ3!
,%∗&5Σ+∋5++7!∗,1+Ο%!&∋+∆Β9!Θ(9!+∋7%∋%7!Σ3! 2%<%2!+:! ∗,1+Ο%#!822!,%∗&5Σ+∋5++7!∗,1+Ο%!
&∋+∆Β9!5(<%!9%%,!∋%7∆1)∗+,9!∗,!)5%!9∗,&2%Ψ:(Ο∗23!7%,∗(2!∋()%!9∗,1%!.ϑϑ/!(9!+:!.ϑΜ?#!

!

Μϑν

Μ?ν

.ϑν

.?ν

βϑν

β?ν

Κϑν

Κ?ν

?ϑν

??ν

.ϑϑ/ .ϑϑ≅ .ϑϑΙ .ϑΜϑ .ϑΜΜ .ϑΜ. .ϑΜβ .ϑΜΚ .ϑΜ?

ϑ
∃&

,+
5!Π
+∋
∃

=∗!ϑ∃&,+5!Π+∋∃!:2!∀∆∆5,Α+&∋!;&Α(%∃!3−(/∆6!Π∃),&+&Α∃
Φ%∋3!Π+Θ!∀,1+Ο% Π+Θ!∀,1+Ο% _∗772%!∀,1+Ο% Γ∗&5!∀,1+Ο%

ϑν

Μϑν

.ϑν

βϑν

Κϑν

?ϑν

Εϑν

.ϑϑ/ .ϑϑ≅ .ϑϑΙ .ϑΜϑ .ϑΜΜ .ϑΜ. .ϑΜβ .ϑΜΚ .ϑΜ?

ϑ
∃&

,+
5!Π
+∋
∃

=∗!ϑ∃&,+5!Π+∋∃!:2!7∃,08:(−8((Γ!;&Α(%∃!3−(/∆
Φ%∋3!Π+Θ!∀,1+Ο% Π+Θ!∀,1+Ο% _∗772%!∀,1+Ο% Γ∗&5!∀,1+Ο%

Attachment number 1
Page 107 of 205

Item # 7



 108 

!
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2 https://www.huduser.gov/portal/publications/foreclosure_09.pdf 
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Θ%∋%!+∋∗&∗,()%7!Σ3!1+,<%,)∗+,(2!2%,7%∋9#!89!+:!.ϑΜ?Λ!)5()!Β%∋1%,)(&%!5(9!7∋+ΒΒ%7!)+!β≅!
Β%∋1%,)Λ!7%1∋%(9∗,&!%<%∋3!3%(∋!:∋+Ο!.ϑΜΜ!+,Θ(∋7#!Χ:!)5%!,+,1+,<%,)∗+,(2!9∆ΣΒ∋∗Ο%!2+(,9!
+∋∗&∗,()%7! ∗,!Ν∋%%,<∗22%Λ! )5%!+<%∋Θ5%2Ο∗,&!Ο(ς+∋∗)3!(∋%! ∗,9∆∋%7!Σ3! )5%!⊥%7%∋(2!Γ+∆9∗,&!
87Ο∗,∗9)∋()∗+,!=Ο+∋%!)5(,!Ι≅!Β%∋1%,)!∗,!.ϑΜ?>#!
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89! (! Β%∋1%,)(&%! +:! (22! 9∆ΣΒ∋∗Ο%! 2+(,! +∋∗&∗,()∗+,9! Θ∗)5∗,! Ν∋%%,<∗22%Λ! 5+Ο%! Β∆∋15(9%9!
∋%Β∋%9%,)%7!,%(∋23!)Θ+Ψ)5∗∋79!∗,!.ϑΜ?Λ!∆Β!:∋+Ο!Κ?!Β%∋1%,)!∗,!.ϑϑ/!(,7!(!2+Θ!+:!β.!Β%∋1%,)!
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ε5+∆&5! 9∆ΣΒ∋∗Ο%! 2+(,9! Θ∗)5∗,! Ν∋%%,<∗22%! (∋%! Ο+9)23! ,+,1+,<%,)∗+,(2Λ! Ο+∋%! )5(,! /ϑ!
Β%∋1%,)!+:!(22! 9∗,&2%Ψ:(Ο∗23!+∋∗&∗,()∗+,9! ∗,!.ϑΜ?!Θ%∋%! :∋+Ο!1+,<%,)∗+,(2! 2%,7%∋9Λ!5∗&5%∋!
)5(,!)5%!,()∗+,(2!(<%∋(&%!+:!ΕΜ!Β%∋1%,)#!⊥+∋!5+Ο%!Β∆∋15(9%!(,7!∋%:∗,(,1%!+∋∗&∗,()∗+,9!∗,!
Ν∋%%,<∗22%Λ! )5%!Ο(ς+∋∗)3!Θ%∋%! 1+,<%,)∗+,(2! ∗,! %<%∋3! 3%(∋! Σ%)Θ%%,! .ϑϑ/! (,7! .ϑΜ?#! ε5%!
∋%2()∗<%23!5∗&5!95(∋%!+:!1+,<%,)∗+,(2!2%,7∗,&!∗,!Ν∋%%,<∗22%!∗9!1+,9∗9)%,)!Θ∗)5!∗)9!Β∋%<(2%,1%!
+:!5∗&5!∗,1+Ο%!Σ+∋∋+Θ%∋9!(,7!,%∗&5Σ+∋5++79#!
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_+∋)&(&%!2%,7∗,&!(1)∗<∗)3!∗,!Ν∋%%,<∗22%!∗9!1+,9∗9)%,)!Θ∗)5!Ο(,3!+:!)5%!Σ∋+(7%∋!)∋%,79!)5()!
5(<%!+11∆∋∋%7!∗,!)5%!Θ(Ω%!+:!)5%!5+∆9∗,&!Σ∆9)Λ!∋%1%99∗+,!(,7!9∆Σ9%χ∆%,)!∋%1+<%∋3#!!

⊥∆∋)5%∋Λ!Ν∋%%,<∗22%!%α5∗Σ∗)9! ∋%2()∗<%23!9)∋+,&!Ο+∋)&(&%!Ο(∋Ω%)! :∆,7(Ο%,)(29Λ!7%9Β∗)%!(,!
+<%∋(22! 3%(∋Ψ+<%∋Ψ3%(∋!+∋∗&∗,()∗+,!&∋+Θ)5! ∋()%! )5()! ∗9! 2+Θ%∋! )5(,! )5%!Ξ,∗)%7!∃)()%9!(9!(!
Θ5+2%#!Γ+Ο%!Β∆∋15(9%!+∋∗&∗,()∗+,9!5(<%!∋%Ο(∗,%7!∋%2()∗<%23!5∗&5!(,7!9)%(73!9∗,1%!.ϑΜ.Λ!
9∆&&%9)∗,&!9∗&,9!+:!9)∋+,&!5+∆9∗,&!7%Ο(,7!(,7!(!5+∆9∗,&!Ο(∋Ω%)!∋%1+<%∋3#!Ν∋%%,<∗22%!∗9!
(29+!15(∋(1)%∋∗%7!Σ3!(,!(Σ+<%!(<%∋(&%!95(∋%!+:!1+,<%,)∗+,(2!Σ+∋∋+Θ%∋9Λ!1+,9∗9)%,)!Θ∗)5!
)5%!1∗)3ι9!5∗&5!95(∋%!+:!5∗&5%∋!∗,1+Ο%!,%∗&5Σ+∋5++79#!!
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ε5%!1∗)3!5(9!(29+!Σ%%,!9∆Σς%1)!)+!1312∗1(2!)∋%,79!)5()!∋%:2%1)!Σ∋+(7%∋!%1+,+Ο∗1!1+,7∗)∗+,9!
∗,! ∋%1%,)! 3%(∋9Λ! ∗,12∆7∗,&! 15(,&%9! ∗,! Ο+∋)&(&%! ∋()%9! )5()! ∗,:2∆%,1%! )5%! Β∋%<(2%,1%! +:!
∋%:∗,(,1%! +∋∗&∗,()∗+,9#! ε5%! 9∆ΣΒ∋∗Ο%! Ο(∋Ω%)! ∋%Ο(∗,9! Θ%22! Σ%2+Θ! ∗)9! Β%(Ω! Β∋∗+∋! )+! )5%!
5+∆9∗,&! Σ∆9)Λ! 7%9Β∗)%! (! 12+9%! ∋%)∆∋,! ∗,! .ϑΜΚΛ! (,7! &+<%∋,Ο%,)Ψ∗,9∆∋%7!Ο+∋)&(&%9! 5(<%!
∗,1∋%(9%7Λ! 1+,9∗9)%,)! Θ∗)5! )∗&5)%∋! 1∋%7∗)! 1+,7∗)∗+,9! (,7! (! Ο+∋%! (1)∗<%! ∋%&∆2()+∋3!
%,<∗∋+,Ο%,)!∗,!)5%!Θ(Ω%!+:!)5%!5+∆9∗,&!1∋(95#!!

∃+Ο%!)∋%,79Λ!5+Θ%<%∋Λ!5(<%!1+,)∗,∆%7!7%9Β∗)%!Σ∆9∗,%99!1312%!:2∆1)∆()∗+,9Λ!9∆15!(9!5∗&5%∋!
7%,∗(2!∋()%9!:+∋!Σ2(1Ω!(ΒΒ2∗1(,)9!∋%2()∗<%!)+!Θ5∗)%!(ΒΒ2∗1(,)9Λ! ∗,!(77∗)∗+,!)+!5∗&5%∋!7%,∗(2!
∋()%9!:+∋!2+Θ%∋!∗,1+Ο%!(ΒΒ2∗1(,)9!(,7!,%∗&5Σ+∋5++79#!

!
:<! 98∃! ∆−(0−+%! ∆+−∋,Α,∆+&∋! %+2! +5#(! Γ∃#Α−,:∃! (∋8∃−! ,&)(−%+∋,(&! −∃5∃4+&∋! ∋(! ,∋#!
+##∃##%∃&∋!()!Γ,#∆−(∆(−∋,(&+∋∃!8(/#,&0!&∃∃Γ#<!!∗(−!Χ.∀#6!#/Α8!,&)(−%+∋,(&!%+2!,&Α5/Γ∃!
+!Χ.∀ι#!(4∃−−,Γ,&0!8(/#,&0!&∃∃Γ#!+&+52#,#<!

ε5%!Γ+∆9∗,&!8∆)5+∋∗)3!+:!)5%!6∗)3!+:!Ν∋%%,<∗22%!γΒ∋+Ο+)%9!)5%!7%<%2+ΒΟ%,)!+:!Β∋+:%99∗+,(2!
Ο(,(&%Ο%,)! +:! (! <(∋∗%)3! +:! (::+∋7(Σ2%! 5+∆9∗,&! +ΒΒ+∋)∆,∗)∗%9Λ! :(1∗2∗)∗%9! (,7! 9∆ΒΒ+∋)∗<%!
9%∋<∗1%9! )+! ,∆∋)∆∋%! ,%∗&5Σ+∋5++79Λ! Β∋+<∗7%! %1+,+Ο∗1! 7%<%2+ΒΟ%,)! (,7! 9%2:Ψ9∆::∗1∗%,13!
(1)∗<∗)∗%9!:+∋!∋%9∗7%,)9!Θ5∗2%!(29+!(99∆∋∗,&!%χ∆(2!(11%99!)+!9(:%Λ!χ∆(2∗)3!5+∆9∗,&!:+∋!2+ΘΨ!(,7!
Ο+7%∋()%Ψ∗,1+Ο%!:(Ο∗2∗%9!)5∋+∆&5+∆)!)5%!1+ΟΟ∆,∗)3#η!!

ε+!(11+ΟΒ2∗95!)5∗9!&+(2Λ!)5%!Γ+∆9∗,&!8∆)5+∋∗)3!+:!)5%!6∗)3!+:!Ν∋%%,<∗22%!∋∆,9!)5%!:+22+Θ∗,&!
Β∋+&∋(Ο9φ!

•! ⊥(Ο∗23! ∃%2:! ∃∆::∗1∗%,13! Τ! )5∗9! <+2∆,)(∋3! Β∋+&∋(Ο! (99∗9)9! :(Ο∗2∗%9! ∋%1%∗<∗,&! ΓΞΑ!
Γ+∆9∗,&! 65+∗1%! Φ+∆15%∋! +∋! 2∗<∗,&! ∗,! Β∆Σ2∗1! 5+∆9∗,&! )+! ∗ΟΒ∋+<%! )5%∗∋! %1+,+Ο∗1!
9∗)∆()∗+,!

•! Γ6Φ!Γ+Ο%+Θ,%∋95∗Β!Τ!ε5%!Γ6Φ!Γ+Ο%+Θ,%∋95∗Β!;∋+&∋(Ο!Β∋+<∗7%9! 2+ΘΨ∗,1+Ο%Λ!
7∗9(Σ2%7!(,7!%27%∋23!:(Ο∗2∗%9!Θ5+!(∋%!%2∗&∗Σ2%!)+!%αΒ(,7!)5%∗∋!5+∆9∗,&!+ΒΒ+∋)∆,∗)∗%9!

•! Γ+∆9∗,&!65+∗1%!Φ+∆15%∋!;∋+&∋(Ο!Τ!ε5∗9!Β∋+&∋(Ο!+::%∋9!%αΒ(,7%7!+ΒΒ+∋)∆,∗)∗%9!:+∋!
∋%,)(2!(99∗9)(,1%!:+∋!<%∋3!2+ΘΨ∗,1+Ο%!:(Ο∗2∗%9!∗,!Β∋∗<()%23!+Θ,%7!5+∆9∗,&!∆,∗)9#!

877∗)∗+,(223Λ!)5%!Γ+∆9∗,&!8∆)5+∋∗)3!+:!)5%!6∗)3!+:!Ν∋%%,<∗22%!∋∆,9!9%<%∋(2!Β∋+&∋(Ο9!)5()!(∋%!
7%9∗&,%7!)+!∗ΟΒ∋+<%!)5%!1+ΟΟ∆,∗)3!∗,12∆7∗,&!;(∋),%∋95∗Β!:+∋!;∋+&∋%99Λ!6+ΟΟ∆,∗)3!;+2∗1%!
Χ::∗1%∋9Λ!Η%∗&5Σ+∋5++7!Η%)Θ+∋ΩΛ!(,7!∃5%2)%∋!;2∆9!;∋+&∋(Ο#!
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><!1(&∋−,:/∋,&0!∗+Α∋(−#!()!ϑ,#∆−(∆(−∋,(&+∋∃!.(/#,&0!7∃∃Γ#!

∋()∗+,−.& /0−& 1+∗/−,& 234/(.∗& 3),&3)5&(/0−.& 234/(.∗& 322−4/+)6& /0−& 78.+∗,+4/+()&3),& .−6+()9&&
:,−)/+25& 234/(.∗& /03/& ∗+6)+2+43)/15& 4.−3/−;& 4()/.+<8/−& /(;& =−.=−/83/−;& (.& +)4.−3∗−& /0−&
∗−>−.+/5&(2&,+∗=.(=(./+()3/−&0(8∗+)6&)−−,∗9&&

•! ∀4+,5+:,5,∋2!()!+))(−Γ+:5∃!/&,∋#!,&!+!−+&0∃!()!#,α∃#!
•! ϑ,#∆5+Α∃%∃&∋!()!−∃#,Γ∃&∋#!Γ/∃!∋(!∃Α(&(%,Α!∆−∃##/−∃#!
•! ϑ,#∆5+Α∃%∃&∋!()!+&Γ(−!5+ΑΨ!()!8(/#,&0!#/∆∆(−∋!)(−!4,Α∋,%#!()!Γ(%∃#∋,Α!4,(5∃&Α∃6!Γ+∋,&0!

4,(5∃&Α∃6!#∃≅/+5!+##+/5∋6!+&Γ!#∋+5Ψ,&0!
•! β+ΑΨ!()!+ΑΑ∃##!∋(!(∆∆(−∋/&,∋2!Γ/∃!∋(!8,08!8(/#,&0!Α(#∋#!
•! β+ΑΨ!()!∆−,4+∋∃!,&4∃#∋%∃&∋#!,&!#∆∃Α,),Α!&∃,08:(−8((Γ#!
•! β+ΑΨ!()!∆/:5,Α!,&4∃#∋%∃&∋#!,&!#∆∃Α,),Α!&∃,08:(−8((Γ#6!,&Α5/Γ,&0!#∃−4,Α∃#!(−!+%∃&,∋,∃#!
•! β+&Γ!/#∃!+&Γ!α(&,&0!5+ς#!
•! β∃&Γ,&0!Γ,#Α−,%,&+∋,(&!
•! β(##!()!∀))(−Γ+:5∃!.(/#,&0!!
•! =(/−Α∃!()!,&Α(%∃!Γ,#Α−,%,&+∋,(&!
•! Ο∋8∃−!
!
∀,!+∋7%∋!:+∋!(!1+ΟΟ∆,∗)3!)+!9%%!%1+,+Ο∗1!&∋+Θ)5!(,7!7%<%2+ΒΟ%,)Λ!∗)!∗9!,%1%99(∋3!)+!5(<%!
7∗<%∋9%!5+∆9∗,&!+Β)∗+,9#!%0−&3>3+13<+1+/5&(2&322(.,3<1−&8)+/∗&+)&3&.3)6−&(2&∗+∆−∗!∗9!(!:(1)+∋!
)5()! 1(,! 1∋%()%Λ! 1+,)∋∗Σ∆)%! )+Λ! Β%∋Β%)∆()%! +∋! ∗,1∋%(9%! )5%! 9%<%∋∗)3! +:! 7∗9Β∋+Β+∋)∗+,()%!
5+∆9∗,&!,%%79! ∗,!Ν∋%%,<∗22%#!ε5%! :+22+Θ∗,&! )(Σ2%! 95+Θ9! )5%!(<(∗2(Σ∗2∗)3!+:!5+∆9∗,&! )3Β%9!
Θ∗)5∗,!Ν∋%%,<∗22%Λ!;∗))!6+∆,)3!(,7!Η+∋)5!6(∋+2∗,(Λ!(9!(!Θ5+2%#!∀,!Β(∋)∗1∆2(∋Λ!5+∆9∗,&!∗,!)5%!
γΟ∗99∗,&! Ο∗772%η! ∗9! Β(∋)∗1∆2(∋23! ∗ΟΒ+∋)(,)! ∗,! Β∋+<∗7∗,&! (::+∋7(Σ2%! 5+∆9∗,&! +Β)∗+,9! :+∋!
∋%9∗7%,)9#!ε5%!Ο∗99∗,&!Ο∗772%!∋%:%∋9! )+!5+∆9∗,&!∆,∗)9! )5()!(∋%!,%∗)5%∋! 2(∋&%!Ο∆2)∗Ψ:(Ο∗23!
1+ΟΒ2%α%9!,+∋!+,%Ψ∆,∗)!7%)(15%7!7Θ%22∗,&9#!_(,3!1+ΟΟ∆,∗)∗%9!(∋%!Ο∗99∗,&! )5∗9!Ο∗772%!
:+∋Ο!+:!5+∆9∗,&!)5()!Ο(,3!:(Ο∗2∗%9!7%9∗∋%#!Ρ∗)5∗,!Ν∋%%,<∗22%Λ!)5%!Β%∋1%,)(&%!+:!5+∆9∗,&!
)5()!:(229!∗,!)5%!Ο∗99∗,&!Ο∗772%!∗9!!βΙ#.!Β%∋1%,)Λ!Θ5∗15!∗9!9∗&,∗:∗1(,)23!5∗&5%∋!)5(,!)5%!1+∆,)3!
+∋!9)()%#!!
!

9∀Κβ?Ρ!.(/#,&0!92∆∃!∀4+,5+:,5,∋2!

!
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γ!µε,##,&0!
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.(/#,&0!

Ν∋%%,<∗22%! βΚ#ϑν! ΕΞ<Ιγ! Λ<Ιγ! ><Ηγ! ΕΜ<Ιγ! Μ?#/ν! Ι#βν! ! >Θ<Ιγ!

;∗))!6+∆,)3! Κ≅#/ν! Η<Εγ! Ν<Ιγ! Ι<Λγ! ΕΞ<Βγ! ≅#Εν! ?#.ν! ! ΙΒ<Βγ!

Η+∋)5!6(∋+2∗,(! Ε?#.ν! ><Θγ! Ι<Εγ! Ι<Μγ! Β<Βγ! Κ#.ν! Κ#ϑν! ! Ε><Ιγ!
∃+∆∋1%φ!8Ο%∋∗1(,!6+ΟΟ∆,∗)3!∃∆∋<%3!?Ψ]%(∋!49)∗Ο()%9!.ϑΜΜΨ.ϑΜ?Λ!Α;ϑΚ!
Η+)%φ!ε+)(2!5+∆9∗,&!:+∋!%(15!2+1()∗+,!7+%9!,+)!%χ∆(2!Μϑϑ!Β%∋1%,)!Σ%1(∆9%!)Θ+!1()%&+∋∗%9!=Ο+Σ∗2%!5+Ο%!(,7!Σ+()Λ!
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0∗9∗,&!5+∆9∗,&! 1+9)9! 1(,! 2%(7! )+!,+∗=134−?−)/&(2& .−∗+,−)/∗&,8−& /(& −4()(?+4&=.−∗∗8.−∗;!
Θ5∗15!(779!)+!7∗9Β∋+Β+∋)∗+,()%!5+∆9∗,&!,%%79#!89!)5%!1+9)!+:!5+∆9∗,&!∋∗9%9Λ!∗)!1(,!Β∆95!+∆)!
2+ΘΨ∗,1+Ο%! ∋%9∗7%,)9Λ! Β(∋)∗1∆2(∋23! ∋%,)%∋9! Θ5+! 7+! ,+)! 9%%! ∋∗9∗,&! 5+∆9∗,&! 1+9)9! (9! (,!
∗,1∋%(9%!∗,!)5%!<(2∆%!+:!)5%∗∋!∗,<%9)Ο%,)#!!
! !
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1<! Χ/:5,Α52!=/∆∆(−∋∃Γ!.(/#,&0!∀&+52#,#!
!

Ε<! ∀&+52#,#!
!
+<! Χ/:5,Α52!=/∆∆(−∋∃Γ!.(/#,&0!ϑ∃%(0−+∆8,Α#!

,<! ∀−∃! Α∃−∋+,&! −+Α,+5∃∋8&,Α! 0−(/∆#! %(−∃! 5,Ψ∃52! ∋(! :∃! −∃#,Γ,&0! ,&! (&∃! ∆−(0−+%!
Α+∋∃0(−2!()!∆/:5,Α52!#/∆∆(−∋∃Γ!8(/#,&0!∋8+&!(∋8∃−!∆−(0−+%!Α+∋∃0(−,∃#!Σ∆/:5,Α!8(/#,&06!
∆−(δ∃Α∋∴:+#∃Γ!=∃Α∋,(&!Μ6!Ο∋8∃−!ε/5∋,)+%,52!∀##,#∋∃Γ!Γ∃4∃5(∆%∃&∋#6!+&Γ!.(/#,&0!18(,Α∃!
Φ(/Α8∃−!Σ.1ΦΤΤ!,&!∋8∃!δ/−,#Γ,Α∋,(&χ!!

∴2(1Ω!5+∆9%5+279!(∋%!Ο+∋%! 2∗Ω%23! )+! ∋%9∗7%! ∗,!(22! Β∆Σ2∗123! 9∆ΒΒ+∋)%7!5+∆9∗,&! ∗,! )5%! 1∗)3Λ!
%9Β%1∗(223!∗,!Β∆Σ2∗1!5+∆9∗,&!7%<%2+ΒΟ%,)9!(,7!∗,!)5%!Γ6Φ!;∋+&∋(Ο#!

∴2(1Ω9! Ο(Ω%! ∆Β! βΚ#Ε! Β%∋1%,)! +:! 5+∆9%5+279! ∗,! )5%! 1∗)3! +:! Ν∋%%,<∗22%Λ! 5+Θ%<%∋Λ!
(ΒΒ∋+α∗Ο()%23!ΚΜ#/!Β%∋1%,)!+:!5+∆9%5+279!∗,!)5%!1∗)3!)5()!5(<%!%α)∋%Ο%23!2+Θ!∗,1+Ο%9!=ϑΨ
βϑ!Β%∋1%,)!8_∀>! (∋%! Σ2(1Ω#! ! 877∗)∗+,(223Λ! Κβ#?! Β%∋1%,)! +:! 5+∆9%5+279! )5()! (∋%! <%∋3! 2+Θ!
∗,1+Ο%!=ϑΨ?ϑ!Β%∋1%,)!8_∀>!(∋%!Σ2(1Ω#!!ε5∗9!Ο%(,9!Σ2(1Ω!5+∆9%5+279!∗,!)5%!1∗)3!(∋%!Ο+∋%!
2∗Ω%23!)+!5(<%!2+Θ!∗,1+Ο%9!(9!1+ΟΒ(∋%7!)+!+)5%∋!∋(1%!&∋+∆Β9Λ!Θ5∗15!Β(∋)23!%αΒ2(∗,9!Θ53!(!!
Ο(ς+∋∗)3!+:!5+∆9%5+279!∋%9∗7∗,&!∗,!Β∆Σ2∗123!9∆ΒΒ+∋)%7!5+∆9∗,&!(∋%!Σ2(1Ω#!

Ρ5∗2%!)5%!Ο(ς+∋∗)3!+:!∋%9∗7%,)9!∗,!Β∆Σ2∗123!9∆ΒΒ+∋)%7!5+∆9∗,&!(∋%!Σ2(1ΩΛ!)5%!∋(1%!&∋+∆Β!∗9!
+<%∋!∋%Β∋%9%,)%7!∗,!(22!Β∆Σ2∗1!5+∆9∗,&!1()%&+∋∗%9!(9!1+ΟΒ(∋%7!)+!)5%!Β%∋1%,)(&%!+:!Σ2(1Ω!
5+∆9%5+279! ∗,! )5%!1∗)3#!∴2(1Ω!5+∆9%5+279!(∋%!Ο+∋%!1+,1%,)∋()%7! ∗,!Β∆Σ2∗1!5+∆9∗,&! =Ι≅#.!
Β%∋1%,)>Λ! ;∋+ς%1)! ∴(9%7! ∃%1)∗+,! ≅! =/Κ#β! Β%∋1%,)>Λ! +)5%∋! Ο∆2)∗:(Ο∗23! =Εϑ#?! Β%∋1%,)>! (,7!
(2Ο+9)! (22! Γ6Φ! ;∋+&∋(Ο! =ΙΕ#?! Β%∋1%,)>! Β(∋)∗1∗Β(,)9! )5(,! )5%! Β%∋1%,)(&%! +:! Σ2(1Ω!
5+∆9%5+279!)5%!&%,%∋(2!Β+Β∆2()∗+,!=βΚ#Ε!Β%∋1%,)>#!!Χ,!)5%!+)5%∋!5(,7Λ!Γ∗9Β(,∗19!(11+∆,)%7!
:+∋!β!Β%∋1%,)!+:!5+∆9%5+279!(,7!89∗(,9!:+∋!.#Κ!Β%∋1%,)!∗,!)5%!1∗)3Λ!3%)!)5%3!5(7!2∗))2%!+∋!,+!
∋%Β∋%9%,)()∗+,!∗,!Β∆Σ2∗1!5+∆9∗,&!Β∋+&∋(Ο9#!!!

Α()(!,+)%φ!ε5%!Β%∋1%,)(&%!+:!Σ2(1Ω!Β%∋9+,9! ∗,! )5%!)+)(2!Β+Β∆2()∗+,! ∗,!Ν∋%%,<∗22%! ∗9!β?#/!
Β%∋1%,)Λ!Θ5∗2%!)5%!Β%∋1%,)(&%!+:!Σ2(1Ω!5+∆9%5+279!(Ο+,&!(22!5+∆9%5+279!∗,!)5%!1∗)3!∗9!βΚ#Ε!
Β%∋1%,)#!!ε5%!Β%∋1%,)!+:!Β%∋9+,9!Θ5+!∗7%,)∗:3!(9!Γ∗9Β(,∗1!∗,!)5%!1∗)3!Θ(9!Κ!Β%∋1%,)Λ!Θ5∗2%!
)5%!Β%∋1%,)!+:!Γ∗9Β(,∗1!5+∆9%5+279!Θ(9!β!Β%∋1%,)#!!ε5%!Β%∋1%,)!+:!89∗(,9!∗,!)5%!1∗)3!Θ(9!
.#β!Β%∋1%,)Λ!Θ5∗2%!)5%!Β%∋1%,)!+:!89∗(,!5+∆9%5+279!Θ(9!.#Κ!Β%∋1%,)#!!=∃+∆∋1%φ!ΓΞΑ!ε(Σ2%!ΜΛ!
Α%Ο+&∋(Β5∗19!µ!ΓΞΑ!ε(Σ2%!ΕΛ!;∆Σ2∗123!∃∆ΒΒ+∋)%7!Γ+∆9%5+279!Σ3!0(1%−4)5,∗1∗)3>!

! !
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.]ϑ!9+:5∃!Η!∴!Χ/:5,Α52!=/∆∆(−∋∃Γ!.(/#,&0!Π∃#,Γ∃&∋#!:2!Π+Α∃?∋8&,Α,∋2!
!! Π+Α∃?∋8&,Α,∋2!
Σ3−∃∃&4,55∃6!71!1ϑΚ36!
.Οε?Τ!Υ/−,#Γ,Α∋,(&! η8,∋∃! Κ5+ΑΨ!! .,#∆+&,Α!

∀#,+&!(−!Χ+Α,),Α!
;#5+&Γ∃−!

.(/#,&0!92∆∃! φ! γ! φ! γ! φ! γ! φ! γ!
;∆Σ2∗1!Γ+∆9∗,&! Ε! ϑ#≅≅ν! ΕΕ/! Ι≅#.βν! Κ! ϑ#?Ιν! ϑ! ϑ#ϑϑν!
;∋+ς%1)Ψ∴(9%7!∃%1)∗+,!≅! Μϑβ! .β#.ϑν! ββϑ! /Κ#β.ν! β! ϑ#Ε≅ν! ?! Μ#Μβν!
Χ)5%∋!_∆2)∗:(Ο∗23! ΜΚ! βΕ#≅Κν! .β! Εϑ#?βν! ϑ! ϑ#ϑϑν! ϑ! ϑ#ϑϑν!
Γ6Φ!;∋+&∋(Ο! .Μ! .#Ι?ν! Ε≅/! ΙΕ#ΚΙν! β! ϑ#Κ.ν! Μ! ϑ#ΜΚν!
ε+)(2!Γ+∆9%5+279! .ϑΛϑ≅β! ?≅#.Εν! ΜΜΛΙΚΜ! βΚ#ΕΚν! ΜΛϑβ?! β#ϑϑν! ≅βΙ! .#Κβν!
ϑΨβϑν!+:!8_∀! βΛΜ/ϑ! ?β#ΕΚν! .ΛΚΕβ! ΚΜ#Ε≅ν! Μβ?! .#.≅ν! Κ?! ϑ#/Εν!
ϑΨ?ϑν!+:!8_∀! ΚΛ?Ε?! Κ/#ΜΜν! ΚΛ.Μ.! Κβ#Κ/ν! ..ϑ! .#./ν! Μ/ϑ! Μ#/?ν!
ϑΨ≅ϑν!+:!8_∀! /Λ.ΜΙ! Κ?#/Μν! /ΛΜΜΜ! Κ?#ϑ.ν! ?Ι?! β#//ν! βϑϑ! Μ#Ιϑν!
Η+)%!Μφ!Α()(!∃+∆∋1%9φ!Α%1%,,∗(2!6%,9∆9κ!8;∃Γκ!6Γ8∃!
Η+)%!.φ!ο9!Β∋%9%,)%7!(∋%!,∆ΟΣ%∋9!+:!5+∆9%5+279!,+)!∗,7∗<∗7∆(29#!
Η+)%!βφ!0%:%∋!)+!)5%!Α()(!Α+1∆Ο%,)()∗+,!:+∋!7%)(∗29!=ΘΘΘ#5∆7%α15(,&%#∗,:+># !

!

,,<! 1(%∆+−∃! ∋8∃! −+Α,+5∃∋8&,Α! Γ∃%(0−+∆8,Α#! ()! ∃+Α8! ∆−(0−+%! Α+∋∃0(−2! ()! ∆/:5,Α52!
#/∆∆(−∋∃Γ!8(/#,&0!)(−!∋8∃!δ/−,#Γ,Α∋,(&!∋(!∋8∃!Γ∃%(0−+∆8,Α#!()!∋8∃!#+%∃!∆−(0−+%!Α+∋∃0(−2!
,&!∋8∃!−∃0,(&<!

∀,!1+ΟΒ(∋∗,&!Β∋+)%1)%7!&∋+∆Β9!=%27%∋23Λ!7∗9(Σ2%7Λ!∋(1%!(,7!:(Ο∗2∗(2!9)()∆9>!)+!)5%!&%,%∋(2!
Β+Β∆2()∗+,! ∗,! Ν∋%%,<∗22%! Θ∗)5! ∋%&(∋79! )+! )5%! Β+Β∆2()∗+,! ∗,! Β∆Σ2∗123! 9∆ΒΒ+∋)%7! 5+∆9∗,&Λ!
Β%∋9+,9!Θ5+!(∋%!%27%∋23Λ!7∗9(Σ2%7Λ!Σ2(1Ω!(,7!:(Ο∗2∗%9!Θ∗)5!15∗27∋%,!5(<%!(!5∗&5%∋!Β∋+Β+∋)∗+,!
+:!)5+9%!∗,!Β∆Σ2∗1!5+∆9∗,&!Β∋+&∋(Ο9!)5(,!)5%!&%,%∋(2!Β∆Σ2∗1!∗,!Ο(,3!1()%&+∋∗%9#!!ε5%!:∗&∆∋%9!
:∋+Ο! ΓΞΑ! Β∋+<∗7%7! 8⊥Γ! )(Σ2%9! Β∋+<∗7%! 7()(! :+∋! Β∆Σ2∗1! 5+∆9∗,&! 5+∆9%5+279! ∗,!
∋(1∗(223−%)5,∗1(223Ψ1+,1%,)∋()%7!(∋%(9!+:!Β+<%∋)3!=0−468;>!)∋(1)9!(,7!,+,Ψ0−468;!)∋(1)9Λ!
(,7!Σ+)5!(∋%!1+ΟΒ(∋%7!(&(∗,9)!)5%!&%,%∋(2!Β+Β∆2()∗+,!%9)∗Ο()%9#!!!

427%∋23!
!
811+∋7∗,&! )+! )5%! ΓΞΑΨΒ∋+<∗7%7! 8⊥Γ! ε(Σ2%! ΜΛ! %27%∋23! Β%∋9+,9! Ε?! (,7! +27%∋! Ο(7%! ∆Β!
(ΒΒ∋+α∗Ο()%23! ≅#≅! Β%∋1%,)! +:! )5%! Β+Β∆2()∗+,! ∗,! Ν∋%%,<∗22%#!Ρ5∗2%! %27%∋23! Ο(7%! ∆Β! ≅#≅!
Β%∋1%,)!+:!)5%!Β+Β∆2()∗+,!∗,!)5%!1∗)3Λ!)5∗9!&∋+∆Β!(11+∆,)%7!:+∋!(!2(∋&%∋!Β%∋1%,)(&%!+:!)5%!
∋%9∗7%,)9!∗,!Ο+9)!Β∆Σ2∗123!9∆ΒΒ+∋)%7!5+∆9∗,&!1()%&+∋∗%9#!

ε5%!ΓΞΑ!8⊥Γ!Α()(! ε(Σ2%! /Λ! ∗,! 0−468;! )∋(1)9Λ! 95+Θ9! 7()(! :+∋! )5∋%%! Β∆Σ2∗123! 9∆ΒΒ+∋)%7!
5+∆9∗,&! 1()%&+∋∗%9φ! Β∆Σ2∗1! 5+∆9∗,&Λ! ;∋+ς%1)ΨΣ(9%7! ∃%1)∗+,! ≅! (,7! )5%! Γ+∆9∗,&! 65+∗1%!
Φ+∆15%∋!;∋+&∋(Ο!=Γ6Φ>#!!427%∋23!Ο(7%!∆Β!.β#β!Β%∋1%,)!+:!)5%!∋%9∗7%,)9!∗,!Β∆Σ2∗1!5+∆9∗,&!
7%<%2+ΒΟ%,)9!(,7!Μ/#/!Β%∋1%,)!+:!Β(∋)∗1∗Β(,)9! ∗,! )5%!Γ6Φ!;∋+&∋(Ο#! !ε5%∋%!Θ%∋%! :%Θ%∋!
%27%∋23!∋%Β∋%9%,)%7!∗,!;∋+ς%1)ΨΣ(9%7!∃%1)∗+,!≅!Θ∗)5!+,23!?#Ε!Β%∋1%,)#!

∀,!,+,Ψ0−468;!)∋(1)9Λ!Β∆Σ2∗123!9∆ΒΒ+∋)%7!5+∆9∗,&!Θ(9!(<(∗2(Σ2%!∗,!)5∋%%!1()%&+∋∗%9φ!;∋+ς%1)Ψ
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Σ(9%7!∃%1)∗+,!≅Λ!+)5%∋!ΓΞΑ!Ο∆2)∗:(Ο∗23!∆,∗)9!(,7!)5%!Γ6Φ!;∋+&∋(Ο#!ε5%!%27%∋23!Β+Β∆2()∗+,!
Θ(9! +<%∋∋%Β∋%9%,)%7! ∗,! (22! )5∋%%! Β∋+&∋(Ο9φ! ≅Ε#β! Β%∋1%,)! +:! ;∋+ς%1)ΨΣ(9%7! ∃%1)∗+,! ≅!
∋%9∗7%,)9Λ!≅Ε#Κ!Β%∋1%,)!+:!Χ)5%∋!ΓΞΑ!_∆2)∗:(Ο∗23!∆,∗)9!(,7!Μ≅#Μ!Β%∋1%,)!+:!ΓΦ6!;∋+&∋(Ο!
∋%9∗7%,)9!Θ%∋%!%27%∋23#!=Α()(!∃+∆∋1%φ!ΓΞΑ!8⊥Γ!ε(Σ2%!/>!

;%∋9+,9!Θ∗)5!(!Α∗9(Σ∗2∗)3!
!
811+∋7∗,&! )+! )5%! ΓΞΑΨΒ∋+<∗7%7! 8⊥Γ! ε(Σ2%! ΜΚΛ! Β%∋9+,9! Θ∗)5! (! 7∗9(Σ∗2∗)3! Ο(7%! ∆Β!
(ΒΒ∋+α∗Ο()%23!Μϑ#Ε!Β%∋1%,)!+:!)5%!Β+Β∆2()∗+,!∗,!Ν∋%%,<∗22%!(&%9!?!(,7!∆Β#!;%∋9+,9!Θ∗)5!(!
7∗9(Σ∗2∗)3!Ο(7%!∆Β!(!2(∋&%∋!Β%∋1%,)(&%!+:!)5%!Β∆Σ2∗1!5+∆9∗,&!Β+Β∆2()∗+,!∗,!)5∋%%!+:!)5%!:+∆∋!
5+∆9∗,&!1()%&+∋∗%9#!!!

ΓΞΑ!8⊥Γ!Α()(! ε(Σ2%!/Λ! ∗,!0−468;! )∋(1)9Λ! 7()(! 95+Θ9!7()(! :+∋! )5∋%%!Β∆Σ2∗123! 9∆ΒΒ+∋)%7!
5+∆9∗,&! 1()%&+∋∗%9φ! Β∆Σ2∗1! 5+∆9∗,&Λ! ;∋+ς%1)ΨΣ(9%7! ∃%1)∗+,! ≅! (,7! )5%! Γ+∆9∗,&! 65+∗1%!
Φ+∆15%∋!;∋+&∋(Ο!=Γ6Φ>#!!;%∋9+,9!Θ∗)5!(!7∗9(Σ∗2∗)3!Ο(7%!∆Β!ΜΕ#Ι!Β%∋1%,)!+:!)5%!∋%9∗7%,)9!
∗,!Β∆Σ2∗1!5+∆9∗,&!7%<%2+ΒΟ%,)9Λ!ΜΚ#/!Β%∋1%,)!+:!Β(∋)∗1∗Β(,)9!∗,!)5%!Γ6Φ!;∋+&∋(ΟΛ!(,7!ΜΜ#Μ!
Β%∋1%,)!∗,!;∋+ς%1)ΨΣ(9%7!∃%1)∗+,!≅#!!822!Θ%∋%!5∗&5%∋!)5(,!)5%!7∗9(Σ∗2∗)3!∋()%!∗,!)5%!1∗)3#!

∀,!,+,Ψ0−468;!)∋(1)9Λ!Β∆Σ2∗123!9∆ΒΒ+∋)%7!5+∆9∗,&!Θ(9!(<(∗2(Σ2%!∗,!)5∋%%!1()%&+∋∗%9φ!;∋+ς%1)Ψ
Σ(9%7! ∃%1)∗+,! ≅Λ! +)5%∋! ΓΞΑ! Ο∆2)∗:(Ο∗23! ∆,∗)9! (,7! )5%! Γ6Φ! ;∋+&∋(Ο#! ε5%! 7∗9(Σ2%7!
Β+Β∆2()∗+,!Θ(9!+<%∋∋%Β∋%9%,)%7!)Θ+!+:!)5%!)5∋%%!Β∋+&∋(Ο9φ!.Κ#Μ!Β%∋1%,)!+:!;∋+ς%1)ΨΣ(9%7!
∃%1)∗+,! ≅! ∋%9∗7%,)9! (,7! .Μ#Ε! Β%∋1%,)! +:! ΓΦ6! ;∋+&∋(Ο! ∋%9∗7%,)9! Θ%∋%! Β%∋9+,9! Θ∗)5! (!
7∗9(Σ∗2∗)3#!Χ)5%∋!ΓΞΑ!Ο∆2)∗:(Ο∗23!5+∆9∗,&!5(7!2%99!)5(,!)5%!1∗)3Θ∗7%!Β%∋1%,)(&%!+:!Β%∋9+,9!
Θ∗)5!(!7∗9(Σ∗2∗)3!Θ∗)5!.#β!Β%∋1%,)#!=Α()(!∃+∆∋1%φ!ΓΞΑ!8⊥Γ!ε(Σ2%!/>!

∴2(1Ω9!
!
811+∋7∗,&!)+!)5%!ΓΞΑΨΒ∋+<∗7%7!8⊥Γ!ε(Σ2%!ΜΛ!Σ2(1Ω9!Ο(7%!∆Β!(ΒΒ∋+α∗Ο()%23!β?#/!Β%∋1%,)!
+:!)5%!Β+Β∆2()∗+,!∗,!Ν∋%%,<∗22%#!!Ρ5∗2%!(!Ο∗,+∋∗)3!Β+Β∆2()∗+,Λ!Σ2(1Ω9!(∋%!+<%∋∋%Β∋%9%,)%7!
∗,!(22!Β∆Σ2∗123!9∆ΒΒ+∋)%7!5+∆9∗,&!1()%&+∋∗%9#!

ΓΞΑ!8⊥Γ!Α()(!ε(Σ2%!/Λ!∗,!0−468;!)∋(1)9Λ!95+Θ9!7()(!(<(∗2(Σ2%!:+∋!)5∋%%!Β∆Σ2∗123!9∆ΒΒ+∋)%7!
5+∆9∗,&! 1()%&+∋∗%9φ! ;∆Σ2∗1! Γ+∆9∗,&Λ! ;∋+ς%1)ΨΣ(9%7! ∃%1)∗+,! ≅! (,7! )5%! Γ+∆9∗,&! 65+∗1%!
Φ+∆15%∋!;∋+&∋(Ο!=Γ6Φ>#!!82Ο+9)!(22!)5%!∋%9∗7%,)9!Θ%∋%!Σ2(1Ω!Θ∗)5!Ι≅#.!Β%∋1%,)!∗,!Β∆Σ2∗1!
5+∆9∗,&!7%<%2+ΒΟ%,)9Λ!Ι/!Β%∋1%,)!+:!Β(∋)∗1∗Β(,)9!∗,!)5%!Γ6Φ!;∋+&∋(ΟΛ!(,7!Μϑϑ!Β%∋1%,)!∗,!
;∋+ς%1)ΨΣ(9%7!∃%1)∗+,!≅#!!822!Θ%∋%!Ο∆15!5∗&5%∋!)5(,!)5%!(<%∋(&%!Β%∋1%,)(&%!+:!Σ2(1Ω9!∗,!
)5%!1∗)3#!

∀,!,+,Ψ0−468;!)∋(1)9Λ!Β∆Σ2∗123!9∆ΒΒ+∋)%7!5+∆9∗,&!Θ(9!(<(∗2(Σ2%!∗,!)5∋%%!1()%&+∋∗%9φ!;∋+ς%1)Ψ
Σ(9%7!∃%1)∗+,!≅Λ!+)5%∋!ΓΞΑ!Ο∆2)∗:(Ο∗23!∆,∗)9!(,7!)5%!Γ6Φ!;∋+&∋(Ο#!ε5%!Σ2(1Ω!Β+Β∆2()∗+,!
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Θ(9!(29+!+<%∋∋%Β∋%9%,)%7!∗,!)5%!)5∋%%!Β∋+&∋(Ο9!∗,!)5%9%!)∋(1)9!Θ∗)5!ΕΕ#/!Β%∋1%,)!+:!)5%!
∋%9∗7%,)9!∗,!;∋+ς%1)ΨΣ(9%7!∃%1)∗+,!≅!∆,∗)9Λ!Εϑ#?!Β%∋1%,)!∗,!+)5%∋!ΓΞΑ!Ο∆2)∗:(Ο∗23!∆,∗)9Λ!(,7!
ΙΕ!Β%∋1%,)!+:!Β(∋)∗1∗Β(,)9!∗,!)5%!Γ6Φ!;∋+&∋(Ο#!!822!Θ%∋%!(29+!Ο∆15!5∗&5%∋!)5(,!)5%!(<%∋(&%!
Β%∋1%,)(&%!+:!Σ2(1Ω9!∗,!)5%!1∗)3#!=Α()(!∃+∆∋1%φ!ΓΞΑ!8⊥Γ!ε(Σ2%!/>!

⊥(Ο∗2∗%9!Θ∗)5!65∗27∋%,!
!
⊥(Ο∗2∗%9!Θ∗)5!15∗27∋%,!Ο(7%!∆Β!(ΒΒ∋+α∗Ο()%23!Κ/#Ι!Β%∋1%,)!+:!:(Ο∗23!)3Β%9!∗,!Ν∋%%,<∗22%#!
ε5∗9!:(Ο∗23!)3Β%!Θ(9!Ο+∋%!Β∋%<(2%,)!∗,!0−468;!)∋(1)9#!

811+∋7∗,&!)+!ΓΞΑ!8⊥Γ!Α()(!ε(Σ2%!/Λ!∗,!0−468;!)∋(1)9Λ!7()(!Θ(9!(<(∗2(Σ2%!:+∋!)5∋%%!Β∆Σ2∗123!
9∆ΒΒ+∋)%7!5+∆9∗,&! 1()%&+∋∗%9φ! Β∆Σ2∗1! 5+∆9∗,&Λ! ;∋+ς%1)ΨΣ(9%7! ∃%1)∗+,!≅! (,7! )5%!Γ+∆9∗,&!
65+∗1%!Φ+∆15%∋!;∋+&∋(Ο!=Γ6Φ>#!!;∆Σ2∗123!9∆ΒΒ+∋)%7!5+∆9∗,&!∗,!0−468;!)∋(1)9!5(7!(!5∗&5%∋!
Β%∋1%,)(&%!+:! :(Ο∗2∗%9!Θ∗)5!15∗27∋%,!∋%9∗7∗,&! ∗,! )5%Ο!)5(,!)5%!Β%∋1%,)(&%!+:! )5%! :(Ο∗23!
)3Β%!∗,!)5%!&%,%∋(2!Β+Β∆2()∗+,#!!_+∋%!)5(,!5(2:!)5%!∋%9∗7%,)9!Θ%∋%!:(Ο∗2∗%9!Θ∗)5!15∗27∋%,!
Θ∗)5! ?/#Κ! Β%∋1%,)! +:! )5%! ∋%9∗7%,)9! ∗,! Β∆Σ2∗1! 5+∆9∗,&! 7%<%2+ΒΟ%,)9Λ! ?≅#≅! Β%∋1%,)! +:!
Β(∋)∗1∗Β(,)9! ∗,! )5%!Γ6Φ!;∋+&∋(Ο!(,7!??#Ε!Β%∋1%,)! ∗,!Β∋+ς%1)ΨΣ(9%7!∃%1)∗+,!≅#! !822!Θ%∋%!
5∗&5%∋!)5(,!)5%!Β%∋1%,)(&%!+:!:(Ο∗2∗%9!Θ∗)5!15∗27∋%,!∗,!)5%!1∗)3#!

∀,!,+,Ψ0−468;!)∋(1)9Λ!Β∆Σ2∗123!9∆ΒΒ+∋)%7!5+∆9∗,&!7()(!Θ(9!(<(∗2(Σ2%!∗,!)5∋%%!1()%&+∋∗%9φ!
;∋+ς%1)ΨΣ(9%7!∃%1)∗+,!≅Λ!+)5%∋!ΓΞΑ!Ο∆2)∗:(Ο∗23!∆,∗)9!(,7!)5%!Γ6Φ!;∋+&∋(Ο#!⊥(Ο∗2∗%9!Θ∗)5!
15∗27∋%,! Θ%∋%! Μϑ#Ε! Β%∋1%,)! +:! )5%! ∋%9∗7%,)9! ∗,! ;∋+ς%1)ΨΣ(9%7! ∃%1)∗+,! ≅! ∆,∗)9! (,7! ΚΙ#?!
Β%∋1%,)!+:!Β(∋)∗1∗Β(,)9!∗,!)5%!Γ6Φ!;∋+&∋(Ο#!!Α()(!95+Θ%7!)5()!)5%∋%!Θ(9!,+,%!+:!)5∗9!:(Ο∗23!
)3Β%!∗,!+)5%∋!ΓΞΑ!Ο∆2)∗:(Ο∗23!∆,∗)9#!=Α()(!∃+∆∋1%φ!ΓΞΑ!8⊥Γ!ε(Σ2%!/>!

0−468;!(,7!Η+,Ψ0−468;!)∋(1)!1+ΟΒ(∋∗9+,!:+∋!;∆Σ2∗123!∃∆ΒΒ+∋)%7!Γ+∆9∗,&!
!
89!0−468;!)∋(1)9!∋%Β∋%9%,)!(!Ο∆15!9Ο(22%∋!&%+&∋(Β5∗1!Β+∋)∗+,!+:!)5%!1∗)3!(9!1+ΟΒ(∋%7!)+!
,+,Ψ0−468;! )∋(1)9Λ! ∗9! ,+)! 9∆∋Β∋∗9∗,&! )+! 9%%! :%Θ%∋! ∆,∗)9! 2+1()%7! ∗,! 0−468;! )∋(1)9! Θ5%,!
Β∆Σ2∗123! 9∆ΒΒ+∋)%7! 5+∆9∗,&! ∗9! (<(∗2(Σ2%! ∗,! Σ+)5! )∋(1)9! =Σ3! 1()%&+∋3>#! ;∆Σ2∗1! 5+∆9∗,&!
7%<%2+ΒΟ%,)!∆,∗)9Λ!5+Θ%<%∋Λ!1(,!+,23!Σ%!:+∆,7!∗,!0−468;!)∋(1)9!∗,!)5%!1∗)3#!!Π∗Ω%Θ∗9%Λ!+)5%∋!
ΓΞΑ!Ο∆2)∗:(Ο∗23!∆,∗)9!1(,!+,23!Σ%!:+∆,7!∗,!,+,Ψ0−468;!)∋(1)9#!!ε5%!+,23!Β∆Σ2∗123!9∆ΒΒ+∋)%7!
5+∆9∗,&!1()%&+∋∗%9!)5()!+Β%∋()%!∗,!Σ+)5!)∋(1)9!∗,!Ν∋%%,<∗22%!∗9!∃%1)∗+,!≅!5+∆9∗,&!(,7!)5%!
Γ6Φ!;∋+&∋(Ο#! !⊥+∋!∃%1)∗+,!≅!5+∆9∗,&Λ! )5%∋%!(∋%!βΚ≅!)+)(2!+11∆Β∗%7!∆,∗)9! ∗,!,+,Ψ0−468;!
)∋(1)9!Θ5∗2%!)5%∋%!(∋%!+,23!ΜΙ!∆,∗)9!∗,!0−468;!)∋(1)9#!!⊥+∋!)5%!Γ6Φ!;∋+&∋(ΟΛ!)5%∋%!(∋%!?/β!
)+)(2! 5+∆9∗,&! ∆,∗)9! ∗,! ,+,Ψ0−468;! )∋(1)9!Θ5∗2%! )5%∋%! (∋%! ΙΙ! ∆,∗)9! ∗,! 0−468;! )∋(1)9#! ! 89!
Ο%,)∗+,%7!Σ%:+∋%Λ!)5%∋%!∗9!9∗ΟΒ23!Ο+∋%!,+,Ψ0−468;!)∋(1)9!∗,!)5%!1∗)3!)5(,!0−468;!)∋(1)9Λ!
5+Θ%<%∋Λ! ;Γ8ι9! (29+! %,1+∆∋(&%! ∋%9∗7%,)9! )+! :∗,7! 5+∆9∗,&! ∗,! (∋%(9! Θ5%∋%! )5%∋%! ∗9! 2%99!
Β+<%∋)3!(,7!(!Σ%))%∋!15(,1%!()!:∗,7∗,&!9∆∗)(Σ2%! 2∗<∗,&!(∋∋(,&%Ο%,)9#! !Η+,Ψ0−468;!)∋(1)9!
Β∋+<∗7%! :(Ο∗2∗%9!Θ∗)5! )5%9%! +Β)∗+,9#! ! =∃+∆∋1%φ! ΓΞΑ! ε(Σ2%! /! Τ! 0−468;! (,7!Η+,Ψ0−468;!
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Α%Ο+&∋(Β5∗19!Σ3!;∆Σ2∗123!∃∆ΒΒ+∋)%7!Γ+∆9∗,&!;∋+&∋(Ο!6()%&+∋3>!

!

.]ϑ!9+:5∃!Λ!∴!Π?1∀Χ!+&Γ!7(&∴Π?1∀Χ!ϑ∃%(0−+∆8,Α#!:2!Χ/:5,Α52!=/∆∆(−∋∃Γ!.(/#,&0!Χ−(0−+%!1+∋∃0(−2!

Σ3−∃∃&4,55∃6!71!
1ϑΚ36!.Οε?Τ!
Υ/−,#Γ,Α∋,(&!

9(∋+5!φ!
/&,∋#!!
Σ(ΑΑ/∆,∃ΓΤ! γ!η8,∋∃! γ!Κ5+ΑΨ!!

γ!
.,#∆+&,Α!

γ!∀#,+&!
(−!
Χ+Α,),Α!
;#5+&Γ∃−!

γ!
∗+%,5,∃#!
ς,∋8!
Α8,5Γ−∃&! γ!?5Γ∃−52!

γ!ς,∋8!+!!
Γ,#+:,5,∋2!

Χ/:5,Α!.(/#,&0! !! !! !! !! !! !! !! !!
0−468;!)∋(1)9! Ε≅Κ! ϑ#≅≅ν! Ι≅#.βν! ϑ#?Ιν! ϑ#ϑϑν! ?/#β?ν! .β#.Ιν! ΜΕ#≅Ιν!
Η+,!0−468;!)∋(1)9! Η−(! Η−(! Η−(! Η−(! Η−(! Η−(! Η−(! Η−(!
Χ−(δ∃Α∋∴:+#∃Γ!
=∃Α∋,(&!Μ! !! !! !! !! !! !! !! !!
0−468;!)∋(1)9! ΜΙ! ϑ#ϑϑν! Μϑϑ#ϑϑν! ϑ#ϑϑν! ϑ#ϑϑν! ??#?Εν! ?#?Εν! ΜΜ#ΜΜν!
Η+,!0−468;!)∋(1)9! βΚ≅! βϑ#Μ.ν! ΕΕ#Ε/ν! ϑ#≅≅ν! Μ#ΚΕν! Μϑ#Εϑν! ≅Ε#.?ν! .Κ#ϑ/ν!
Ο∋8∃−!.]ϑ!
ε/5∋,)+%,52! !! !! !! !! !! !! !! !!
0−468;!)∋(1)9! Η−(! Η−(! Η−(! Η−(! Η−(! Η−(! Η−(! Η−(!
Η+,!0−468;!)∋(1)9! βΕ! βΕ#≅Κν! Εϑ#?βν! ϑ#ϑϑν! ϑ#ϑϑν! ϑ#ϑϑν! ≅Ε#βΕν! .#./ν!
.1Φ!Χ−(0−+%! !! !! !! !! !! !! !! !!
0−468;!)∋(1)9! ΙΙ! ϑ#ΙΙν! Ι/#ϑβν! ϑ#ΙΙν! ϑ#ΙΙν! ?≅#≅.ν! Μ/#Ε?ν! ΜΚ#/Μν!
Η+,!0−468;!)∋(1)9! ?/β! β#ΚΚν! ΙΕ#ϑΚν! ϑ#?.ν! ϑ#ϑϑν! ΚΙ#?ϑν! Μ≅#ϑΕν! .Μ#?/ν!
Η+)%!Μφ!Α∗9(Σ∗2∗)3!∗,:+∋Ο()∗+,!∗9!+:)%,!∋%Β+∋)%7!:+∋!5%(79!+:!5+∆9%5+27!+∋!9Β+∆9%−1+Ψ5%(7!+,23#!Γ%∋%Λ!)5%!7()(!∋%:2%1)!
∗,:+∋Ο()∗+,!+,!(22!Ο%ΟΣ%∋9!+:!)5%!5+∆9%5+27#!
Η+)%!.φ!Α()(!∃+∆∋1%9φ!8;∃Γ!
Η+)%!βφ!0%:%∋!)+!)5%!Α()(!Α+1∆Ο%,)()∗+,!:+∋!7%)(∗29!=ΘΘΘ#5∆7%α15(,&%#∗,:+># !

!

!

! !
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,,,<! 1(%∆+−∃! ∋8∃! Γ∃%(0−+∆8,Α#6! ,&! ∋∃−%#! ()! ∆−(∋∃Α∋∃Γ! Α5+##6! ()! −∃#,Γ∃&∋#! ()! ∃+Α8!
∆−(0−+%!Α+∋∃0(−2!()!∆/:5,Α52!#/∆∆(−∋∃Γ!8(/#,&0!Σ∆/:5,Α!8(/#,&06!∆−(δ∃Α∋∴:+#∃Γ!=∃Α∋,(&!
Μ6!Ο∋8∃−!ε/5∋,)+%,52!∀##,#∋∃Γ!Γ∃4∃5(∆%∃&∋#6!+&Γ!.1ΦΤ!∋(!∋8∃!∆(∆/5+∋,(&!,&!0∃&∃−+56!+&Γ!
∆∃−#(&#!ς8(!%∃∃∋!∋8∃!,&Α(%∃!∃5,0,:,5,∋2!−∃Ζ/,−∃%∃&∋#!)(−!∋8∃!−∃5∃4+&∋!∆−(0−+%!Α+∋∃0(−2!
()!∆/:5,Α52!#/∆∆(−∋∃Γ!8(/#,&0!,&!∋8∃!δ/−,#Γ,Α∋,(&!+&Γ!−∃0,(&<!!;&Α5/Γ∃!,&!∋8∃!Α(%∆+−,#(&6!
+! Γ∃#Α−,∆∋,(&! ()! ς8∃∋8∃−! ∋8∃−∃! ,#! +! 8,08∃−! (−! 5(ς∃−! ∆−(∆(−∋,(&! ()! 0−(/∆#! :+#∃Γ! (&!
∆−(∋∃Α∋∃Γ!Α5+##<!!
!
!
⊥+∆∋! ∋(1%−%)5,∗1! &∋+∆Β9!Θ%∋%! ∋%1+∋7%7! ∗,!ΓΞΑ!8⊥Γ!Α()(! ε(Σ2%! Ε! Τ! ;∆Σ2∗123! ∃∆ΒΒ+∋)%7!
Γ+∆9%5+279!Σ3!0(1%−4)5,∗1∗)3#! !ε5∗9! )(Σ2%!7∗9Β2(39! )5%!Β%∋1%,)(&%!+:! ∋%9∗7%,)9! :∋+Ο!)5%!
∋(1%−%)5,∗1!&∋+∆Β9!)5()!∋%9∗7%7!∗,!Β∆Σ2∗123!9∆ΒΒ+∋)%7!5+∆9∗,&!(,7!)5%∗∋!∗,1+Ο%!2%<%2!∗,!)5%!
1∗)3!Σ3!1()%&+∋3!=ϑΨβϑ!Β%∋1%,)Λ!ϑΨ?ϑ!Β%∋1%,)!(,7!ϑΨ≅ϑ!Β%∋1%,)!8_∀>#!!ε5%!&∋+∆Β9!∋%1+∋7%7!
Θ%∋%!Θ5∗)%Λ!Σ2(1ΩΛ!Γ∗9Β(,∗1!(,7!89∗(,#!!∀,!(22!5+∆9∗,&!Β∋+&∋(Ο!1()%&+∋∗%9Λ!Σ2(1Ω!5+∆9%5+279!
∋%Β∋%9%,)%7!(!5∗&5%∋!Β%∋1%,)(&%!+:! )5%! ∋%9∗7%,)9! ∗,!Β∆Σ2∗1!5+∆9∗,&!(9! 1+ΟΒ(∋%7! )+! )5%!
Β%∋1%,)!+:!)5%!5+∆9%5+279!∗,!(22!2+ΘΨ!(,7!Ο+7%∋()%Ψ∗,1+Ο%!1()%&+∋∗%9#!Χ,!)5%!+)5%∋!5(,7Λ!
Θ5∗)%!5+∆9%5+279!5(7!:%Θ%∋!∋%9∗7%,)9!(9!1+ΟΒ(∋%7!)+!)5%!Β%∋1%,)(&%!+:!Θ5∗)%!5+∆9%5+279!
∗,! (22! 2+ΘΨ! (,7!Ο+7%∋()%Ψ∗,1+Ο%! 1()%&+∋∗%9#! ! Γ∗9Β(,∗1! 5+∆9%5+279! ∋%Β∋%9%,)%7! 9Ο(22%∋!
95(∋%9!+:!)5%!∋%9∗7%,)9!∗,!Β∆Σ2∗1!5+∆9∗,&!Β∋+&∋(Ο!1()%&+∋∗%9!)5(,!)5%!Β%∋1%,)(&%!+:!)5%!
∋(1%−%)5,∗1!&∋+∆Β!∗,!(22! 2+ΘΨ!(,7!Ο+7%∋()%Ψ∗,1+Ο%!1()%&+∋∗%9!Τ!Ο%(,∗,&!Ο(,3!Γ∗9Β(,∗1!
5+∆9%5+279!Θ%∋%!%2∗&∗Σ2%!:+∋!Β∆Σ2∗1!5+∆9∗,&Λ!Σ∆)!7∗7!,+)!∆)∗2∗%!∗)#!!0%Β∋%9%,)()∗+,!∗,!Β∆Σ2∗1!
5+∆9∗,&!1()%&+∋∗%9!:+∋!89∗(,!5+∆9%5+279!Θ(9!<(∋∗%7Λ!Σ∆)!&%,%∋(223Λ!89∗(,!5+∆9%5+279!(29+!
7∗7!,+)!∆)∗2∗%!Β∆Σ2∗123!9∆ΒΒ+∋)%7!5+∆9∗,&#!
!

;∆Σ2∗123!∃∆ΒΒ+∋)%7!Γ+∆9∗,&!(,7!∀,1+Ο%!42∗&∗Σ∗2∗)3φ!∴2(1Ω!Γ+∆9%5+279!
!
∴2(1Ω!5+∆9%5+279!Ο(7%!∆Β!()!2%(9)!Εϑ!Β%∋1%,)!+∋!Ο+∋%!+:!(22!Β∆Σ2∗123!9∆ΒΒ+∋)%7!5+∆9∗,&!
1()%&+∋∗%9Λ!(,7!(2Ο+9)!(22!+:!)5%!∋%9∗7%,)9!∗,!Β∆Σ2∗1!5+∆9∗,&!7%<%2+ΒΟ%,)9!=Ι≅#.!Β%∋1%,)>!
(,7! )5%! Γ6Φ! ;∋+&∋(Ο! =ΙΕ#?! Β%∋1%,)>#! ! Ρ5%,! (11+∆,)∗,&! :+∋! (22! :+∆∋! Β∆Σ2∗1! 5+∆9∗,&!
1()%&+∋∗%9Λ! Σ2(1Ω! 5+∆9%5+279! Ο(Ω%! ∆Β! ΙΜ! Β%∋1%,)! +:! (22! 5+∆9%5+279! ∆9∗,&! Β∆Σ2∗123!
9∆ΒΒ+∋)%7!5+∆9∗,&! ∗,!)5%!1∗)3#!ε5∗9!Θ(9!5∗&5%∋!)5(,!)5%!Β%∋1%,)(&%!+:!)5%!∋(1%!&∋+∆Β!∗,!
%(15! 2+ΘΨ!(,7!Ο+7%∋()%Ψ∗,1+Ο%!1()%&+∋3!=ϑΨβϑ!Β%∋1%,)Λ!ϑΨ?ϑ!Β%∋1%,)!(,7!ϑΨ≅ϑ!Β%∋1%,)!
8_∀>! ∗,! )5%! 1∗)3#! ! ∴2(1Ω! 5+∆9%5+279!Ο(7%! ∆Β! ΚΜ#/! Β%∋1%,)! +:! (22! %α)∋%Ο%23! 2+ΘΨ∗,1+Ο%!
5+∆9%5+279Λ!Κβ#?!Β%∋1%,)!+:!(22!2+ΘΨ∗,1+Ο%!5+∆9%5+279Λ!(,7!Κ?!Β%∋1%,)!+:!(22!Ο+7%∋()%Ψ
∗,1+Ο%!5+∆9%5+279#!!ε5%9%!:∗&∆∋%9!(∋%!(22!5∗&5%∋!)5(,!)5%!Β%∋1%,)(&%!+:!Σ2(1Ω!5+∆9%5+279!
∗,!)5%!1∗)3!=βΚ#Ε!Β%∋1%,)>#!
!

;∆Σ2∗123!∃∆ΒΒ+∋)%7!Γ+∆9∗,&!(,7!∀,1+Ο%!42∗&∗Σ∗2∗)3φ!Γ∗9Β(,∗1!Γ+∆9%5+279!
!
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Γ∗9Β(,∗1! 5+∆9%5+279! Ο(7%! ∆Β! :%Θ%∋! )5(,! Μ! Β%∋1%,)! +:! (22! Β∆Σ2∗123! 9∆ΒΒ+∋)%7! 5+∆9∗,&!
1()%&+∋∗%9#! ε5∗9! Θ(9! 2+Θ%∋! )5(,! )5%! %)5,∗1! &∋+∆Β! ∗,! %(15! 2+ΘΨ! (,7! Ο+7%∋()%Ψ∗,1+Ο%!
1()%&+∋3! =ϑΨβϑ! Β%∋1%,)Λ! ϑΨ?ϑ! Β%∋1%,)! (,7! ϑΨ≅ϑ! Β%∋1%,)! 8_∀>! ∗,! )5%! 1∗)3#! ! Γ∗9Β(,∗1!
5+∆9%5+279!Ο(7%!∆Β!.#β!Β%∋1%,)!+:!(22!%α)∋%Ο%23!2+ΘΨ∗,1+Ο%!5+∆9%5+279Λ!.#β!Β%∋1%,)!+:!
(22! 2+ΘΨ∗,1+Ο%! 5+∆9%5+279! (,7! β#≅! Β%∋1%,)! +:! (22! Ο+7%∋()%Ψ∗,1+Ο%! 5+∆9%5+279#!Ρ5%,!
(11+∆,)∗,&! )5%! ∋(Θ! ,∆ΟΣ%∋! +:! 5+∆9%5+279Λ! )5%∋%! ∗9! (! 12%(∋! ∗,7∗1()∗+,! +:! 5+Θ!Γ∗9Β(,∗1!
5+∆9%5+279!(∋%!,+)!Σ%∗,&!9%∋<%7!Σ3!Β∆Σ2∗1!5+∆9∗,&#!!⊥+∋!)5%!%)5,∗1!&∋+∆ΒΛ!)5%∋%!(∋%!(!)+)(2!
+:!Μβ?!<%∋3!2+ΘΨ∗,1+Ο%!5+∆9%5+279!(,7!..ϑ!2+Θ!∗,1+Ο%!5+∆9%5+279!∗,!)5%!1∗)3Λ!5+Θ%<%∋!
+,23! Μϑ! Γ∗9Β(,∗1! 5+∆9%5+279! Β(∋)∗1∗Β()%7! ∗,! Β∆Σ2∗123! 9∆ΒΒ+∋)%7! 5+∆9∗,&#! ! Γ∗9Β(,∗1!
5+∆9%5+279!(∋%!,+)!∆)∗2∗∗,&!Β∆Σ2∗123!9∆ΒΒ+∋)%7!5+∆9∗,&Λ!%<%,!)5+∆&5!Ο(,3!(∋%!%2∗&∗Σ2%!:+∋!
)5%9%!5+∆9∗,&!9%∋<∗1%9#!
!

;∆Σ2∗123!∃∆ΒΒ+∋)%7!Γ+∆9∗,&!(,7!∀,1+Ο%!42∗&∗Σ∗2∗)3φ!89∗(,!Γ+∆9%5+279!
!
89∗(,! 5+∆9%5+279! (29+! &%,%∋(223!Ο(7%! ∆Β! Μ! Β%∋1%,)! +∋! 2+Θ%∋! +:! (22! Β∆Σ2∗123! 9∆ΒΒ+∋)%7!
5+∆9∗,&! 1()%&+∋∗%9#! Ρ∗)5! (! :%Θ! %α1%Β)∗+,9Λ! )5∗9! Θ(9! (29+! &%,%∋(223! 2+Θ%∋! )5(,! )5%!
Β%∋1%,)(&%! +:! 89∗(,! 5+∆9%5+279! :+∋! %(15! 2+ΘΨ! (,7! Ο+7%∋()%Ψ∗,1+Ο%! 1()%&+∋3! =ϑΨβϑ!
Β%∋1%,)Λ!ϑΨ?ϑ!Β%∋1%,)!(,7!ϑΨ≅ϑ!Β%∋1%,)!8_∀>!∗,!)5%!1∗)3#!!89∗(,!5+∆9%5+279!Ο(7%!∆Β!ϑ#≅!
Β%∋1%,)!+:!(22!%α)∋%Ο%23!2+ΘΨ∗,1+Ο%!5+∆9%5+279Λ!Μ#≅!Β%∋1%,)!+:!(22!2+ΘΨ∗,1+Ο%!5+∆9%5+279!
(,7!Μ#Ι!Β%∋1%,)!+:!(22!Ο+7%∋()%Ψ∗,1+Ο%!5+∆9%5+279#!∃∗Ο∗2(∋!)+!Γ∗9Β(,∗1!5+∆9%5+279Λ!Θ5%,!
(11+∆,)∗,&!:+∋!∋(Θ!5+∆9%5+27!,∆ΟΣ%∋9Λ!Κ?!89∗(,!5+∆9%5+279!Θ%∋%!%α)∋%Ο%23!2+Θ!∗,1+Ο%!
(,7!Μ/ϑ!Θ%∋%!2+Θ!∗,1+Ο%Λ!5+Θ%<%∋Λ!+,23!9∗α!5+∆9%5+279!∆9%7!Β∆Σ2∗123!9∆ΒΒ+∋)%7!5+∆9∗,&#!!
ε5∗9!(29+!Β+∗,)9!)+!89∗(,!5+∆9%5+279!,+)!∆)∗2∗∗,&!Β∆Σ2∗123!9∆ΒΒ+∋)%7!5+∆9∗,&!%<%,!Θ5∗2%!
)5%∋%!Θ%∋%!5+∆9%5+279!%2∗&∗Σ2%!:+∋!)5%9%!5+∆9∗,&!9%∋<∗1%9#!
!
=∃+∆∋1%φ!ΓΞΑ!8⊥Γ!Α()(!ε(Σ2%!Ε!Τ!;∆Σ2∗123!∃∆ΒΒ+∋)%7!Γ+∆9%5+279!Σ3!0(1%−4)5,∗1∗)3>!
!
!
!
!
!
!
!
!
!

!

! !
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!
:<! Χ/:5,Α52!=/∆∆(−∋∃Γ!.(/#,&0!β(Α+∋,(&!+&Γ!ΟΑΑ/∆+&Α2!

i.! ϑ∃#Α−,:∃!∆+∋∋∃−&#!,&!∋8∃!0∃(0−+∆8,Α!5(Α+∋,(&!()!∆/:5,Α52!#/∆∆(−∋∃Γ!8(/#,&0!:2!
∆−(0−+%!Α+∋∃0(−2!Σ∆/:5,Α!8(/#,&06!∆−(δ∃Α∋∴:+#∃Γ!=∃Α∋,(&!Μ6!Ο∋8∃−!ε/5∋,)+%,52!∀##,#∋∃Γ!
Γ∃4∃5(∆%∃&∋#6!.1Φ6!+&Γ!β;.91Τ!,&!−∃5+∋,(&!∋(!∆−∃4,(/#52!Γ,#Α/##∃Γ!#∃0−∃0+∋∃Γ!+−∃+#!
+&Γ!Π?1∀Χ#!,&!∋8∃!δ/−,#Γ,Α∋,(&!+&Γ!−∃0,(&<!

811+∋7∗,&!)+!ΓΞΑΛ!(!1+,1%,)∋()∗+,!∗9!7%:∗,%7!(9!)5%!%α∗9)%,1%!+:!%)5,∗1−∋(1∗(2!Ο∗,+∋∗)∗%9!∗,!
(! 1%,9∆9! )∋(1)!()! (! ∋()%!+:!Μϑ!Β%∋1%,)!+∋!5∗&5%∋! )5(,! )5%! 1∗)3!(9!(!Θ5+2%#! ! ∀,!.ϑΜ?Λ! )5%!
Β+Β∆2()∗+,!∗,!Ν∋%%,<∗22%!Θ(9!β/#≅!Β%∋1%,)!Σ2(1Ω!=.ϑΜΜΨ.ϑΜ?!86∃>#!8!1+,1%,)∋()∗+,!+:!)5%!
∋(1%! &∋+∆Β!Θ+∆27!Σ%! (! )∋(1)!Θ∗)5! Κ/#≅!Β%∋1%,)!+∋!5∗&5%∋!Β+Β∆2()∗+,!(9! )5%! ∋(1%! &∋+∆Β#!!
∴%2+Θ!∗9!(!Ο(Β!+:!(∋%(9!Θ5%∋%!)5%!12(1Ω!Β+Β∆2()∗+,!∗,!1+,1%,)∋()%7#!!
!
Ι+>∗Ψ∗ς1.(Ω∗>%;∋1.#)%∀Η∗<%∀(0∀#∃.#)%∀∗

!
∃+∆∋1%φ!.ϑΜΜΨ.ϑΜ?!86∃!<∗(!;+2∗13_(Β!
!
ε5%! Σ2(1Ω! Β+Β∆2()∗+,! 1(,! Σ%! :+∆,7! 1+,1%,)∋()%7! Ο(∗,23! ∗,! (∋%(9! 9∆∋∋+∆,7∗,&! ;∗))Ψ
Ν∋%%,<∗22%!8∗∋Β+∋)!(,7!7+Θ,!)+!0−468;!)∋(1)!β/ΜΚ/ϑϑ/ϑ.!(,7!)+!)5%!Θ%9)%∋,!(∋%(9!+:!
)5%!1∗)3#!

! !
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!
Γ+∆9∗,&!65+∗1%!Φ+∆15%∋9!
!
ε5%! Β%∋1%,)(&%! +:! Γ6Φ! ;∋+&∋(Ο! Β(∋)∗1∗Β(,)9! ∗9! 5∗&5%9)! ∗,! 6%,9∆9! ε∋(1)9! β/ΜΚ/ϑϑϑΕϑΜΛ!
β/ΜΚ/ϑϑϑΕϑ.!(,7!β/ΜΚ/ϑϑϑϑϑϑ/ϑ.Λ!Θ5∗15!∗9!(!0−468;!ε∋(1)#!!ε5%9%!(∋%!(29+!)∋(1)9!Θ5%∋%!
)5%∋%!(∋%!(!2(∋&%!,∆ΟΣ%∋!+:!Σ2(1Ω9#!!=Α()(!∃+∆∋1%φ!ΓΞΑ!8⊥Γ!_(Β!?>!
!
;∋+ς%1)Ψ∴(9%7!∃%1)∗+,!≅!
!
;∋+ς%1)ΨΣ(9%7!∃%1)∗+,!≅!5+∆9∗,&!∆,∗)9!(∋%!Ο+∋%!9Β∋%(7!+∆)!)5∋+∆&5+∆)!)5%!1∗)3Λ!5+Θ%<%∋!
)5%3!(∋%!(29+!2+1()%7!∗,!(∋%(9!Θ5%∋%!)5%∋%!(∋%!1+,1%,)∋()∗+,9!+:!Σ2(1Ω9#!!ε5%∋%!∗9!(!∃%1)∗+,!
≅! 5+∆9∗,&! ∆,∗)! 2+1()%7! ∗,! 0−468;! )∋(1)! β/ΜΚ/ϑϑϑ/ϑ.! =6(∋+2∗,(! 6+<%! 8Β(∋)Ο%,)9! +,!
Π(Ω%<∗%Θ!ε%∋∋(1%>#!
!
Π+ΘΨ∀,1+Ο%!Γ+∆9∗,&!ε(α!6∋%7∗)!(,7!Χ)5%∋!ΓΞΑ!_∆2)∗:(Ο∗23!Ξ,∗)9!
!
Π∀Γε6! 5+∆9∗,&! ∗9! 1+,1%,)∋()%7! +,! )5%! Θ%9)%∋,! )∋(1)9! +:! )5%! 1∗)3! (,7! (∋%! (29+! ∗,! 12+9%!
Β∋+α∗Ο∗)3! )+! (∋%(9! Θ5%∋%! )5%∋%! (∋%! 1+,1%,)∋()∗+,9! +:! Σ2(1Ω9#! Χ)5%∋! ΓΞΑ! Ο∆2)∗:(Ο∗23!
5+∆9∗,&! ∆,∗)9! (∋%! 2+1()%7! +,! )5%! %(9)%∋,! 9∗7%! +:! )5%! 1∗)3! Θ5%∋%! )5%∋%! (∋%! 2+Θ%∋!
1+,1%,)∋()∗+,9! +:! Σ2(1Ω9#! ε5∗9! Β(∋)23! %αΒ2(∗,9! Θ53! )5%∋%! (∋%! :%Θ%∋! Σ2(1Ω! 5+∆9%5+279!
∋%9∗7∗,&!∗,!)5()!5+∆9∗,&!1()%&+∋3!)5(,!)5%!+)5%∋!5+∆9∗,&!1()%&+∋3!)3Β%9#!
! !
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Γ∗9Β(,∗19!(,7!;∆Σ2∗123!∃∆ΒΒ+∋)%7!Γ+∆9∗,&!
!
811+∋7∗,&! )+! ΓΞΑ! ε(Σ2%! ! Τ! Α%Ο+&∋(Β5∗19Λ! Β%+Β2%!Θ5+! ∗7%,)∗:3! (9! Γ∗9Β(,∗1!Ο(Ω%! ∆Β! Κ!
Β%∋1%,)!+:!)5%!Β+Β∆2()∗+,!∗,!Ν∋%%,<∗22%#!!Ρ5∗2%!)5%∋%!(∋%!,+!7∗9)∗,1)23!1+,1%,)∋()%7!(∋%(9!
Θ∗)5!(!Γ∗9Β(,∗1!Β+Β∆2()∗+,Λ!)5%3!1(,!9)∗22!Σ%!:+∆,7!∗,!2(∋&%∋!,∆ΟΣ%∋9!,+∋)5!+:!;∗))ΨΝ∋%%,<∗22%!
8∗∋Β+∋)! (,7! )5%! ε(∋! 0∗<%∋#! ! 8,+)5%∋! Β+1Ω%)! +:! Γ∗9Β(,∗19! 1(,! Σ%! :+∆,7! ς∆9)! %(9)! +:! 4(9)!
6(∋+2∗,(!Ξ,∗<%∋9∗)3!(2+,&!8ΠεΨ.ΕΚ#!
!
Ι+>∗Ψ∗6)7;.∀)(∗>%;∋1.#)%∀∗

!
∃+∆∋1%φ!.ϑΜΜΨ.ϑΜ?!86∃!<∗(!;+2∗13_(Β!
!
ε5%∋%!(∋%!9%<%∋(2!∃%1)∗+,!≅!5+∆9∗,&!∆,∗)9Λ!Π∀Γε6!(,7!+)5%∋!ΓΞΑ!Ο∆2)∗:(Ο∗23!∆,∗)9!∗,!12+9%!
Β∋+α∗Ο∗)3! )+! (∋%(9!Θ∗)5! (! 2(∋&%∋!Β%∋1%,)(&%!+:!Γ∗9Β(,∗19#! ! ;∆Σ2∗1! 5+∆9∗,&!7%<%2+ΒΟ%,)Λ!
Γ+ΒΩ∗,9!;(∋Ω!2+1()%7!+,!Ρ#!_++∋%!∃)∋%%)Λ!∗9!2+1()%7!∗,!)5%!0−468;!)∋(1)!β/ΜΚ/ϑϑϑ≅ϑϑΛ!+:!
Θ5∗15!ΜΚ#≅!Β%∋1%,)!+:!)5%!Β+Β∆2()∗+,!∗9!Γ∗9Β(,∗1#!
!
! !
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ii.! ϑ∃#Α−,:∃!∆+∋∋∃−&#!,&!∋8∃!0∃(0−+∆8,Α!5(Α+∋,(&!)(−!∆/:5,Α52!#/∆∆(−∋∃Γ!8(/#,&0!∋8+∋!
∆−,%+−,52!#∃−4∃#!)+%,5,∃#!ς,∋8!Α8,5Γ−∃&6!∃5Γ∃−52!∆∃−#(&#6!(−!∆∃−#(&#!ς,∋8!Γ,#+:,5,∋,∃#!,&!
−∃5+∋,(&!∋(!∆−∃4,(/#52!Γ,#Α/##∃Γ!#∃0−∃0+∋∃Γ!+−∃+#!(−!Π?1∀Χ#! ,&! ∋8∃! δ/−,#Γ,Α∋,(&!+&Γ!
−∃0,(&<!!

8!7%91∋∗Β)∗+,!+:!%(15!&∋+∆Β!1(,!Σ%!:+∆,7!Σ%2+Θ!(9!%(15!&∋+∆Β!7∗::%∋9φ!
!
427%∋23!
!
427%∋23Λ!7%:∗,%7!(9!Ε?!3%(∋9!(,7!+27%∋Λ!Ο(Ω%!∆Β!≅#≅!Β%∋1%,)!+:!)5%!Β+Β∆2()∗+,κ!5+Θ%<%∋Λ!
)5%3! (∋%! ,+)! 7∗9)∋∗Σ∆)%7! %<%,23! (1∋+99! )5%! 1∗)3#! ! 427%∋23! 1(,! Σ%! :+∆,7! ∗,! 2(∋&%∋!
1+,1%,)∋()∗+,9! Θ%9)! +:! )5%! (∗∋Β+∋)! (,7! ∗,! )5%! 9+∆)5%∋,Ψ1%,)∋(2! (∋%(! +:! )5%! 1∗)3! ,%(∋!
Ν∋%%,<∗22%!∴+∆2%<(∋7!∃#Ρ#!(,7!(2+,&!4<(,9!∃)∋%%)#!!
!
Ι+>∗Ψ∗Σ1&0∃12∗>%;∋1.#)%∀∗

!
∃+∆∋1%φ!.ϑΜΜΨ.ϑΜ?!86∃!<∗(!;+2∗13_(Β!
!
811+∋7∗,&!)+!ΓΞΑ!_(Β!?Λ!)5%∋%!(∋%!,+!Β∆Σ2∗1!7%<%2+ΒΟ%,)!∆,∗)9Λ!;∋+ς%1)ΨΣ(9%7!∃%1)∗+,!≅Λ!
+∋!Π∀Γε6!5+∆9∗,&!∗,!)5%9%!(∋%(!(,7!Γ6Φ!;∋+&∋(Ο!Β(∋)∗1∗Β(,)!∋()%!∗9!(29+!∋%2()∗<%23!2+Θ#!=Α()(!
∃+∆∋1%φ!ΓΞΑ!8⊥Γ!_(Β!?Λ!ΓΞΑ!8⊥Γ!ε(Σ2%!/>!
!
!
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⊥(Ο∗2∗%9!Θ∗)5!65∗27∋%,!
!
811+∋7∗,&!)+!)5%!ΓΞΑ!8⊥Γ!ε(Σ2%!Μ!Τ!Α%Ο+&∋(Β5∗19Λ!)5%∋%!Θ%∋%!≅Λβ?Μ!:(Ο∗2∗%9!Θ∗)5!15∗27∋%,!
∗,!Ν∋%%,<∗22%!Τ!(ΒΒ∋+α∗Ο()%23!Κ/#Ι!Β%∋1%,)!+:!:(Ο∗23!)3Β%9!∗,!)5%!1∗)3#!ε5%!(<%∋(&%!:(Ο∗23!
9∗%!Θ(9!.#Ι≅!Β%∋9+,9Λ!2+Θ%∋!)5(,!)5%!9)()%!(<%∋(&%!:(Ο∗23!9∗%!+:!β#Μ.!Β%∋9+,9!=.ϑΜΜΨ.ϑΜ?!
86∃!Τ!∃ΜΜϑΜ>#!!Ρ∗)5!∋%&(∋7!)+!Β∆Σ2∗123!9∆ΒΒ+∋)%7!5+∆9∗,&Λ!)5%!Β%∋1%,)(&%!+:!:(Ο∗2∗%9!Θ∗)5!
15∗27∋%,!∗,!Β∆Σ2∗1!5+∆9∗,&!<(∋∗%7!7%Β%,7∗,&!+,!5+∆9∗,&!1()%&+∋3#!!!
!
⊥+∋!Β∆Σ2∗1!5+∆9∗,&!7%<%2+ΒΟ%,)9Λ!?/#Κ!Β%∋1%,)!+:!)5%!∋%9∗7%,)9!Θ%∋%!:(Ο∗2∗%9!Θ∗)5!15∗27∋%,!
Τ!5∗&5%∋!)5(,!)5%!&%,%∋(2!Β+Β∆2()∗+,!%9)∗Ο()%9!:+∋!)5%!:(Ο∗23!)3Β%#!!!
!
;∋+ς%1)Ψ∴(9%7!∃%1)∗+,!≅!5+∆9∗,&!Θ(9!:+∆,7!∗,!Σ+)5!0−468;!)∋(1)9!(,7!,+,Ψ0−468;!)∋(1)9#!!
∀,!0−468;!)∋(1)9Λ!∋%9∗7%,)9!)5()!Θ%∋%!:(Ο∗2∗%9!Θ∗)5!15∗27∋%,!Θ%∋%!??#Ε!Β%∋1%,)!Τ!5∗&5%∋!)5(,!
)5%!&%,%∋(2!Β+Β∆2()∗+,!%9)∗Ο()%9!:+∋!)5%!:(Ο∗23!)3Β%#!!∀,!,+,Ψ0−468;!)∋(1)9Λ!5+Θ%<%∋Λ!)5%3!
∋%Β∋%9%,)%7!+,23!Μϑ#Ε!Β%∋1%,)!+:!)5%!∋%9∗7%,)9#!
!
Γ6Φ!Β∋+&∋(Ο!Β(∋)∗1∗Β(,)9!Θ%∋%!(29+!2+1()%7!∗,!Σ+)5!0−468;!(,7!,+,Ψ0−468;!)∋(1)9#!!ε5%!
Β%∋1%,)!+:!:(Ο∗2∗%9!Θ∗)5!15∗27∋%,!∗,!)5%!Γ6Φ!;∋+&∋(Ο!∗,!,+,Ψ0−468;!)∋(1)9!Θ(9!ΚΙ#?!Β%∋1%,)!
Τ!92∗&5)23!2+Θ%∋!1+ΟΒ(∋%7!)+!)5%!Β%∋1%,)!+:!:(Ο∗2∗%9!Θ∗)5!15∗27∋%,!∗,!)5%!&%,%∋(2!Β+Β∆2()∗+,#!!
⊥(Ο∗2∗%9!Θ∗)5!15∗27∋%,Λ!5+Θ%<%∋Λ!Ο(7%!∆Β!?≅#≅!Β%∋1%,)!+:!Β∋+&∋(Ο!Β(∋)∗1∗Β(,)9!∗,!0−468;!
)∋(1)9#!!
!
ε5%∋%!Θ%∋%!,+!:(Ο∗2∗%9!Θ∗)5!15∗27∋%,!∗,!+)5%∋!ΓΞΑ!Ο∆2)∗:(Ο∗23!∆,∗)9!(9!)5%9%!(∋%!&%,%∋(223!
∋%9%∋<%7!:+∋!%27%∋23!∋%9∗7%,)9!+∋!∗,7∗<∗7∆(29!Θ∗)5!(!7∗9(Σ∗2∗)3#!=Α()(!9+∆∋1%φ!ΓΞΑ!8⊥⊥Γ!ε(Σ2%!
/! Τ! 0−468;! (,7! Η+,Ψ0−468;! Α%Ο+&∋(Β5∗19! Σ3! ;∆Σ2∗123! ∃∆ΒΒ+∋)%7! Γ+∆9∗,&! ;∋+&∋(Ο!
6()%&+∋3>!
!
Α∗9(Σ∗2∗)3!
!
811+∋7∗,&!)+!ΓΞΑ!ε(Σ2%!ΜΚ!Τ!Α∗9(Σ∗2∗)3!Σ3!8&%!Ν∋+∆ΒΛ!Μϑ#Ε!Β%∋1%,)!+:!)5%!Β+Β∆2()∗+,!(&%!?!
(,7!+27%∋!∗,!Ν∋%%,<∗22%!5(7!(!7∗9(Σ∗2∗)3#!!;%+Β2%!Θ∗)5!7∗9(Σ∗2∗)∗%9!Θ%∋%!9Β∋%(7!+∆)!∆,%<%,23!
(1∋+99!)5%!1∗)3Λ!(2)5+∆&5!(!5∗&5%∋!Β%∋1%,)(&%!+:!9∆15!∋%9∗7%,)9!Θ%∋%!∗,!)5%!,+∋)5!(,7!∗,!
0−468;!)∋(1)9!β/ΜΚ/ϑϑϑ/ϑΜ!µ!β/ΜΚ/ϑϑϑ/ϑ.#!!∀,!&%,%∋(2Λ!)5%!,+∋)5Θ%9)!5(2:!+:!Ν∋%%,<∗22%!
5(7!(!5∗&5%∋!Β%∋1%,)(&%!+:!Β%+Β2%!Θ∗)5!7∗9(Σ∗2∗%9!)5(,!)5%!9+∆)5%(9)!5(2:!+:!)5%!1∗)3#!
!
;∆Σ2∗123!9∆ΒΒ+∋)%7!5+∆9∗,&!∗9!1+,1%,)∋()%7!∗,!)5%!,+∋)5%(9)!(∋%(!+:!)5%!1∗)3!Θ5%∋%!)5%∋%!
(∋%!Ο+∋%!Β%+Β2%!Θ∗)5!7∗9(Σ∗2∗)∗%9κ!5+Θ%<%∋Λ!)5%∋%!(∋%!,+!∆,∗)9!%(9)!+:!Η#!Ν∋%%,%!
∃)∋%%)−,+∋)5!+:!ε(∋!0∗<%∋#!!!
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!
Ι+>∗Ψ∗:)7.Ν)1)#2∗∗

!
∃+∆∋1%φ!.ϑΜΜΨ.ϑΜ?!86∃!<∗(!;+2∗13_(Β!
!

iii.! .(ς!Γ(∃#! ∋8∃! Γ∃%(0−+∆8,Α! Α(%∆(#,∋,(&! ()! (ΑΑ/∆+&∋#! ()! ∆/:5,Α52! #/∆∆(−∋∃Γ!
8(/#,&0!,&!Π?1∀Χ=!Α(%∆+−∃!∋(!∋8∃!Γ∃%(0−+∆8,Α!Α(%∆(#,∋,(&!()!(ΑΑ/∆+&∋#!()!∆/:5,Α52!
#/∆∆(−∋∃Γ!8(/#,&0!(/∋#,Γ∃!()!Π?1∀Χ#!,&!∋8∃!δ/−,#Γ,Α∋,(&!+&Γ!−∃0,(&χ!!

811+∋7∗,&!)+!ΓΞΑ!ε(Σ2%!/!Ψ!0−468;!(,7!Η+,Ψ0−468;!Α%Ο+&∋(Β5∗19!Σ3!;∆Σ2∗123!∃∆ΒΒ+∋)%7!
Γ+∆9∗,&!;∋+&∋(Ο!6()%&+∋3Λ!+,23!)Θ+!)3Β%9!+:!Β∆Σ2∗123!9∆ΒΒ+∋)%7!5+∆9∗,&!Θ%∋%!∋%1+∋7%7!∗,!
Σ+)5!0−468;!)∋(1)9!(,7!,+,Ψ0−468;!)∋(1)9!∗,!Ν∋%%,<∗22%!Τ!;∋+ς%1)ΨΣ(9%7!∃%1)∗+,!≅!(,7!)5%!
Γ6Φ!;∋+&∋(Ο#!∴%2+Θ!∗9!(!7%91∋∗Β)∗+,!+:!)5%!7%Ο+&∋(Β5∗1!1+ΟΒ+9∗)∗+,!+:!∃%1)∗+,!≅!5+∆9∗,&!
(,7!)5%!Γ6Φ!;∋+&∋(Ο!∗,!0−468;!)∋(1)9!(9!1+ΟΒ(∋%7!)+!)5+9%!∗,!,+,Ψ0−468;!)∋(1)9#!

;∋+ς%1)Ψ∴(9%7!∃%1)∗+,!≅!
!
⊥(∋!Ο+∋%! ∃%1)∗+,! ≅! ∆,∗)9! Θ%∋%! 2+1()%7! ∗,! ,+,Ψ0−468;! )∋(1)9! 1+ΟΒ(∋%7! )+! ∆,∗)9! Θ∗)5∗,!
0−468;!)∋(1)9!∗,!Ν∋%%,<∗22%#!!ε5%∋%!Θ%∋%!+,23!ΜΙ!+11∆Β∗%7!∆,∗)9!∗,!0−468;!)∋(1)9!1+ΟΒ(∋%7!
)+!βΚ≅!+11∆Β∗%7!∆,∗)9! ∗,!,+,Ψ0−468;!)∋(1)9#!427%∋23!5(7!:(∋!Ο+∋%!∋%Β∋%9%,)()∗+,!∗,!,+,Ψ
0−468;!)∋(1)9!Θ∗)5!≅Ε#β!Β%∋1%,)!+:!∆,∗)9Λ!1+ΟΒ(∋%7!)+!ς∆9)!?#Ε!Β%∋1%,)!∗,!0−468;!)∋(1)9#!!
;%∋9+,9!Θ∗)5!(!7∗9(Σ∗2∗)3!(29+!5(7!(!5∗&5%∋!∋%Β∋%9%,)()∗+,!∗,!,+,Ψ0−468;!)∋(1)9!Θ∗)5!.Κ#Μ!
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Β%∋1%,)!+:!∆,∗)9Λ!1+ΟΒ(∋%7!)+!ΜΜ#Μ!Β%∋1%,)!∗,!0−468;!)∋(1)9#!!!

∴3!1+,)∋(9)Λ!Σ2(1Ω9!5(7!Ο+∋%!5+∆9%5+279!∋%Β∋%9%,)%7!∗,!0−468;!)∋(1)9!Θ∗)5!Μϑϑ!Β%∋1%,)Λ!
1+ΟΒ(∋%7! )+! ΕΕ#/! Β%∋1%,)! ∗,! ,+,Ψ0−468;! )∋(1)9#! ε5%∋%! Θ%∋%! (29+! Ο+∋%! :(Ο∗2∗%9! Θ∗)5!
15∗27∋%,!∗,!0−468;!)∋(1)9!=??#Ε!Β%∋1%,)>Λ!)5(,!∗,!,+,Ψ0−468;!)∋(1)9!=Μϑ#Ε!Β%∋1%,)>#!!=Α()(!
9+∆∋1%φ!ΓΞΑ!8⊥Γ!ε(Σ2%!/>!!!

Γ6Φ!;∋+&∋(Ο!
!
ε5%∋%!Θ%∋%!(29+!Ο+∋%!Γ6Φ!;∋+&∋(Ο!∆,∗)9!2+1()%7!∗,!,+,Ψ0−468;!)∋(1)9!1+ΟΒ(∋%7!)+!∆,∗)9!
Θ∗)5∗,!0−468;!)∋(1)9!∗,!)5%!1∗)3#!Χ,23!ΙΙ!+11∆Β∗%7!∆,∗)9!∗,!0−468;!)∋(1)9!1+ΟΒ(∋%7!)+!?/β!
+11∆Β∗%7!∆,∗)9!∗,!,+,Ψ0−468;!)∋(1)9#!!

∴2(1Ω9!5(7!92∗&5)23!Ο+∋%!5+∆9%5+279!∋%Β∋%9%,)%7!∗,!0−468;!)∋(1)9!Θ∗)5!Ι/!Β%∋1%,)!∗,!Γ6Φ!
;∋+&∋(Ο9Λ!1+ΟΒ(∋%7!)+!ΙΕ!Β%∋1%,)!∗,!,+,Ψ0−468;!)∋(1)9#!ε5%∋%!Θ%∋%!(29+!:%Θ%∋!:(Ο∗2∗%9!
Θ∗)5! 15∗27∋%,! ∗,! 0−468;! )∋(1)9! ∗,! Γ6Φ! ;∋+&∋(Ο9! Θ∗)5! ?≅#≅! Β%∋1%,)Λ! 1+ΟΒ(∋%7! )+! ΚΙ#?!
Β%∋1%,)!∗,!,+,Ψ0−468;!)∋(1)9#!!=Α()(!9+∆∋1%φ!ΓΞΑ!8⊥Γ!ε(Σ2%!/>!!!

427%∋23!5(7!(!92∗&5)23!2+Θ%∋!∋%Β∋%9%,)()∗+,!∗,!0−468;!)∋(1)9!Θ∗)5!Μ/#/!Β%∋1%,)!+:!∆,∗)9!∗,!
Γ6Φ!;∋+&∋(Ο9Λ!1+ΟΒ(∋%7!)+!Μ≅#Μ!Β%∋1%,)!∗,!,+,Ψ0−468;!)∋(1)9#!!;%∋9+,9!Θ∗)5!(!7∗9(Σ∗2∗)3!
(29+! 5(7! (! 2+Θ%∋! ∋%Β∋%9%,)()∗+,! ∗,! 0−468;! )∋(1)9! Θ∗)5! ΜΚ#/! Β%∋1%,)! +:! ∆,∗)9! ∗,! Γ6Φ!
;∋+&∋(Ο9Λ!1+ΟΒ(∋%7!)+!.Μ#Ε!Β%∋1%,)!∗,!,+,Ψ0−468;!)∋(1)9#!!!
!
iv.! Σ∀Τ!ϑ(! +&2!Γ∃4∃5(∆%∃&∋#! ()! ∆/:5,Α! 8(/#,&06! ∆−(∆∃−∋,∃#! Α(&4∃−∋∃Γ!/&Γ∃−! ∋8∃!
Π∀ϑ6!+&Γ!β;.91!Γ∃4∃5(∆%∃&∋#!8+4∃!+!#,0&,),Α+&∋52!Γ,))∃−∃&∋!Γ∃%(0−+∆8,Α!Α(%∆(#,∋,(&6!
,&! ∋∃−%#!()!∆−(∋∃Α∋∃Γ! Α5+##6! ∋8+&!(∋8∃−!Γ∃4∃5(∆%∃&∋#!()! ∋8∃! #+%∃! Α+∋∃0(−2! )(−! ∋8∃!
δ/−,#Γ,Α∋,(&χ!!ϑ∃#Α−,:∃!8(ς!∋8∃#∃!Γ∃4∃5(∆%∃&∋#!Γ,))∃−<!

ε5%! 0%,)(2! 899∗9)(,1%! Α%Ο+,9)∋()∗+,! Θ(9! 1∋%()%7! ∗,! +∋7%∋! )+! &∗<%! Β∆Σ2∗1! 5+∆9∗,&!
(∆)5+∋∗)∗%9! )5%! (Σ∗2∗)3! )+! Β∋%9%∋<%! (,7! ∗ΟΒ∋+<%! Β∆Σ2∗1! 5+∆9∗,&! Β∋+Β%∋)∗%9! (,7! (77∋%99!
Ο(∗,)%,(,1%!∗99∆%9#!!ε5%!Π+ΘΨ∀,1+Ο%!Γ+∆9∗,&!ε(α!6∋%7∗)!=Π∀Γε6>!∗9!(!∋%9+∆∋1%!:+∋!1∋%()∗,&!
(::+∋7(Σ2%! 5+∆9∗,&! ∗,! )5%! 1∗)3#! ! Ρ∗)5! )5%9%! Β∋+&∋(Ο9! 1+Ο%! 9+Ο%! Σ(9∗1! ∋%χ∆∗∋%Ο%,)9!
∗,<+2<∗,&! :(∗∋! 5+∆9∗,&! (,7! Β∋+)%1)∗,&! 9+Ο%! 12(99%9! (,7! 2+ΘΨ! (,7! Ο+7%∋()%Ψ∗,1+Ο%!
5+∆9%5+279#!

8ΒΒ∋+α∗Ο()%23!βΚ#Ε!Β%∋1%,)!+:!)5%!5+∆9%5+279! ∗,!Ν∋%%,<∗22%!Θ%∋%!Σ2(1Ω!5+∆9%5+279Λ!Σ∆)!
)5%!∋(1%!&∋+∆Β!Θ(9!∋%Β∋%9%,)%7!∗,!5∗&5%∋!Β%∋1%,)(&%9!∗,!Β∆Σ2∗123!9∆ΒΒ+∋)%7!5+∆9∗,&!∆,∗)9#!
Γ∗9Β(,∗1!5+∆9%5+279!∋%Β∋%9%,)%7!β!Β%∋1%,)!+:!)5%!)+)(2!Β%∋1%,)!+:!5+∆9%5+279!∗,!)5%!1∗)3Λ!
Σ∆)!:%Θ%∋!)5(,!Μ!Β%∋1%,)!+:!∋%9∗7%,)9!Θ%∋%!:∋+Ο!)5%!%)5,∗1!&∋+∆Β#!!∴%2+Θ!∗9!(!7%91∋∗Β)∗+,!
+:!)5%!7%Ο+&∋(Β5∗1!1+ΟΒ+9∗)∗+,!+:!)5%!7%<%2+ΒΟ%,)9#!
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>∋Ν1)(∗6%∋7)∀5∗:0/01%;−0∀#∗
∗
8)!)5∗9!)∗Ο%Λ!)5%!Β∆Σ2∗1!5+∆9∗,&!7%<%2+ΒΟ%,)9!95+Θ!<%∋3!2+Θ!7∗<%∋9∗)3#!!811+∋7∗,&!)+!ΓΞΑ!
8⊥Γ! ε(Σ2%! ≅Λ! )5%3! (∋%! (2Ο+9)! (22! Σ2(1Ω! 5+∆9%5+279#! ⊥(Ο∗2∗%9! Θ∗)5! 15∗27∋%,!Ο(Ω%! ∆Β! ??!
Β%∋1%,)!+∋!Ο+∋%!+:!)5%!7%<%2+ΒΟ%,)ι9!∋%9∗7%,)9Λ!Θ5∗15!∗9!Ο+∋%!)5(,!)5%!1∗)3ι9!∋()%!+:!ΚΕ#Ι!
Β%∋1%,)#!!Χ,%!Β%∋1%,)!+∋!:%Θ%∋!+:!)5%!∋%9∗7%,)9!Θ%∋%!Γ∗9Β(,∗1!+∋!89∗(,#!

>∃%?0(#]ς.70&∗Μ0(#)%∀∗Β∗
∗
ε5%∋%!(∋%!:∗<%!;∋+ς%1)ΨΣ(9%7!∃%1)∗+,!≅!7%<%2+ΒΟ%,)!∆,∗)9!9Β∋%(7!(1∋+99!)5%!1∗)3#!!ε5∋%%!+:!
)5%!+:!)5%!:∗<%!9∗)%9!(∋%!Ιβ!Β%∋1%,)!+∋!5∗&5%∋!Σ2(1Ω#!!Χ,%!9∗)%!5(9!Ι≅!Β%∋1%,)!:(Ο∗2∗%9!Θ∗)5!
15∗27∋%,#!!ε5∋%%!Β%∋1%,)!+:!)5%!5+∆9%5+279!∗,!Ν∋%%,)∋%%!(∋%!Γ∗9Β(,∗1Λ!Σ∆)!)5%!∋%9)!+:!)5%!
∃%1)∗+,!≅!5+∆9∗,&!5(7!Μ!Β%∋1%,)!+∋! :%Θ%∋!Γ∗9Β(,∗1! 5+∆9%5+279#!89∗(,9! (11+∆,)%7! :+∋! .!
Β%∋1%,)!+:!5+∆9%5+279!∗,!Χα:+∋7!Φ∗22(&%!8Β(∋)Ο%,)9Λ!5+Θ%<%∋!,+!7()(!(∋%!(<(∗2(Σ2%!:+∋!)5%!
+)5%∋!:+∆∋!∃%1)∗+,!≅!9∗)%9#!

Κ#40∃∗6Ξ:∗Ι∋1#),.−)12∗+77)7#0&∗6%∋7)∀5∗
∗
0%9∗7%,)∗(2! 7%Ο+&∋(Β5∗19!7()(!Θ(9! (<(∗2(Σ2%! :+∋!+,23!0+3(2!Γ%∗&5)9#! ! ε5∗9! ∆,∗)!Θ(9! 2%99!
9%&∋%&()%7#!ε5%!∆,∗)!5(9!ΕΜ!Β%∋1%,)!Σ2(1Ω!5+∆9%5+279!(,7!β/!Β%∋1%,)!Θ5∗)%!5+∆9%5+279#!
=Α()(!9+∆∋1%φ!ΓΞΑ!8⊥Γ!ε(Σ2%!≅>!

! !
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9+:5∃!Μ!∴!ϑ∃%(0−+∆8,Α#!()!Χ/:5,Α52!=/∆∆(−∋∃Γ!.(/#,&0!ϑ∃4∃5(∆%∃&∋#6!:2!Χ−(0−+%!1+∋∃0(−2!

ϑ∃4∃5(∆%∃&∋!7+%∃!
Χ.∀!
1(Γ∃!

Χ.∀! φ!]&,∋#! η8,∋∃! Κ5+ΑΨ! .,#∆+&,Α! ∀#,+&!
..#!ς,∋8!
18,5Γ−∃&!

Χ/:5,Α!.(/#,&0!
Σ3−∃∃&4,55∃6!71!1ϑΚ3Τ!Υ/−,#Γ,Α∋,(&!

_+3%Θ++7!∀! Η6ϑ..! Γ86Ν! ..≅! Μν! ΙΕν! Μν! Η−(! ΕΚν!
Υ%(∋,%3!;(∋Ω! Η6ϑ..! Γ86Ν! .β≅! Μν! ΙΙν! ϑν! Η−(! ??ν!
Γ+ΒΩ∗,9!;(∋Ω! Η6ϑ..! Γ86Ν! .Κ≅! Μν! Ι/ν! Μν! Η−(! ?Κν!

Χ−(δ∃Α∋∴Κ+#∃Γ!=∃Α∋,(&!Μ!
Σ3−∃∃&4,55∃6!71!1ϑΚ3Τ!Υ/−,#Γ,Α∋,(&!

Ν∋5∗Λ!ΑΣ(!Χα:+∋7!Φ∗22(&%!8Β)9#! Η−(! Η−(! .≅≅! Κϑν! ?Εν! Μν! .ν! Η−(!
Ν∋%%,)∋%%! Η−(! Η−(! Κϑ! βν! Ι?ν! βν! Η−(! Ι≅ν!
Ξ,∗<%∋9∗)3!ε+Θ%∋9! Η−(! Η−(! Εϑ! ?ν! Ιβν! ϑν! Η−(! Η−(!
6(∋+2∗,(!6+<%! Η−(! Η−(! .ϑ! ϑν! Μϑϑν! ϑν! Η−(! ?Εν!
8∋1−Γ79!;∗))!6+!Γ+∆9!6+∋Β!ο.! Η−(! Η−(! Ε! Η−(! Η−(! Η−(! Η−(! Η−(!

Ο∋8∃−!.]ϑ!ε/5∋,)+%,52!∀##,#∋∃Γ!.(/#,&0!
Σ3−∃∃&4,55∃6!71!1ϑΚ3Τ!Υ/−,#Γ,Α∋,(&!

0+3(2!Γ%∗&5)9!Γ+∆9∗,&Λ!∀,1#! Η−(! Η−(! Κϑ! β/ν! ΕΜν! ϑν! Η−(! Η−(!
;∗))!6+∆,)3!Ν∋+∆Β!Γ+Ο%!ϑβ! Η−(! Η−(! ϑ! Η−(! Η−(! Η−(! Η−(! Η−(!
Η+)%!Μφ!⊥+∋!Π∀Γε6!Β∋+Β%∋)∗%9Λ!)5∗9!∗,:+∋Ο()∗+,!Θ∗22!Σ%!9∆ΒΒ2∗%7!Σ3!2+1(2!Ω,+Θ2%7&%#!
Η+)%!.φ!;%∋1%,)(&%9!Ο(3!,+)!(77!)+!Μϑϑ!7∆%!)+!∋+∆,7∗,&!%∋∋+∋#!
Η+)%!βφ!Α()(!∃+∆∋1%9φ!8;∃Γ!
Η+)%!Κφ!0%:%∋!)+!)5%!Α()(!Α+1∆Ο%,)()∗+,!:+∋!7%)(∗29!=ΘΘΘ#5∆7%α15(,&%#∗,:+>#!

!

! !
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ΣΚΤ! Χ−(4,Γ∃! +ΓΓ,∋,(&+5! −∃5∃4+&∋! ,&)(−%+∋,(&6! ,)! +&26! +:(/∋! (ΑΑ/∆+&Α26! :2! ∆−(∋∃Α∋∃Γ!
Α5+##6!,&!(∋8∃−!∋2∆∃#!()!∆/:5,Α52!#/∆∆(−∋∃Γ!8(/#,&0!)(−!∋8∃!δ/−,#Γ,Α∋,(&!+&Γ!−∃0,(&<!!

∴%2+Θ!∗9!(!7%91∋∗Β)∗+,!+:!)5%!Γ6Φ!;∋+&∋(Ο!(9!∗)!∋%2()%9!)+!Σ2(1Ω9!(,7!Γ∗9Β(,∗19!∗,!)5%!1∗)3#!

∴2(1Ω!Γ+∆9%5+279!∗,!)5%!Γ6Φ!;∋+&∋(Ο!

811+∋7∗,&! )+!ΓΞΑ! ε(Σ2%! /Λ! )5%!Γ6Φ!;∋+&∋(Ο9! 5(9! Ι/! Β%∋1%,)! +:! Σ2(1Ω! 5+∆9%5+279! ∗,!
0−468;!)∋(1)9!(,7!ΙΕ!Β%∋1%,)!∗,!,+,Ψ0−468;!)∋(1)9#!!ε5∗9!∗9!Ο∆15!5∗&5%∋!)5(,!)5%!(1)∆(2!
Β%∋1%,)(&%!+:!Σ2(1Ω!5+∆9%5+279! ∗,! )5%! 1∗)3! =βΚ#Ε!Β%∋1%,)>#! ε5%!Γ6Φ!;∋+&∋(Ο!(29+!5(9!
5∗&5%9)! ∆9(&%!+:! <+∆15%∋9! ∗,! (∋%(9!Θ5%∋%! )5%∋%! ∗9! (! 1+,1%,)∋()∗+,!+:! )5%! ∋(1%! &∋+∆Β!
=Θ%9)%∋,!(∋%(!+:!Ν∋%%,<∗22%>#!!89!Σ2(1Ω!∋%9∗7%,)9!Ο(7%!∆Β!)5%!2(∋&%!Ο(ς+∋∗)3!+:!<+∆15%∋!
∆9%∋9Λ!)5%!∋(1%!&∋+∆Β!&%,%∋(223!5(7!(!5∗&5%∋!Β%∋1%,)(&%!+:!:(Ο∗2∗%9!Θ∗)5!15∗27∋%,Λ!%27%∋23!
(,7!Β%∋9+,9!Θ∗)5!(!7∗9(Σ∗2∗)3!Θ5%,!1+ΟΒ(∋%7!)+!%(15!∋%9Β%1)∗<%!&∋+∆Β! ∗,!)5%!&%,%∋(2!
Β+Β∆2()∗+,!∗,!Ν∋%%,<∗22%#!!

Γ∗9Β(,∗1!Γ+∆9%5+279!∗,!)5%!Γ6Φ!;∋+&∋(Ο!

Γ∗9Β(,∗1!5+∆9%5+279!Ο(7%!∆Β!:%Θ%∋!)5(,!5(2:!+:!(!Β%∋1%,)!+:!Γ6Φ!;∋+&∋(Ο!Β(∋)∗1∗Β(,)9#!
ε5%3!Ο(7%!∆Β!β!Β%∋1%,)!+:!)5%!5+∆9%5+279!∗,!)5%!1∗)3Λ!5+Θ%<%∋#!!Γ6Φ!;∋+&∋(Ο!∆9(&%!Θ(9!
(29+! 9Β(∋9%! ∗,! (∋%(9! Θ5%∋%! )5%∋%! Θ%∋%! (! 5∗&5%∋! 1+,1%,)∋()∗+,! +:! ∗,7∗<∗7∆(29! Θ5+!
∗7%,)∗:∗%7! (9! )5%! %)5,∗1! &∋+∆Β#! ! ε5∗9! (∋%(! Θ(9! ς∆9)! ,+∋)5! (,7! %(9)! +:! ;∗))ΨΝ∋%%,<∗22%!
8∗∋Β+∋)#! ! Γ6Φ! ;∋+&∋(Ο!∆9(&%!Θ(9! 5∗&5%9)! ∗,! )5%! 0−468;! )∋(1)! (,7! (∋%(9!Θ%9)! +:! )5%!
0−468;#!

! !
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Ι+>∗Ψ∗6)7;.∀)(∗>%;∋1.#)%∀Η∗<%∀(0∀#∃.#)%∀∗

!
∃+∆∋1%φ!.ϑΜΜΨ.ϑΜ?!86∃!<∗(!;+2∗13_(Β!
!

! !
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v.! 1(%∆+−∃!∋8∃!Γ∃%(0−+∆8,Α#!()!(ΑΑ/∆+&∋#!()!Γ∃4∃5(∆%∃&∋#!,&!∋8∃!δ/−,#Γ,Α∋,(&6!
)(−!∃+Α8!Α+∋∃0(−2!()!∆/:5,Α52!#/∆∆(−∋∃Γ!8(/#,&0!Σ∆/:5,Α!8(/#,&06!∆−(δ∃Α∋∴:+#∃Γ!=∃Α∋,(&!
Μ6! Ο∋8∃−!ε/5∋,)+%,52! ∀##,#∋∃Γ! Γ∃4∃5(∆%∃&∋#6! ∆−(∆∃−∋,∃#! Α(&4∃−∋∃Γ! /&Γ∃−! Π∀ϑ6! +&Γ!
β;.91Τ!∋(!∋8∃!Γ∃%(0−+∆8,Α!Α(%∆(#,∋,(&!()!∋8∃!+−∃+#!,&!ς8,Α8!∋8∃2!+−∃!5(Α+∋∃Γ<!!∗(−!∋8∃!
δ/−,#Γ,Α∋,(&6! Γ∃#Α−,:∃! ς8∃∋8∃−! Γ∃4∃5(∆%∃&∋#! ∋8+∋! +−∃! ∆−,%+−,52! (ΑΑ/∆,∃Γ! :2! (&∃!
−+Α∃∃∋8&,Α,∋2! +−∃! 5(Α+∋∃Γ! ,&! +−∃+#! (ΑΑ/∆,∃Γ! 5+−0∃52! :2! ∋8∃! #+%∃! −+Α∃∃∋8&,Α,∋2<!
ϑ∃#Α−,:∃! +&2! Γ,))∃−∃&Α∃#! )(−! 8(/#,&0! ∋8+∋! ∆−,%+−,52! #∃−4∃#! )+%,5,∃#! ς,∋8! Α8,5Γ−∃&6!
∃5Γ∃−52!∆∃−#(&#6!(−!∆∃−#(&#!ς,∋8!Γ,#+:,5,∋,∃#<!

!
811+∋7∗,&!)+!)5%!.ϑΜΜΨ.ϑΜ?!86∃!<∗(!;+2∗13_(ΒΛ!∗,!)5%!Ο(ς+∋∗)3!+:!)5%!,+∋)5Θ%9)!(∋%(!+:!
Ν∋%%,<∗22%Λ!?ϑ!Β%∋1%,)!+∋!Ο+∋%!+:!)5%!Β+Β∆2()∗+,!∗9!Σ2(1Ω#!!_+∋%!)5(,!Εϑ!Β%∋1%,)!∗9!Σ2(1Ω!∗,!
)∋(1)9!)5()!:+22+Θ%7!0+∆)%!Μβ!:∋+Ο!8ΠεΨ.ΕΚ!,+∋)5!)+!;∗))ΨΝ∋%%,<∗22%!8∗∋Β+∋)#!!!
!
Ι+>∗Ψ∗ς1.(Ω∗>%;∋1.#)%∀∗

!
∃+∆∋1%φ!.ϑΜΜΨ.ϑΜ?!86∃!<∗(!;+2∗13_(Β!

∗
>∋Ν1)(∗6%∋7)∀5∗:0/01%;−0∀#∗
∗
822!)5∋%%!Β∆Σ2∗1!5+∆9∗,&!7%<%2+ΒΟ%,)9!(∋%!2+1()%7!∗,!)5%!,+∋)5Θ%9)!(∋%(!+:!)5%!6∗)3#!!ε5%9%!
(∋%(9!5(<%!(29+!Σ%%,!∗7%,)∗:∗%7!(9!)∋(1)9!)5()!5(7!(!1+,1%,)∋()%7!Σ2(1Ω!Β+Β∆2()∗+,#!!Υ%(∋,3!
;(∋ΩΛ!2+1()%7!∗,!6%,9∆9!ε∋(1)!β/ΜΚ/ϑϑϑ/ϑ.!=0−468;!)∋(1)>Λ!5(9!ΙΙ!Β%∋1%,)!Σ2(1Ω!5+∆9%5+279!
∋%9∗7∗,&!(,7!)5%!)∋(1)!5(9!(!Β+Β∆2()∗+,!)5()!∗9!≅/#/!Β%∋1%,)!Σ2(1Ω#!_+3%Θ++7!∀!∗9!2+1()%7!∗,!
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6%,9∆9!ε∋(1)!β/ΜΚ/ϑϑϑ/ϑΜΛ!(,7!5(9!ΙΕ!Β%∋1%,)!Σ2(1Ω!5+∆9%5+279!∋%9∗7∗,&!(,7!)5%!)∋(1)!5(9!
(! Β+Β∆2()∗+,! )5()! ∗9! ≅.#.! Β%∋1%,)! Σ2(1Ω#! ! ⊥∗,(223Λ! Γ+ΒΩ∗,9! ;(∋Ω! ∗9!Θ∗)5! Ι/! Β%∋1%,)! Σ2(1Ω!
∋%9∗7%,)9!(,7!∗9!2+1()%7!∗,!6%,9∆9!ε∋(1)!β/ΜΚ/ϑϑϑ≅ϑϑ!Θ∗)5!)5%!)∋(1)!5(<∗,&!(!Ε/#?!Β%∋1%,)!
Σ2(1Ω!Β+Β∆2()∗+,#!
!
ε5%∋%!(∋%!&%,%∋(223!Ο+∋%!5+∆9%5+279!Θ∗)5!15∗27∋%,Λ!%27%∋23!(,7!Β%∋9+,9!Θ∗)5!7∗9(Σ∗2∗)∗%9!
∋%9∗7∗,&!∗,!)5%!Β∆Σ2∗1!5+∆9∗,&!7%<%2+ΒΟ%,)9!)5(,!%(15!+:!)5%9%!Β∋+)%1)%7!&∋+∆Β9!(Ο+,&!
)5%! &%,%∋(2! Β+Β∆2()∗+,#! ! ∀,! Β∆Σ2∗1! 5+∆9∗,&! 7%<%2+ΒΟ%,)! ∆,∗)9Λ! :(Ο∗2∗%9! Θ∗)5! 15∗27∋%,!
1+ΟΒ∋∗9%7!?/#Κ!Β%∋1%,)!+:!)5%!&%,%∋(2!Β+Β∆2()∗+,!+:!)5%!1∗)3Λ!Θ5∗2%!:(Ο∗2∗%9!Θ∗)5!15∗27∋%,!
Ο(7%!∆Β!ΚΕ#Ι!Β%∋1%,)!+:!)5%!Β+Β∆2()∗+,#!!Χ:!)5%!∋%9∗7%,)9!∗,!)5%!∆,∗)9Λ!!.β#β!Β%∋1%,)!Θ%∋%!
%27%∋23! =∋%Β∋%9%,)∗,&!Ι!Β%∋1%,)!+:! )5%!&%,%∋(2!Β+Β∆2()∗+,>!(,7!ΜΕ#Ι!Β%∋1%,)!Θ%∋%!)5+9%!
Θ∗)5!7∗9(Σ∗2∗)∗%9!=∋%Β∋%9%,)∗,&!Μϑ#Ε!Β%∋1%,)!+:!)5%!&%,%∋(2!Β+Β∆2()∗+,>#!!
!
>∃%?0(#]ς.70&∗Μ0(#)%∀∗Β∗
∗
;∋+ς%1)ΨΣ(9%7!∃%1)∗+,!≅!5+∆9∗,&!1(,!Σ%!:+∆,7!)5∋+∆&5+∆)!)5%!1∗)3Λ!(,7!∗9!,+)!,%1%99(∋∗23!
1+,1%,)∋()%7!∗,!(∋%(9!Θ5%∋%!)5%!Β%∋1%,)(&%!+:!Σ2(1Ω9!∗9!5∗&5%9)#!!Α%9Β∗)%!)5∗9Λ!Σ2(1Ω9!9)∗22!
Ο(Ω%!∆Β!()!2%(9)!Ιϑ!Β%∋1%,)!+∋!Ο+∋%!+:!)5∋%%!∆,∗)9!∗,12∆7∗,&!Μϑϑ!Β%∋1%,)!()!)Θ+!+:!)5%9%!
∆,∗)9#! !Γ∗9Β(,∗19!(,7!89∗(,9!Ο(Ω%!∆Β!(!<%∋3!9Ο(22!,∆ΟΣ%∋!+:!)5%!∋%9∗7%,)9!:+∋!∃%1)∗+,!≅!
5+∆9∗,&#!!∴%2+Θ!∗9!(!)(Σ2%!1+ΟΒ(∋∗,&!%(15!∃%1)∗+,!≅!5+∆9∗,&!∆,∗)!(,7!(!7%91∋∗Β)∗+,!+:!∗)9!
2+1()∗+,#!
!
=∃Α∋,(&!Μ!.(/#,&0!]&,∋!+&Γ!β(Α+∋,(&!

=,∋∃! 1∃&#/#!9−+Α∋! ]&,∋!Χ∃−Α∃&∋!Κ5+ΑΨ!
1∃&#/#!9−+Α∋!
Χ∃−Α∃&∋!Κ5+ΑΨ!

Ν∋%%,Β+∗,)%!0%&∗+,(2!Γ+∆9∗,&! β/ΜΚ/ϑϑΜΕϑϑ! ?/#ϑ! Μϑ#ϑ!
6(∋+2∗,(!6+<%!8Β(∋)Ο%,)9! β/ΜΚ/ϑϑϑ/ϑ.! Μϑϑ#ϑ! ≅/#/!
Ξ,∗<%∋9∗)3!ε+Θ%∋9! β/ΜΚ/ϑϑϑΜϑϑ! Ι.#ϑ! βΕ#ϑ!
Ρ%7&%Θ++7!8∋Ο9!8Β(∋)Ο%,)9! β/ΜΚ/ϑϑϑ?ϑ.! .ϑ#ϑ! ΜΙ#Ε!
8∋1−Γ79!;∗))!6+∆,)3!Ν∋+∆Β!Γ+Ο%! β/ΜΚ/ϑϑϑβϑΜ! Η−8! Η−8!
Ν∋%%,)∋%%!Φ∗22(&%!8Β(∋)Ο%,)9! β/ΜΚ/ϑϑϑ.ϑΜ! Μϑϑ#ϑ! ΜΙ#Κ!
∃+∆∋1%φ!ΓΞΑ!_(Β!?Λ!;Γ8!(,7!0(1%−4)5,∗1∗)3!
Α()(!Η+)%φ!Α∗::%∋%,1%9!Σ%)Θ%%,!ΓΞΑ!_(Β!?!(,7!ΓΞΑ!ε(Σ2%!≅!∗9!7∆%!)+!9+∆∋1∗,&!7∗::%∋%,1%9!:∋+Ο!)5%!
∀,<%,)+∋3!_(,(&%Ο%,)!∃39)%Ο!=∀_∃>!(,7!;∀Γ!∀,:+∋Ο()∗+,!6%,)%∋!=;∀6>#!

!
!
Κ#40∃∗6Ξ:∗Ι∋1#),.−)12∗
∗
811+∋7∗,&!)+!ΓΞΑ!8⊥Γ!_(Β!?Λ!+)5%∋!ΓΞΑ!Ο∆2)∗:(Ο∗23!∆,∗)9!(∋%!895)+,!;2(1%!(,7!8∋1−Γ79!
;∗))!6+∆,)3!Ν∋+∆Β!Γ+Ο%!β#!!ε5%9%!)Θ+!∆,∗)9!(∋%!2+1()%7!+,!)5%!%(9)!9∗7%!+:!)5%!1∗)3#!!895)+,!
;2(1%!5(9!Κ≅!Β%∋1%,)!Σ2(1Ω!∋%9∗7%,)9!(,7!∗9!2+1()%7!∗,!6%,9∆9!ε∋(1)!β/ΜΚ/ϑϑϑ.ϑΜΛ!Θ5∗15!∗9!
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≅β#/! Β%∋1%,)! Σ2(1Ω#! ! 8∋1−Γ79! ;∗))! 6+∆,)3! Ν∋+∆Β! Γ+Ο%! β! ∗9! 2+1()%7! ∗,! 6%,9∆9! ε∋(1)!
β/ΜΚ/ϑϑϑ?ϑ.#!Η+!7()(!∗9!(<(∗2(Σ2%!:+∋!)5∗9!5+∆9∗,&!∆,∗)#!
!
6<Α∗>∃%5∃.−∗
∗
ε5%! 5∗&5%9)! Β%∋1%,)(&%! +:! Γ6Φ! ;∋+&∋(Ο! <+∆15%∋! ∆,∗)9! (∋%! 2+1()%7! ∗,! )5%! 0−468;! )∋(1)!
=6%,9∆9!ε∋(1)!β/ΜΚ/ϑϑϑ/ϑ.>!(,7!Θ%9)!+:!)5%!)∋(1)!(,7!+,!)+!)5%!Σ+∋7%∋#!!ε5%!Θ%9)!9∗7%!+:!
Ν∋%%,<∗22%! ∗9! (29+! Θ5%∋%! )5%∋%! ∗9! (! 2(∋&%! Β%∋1%,)(&%! +:! )5%! Σ2(1Ω! Β+Β∆2()∗+,Λ! Θ5∗15!
1+∋∋%2()%9! Θ∗)5! )5%! 5∗&5! ∆9%! +:! <+∆15%∋9! :+∋! )5%! ∋(1%! &∋+∆Β! ∗,! &%,%∋(2! =ΙΕ#?! Β%∋1%,)>#!!
811+∋7∗,&!)+!ΓΞΑ!_(Β!?Λ!Γ∗9Β(,∗19!Β+Β∆2()%!9+Ο%!+:!)5%!(∋%(9!Θ∗)5!(!5∗&5%∋!Β%∋1%,)(&%!
+:!<+∆15%∋!∆9(&%Λ!9∆15!(9!6%,)∋(2!ε∋(1)!β/ΜΚ/ϑϑϑΕϑ.!9+∆)5!+:!)5%!0−468;!Θ∗)5!/#Ι!Β%∋1%,)!
+:!)5%!Β+Β∆2()∗+,!∗,!)5%!)∋(1)Λ!Σ∆)!)5%3!5(<%!<%∋3!2∗))2%!Β(∋)∗1∗Β()∗+,!∗,!)5%!Γ6Φ!Β∋+&∋(Ο#!
!
=Α()(!∃+∆∋1%φ!ΓΞΑ!8⊥Γ!ε(Σ2%!/!µ!≅Λ!ΓΞΑ!8⊥Γ!_8;!?>!
!

Α<! ϑ,#∆+−,∋,∃#!,&!∀ΑΑ∃##!∋(!Ο∆∆(−∋/&,∋2!
!
,<! ϑ∃#Α−,:∃! +&2! Γ,#∆+−,∋,∃#! ,&! +ΑΑ∃##! ∋(! (∆∆(−∋/&,∋2! )(−! −∃#,Γ∃&∋#! ()! ∆/:5,Α52!
#/∆∆(−∋∃Γ!8(/#,&0!,&!∋8∃!δ/−,#Γ,Α∋,(&!+&Γ!−∃0,(&6!,&Α5/Γ,&0!ς,∋8,&!Γ,))∃−∃&∋!∆−(0−+%!
Α+∋∃0(−,∃#! Σ∆/:5,Α! 8(/#,&06! ∆−(δ∃Α∋∴:+#∃Γ! =∃Α∋,(&! Μ6! Ο∋8∃−! ε/5∋,)+%,52! ∀##,#∋∃Γ!
ϑ∃4∃5(∆%∃&∋#6! .1Φ6! +&Γ! β;.91Τ! +&Γ! :∃∋ς∃∃&! ∋2∆∃#! Σ8(/#,&0! ∆−,%+−,52! #∃−4,&0!
)+%,5,∃#!ς,∋8! Α8,5Γ−∃&6! ∃5Γ∃−52! ∆∃−#(&#6! +&Γ! ∆∃−#(&#!ς,∋8! Γ,#+:,5,∋,∃#Τ! ()! ∆/:5,Α52!
#/∆∆(−∋∃Γ!8(/#,&0<!
!

811%99!)+!Γ∗&5!Ρ(&%!ϕ+Σ9!
!
∴(9%7! +,! )5%! ΓΞΑ! 8⊥Γ! _(Β9Λ! (∋%(9! Θ∗)5! 5∗&5! 1+,1%,)∋()∗+,9! +:! Β∆Σ2∗1! 5+∆9∗,&!
7%<%2+ΒΟ%,)9Λ!;∋+ς%1)Ψ∴(9%7!∃%1)∗+,!≅Λ!(,7!Π∀Γε6!5+∆9∗,&!:(22!Ο+9)23!Θ∗)5∗,!)5%!(∋%(9!Θ∗)5!
(! 5∗&5! Β%∋1%,)(&%! ∗,! )5%! ϕ+Σ! ;∋+α∗Ο∗)3! ∀,7%αΛ! Θ5∗15Λ! (11+∋7∗,&! )+! ΓΞΑΛ!Ο%(9∆∋%9! )5%!
Β539∗1(2!7∗9)(,1%!Σ%)Θ%%,!Β2(1%!+:!∋%9∗7%,1%!(,7!ς+Σ9#!!ε5%!ϕ+Σ9!;∋+α∗Ο∗)3!∀,7%α!∗9!5∗&5%9)!
%(9)!+:! )5%!(∗∋Β+∋)!(,7!9+∆)5!(2+,&!0+∆)%!Μβ#! !Χ)5%∋!(∋%(9!9∆15!(9! )5%!%(9)! 9∗7%!+:! )5%!
0−468;!)∋(1)!(,7!)∋(1)9!Θ%9)!+:!)5%!0−468;!(29+!7∗9Β2(3!5∗&5!ς+Σ9!Β∋+α∗Ο∗)3#!=∃+∆∋1%φ!ΓΞΑ!
8⊥Γ!_8;!?!µ!≅>!!!
!
Ρ5∗2%!)5%!ϕ+Σ!;∋+α∗Ο∗)3!∀,7%α!∗9!5∗&5!∗,!)5%9%!(∋%(9Λ!)5%3!(29+!(∋%!9+Ο%!+:!)5%!(∋%(9!Θ∗)5!
)5%!5∗&5%9)!Β+<%∋)3! ∋()%! ∗,! )5%!1∗)3#! !82Ο+9)!(22! )3Β%9!+:!Β∆Σ2∗123! 9∆ΒΒ+∋)%7!5+∆9∗,&! :(22!
Θ∗)5∗,!+∋!∗,!12+9%!Β∋+α∗Ο∗)3!)+!(∋%(9!Θ5%∋%!)5%!Β+<%∋)3!∋()%!∗9!5∗&5%∋!)5(,!.?!Β%∋1%,)#!8!
2(∋&%!Β+∋)∗+,!+:!)5%!1∗)3!5(9!(∋%(9!)5()!%αΒ%∋∗%,1%!(9!Ο∆15!(9!βϑ!Β%∋1%,)!+:!∋%9∗7%,)9!2∗<∗,&!
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∗,!Β+<%∋)3#! !ε5∗9!Β+∗,)9!)+!(! 2(1Ω!+:!5∗&5!Θ(&%! ς+Σ9! ∗,!)5%9%!(∋%(9! :+∋!Ο(,3!∋%9∗7%,)9! ∗,!
Ν∋%%,<∗22%Λ!%9Β%1∗(223!:+∋!)5+9%!2∗<∗,&!∗,!Β∆Σ2∗123!9∆ΒΒ+∋)%7!5+∆9∗,&#!!
!
Ι+>∗Ψ∗>0%;10∗∴)/)∀5∗)∀∗>%/0∃#2∗

!
∃+∆∋1%φ!.ϑΜΜΨ.ϑΜ?!86∃!<∗(!;+2∗13_(Β!
!

811%99!)+!Γ∗&5!;%∋:+∋Ο∗,&!∃15++29!!
!
∴2(1Ω9! (∋%! ,+)! :∗,∗95∗,&! 1+22%&%! ()! )5%! ∋()%! +:! )5%! &%,%∋(2! Β+Β∆2()∗+,! ∗,! Ν∋%%,<∗22%#!!
811+∋7∗,&!)+!)5%!.ϑΜΜΨ.ϑΜ?!86∃!=6Μ?ϑϑ.>Λ!∗,!.ϑΜ?!+,23!Μ/#Κ!Β%∋1%,)!+:!Σ2(1Ω9!.?!3%(∋9!(,7!
+27%∋!5(7!(!Σ(15%2+∋ι9!7%&∋%%!+∋!5∗&5%∋Λ!Θ5∗15!∗9!Θ%22!Σ%2+Θ!)5%!1∗)3Θ∗7%!∋()%!+:!β≅!Β%∋1%,)#!!
89!Σ2(1Ω9! ∋%Β∋%9%,)!β?#/!Β%∋1%,)!+:! )5%! )+)(2!Β+Β∆2()∗+,!+:! )5%!1∗)3! =ΓΞΑ!8⊥Γ!ε(Σ2%!Μ>Λ!
Θ5%,!)5%!∋(1%!&∋+∆Β!∗9!∋%Ο+<%7!:∋+Ο!)5%!1∗)3Θ∗7%!Β%∋1%,)(&%!+:!)5+9%!Θ∗)5!(!Σ(15%2+∋ι9!
7%&∋%%!+∋!5∗&5%∋Λ!)5%!7∗9Β(∋∗)3!1(,!Σ%!%αΒ%1)%7!)+!∗,1∋%(9%#!!;∋%Β(∋∗,&!9)∆7%,)9!)+!9∆11%%7!
∗,! 1+22%&%! 9)(∋)9! ()! Β∋∗Ο(∋3! (,7! 9%1+,7(∋3! 915++2∗,&#! ! Γ∗&5! Β%∋:+∋Ο∗,&! Β∆Σ2∗1! 915++29!
=%2%Ο%,)(∋3!)5∋+∆&5!5∗&5!915++2>!(∋%!<∗)(2!:+∋!)5%!7%<%2+ΒΟ%,)!+:!9)∆7%,)9#!!=∃+∆∋1%φ!.ϑΜΜΨ
.ϑΜ?!86∃!6Μ?ϑϑ.∴Λ!∃Μ?ϑΜ>!
!

! !
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!
Ι+>∗Ψ∗:)7#.∀(0∗#%∗6)54∗>0∃,%∃−)∀5∗Μ(4%%1∗

!
∃+∆∋1%φ!.ϑΜΕ!Ν∋%()∃15++29!<∗(!;+2∗13_(Β!
Α()(!Η+)%φ!Ν∋%()∃15++29!1(21∆2()%9!915++2!∋()∗,&!Σ3!(<%∋(&∗,&!)5()!915++2Ζ9!∋()∗,&9!:+∋!
(22!&∋(7%−9∆Σς%1)!1+ΟΣ∗,()∗+,9#!
!
8!5∗&5%∋!Β%∋1%,)(&%!+:!Σ2(1Ω9!2∗<%!∗,!)5%!,+∋)5%(9)!5(2:!+:!)5%!1∗)3#!!ε5∗9!∗9!(29+!)5%!2+1()∗+,!
+:!(∋%(9!:∆∋)5%9)!:∋+Ο!5∗&5!Β%∋:+∋Ο∗,&!915++29!(9!∋%Β+∋)%7!Σ3!Ν∋%()∃15++29#!!Ν∋%()∃15++29!
∗9!(!,()∗+,(223!∋%1+&,∗%7!,+,ΨΒ∋+:∗)!)5()!∋(,Ω9!Β∆Σ2∗1!915++29!(1∋+99!)5%!,()∗+,Λ!Β∋+<∗7%9!
Β∋+:∗2%9!(,7!(29+!+::%∋9!∋%9+∆∋1%9!:+∋!Β(∋%,)9!(,7!915++29#!
!
ε5%! :+22+Θ∗,&!Ο(Β9! 95+Θ! )5%! 2+1()∗+,! +:! 5∗&5Ψ! (,7! 2+ΘΨΒ%∋:+∋Ο∗,&! 915++29! ∗,! )5%! 1∗)3#!!
Ν∋%%,!Ο(∋Ω%∋9!∗,7∗1()%!915++29!Θ∗)5!(!5∗&5%∋!Β%∋:+∋Ο(,1%!∋()∗,&!+:!%∗&5)!+∋!Σ%))%∋Λ!+∋(,&%!
Ο(∋Ω%∋9!∋%Β∋%9%,)!(<%∋(&%!Β%∋:+∋Ο∗,&!915++29!+:!:+∆∋!)+!9%<%,Λ!(,7!∋%7!Ο(∋Ω%∋9!(∋%!)5%!
2+Θ%9)!Β%∋:+∋Ο∗,&!915++29!Θ∗)5!(!∋()∗,&!+:!)5∋%%!+∋!2%99#! !Ν∋(3!Ο(∋Ω%∋9!5(<%!,+!∋(,Ω∗,&#!!
∃15++29!(∋%!1()%&+∋∗%7!∗,)+!%2%Ο%,)(∋3Λ!Ο∗772%!(,7!5∗&5!915++29#!!!
!

! !
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Σ10−0∀#.∃2∗6)54ϑ∴%Λ∗>0∃,%∃−)∀5∗>∋Ν1)(∗Μ(4%%17∗

!
∃+∆∋1%φ!Ν∋%()∃15++29Λ!.ϑΜΕ!
!
811+∋7∗,&!)+!Ν∋%()∃15++29Λ!)5%∋%!∗9!+,23!+,%!5∗&5ΨΒ%∋:+∋Ο∗,&!Β∆Σ2∗1!%2%Ο%,)(∋3!915++2!∗,!
)5%!1∗)3!=Ρ∗,)%∋&∋%%,!∀,)%∋Ο%7∗()%!∃15++2>#!!ε5%!∋%9)!+:!)5%!Β∆Σ2∗1!%2%Ο%,)(∋3!915++29!∗,!)5%!
1∗)3!(∋%!(<%∋(&%!(,7!2+Θ!Β%∋:+∋Ο∗,&!915++29#!!εΘ+!2+Θ!Β%∋:+∋Ο∗,&!915++29!(∋%!2+1()%7!()!)5%!
1%,)%∋!+:!)5%!1∗)3Λ!Θ∗)5!+,%!∗,9∗7%!)5%!0−468;!)∋(1)#!
!

! !
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Ι)&&10∗Μ(4%%1∗6)54ϑ∴%Λ∗>0∃,%∃−)∀5∗>∋Ν1)(∗Μ(4%%17!

!
∃+∆∋1%φ!Ν∋%()∃15++29Λ!.ϑΜΕ!
!
ε5%!1∗)3!5(9!,+!2+ΘΨΒ%∋:+∋Ο∗,&!Β∆Σ2∗1!Ο∗772%!915++29!+∋!5∗&5ΨΒ%∋:+∋Ο∗,&!915++29#!
!
!

! !
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6)54∗Μ(4%%1∗6)54ϑ∴%Λ∗>0∃,%∃−)∀5∗>∋Ν1)(∗Μ(4%%17∗

!
∃+∆∋1%φ!Ν∋%()∃15++29Λ!.ϑΜΕ!
Α()(!,+)%φ!∃15++29!Θ∗)5!,+!∋()∗,&!Θ%∋%!,+)!∗,12∆7%7#!
!
;∆Σ2∗1! 5∗&5! 915++29! ∗,! Ν∋%%,<∗22%! Θ%∋%! (<%∋(&%! Β%∋:+∋Ο∗,&#! !Ρ5∗2%! )5%∋%!Θ%∋%! ,+! 2+ΘΨ
Β%∋:+∋Ο∗,&!Β∆Σ2∗1!5∗&5!915++29! ∗,!)5%!1∗)3Λ!)5%∋%!(∋%!(29+!,+!5∗&5ΨΒ%∋:+∋Ο∗,&!Β∆Σ2∗1!5∗&5!
915++29!∗,!)5%!(∋%(#!ε5%!2+Θ%9)!Β%∋:+∋Ο∗,&!5∗&5!915++29!(∋%!2+1()%7!∗,!)5%!,+∋)5Θ%9)!(∋%(!
+:!)5%!1∗)3!Θ5%∋%!)5%!5∗&5%9)!1+,1%,)∋()∗+,9!+:!Σ2(1Ω9!∋%9∗7%#!!
!
Α()(!,+)%φ!Ν∋%()∃15++29! 1(21∆2()%9!%(15! ∋()∗,&!Σ3!(<%∋(&∗,&! )5()! 915++2Ζ9! ∋()∗,&9! :+∋!(22!
&∋(7%−9∆Σς%1)!1+ΟΣ∗,()∗+,9#!
!
!

! !
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Ι<! ∀ΓΓ,∋,(&+5!;&)(−%+∋,(&!
!
+<! Κ∃2(&Γ!∋8∃!.]ϑ∴∆−(4,Γ∃Γ!Γ+∋+6!∆−(4,Γ∃!+ΓΓ,∋,(&+5!−∃5∃4+&∋!,&)(−%+∋,(&6!,)!+&26!
+:(/∋!∆/:5,Α52!#/∆∆(−∋∃Γ!8(/#,&0!,&!∋8∃!δ/−,#Γ,Α∋,(&!+&Γ!−∃0,(&6!∆+−∋,Α/5+−52!,&)(−%+∋,(&!
+:(/∋!0−(/∆#!ς,∋8!(∋8∃−!∆−(∋∃Α∋∃Γ!Α8+−+Α∋∃−,#∋,Α#!+&Γ!+:(/∋!8(/#,&0!&(∋!Α+∆∋/−∃Γ!,&!∋8∃!
.]ϑ∴∆−(4,Γ∃Γ!Γ+∋+<!

!

Χ)5%∋!&∋+∆Β9!Θ∗)5!Β∋+)%1)%7!15(∋(1)%∋∗9)∗19!,+)!2∗9)%7!∗,!)5%!ΓΞΑ!Β∋+<∗7%7!7()(!∗,12∆7%!)5%!
2%9Σ∗(,Λ! &(3Λ! Σ∗9%α∆(2! +∋! )∋(,9&%,7%∋! =ΠΝ∴ε>! 1+ΟΟ∆,∗)3Λ! Β%∋9+,9! Θ∗)5! 1∋∗Ο∗,(2!
Σ(1Ω&∋+∆,79!(,7!Β%∋9+,9!Θ∗)5!Γ∀Φ−8∀Α∃!(,7!)5%∗∋!:(Ο∗2∗%9#!!∴%2+Θ!∗9!(!7%91∋∗Β)∗+,!+:!)5%9%!
&∋+∆Β9!(,7!)5%∗∋!∋%2()∗+,!)+!Β∆Σ2∗123!9∆ΒΒ+∋)%7!5+∆9∗,&!∗,!Ν∋%%,<∗22%#!
!
Γ+∆9∗,&!Α∗91∋∗Ο∗,()∗+,!(&(∗,9)!Π∴Νε!∀,7∗<∗7∆(29!
!
ε5%!⊥(∗∋!Γ+∆9∗,&!81)!Β∋+5∗Σ∗)9!5+∆9∗,&!7∗91∋∗Ο∗,()∗+,!Σ(9%7!+,!∋(1%Λ!1+2+∋Λ!,()∗+,(2!+∋∗&∗,Λ!
∋%2∗&∗+,Λ!9%αΛ!7∗9(Σ∗2∗)3Λ!(,7!:(Ο∗2∗(2!9)()∆9Λ!5+Θ%<%∋!∗)!7+%9!,+)!9Β%1∗:∗1(223!∗,12∆7%!9%α∆(2!
+∋∗%,)()∗+,! (,7! &%,7%∋! ∗7%,)∗)3! (9! Β∋+5∗Σ∗)%7! 1()%&+∋∗%9#! ΓΞΑ! 9)()%9Λ! γΑ∗91∋∗Ο∗,()∗+,!
(&(∗,9)!(!2%9Σ∗(,Λ!&(3Λ!Σ∗9%α∆(2!+∋!)∋(,9&%,7%∋!=ΠΝ∴ε>!Β%∋9+,!Ο(3!Σ%!1+<%∋%7!Σ3!)5%!⊥(∗∋!
Γ+∆9∗,&!81)! ∗:! ∗)! ∗9!Σ(9%7!+,!,+,Ψ1+,:+∋Ο∗)3!Θ∗)5!&%,7%∋!9)%∋%+)3Β%9#!!⊥+∋!%α(ΟΒ2%Λ! ∗:!(!
5+∆9∗,&!Β∋+<∗7%∋!∋%:∆9%9!)+!∋%,)!)+!(,!ΠΝ∴ε!Β%∋9+,!Σ%1(∆9%!5%!Σ%2∗%<%9!)5%!Β%∋9+,!(1)9!∗,!
(!Ο(,,%∋!)5()!7+%9!,+)!1+,:+∋Ο!)+!5∗9!,+)∗+,!+:!5+Θ!(!Β%∋9+,!+:!(!Β(∋)∗1∆2(∋!9%α!95+∆27!
(1)Λ!)5%!Β%∋9+,!Ο(3!Β∆∋9∆%!)5%!Ο())%∋!(9!(!<∗+2()∗+,!+:!)5%!⊥(∗∋!Γ+∆9∗,&!81)ι9!Β∋+5∗Σ∗)∗+,!
+:!9%α#ηβ!
!
ΓΞΑ!(29+!∋%χ∆∗∋%9!)5()!5+∆9∗,&!Β∋+<∗7%∋9!)5()!∋%1%∗<%!ΓΞΑ!:∆,7∗,&!Σ%!9∆Σς%1)!)+!ΓΞΑι9!
4χ∆(2!811%99!0∆2%Λ!Θ5∗15!∋%χ∆∗∋%9!%χ∆(2!(11%99!)+!ΓΞΑ!Β∋+&∋(Ο9#!!∀,!⊥%Σ∋∆(∋3!.ϑΜ.Λ!ΓΞΑ!
∋%2%(9%7!)5%!4χ∆(2!811%99!)+!Γ+∆9∗,&!∗,!ΓΞΑ!;∋+&∋(Ο9!0%&(∋72%99!+:!∃%α∆(2!Χ∋∗%,)()∗+,!+∋!
Ν%,7%∋!∀7%,)∗)3#!!ε5∋+∆&5!)5%!:∗,(2!∋∆2%Λ!ΓΞΑ!5(9!∗ΟΒ2%Ο%,)%7!Β+2∗13!)+!%,9∆∋%!(22!ΓΞΑ!
Β∋+&∋(Ο9Λ!∗,12∆7∗,&!Β∆Σ2∗123!9∆ΒΒ+∋)%7!5+∆9∗,&Λ!Θ%∋%!+Β%,!)+!(22!%2∗&∗Σ2%!∗,7∗<∗7∆(29!(,7!
:(Ο∗2∗%9!∋%&(∋72%99!+:!9%α∆(2!+∋∗%,)()∗+,Λ!&%,7%∋!∗7%,)∗)3!+∋!Ο(∋∗)(2!9)()∆9#!!
!
6+ΟΒ(∋%7!)+!+)5%∋!Β∋+)%1)%7!&∋+∆Β9Λ!7()(!:+∋!ΠΝ∴ε!Β%∋9+,9!∗9!7∗::∗1∆2)!)+!1+22%1)!:+∋!9%<%∋(2!
∋%(9+,9! ∗,12∆7∗,&! )5%!7∗::∗1∆2)3!+:!7%:∗,∗,&!(,!ΠΝ∴ε!Β%∋9+,!(,7! )5%!Β(∋(Ο%)%∋9!+:!Θ5()!
1+,9)∗)∆)%9! (,! ΠΝ∴ε! Β%∋9+,#! ε5%! Ρ∗22∗(Ο9! ∀,9)∗)∆)%! Ξ6Π8Λ! (! 2%(7%∋! ∗,! ∋%9%(∋15! (,7!
Β∆Σ2∗95∗,&! ΠΝ∴ε! ∋%9+∆∋1%Λ! ∗7%,)∗:∗%7! 9(Ο%Ψ9%α! 1+∆Β2%! 5+∆9%5+279! (9! (,! ∗ΟΒ+∋)(,)!
Ο%(9∆∋∗,&! ∗,7∗1()+∋#! ! 811+∋7∗,&! )+! )5%! ∗,9)∗)∆)%Λ! ΜΚ.! :(Ο∗23! 5+∆9%5+279!Θ%∋%! 9(Ο%Ψ9%α!
1+∆Β2%!5+∆9%5+279!∗,!Ν∋%%,<∗22%!∗,!.ϑΜϑ#!!ε5∗9!Β∆)9!)5%!&∋+∆Β!()!β#Ιβ!9(Ο%Ψ9%α!1+∆Β2%9!Β%∋!

                                                        
β!4,7∗,&!Γ+∆9∗,&!Α∗91∋∗Ο∗,()∗+,!8&(∗,9)!ΠΝ∴ε!(,7!)5%∗∋!⊥(Ο∗2∗%9Λ!ΘΘΘ#5∆7#&+<Λ!.ϑΜΕ!
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%<%∋3!ΜΛϑϑϑ!5+∆9%5+279!Τ!+∋!+,%!∗,!%<%∋3!.?Κ!5+∆9%5+279#!Ρ5∗2%!)5%9%!,∆ΟΣ%∋9!7+!,+)!
9%%Ο!9∗&,∗:∗1(,)Λ!5+∆9∗,&!7∗91∋∗Ο∗,()∗+,!∗9!+:!&∋%()!1+,1%∋,!:+∋!)5%!ΠΝ∴ε!1+ΟΟ∆,∗)3#!;+229!
1+,7∆1)%7!Σ3!)5%!Ρ∗22∗(Ο9!∀,9)∗)∆)%!:+∆,7!)5()!≅Μ!Β%∋1%,)!+:!Η+∋)5!6(∋+2∗,(!∋%9∗7%,)9!)5∗,Ω!
ΠΝ∴ε!Β%∋9+,9!%αΒ%∋∗%,1%!7∗91∋∗Ο∗,()∗+,#!!⊥∗,(223Λ!Θ5∗2%!,+)!(!7∗∋%1)!1+ΟΒ(∋∗9+,Λ!9+Ο%!ΠΝ∴ε!
Β%∋9+,9!9)∗22!%αΒ%∋∗%,1%!7∗91∋∗Ο∗,()∗+,!∗,!)5%!Θ+∋ΩΒ2(1%!Σ%1(∆9%!+:!)5%∗∋!9%α∆(2!+∋∗%,)()∗+,!
+∋!&%,7%∋! ∗7%,)∗)3#! !811+∋7∗,&! )+! )5%! ∗,9)∗)∆)%Λ!//!Β%∋1%,)!+:!ΠΝ∴ε!Β%∋9+,9!%αΒ%∋∗%,1%7!
Σ%∗,&! 5(∋(99%7! +∋! Ο∗9)∋%()%7! (,7! Κ/! Β%∋1%,)! Θ%∋%! ,+)! 5∗∋%7#! =∃+∆∋1%φ! ε5%! Ρ∗22∗(Ο9!
∀,9)∗)∆)%Λ!Ξ6Π8>!
!
Ξ9%!+:!6∋∗Ο∗,(2!0%1+∋79!Σ3!;∋+<∗7%∋9!+:!Γ+∆9∗,&!µ!0%(2!49)()%!ε∋(,9(1)∗+,9!
!
Χ,! 8Β∋∗2! ΚΛ! .ϑΜΕΛ! ΓΞΑι9! Χ::∗1%! +:! Ν%,%∋(2! 6+∆,9%2! Ν∆∗7(,1%! ∗99∆%7! (! &∆∗7(,1%! +,! )5%!
(ΒΒ2∗1()∗+,! +:! ⊥(∗∋! Γ+∆9∗,&! 81)! 9)(,7(∋79! ∗,! ∋%2()∗+,! )+! )5%! ∆9%! +:! 1∋∗Ο∗,(2! ∋%1+∋79! Σ3!
Β∋+<∗7%∋9! +:! 5+∆9∗,&! (,7! :+∋! ∋%(2! %9)()%! ∋%2()%7! )∋(,9(1)∗+,9#! ε5%! &∆∗7(,1%! (77∋%99%9!
Β+99∗Σ2%!7∗91∋∗Ο∗,()∗+,!(,7!7∗9Β(∋()%!Ο%)5+79! ∗,!⊥(∗∋!Γ+∆9∗,&!1(9%9! ∗,!Θ5∗15!(!5+∆9∗,&!
Β∋+<∗7%∋!Ο(3! ∋%:∆9%! )+! ∋%,)!+∋! ∋%,%Θ!(! 2%(9%!Σ(9%7!+,!(,! ∗,7∗<∗7∆(2ι9! 1∋∗Ο∗,(2!5∗9)+∋3#!!
811+∋7∗,&!)+!ΓΞΑΛ!,%(∋23!+,%Ψ)5∗∋7!+:!)5%!Μϑϑ!Ο∗22∗+,!Ξ#∃#!(7∆2)9!5(<%!(!1∋∗Ο∗,(2!∋%1+∋7!+:!
9+Ο%!9+∋)Λ!Ο(,3!+:!Θ5+Ο!5(<∗,&!Σ%%,!∗,1(∋1%∋()%7#!!Ρ5%,!)5%9%!∗,7∗<∗7∆(29!(∋%!∋%2%(9%7!
:∋+Ο!Β∋∗9+,!+∋!ς(∗2Λ!)5%∗∋!(Σ∗2∗)3!)+!(11%99!9(:%Λ!9%1∆∋%!(,7!(::+∋7(Σ2%!5+∆9∗,&!∗9!1∋∗)∗1(2!:+∋!
)5%∗∋! ∋%Ψ%,)∋3! ∗,)+! )5%! 1+ΟΟ∆,∗)3#! !_(,3!Θ∗)5! 1∋∗Ο∗,(2! ∋%1+∋79Λ! %<%,! )5+9%!Θ5+!Θ%∋%!
1+,<∗1)%7! Σ∆)! ,+)! ∗,1(∋1%∋()%7Λ! :(1%! 9∗&,∗:∗1(,)! Σ(∋∋∗%∋9! ∗,12∆7∗,&! 7∗91∋∗Ο∗,()∗+,! Θ5%,!
9%%Ω∗,&!(::+∋7(Σ2%!5+∆9∗,&!=∗,12∆7∗,&!Β∆Σ2∗123!9∆ΒΒ+∋)%7!5+∆9∗,&>#!∴2(1Ω9!(,7!Γ∗9Β(,∗19!(∋%!
(∋∋%9)%7Λ!1+,<∗1)%7!(,7!∗,1(∋1%∋()%7!()!∋()%9!7∗9Β∋+Β+∋)∗+,()%!)+!)5%∗∋!95(∋%!+:!)5%!&%,%∋(2!
Β+Β∆2()∗+,#! ! ΓΞΑ! 1+,12∆7%9φ! Ρ5∗2%! )5%! 81)! 7+%9! ,+)! Β∋+5∗Σ∗)! 5+∆9∗,&! Β∋+<∗7%∋9! :∋+Ο!
(ΒΒ∋+Β∋∗()%23! 1+,9∗7%∋∗,&! 1∋∗Ο∗,(2! 5∗9)+∋3! ∗,:+∋Ο()∗+,! Θ5%,!Ο(Ω∗,&! 5+∆9∗,&! 7%1∗9∗+,9Λ!
(∋Σ∗)∋(∋3!(,7!+<%∋Σ∋+(7!1∋∗Ο∗,(2!5∗9)+∋3Ψ∋%2()%7!Σ(,9!(∋%!2∗Ω%23!)+!2(1Ω!(,3!2%&(2!9∆::∗1∗%,)!
ς∆9)∗:∗1()∗+,#!ε5∆9Λ!(!7∗91∋∗Ο∗,()+∋3!%::%1)!∋%9∆2)∗,&!:∋+Ο!(!Β+2∗13!+∋!Β∋(1)∗1%!)5()!7%,∗%9!
5+∆9∗,&!)+!(,3+,%!Θ∗)5!(!Β∋∗+∋!(∋∋%9)!+∋!(,3!Ω∗,7!+:!1∋∗Ο∗,(2!1+,<∗1)∗+,!1(,,+)!Σ%!ς∆9)∗:∗%7Λ!
(,7!)5%∋%:+∋%!9∆15!(!Β∋(1)∗1%!Θ+∆27!<∗+2()%!)5%!⊥(∗∋!Γ+∆9∗,&!81)#Κ!!

∀,7∗<∗7∆(29!Θ∗)5!Γ∀Φ−8∀Α∃!(,7!)5%∗∋!⊥(Ο∗2∗%9!
!
811+∋7∗,&!)+!)5%!6%,)%∋!:+∋!8∀Α∃!;∋%<%,)∗+,!∃)∆7∗%9!=68;∃>!()!)5%!Ξ,∗<%∋9∗)3!+:!6(2∗:+∋,∗(!
∃(,!⊥∋(,1∗91+Λ!+,%!+:!)5%!Θ+∋27ι9!2(∋&%9)!1%,)%∋9!∗,!Γ∀Φ−8∀Α∃!∋%9%(∋15Λ!∗,7∗<∗7∆(29!Θ∗)5!)5%!
<∗∋∆9!:(1%!9)∗&Ο(Λ!Θ5∗15!+:)%,!2%(79!)+!Β∋%ς∆7∗1%!(,7!7∗91∋∗Ο∗,()∗+,#!_∆15!+:!)5∗9!Γ∀Φ−8∀Α∃!
9)∗&Ο(!∗9!1(∆9%7!Σ3!Ο∗9∗,:+∋Ο()∗+,!(,7!%,7∆∋∗,&!∗&,+∋(,1%#!!
!
                                                        
Κ!Χ::∗1%!+:!Ν%,%∋(2!6+∆,9%2!Ν∆∗7(,1%!+,ぉ8ΒΒ2∗1()∗+,!+:!⊥(∗∋!Γ+∆9∗,&!81)!∃)(,7(∋79!)+!)5%!Ξ9%!+:!6∋∗Ο∗,(2!
0%1+∋79!Σ3!;∋+<∗7%∋9!+:!Γ+∆9∗,&!(,7!0%(2!49)()%Ψ0%2()%7!ε∋(,9(1)∗+,9Λ!ΓΞΑΛ!.ϑΜΕ!
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Ξ,7%∋!ΓΞΑι9!4χ∆(2!811%99!0∆2%Λ!2+ΘΨ∗,1+Ο%!Β%∋9+,9!Θ∗)5!Γ∀Φ−8∀Α∃!(,7!)5%∗∋!:(Ο∗2∗%9!Ο(3!
Β∆∋9∆%! Β∆Σ2∗1! 5+∆9∗,&! Θ∗)5+∆)! 7∗91∋∗Ο∗,()∗+,! (,7! Ο(3! Σ%! (22+Θ%7! ∋%(9+,(Σ2%!
(11+ΟΟ+7()∗+,9!:+∋!5+∆9∗,&!+Β)∗+,9#!!;%∋9+,9!Θ∗)5!Γ∀Φ−8∀Α∃!(∋%!(29+!Β∋+)%1)%7!(&(∗,9)!
7∗91∋∗Ο∗,()∗+,!∗,!)5%!9(2%!(,7!∋%,)(2!+:!5+∆9∗,&!(,7!∋%9∗7%,)∗(2!∋%(2!%9)()%#!!Ξ,7%∋!)5%!⊥(∗∋!
Γ+∆9∗,&!81)!(,7!∃%1)∗+,!?ϑΚ!+:!)5%!0%5(Σ∗2∗)()∗+,!81)Λ!Β%∋9+,9!Θ∗)5!Γ∀Φ−8∀Α∃Λ!Θ5+!Ο(3!
5(<%!Σ%%,!7∗91∋∗Ο∗,()%7! (&(∗,9)Λ! 1(,! :∗2%! (! 1+ΟΒ2(∗,)!Θ∗)5! )5%! 2+1(2!ΓΞΑ!+::∗1%#! !ΓΞΑΨ!
:∆,7%7! Β∆Σ2∗1! 5+∆9∗,&! (,7! +)5%∋! ΓΞΑΨ:∆,7%7! ,+,Β∋+:∗)! 7%<%2+ΒΟ%,)! +:! 2+ΘΨ∗,1+Ο%!
5+∆9∗,&Λ!+∋!∋%1∗Β∗%,)9!+:!:%7%∋(2!:∗,(,1∗(2!(99∗9)(,1%!Θ+∆27!Σ%!9∆Σς%1)!)+!∃%1)∗+,!?ϑΚι9!,+,Ψ
7∗91∋∗Ο∗,()∗+,!∋%χ∆∗∋%Ο%,)9#!!!
!
∀,!.ϑΜ?!)5%!Γ+∆9∗,&!8∆)5+∋∗)3!+:!)5%!6∗)3!+:!Ν∋%%,<∗22%!Θ(9!Β∋+<∗7%7!:∆,7∗,&!)+!9∆ΒΒ+∋)!ΜΙ!
Β%∋9+,9!7∗(&,+9%7!Θ∗)5!8∀Α∃!)5∋+∆&5!ΓΞΑι9!ΓΧ;Ρ8!&∋(,)!:∆,79#! !ΓΧ;Ρ8!∗9!(!:%7%∋(223!
:∆,7%7! Β∋+&∋(Ο! )5()! Β∋∗Ο(∋∗23! Β∋+<∗7%9! 5+∆9∗,&! (99∗9)(,1%! 9∆15! (9! %Ο%∋&%,13! 95%2)%∋Λ!
)∋(,9∗)∗+,(2!(,7!Β%∋Ο(,%,)!5+∆9∗,&!:+∋!2+Θ%∋!∗,1+Ο%!Β%∋9+,9!Θ∗)5!Γ∀Φ−8∀Α∃#!
!
!
:<! 98∃! ∆−(0−+%! ∆+−∋,Α,∆+&∋! %+2! +5#(! Γ∃#Α−,:∃! (∋8∃−! ,&)(−%+∋,(&! −∃5∃4+&∋! ∋(! ,∋#!
+##∃##%∃&∋!()!∆/:5,Α52!#/∆∆(−∋∃Γ!8(/#,&0<!!;&)(−%+∋,(&!%+2!,&Α5/Γ∃!−∃5∃4+&∋!∆−(0−+%#6!
+Α∋,(&#6! (−! +Α∋,4,∋,∃#6! #/Α8! +#! ∋∃&+&∋! #∃5)∴#/)),Α,∃&Α26! ∆5+Α∃∴:+#∃Γ! ,&4∃#∋%∃&∋#6! (−!
0∃(0−+∆8,Α!%(:,5,∋2!∆−(0−+%#<!
!

!
Γ+∆9∗,&!8∆)5+∋∗)3!+:!)5%!6∗)3!+:!Ν∋%%,<∗22%!;∋+&∋(Ο9!
!
ε5%! Γ+∆9∗,&! 8∆)5+∋∗)3! +:! )5%! 6∗)3! +:! Ν∋%%,<∗22%! =Γ86Ν>! +::%∋9! Β∆Σ2∗1! 5+∆9∗,&! 9%∋<∗1%9!
)5∋+∆&5!∗)9!)5∋%%!Β∋+Β%∋)∗%9!(,7!)5%!Γ+∆9∗,&!65+∗1%!Φ+∆15%∋!=Γ6Φ>!;∋+&∋(Ο#!!82+,&!Θ∗)5!
)5%9%! (::+∋7(Σ2%! 5+∆9∗,&! Β∋+&∋(Ο9Λ! )5%! 5+∆9∗,&! (∆)5+∋∗)3! (29+! Β∋+<∗7%9! (! <(∋∗%)3! +:!
(::+∋7(Σ2%!5+∆9∗,&!∋%2()%7!Β∋+&∋(Ο9#!∴%2+Θ!∗9!(!2∗9)!+:!Β∋+&∋(Ο9!Β∋+<∗7%7!Σ3!Γ86Νφ!
!
;(∋),%∋95∗Β!:+∋!;∋+&∋%99!=;⊥;>φ!;⊥;!∗9!(,!(:)%∋915++2!)∆)+∋∗(2!Β∋+&∋(Ο!7%9∗&,%7!:+∋!&∋(7%9!
ΜΨβ! Θ5+! (∋%! ,+)! ∋%(7∗,&! ()! &∋(7%! 2%<%2! +∋! Θ5+! 5(<%! Σ%%,! ∋%)(∗,%7#! ! ε5%! Β∋+&∋(Ο! ∗9!
9Β+,9+∋%7! Σ3! )5%! Ξ,∗)%7!Ρ(3! +:! ;∗))! 6+∆,)3! Θ∗)5! (77∗)∗+,(2! 9∆ΒΒ+∋)! :∋+Ο! ;∗))! 6+∆,)3!
∃15++29!(,7!Γ86Ν!(,7!)∆)+∋∗,&!9%∋<∗1%9!(∋%!()!,+!15(∋&%!)+!9)∆7%,)9!∗,!)5%!Β∋+&∋(Ο#!

ε5%!⊥(Ο∗23!∃%2:Ψ∃∆::∗1∗%,13! =⊥∃∃>!;∋+&∋(Οφ!⊥∃∃! ∗9!(!<+2∆,)(∋3!Β∋+&∋(Ο!:+∋!Β(∋)∗1∗Β(,)9! ∗,!
Γ86Νι9!Γ6Φ!(,7!;∆Σ2∗1!Γ+∆9∗,&!;∋+&∋(Ο9#!∀)9!Β∆∋Β+9%!∗9!)+!(99∗9)!:(Ο∗2∗%9!∋%1%∗<∗,&!Γ6Φ!
∋%,)(2!(99∗9)(,1%!+∋!2∗<∗,&!∗,!Β∆Σ2∗1!5+∆9∗,&!)+!∗ΟΒ∋+<%!)5%∗∋!%1+,+Ο∗1!9∗)∆()∗+,!(,7!∋%7∆1%!
)5%∗∋!7%Β%,7%,1%!+,!Β∆Σ2∗1!(99∗9)(,1%!(,7!Θ%2:(∋%#!!
!
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Γ6Φ!Γ+Ο%!ΧΘ,%∋95∗Β!;∋+&∋(Οφ!Γ6Φ!;∋+&∋(Ο!Β(∋)∗1∗Β(,)9!Θ∗)5!)5%!5+Β%!)+!∗ΟΒ∋+<%!)5%∗∋!
2∗<%9!(,7!Ο+<%! ∗,)+!5+Ο%+Θ,%∋95∗Β!5(<%! )5%!+Β)∗+,! )+!(ΒΒ23! :+∋! )5%!Γ+Ο%!ΧΘ,%∋95∗Β!
;∋+&∋(Ο!Θ5∗15!Β∋+<∗7%9!Β+)%,)∗(2!5+Ο%Σ∆3%∋9!Θ∗)5!(99∗9)(,1%!)+Θ(∋79!)5%!∋%Β(3Ο%,)!+:!
(!Ο+∋)&(&%!2+(,!:+∋!(!Ο(α∗Ο∆Ο!Β%∋∗+7!+:!Μ?!3%(∋9#!
!
Η%∗&5Σ+∋5++7!Η%)Θ+∋Ω!;∋+&∋(Ο!=ΗΗ;>φ!ΗΗ;!Β∋+<∗7%9!(11%99!)+!∋%9∗7%,)9!:+∋!∗,:+∋Ο()∗+,!
)%15,+2+&3!(,7!%1+,+Ο∗1!+ΒΒ+∋)∆,∗)∗%9!)+!(15∗%<%!2+,&Ψ)%∋Ο!∗,7%Β%,7%,1%#!!ε5%!(1)∗<∗)∗%9!
(∋%! 2+1()%7! ()! )5%! 6(∋%%∋! 6+,,%1)∗+,! 6%,)%∋Λ! Θ5∗15! Β∋+<∗7%9! 1+ΟΒ∆)%∋! (11%99Λ! (7∆2)!
%7∆1()∗+,! (,7! 3+∆)5! Β∋+&∋(Ο9#! ! ;∋+&∋(Ο9! (∋%! (∗Ο%7! ()! Β∋+Ο+)∗,&! 9%2:Ψ9∆::∗1∗%,13! (,7!
∗,7%Β%,7%,1%#!
!
6∆2)∆∋(2! µ! 0%1∋%()∗+,(2! ;∋+&∋(Ο9φ! ;∋+&∋(Ο9! ∗,12∆7%7! ∗,! )5%! 6∆2)∆∋(2! µ! 0%1∋%()∗+,(2!
Β∋+&∋(Ο!∗,12∆7%9!)5%!47∆1()∗+,!;∋+&∋(Ο!Θ5∗15!+::%∋9!(!Ν4Α!Β∋+&∋(Ο!(,7!9%<%∋(2!)∆)+∋∗,&!
Β∋+&∋(Ο9Λ!(!∃(:%!Γ(<%,!0++Ο!Θ5∗15!∗9!%χ∆∗ΒΒ%7!Θ∗)5!(!Ο∆2)∗Ο%7∗(!%,)%∋)(∗,Ο%,)!1%,)%∋!
(2+,&!Θ∗)5!1∆∋∋%,)!Β∆Σ2∗1()∗+,9!(,7!Ο(&(∗,%9!(,7!(29+!5+9)9!(!<(∋∗%)3!+:!Β∋+&∋(Ο9!9∆15!(9!
Ο+<∗%!,∗&5)9!(,7!ε%%,!Η∗&5)Λ!(!0%9+∆∋1%!0++Ο!:+∋!(!2(∋&%!9%2%1)∗+,!+:!∋%(7∗,&!Σ++Ω9!(,7!
∋%9+∆∋1%!Ο()%∋∗(29Λ!(!6+ΟΒ∆)%∋!Π%(∋,∗,&!Π(ΣΛ!(!6∆2)∆∋(2!8∋)9!;∋+&∋(Ο!Θ5∗15!Β∋+<∗7%9!)5%!
Β∆Σ2∗1!5+∆9∗,&!1+ΟΟ∆,∗)3!Ο+∋%!(11%99!)+!9Β%1∗(2!%<%,)9Λ!Β%∋:+∋Ο(,1%!(,7!:%9)∗<(29#!
!

Π(1Ω!+:!;∋∗<()%!∀,<%9)Ο%,)9!∗,!8∋%(9!Θ∗)5!Π∀Γε6!Γ+∆9∗,&!µ!Γ6Φ!;∋+&∋(Ο!Ξ9(&%!
!
Π∀Γε6!∗9!+,%!+:!)5%!Ο+9)!∗ΟΒ+∋)(,)!∋%9+∆∋1%9!:+∋!1∋%()∗,&!(::+∋7(Σ2%!5+∆9∗,&!∗,!Ν∋%%,<∗22%#!!
ε5%!Π∀Γε6!Β∋+&∋(Ο!&∗<%9!9)()%!(,7!2+1(2!Π∀Γε6!(22+1()∗,&!(&%,1∗%9!)5%!(Σ∗2∗)3!)+!Σ∆7&%)!(,7!
5(<%!(∆)5+∋∗)3!)+!∗99∆%!)(α!1∋%7∗)9!:+∋!)5%!(1χ∆∗9∗)∗+,Λ!∋%5(Σ∗2∗)()∗+,!(,7!,%Θ!1+,9)∋∆1)∗+,!
+:! ∋%,)(2! 5+∆9∗,&! )(∋&%)%7! )+! 2+Θ! ∗,1+Ο%!5+∆9%5+279#! ! ε5%!Β2(1%Ο%,)! +:! Π∀Γε6! 9∗)%9! ∗,!
1++∋7∗,()∗+,! )+! Β2(,,∗,&! )5()! (11+∆,)9! :+∋! )5%! %1+,+Ο∗1! Θ%22Σ%∗,&! +:! 2+ΘΨ∗,1+Ο%!
5+∆9%5+279!∗9!<∗)(2!:+∋!Ω%%Β∗,&!1+ΟΟ∆,∗)∗%9!+∆)!+:!Β+<%∋)3#!!Γ6Φ!;∋+&∋(Ο!Β(∋)∗1∗Β(,)9!(∋%!
%,1+∆∋(&%7! )+! 9%%Ω! 5+∆9∗,&! ∗,! (∋%(9!Θ5%∋%! )5%∋%! ∗9! 2%99! Β+<%∋)3! (,7! (! Σ%))%∋! Β2(1%! )+!
∗ΟΒ∋+<%!)5%∗∋!2∗<%9#!!8!2(1Ω!+:!Β∋∗<()%!∗,<%9)Ο%,)!∗,!)5%9%!(∋%(9!7+!,+)!Θ+∋Ω!)+!∗ΟΒ∋+<%!)5%∗∋!
2∗<%9!+∋!Ω%%Β!)5%9%!5+∆9%5+279!+∆)!+:!Β+<%∋)3#!

89!9%%,!∗,!ΓΞΑ!_(Β!?!Τ!;∆Σ2∗123!∃∆ΒΒ+∋)%7!Γ+∆9∗,&Λ!)5%!<(9)!Ο(ς+∋∗)3!+:!Β∆Σ2∗123!9∆ΒΒ+∋)%7!
5+∆9∗,&!(,7!%9Β%1∗(223!Π∀Γε6!5+∆9∗,&!9∗)%9!(∋%!2+1()%7!∗,!)5%!,+∋)5Θ%9)%∋,!(∋%(!+:!)5%!6∗)3#!
811+∋7∗,&! )+! Φ(2(9∗99! Π∗9)9Λ! Θ5∗15! ∋%1+∋79! )5%! ,∆ΟΣ%∋! +:! Σ∆9∗,%99! <(1(,1∗%9! (1∋+99! )5%!
1+∆,)∋3Λ! Ο+9)! +:! )5%! ,+∋)5Θ%9)%∋,! 5(2:! +:! )5%! 6∗)3! 5(7! ?ϑ! Β%∋1%,)! +∋! Ο+∋%! Σ∆9∗,%99!
<(1(,1∗%9!∗,!λ∆(∋)%∋!Κ!+:!.ϑΜΕ#!!Ρ5∗2%!(!5∗&5!Β%∋1%,)(&%!+:!Σ∆9∗,%99!<(1(,1∗%9!∗9!,+)!)5%!
+,23!∗,7∗1()+∋!∗,!(!2(1Ω!+:!Β∋∗<()%!∗,<%9)Ο%,)9Λ!∗)!%::%1)9!)5%!+<%∋(22!9%,9%!+:!)5%!%1+,+Ο3!
∗,!)5%!(∋%(!,%&()∗<%23#!!!
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Ι+>∗Ψ∗ς∋7)∀077∗Α.(.∀()07∗)∀∗χ∋.∃#0∃∗ΘΗ∗ΠΧΕΓ∗

!
∃+∆∋1%φ!Φ(2(99∗9!Π∗9)9!.ϑΜΕ!<∗(!;+2∗13_(Β!
Α()(!Η+)%φ!Ν∋(3!95(7%7!(∋%(9!5(<%!∗,9∆::∗1∗%,)!7()(#!
!
!
! !
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ε5%!Β%∋1%,)(&%!+:!Σ∆9∗,%99!<(1(,1∗%9!∗9!,+)!)5%!+,23!∗,7∗1()+∋!+:!(!2(1Ω!+:!Β∋∗<()%!∗,<%9)Ο%,)!
∗,!(,!(∋%(Λ!(9!5(<∗,&!2(∋&%!Β(∋)9!+:!)5%!6∗)3!Θ5%∋%!Σ∆9∗,%99%9!(∋%!1+,9)(,)23!<(1()∗,&!(29+!
7+%9!,+)!%,1+∆∋(&%!,%Θ!(,7!%α∗9)∗,&!Σ∆9∗,%99%9#!!∀,!)5%!Ο(Β!Σ%2+ΘΛ!Μϑ!Β%∋1%,)!+∋!Ο+∋%!
Σ∆9∗,%99!(77∋%99%9!Σ%1(Ο%!<(1(,)!:∋+Ο!Κ)5!χ∆(∋)%∋!.ϑΜ?!)+!Κ)5!χ∆(∋)%∋!.ϑΜΕ!+,!)5%!Θ%9)%∋,!
(∋%(! +:! )5%! 6∗)3! Θ5%∋%! Π∀Γε6! 5+∆9∗,&! ∗:! 2+1()%7#! ! ∴3! 1+,)∋(9)Λ! )5%! ∋%9)! +:! )5%! Σ∆9∗,%99!
(77∋%99%9!∗,!Ν∋%%,<∗22%!Σ%1(Ο%!2%99!<(1(,)!∗,!)5()!)∗Ο%#!
!
Ι+>∗Ψ∗>0∃(0∀#∗<4.∀50∗)∀∗∆∋−Ν0∃∗%,∗ς∋7)∀077∗Α.(.∀()07∗

!
∃+∆∋1%φ!Φ(2(99∗9!Π∗9)9!.ϑΜΕ!<∗(!;+2∗13_(Β!

!
!
ε5%! Β∆∋Β2%! 95(7%7! (∋%(Λ! 6%,9∆9! ε∋(1)! β/ΜΚ/ϑϑϑΕϑΜ! 9(Θ! (! 15(,&%! +:! Μβ#Ε! Β%∋1%,)! +:!
Σ∆9∗,%99!<(1(,1∗%9!:∋+Ο!)5%!:+∆∋)5!χ∆(∋)%∋!.ϑΜ?!)+!:+∆∋)5!χ∆(∋)%∋!.ϑΜΕ#!!ε5%!∋%9)!+:!)5%!
6∗)3!9(Θ!Ψ≅!Β%∋1%,)!15(,&%!+:!Σ∆9∗,%99!<(1(,1∗%9Λ!Θ5∗15!Ο%(,9!)5%!,∆ΟΣ%∋!+:!Σ∆9∗,%99!
<(1(,1∗%9!7%1∋%(9%7!)5∋+∆&5+∆)!)5%!6∗)3!%α1%Β)!:+∋!6%,9∆9!ε∋(1)!β/ΜΚ/ϑϑϑΕϑΜ#!
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!
><!1(&∋−,:/∋,&0!∗+Α∋(−#!()!Χ/:5,Α52!=/∆∆(−∋∃Γ!.(/#,&0!β(Α+∋,(&!+&Γ!ΟΑΑ/∆+&Α2!

∋()∗+,−.&/0−&1+∗/−,&234/(.∗&3),&3)5&(/0−.&234/(.∗&322−4/+)6&/0−&78.+∗,+4/+()&3),&.−6+()9&&
:,−)/+25&234/(.∗&/03/&∗+6)+2+43)/15&4.−3/−;&4()/.+<8/−&/(;&=−.=−/83/−;&(.&+)4.−3∗−&/0−&
∗−>−.+/5& (2& 23+.& 0(8∗+)6& +∗∗8−∗& .−13/−,& /(& =8<1+415& ∗8==(./−,& 0(8∗+)6;& +)418,+)6&
Ε−6.−63/+();&∀≅Α∋#Β∗;&!+∗=3.+/+−∗&+)&#44−∗∗&/(&Φ==(./8)+/5;&3),&!+∗=.(=(./+()3/−&
Γ(8∗+)6&Η−−,∗9& ∃(.& −340& 4()/.+<8/+)6& 234/(.& /03/& +∗& ∗+6)+2+43)/;& )(/−&Ι0+40& 23+.&
0(8∗+)6&+∗∗8−ϑ∗Κ&/0−&∗−1−4/−,&4()/.+<8/+)6&234/(.&.−13/−∗&/(9&

•! ∀Γ%,##,(&#! +&Γ! (ΑΑ/∆+&Α2! ∆(5,Α,∃#! +&Γ! ∆−(Α∃Γ/−∃#6! ,&Α5/Γ,&0! ∆−∃)∃−∃&Α∃#! ,&!
∆/:5,Α52!#/∆∆(−∋∃Γ!8(/#,&0!!

•! 1(%%/&,∋2!(∆∆(#,∋,(&!
•! ϑ,#∆5+Α∃%∃&∋!()!−∃#,Γ∃&∋#!Γ/∃!∋(!∃Α(&(%,Α!∆−∃##/−∃#!
•! ϑ,#∆5+Α∃%∃&∋!()!+&Γ(−!5+ΑΨ!()!8(/#,&0!#/∆∆(−∋!)(−!4,Α∋,%#!()!Γ(%∃#∋,Α!4,(5∃&Α∃6!

Γ+∋,&0!4,(5∃&Α∃6!#∃≅/+5!+##+/5∋6!+&Γ!#∋+5Ψ,&0!
•! ;%∆∃Γ,%∃&∋#!∋(!%(:,5,∋2!
•! β+ΑΨ!()!+ΑΑ∃##!∋(!(∆∆(−∋/&,∋2!Γ/∃!∋(!8,08!8(/#,&0!Α(#∋#!
•! β+ΑΨ!()!%∃+&,&0)/5!5+&0/+0∃!+ΑΑ∃##!
•! β+ΑΨ!()!5(Α+5!(−!−∃0,(&+5!Α((∆∃−+∋,(&!
•! β+ΑΨ!()!∆−,4+∋∃!,&4∃#∋%∃&∋!,&!#∆∃Α,),Α!&∃,08:(−8((Γ#!
•! β+ΑΨ! ()! ∆/:5,Α! ,&4∃#∋%∃&∋! ,&! #∆∃Α,),Α! &∃,08:(−8((Γ#6! ,&Α5/Γ,&0! #∃−4,Α∃#! +&Γ!

+%∃&,∋,∃#!
•! β+&Γ!/#∃!+&Γ!α(&,&0!5+ς#!
•! β(##!()!∀))(−Γ+:5∃!.(/#,&0!
•! ΟΑΑ/∆+&Α2!Α(Γ∃#!+&Γ!−∃#∋−,Α∋,(&#!
•! ο/+5,∋2!()!+))(−Γ+:5∃!8(/#,&0!,&)(−%+∋,(&!∆−(0−+%#!
•! =,∋,&0!#∃5∃Α∋,(&!∆(5,Α,∃#6!∆−+Α∋,Α∃#!+&Γ!Γ∃Α,#,(&#!)(−!∆/:5,Α52!#/∆∆(−∋∃Γ!8(/#,&06!

,&Α5/Γ,&0!Γ,#Α−∃∋,(&+−2!+#∆∃Α∋#!()!ο/+5,),∃Γ!∀55(Α+∋,(&!Χ5+&#!+&Γ!(∋8∃−!∆−(0−+%#!
•! =(/−Α∃!()!,&Α(%∃!Γ,#Α−,%,&+∋,(&!
•! Ο∋8∃−!

!
#,?+∗∗+()∗& 3),& (448=3)45& =(1+4+−∗& 3),& =.(4−,8.−∗;& +)418,+)6& =.−2−.−)4−∗& +)& =8<1+415&
∗8==(./−,&0(8∗+)6Λ&89!,+)%7!(Σ+<%Λ!)5%!Β∆Σ2∗123!9∆ΒΒ+∋)%7!5+∆9∗,&!∗9!2+1()%7!∗,!Ο(ς+∋∗)3!
∴2(1Ω!,%∗&5Σ+∋5++79#!!811+∋7∗,&!)+!ΓΞΑΛ!Β∆Σ2∗1!5+∆9∗,&!7%<%2+ΒΟ%,)9!(,7!∋%9∗7%,)9!∆9∗,&!
Γ6Φ!5+∆9∗,&!<+∆15%∋9!(∋%!(2Ο+9)!%,)∗∋%23!∴2(1Ω!5+∆9%5+279!Β+∗,)∗,&!)+!()!2%(9)!9+Ο%!2%<%2!
+:!9%&∋%&()∗+,!(2+,&!∋(1∗(2!2∗,%9#!811%99!)+!Β∆Σ2∗1!5+∆9∗,&!7%<%2+ΒΟ%,)9!∗9!,+)!7%Β%,7%,)!
+,!∋(1%Λ!Σ∆)!Σ%1(∆9%!+:!2+1()∗+,!+∋!Β∋%:%∋%,1%Λ!)5%!7%<%2+ΒΟ%,)9!(∋%!Β∋%7+Ο∗,(,)23!∴2(1Ω#!!
ε5∗9!∗9!(29+!)∋∆%!:+∋!Ο+9)!;∋+ς%1)ΨΣ(9%7!∃%1)∗+,!≅!5+∆9∗,&!9∗)%9!∗,!)5%!6∗)3#!!!
&
∴3! 1+,)∋(9)Λ! Θ5∗2%!Ο∆15! 9Ο(22%∋! (9! (! Β%∋1%,)(&%! +:! )5%! )+)(2! Β+Β∆2()∗+,! ∗,! Ν∋%%,<∗22%Λ!
χ∆(2∗:∗%7!Γ∗9Β(,∗1!5+∆9%5+279!)5()!Ο%%)!)5%!∗,1+Ο%!∋%χ∆∗∋%Ο%,)9!9%)!Σ3!ΓΞΑ!:+∋!Β∆Σ2∗123!
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9∆ΒΒ+∋)%7!5+∆9∗,&!(∋%!,+)!∆)∗2∗∗,&!)5%9%!Β∋+&∋(Ο9#!!ε5%∋%!(∋%!Μβ?!%α)∋%Ο%23!2+ΘΨ∗,1+Ο%!
=ϑΨβϑ!Β%∋1%,)!8_∀>Λ!..ϑ!2+ΘΨ∗,1+Ο%!=ϑΨ?ϑ!Β%∋1%,)!8_∀>Λ!(,7!?Ι?!Ο+7%∋()%Ψ∗,1+Ο%!=ϑΨ≅ϑ!
Β%∋1%,)!8_∀>!Γ∗9Β(,∗1!5+∆9%5+279! ∗,!)5%!1∗)3Λ!5+Θ%<%∋!+,23!Μϑ!Γ∗9Β(,∗1!5+∆9%5+279!∆9%!
Β∆Σ2∗123! 9∆ΒΒ+∋)%7!5+∆9∗,&! Β∋+&∋(Ο9#! ! 89! )5%!Γ∗9Β(,∗1! Β+Β∆2()∗+,! ∗9! +,%!+:! )5%! :(9)%9)!
&∋+Θ∗,&!1+ΟΟ∆,∗)∗%9!∗,!Ν∋%%,<∗22%Λ!∗)!∗9!Β%∋)∗,%,)!)5()!)5%3!:∗,7!(7%χ∆()%!(,7!(::+∋7(Σ2%!
5+∆9∗,&!)5()!9∆∗)9!)5%∗∋!,%%79#!!∴∋+(7%,∗,&!9%∋<∗1%9!)+!∗,12∆7%!Γ∗9Β(,∗19!Ο(3!∋%χ∆∗∋%!(!,%Θ!
(ΒΒ∋+(15!)+!)5%!1+ΟΟ∆,∗)3!(,7!,%Θ!9%∋<∗1%9!(,7!(1)∗<∗)∗%9#!!=Α()(!∃+∆∋1%φ!ΓΞΑ!8⊥Γ!ε(Σ2%!
Ε!Τ!;∆Σ2∗123!∃∆ΒΒ+∋)%7!Γ+∆9%5+279!Σ3!0(1%−4)5,∗1∗)3>!
!
:?=−,+?−)/∗&/(&?(<+1+/5Λ&ε5%!2(1Ω!+:!(11%99!)+!5∗&5!Β%∋:+∋Ο∗,&!915++29!1∋%()%9!(!Σ(∋∋∗%∋!
)+!(7<(,1%Ο%,)!+:!9)∆7%,)9! ∗,!Ν∋%%,<∗22%Λ!%9Β%1∗(223!)5%!,+∋)5Θ%9)%∋,!(∋%(9!+:!)5%!1∗)3#!!
Γ(<∗,&! 2∗Ο∗)%7!(11%99! )+!5∗&5!Β%∋:+∋Ο∗,&! 915++29! ∗9! (! 1+,)∋∗Σ∆)∗,&! :(1)+∋! )+! 2+Θ!1+22%&%!
%7∆1()∗+,! Β(∋)∗1∗Β()∗+,! ∋()%9Λ! (,7! )5%∋%:+∋%! 2+Θ! %7∆1()∗+,! ())(∗,Ο%,)#! ! 47∆1()∗+,(2!
())(∗,Ο%,)!∗9!7∗∋%1)23!)∗%7!)+!%(∋,∗,&9Λ!Θ5∗15!∗9!(!Ω%3!Β(∋)!∗,!∗,1+Ο%!Ο+Σ∗2∗)3#!!&
!
811+∋7∗,&! )+! )5%! .ϑΜΜΨ.ϑΜ?! 86∃Λ! +,23! Μ/#Κ! Β%∋1%,)! +:! Σ2(1Ω9! .?! 3%(∋9! (,7! +<%∋! 5(7! (!
Σ(15%2+∋ι9!7%&∋%%!+∋!5∗&5%∋Λ!Θ5∗15!∗9!Σ%2+Θ!)5%!1∗)3Θ∗7%!∋()%!+:!β≅!Β%∋1%,)#!!89!+:!.ϑΜ?Λ!
Β%∋9+,9!Θ∗)5!(!Σ(15%2+∋ι9!7%&∋%%!∗,!Ν∋%%,<∗22%!%(∋,%7!δβ/Λβ≅ΕΛ!Θ5∗2%!Β%∋9+,9!Θ∗)5!+,23!(!
5∗&5! 915++2! %7∆1()∗+,! %(∋,%7! δ.βΛΚΜΚ! (,,∆(223#! Ρ∗)5! :%Θ%∋! Σ2(1Ω9! &∋(7∆()∗,&! Θ∗)5! (!
Σ(15%2+∋ι9! 7%&∋%%! Τ! 2∗Ω%23! ∋%9∆2)∗,&! ∗,! 2+Θ%∋! ∗,1+Ο%9! :+∋! ∗,7∗<∗7∆(29! (,7! :(Ο∗2∗%9! Τ!
7∗9Β(∋∗)∗%9! ∗,! (11%99! )+! +ΒΒ+∋)∆,∗)∗%9! 9∆15! (9! 5∗&5! Β(3∗,&! ς+Σ9! (,7! (! 2(1Ω! +:! (::+∋7(Σ2%!
5+∆9∗,&!Θ∗22!1+,)∗,∆%!)+!Β%∋9∗9)!∗,!)5∗9!1+ΟΟ∆,∗)3#!!!
!
Μ34Ν& (2& ?−3)+)6281& 13)6836−& 344−∗∗& Ο& Π831+/5& (2& 322(.,3<1−& 0(8∗+)6& +)2(.?3/+()&
=.(6.3?∗Ρ!Γ∗9Β(,∗1!5+∆9%5+279!+11∆Β3!:%Θ%∋!)5(,!Μ!Β%∋1%,)!+:!Β∆Σ2∗123!9∆ΒΒ+∋)%7!5+∆9∗,&!
∆,∗)9Λ!Σ∆)!Γ∗9Β(,∗1!5+∆9%5+279!(11+∆,)!:+∋!.#β!Β%∋1%,)!+:!%α)∋%Ο%23!2+ΘΨ∗,1+Ο%!5+∆9%5+279!
(,7!.#β!Β%∋1%,)!+:! 2+ΘΨ∗,1+Ο%!5+∆9%5+279! ∗,!Ν∋%%,<∗22%#!ε5%!1∗)3!Ο∆9)!Σ%!Β∋+(1)∗<%! ∗,! ∗)9!
%::+∋)9!)+!+Β%,!(!7∗(2+&∆%!Θ∗)5!)5%9%!&∋+∆Β9!)+!Σ%))%∋!∆,7%∋9)(,7!Θ53!Β∆Σ2∗123!9∆ΒΒ+∋)%7!
5+∆9∗,&!∗9!,+)!Σ%,%:∗))∗,&!)5%!Γ∗9Β(,∗1!1+ΟΟ∆,∗)3#!!
!
Μ34Ν& (2& Β.+>3/−& :)>−∗/?−)/& +)& Ε=−4+2+4& Η−+60<(.0((,∗Λ& ε5%∋%! ∗9! (! 7∗9Β(∋∗)3! ∗,! Β∋∗<()%!
∗,<%9)Ο%,)!∗,!)5%!,+∋)5Θ%9)!(,7!Θ%9)%∋,!(∋%(!+:!Ν∋%%,<∗22%!1+ΟΒ(∋%7!)+!)5%!∋%9)!+:!)5%!
1∗)3#!!Ρ5∗2%!,+)!(!Β%∋:%1)!∗,7∗1()+∋!+:!(!2(1Ω!∗,!Β∋∗<()%!∗,<%9)Ο%,)!∗,!(,!(∋%(Λ!)5∗9!Β(∋)!+:!)5%!
1∗)3! 5(9! 9%<%∋(2! (∋%(9!Θ∗)5! (! <%∋3!5∗&5!Β%∋1%,)(&%!+:! Σ∆9∗,%99! <(1(,1∗%9! ∗,! 1+ΟΟ%∋1∗(2!
Σ∆9∗,%99!2+1()∗+,9#!∴∆9∗,%99!<(1(,1∗%9!(∋%!(29+!∗,1∋%(9∗,&!∗,!)5%!Θ%9)%∋,!(∋%(!+:!Ν∋%%,<∗22%!
(9!+ΒΒ+9%7!)+!)5%!∋%9)!+:!)5%!1∗)3#!!⊥∆∋)5%∋Ο+∋%Λ!)5%9%!,%∗&5Σ+∋5++79!(∋%!Θ5%∋%!)5%∋%!∗9!(!
&∋%()%∋!1+,1%,)∋()∗+,!+:!Π∀Γε6!(,7!Γ6Φ!;∋+&∋(Ο!∋%9∗7%,)9#!
! !
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&

ϑ<! ϑ,#+:,5,∋2!+&Γ!∀ΑΑ∃##!∀&+52#,#!
!

Ε<! Χ(∆/5+∋,(&!Χ−(),5∃!

a.! .(ς!+−∃!∆∃−#(&#!ς,∋8!Γ,#+:,5,∋,∃#!0∃(0−+∆8,Α+552!Γ,#∆∃−#∃Γ!(−!Α(&Α∃&∋−+∋∃Γ!,&!
∋8∃!δ/−,#Γ,Α∋,(&!+&Γ!−∃0,(&6!,&Α5/Γ,&0!Π?1∀Χ#!+&Γ!(∋8∃−!#∃0−∃0+∋∃Γ!+−∃+#!,Γ∃&∋,),∃Γ!,&!
∆−∃4,(/#!#∃Α∋,(&#χ!

811+∋7∗,&!)+!)5%!8⊥Γ!ε(Σ2%!Μβ!Τ!Α∗9(Σ∗2∗)3!Σ3!ε3Β%Λ!9∗α!)3Β%9!+:!7∗9(Σ∗2∗)∗%9!Θ%∋%!∋%1+∋7%7!
∗,! Ν∋%%,<∗22%#! ε5%!Ο+9)! Β∋%<(2%,)! Θ(9! (ΟΣ∆2()+∋3! 7∗::∗1∆2)3! =?#?! Β%∋1%,)>Λ! :+22+Θ%7! Σ3!
1+&,∗)∗<%!7∗::∗1∆2)3!=Κ#Ε!Β%∋1%,)>Λ!∗,7%Β%,7%,)!2∗<∗,&!=β#?!Β%∋1%,)>Λ!9%2:Ψ1(∋%!=.#Κ!Β%∋1%,)>Λ!
5%(∋∗,&!7∗::∗1∆2)3!=.#.!Β%∋1%,)>Λ!(,7!<∗9∗+,!7∗::∗1∆2)3!=.#Μ!Β%∋1%,)>#!!

9+:5∃!Ε>!∴!ϑ,#+:,5,∋2!:2!92∆∃! !! !! !!

!!
Σ3−∃∃&4,55∃6!71!1ϑΚ36!.Οε?Τ!

Υ/−,#Γ,Α∋,(&! Σ3−∃∃&4,55∃6!71Τ!Π∃0,(&!
ϑ,#+:,5,∋2!92∆∃! φ! γ! φ! γ!
Γ%(∋∗,&!7∗::∗1∆2)3! ΜΛ/?Μ! .#Μ/ν! ΚΛΚβΙ! .#≅Μν!
Φ∗9∗+,!7∗::∗1∆2)3! ΜΛ/ΜΙ! .#Μβν! βΛ≅Κβ! .#Κβν!
6+&,∗)∗<%!7∗::∗1∆2)3! βΛΕ≅Κ! Κ#?/ν! ≅Λ.ϑ/! ?#.ϑν!
8ΟΣ∆2()+∋3!7∗::∗1∆2)3! ΚΛΚΕϑ! ?#?βν! ΜΜΛ.ϑ/! /#Μϑν!
∃%2:Ψ1(∋%!7∗::∗1∆2)3! ΜΛΙΚϑ! .#ΚΜν! ΚΛΕ/Κ! .#ΙΕν!
∀,7%Β%,7%,)!2∗<∗,&!7∗::∗1∆2)3! .Λ≅?Κ! β#?Κν! /Λ..?! Κ#?/ν!
Η+)%!Μφ!822!ν!∋%Β∋%9%,)!(!95(∋%!+:!)5%!)+)(2!Β+Β∆2()∗+,!Θ∗)5∗,!)5%!ς∆∋∗97∗1)∗+,!+∋!∋%&∗+,#!
Η+)%!.φ!Α()(!∃+∆∋1%9φ!86∃!
Η+)%!βφ!0%:%∋!)+!)5%!Α()(!Α+1∆Ο%,)()∗+,!:+∋!7%)(∗29!=ΘΘΘ#5∆7%α15(,&%#∗,:+># !

!

Ρ5%,!∋%:%∋%,1%7!Θ∗)5!)5%!ΓΞΑ!8⊥Γ!Ο(Β9Λ!9%<%∋(2!6%,9∆9!ε∋(1)9!5(7!Ο+∋%!Β%∋9+,9!Θ∗)5!(!
7∗9(Σ∗2∗)3!)5(,!+)5%∋9#!!ε5%!)(Σ2%!Σ%2+Θ!95+Θ9!Θ5%∋%!)5%9%!)∋(1)9!(∋%#!

1∃&#/#!9−+Α∋#!ς,∋8!1(&Α∃&∋−+∋,(&!()!ϑ,#+:5∃Γ!
1∃&#/#!9−+Α∋! β(Α+∋,(&!ϑ∃#Α−,∆∋,(&! Χ−(%,&∃&∋!ϑ,#+:,5,∋,∃#!

β/ΜΚ/ϑϑϑ.ϑΜ!
Η+∋)5%(9)φ!⊥∋+Ο!42Ο!∃)#!)+!Ν∋%%,<∗22%!∴2<7Λ!(,7!4!Μϑ)5!∃)∋%%)!∆Β!)+!
ε(∋!0∗<%∋!

Γ%(∋∗,&!

β/ΜΚ/ϑϑϑβϑ.!
Η+∋)5%(9)φ!⊥∋+Ο!Ν∋%%,<∗22%!∴2<7!)+!)5%!%(9)%∋,!1∗)3!2∗Ο∗)9Λ!(,7!
:∋+Ο!4!⊥∗∋%!ε+Θ%∋!07!∆Β!)+!)5%!ε(∋!0∗<%∋#!

Γ%(∋∗,&Λ!8ΟΣ∆2()+∋3!

β/ΜΚ/ϑϑϑ?ϑΜ!
∃+∆)5!1%,)∋(2φ!⊥∋+Ο!_%Ο+∋∗(2!Α∋∗<%!(,7!∃Ρ!Ν∋%%,<∗22%!∴2<7!)+!
λ∆%%,!8,,%ι9!07#Λ!(,7!:∋+Ο!⊥∗∋%!ε+Θ%∋!07!∆Β!)+!0−468;!)∋(1)#!

Φ∗9∗+,Λ!6+&,∗)∗<%!

β/ΜΚ/ϑϑϑΕϑ.! Ρ%9)φ!∃+∆)5Θ%9)!+:!0−468;!)+!∃Ρ!Ν∋%%,<∗22%!∴2<7#!
6+&,∗)∗<%Λ!8ΟΣ∆2()+∋3Λ!∃%2:Ψ
6(∋%Λ!∀,7%Β%,7%,)!Π∗<∗,&!

β/ΜΚ/ϑϑϑ/ϑΜ!
0−468;!)∋(1)φ!Η+∋)5Θ%9)!(∋%(Λ!:∋+Ο!0+∆)%!Μβ!)+!Ν∋%%,%!∃)#Λ!(,7!
,+∋)5!)+!)5%!ε(∋!0∗<%∋!

8ΟΣ∆2()+∋3Λ!∀,7%Β%,7%,)!
Π∗<∗,&!

β/ΜΚ/ϑϑϑ/ϑ.! 0−468;!)∋(1)φ!ϕ∆9)!Θ%9)!+::!)5%!1%,)%∋!+:!)5%!6∗)3#!
Φ∗9∗+,Λ!6+&,∗)∗<%Λ!8ΟΣ∆2()+∋3Λ!
∃%2:Ψ6(∋%!

∃+∆∋1%φ!ΓΞΑ!
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Ι<! .(/#,&0!∀ΑΑ∃##,:,5,∋2!

a.! ϑ∃#Α−,:∃!ς8∃∋8∃−!∋8∃!δ/−,#Γ,Α∋,(&!+&Γ!−∃0,(&!8+4∃!#/)),Α,∃&∋!+))(−Γ+:5∃6!+ΑΑ∃##,:5∃!
8(/#,&0!,&!+!−+&0∃!()!/&,∋!#,α∃#<!

ε5%∋%! ∗9! (! 2(1Ω! +:! 7%1%,)! (::+∋7(Σ2%! ∆,∗)9! (1∋+99! )5%!Σ+(∋7#! ⊥∋+Ο!(!Β∆∋%23! χ∆(,)∗)()∗<%!
9)(,7Β+∗,)Λ!)5%∋%!(∋%!(ΟΒ2%!∆,∗)9!∗,!)5%!1∗)3!)+!5+∆9%!)5%!Β+Β∆2()∗+,#!ε5%!Β∋+Σ2%Ο!∗9!)5()!!
5∗&5!5+Ο%!<(2∆%9!(,7!∋%,)9!∋%9∆2)!∗,!Ο∆15!+:!)5%!5+∆9∗,&!9)+1Ω!Σ%∗,&!)++!1+9)23!:+∋!2(∋&%!
Β+∋)∗+,9!+:!)5%!Β+Β∆2()∗+,Λ!%9Β%1∗(223!)5%!%27%∋23!(,7!7∗9(Σ2%7#!811+∋7∗,&!)+!)5%!.ϑΜΜΨ.ϑΜ?!
86∃Λ!.≅#.!Β%∋1%,)!+:!5+Ο%+Θ,%∋9!Θ∗)5!(!Ο+∋)&(&%!(,7!?Ι#Κ!Β%∋1%,)!+:!∋%,)%∋9!(∋%!1+9)!
Σ∆∋7%,%7!=9Β%,7∗,&!Ο+∋%!)5(,!βϑ!Β%∋1%,)!+:!∗,1+Ο%!+,!5+∆9∗,&!1+9)9>Λ!Β+∗,)∗,&!)+!(!Ο(ς+∋!
7∗91+,,%1)!Σ%)Θ%%,!)5%!5+∆9∗,&!9∆ΒΒ23!(,7!∋%9∗7%,)9ι!∗,1+Ο%#!

9+:5∃!ΕΞ!∴!ϑ∃%(0−+∆8,Α#!()!.(/#∃8(5Γ#!ς,∋8!=∃4∃−∃!.(/#,&0!1(#∋!Κ/−Γ∃&!
.(/#∃8(5Γ#!ς,∋8!=∃4∃−∃!.(/#,&0!1(#∋!
Κ/−Γ∃&_! Σ3−∃∃&4,55∃6!71!1ϑΚ36!.Οε?Τ!Υ/−,#Γ,Α∋,(&!

Π+Α∃?∋8&,Α,∋2!!
φ!ς,∋8!#∃4∃−∃!Α(#∋!

:/−Γ∃&! φ!8(/#∃8(5Γ#!
γ!ς,∋8!#∃4∃−∃!Α(#∋!

:/−Γ∃&!
Ρ5∗)%Λ!Η+,ΨΓ∗9Β(,∗1! ΚΛ?/ϑ! .ϑΛϑ≅β! ..#/Εν!
∴2(1ΩΛ!Η+,ΨΓ∗9Β(,∗1! βΛ..Ι! ΜΜΛΙΚΜ! ./#ϑΚν!
Γ∗9Β(,∗1! .β?! ΜΛϑβ?! ..#/Μν!
89∗(,!+∋!;(1∗:∗1!∀92(,7%∋Λ!Η+,ΨΓ∗9Β(,∗1! Μϑ?! ≅βΙ! Μ.#?Μν!
Η()∗<%!8Ο%∋∗1(,Λ!Η+,ΨΓ∗9Β(,∗1! Μϑ! Κβ! .β#.Εν!
Χ)5%∋Λ!Η+,ΨΓ∗9Β(,∗1! Μ??! ??.! .≅#ϑ≅ν!

8%#.1∗ ΒΗΦΧΘ∗ ΦΘΗΘΧ∗ ΠΘ=Χ⊥β∗
.(/#∃8(5Γ!92∆∃!+&Γ!=,α∃! !! !! !!

⊥(Ο∗23!5+∆9%5+279Λ!ω?!Β%+Β2%! ΜΛ/≅.! Μ?ΛβΜΚ! ΜΜ#ΕΚν!
⊥(Ο∗23!5+∆9%5+279Λ!?τ!Β%+Β2%! ..≅! ΜΛΚ/β! Μ?#Κ≅ν!
Η+,Ψ:(Ο∗23!5+∆9%5+279! ΕΛ.≅Κ! Μ/ΛΕΕΚ! β?#?≅ν!

Η+)%!Μφ!∃%<%∋%!5+∆9∗,&!1+9)!Σ∆∋7%,!∗9!7%:∗,%7!(9!&∋%()%∋!)5(,!?ϑν!+:!∗,1+Ο%#!
Η+)%!.φ!822!ν!∋%Β∋%9%,)!(!95(∋%!+:!)5%!)+)(2!Β+Β∆2()∗+,!Θ∗)5∗,!)5%!ς∆∋∗97∗1)∗+,!+∋!∋%&∗+,Λ!%α1%Β)!5+∆9%5+27!
)3Β%!(,7!9∗%Λ!Θ5∗15!∗9!+∆)!+:!)+)(2!5+∆9%5+279#!
Η+)%!βφ!ε5%!ο!5+∆9%5+279!∗9!)5%!7%,+Ο∗,()+∋!:+∋!)5%!ν!Θ∗)5!Β∋+Σ2%Ο9Λ!(,7!Ο(3!7∗::%∋!:∋+Ο!)5%!ο!
5+∆9%5+279!:+∋!)5%!)(Σ2%!+,!9%<%∋%!5+∆9∗,&!Β∋+Σ2%Ο9#!!
Η+)%!Κφ!Α()(!∃+∆∋1%9φ!6Γ8∃!
Η+)%!?φ!0%:%∋!)+!)5%!Α()(!Α+1∆Ο%,)()∗+,!:+∋!7%)(∗29!=ΘΘΘ#5∆7%α15(,&%#∗,:+># !

!
!
89! ∋%Β+∋)%7! ∗,!ΓΞΑ!ε(Σ2%! Μϑ! Τ!Α%Ο+&∋(Β5∗19! +:!Γ+∆9%5+279!Θ∗)5! ∃%<%∋%!Γ+∆9∗,&!6+9)!
∴∆∋7%,! =5+∆9∗,&! 1+9)9! &∋%()%∋! )5(,! ?ϑ! Β%∋1%,)! +:! ∗,1+Ο%>Λ! (2Ο+9)! (! χ∆(∋)%∋! +:! %<%∋3!
5+∆9%5+27!∗,!Ν∋%%,<∗22%!∗9!9%<%∋%23!1+9)!Σ∆∋7%,%7!=.Κ#Μ!Β%∋1%,)>#!!∴2(1Ω9!=./!Β%∋1%,)>!(,7!
+)5%∋Λ!,ΨΓ∗9Β(,∗1!=.≅#Μ!Β%∋1%,)>!(22!5(7!Ο+∋%!9%<%∋%23!1+9)!Σ∆∋7%,%7!5+∆9%5+279!)5(,!)5%!
1∗)3Θ∗7%!(<%∋(&%#!=∃+∆∋1%φ!ΓΞΑ!8⊥Γ!ε(Σ2%!Μϑ!Τ!Α%Ο+&∋(Β5∗19!+:!Γ+∆9%5+279!Θ∗)5!∃%<%∋%!
Γ+∆9∗,&!6+9)!∴∆∋7%,>#!
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Π+1()∗+,!+:!∃%<%∋%23!6+9)!∴∆∋7%,%7!Γ+∆9%5+279!
∗
Μ0/0∃012∗<%7#∗ς∋∃&0∀0&∗6%−0%Λ∀0∃7∗
!
ε5%∋%!(∋%!)Θ+!(∋%(9!Θ5%∋%!+,%!∗,!:+∆∋!+∋!Ο+∋%!5+∆9%5+279!(∋%!9%<%∋%23!1+9)!Σ∆∋7%,%7#!!ε5%!
)Θ+!)∋(1)9!(∋%!6%,9∆9!ε∋(1)!β/ΜΚ/ϑϑϑ/ϑΜ!(,7!6%,9∆9!ε∋(1)!β/ΜΚ/ϑϑϑ/ϑ.Λ!Θ5∗15!(∋%!)Θ+!+:!
)5%!0−468;!)∋(1)9!∗,!)5%!1∗)3#!!0−468;!)∋(1)!β/ΜΚ/ϑϑϑ≅ϑϑ!∗,!)5%!,+∋)5!(,7!,+∋)5%(9)!(∋%(!
+:!)5%!1∗)3!(29+!95+Θ!(!5∗&5!Β%∋1%,)(&%!+:!5+Ο%+Θ,%∋9!Θ5+!(∋%!9%<%∋%23!1+9)!Σ∆∋7%,%7#!
!
811+∋7∗,&! )+! )5%! .ϑΜΜΨ.ϑΜ?! 86∃! <∗(! ;+2∗13_(ΒΛ! 0−468;! )∋(1)9! β/ΜΚ/ϑϑϑ/ϑΜ! Θ(9! ≅Μ#Μ!
Β%∋1%,)!Σ2(1Ω!(,7!β/ΜΚ/ϑϑϑ/ϑ.!Θ(9!Ιβ#≅!Β%∋1%,)!Σ2(1Ω#!!∴+)5!)∋(1)9!5(7!92∗&5)23!Ο+∋%!)5(,!
?≅!Β%∋1%,)!+:!Β%+Β2%!2∗<∗,&!∗,!Β+<%∋)3#!
!
Ι+>∗Ψ∗Μ0/0∃012∗<%7#∗ς∋∃&0∀0&∗6%−0%Λ∀0∃7∗

!
∃+∆∋1%φ!.ϑΜΜΨ.ϑΜ?!86∃!<∗(!;+2∗13_(Β!
!
! !
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Μ0/0∃012∗<%7#∗ς∋∃&0∀0&∗≅0∀#0∃7∗
!
0%,)%∋9!∗,!Ν∋%%,<∗22%!(∋%!Ο+∋%!9%<%∋%23!1+9)!Σ∆∋7%,%7!)5(,!5+Ο%+Θ,%∋9!+,!(<%∋(&%!(,7!
(11+∋7∗,&!)+!)5%!Ο(Β!Σ%2+ΘΛ!)5%3!(∋%!(29+!Ο+∋%!9Β∋%(7!+∆)!(∋+∆,7!)5%!1∗)3#!!ε5%∋%!(∋%!)Θ+!
)∋(1)9!=6%,9∆9!ε∋(1)9!β/ΜΚ/ϑϑϑΜϑϑ!(,7!β/ΜΚ/ϑϑϑΚϑϑ>!(∋+∆,7!4(9)!6(∋+2∗,(!Ξ,∗<%∋9∗)3!)5()!
5(<%!?ϑ!Β%∋1%,)!+∋!Ο+∋%!∋%,)%∋9!Θ5+!(∋%!9%<%∋%23!1+9)!Σ∆∋7%,%7Λ!5+Θ%<%∋!)5∗9!7()(!Ο(3!
Σ%!9Ω%Θ%7!Σ3!)5%!5∗&5!,∆ΟΣ%∋!+:!9)∆7%,)9!2∗<∗,&!∗,!)5%!(∋%(#!
!
Ι+>∗Ψ∗Μ0/0∃012∗<%7#∗ς∋∃&0∀0&∗≅0∀#0∃7∗

!
∃+∆∋1%φ!.ϑΜΜΨ.ϑΜ?!86∃!<∗(!;+2∗13_(Β!
!
Ρ5∗2%!Ο(,3!(∋%(9!∗,!)5%!Θ%9)%∋,!Β(∋)!+:!Ν∋%%,<∗22%!5(<%!5+∆9%5+279!Θ∗)5!2+Θ%∋!∗,1+Ο%!
(,7!5∗&5%∋!Β+<%∋)3!∋()%9Λ!)5%3!(∋%!(29+!∗,!(∋%(9!Θ5%∋%!Ο%7∗(!&∋+99!∋%,)!∗9!2+Θ%∋!)5(,!)5%!
∋%9)!+:!)5%!1∗)3!=∃+∆∋1%φ!.ϑΜΜΨ.ϑΜ?!86∃!<∗(!;+2∗13_(Β>#!
!
;∆Σ2∗1!Γ+∆9∗,&!811%99!:+∋!;%∋9+,9!Θ∗)5!Α∗9(Σ∗2∗)3!
!
ε5%!Γ+∆9∗,&!8∆)5+∋∗)3!+:!)5%!6∗)3!+:!Ν∋%%,<∗22%!∗9!)5%!2+1(2!Β∆Σ2∗1!5+∆9∗,&!(∆)5+∋∗)3!∗,!)5%!
1∗)3#!!⊥+∋!7∗9(Σ∗2∗)3!(11%99!∗,!Β∆Σ2∗1!5+∆9∗,&!7%<%2+ΒΟ%,)9Λ!)5%!ϕΓ8!∗9!∗,!1+ΟΒ2∗(,1%!Θ∗)5!(22!
9%1)∗+,! ?ϑΚ! 1+7%! (,7! 8Α8! ∋%&∆2()∗+,9! (9! ∋%χ∆∗∋%7! Σ3! (! ΓΞΑΨ:∆,7%7! Β∆Σ2∗1! 5+∆9∗,&!
(∆)5+∋∗)3!Β∋+ς%1)9#!!6∆∋∋%,)23Λ!)5%!5+∆9∗,&!(∆)5+∋∗)3!5(9!/ΜΚ!Β∆Σ2∗1!5+∆9∗,&!7%<%2+ΒΟ%,)!
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∆,∗)9!(<(∗2(Σ2%!)+!∋%9∗7%,)9Λ!∗,12∆7∗,&!%2∗&∗Σ2%!Β%∋9+,9!Θ∗)5!(!7∗9(Σ∗2∗)3Λ!(,7!∗)!(29+!+::%∋9!/ΚΕ!
5+∆9∗,&!15+∗1%!<+∆15%∋9Λ!9%∋<∗,&!(,!(77∗)∗+,(2!..?!:(Ο∗2∗%9!)5∋+∆&5!+)5%∋!:%7%∋(223!:∆,7%7!
Β∋+&∋(Ο9#!!∃)(::!Ο(3!Σ%!1+,)(1)%7!()!=.?.>!β.ΙΨΚϑϑ≅!)+!∗,χ∆∗∋%!(Σ+∆)!Β∋+&∋(Ο9!(,7!Θ(∗)∗,&!
2∗9)9#!
!
ε5%!5+∆9∗,&!(∆)5+∋∗)3!5(9!(,!(7Ο∗99∗+,9!Β∋%:%∋%,1%!:+∋!Θ+∋Ω∗,&!:(Ο∗2∗%9!(,7!)5+9%!∆,(Σ2%!
)+!Θ+∋Ω!Σ%1(∆9%!+:!(&%!+∋!7∗9(Σ∗2∗)3#!
!
;∆Σ2∗1!Γ+∆9∗,&!6+,7∗)∗+,!
!
ε5%! 1+,7∗)∗+,! +:! Β∆Σ2∗1! 5+∆9∗,&! ∗9! (29+! 1∋∗)∗1(2! ∗,! 7%)%∋Ο∗,∗,&! (<(∗2(Σ∗2∗)3! +:! (::+∋7(Σ2%!
5+∆9∗,&!:+∋!7∗9(Σ2%7!∋%9∗7%,)9!Θ5+!∋%χ∆∗∋%!(99∗9)(,1%!∗,!)5%!1∗)3#!!82)5+∆&5!∗,9Β%1)∗+,9!Ο(3!
,+)!+11∆∋!%<%∋3!3%(∋Λ!ΓΞΑ!∋%2%(9%9!Β539∗1(2!∗,9Β%1)∗+,!91+∋%9!(,,∆(223!:+∋!Β∆Σ2∗1!5+∆9∗,&!
7%<%2+ΒΟ%,)9! (1∋+99! )5%! ,()∗+,#! ! ∴%2+Θ! ∗9! )5%! ∗,9Β%1)∗+,! 91+∋%! :+∋! Ν∋%%,<∗22%ι9! Β∆Σ2∗1!
5+∆9∗,&!7%<%2+ΒΟ%,)9#!

.(/#,&0!∀/∋8(−,∋2!()!∋8∃!1,∋2!()!3−∃∃&4,55∃6!Χ.!ϑ∃4∃5(∆%∃&∋!Χ82#,Α+5!;&#∆∃Α∋,(&!=Α(−∃#6!
ΙΞΕΗ!
=,∋∃! ∀ΓΓ−∃##! ]&,∋#! =Α(−∃! ;&#∆∃Α∋,(&!ϑ+∋∃!
Υ%(∋,3!;(∋Ω! /ϑΚ!Ρ!ΜΚ)5!∃)∋%%)! .β≅! ≅≅! .−.−.ϑΜ?!
_+3%Θ++7!∀! ?ϑΕ!Ρ!0+∆,7)∋%%!Α∋∗<%! ..≅! ≅Ι! Ι−.β−.ϑΜ?!
Γ+ΒΩ∗,9!;(∋Ω! .ϑΙ!Ρ!_++∋%!∃)∋%%)! .Κ≅! ≅.! Ι−.Κ−.ϑΜ?!
∃+∆∋1%φ!ΓΞΑ!

!

ε5%! Γ+∆9∗,&! 8∆)5+∋∗)3! +:! )5%! 6∗)3! +:! Ν∋%%,<∗22%! Β∆Σ2∗1! 5+∆9∗,&! 7%<%2+ΒΟ%,)! ∆,∗)9! (∋%!
(<%∋(&%!Β%∋:+∋Ο∗,&Λ!Σ∆)!,+)!:(∋!:∋+Ο!5∗&5!Β%∋:+∋Ο∗,&#!!ΓΞΑ!;539∗1(2!∀,9Β%1)∗+,!91+∋%9!(∋%!
7%:∗1∗%,13!Σ(9%7Λ!Ο%(,∗,&!(22!7%<%2+ΒΟ%,)9! 9)(∋)!Θ∗)5!Μϑϑ!Β+∗,)9Λ!Θ∗)5!%(15!7%:∗1∗%,13!
+Σ9%∋<%7!∋%7∆1∗,&!)5%!+<%∋(22!91+∋%#!!ε5%3!(∋%!(29+!Θ%∗&5)%7!Σ3!∗,9Β%1)∗+,!(∋%(9φ!9∗)%!=Μ?>Λ!
Σ∆∗27∗,&!%α)%∋∗+∋! =Μ?>Λ! Σ∆∗27∗,&! 939)%Ο9! =.ϑ>Λ! 1+ΟΟ+,!(∋%(9! =Μ?>Λ! (,7!Ο+9)! ∗ΟΒ+∋)(,)23!
7Θ%22∗,&!∆,∗)9!=β?>#!!∀,!&%,%∋(2Λ!5∗&5!Β%∋:+∋Ο∗,&!7%<%2+ΒΟ%,)9!Θ∗22!91+∋%!&∋%()%∋!)5(,!Ιϑ!
(,7!)∋+∆Σ2%7!7%<%2+ΒΟ%,)9!Θ∗22!91+∋%!Σ%2+Θ!)5(,!Εϑ#!!=∃%%!ΓΞΑ!//!⊥0!Κ//ϑ≅!:+∋!7%)(∗2%7!
1+ΟΒ∆)()∗+,!+:!Β539∗1(2!∗,9Β%1)∗+,!91+∋%9>!
!
_∆2)∗:(Ο∗23!(99∗9)%7!∆,∗)9!∗,!)5%!1∗)3!(29+!∋%1%∗<%!Β539∗1(2!∗,9Β%1)∗+,!91+∋%9#!!89!+:!.ϑΜΕΛ!Μ.!
9∆15!9∗)%9!Θ%∋%! ∗,9Β%1)%7Λ!Θ∗)5!%∗&5)! ∋()%9!(9!5∗&5!Β%∋:+∋Ο∗,&!(,7! :+∆∋!(9!(<%∋(&%#!ε5%!
:+22+Θ∗,&!)(Σ2%!7∗9Β2(39!Ο∆2)∗:(Ο∗23!9∗)%9!(,7!)5%∗∋!∗,9Β%1)∗+,!91+∋%9#!
!
!
!
! !
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!
.]ϑ!ε/5∋,)+%,52!Χ82#,Α+5!;&#∆∃Α∋,(&!=Α(−∃#6!ΙΞΕΗ!
=,∋∃! ∀ΓΓ−∃##! =Α(−∃! ;&#∆∃Α∋,(&!ϑ+∋∃!
.,08!Χ∃−)(−%,&0! ! ! !
895)+,!;2(1%! Ι≅?!Φ%∋7(,)!Α∋∗<%! ΙΙ! Μ−≅−.ϑΜ?!
∃Β∋∗,&!8∋Σ+∋!+:!Ν∋%%,<∗22%! .ϑΙ/!Ρ!8∋2∗,&)+,!∴2<7! ΙΙ! Κ−β−.ϑΜ?!
ε5%!;+∗,)%!()!Ρ∗ΟΣ2%7+,!∀∀!! Μ?βϑ!Ρ∗ΟΣ2%7+,!Α∋∗<%! Ι/! ≅−?−.ϑΜβ!
Ρ%7&%Θ++7!8∋Ο9! Μ.Μ!Ρ%7&%Θ++7!Α∋∗<%! Ι/! Ι−Μ.−.ϑΜΚ!
806−ΓΑ∃!;∗))!6+∆,)3!Ν∋+∆Β!Γ+Ο%!.! Μ.ϑβ!0%7!∴(,Ω9!07! Ι?! Μϑ−βϑ−.ϑΜ?!
6(∋+2∗,(!6+<%!8Β(∋)Ο%,)9! ΜΜΜ!Π(Ω%<∗%Θ!ε%∋∋(1%! Ιβ! Ε−ΜΜ−.ϑΜΚ!
Ν2%,7(2%!6+∆∋)!8Β(∋)Ο%,)9! ΜΜΜ!Ν2%,7(2%!6)! Ιβ! Μϑ−./−.ϑΜ?!
Ν∋%%,)∋%%!Φ∗22(&%!8Β(∋)Ο%,)9! .ΙΜ?!ε(ΟΟ∗%!ε∋(∗2! ΙΜ! /−ΜΕ−.ϑΜ?!
∀4∃−+0∃!Χ∃−)(−%,&0! ! ! !
Ρ()%∋:+∋7!;2(1%!8Β(∋)Ο%,)9!∀! ./Ι.!∃)(,)+,9Σ∆∋&!07! ≅Ι! ΜΜ−Μβ−.ϑΜΚ!
Ρ()%∋:+∋7!;2(1%!8Β(∋)Ο%,)9!∀Φ! ./Ι.!∃)(,)+,9Σ∆∋&!07! ≅?! Μϑ−..−.ϑΜ?!
∃∗&,()∆∋%!;2(1%! ΚΜϑ!∴%(92%3!Α∋∗<%! ≅?! Μϑ−.β−.ϑΜ?!
Ξ,∗<%∋9∗)3!ε+Θ%∋9! ?ϑϑ!4!ε5∗∋7!∃)! ≅.! ΜΜ−.Μ−.ϑΜΚ!
∃+∆∋1%φ!ΓΞΑ!

!
!
!
b.! ϑ∃#Α−,:∃!∋8∃!+−∃+#!ς8∃−∃!+))(−Γ+:5∃!+ΑΑ∃##,:5∃!8(/#,&0!/&,∋#!+−∃! 5(Α+∋∃Γ!,&!∋8∃!
δ/−,#Γ,Α∋,(&!+&Γ!−∃0,(&<!ϑ(!∋8∃2!+5,0&!ς,∋8!Π?1∀Χ#!(−!(∋8∃−!+−∃+#!∋8+∋!+−∃!#∃0−∃0+∋∃Γχ!

Γ+∆9∗,&!:+∋!2+ΘΨ∗,1+Ο%!Β%∋9+,9!Θ∗)5!7∗9(Σ∗2∗)∗%9!Ο∆9)!Σ%!(11%99∗Σ2%Λ!(::+∋7(Σ2%!(,7!(Σ2%!
)+!(11+ΟΟ+7()%!5(,7∗1(Β9#!!∴%1(∆9%!)5%!⊥(∗∋!Γ+∆9∗,&!81)!∋%χ∆∗∋%9!)5()!Ο+9)!Ο∆2)∗:(Ο∗23!
Β∋+Β%∋)∗%9! Σ∆∗2)! (:)%∋! ΜΙΙΜ! Ο%%)! (11%99∗Σ∗2∗)3! 9)(,7(∋79! ∋%χ∆∗∋%7! Σ3! Β%∋9+,9! Θ∗)5! (!
7∗9(Σ∗2∗)3Λ! ∗)! ∗9!&%,%∋(223!(11%Β)%7!)5()!Ο∆2)∗:(Ο∗23!5+∆9∗,&!Σ∆∗2)!(:)%∋!)5∗9!7()%!Ο%%)!)5%!
Ο∗,∗Ο∆Ο!2%<%2!+:!(11%99∗Σ∗2∗)3!∗:!Σ∆∗2)!∗,!1+ΟΒ2∗(,1%!Θ∗)5!:%7%∋(2!2(Θ#!!Ρ5∗2%!,+)!(!Β%∋:%1)!
∗,7∗1()+∋!+:!(11%99∗Σ∗2∗)3Λ!(,!%α(Ο∗,()∗+,!+:!)5%!(&%!+:!5+∆9∗,&!9)+1Ω!(,7!∗)9!2+1()∗+,!1(,!
Β∋+<∗7%!(!Β∗1)∆∋%!+:!Β2(1%9!Θ5%∋%!)5%∋%!∗9!Ο+∋%!+∋!2%99!(11%99∗Σ∗2∗)3#!!!

ε+!&%)!(!Σ%))%∋!Β∗1)∆∋%!+:!)5∗9Λ!(!1+ΟΣ∗,()∗+,!+:!(&%!+:!5+∆9∗,&!(,7!(::+∋7(Σ∗2∗)3!∗9!∆9%7!)+!
7%)%∋Ο∗,%!(11%99∗Σ∗2∗)3#!!⊥+∋!(&%!+:!5+∆9∗,&Λ!(∋%(9!Θ5%∋%!.?!Β%∋1%,)!+∋!Ο+∋%!+:!5+∆9∗,&!
Θ(9!Σ∆∗2)!(:)%∋!ΜΙΙϑ!∗9!7%%Ο%7!)+!Σ%!(11%99∗Σ2%#!!89!+:!.ϑΜ?Λ!92∗&5)23!Ο+∋%!)5(,!Εϑ!Β%∋1%,)!
+:!)5%!5+∆9∗,&!9)+1Ω!∗,!)5%!1∗)3!Θ(9!Σ∆∗2)!(:)%∋!ΜΙΙϑΛ!5+Θ%<%∋!)5∗9!<(∋∗%7!(1∋+99!Ν∋%%,<∗22%#!

⊥+∋! (::+∋7(Σ∗2∗)3Λ! 2+1()∗+,! +:! 5+∆9∗,&! Θ∗)5! <(2∆%! ()! )5%! Ο%7∗(,! 5+Ο%! <(2∆%! +∋! Σ%2+Θ!
=δΜΚ/ΛΜϑϑ>! (,7! ∋%,)9! ()! Ο%7∗(,! &∋+99! ∋%,)! (,7! Σ%2+Θ! =δ/Κ.>! (∋%! 1+,9∗7%∋%7! )+! 5(<%!
(11%99∗Σ2%!5+∆9∗,&#!!ε5%!:+22+Θ∗,&!)Θ+!Ο(Β9!Β∋+<∗7%!+,23!(∋%(9!)5()!Ο%%)!)5%!1∋∗)%∋∗(!+:!
5+∆9∗,&!Σ∆∗2)!(:)%∋!ΜΙΙϑ!(,7!5+Ο%+Θ,%∋!<(2∆%9!+:!δΜΚ/ΛΜϑϑ!(,7!Σ%2+ΘΛ!(,7!Ο%7∗(,!&∋+99!
∋%,)!+:!δ/Κ.!(,7!Σ%2+Θ#!!=∃+∆∋1%φ!.ϑΜΜΨ.ϑΜ?!86∃>!
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!

Ι+>∗Ψ∗+,,%∃&.Ν10∗+((077)Ν10∗6%∋7)∀5∗,%∃∗>0∃7%∀7∗Λ)#4∗.∗:)7.Ν)1)#2Η∗6%−0%Λ∀0∃7∗

!
∃+∆∋1%φ!.ϑΜΜΨ.ϑΜ?!86∃!<∗(!;+2∗13_(Β!
!
811+∋7∗,&!)+!)5%!Ο(ΒΛ!)5%!,+∋)5%∋,!(∋%(9!+:!Ν∋%%,<∗22%!(∋%!2(∋&%23!(11%99∗Σ2%!:+∋!Β%∋9+,9!
Θ∗)5!(!7∗9(Σ∗2∗)3#!!;∆∋Β2%!95(7%9!(∋%(9!7∗9Β2(3!Σ+)5!1∋∗)%∋∗(!+:!.?!Β%∋1%,)!+∋!Ο+∋%!+:!5+∆9∗,&!
Σ∆∗2)!(:)%∋!ΜΙΙϑ!(,7!5+Ο%9!Θ∗)5!)5%!1∗)3!(<%∋(&%!Ο%7∗(,!<(2∆%!+:!δΜΚ/ΛΜϑϑ!+∋!Σ%2+Θ#!Ρ5∗2%!
5+∆9∗,&!∗,!)5%!0−468;!)∋(1)!Ο(3!Σ%!7%%Ο%7!(::+∋7(Σ2%Λ!)5%∋%!Θ%∋%!:%Θ%∋!5+Ο%9!Σ∆∗2)!(:)%∋!
ΜΙΙϑ#!
!
! !
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Ι+>∗Ψ∗+,,%∃&.Ν10∗+((077)Ν10∗6%∋7)∀5∗,%∃∗>0∃7%∀7∗Λ)#4∗.∗:)7.Ν)1)#2Η∗≅0∀#0∃7∗

!
∃+∆∋1%φ!.ϑΜΜΨ.ϑΜ?!86∃!<∗(!;+2∗13_(Β!
!
_∆15! +:! )5%! Θ%9)%∋,! 5(2:! +:! Ν∋%%,<∗22%! (,7! )5%! 9+∆)5%(9)%∋,! (∋%(9! +:! )5%! 1∗)3! 5(<%!
(11%99∗Σ2%!5+∆9∗,&!:+∋!∋%,)%∋9!Θ5+!(∋%!7∗9(Σ2%7#!!;∆∋Β2%!95(7%7!(∋%(9!7∗9Β2(3!Σ+)5!1∋∗)%∋∗(!
+:!.?!Β%∋1%,)!+∋!Ο+∋%!+:!5+∆9∗,&!Σ∆∗2)!(:)%∋!ΜΙΙϑ!(,7!5+Ο%9!Θ∗)5!)5%!1∗)3!(<%∋(&%!Ο%7∗(,!
&∋+99!∋%,)!+:!δ/Κ.!+∋!Σ%2+Θ#!Ρ5∗2%!5+∆9∗,&!∗,!)5%!0−468;!)∋(1)!Ο(3!Σ%!7%%Ο%7!(::+∋7(Σ2%Λ!
)5%∋%!Θ%∋%!:%Θ%∋!5+Ο%9!Σ∆∗2)!(:)%∋!ΜΙΙϑ#!

811%99∗Σ2%!;∆Σ2∗123!∃∆ΒΒ+∋)%7!Γ+∆9∗,&!:+∋!;%∋9+,9!Θ∗)5!(!Α∗9(Σ∗2∗)3!
!
ε5%! Ο(ς+∋∗)3! +:! Β∆Σ2∗123! 9∆ΒΒ+∋)%7! 5+∆9∗,&! ∗9! 2+1()%7! ∗,! )5%! ,+∋)5Θ%9)! Β(∋)! +:! )5%!
Ν∋%%,<∗22%Λ!%9Β%1∗(223!)5%!5+∆9∗,&!(∆)5+∋∗)3ι9!Β∆Σ2∗1!5+∆9∗,&!7%<%2+ΒΟ%,)9Λ!Γ6Φ!Β∋+&∋(Ο!
(,7!Π∀Γε6!5+∆9∗,&#! !Ρ5∗2%!∃%1)∗+,!≅!5+∆9∗,&!Θ(9!(29+!Β∋%9%,)! ∗,! )5%!,+∋)5Θ%9)!(∋%(!+:!
Ν∋%%,<∗22%Λ! )5∗9!5+∆9∗,&! )3Β%!Θ(9!Ο+∋%!9Β∋%(7!+∆)!(1∋+99! )5%!1∗)3#! !ε5%! )Θ+!+)5%∋!ΓΞΑ!
Ο∆2)∗:(Ο∗23!5+∆9∗,&!∆,∗)9!Θ%∋%!+,!)5%!%(9)!9∗7%!+:!)5%!1∗)3#!!

!

! !
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Ι+>Υ∗∗>0∃7%∀7∗Λ)#4∗.∗:)7.Ν)1)#2∗.∀&∗>∃%9)−)#2∗#%∗>∋Ν1)(∗6%∋7)∀5∗

!
∃+∆∋1%φ!.ϑΜΜΨ.ϑΜ?!86∃Λ!ΓΞΑ!(,7!Π∀Γε6!<∗(!;+2∗13_(Β!
!
!

! !
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c.! 9(!ς8+∋!∃≅∋∃&∋!+−∃!∆∃−#(&#!ς,∋8!Γ,))∃−∃&∋!Γ,#+:,5,∋,∃#!+:5∃!∋(!+ΑΑ∃##!+&Γ!5,4∃!,&!∋8∃!
Γ,))∃−∃&∋!Α+∋∃0(−,∃#!()!∆/:5,Α52!#/∆∆(−∋∃Γ!8(/#,&0!,&!∋8∃!δ/−,#Γ,Α∋,(&!+&Γ!−∃0,(&χ!!

!
ε5%!Γ+∆9∗,&!8∆)5+∋∗)3!+:!)5%!6∗)3!+:!Ν∋%%,<∗22%!=Γ86Ν>! ∗9!(!ΓΞΑ!∋%1+&,∗%7!(,7!:∆,7%7!
Β∆Σ2∗1!5+∆9∗,&!(∆)5+∋∗)3#!!822!ΓΞΑΨ:∆,7%7!Β∋+&∋(Ο9!(,7!Β∋+ς%1)9!(∋%!∋%χ∆∗∋%7!)+!1+,:+∋Ο!
)+!)5%!8Α8!∋%&∆2()∗+,9!(,7!Σ%!∃%1)∗+,!?ϑΚ!1+ΟΒ2∗(,)#!!∀)!∗9!)5%!Β+2∗13!+:!)5%!Γ86Ν!)+!&∗<%!
Β∋%:%∋%,1%!)+!Θ+∋Ω∗,&!:(Ο∗2∗%9Λ!%27%∋23!(,7!Β%∋9+,9!Θ5+!(∋%!7∗9(Σ2%7#!
!
Ρ5∗2%!)5%!1∗)3!(,7!Γ86Ν!Β∋+Ο+)%!(,7!Ο(Ω%!∋%(9+,(Σ2%!(11+ΟΟ+7()∗+,9!:+∋!(22!Β%∋9+,9!
Θ∗)5! (! 7∗9(Σ∗2∗)3Λ! Γ86Ν! 5(9! 7∗::∗1∆2)3! 1+<%∋∗,&! )5%! ,%%79! +:! (22! Β%+Β2%!Θ∗)5! 7∗9(Σ∗2∗)∗%9#!!!
;∋+ς%1)ΨΣ(9%7! ∃%1)∗+,! ≅! 5+∆9∗,&! (,7! Γ6Φ! 5+∆9∗,&! <+∆15%∋9Λ! 9Β%1∗:∗1(223! ∗,! ,+,Ψ0−468;!
)∋(1)9Λ!5(<%!)5%!5∗&5%9)!Β%∋1%,)(&%!+:!7∗9(Σ2%7!∋%9∗7∗,&!∗,!)5+9%!∆,∗)9!(9!1+ΟΒ(∋%7!)+!)5%!
+)5%∋! 1()%&+∋∗%9! +:! Β∆Σ2∗123! 9∆ΒΒ+∋)%7! 5+∆9∗,&! ∗,! Ν∋%%,<∗22%#! ! ;∋+ς%1)ΨΣ(9%7! ∃%1)∗+,! ≅!
∋%9∗7%,)9!∗,!,+,Ψ0−468;!)∋(1)9!(∋%!.Κ#Μ!Β%∋1%,)!Τ!(2Ο+9)!(!χ∆(∋)%∋!+:!(22!)5%!∋%9∗7%,)9!∗,!
)5∗9!5+∆9∗,&!1()%&+∋3#!!∀,!)5%!Γ6Φ!;∋+&∋(Ο!)5%3!(∋%!.Μ#Ε!Β%∋1%,)!Τ!(!2∗))2%!Ο+∋%!)5(,!+,%!
∗,!:∗<%#!!⊥+∋!)5%!Γ6Φ!;∋+&∋(ΟΛ!7∗9(Σ2%7!Β%∋9+,9!5+27∗,&!5+∆9∗,&!<+∆15%∋9!5(<%!)5%!+Β)∗+,!
)+!:∗,7!5+∆9∗,&!)5()!(11+ΟΟ+7()%9!)5%∗∋!,%%79#!=∃+∆∋1%φ!ΓΞΑ!ε(Σ2%!/!Τ!0−468;!(,7!Η+,Ψ
0−468;!Α%Ο+&∋(Β5∗19!Σ3!;∆Σ2∗123!∃∆ΒΒ+∋)%7!Γ+∆9∗,&!;∋+&∋(Ο!6()%&+∋3>!
!

!

!

!

!

! !
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><! ;&∋∃0−+∋,(&!()!Χ∃−#(&#!ς,∋8!ϑ,#+:,5,∋,∃#!β,4,&0!,&!;&#∋,∋/∋,(&#!+&Γ!Ο∋8∃−!=∃0−∃0+∋∃Γ!
=∃∋∋,&0#!

a.! 9(!ς8+∋!∃≅∋∃&∋!Γ(!∆∃−#(&#!ς,∋8!Γ,#+:,5,∋,∃#! ,&!(−! )−(%!∋8∃! δ/−,#Γ,Α∋,(&!(−!−∃0,(&!
−∃#,Γ∃!,&!#∃0−∃0+∋∃Γ!(−!,&∋∃0−+∋∃Γ!#∃∋∋,&0#χ!

∀,!ΜΙΙΜΛ!)5%!Ξ#∃#!Α%Β(∋)Ο%,)!+:!ϕ∆9)∗1%!7%:∗,%7!γ)5%!Ο+9)!∗,)%&∋()%7!9%))∗,&!(ΒΒ∋+Β∋∗()%!
)+!)5%!,%%79!+:!χ∆(2∗:∗%7!∗,7∗<∗7∆(29!Θ∗)5!7∗9(Σ∗2∗)∗%9η!(9!γ(!9%))∗,&!)5()!%,(Σ2%9!∗,7∗<∗7∆(29!
Θ∗)5!7∗9(Σ∗2∗)∗%9! )+! ∗,)%∋(1)!Θ∗)5!,+,7∗9(Σ2%7!Β%∋9+,9! )+! )5%! :∆22%9)!%α)%,)!Β+99∗Σ2%#η?!∀,!
.ϑΜΜΛ!)5%3!:∆∋)5%∋!∋%∗,:+∋1%7!)5∗9!Θ∗)5!(!9)()%Ο%,)φ!

ϖ)5+9%!)5()!Β∋+<∗7%!∗,7∗<∗7∆(29!Θ∗)5!7∗9(Σ∗2∗)∗%9!+ΒΒ+∋)∆,∗)∗%9!)+!2∗<%Λ!Θ+∋ΩΛ!(,7!
∋%1%∗<%!9%∋<∗1%9! ∗,!)5%!&∋%()%∋!1+ΟΟ∆,∗)3Λ! 2∗Ω%!∗,7∗<∗7∆(29!Θ∗)5+∆)!7∗9(Σ∗2∗)∗%9#!
∀,)%&∋()%7!9%))∗,&9!(∋%!2+1()%7!∗,!Ο(∗,9)∋%(Ο!9+1∗%)3κ!+::%∋!(11%99!)+!1+ΟΟ∆,∗)3!
(1)∗<∗)∗%9! (,7! +ΒΒ+∋)∆,∗)∗%9! ()! )∗Ο%9Λ! :∋%χ∆%,1∗%9! (,7! Θ∗)5! Β%∋9+,9! +:! (,!
∗,7∗<∗7∆(2ι9!15++9∗,&κ!(::+∋7! ∗,7∗<∗7∆(29!15+∗1%! ∗,!)5%∗∋!7(∗23! 2∗:%!(1)∗<∗)∗%9κ!(,7!
Β∋+<∗7%! ∗,7∗<∗7∆(29! Θ∗)5! 7∗9(Σ∗2∗)∗%9! )5%! +ΒΒ+∋)∆,∗)3! )+! ∗,)%∋(1)! Θ∗)5! ,+,Ψ
7∗9(Σ2%7!Β%∋9+,9!)+!)5%!:∆22%9)!%α)%,)!Β+99∗Σ2%#Ε!

εΘ+!:(1)+∋9!∗ΟΟ%7∗()%23!∗,:2∆%,1%!)5%!(Σ∗2∗)3!)+!∗,)%&∋()%!)5%!9%))∗,&9!+:!Β%∋9+,9!Θ∗)5!(!
7∗9(Σ∗2∗)3φ!Θ5%∋%!)5%!∗,7∗<∗7∆(2!2∗<%9!(,7!5+Θ!)5%!∗,7∗<∗7∆(2!Θ∗22!)∋(<%2!)+!Β2(1%9#!Α%1∗7∗,&!
Θ5%∋%!)+!2∗<%!:+∋!∗,7∗<∗7∆(29!Θ∗)5!(!7∗9(Σ∗2∗)3!∗9!+:)%,!(!1+ΟΒ2∗1()%7!Β∋+1%99!Θ∗)5!9%<%∋(2!
2(3%∋9!+:!1+,9∗7%∋()∗+,9Λ!Θ5∗15!1(,!2%(7!)+!2%99!(::+∋7(Σ∗2∗)3!(,7!(11%99∗Σ∗2∗)3#!!ΓΞΑ!_8;!Μ?!
Τ!Α∗9(Σ∗2∗)3!Σ3!8&%!Ν∋+∆Β!95+Θ9!)5%!5∗&5%9)!,∆ΟΣ%∋!+:!7∗9(Σ2%7!Β%∋9+,9!∗,!Ν∋%%,<∗22%!2∗<%!
∗,!6%,9∆9!ε∋(1)9!β/ΜΚ/ϑϑϑ/ϑΜ!=0−468;>Λ!β/ΜΚ/ϑϑϑ/ϑ.!=0−468;>Λ!(,7!β/ΜΚ/ϑϑϑΕϑ.!=∃Ρ!+:!
0−468;>#! !822! )5∋%%!+:! )5%9%! )∋(1)9!(∋%! 2+1()%7! ∗,! )5%!Θ%9)%∋,!5(2:!+:! )5%!1∗)3#! ! ε5%! )Θ+!
0−468;!)∋(1)9!β/ΜΚ/ϑϑϑ/ϑΜ!(,7!β/ΜΚ/ϑϑϑ/ϑ.Λ!5(<%!(,!(ΟΒ2%!9∆ΒΒ23!+:!∋%9)(∆∋(,)9!∆Β!(,7!
7+Θ,!0+∆)%!ΜβΛ!Β(∋Ω9!∗,!<(∋∗+∆9!2+1()∗+,9!(,7!(!<(∋∗%)3!+:!95+Β9!(,7!9)+∋%9!%9Β%1∗(223!(2+,&!
Α∗1Ω∗,9+,!8<%,∆%!(,7!0+∆)%!Μβ#!!6%,9∆9!ε∋(1)!β/ΜΚ/ϑϑϑΕϑ.!=∃Ρ!+:!0−468;>!5(9!Ο∆15!2%99!
+:!∗,!)%∋Ο9!+:!∋%9)(∆∋(,)9Λ!Β(∋Ω9!(,7!95+Β9!(,7!9)+∋%9!%α1%Β)!:+∋!)5%!9+∆)5Θ%9)!Β+∋)∗+,!+:!
)5%!)∋(1)!(2+,&!_%Ο+∋∗(2!Α∋∗<%#!

∀,!.ϑΜ?Λ!Ν∋%%,<∗22%!5(7!≅Λ/ϑβ!)+)(2!Β%∋9+,9!Θ∗)5!(!7∗9(Σ∗2∗)3!Τ!Ι#Ι!Β%∋1%,)!+:!)5%!Β+Β∆2()∗+,#!
=∃+∆∋1%φ!.ϑΜΜΨ.ϑΜ?!86∃>!

                                                        
?!?Ε!⊥%7#!0%&#!β?ΕΙΚ!=ΜΙΙ.>Λ!1+7∗:∗%7!()!.≅!6#⊥#0#!Β)#!β?Λ!(ΒΒ#!∴#!
Ε !∃)()%Ο%,)! +:! )5%! Α%Β(∋)Ο%,)! +:! ϕ∆9)∗1%! +,! 4,:+∋1%Ο%,)! +:! )5%! ∀,)%&∋()∗+,!_(,7()%! +:! ε∗)2%! ∀∀! +:! )5%!
8Ο%∋∗1(,9! Θ∗)5! Α∗9(Σ∗2∗)∗%9! 81)! (,7! Χ2Ο9)%(7! <#! Π#6#! =ΑΧϕ! Χ2Ο9)%(7! ∃)()%Ο%,)>Λ!
5))Βφ−−ΘΘΘ#(7(#&+<−+2Ο9)%(7−χµ(ψ+2Ο9)%(7#5)Ο#!ε5%!Α%Β(∋)Ο%,)!+:! ϕ∆9)∗1%! ∗9! )5%!(&%,13!15(∋&%7!Θ∗)5!
1++∋7∗,()∗+,!+:!∃%1)∗+,!?ϑΚ!(,7!ε∗)2%!∀∀!+:!)5%!8Α8#ぉ 
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b.! ϑ∃#Α−,:∃! ∋8∃! −+&0∃! ()! (∆∋,(&#! )(−! ∆∃−#(&#!ς,∋8! Γ,#+:,5,∋,∃#! ∋(! +ΑΑ∃##! +))(−Γ+:5∃!
8(/#,&0!+&Γ!#/∆∆(−∋,4∃!#∃−4,Α∃#!,&!∋8∃!δ/−,#Γ,Α∋,(&!+&Γ!−∃0,(&<!

8::+∋7(Σ2%!Γ+∆9∗,&!:+∋!;%∋9+,9!Θ∗)5!(!Α∗9(Σ∗2∗)3!
!
42∗&∗Σ2%!Β%∋9+,9!Θ∗)5!(!7∗9(Σ∗2∗)3!5(<%!(11%99!)+!Β∆Σ2∗123!9∆ΒΒ+∋)%7!5+∆9∗,&!∗,!Ν∋%%,<∗22%!
)5∋+∆&5!)5%!Γ+∆9∗,&!8∆)5+∋∗)3!+:!)5%!6∗)3!+:!Ν∋%%,<∗22%!=Γ86Ν>#! !811+∋7∗,&!)+!)5%!ΓΞΑΨ
Β∋+<∗7%7!7()(Λ!)5%∋%!(∋%!β?β!∋%9∗7%,)9!∆9∗,&!Β∆Σ2∗1!5+∆9∗,&!Θ5+!5(<%!(!7∗9(Σ∗2∗)3#!!

89!∋%Β+∋)%7Λ!)5%∋%!(∋%!ΜΜΕ!Β%∋9+,9!Θ5+!∋%9∗7%!∗,!)5%!Β∆Σ2∗1!5+∆9∗,&!7%<%2+ΒΟ%,)!Ο(,(&%7!
Σ3!Γ86Ν#!!89!(!:%7%∋(223!:∆,7%7!5+∆9∗,&!(∆)5+∋∗)3Λ!Γ86Ν!Ο(Ω%9!(11%99!)+!Β∆Σ2∗1!5+∆9∗,&Λ!
Β∋+&∋(Ο9! (,7! (1)∗<∗)∗%9! (<(∗2(Σ2%! )+! (22! Β∋+)%1)%7! 12(99%9Λ! ∗,12∆7∗,&! Β%∋9+,9! Θ5+! (∋%!
7∗9(Σ2%7#!!!

ε5%!Γ6Φ!;∋+&∋(Ο!∗,!)5%!1∗)3!5+∆9%9!ΜΚ/!Β%∋9+,9!Θ∗)5!7∗9(Σ∗2∗)∗%9Λ!Θ5∗15!∗9!(ΒΒ∋+α∗Ο()%23!
+,%Ψ∗,Ψ:∗<%!Β∋+&∋(Ο!Β(∋)∗1∗Β(,)9#!!ε5∗9!5+∆9∗,&!1()%&+∋3!9%∋<%9!)5%!Ο+9)!7∗9(Σ2%7!∋%9∗7%,)9#!!
;%∋9+,9!Θ∗)5! (! 7∗9(Σ∗2∗)3! 5(<%! )5%! (Σ∗2∗)3! )+! 9%%Ω! 5+∆9∗,&! )5∋+∆&5+∆)! )5%! 1∗)3! )5()! 1(,!
(11+ΟΟ+7()%! :+∋! )5%∗∋! 7∗9(Σ∗2∗)∗%9! )5∋+∆&5! )5%! Γ6Φ! ;∋+&∋(ΟΛ! ∆,2∗Ω%! +)5%∋! Β∆Σ2∗123!
9∆ΒΒ+∋)%7!5+∆9∗,&!)5()!5(<%!Β%∋Ο(,%,)!2+1()∗+,9#!

;∋+ς%1)ΨΣ(9%7!∃%1)∗+,!≅!5(9!≅Ι!7∗9(Σ2%7!Β%∋9+,9!(,7!+)5%∋!ΓΞΑ!Ο∆2)∗:(Ο∗23!9∗)%9!∋%Β+∋)%7!
+,%#!=Α()(!∃+∆∋1%φ!ΓΞΑ!8⊥⊥Γ!ε(Σ2%!Μ?>!

9+:5∃!ΕΝ!∴!ϑ,#+:,5,∋2!:2!Χ/:5,Α52!=/∆∆(−∋∃Γ!.(/#,&0!Χ−(0−+%!1+∋∃0(−2! !!
Σ3−∃∃&4,55∃6!71!1ϑΚ36!.Οε?Τ!Υ/−,#Γ,Α∋,(&! Χ∃(∆5∃!ς,∋8!+!ϑ,#+:,5,∋2!
! φ! γ!
;∆Σ2∗1!Γ+∆9∗,&! ΜΜΕ! ΜΕ#≅Ιν!
;∋+ς%1)Ψ∴(9%7!∃%1)∗+,!≅! ≅Ι! ΜΙ#ΕΙν!
Χ)5%∋!_∆2)∗:(Ο∗23! Μ! .#./ν!
Γ6Φ!;∋+&∋(Ο! ΜΚ/! .ϑ#ΜΜν!
Σ3−∃∃&4,55∃6!71Τ!Π∃0,(&! ! !
! φ! γ!
;∆Σ2∗1!Γ+∆9∗,&! ΜΜΕ! ΜΕ#≅Ιν!
;∋+ς%1)Ψ∴(9%7!∃%1)∗+,!≅! ≅Ι! ΜΙ#ΕΙν!
Χ)5%∋!_∆2)∗:(Ο∗23! Μ! .#./ν!
Γ6Φ!;∋+&∋(Ο! .ΜΚ! Μ≅#β/ν!
Η+)%!Μφ!ε5%!7%:∗,∗)∗+,!+:![7∗9(Σ∗2∗)3[!∆9%7!Σ3!)5%!6%,9∆9!∴∆∋%(∆!Ο(3!,+)!Σ%!1+ΟΒ(∋(Σ2%!)+!∋%Β+∋)∗,&!
∋%χ∆∗∋%Ο%,)9!∆,7%∋!ΓΞΑ!Β∋+&∋(Ο9#!
Η+)%!.φ!Α()(!∃+∆∋1%9φ!86∃!
Η+)%!βφ!0%:%∋!)+!)5%!Α()(!Α+1∆Ο%,)()∗+,!:+∋!7%)(∗29!=ΘΘΘ#5∆7%α15(,&%#∗,:+># !

!

! !
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∃∆ΒΒ+∋)∗<%!∃%∋<∗1%9!:+∋!;%∋9+,9!Θ∗)5!(!Α∗9(Σ∗2∗)3!
!
8!,∆ΟΣ%∋!+:!+∋&(,∗()∗+,9!(,7!2+1(2!(&%,1∗%9!Β∋+<∗7%!9%∋<∗1%9!:+∋!Β%∋9+,9!Θ∗)5!7∗9(Σ∗2∗)∗%9#!!
∴%2+Θ!∗9!(!2∗9)!+:!Β∋+Ο∗,%,)!(&%,1∗%9!(,7!+∋&(,∗()∗+,9!(,7!(!9∆ΟΟ(∋3!+:!)5%!9%∋<∗1%9!)5%3!
Β∋+<∗7%φ!

:)7.Ν)1)#2∗+&/%(.#07∗[∗≅07%∋∃(0∗<0∀#0∃!∗9!(!1%,)%∋!:+∋!∗,7%Β%,7%,)!2∗<∗,&!Θ∗)5!(!Ο∗99∗+,!)+!
%ΟΒ+Θ%∋!Β%+Β2%!Θ∗)5!(!7∗9(Σ∗2∗)3!)+!Σ%1+Ο%!+∋!∋%Ο(∗,!∗,7%Β%,7%,)!∗,!)5%!1+ΟΟ∆,∗)3#!!ε5∗9!
Ο∗99∗+,! ∗9! (11+ΟΒ2∗95%7! )5∋+∆&5! 9∆ΒΒ+∋)! :+∋! %7∆1()∗+,Λ! %ΟΒ2+3Ο%,)Λ! (,7! (11%99! )+!
(::+∋7(Σ2%!5+∆9∗,&Λ!9%∋<∗1%9!(,7!(1)∗<∗)∗%9!:+∋!7∗9(Σ2%7!Β%∋9+,9#!

∆%∃#4∗<.∃%1)∀.∗6%∋7)∀5∗<%.1)#)%∀!∗9!(!,+,Β∋+:∗)!Ο%ΟΣ%∋!+∋&(,∗()∗+,!)5()!Θ+∋Ω9!)+!Β∋+<∗7%!
7%1%,)!(,7!(::+∋7(Σ2%!5+∆9∗,&!:+∋!2+ΘΨ!(,7!Ο+7%∋()%Ψ∗,1+Ο%!5+∆9%5+279!)5∋+∆&5+∆)!)5%!
9)()%#! !∃%∋<∗1%9!)5∋+∆&5!)5%!1+(2∗)∗+,!∗,12∆7%!∋%:%∋∋(29Λ!)%15,∗1(2!(99∗9)(,1%Λ!(7<+1(13!(,7!
Β∋+<∗7∗,&!∋%9+∆∋1%9!)+!)5%!Β∆Σ2∗1Λ! ∗,12∆7∗,&!9%∋<∗,&!(9!(!12%(∋∗,&5+∆9%!:+∋!7()(Λ!9)()∗9)∗19Λ!
Σ%9)!Β∋(1)∗1%9!(,7!∋%9%(∋15#!

∆%∃#4∗<.∃%1)∀.∗:0;.∃#−0∀#∗%,∗60.1#4∗.∀&∗6∋−.∀∗Μ0∃/)(07!Β∋+<∗7%9!(!1+ΟΒ∋%5%,9∗<%!2∗9)!+:!
9%∋<∗1%9Λ! 5+)2∗,%9Λ! :(1)! 95%%)9! (,7! (7<+1(13! )5∋+∆&5+∆)! )5%! 9)()%#! ε5%! 7%Β(∋)Ο%,)! (29+!
+::%∋9!9%∋<∗1%9!:+∋!)5%!Σ2∗,7Λ!(,7!5%2Β9!(99∗9)!)5+9%!Θ5+!(∋%!Σ2∗,7Λ!7%(:ΨΣ2∗,7!(,7!<∗9∆(223!
∗ΟΒ(∗∋%7! )+! :∗,7! +∋! Ω%%Β! )5%∗∋! ς+Σ#! ! ∃%∋<∗1%9! :+∋! )5%! 7%(:! (,7! 5(∋7Ψ+:Ψ5%(∋∗,&! (∋%! (29+!
(<(∗2(Σ2%#!

840∗∆%∃#4∗<.∃%1)∀.∗Κ,,)(0∗%∀∗:)7.Ν)1)#2∗.∀&∗60.1#4!Θ+∋Ω9!)+!Β∋+Ο+)%!5%(2)5!(,7!Θ%22,%99!:+∋!
Β%∋9+,9!Θ∗)5!(!7∗9(Σ∗2∗)3!∗,!)5%!9)()%!)5∋+∆&5!(,!∗,)%&∋()%7!Β∋+&∋(Ο!+:!Β+2∗13Λ!Β∋(1)∗1%!(,7!
%<(2∆()∗+,#! ! ε5%! +::∗1%! ∗9! (! 1+22(Σ+∋()∗+,! Σ%)Θ%%,! )5%! Α∗<∗9∗+,! +:! ;∆Σ2∗1! Γ%(2)5! +:! )5%!
Α%Β(∋)Ο%,)!+:!Γ%(2)5!(,7!Γ∆Ο(,!∃%∋<∗1%9!(,7!)5%!⊥∋(,Ω!;+∋)%∋!Ν∋(5(Ο!65∗27!Α%<%2+ΒΟ%,)!
∀,9)∗)∆)%!()!ΞΗ6!()!65(Β%2!Γ∗22#!!∀)!7%<%2+Β%7!)5%!Η#6#!;2(,!)+!;∋+Ο+)%!)5%!Γ%(2)5!+:!;%+Β2%!
Θ∗)5!Α∗9(Σ∗2∗)∗%9Λ!Θ5∗15!Σ∋∗,&9!)+&%)5%∋!)5%!)+Β!%αΒ%∋)9!(,7!Θ+∋Ω%∋9!∗,!)5%!9)()%!)+!Σ∆∗27!)5%!
9)()%ι9!1(Β(1∗)3!)+!∗ΟΒ∋+<%!)5%!5%(2)5!+:!Β%+Β2%!Θ∗)5!(!7∗9(Σ∗2∗)3#!!ε5%!Β2(,!(29+!∗7%,)∗:∗%9!
∗99∆%9!9∆15!(9!7∗91∋∗Ο∗,()∗+,!(,7!∗99∆%9!(!15(22%,&%!)+!(77∋%99!)5%9%!∗99∆%9!)5()!Β%+Β2%!Θ∗)5!
7∗9(Σ∗2∗)∗%9!:(1%#!

>)##∗<%∋∀#2∗+&∋1#∗Μ0∃/)(07!+::%∋9!9%∋<∗1%9!)+!7∗9(Σ2%7!Β%∋9+,9!+∋!5(,7∗1(ΒΒ%7!∗,!∋%9Β∗)%Λ!1(9%!
Ο(,(&%Ο%,)Λ!∗,Ψ5+Ο%!9%∋<∗1%9!(,7!1+ΟΟ∆,∗)3!(2)%∋,()∗<%!Β∋+&∋(Ο#!

Μ∋;;%∃#∗80.−∗,%∃∗+&.;#)/0∗≅0(∃0.#)%∀∗ δΜ8+≅εΛ!(!,+,Β∋+:∗)!+∋&(,∗()∗+,Λ!Β∋+<∗7%9!9∆ΒΒ+∋)!
&∋+∆Β9!)5()!Β∋+Ο+)%!∗,7%Β%,7%,1%!)5∋+∆&5!9+1∗(2!(,7!(7(Β)%7!∋%1∋%()∗+,!:+∋!Β%∋9+,9!Θ∗)5!
(!7∗9(Σ∗2∗)3#!!_%ΟΣ%∋9!1(,!ς+∗,!:+∋!)5%!2+Θ!1+9)!+:!δΜϑ!(,,∆(223#!!8,,∆(2!(1)∗<∗)∗%9!∗,12∆7%!(,!
(∋)9! Θ+∋Ω95+ΒΛ! Σ%(15! ∋%)∋%()Λ! Σ+Θ2∗,&! %<%,)Λ! Θ()%∋ΨΣ(9%7! (1)∗<∗)3! %<%,)9Λ! (,7! (7(Β)∗<%!
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∋%1∋%()∗+,!(,7! 9Β+∋)9!7(39#! ! ∃+1∗(2! %<%,)9!(∋%!(29+!Β2(,,%7! 9∆15!(9!Β∗(!Β(∋)∗%9Λ! 9Β%1∗(2!
1++Ω∗,&!7%Ο+,9)∋()∗+,9!(,7!(!∃∆Β%∋∴+Θ2!Β(∋)3#!

!

Β<! ϑ,#∆+−,∋,∃#!,&!∀ΑΑ∃##!∋(!Ο∆∆(−∋/&,∋2!
!
+<! 9(!ς8+∋!∃≅∋∃&∋!+−∃!∆∃−#(&#!ς,∋8!Γ,#+:,5,∋,∃#!+:5∃!∋(!+ΑΑ∃##!∋8∃!)(55(ς,&0!,&!∋8∃!
δ/−,#Γ,Α∋,(&!+&Γ!−∃0,(&χ!!;Γ∃&∋,)2!%+δ(−!:+−−,∃−#!)+Α∃Γ!Α(&Α∃−&,&0Ρ!

i.! 3(4∃−&%∃&∋!#∃−4,Α∃#!+&Γ!)+Α,5,∋,∃#!

 
ε5%! 1∗)3! +:! Ν∋%%,<∗22%! 1+ΟΒ2∗%9! Θ∗)5! 8Ο%∋∗1(,! Θ∗)5! Α∗9(Σ∗2∗)∗%9! 81)! =8Α8>! Β+2∗13! (,7!
∋%&∆2(∋23!&∗<%9!,+)∗1%!)5()!)5%!1∗)3!Θ∗22!,+)!7∗91∋∗Ο∗,()%!(&(∗,9)!χ∆(2∗:∗%7!∗,7∗<∗7∆(29!Θ∗)5!
7∗9(Σ∗2∗)∗%9! ∗,! )5%! 1∗)3ι9! 9%∋<∗1%9Λ! Β∋+&∋(Ο9! +∋! (1)∗<∗)∗%9#! ! ε5%! 1∗)3! &+<%∋,Ο%,)! 7+%9! ,+)!
7∗91∋∗Ο∗,()%! +,! )5%! Σ(9∗9! +:! (,3! 12(99! +∋! 15(∋(1)%∋∗9)∗1! Β∋+)%1)%7! Σ3! 2(Θ#! ε5%! 8Α8!
6+ΟΒ2∗(,1%!Η+)∗1%!:+∋!%ΟΒ2+3Ο%,)Λ!%::%1)∗<%!1+ΟΟ∆,∗1()∗+,!(,7!Ο+7∗:∗1()∗+,9!)+!Β+2∗1∗%9!
(,7! Β∋+1%7∆∋%9! 1(,! Σ%! :+∆,7! ()! )5%! :+22+Θ∗,&! 1∗)3Ψ(7Ο∗,∗9)%∋%7! Θ%Σ! (77∋%99φ!
ΘΘΘ#&∋%%,<∗22%,1#&+<−2∗<%−(7(Ψ1+ΟΒ2∗(,1%Ψ,+)∗1%#!

⊥+∋!%ΟΒ2+3Ο%,)Λ! )5%!1∗)3!7+%9!,+)!7∗91∋∗Ο∗,()%!+,!)5%!Σ(9∗9!+:!7∗9(Σ∗2∗)3! ∗,! ∗)9!5∗∋∗,&!+∋!
%ΟΒ2+3Ο%,)! Β∋(1)∗1%9! (,7! 1+ΟΒ2∗%9!Θ∗)5! (22! ∋%&∆2()∗+,9! Σ3! )5%!Ξ#∃#! 4χ∆(2! 4ΟΒ2+3Ο%,)!
ΧΒΒ+∋)∆,∗)3!6+ΟΟ∗99∗+,!∆,7%∋!ε∗)2%!∀!+:!)5%!8Α8#!

ε+!(22+Θ!Β%∋9+,9!Θ∗)5!(!7∗9(Σ∗2∗)3!)+!Β(∋)∗1∗Β()%!%χ∆(223!Θ∗)5!)5%!1∗)3ι9!Β∋+&∋(Ο9Λ!9%∋<∗1%9!
(,7!(1)∗<∗)∗%9Λ!)5%!1∗)3!Θ∗22!&%,%∋(223Λ!∆Β+,!∋%χ∆%9)Λ!Β∋+<∗7%!(ΒΒ∋+Β∋∗()%!(∗7!(,7!9%∋<∗1%9!
)5()!2%(7!)+!%::%1)∗<%!1+ΟΟ∆,∗1()∗+,!:+∋!Β%∋9+,9!Θ∗)5!(!7∗9(Σ∗2∗)3#!!ε5%!1∗)3!Θ∗22!(29+!Ο(Ω%!
(22!∋%(9+,(Σ2%!Ο+7∗:∗1()∗+,9!)+!Β+2∗1∗%9!(,7!Β∋+&∋(Ο9!)+!%,9∆∋%!)5()!)5+9%!Θ∗)5!7∗9(Σ∗2∗)∗%9!
5(<%!(,!%χ∆(2!+ΒΒ+∋)∆,∗)3! )+!%,ς+3!(22!+:! ∗)9! :(1∗2∗)∗%9Λ!Β∋+&∋(Ο9Λ! 9%∋<∗1%9!(,7!(1)∗<∗)∗%9#!!
8,3+,%! ∗,! ,%%7! +:! (∗7! +∋! 9%∋<∗1%! :+∋! %::%1)∗<%! 1+ΟΟ∆,∗1()∗+,! 95+∆27! 1+,)(1)! )5%! 8Α8!
1++∋7∗,()+∋!,+!2()%∋!)5(,!Κ≅!5+∆∋9!Σ%:+∋%!)5%!915%7∆2%7!%<%,)#!

⊥+∋!Ο+∋%! ∗,:+∋Ο()∗+,! +,! 5+Θ!7∗9(Σ2%7! Β%∋9+,9! 1(,! (11%99! (,7! Β(∋)∗1∗Β()%! ∗,! )5%! 1∗)3ι9!
Β∋+&∋(Ο9Λ!9%∋<∗1%9!(,7!(1)∗<∗)∗%9Λ!)5%!8Α8!1++∋7∗,()+∋!1(,!Σ%!1+,)(1)%7!()!=Ο(∗2∗,&>!;#Χ#!
∴+α!/.ϑ/Λ!Ν∋%%,<∗22%Λ!Η+∋)5!6(∋+2∗,(!./≅β?Ψ/.ϑ/κ!=Β539∗1(2>!.ϑϑ!Ρ%9)!⊥∗:)5!∃)#Λ!Ν∋%%,<∗22%Λ!
Η#6#! ./≅βΚκ! Β5+,%! =.?.>! β.ΙΨΚΚ?.κ! :(α! =.?.>! β.ΙΨΚβΜβκ! +∋! %Ο(∗2!
2Ο11(∋)53ζ&∋%%,<∗22%,1#&+<#!
!
ε5%!1∗)3!(29+!Β∋+<∗7%9!(!&∋∗%<(,1%!Β∋+1%7∆∋%!)+!Ο%%)!)5%!∋%χ∆∗∋%Ο%,)9!+:!)5%!8Α8#!!Ρ∋∗))%,!
1+ΟΒ2(∗,)9!7%)(∗2∗,&!)5%!1∗∋1∆Ο9)(,1%!1(,!Σ%!:∗2%7!Θ∗)5!)5%!8Α8!1++∋7∗,()+∋#!!∀,:+∋Ο()∗+,!
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∗,! )5%! 1+ΟΒ2(∗,)! 95+∆27! ∗,12∆7%! ,(Ο%Λ! (77∋%99Λ! Β5+,%! ,∆ΟΣ%∋! +:! 1+ΟΒ2(∗,(,)! (,7!
2+1()∗+,Λ!)5%!7()%!(,7!7%91∋∗Β)∗+,!+:!)5%!Β∋+Σ2%Ο#!!8!7%)(∗2%7!7%91∋∗Β)∗+,!+:!)5%!&∋∗%<(,1%!
Β∋+1%7∆∋%!1(,!Σ%!:+∆,7!()!ΘΘΘ#&∋%%,<∗22%,1#&+<−2∗<%−(7(Ψ1+ΟΒ2∗(,1%Ψ,+)∗1%#!!

ii.! Χ/:5,Α!,&)−+#∋−/Α∋/−∃!Σ∃<0<6!#,Γ∃ς+5Ψ#6!∆∃Γ∃#∋−,+&!Α−(##,&0#6!∆∃Γ∃#∋−,+&!#,0&+5#Τ!

811+∋7∗,&! )+! )5%! 1∗)3ι9! +,∗,&! (,7! 1+7%!+:! +∋7∗,(,1%9Λ! 9∗7%Θ(2Ω9!Θ∗22! Σ%! 1+,9)∋∆1)%7! ∗,!
(11+∋7(,1%! Θ∗)5! )5%! 1∗)3ι9! _(,∆(2! +:! ∃)(,7(∋7! Α%9∗&,9! (,7! Α%)(∗29! =_∃ΑΑ>Λ! Θ5∗2%!
∋%Ο(∗,∗,&!∗,!1+ΟΒ2∗(,1%!Θ∗)5!)5%!7∗Ο%,9∗+,(2!9)(,7(∋79!+:!)5%!8Ο%∋∗1(,!Θ∗)5!Α∗9(Σ∗2∗)∗%9!
81)#! ! ε5%! _∃ΑΑ! 1(,! Σ%! :+∆,7! +,2∗,%! (,7! ∗,! 7+Θ,2+(7! :+∋Ο! +,! )5%! 1∗)3ι9! Θ%Σ9∗)%! ()!
5))Βφ−−ΘΘΘ#&∋%%,<∗22%,1#&+<−&+<%∋,Ο%,)−Β∆Σ2∗1ΨΘ+∋Ω9−%,&∗,%%∋∗,&−Ο(,∆(2Ψ+:Ψ
9)(,7(∋7Ψ7%9∗&,9Ψ(,7Ψ7%)(∗29!

⊥+∋!Β(∋Ω∗,&!(!<%5∗12%Λ!χ∆(2∗:∗%7!Β%∋9+,9!Θ∗)5!(!7∗9(Σ∗2∗)3!Ο(3!∆9%!)5%∗∋!5(,7∗1(ΒΒ%7!Β2(1(∋7!
)+!Β(∋Ω!)5%∗∋!<%5∗12%!∗,!(!)Θ+Ψ5+∆∋!Β(∋Ω∗,&!+,%!Θ∗)5!,+!∋%9)∋∗1)∗+,!)+!)5%!)∗Ο%!2∗Ο∗)9#!!ε+!
1+ΟΒ23!Θ∗)5!)5∗9!Β∋+<∗9∗+,Λ!)5%!5(,7∗1(Β!Β2(1(∋7!Ο∆9)!Σ%!7∗9Β2(3%7!<∗9∗Σ23#!!Γ(,7∗1(ΒΒ%7!
Β(∋Ω∗,&!Β2(1%9!∋%9%∋<%7!:+∋!Β%∋9+,9!Θ∗)5!(!7∗9(Σ∗2∗)3!(29+!5(<%!,+!)∗Ο%!∋%9)∋∗1)∗+,9!Θ∗)5!(!
7∗9Β2(3%7!5(,7∗1(Β!Β2(1(∋7#!

∀,!.ϑΜΕΛ!)5%!1∗)3!(7+Β)%7!(!1+ΟΟ∆,∗)3!<∗9∗+,!Β2(,!1(22%7!)5%!Γ+∋∗+,9!;2(,!.ϑ.Ε#!!89!Β(∋)!
+:! )5∗9! Β2(,Λ! )5%! 1∗)3! Θ∗22! (1)∗<%23! Β∋+Ο+)%! (! 5%(2)53! 2∗:%9)32%! Σ3! (22+Θ∗,&! (11%99∗Σ2%!
9∗7%Θ(2Ω9!(,7!2(,%9!:+∋!Β539∗1(223!7∗9(Σ2%7!Β%∋9+,9#!!ε5%9%!9∗7%Θ(2Ω9!(,7!2(,%9!Θ∗22!5(<%!
(11%99! )+! 1+ΟΟ∆,∗)3! &(∋7%,9Λ! :(∋Ο%∋ι9! Ο(∋Ω%)9Λ! &∋+1%∋3! 9)+∋%9Λ! 5+∆9∗,&Λ! ς+Σ9! (,7!
∋%1∋%()∗+,#!

!

iii.! 9−+&#∆(−∋+∋,(&!

ε∋(,9Β+∋)()∗+,!9%∋<∗1%9!:+∋!Β%∋9+,9!Θ∗)5!(!7∗9(Σ∗2∗)3!∗,!)5%!1∗)3!+:!Ν∋%%,<∗22%!∗9!9∆ΟΟ(∋∗%7!
Σ%2+Θ#!
!
ς∋7∗.∀&∗>.∃.#∃.∀7)#∗Μ0∃/)(07∗
!
ε5%!Ν∋%%,<∗22%!8∋%(!ε∋(,9∗)! =Ν048ε>! ∗9!+Θ,%7!Σ3!)5%!1∗)3!(,7!∗9!+Β%∋()%7!Σ3!)5%!ε∋(,9∗)!
Α∗<∗9∗+,!+:!)5%!;∆Σ2∗1!Ρ+∋Ω9!Α%Β(∋)Ο%,)#!!ε5∗9!)∋(,9∗)!9%∋<∗1%!∗9!(<(∗2(Σ2%!)+!(22!Β%∋9+,9!∗,!
)5%!1∗)3Λ!∗,12∆7∗,&!)5+9%!Θ∗)5!7∗9(Σ∗2∗)∗%9#!0+∆)%9!(∋%!:∗α%7!(,7!Β(99%,&%∋9!1(,!Σ%!Β∗1Ω%7!∆Β!
()!7%9∗&,()%7!9)+Β9!)5∋+∆&5+∆)!)5%!1∗)3#!
!
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Ν048ε! ∗9! 8Α8Ψ1+ΟΒ2∗(,)! (,7! (29+! 1+ΟΒ2∗%9! Θ∗)5! Η+∋)5! 6(∋+2∗,(ι9! (11%99∗Σ∗2∗)3!
∋%χ∆∗∋%Ο%,)9#!!Α∆%!)+!)5∗9Λ!(22!Ν048ε!Σ∆9%9!∗,!9%∋<∗1%!5(<%!:%()∆∋%9!)+!(∗7!Β%∋9+,9!Θ∗)5!(!
7∗9(Σ∗2∗)3#!!ε5%9%!:%()∆∋%9!∗,12∆7%!:+27!+∆)!Θ5%%215(∗∋!∋(ΟΒ9Λ!9Β(1%!:+∋!)Θ+!Θ5%%215(∗∋9Λ!
(∆7∗+!(,7!<∗9∆(2!(,,+∆,1%Ο%,)9!+:!Ο(ς+∋!9)+Β9Λ!∋%9%∋<%7!9%()∗,&!:+∋!χ∆(2∗:∗%7!%27%∋23!(,7!
Β%∋9+,9!Θ5+!(∋%!7∗9(Σ2%7Λ!(,7!Ω,%%2∗,&!<%5∗12%9!:+∋!%(9∗%∋!Σ+(∋7∗,&#!!∃%∋<∗1%!(,∗Ο(29!(∋%!
(22+Θ%7!)+!∋∗7%!:∋%%!+:!15(∋&%#!ε5%!7∋∗<%∋!Ο∆9)!Σ%!,+)∗:∗%7!Σ%:+∋%!Σ+(∋7∗,&Λ!(,7!)5%!9%∋<∗1%!
(,∗Ο(2!Ο(3!,+)!+11∆Β3!(!9%()!+∋!+Σ9)∋∆1)!(∗92%9!+∋!%α∗)9#!
!
⊥+∋! )5+9%!Θ∗)5! (! 7∗9(Σ∗2∗)3! )5()! Β∋%<%,)9! )5%Ο! :∋+Ο!Σ%∗,&! (Σ2%! )+! (11%99!Ν048ε!Σ∆9%9Λ!
Β(∋()∋(,9∗)!9%∋<∗1%!(∋%!(<(∗2(Σ2%#!!ε5%!9%∋<∗1%!∗9!+::%∋%7!)5∋+∆&5!)5%!;∗))!8∋%(!ε∋(,9∗)!∃39)%Ο!
=;8ε∃>#!!;8ε∃!∗9!(!1∆∋ΣΨ)+Ψ1∆∋Σ!9%∋<∗1%!)5()!∋∆,9!7∆∋∗,&!)5%!9(Ο%!9%∋<∗1%!5+∆∋9!(9!Ν048ε!
Σ∆9%9#!!!
!
8,3! 1+ΟΟ%,)9Λ! 1+,1%∋,9Λ! ∗,χ∆∗∋∗%9! +∋! 1+ΟΒ2(∗,)9! (Σ+∆)! Ν048ε! Σ∆9%9! (,7! (11%99∗Σ2%!
9%∋<∗1%9!1(,!Σ%!7∗∋%1)%7!)+!)5%!7%Β(∋)Ο%,)!()!=.?.>!β.ΙΨΚ?β.#!
!
8∃.)∀∗Μ0∃/)(0∗
!
;(99%,&%∋! )∋(∗,! 9%∋<∗1%! ∗,! (,7! +∆)! +:! )5%! 1∗)3! ∗9! (<(∗2(Σ2%! )5∋+∆&5!8Ο)∋(Ω#! ! ε5%! 9)+Β! ∗9!
(<(∗2(Σ2%! ()! ∃%1+,7! (,7! 0%(7%! 9)∋%%)9! (! :%Θ! Σ2+1Ω9! ,+∋)5! +:! 4(9)! 6(∋+2∗,(! Ξ,∗<%∋9∗)3#!!
;%∋9+,9! Θ∗)5! (! 7∗9(Σ∗2∗)3! 9%%Ω∗,&! (11%99∗Σ2%! 9%()∗,&Λ! 9Β(1%! :+∋! Θ5%%215(∗∋9! (,7!
(11+ΟΟ+7()∗+,9! (∋%! (<(∗2(Σ2%Λ! Σ∆)! ∋%9%∋<()∗+,9! (∋%! %,1+∆∋(&%7! )+! %,9∆∋%! (<(∗2(Σ∗2∗)3#!!
0%9%∋<()∗+,9!1(,!Σ%!Ο(7%!+,2∗,%!Σ3!1(22∗,&!=≅ϑϑ>!Ξ∃8Ψ08∀Π!+∋!εε]!=≅ϑϑ>!?.βΨΕ?Ιϑ!(,7!()!
(,3! 9)(::%7! 9)()∗+,!7∆∋∗,&! ∋%&∆2(∋! )∗1Ω%)!+::∗1%!5+∆∋9#!6∆∋∋%,)23Λ! )5%!Ν∋%%,<∗22%! 9)+Β! ∗9!(!
Β(∋Ω∗,&Ψ!(,7!1∆∋ΣΨ+,23!2+1()∗+,!=,+!+::∗1%!+∋!9)(::∗,&>Λ!(,7!)5%∋%!(∋%!,+!2∗:)9!+∋!(11%99∗Σ2%!
5∗&5!Β2():+∋Ο9Λ!Ο(Ω∗,&!)5∗9!9)+Β!,+,ΨΘ5%%215(∗∋!(11%99∗Σ2%#!!829+Λ!)5%∋%!(∋%!,+!95%2)%∋9!+∋!
Θ()%∋!9+∆∋1%9!+,!)5%9%!∋+∆)%9#!
!
+)∃;%∃#∗Μ0∃/)(07∗
!
;∗))ΨΝ∋%%,<∗22%! 8∗∋Β+∋)! +::%∋9! 1+ΟΟ%∋1∗(2! 92∗&5)! 9%∋<∗1%9! :∋+Ο! 8Ο%∋∗1(,! 8∗∋2∗,%9#! ! ε5%!
(∗∋Β+∋)! ∗9! 2+1()%7! ς∆9)!.!Ο∗2%9!,+∋)5!+:!4(9)!6(∋+2∗,(!Ξ,∗<%∋9∗)3!(,7!β!Ο∗2%9! :∋+Ο!Φ∗7(,)!
_%7∗1(2!6%,)%∋#! !ε5%!(∗∋Β+∋)! ∗9!(11%99∗Σ2%! :∋+Ο! ∀,)%∋9)()%!Κϑ!(,7!Ι?#! !8Ο%∋∗1(,!8∗∋2∗,%9!
+::%∋9!9Β%1∗(2!(99∗9)(,1%!)5∋+∆&5!∗)9!7∗9(Σ∗2∗)3!)%(Ο#!!∃Β%1∗(2!(99∗9)(,1%!1(,!Σ%!∋%χ∆%9)%7!
:+∋!Θ5%%215(∗∋! 9%∋<∗1%! (,7! :+∋! (99∗9)(,1%! :+∋! )5+9%!Θ∗)5! 5%(∋∗,&Λ! <∗9∗+,! +∋! 1+&,∗)∗<%! +∋!
7%<%2+ΒΟ%,)(2!7∗9(Σ∗2∗)3#!ε+!1+,)(1)!8Ο%∋∗1(,ι9!7∗9(Σ∗2∗)3!)%(Ο!:+∋!Ο+∋%!∗,:+∋Ο()∗+,!1(22!
=≅ϑϑ>!≅Ι.Ψβ?.Κ!(,7!:+∋!9Β%1∗(2!(99∗9)(,1%!Σ++Ω∗,&!=≅ϑϑ>!ΚββΨ/βϑϑ#!!∃Β%1∗(2!(99∗9)(,1%!1(,!
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(29+! Σ%! ∋%χ∆%9)%7! +,2∗,%! ()! 5))Β9φ−−ΘΘΘ#((#1+Ο−∗Μ≅,−1∆9)+Ο%∋Ψ9%∋<∗1%−1+,)(1)Ψ
(Ο%∋∗1(,−9Β%1∗(2Ψ(99∗9)(,1%#ς9Β!
!

iv.! Χ−(),Α,∃&∋!#Α8((5#!+&Γ!∃Γ/Α+∋,(&+5!∆−(0−+%#!

;∆Σ2∗1!915++29!∗,!)5%!1∗)3!+:!Ν∋%%,<∗22%Λ!Ο(,(&%7!Σ3!;∗))!6+∆,)3!∃15++29Λ!(∋%!1+ΟΒ2∗(,)!Θ∗)5!!
)5%!8Ο%∋∗1(,!Θ∗)5!Α∗9(Σ∗2∗)∗%9!81)#!ε5%!915++2!7∗9)∋∗1)!(7Ο∗,∗9)%∋9!(22!%7∆1()∗+,!Β∋+&∋(Ο9Λ!
%ΟΒ2+3Ο%,)!(1)∗<∗)∗%9!(,7!(7Ο∗99∗+,9!Θ∗)5+∆)!7∗91∋∗Ο∗,()∗+,!(&(∗,9)!(,3!Β%∋9+,!+,!)5%!
Σ(9∗9!+:!&%,7%∋Λ!∋(1%Λ!1+2+∋Λ!,()∗+,(2!+∋∗&∗,Λ!∋%2∗&∗+,Λ!(&%!+∋!7∗9(Σ∗2∗)3#!
!
ε5%! 4α1%Β)∗+,(2! 65∗27∋%,ι9! Α%Β(∋)Ο%,)! +:! ;∗))! 6+∆,)3! ∃15++29! Θ+∋Ω9! )+! (99∆∋%! )5()!
9)∆7%,)9! Θ∗)5! 7∗9(Σ∗2∗)∗%9! 7%<%2+Β! Ο%,)(223Λ! Β539∗1(223Λ! %Ο+)∗+,(223! (,7! <+1()∗+,(223!
)5∋+∆&5! (ΒΒ∋+Β∋∗()%! ∗,7∗<∗7∆(2∗%7! %7∆1()∗+,! ∗,! )5%! 2%(9)! ∋%9)∋∗1)∗<%! %,<∗∋+,Ο%,)#! ! ε5%!
9%∋<∗1%9! %,1+ΟΒ(99! %7∆1()∗+,! Β∋+&∋(ΟΟ∗,&! :+∋! (∆)∗9ΟΛ! (7(Β)%7! Β539∗1(2! %7∆1()∗+,Λ!
(99∗9)∗<%!)%15,+2+&3Λ!(7(Β)%7!1∆∋∋∗1∆2∆Ο!9∆15!(9!Ο∆9∗1!)5%∋(Β3Λ!+11∆Β()∗+,(2!1+∆∋9%!9)∆73!
)+!2%(∋,!<+1()∗+,(2!9Ω∗229Λ!(,7!Β∋%ΨΩ∗,7%∋&(∋)%,!9%∋<∗1%9#!
!
Ι+>Υ∗>∋Ν1)(∗Μ(4%%17∗Ζ]ΕΠ∗)∀∗Ο∃00∀/)110∗

!
∃+∆∋1%φ!;∗))!6+∆,)3!∃15++29!
!
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!
v.! Υ(:#!

!
Χ:!)5%!/Λ/ΜΕ!Β%∋9+,9!+:!Θ+∋Ω∗,&!(&%!=ΜΕ!3%(∋9!(,7!+27%∋>!Θ5+!Θ%∋%!7∗9(Σ2%7!∗,!Ν∋%%,<∗22%Λ!
Μ/#?!Β%∋1%,)!=ΜΛβΚ/>!Θ%∋%!%ΟΒ2+3%7#!!

Ρ5%,!1+ΟΒ(∋∗,&!)5%!Β%∋1%,)(&%9!+:!7∗9(Σ2%7!Β%∋9+,9!%ΟΒ2+3%7!∗,!(!1%∋)(∗,!∗,7∆9)∋∗%9!(9!
1+ΟΒ(∋%7!)+!,+,Ψ7∗9(Σ2%7!Β%∋9+,9!∗,!)5%!1∗)3Λ!(!5∗&5%∋!Β%∋1%,)(&%!Θ∗)5!7∗9(Σ∗2∗)∗%9!Θ%∋%!
%ΟΒ2+3%7!∗,!Ο(,∆:(1)∆∋∗,&Λ!Θ5+2%9(2%Λ!:∗,(,1%!(,7!∗,9∆∋(,1%Λ!(,7!∋%(2!%9)()%Λ!∋%,)(2!(,7!
2%(9∗,&#!!ε5%∋%!Θ%∋%!:%Θ%∋!7∗9(Σ2%7!Β%∋9+,9!Θ+∋Ω∗,&!∗,!%7∆1()∗+,(2!9%∋<∗1%9Λ!5%(2)5!1(∋%Λ!
9+1∗(2!(99∗9)(,1%Λ!(∋)9Λ!%,)%∋)(∗,Ο%,)Λ!∋%1∋%()∗+,Λ!(11+ΟΟ+7()∗+,!(,7!:++7!9%∋<∗1%9#!
!
∀,!(!1+ΟΒ(∋∗9+,!+:!+11∆Β()∗+,9Λ!Β%∋9+,9!Θ5+!5(<%!(!7∗9(Σ∗2∗)3!Θ%∋%!Ο+∋%!2∗Ω%23!)+!Σ%!∗,!
9(2%9! (,7! +::∗1%! +11∆Β()∗+,9! (,7! Β∋+7∆1)∗+,Λ! )∋(,9Β+∋)()∗+,! (,7! Ο()%∋∗(2! Ο+<∗,&!
+11∆Β()∗+,9#! ! ε5%3! (∋%! 2%99! 2∗Ω%23! )+! Σ%! ∗,! Ο(,(&%Ο%,)Λ! Σ∆9∗,%99Λ! 91∗%,1%! (,7! (∋)9!
+11∆Β()∗+,9#!!=∃+∆∋1%φ!.ϑΜϑΨ.ϑΜΚ!86∃Λ!∃Μ≅ΜΜ>!
!
4ΟΒ2+3Ο%,)!0∗&5)9!:+∋!;%∋9+,9!Θ∗)5!(!Α∗9(Σ∗2∗)3!
!
;%∋9+,9!Θ∗)5! (! 7∗9(Σ∗2∗)3! ∗,! )5%! 1∗)3! (∋%! Β∋+)%1)%7! )5∋+∆&5! )5%! Ξ#∃#! 4χ∆(2! 4ΟΒ2+3Ο%,)!
ΧΒΒ+∋)∆,∗)3!6+ΟΟ∗99∗+,!=44Χ6>Λ!Θ5∗15!%,:+∋1%9!)5%!8Ο%∋∗1(,!Θ∗)5!Α∗9(Σ∗2∗)∗%9!81)!+:!ΜΙΙϑ!!
(,7! ∃%1)∗+,9! ?ϑΜ! (,7! ?ϑ?! +:! )5%! 0%5(Σ∗2∗)()∗+,! 81)! +:! ΜΙ/β#! ! 44Χ6! ∗9! ∋%9Β+,9∗Σ2%! :+∋!
%,:+∋1∗,&!:%7%∋(2!2(Θ9!)5()!Ο(Ω%!7∗91∋∗Ο∗,()∗+,!(&(∗,9)!5∗∋∗,&!(,!(ΒΒ2∗1(,)!+∋!(,!%ΟΒ2+3%%!
∗22%&(2!+,!)5%!Σ(9∗9!+:!+,%ι9!∋(1%Λ!1+2+∋Λ!,()∗+,(2!+∋∗&∗,Λ!9%αΛ!∋%2∗&∗+,Λ!(&%!+∋!7∗9(Σ∗2∗)3#!ε5%!
2(Θ9!(ΒΒ23!)+!(22!)3Β%9!+:!Θ+∋Ω!9∗)∆()∗+,9!∗,12∆7∗,&!5∗∋∗,&Λ!Β∋+Ο+)∗+,9Λ!5(∋(99Ο%,)Λ!)∋(∗,∗,&Λ!
Θ(&%9Λ!Σ%,%:∗)9!(,7!:∗∋∗,&#!!44Χ6!5(9!)5%!(∆)5+∋∗)3!)+!∗,<%9)∗&()%!15(∋&%9!+:!7∗91∋∗Ο∗,()∗+,!
(&(∗,9)!%ΟΒ2+3%∋9!Θ5+!(∋%!1+<%∋%7!Σ3!)5%!2(Θ#!!65(∋&%9!+:!7∗91∋∗Ο∗,()∗+,!∗,!5∗∋∗,&!+∋!∗,!)5%!!
Θ+∋ΩΒ2(1%!1(,!Σ%!Σ∋+∆&5)!)+!)5%!44Χ6!+,2∗,%!()!5))Β9φ−−ΘΘΘ#%%+1#&+<−1+,)(1)−∗,7%α#1:Ο!
+∋!Σ3!Β5+,%!()!=≅ϑϑ>!ΕΕΙΨΚϑϑϑ!+∋!εε]!=≅ϑϑ>!ΕΕΙΨΕ≅.ϑ#!
!
⊥+∋!(ΒΒ2∗1(,)9! ∗,)%∋%9)%7! ∗,!Θ+∋Ω∗,&! :+∋! )5%!1∗)3!(,7!1∆∋∋%,)!1∗)3!%ΟΒ2+3%%9Λ! )5%!1∗)3!+:!
Ν∋%%,<∗22%! 7+%9! ,+)! 7∗91∋∗Ο∗,()%! +,! )5%! Σ(9∗9! +:! 7∗9(Σ∗2∗)3! ∗,! ∗)9! 5∗∋∗,&! +∋! %ΟΒ2+3Ο%,)!
Β∋(1)∗1%9! (,7! 1+ΟΒ2∗%9! Θ∗)5! (22! ∋%&∆2()∗+,9! ∗,! (11+∋7(,1%! Θ∗)5! )5%! 8Ο%∋∗1(,! Θ∗)5!
Α∗9(Σ∗2∗)∗%9!81)#!!λ∆(2∗:∗%7!Β%∋9+,9!Θ∗)5!(!7∗9(Σ∗2∗)3!Ο(3!1+,)(1)!)5%!1++∋7∗,()+∋!()!=Ο(∗2∗,&>!
;#Χ#! ∴+α! /.ϑ/Λ! Ν∋%%,<∗22%Λ! Η+∋)5! 6(∋+2∗,(! ./≅β?Ψ/.ϑ/κ! =Β539∗1(2>! .ϑϑ! Ρ%9)! ⊥∗:)5! ∃)#Λ!
Ν∋%%,<∗22%Λ! Η#6#! ./≅βΚκ! Β5+,%! =.?.>! β.ΙΨΚΚ?.κ! :(α! =.?.>! β.ΙΨΚβΜβκ! +∋! %Ο(∗2!
2Ο11(∋)53ζ&∋%%,<∗22%,1#&+<#!
!
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:<! ϑ∃#Α−,:∃!∋8∃!∆−(Α∃##∃#!∋8+∋!∃≅,#∋!,&!∋8∃!δ/−,#Γ,Α∋,(&!+&Γ!−∃0,(&!)(−!∆∃−#(&#!ς,∋8!
Γ,#+:,5,∋,∃#! ∋(! −∃Ζ/∃#∋! +&Γ! (:∋+,&! −∃+#(&+:5∃! +ΑΑ(%%(Γ+∋,(&#! +&Γ! +ΑΑ∃##,:,5,∋2!
%(Γ,),Α+∋,(&#!∋(!+ΓΓ−∃##!∋8∃!:+−−,∃−#!Γ,#Α/##∃Γ!+:(4∃<!

!
∀,!(11+∋7(,1%!Θ∗)5!)5%!8Ο%∋∗1(,!Θ∗)5!Α∗9(Σ∗2∗)∗%9!81)!+:!ΜΙΙϑΛ!)5%!1∗)3!+:!Ν∋%%,<∗22%!Θ∗22!,+)!
7∗91∋∗Ο∗,()%!(&(∗,9)!χ∆(2∗:∗%7!Β%∋9+,9!Θ∗)5!(!7∗9(Σ∗2∗)3!+,!)5%!Σ(9∗9!+:!(,3!7∗9(Σ∗2∗)3!∗,!∗)9!
9%∋<∗1%9Λ!Β∋+&∋(Ο9Λ!(1)∗<∗)∗%9!(,7!%ΟΒ2+3Ο%,)#!!⊥+∋!(,3+,%!Θ∗)5!(!7∗9(Σ∗2∗)3!Θ5+!Θ∗95%9!)+!
Β(∋)∗1∗Β()%! ∗,! 1∗)3! 9%∋<∗1%9Λ! Β∋+&∋(Ο9! (,7! (1)∗<∗)∗%9Λ! +∋! :+∋! 5∗∋∗,&! (,7! %ΟΒ2+3Ο%,)!
(11+ΟΟ+7()∗+,9Λ!)5%∋%!∗9!(!Β∋+1%7∆∋%!)+!+Σ)(∗,!(11%99#!!∀,!)5%!%<%,)!)5()!(,3!Β%∋9+,!Θ∗)5!
(! 7∗9(Σ∗2∗)3! :%%29! )5%! ,%%7! )+! :∗2%! (! 1+ΟΒ2(∗,)! (22%&∗,&! 7∗91∋∗Ο∗,()∗+,! +,! )5%! Σ(9∗9! +:!
7∗9(Σ∗2∗)∗%9!∗,!)5%!Β∋+<∗9∗+,!+:!9%∋<∗1%9Λ!Β∋+&∋(Ο9Λ!(1)∗<∗)∗%9!(,7!%ΟΒ2+3Ο%,)!∋%2()%7!∗99∆%9Λ!
(! &∋∗%<(,1%! Β∋+1%7∆∋%! ∗9! (29+! (<(∗2(Σ2%#! ! ∴%2+Θ! (∋%! )5%! Β∋+1%7∆∋%9! )+! ∋%χ∆%9)!
(11+ΟΟ+7()∗+,9!+∋!)+!:∗2%!(!1+ΟΒ2(∗,)#!
!
∃%∋<∗1%9Λ!;∋+&∋(Ο9!(,7!81)∗<∗)∗%9!;∋+1%7∆∋%!
!
8,3! Β%∋9+,! Θ5+! ∋%χ∆∗∋%9! (∗7! +∋! (11+ΟΟ+7()∗+,9! )+! Β(∋)∗1∗Β()%! ∗,! 9%∋<∗1%9Λ! Β∋+&∋(Ο9Λ!
(1)∗<∗)∗%9!+Β%∋()%7!Σ3! )5%! 1∗)3! 95+∆27! 1+,)(1)! )5%!8Ο%∋∗1(,9!Θ∗)5!Α∗9(Σ∗2∗)∗%9!81)! =8Α8>!
1++∋7∗,()+∋!(9!9++,!(9!Β+99∗Σ2%Λ!Σ∆)!,+!2()%∋!)5(,!Κ≅!5+∆∋9!Σ%:+∋%!)5%!915%7∆2%7!%<%,)#!!
ε5%!1++∋7∗,()+∋!1(,!Σ%!1+,)(1)%7!)5∋+∆&5!(,3!+:!)5%!:+22+Θ∗,&!15(,,%29φ!
!
_(∗2φ!;#Χ#!∴+α!/.ϑ/Λ!Ν∋%%,<∗22%Λ!Η+∋)5!6(∋+2∗,(!./≅β?Ψ/.ϑ/!
;539∗1(2!Π+1()∗+,φ!.ϑϑ!Ρ%9)!⊥∗:)5!∃)#Λ!Ν∋%%,<∗22%Λ!Η#6#!./≅βΚ!
;5+,%φ!=.?.>!β.ΙΨΚΚ?.!
⊥(αφ!=.?.>!β.ΙΨΚβΜβ!
4Ο(∗2φ!2Ο11(∋)53ζ&∋%%,<∗22%,1#&+<!
!
4ΟΒ2+3Ο%,)!;∋+1%7∆∋%!
!
ε5%! 1∗)3! Β∋+<∗7%9! ∋%(9+,(Σ2%! (11+ΟΟ+7()∗+,! :+∋! ∗,)%∋%9)%7! (ΒΒ2∗1(,)9! (,7! 1∆∋∋%,)!
%ΟΒ2+3%%9!Θ∗)5!(!7∗9(Σ∗2∗)3#!!Α∆∋∗,&!)5%!(ΒΒ2∗1()∗+,!Β∋+1%99Λ!Β%∋9+,9!Θ∗)5!(!7∗9(Σ∗2∗)3!95+∆27!
1+,)(1)!)5%!6∗)3!+:!Ν∋%%,<∗22%ι9!Γ∆Ο(,!0%9+∆∋1%9!Α%Β(∋)Ο%,)#!!4ΟΒ2+3%%9!Θ∗)5!(!7∗9(Σ∗2∗)3!
95+∆27! 1+,)(1)! )5%! 7%Β(∋)Ο%,)! :+∋! (,3! (11+ΟΟ+7()∗+,! )5%3! Ο(3! ∋%χ∆∗∋%#! ! ε5%! 1∗)3ι9!
Β%∋9+,,%2!Β+2∗13!&+<%∋,9!%ΟΒ2+3Ο%,)Ψ∋%2()%7!1+ΟΒ2(∗,)9!:+∋!7∗91∋∗Ο∗,()∗+,!+,!)5%!Σ(9∗9!
+:!7∗9(Σ∗2∗)3#!!ε5%!5∆Ο(,!∋%9+∆∋1%9!7%Β(∋)Ο%,)!1(,!Σ%!∋%(15%7!()!6∗)3!Γ(22Λ!.ϑϑ!Ρ%9)!⊥∗:)5!
∃)#Λ!Ν∋%%,<∗22%Λ!Η#6#!./≅?≅κ!=;5+,%>!=.?.>!β.ΙΨΚΚΙ.#!
!
Ν∋∗%<(,1%!;∋+1%7∆∋%!
!
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ε5%!1∗)3!+:!Ν∋%%,<∗22%!5(9!%9)(Σ2∗95%7!(!7%)(∗2%7!&∋∗%<(,1%!Β∋+1%7∆∋%!:+∋!Β%∋9+,9!Θ∗)5!(!
7∗9(Σ∗2∗)3!Θ5+!Θ∗95!)+!:∗2%!(!1+ΟΒ2(∗,)!(22%&∗,&!7∗91∋∗Ο∗,()∗+,!+,!)5%!Σ(9∗9!+:!(!7∗9(Σ∗2∗)3!∗,!
(,3!+:!)5%!1∗)3ι9!9%∋<∗1%9Λ!Β∋+&∋(Ο9!(,7−+∋!(1)∗<∗)∗%9#!!ε5%!1+ΟΒ2(∗,)!95+∆27!Σ%!∗,!Θ∋∗)∗,&!
(,7! 1+,)(∗,! (! 7%)(∗2%7! 7%91∋∗Β)∗+,! +:! )5%! (22%&%7! 7∗91∋∗Ο∗,()∗+,Λ! (2+,&! Θ∗)5! )5%!
1+ΟΒ2(∗,(,)ι9!,(Ο%Λ!Β5+,%!,∆ΟΣ%∋Λ!2+1()∗+,!(,7!7()%!+:!)5%!∗,1∗7%,)#!!6+ΟΒ2(∗,)9!Ο(3!
(29+!Σ%!:∗2%7!)5+∆&5!Β%∋9+,(2!∗,)%∋<∗%Θ9!+∋!(!)(Β%!∋%1+∋7∗,&!∗:!∋%χ∆%9)%7!Σ3!Β%∋9+,9!Θ∗)5!(!
7∗9(Σ∗2∗)3#!!ε5%!1+ΟΒ2(∗,)!1(,!Σ%!9∆ΣΟ∗))%7!,+!2()%∋!)5(,!Εϑ!7(39!(:)%∋!)5%!(22%&%7!<∗+2()∗+,!
)+!)5%!1++∋7∗,()+∋!Σ3!Ο(∗2!()!;#Χ#!∴+α!/.ϑ/Λ!Ν∋%%,<∗22%Λ!Η6!./≅β?Ψ/.ϑ/#!
!
8:)%∋!)5%!9∆ΣΟ∗99∗+,!+:!)5%!1+ΟΒ2(∗,)Λ!)5%!&∋∗%<(,1%!Β∋+1%7∆∋%!Θ∗22!:+22+Θ!)5∋+∆&5!∗,!)5∗9!
+∋7%∋φ!
!

Μ#! Ρ∗)5∗,!Μ?!7(39!+:!)5%!∋%1%∗Β)!+:!)5%!1+ΟΒ2(∗,)Λ!)5%!8Α8!1++∋7∗,()+∋!+∋!∗)9!7%9∗&,%%!
Θ∗22!Ο%%)!Θ∗)5!)5%!1+ΟΒ2(∗,(,)!)+!7∗91∆99!)5%!1+ΟΒ2(∗,)!(,7!Β+99∗Σ2%!∋%9+2∆)∗+,#!

.#! Ρ∗)5∗,!Μ?!7(39!+:!)5%!Ο%%)∗,&Λ!)5%!8Α8!1++∋7∗,()+∋!+∋!∗)9!7%9∗&,%%!Θ∗22!∋%9Β+,7!∗,!
Θ∋∗)∗,&!)+!)5%!1+ΟΒ2(∗,(,)!=+∋!∗,!(,!(ΒΒ∋+Β∋∗()%!(11%99∗Σ2%!:+∋Ο()!)+!1+ΟΒ2(∗,(,)>!
7%)(∗2∗,&!)5%!Β+9∗)∗+,!+:!)5%!1∗)3!(,7!+::%∋!+Β)∗+,9!:+∋!9∆Σ9)(,)∗<%!∋%9+2∆)∗+,!+:!)5%!
1+ΟΒ2(∗,)#!

β#! ∀:!)5%!∋%9Β+,9%!∗9!,+)!9()∗9:(1)+∋3Λ!)5%!1+ΟΒ2(∗,(,)!Ο(3!(ΒΒ%(2!)5%!7%1∗9∗+,!Θ∗)5∗,!
Μ?!7(39!(:)%∋!)5%!∋%1%∗Β)!+:!)5%!∋%9Β+,9%#!!ε5%!(ΒΒ%(2!Θ∗22!Σ%!Σ∋+∆&5)!)+!)5%!1∗)3!
Ο(,(&%∋#!

Κ#! Ρ∗)5∗,!Μ?!7(39!+:!)5%!∋%1%∗Β)!+:!)5%!(ΒΒ%(2Λ!)5%!1∗)3!Ο(,(&%∋!Θ∗22!Ο%%)!Θ∗)5!)5%!
1+ΟΒ2(∗,(,)!)+!7∗91∆99!)5%!1+ΟΒ2(∗,)!(,7!Β+99∗Σ2%!∋%9+2∆)∗+,9#!

?#! Ρ∗)5∗,!Μ?!7(39!+:!)5%!Ο%%)∗,&!Θ∗)5!)5%!1∗)3!Ο(,(&%∋Λ!)5%!1∗)3!Ο(,(&%∋!Θ∗22!∋%9Β+,7!
∗,! Θ∋∗)∗,&! )+! )5%! 1+ΟΒ2(∗,(,)! =+∋! ∗,! (,! (ΒΒ∋+Β∋∗()%! (11%99∗Σ2%! :+∋Ο()! )+!
1+ΟΒ2(∗,(,)>!Θ∗)5!(!:∗,(2!∋%9+2∆)∗+,#!
!

!

! !
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Α<! ϑ∃#Α−,:∃! +&2! Γ,)),Α/5∋,∃#! ,&! +Α8,∃4,&0! 8(%∃(ς&∃−#8,∆! ∃≅∆∃−,∃&Α∃Γ! :2! ∆∃−#(&#!
ς,∋8!Γ,#+:,5,∋,∃#!+&Γ!:2!∆∃−#(&#!ς,∋8!Γ,))∃−∃&∋!∋2∆∃#!()!Γ,#+:,5,∋,∃#!,&!∋8∃!δ/−,#Γ,Α∋,(&!+&Γ!
−∃0,(&<!

!

;%∋9+,9!Θ∗)5!(!7∗9(Σ∗2∗)3!∗,!Ν∋%%,<∗22%!:(1%!)5%!(77%7!7∗::∗1∆2)3!+:!Β∆∋15(9∗,&!5+Ο%9!)5()!
Ο∆9)!+:)%,!Σ%!Σ∋+∆&5)!∆Β!)+!(ΒΒ2∗1(Σ2%!9)()%!(,7!2+1(2!+∋!8Ο%∋∗1(,9!Θ∗)5!Α∗9(Σ∗2∗)∗%9!81)!
1+7%9Λ!Θ5∗15!(779!)+!)5%!1+9)!+:!Β∆∋15(9∗,&!+∋!+Θ,∗,&!(!5+Ο%#!!811+∋7∗,&!)+!)5%!.ϑΜΜΨ
.ϑΜ?!86∃Λ!:+∋!Θ+∋Ω∗,&!∗,7∗<∗7∆(29Λ!Β%∋9+,9!Θ∗)5!(!7∗9(Σ∗2∗)3!%(∋,!Μ/#?!Β%∋1%,)!2%99!)5(,!(!
Β%∋9+,!Θ∗)5+∆)!(!7∗9(Σ∗2∗)3!=δΜ?Λ≅?Ε!Ο%7∗(,!∗,1+Ο%!<%∋9∆9!δΜΙΛ.Μ?>#!8ΒΒ∋+α∗Ο()%23!.≅#.!
Β%∋1%,)!+:!5+Ο%+Θ,%∋9!Θ∗)5!(!Ο+∋)&(&%!∗,!)5%!Ν∋%%,<∗22%!(∋%!(2∋%(73!1+9)!Σ∆∋7%,%7Λ!(,7!
1+9)!Σ∆∋7%,!&%,%∋(223!∗,1∋%(9%9!(9!Ο%7∗(,!∗,1+Ο%!7%1∋%(9%9#!Α∆%!)+!)5%!∋%(9+,9!+:!:∗,7∗,&!
5+Ο%9! )5()! 1(,! (11+ΟΟ+7()%! :+∋! Β%∋9+,9! Θ∗)5! 7∗9(Σ∗2∗)∗%9! (,7! )5%! &%,%∋(2! 2(1Ω! +:!
(::+∋7(Σ∗2∗)3Λ!Β%∋9+,9!Θ∗)5!(!7∗9(Σ∗2∗)3!5(<%!Ο+∋%!2∗Ο∗)%7!+Β)∗+,9!:+∋!5+Ο%+Θ,%∋95∗Β!∗,!)5%!
6∗)3!)5(,!,+,Ψ7∗9(Σ2%7!Β%∋9+,9#!=∃+∆∋1%φ!.ϑΜΜΨ.ϑΜ?!86∃!?Ψ]%(∋!49)∗Ο()%9!Α;ϑΚΛ!∃Μ≅ΜΜ>!

 
89!:+∋!7∗::∗1∆2)3!(15∗%<∗,&!5+Ο%+Θ,%∋95∗Β!Σ3!7∗9(Σ∗2∗)3!)3Β%!∗,!Ν∋%%,<∗22%Λ!)5%∋%!(∋%!.Λ≅?Κ!
Β%∋9+,9! Θ∗)5! (,! ∗,7%Β%,7%,)! 2∗<∗,&! 7∗::∗1∆2)3Λ! ΜΛΙΚϑ! Θ∗)5! 9%2:Ψ1(∋%! 7∗::∗1∆2)3! (,7! ΚΛΚΕϑ!
Β%∋9+,9!Θ∗)5! (ΟΣ∆2()+∋3! 7∗::∗1∆2)3#! ! ε5%∋%! (∋%! ΜΛ/?Μ!Θ∗)5! 5%(∋∗,&! 7∗::∗1∆2)3Λ! ΜΛ/ΜΙ!Θ∗)5!
<∗9∗+,!7∗::∗1∆2)3!(,7!βΛΕ≅Κ!Θ∗)5!1+&,∗)∗<%!7∗::∗1∆2)3#!!Ρ5∗2%!)5%9%!,∆ΟΣ%∋9!+<%∋2(Β!Σ%1(∆9%!
(,!∗,7∗<∗7∆(2!Ο(3!5(<%!+,%!+∋!Ο+∋%!7∗::∗1∆2)3Λ!(,7!,+)!(22!Β%∋9+,9!Θ∗)5!(!7∗9(Σ∗2∗)3!Ο(3!Σ%!
9%%Ω∗,&!5+Ο%+Θ,%∋95∗ΒΛ! ∗)!&∗<%9!∆9!(!Β∗1)∆∋%!+:!)5%!,∆ΟΣ%∋!+:!5+Ο%9!)5()!Ο(3!∋%χ∆∗∋%!
(11+ΟΟ+7()∗+,9!∗,!Ν∋%%,<∗22%#!=∃+∆∋1%φ!ΓΞΑ!8⊥Γ!Α()(!ε(Σ2%!Μβ!Τ!Α∗9(Σ∗2∗)3!Σ3!ε3Β%>!
!

!
!
!

! !
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!
Ν<! ϑ,#∆−(∆(−∋,(&+∋∃!.(/#,&0!7∃∃Γ#!
!
+<! ϑ∃#Α−,:∃! +&2! Γ,#∆−(∆(−∋,(&+∋∃! 8(/#,&0! &∃∃Γ#! ∃≅∆∃−,∃&Α∃Γ! :2! ∆∃−#(&#! ς,∋8!
Γ,#+:,5,∋,∃#!+&Γ!:2!∆∃−#(&#!ς,∋8!Α∃−∋+,&!∋2∆∃#!()!Γ,#+:,5,∋,∃#!,&!∋8∃!δ/−,#Γ,Α∋,(&!+&Γ!−∃0,(&<!!

!

ε5%! 1∗)3! +:!Ν∋%%,<∗22%! ∋%1+&,∗%9! )5%! ∗ΟΒ+∋)(,1%! +:! ∋%9Β+,7∗,&! )+! )5%! 1∋∗)∗1(2! ,%%79! +:!
7∗9(Σ2%7!∗,7∗<∗7∆(29!)+!Β∋+Ο+)%!9%2:Ψ9∆::∗1∗%,13!(,7!∗,7%Β%,7%,)!2∗<∗,&!+ΒΒ+∋)∆,∗)∗%9#!ε+!
%α(Ο∗,%!)5∗9!∗99∆%Λ!(,!%9)∗Ο()%!+:!)5%!,∆ΟΣ%∋!+:!Β%∋9+,9!Σ3!7∗9(Σ∗2∗)3!)3Β%!∗9!(,!∗ΟΒ+∋)(,)!
∗,7∗1()+∋! ∗,! 7%)%∋Ο∗,∗,&! 5+∆9∗,&! ,%%79#! ! ΓΞΑ! ∗9! Β∋+<∗7%7! 7()(! +:! 7∗9(Σ∗2∗)3! )3Β%! ∗,!
Ν∋%%,<∗22%!Σ3!)5%!86∃Λ!Θ5∗15!7%:∗,%9!7∗9(Σ∗2∗)3!Σ(9%7!+,!χ∆%9)∗+,9!(9Ω%7!)+!7%)%∋Ο∗,%!∗:!
Β%∋9+,9!(∋%!+,%!+∋!Ο+∋%!+:!)5%9%!1()%&+∋∗%9φ!

Γ%(∋∗,&!Α∗9(Σ∗2∗)3φ!∀9!)5∗9!Β%∋9+,!7%(:!+∋!7+%9!5%−95%!5(<%!9%∋∗+∆9!7∗::∗1∆2)3!5%(∋∗,&!{!
Φ∗9∆(2!Α∗9(Σ∗2∗)3φ! ∀9! )5∗9! Β%∋9+,!Σ2∗,7!+∋! 7+%9!5%−95%! 5(<%! 9%∋∗+∆9!7∗::∗1∆2)3! 9%%∗,&!%<%,!
Θ5%,!Θ%(∋∗,&!&2(99%9{!!
6+&,∗)∗<%!Α∗9(Σ∗2∗)3φ!∴%1(∆9%!+:!(!Β539∗1(2Λ!Ο%,)(2!+∋!%Ο+)∗+,(2!1+,7∗)∗+,Λ!7+%9!)5∗9!Β%∋9+,!
5(<%!9%∋∗+∆9!7∗::∗1∆2)3!1+,1%,)∋()∗,&Λ!∋%Ο%ΟΣ%∋∗,&!+∋!Ο(Ω∗,&!7%1∗9∗+,9{!!
8ΟΣ∆2()+∋3!Α∗9(Σ∗2∗)3φ!Α+%9!)5∗9!Β%∋9+,!5(<%!9%∋∗+∆9!7∗::∗1∆2)3!Θ(2Ω∗,&!+∋!12∗ΟΣ∗,&!9)(∗∋9{!!
∃%2:Ψ1(∋%!Α∗9(Σ∗2∗)3φ!Α+%9!)5∗9!Β%∋9+,!5(<%!7∗::∗1∆2)3!7∋%99∗,&!+∋!Σ()5∗,&{!!
∀,7%Β%,7%,)!Π∗<∗,&!Α∗9(Σ∗2∗)3φ!∴%1(∆9%!+:!(!Β539∗1(2Λ!Ο%,)(2!+∋!%Ο+)∗+,(2!1+,7∗)∗+,Λ!7+%9!
)5∗9!Β%∋9+,!5(<%!7∗::∗1∆2)3!7+∗,&!%∋∋(,79!(2+,%!9∆15!(9!<∗9∗)∗,&!(!7+1)+∋ι9!+::∗1%!+∋!95+ΒΒ∗,&{!!
!
ε5%!)(Σ2%!Σ%2+Θ!7∗9Β2(39!)5%!,∆ΟΣ%∋!+:!Β%∋9+,9!∗,!)5%!1∗)3!Σ3!7∗9(Σ∗2∗)3!)3Β%#!

9+:5∃!Ε>!∴!ϑ,#+:,5,∋2!:2!92∆∃! !! !!
!! Σ3−∃∃&4,55∃6!71!1ϑΚ36!.Οε?Τ!Υ/−,#Γ,Α∋,(&!
ϑ,#+:,5,∋2!92∆∃! φ! γ!
Γ%(∋∗,&!7∗::∗1∆2)3! ΜΛ/?Μ! .#Μ/ν!
Φ∗9∗+,!7∗::∗1∆2)3! ΜΛ/ΜΙ! .#Μβν!
6+&,∗)∗<%!7∗::∗1∆2)3! βΛΕ≅Κ! Κ#?/ν!
8ΟΣ∆2()+∋3!7∗::∗1∆2)3! ΚΛΚΕϑ! ?#?βν!
∃%2:Ψ1(∋%!7∗::∗1∆2)3! ΜΛΙΚϑ! .#ΚΜν!
∀,7%Β%,7%,)!2∗<∗,&!7∗::∗1∆2)3! .Λ≅?Κ! β#?Κν!

Η+)%!Μφ!822!ν!∋%Β∋%9%,)!(!95(∋%!+:!)5%!)+)(2!Β+Β∆2()∗+,!Θ∗)5∗,!)5%!ς∆∋∗97∗1)∗+,!+∋!∋%&∗+,#!
Η+)%!.φ!Α()(!∃+∆∋1%9φ!86∃!
Η+)%!βφ!0%:%∋!)+!)5%!Α()(!7+1∆Ο%,)()∗+,!:+∋!7%)(∗29!=ΘΘΘ#5∆7%α15(,&%#∗,:+>!

!

811+∋7∗,&! )+! ΓΞΑ! 8⊥Γ! Α()(! ε(Σ2%! Μβ! Τ! Α∗9(Σ∗2∗)3! Σ3! ε3Β%Λ! 7∗9(Σ2%7! Β%∋9+,9! Θ∗)5! (,!
(ΟΣ∆2()+∋3!7∗::∗1∆2)3! (∋%!5∗&5%9)!Θ∗)5!?#?!Β%∋1%,)Λ! :+22+Θ%7!Σ3!7∗9(Σ2%7!Β%∋9+,9!Θ∗)5! (!
1+&,∗)∗<%! 7∗::∗1∆2)3! Θ∗)5! Κ#Ε! Β%∋1%,)! (,7! β#?! Β%∋1%,)! Θ∗)5! ∗,7%Β%,7%,)! 2∗<∗,&! 7∗::∗1∆2)3#!!
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ε5+9%!Θ∗)5!9%2:Ψ1(∋%!7∗::∗1∆2)3!∋%Β∋%9%,)!.#Κ!Β%∋1%,)!+:!)5%!Β+Β∆2()∗+,!(,7!)5+9%!Θ∗)5!<∗9∗+,!
7∗::∗1∆2)∗%9!.#Μ!Β%∋1%,)#!

89!Ο%,)∗+,%7!∗,!)5%!9%1)∗+,!Σ%:+∋%Λ!(::+∋7(Σ∗2∗)3!∋%Ο(∗,9!+,%!+:!)5%!Ο+9)!∗ΟΒ+∋)(,)!∗99∆%9!
Β%∋9+,9! Θ∗)5! (! 7∗9(Σ∗2∗)3! :(1%! ∗,! (15∗%<∗,&! 5+Ο%+Θ,%∋95∗Β! ∗,! Ν∋%%,<∗22%#! ⊥+∋! Θ+∋Ω∗,&!
∗,7∗<∗7∆(29Λ! Β%∋9+,9! Θ∗)5! (! 7∗9(Σ∗2∗)3! Ο(Ω%! Μ/#?! Β%∋1%,)! 2%99! )5(,! (! Β%∋9+,! Θ∗)5+∆)! (!
7∗9(Σ∗2∗)3#!_+∋%!)5(,!+,%Ψ∗,Ψ:+∆∋!=.≅#.!Β%∋1%,)>!+:!5+Ο%+Θ,%∋9!Θ∗)5!(!Ο+∋)&(&%!∗,!)5%!1∗)3!
(∋%! (2∋%(73! 1+9)! Σ∆∋7%,%7Λ! (,7! 1+9)! Σ∆∋7%,! &%,%∋(223! ∗,1∋%(9%9! (9! Ο%7∗(,! ∗,1+Ο%!
7%1∋%(9%9#!=∃+∆∋1%φ!.ϑΜΜΨ.ϑΜ?!86∃!?Ψ]%(∋!49)∗Ο()%9!Α;ϑΚΛ!∃Μ≅ΜΜ>!

ε5%!(&%!+:!5+∆9∗,&!1(,!(29+!7∗9Β∋+Β+∋)∗+,()%23!(::%1)!)5%!5+∆9∗,&!,%%79!+:!Β%∋9+,9!Θ∗)5!(!
7∗9(Σ∗2∗)3!∗,!)5%!1∗)3#!!89!)5%!(&%!+:!)5%!5+∆9%!∗,1∋%(9%9Λ!∗)!∗9!Ο+∋%!2∗Ω%23!)+!∋%χ∆∗∋%!∆Β7()%9!
)+!Σ∋∗,&!)5%!5+Ο%!∆Β!)+!7()%!Θ∗)5!1∆∋∋%,)!1+7%Λ!Θ5∗15!(779!)+!)5%!1+9)!+:!5+∆9∗,&#!
!
Ι+>Υ∗Ι0&).∀∗φ0.∃∗.∗6%∋7)∀5∗Ξ∀)#∗Λ.7∗ς∋)1#∗

!
∃+∆∋1%φ!.ϑΜΜΨ.ϑΜ?!86∃!<∗(!;+2∗13_(Β!
!
∀,! )5%!Ο(Β!(Σ+<%Λ!1%,)∋(2!(∋%(9!+:! )5%!1∗)3Λ! ∗,12∆7∗,&! )5%!0−468;!)∋(1)Λ!5(<%! )5%!+27%9)!
5+Ο%9!∗,!)5%!1∗)3#!!∃+Ο%!+:!)5%9%!(∋%(9!5(<%!(!Ο%7∗(,!3%(∋!Σ∆∗2)!+:!ΜΙ/Ι!(,7!+27%∋#!!Ρ5∗2%!
)5∗9!Ο(3!∗,7∗1()%!)5()!)5%∋%!∗9!2+Θ!(11%99!)+!5+∆9∗,&!:+∋!Β%∋9+,9!Θ∗)5!(!7∗9(Σ∗2∗)3!7∆%!)+!)5%!
(&%!+:!)5%!9)∋∆1)∆∋%Λ!)5%∋%!(∋%!2(∋&%!&∋+∆Β9!Σ3!1%∋)(∗,!)3Β%9!+:!7∗9(Σ∗2∗)∗%9!∋%9∗7∗,&!∗,!)5%9%!
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Η<! ∀ΓΓ,∋,(&+5!;&)(−%+∋,(&!
!
+<! Κ∃2(&Γ!∋8∃!.]ϑ∴∆−(4,Γ∃Γ!Γ+∋+6!∆−(4,Γ∃!+ΓΓ,∋,(&+5!−∃5∃4+&∋!,&)(−%+∋,(&6!,)!+&26!
+:(/∋!Γ,#+:,5,∋2!+&Γ!+ΑΑ∃##!,##/∃#!,&!∋8∃!δ/−,#Γ,Α∋,(&!+&Γ!−∃0,(&!,&Α5/Γ,&0!∋8(#∃!+))∃Α∋,&0!
∆∃−#(&#!ς,∋8!Γ,#+:,5,∋,∃#!ς,∋8!(∋8∃−!∆−(∋∃Α∋∃Γ!Α8+−+Α∋∃−,#∋,Α#<!
!
Α∗9(Σ2%7!Β%∋9+,9!∗,!Ν∋%%,<∗22%!%αΒ%∋∗%,1%!(!2(1Ω!+:!(11%99!)+!(::+∋7(Σ2%!(,7−+∋!(11%99∗Σ2%!
5+∆9∗,&! )5()! 5(9! Σ%%,!Ο+7∗:∗%7! )+!Ο%%)! )5%∗∋! ,%%79#! !Ρ5%,!7∗9(Σ2%7! Β%∋9+,9! (∋%! (29+!
%27%∋23!∗)!Σ∋∗,&9!:+∋)5!(!1+,<%∋&%,1%!+:!∗99∆%9!)5()!Ο∆9)!Σ%!(77∋%99%7!:+∋!)5%Ο!)+!1+,)∗,∆%!
)+!2∗<%!∗,7%Β%,7%,)23!+∋!Θ∗)5!:(Ο∗23!∗,!)5%!1+ΟΟ∆,∗)3#!
!
427%∋23!(,7!Α∗9(Σ∗2∗)3!811%99!
!
427%∋23!Β%∋9+,9!Ε?!3%(∋9!(,7!+27%∋!%αΒ%∋∗%,1%!(!7∗9(Σ∗2∗)3!∋()%!Ο∆15!5∗&5%∋!)5(,!)5%!&%,%∋(2!
Β+Β∆2()∗+,!1∗)3ΨΘ∗7%!∋()%!+:!7∗9(Σ2%7!Β%∋9+,9!=Ι#Ι!Β%∋1%,)>#!!8ΒΒ∋+α∗Ο()%23!./#Ε!Β%∋1%,)!+:!
%27%∋23!Ε?!)+!/Κ!3%(∋9!+27!Θ%∋%!Θ∗)5!(!7∗9(Σ∗2∗)3!(,7!%27%∋23!/?!3%(∋9!(,7!+27%∋!%αΒ%∋∗%,1%7!
ΕΜ#≅!Β%∋1%,)!Θ∗)5!(!7∗9(Σ∗2∗)3!Τ!Σ+)5!Ο∆15!5∗&5%∋!)5(,!)5%!1∗)3Θ∗7%!∋()%#!=.ϑΜΜΨ.ϑΜ?!86∃!Ψ!
∃Μ≅Μϑ>!!
!
Ι+>Υ∗Σ1&0∃12∗Λ)#4∗.∗:)7.Ν)1)#2∗

!
∃+∆∋1%φ!.ϑΜΜΨ.ϑΜ?!86∃!<∗(!;+2∗13_(Β!
!

Attachment number 1
Page 184 of 205

Item # 7



 185 

427%∋23!Ε?!3%(∋9!(,7!+27%∋!Θ∗)5!(!7∗9(Σ∗2∗)3!(∋%!:+∆,7!∗,!5∗&5%∋!1+,1%,)∋()∗+,9!∗,!,+∋)5!
1%,)∋(2!(∋%(9!+:!)5%!1∗)3#!!ε∋(1)9!Θ∗)5!(!1+,1%,)∋()∗+,!+:!?ϑ!Β%∋1%,)!+∋!Ο+∋%!%27%∋23!Θ∗)5!(!
7∗9(Σ∗2∗)3!(∋%!2∗9)%7!Σ%2+Θφ!!!
!
β/ΜΚ/ϑϑϑ/ϑ.φ!0−468;!)∋(1)!
β/ΜΚ/ϑϑϑΕϑ.φ!∃Ρ!,%∗&5Σ+∋∗,&!)∋(1)!+:!)5%!0−468;!
β/ΜΚ/ϑϑϑΕϑΜφ!Ρ%9)!+:!0−468;!
β/ΜΚ/ϑϑϑΜϑϑφ!4(9)!+:!0−468;!
β/ΜΚ/ϑϑϑ.ϑΜφ!Η4!)∋(1)!(2+,&!ε(∋!0∗<%∋!
!

0(1%!(,7!4)5,∗1∗)3!(,7!Α∗9(Σ∗2∗)3!811%99!
∗
ε5%!7∗9(Σ∗2∗)3!∋()%!:+∋!)5%!1∗)3!(9!(!Θ5+2%!Θ(9!Ι#Ι!Β%∋1%,)#!!822!∋(1%!(,7!%)5,∗1!&∋+∆Β9!%α1%Β)!
:+∋!Σ2(1Ω9!5(<%!(!7∗9(Σ∗2∗)3!∋()%!2+Θ%∋!)5(,!)5%!1∗)3Θ∗7%!∋()%#!!8ΒΒ∋+α∗Ο()%23!Μβ#β!Β%∋1%,)!
+:!Σ2(1Ω9!5(<%!(!7∗9(Σ∗2∗)3#!!89∗(,9!5(7!(!7∗9(Σ∗2∗)3!∋()%!+:!?!Β%∋1%,)Λ!(,7!%)5,∗1!Γ∗9Β(,∗19!Θ!
?#/!Β%∋1%,)#!=.ϑΜΜΨ.ϑΜ?!86∃!Τ!∃Μ≅Μϑ>!

!

!
∃+∆∋1%φ!.ϑΜΜΨ.ϑΜ?!86∃!=∃Μ≅Μϑ>!
!
!

! !

Μβ
#β

≅#
Κ

?#
/

?

∴ Π 86 Υ ΡΓ ∀ ε 4 Γ ∀ ∃ ;8Η ∀6 8 ∃ ∀8Η

Χ?Π1?79!Ο∗!9.?!Π∀1??9.7;1! 3ΠΟ]Χ!η!ϑ;=∀Κ;β;9λ
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:<! 98∃! ∆−(0−+%! ∆+−∋,Α,∆+&∋! %+2! +5#(! Γ∃#Α−,:∃! (∋8∃−! ,&)(−%+∋,(&! −∃5∃4+&∋! ∋(! ,∋#!
+##∃##%∃&∋!()!Γ,#+:,5,∋2!+&Γ!+ΑΑ∃##!,##/∃#<!

!
;2(,,∗,&! )5()! )(Ω%9! ∗,)+! 1+,9∗7%∋()∗+,! )5%! ,%%79! +:! )5%! Β+Β∆2()∗+,! Θ∗)5! 7∗9(Σ∗2∗)∗%9! ∗9!
∗,:+∋Ο%7!Σ3!(,!(99%99Ο%,)!+:!Θ5%∋%!5∗&5!Β%∋1%,)(&%9!+:!7∗9(Σ2%7!Β%∋9+,9!∋%9∗7%!∗,!)5%!
1∗)3! (,7! 5+Θ! Β∋+α∗Ο(2! )5%9%! 2+1()∗+,9! (∋%! )+! ∋%1∋%()∗+,Λ! 5%(2)51(∋%! (,7! &∋+1%∋3! ∋%)(∗2!
2+1()∗+,9#!ε5%!Ο(ς+∋∗)3!+:!)5%9%!2+1()∗+,9!(∋%!:+∆,7!∋∗&5)!(2+,&!)5%!Ο(ς+∋!∋+(7Θ(39!∗,!)5%!
1∗)3Λ!5+Θ%<%∋Λ!)5%∋%!∗9!,+!Β())%∋,!+:!)5%9%!2+1()∗+,9!)(∋&%)∗,&!(∋%(9!Θ5%∋%!(!1+,1%,)∋()∗+,!
+:!7∗9(Σ2%7!Β%+Β2%!2∗<%#!
!
Ι+>Υ∗>0%;10∗Λ)#4∗:)7.Ν)1)#)07∗.∀&∗+((077∗

!
∃+∆∋1%φ!.ϑΜΜΨ.ϑΜ?!86∃!<∗9!;+2∗13_(Β!
!

! !
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!
!

Λ<! ϑ,#+:,5,∋2!+&Γ!∀ΑΑ∃##!;##/∃#!1(&∋−,:/∋,&0!∗+Α∋(−#!

∋()∗+,−.& /0−& 1+∗/−,& 234/(.∗& 3),&3)5&(/0−.& 234/(.∗& 322−4/+)6& /0−& 78.+∗,+4/+()&3),& .−6+()9&&
:,−)/+25& 234/(.∗& /03/& ∗+6)+2+43)/15& 4.−3/−;& 4()/.+<8/−& /(;& =−.=−/83/−;& (.& +)4.−3∗−& /0−&
∗−>−.+/5&(2&,+∗3<+1+/5&3),&344−∗∗&+∗∗8−∗&3),&/0−&23+.&0(8∗+)6&+∗∗8−∗;&Ι0+40&3.−&Ε−6.−63/+();&
∀≅Α∋#Β∗;&!+∗=3.+/+−∗&+)&#44−∗∗&/(&Φ==(./8)+/5;&3),&!+∗=.(=(./+()3/−&Γ(8∗+)6&Η−−,∗9&∃(.&
−340&4()/.+<8/+)6&234/(.;&)(/−&Ι0+40&23+.&0(8∗+)6&+∗∗8−ϑ∗Κ&/0−&∗−1−4/−,&4()/.+<8/+)6&234/(.&
.−13/−∗&/(9!

•! ∀ΑΑ∃##!)(−!∆∃−#(&#!ς,∋8!Γ,#+:,5,∋,∃#!∋(!∆−(),Α,∃&∋!#Α8((5#!
•! ∀ΑΑ∃##!∋(!∆/:5,Α52!#/∆∆(−∋∃Γ!8(/#,&0!)(−!∆∃−#(&#!ς,∋8!Γ,#+:,5,∋,∃#!
•! ∀ΑΑ∃##!∋(!∋−+&#∆(−∋+∋,(&!)(−!∆∃−#(&#!ς,∋8!Γ,#+:,5,∋,∃#!
•! ;&+ΑΑ∃##,:5∃!0(4∃−&%∃&∋!)+Α,5,∋,∃#!(−!#∃−4,Α∃#!
•! ;&+ΑΑ∃##,:5∃!∆/:5,Α!(−!∆−,4+∋∃!,&)−+#∋−/Α∋/−∃!!
•! β+ΑΨ!()!+ΑΑ∃##!∋(!(∆∆(−∋/&,∋2!Γ/∃!∋(!8,08!8(/#,&0!Α(#∋#!
•! β+ΑΨ!()!+))(−Γ+:5∃!,&∴8(%∃!(−!Α(%%/&,∋2∴:+#∃Γ!#/∆∆(−∋,4∃!#∃−4,Α∃#!
•! β+ΑΨ!()!+))(−Γ+:5∃6!+ΑΑ∃##,:5∃!8(/#,&0!,&!−+&0∃!()!/&,∋!#,α∃#!
•! β+ΑΨ!()!+))(−Γ+:5∃6!,&∋∃0−+∋∃Γ!8(/#,&0!)(−!,&Γ,4,Γ/+5#!ς8(!&∃∃Γ!#/∆∆(−∋,4∃!#∃−4,Α∃#!
•! β+ΑΨ!()!+##,#∋+&Α∃!)(−!8(/#,&0!+ΑΑ∃##,:,5,∋2!%(Γ,),Α+∋,(&#!
•! β+ΑΨ!()!+##,#∋+&Α∃!)(−!∋−+&#,∋,(&,&0!)−(%!,&#∋,∋/∋,(&+5!#∃∋∋,&0#!∋(!,&∋∃0−+∋∃Γ!8(/#,&0!
•! β+ΑΨ!()!5(Α+5!(−!−∃0,(&+5!Α((∆∃−+∋,(&!
•! β+&Γ!/#∃!+&Γ!α(&,&0!5+ς#!
•! β∃&Γ,&0!Γ,#Α−,%,&+∋,(&!
•! β(Α+∋,(&!()!+ΑΑ∃##,:5∃!8(/#,&0!
•! β(##!()!∀))(−Γ+:5∃!.(/#,&0!!
•! ΟΑΑ/∆+&Α2!Α(Γ∃#!+&Γ!−∃#∋−,Α∋,(&#!
•! Π∃0/5+∋(−2! :+−−,∃−#! ∋(! ∆−(4,Γ,&0! 8(/#,&0! +&Γ! #/∆∆(−∋,4∃! #∃−4,Α∃#! )(−! ∆∃−#(&#! ς,∋8!

Γ,#+:,5,∋,∃#!!
•! =(/−Α∃!()!,&Α(%∃!Γ,#Α−,%,&+∋,(&!
•! =∋+∋∃!(−!5(Α+5!5+ς#6!∆(5,Α,∃#6!(−!∆−+Α∋,Α∃#!∋8+∋!Γ,#Α(/−+0∃!,&Γ,4,Γ/+5#!ς,∋8!Γ,#+:,5,∋,∃#!

)−(%! 5,4,&0! ,&! +∆+−∋%∃&∋#6! )+%,52! 8(%∃#6! #/∆∆(−∋,4∃! 8(/#,&06! #8+−∃Γ! 8(/#,&0! +&Γ!
(∋8∃−!,&∋∃0−+∋∃Γ!#∃∋∋,&0#!

•! Ο∋8∃−!
!
!
ε5%∋%! ∗9! (! Μ34Ν&(2& 322(.,3<1−;& +)/−6.3/−,&0(8∗+)6& 2(.& +),+>+,831∗&Ι0(&)−−,& ∗8==(./+>−&
∗−.>+4−∗&:+∋!Β%∋9+,9!Θ∗)5!(!7∗9(Σ∗2∗)3!∗,!)5%!1∗)3!+:!Ν∋%%,<∗22%#!!Ρ5∗2%!1+,1∋%)%!,∆ΟΣ%∋9!(∋%!
7∗::∗1∆2)!)+!%χ∆()%Λ!+,23!Μ/#?!Β%∋1%,)!+:!Β%∋9+,9!Θ5+!Θ%∋%!7∗9(Σ2%7!+<%∋!)5%!(&%!+:!ΜΕ!Θ%∋%!
%ΟΒ2+3%7Λ!(,7!Θ5%,!)5%3!Θ%∋%!%ΟΒ2+3%7!)5%3!9)∗22!%(∋,%7!2%99!)5(,!,+,Ψ7∗9(Σ2%7!Θ+∋Ω%∋9!
Ο(Ω∗,&!(::+∋7(Σ2%!5+∆9∗,&!+∆)!+:!∋%(15!:+∋!Ο(,3!Β%+Β2%!Θ∗)5!7∗9(Σ∗2∗)∗%9#!
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829+!∋%2()%7! ∗9! )5%!Μ(∗∗&(2&#22(.,3<1−&Γ(8∗+)6! ∗,! )5%!1∗)3#! !89!%ΟΒ2+3%7!Β%∋9+,9!Θ∗)5!(!
7∗9(Σ∗2∗)3!%(∋,!2%99!)5(,!,+,7∗9(Σ2%7!Β%∋9+,9Λ!∗)!Σ%1+Ο%9!∗,1∋%(9∗,&23!7∗::∗1∆2)!:+∋!)5%Ο!)+!
:∗,7! 7%1%,)! (,7! 9(:%! 5+∆9∗,&! Θ5%,! 5+∆9∗,&! ∗9! Σ%1+Ο∗,&! 2%99! (,7! 2%99! (::+∋7(Σ2%! ∗,!
Ν∋%%,<∗22%#!!∀,!.ϑϑϑΛ!.ϑ!Β%∋1%,)!+:!5+Ο%+Θ,%∋9!Θ%∋%!1+9)!Σ∆∋7%,%7Λ!5+Θ%<%∋!∗,!.ϑΜ?!)5()!
,∆ΟΣ%∋!&∋%Θ!)+!.≅#.!Β%∋1%,)!Τ!(,!∗,1∋%(9%!+:!Ο+∋%!)5(,!Κϑ!Β%∋1%,)#!!⊥+∋!∋%,)%∋9Λ!∗,!.ϑϑϑΛ!
Κ?#β!Β%∋1%,)!Θ%∋%!1+9)!Σ∆∋7%,%7!(,7!)5()!,∆ΟΣ%∋!∋+9%!)+!?Ι#Κ!Β%∋1%,)!Τ!(,!∗,1∋%(9%!+:!
Ο+∋%!)5(,!βϑ!Β%∋1%,)#!
!
ε5%∋%!∗9!(!Μ34Ν&(2&3∗∗+∗/3)4−&2(.&0(8∗+)6&344−∗∗+<+1+/5&?(,+2+43/+()∗∗:+∋!7∗9(Σ2%7!∋%9∗7%,)9!
2∗<∗,&! ∗,! )5%! 1∗)3#! Ρ5∗2%! )5%∋%! (∋%! ∋%9+∆∋1%9! (<(∗2(Σ2%! :+∋! Β%∋9+,9! Θ∗)5! (! 7∗9(Σ∗2∗)3! ∗,!
Ν∋%%,<∗22%Λ!)5%!9)∋%,&)5!+:!)5+9%!∋%9+∆∋1%9!:(229!95+∋)!+:!)5%!7%Ο(,7#!ε5%!1∗)3!5(9!Ο(7%!∗)!
(!5∗&5!Β∋∗+∋∗)3!)+!Β∋%9%∋<%!(,7!∗,1∋%(9%!(::+∋7(Σ2%!5+∆9∗,&!)5()!∗9!(11%99∗Σ2%!:+∋!Β%∋9+,9!
Θ∗)5!7∗9(Σ∗2∗)∗%9!∗,!∗)9!2()%9)!1+,9+2∗7()%7!Β2(,#!
!
ε5%∋%!∗9!(29+!(!2(1Ω!+:!#44−∗∗&/(&=8<1+415&∗8==(./−,&0(8∗+)6&2(.&=−.∗()∗&Ι+/0&,+∗3<+1+/+−∗=∗
;%∋9+,9!Θ∗)5!(!7∗9(Σ∗2∗)3!:(1%!2+,&!Θ(∗)!)∗Ο%9!)+!5(<%!(11%99!∗,)+!Β∆Σ2∗123!9∆ΒΒ+∋)%7!5+∆9∗,&!
∗,!)5%!1∗)3#!!Ρ5∗2%!)5%!Γ+∆9∗,&!8∆)5+∋∗)3!+:!)5%!6∗)3!+:!Ν∋%%,<∗22%!)(Ω%9!7∗9(Σ2%7!:(Ο∗2∗%9!(9!
Β∋%:%∋%,1%! ∗,! ∗)9! (ΒΒ2∗1()∗+,! 9%2%1)∗+,Λ!Θ(∗)! )∗Ο%9! 1(,! )(Ω%! 9%<%∋(2! 3%(∋9#! ! ⊥+∋!%α(ΟΒ2%Λ!
∋%1%,)23!+Β%,%7!∃%1)∗+,!≅!5+∆9∗,&!Ξ,∗<%∋9∗)3!ε+Θ%∋9!Θ∗)5!Εϑ!∆,∗)9!5(9!(!1∆∋∋%,)!Θ(∗)!)∗Ο%!
+:!.Κ!)+!βϑ!Ο+,)59#!
!
Γ+∆9∗,&!)5()!∗9!Σ+)5!(::+∋7(Σ2%!(,7!(11%99∗Σ2%!:+∋!Β%∋9+,9!Θ∗)5!(!7∗9(Σ∗2∗)3!∗9!7∗::∗1∆2)!)+!:∗,7!
∗,!)5%!1∗)3#!!6%,9∆9!)∋(1)9!∗,!)5%!1∗)3!)5()!(∋%!Ο+∋%!(::+∋7(Σ2%!(∋%!2+1()%7!∗,!)5%!,+∋)5Θ%9)!
)∋(1)9Λ!,%(∋Σ3!)5%!0−468;!)∋(1)#!ε5%9%!)∋(1)9Λ!5+Θ%<%∋Λ!95+Θ!5+∆9∗,&!Θ∗)5!(!Ο%7∗(,!3%(∋!
Σ∆∗2)!+:!ΜΙ/Ι!(,7!+27%∋!(9!Θ%22#! !Χ)5%∋!(∋%(9!Θ∗)5!,%Θ%∋!5+∆9∗,&!(∋%!(29+!Θ5%∋%!5+Ο%!
<(2∆%9!(,7!∋%,)9!(∋%!5∗&5%∋!Ο(Ω∗,&!)5%Ο!2%99!(::+∋7(Σ2%#!!ε5∗9!∗,!)∆∋,!Ο(Ω%9!)5%&Μ(43/+()&
(2&344−∗∗+<1−&0(8∗+)6&(!1+,)∋∗Σ∆)∗,&!:(1)+∋!∗,!7∗9(Σ∗2∗)3!(,7!(11%99!∗99∆%9#!
!
! !
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?<! ∗+,−!.(/#,&0!?&)(−Α∃%∃&∋6!Ο/∋−∃+Α8!1+∆+Α,∋26!+&Γ!Π∃#(/−Α∃#!∀&+52#,#!
!

1.! β,#∋!+&Γ!#/%%+−,α∃!+&2!()!∋8∃!)(55(ς,&0!∋8+∋!8+4∃!&(∋!:∃∃&!−∃#(54∃ΓΡ!!
•! ∀!Α8+−0∃!(−!5∃∋∋∃−!()!),&Γ,&0!)−(%!.]ϑ!Α(&Α∃−&,&0!+!4,(5+∋,(&!()!+!Α,4,5!−,08∋#∴−∃5+∋∃Γ!
5+ς⊥!!
•! ∀! Α+/#∃! Γ∃∋∃−%,&+∋,(&! )−(%! +! #/:#∋+&∋,+552! ∃Ζ/,4+5∃&∋! #∋+∋∃! (−! 5(Α+5! )+,−! 8(/#,&0!
+0∃&Α2!Α(&Α∃−&,&0!+!4,(5+∋,(&!()!+!#∋+∋∃!(−!5(Α+5!)+,−!8(/#,&0!5+ς⊥!
•! ∀&2! 4(5/&∋+−2! Α(%∆5,+&Α∃! +0−∃∃%∃&∋#6! Α(&Α,5,+∋,(&! +0−∃∃%∃&∋#6! (−! #∃∋∋5∃%∃&∋!
+0−∃∃%∃&∋#!∃&∋∃−∃Γ!,&∋(!ς,∋8!.]ϑ!(−!∋8∃!ϑ∃∆+−∋%∃&∋!()!Υ/#∋,Α∃⊥!!
•! ∀!5∃∋∋∃−!()!),&Γ,&0#!,##/∃Γ!:2!(−!5+ς#/,∋!),5∃Γ!(−!δ(,&∃Γ!:2!∋8∃!ϑ∃∆+−∋%∃&∋!()!Υ/#∋,Α∃!
+55∃0,&0!+!∆+∋∋∃−&!(−!∆−+Α∋,Α∃!(−!#2#∋∃%,Α!4,(5+∋,(&!()!+!)+,−!8(/#,&0!(−!Α,4,5!−,08∋#!5+ς⊥!!
•! ∀!Α5+,%!/&Γ∃−!∋8∃!∗+5#∃!15+,%#!∀Α∋!−∃5+∋∃Γ!∋(!)+,−!8(/#,&06!&(&Γ,#Α−,%,&+∋,(&6!(−!Α,4,5!
−,08∋#!0∃&∃−+5526!,&Α5/Γ,&0!+&!+55∃0∃Γ!)+,5/−∃!∋(!+)),−%+∋,4∃52!)/−∋8∃−!)+,−!8(/#,&0⊥!(−!!
•! ∀! ∆∃&Γ,&0! +Γ%,&,#∋−+∋,4∃! Α(%∆5+,&∋#! (−! 5+ς#/,∋#! +0+,&#∋! ∋8∃! 5(Α+5,∋2! +55∃0,&0! )+,−!
8(/#,&0!4,(5+∋,(&#!(−!Γ,#Α−,%,&+∋,(&<!
!
!
!
!

!

2.! ϑ∃#Α−,:∃!+&2!#∋+∋∃!(−!5(Α+5!)+,−!8(/#,&0!5+ς#<!!η8+∋!Α8+−+Α∋∃−,#∋,Α#!+−∃!∆−(∋∃Α∋∃Γ!
/&Γ∃−!∃+Α8!5+ςχ!

ε5%!9)()%!+:!Η+∋)5!6(∋+2∗,(!5(9!(!9)()∆)%Λ!∗,12∆7∗,&!(!Β∋+<∗9∗+,!Β∋+5∗Σ∗)∗,&!7∗91∋∗Ο∗,()∗+,!
∗,!2(,7Ψ∆9%!+∋!Β%∋Ο∗))∗,&!7%1∗9∗+,9!Σ(9%7!+,!(!7%<%2+ΒΟ%,)!1+,)(∗,∗,&!γ(::+∋7(Σ2%!5+∆9∗,&!
∆,∗)9!:+∋!:(Ο∗2∗%9!+∋!∗,7∗<∗7∆(29!Θ∗)5!∗,1+Ο%9!Σ%2+Θ!%∗&5)3!Β%∋1%,)!=≅ϑν>!+:!(∋%(!Ο%7∗(,!
∗,1+Ο%#η!∃∆15!(!Β∋+)%1)∗+,!∗9!∆,∗χ∆%!∗,!)5%!,()∗+,!(Ο+,&!9)()%!:(∗∋!5+∆9∗,&!2(Θ9#!ε5%!2(Θ!
%α%ΟΒ)9!7%1∗9∗+,9!Σ(9%7!+,!2∗Ο∗)∗,&!γ5∗&5!1+,1%,)∋()∗+,9!+:!(::+∋7(Σ2%!5+∆9∗,&#η!ε+!7()%!
,+!Β(∋)3!5(9!%,:+∋1%7!)5%!Β∋+<∗9∗+,!∗,!1+∆∋)Λ!Σ∆)!Σ(9%7!+,!(,%17+)(2!(11+∆,)9!∗)!5(9!Σ%%,!
∆9%7!Σ3!7%<%2+Β%∋9!)+!9%1∆∋%!∋%+,∗,&!(,7!+)5%∋!(ΒΒ∋+<(29#!!

Ξ,7%∋!)5%!Η+∋)5!6(∋+2∗,(!⊥(∗∋!Γ+∆9∗,&!81)!+:!ΜΙ≅βφ/!

=(>! ∀)! ∗9! (,! ∆,2(Θ:∆2! 7∗91∋∗Ο∗,()+∋3! 5+∆9∗,&! Β∋(1)∗1%! :+∋! (,3! Β%∋9+,! ∗,! (! ∋%(2! %9)()%!
)∋(,9(1)∗+,Λ!Σ%1(∆9%!+:!∋(1%Λ!1+2+∋Λ!∋%2∗&∗+,Λ!9%αΛ!,()∗+,(2!+∋∗&∗,Λ!5(,7∗1(ΒΒ∗,&!1+,7∗)∗+,Λ!
+∋!:(Ο∗2∗(2!9)()∆9!)+φ!!

                                                        
/!∃+∆∋1%φ!Η+∋)5!6(∋+2∗,(!∃)()%!⊥(∗∋!Γ+∆9∗,&!81)Λ!65(Β)%∋!ΚΜ8Λ!ΜΙ≅β!
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=Μ>!0%:∆9%!)+!%,&(&%!∗,!(!∋%(2!%9)()%!)∋(,9(1)∗+,κ!!

=.>!Α∗91∋∗Ο∗,()%!(&(∗,9)! (!Β%∋9+,! ∗,! )5%! )%∋Ο9Λ! 1+,7∗)∗+,9Λ!+∋!Β∋∗<∗2%&%9!+:! (! ∋%(2! %9)()%!
)∋(,9(1)∗+,!+∋!∗,!)5%!:∆∋,∗95∗,&!+:!:(1∗2∗)∗%9!+∋!9%∋<∗1%9!∗,!1+,,%1)∗+,!)5%∋%Θ∗)5κ!!

=.(>!Τ!=.1>!0%Β%(2%7!Σ3!∃%99∗+,!Π(Θ9!.ϑϑΙΨβ≅≅Λ!9#!ΜΛ!%::%1)∗<%!Χ1)+Σ%∋!ΜΛ!.ϑϑΙ#!=β>!0%:∆9%!
)+!∋%1%∗<%!+∋!:(∗2!)+!)∋(,9Ο∗)!(!Σ+,(!:∗7%!+::%∋!)+!%,&(&%!∗,!(!∋%(2!%9)()%!)∋(,9(1)∗+,κ!!

=Κ>!0%:∆9%!)+!,%&+)∗()%!:+∋!(!∋%(2!%9)()%!)∋(,9(1)∗+,κ!!

=?>!0%Β∋%9%,)!)+!(!Β%∋9+,!)5()!∋%(2!Β∋+Β%∋)3!∗9!,+)!(<(∗2(Σ2%!:+∋!∗,9Β%1)∗+,Λ!9(2%Λ!∋%,)(2Λ!+∋!
2%(9%!Θ5%,!∗,!:(1)! ∗)! ∗9!9+!(<(∗2(Σ2%Λ!+∋!:(∗2!)+!Σ∋∗,&!(!Β∋+Β%∋)3! 2∗9)∗,&!)+!5∗9!())%,)∗+,Λ!+∋!
∋%:∆9%!)+!Β%∋Ο∗)!5∗Ο!)+!∗,9Β%1)!∋%(2!Β∋+Β%∋)3κ!!

=Ε>! _(Ω%Λ! Β∋∗,)Λ! 1∗∋1∆2()%Λ! Β+9)Λ! +∋! Ο(∗2! +∋! 1(∆9%! )+! Σ%! 9+! Β∆Σ2∗95%7! (! 9)()%Ο%,)Λ!
(7<%∋)∗9%Ο%,)Λ!+∋!9∗&,Λ!+∋!∆9%!(!:+∋Ο!+∋!(ΒΒ2∗1()∗+,!:+∋!(!∋%(2!%9)()%!)∋(,9(1)∗+,Λ!+∋!Ο(Ω%!(!
∋%1+∋7!+∋!∗,χ∆∗∋3!∗,!1+,,%1)∗+,!Θ∗)5!(!Β∋+9Β%1)∗<%!∋%(2!%9)()%!)∋(,9(1)∗+,Λ!Θ5∗15!∗,7∗1()%9!
7∗∋%1)23!+∋!∗,7∗∋%1)23Λ!(,!∗,)%,)!)+!Ο(Ω%!(!2∗Ο∗)()∗+,Λ!9Β%1∗:∗1()∗+,Λ!+∋!7∗91∋∗Ο∗,()∗+,!Θ∗)5!
∋%9Β%1)!)5%∋%)+κ!!

=/>!Χ::%∋Λ!9+2∗1∗)Λ!(11%Β)Λ!∆9%Λ!+∋!∋%)(∗,!(!2∗9)∗,&!+:!∋%(2!Β∋+Β%∋)3!Θ∗)5!)5%!∆,7%∋9)(,7∗,&!)5()!
(,3!Β%∋9+,!Ο(3!Σ%!7∗91∋∗Ο∗,()%7!(&(∗,9)!∗,!(!∋%(2!%9)()%!)∋(,9(1)∗+,!+∋!∗,!)5%!:∆∋,∗95∗,&!+:!
:(1∗2∗)∗%9!+∋!9%∋<∗1%9!∗,!1+,,%1)∗+,!)5%∋%Θ∗)5κ!+∋!!

=≅>!Χ)5%∋Θ∗9%!Ο(Ω%!∆,(<(∗2(Σ2%!+∋!7%,3!5+∆9∗,&#!!

=ΣΜ>!∀)!∗9!(,!∆,2(Θ:∆2!7∗91∋∗Ο∗,()+∋3!5+∆9∗,&!Β∋(1)∗1%!:+∋!(,3!Β%∋9+,!+∋!+)5%∋!%,)∗)3!Θ5+9%!
Σ∆9∗,%99! ∗,12∆7%9!%,&(&∗,&! ∗,!∋%9∗7%,)∗(2! ∋%(2!%9)()%!∋%2()%7!)∋(,9(1)∗+,9!)+!7∗91∋∗Ο∗,()%!
(&(∗,9)!(,3!Β%∋9+,!∗,!Ο(Ω∗,&!(<(∗2(Σ2%!9∆15!(!)∋(,9(1)∗+,Λ!+∋!∗,!)5%!)%∋Ο9!(,7!1+,7∗)∗+,9!
+:!9∆15!(!)∋(,9(1)∗+,Λ!Σ%1(∆9%!+:!∋(1%Λ!1+2+∋Λ! ∋%2∗&∗+,Λ!9%αΛ!,()∗+,(2!+∋∗&∗,Λ!5(,7∗1(ΒΒ∗,&!
1+,7∗)∗+,Λ! +∋! :(Ο∗2∗(2! 9)()∆9#! 89! ∆9%7! ∗,! )5∗9! 9∆Σ9%1)∗+,Λ! [∋%9∗7%,)∗(2! ∋%(2! %9)()%! ∋%2()%7!
)∋(,9(1)∗+,[!Ο%(,9φ!!

=Μ>!ε5%!Ο(Ω∗,&!+∋!Β∆∋15(9∗,&!+:!2+(,9!+∋!Β∋+<∗7∗,&!:∗,(,1∗(2!(99∗9)(,1%!=∗>!:+∋!Β∆∋15(9∗,&Λ!
1+,9)∋∆1)∗,&Λ!∗ΟΒ∋+<∗,&Λ!∋%Β(∗∋∗,&Λ!+∋!Ο(∗,)(∗,∗,&!(!7Θ%22∗,&Λ!+∋!=∗∗>!Θ5%∋%!)5%!9%1∆∋∗)3!∗9!
∋%9∗7%,)∗(2!∋%(2!%9)()%κ!+∋!!

=.>!ε5%!9%22∗,&Λ!Σ∋+Ω%∋∗,&Λ!+∋!(ΒΒ∋(∗9∗,&!+:!∋%9∗7%,)∗(2!∋%(2!%9)()%#!!

|!ε5%!Β∋+<∗9∗+,9!+:!)5∗9!9∆Σ9%1)∗+,!95(22!,+)!Β∋+5∗Σ∗)!(,3!:∗,(,1∗(2!∗,9)∗)∆)∗+,!:∋+Ο!∆9∗,&!(!
2+(,!(ΒΒ2∗1()∗+,!Θ5∗15!∗,χ∆∗∋∗%9!∗,)+!(!Β%∋9+,Ζ9!:∗,(,1∗(2!(,7!7%Β%,7%,)!+Σ2∗&()∗+,9!+∋!:∋+Ο!
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Σ(9∗,&!!

|!∗)9!(1)∗+,9!+,!)5%!∗,1+Ο%!+∋!:∗,(,1∗(2!(Σ∗2∗)∗%9!+:!(,3!Β%∋9+,#ぉ!

=1>!∀)!∗9!(,!∆,2(Θ:∆2!7∗91∋∗Ο∗,()+∋3!5+∆9∗,&!Β∋(1)∗1%!:+∋!(!Β%∋9+,!)+!∗,7∆1%!+∋!())%ΟΒ)!)+!
∗,7∆1%!(,+)5%∋!)+!%,)%∋!∗,)+!(!∋%(2!%9)()%!)∋(,9(1)∗+,!:∋+Ο!Θ5∗15!9∆15!Β%∋9+,!Ο(3!Β∋+:∗)φ!!

=Μ>!∴3!∋%Β∋%9%,)∗,&!)5()!(!15(,&%!5(9!+11∆∋∋%7Λ!+∋!Ο(3!+∋!Θ∗22!+11∆∋!∗,!)5%!1+ΟΒ+9∗)∗+,!+:!
)5%!∋%9∗7%,)9!+:!)5%!Σ2+1ΩΛ!,%∗&5Σ+∋5++7Λ!+∋!(∋%(!∗,!Θ5∗15!)5%!∋%(2!Β∋+Β%∋)3!∗9!2+1()%7!Θ∗)5!
∋%9Β%1)! )+! ∋(1%Λ! 1+2+∋Λ! ∋%2∗&∗+,Λ! 9%αΛ! ,()∗+,(2! +∋∗&∗,Λ! 5(,7∗1(ΒΒ∗,&! 1+,7∗)∗+,Λ! +∋! :(Ο∗2∗(2!
9)()∆9!+:!)5%!+Θ,%∋9!+∋!+11∆Β(,)9κ!+∋!!

=.>!∴3! ∋%Β∋%9%,)∗,&! )5()! (! 15(,&%!5(9! ∋%9∆2)%7Λ!+∋!Ο(3!+∋!Θ∗22! ∋%9∆2)! ∗,! )5%! 2+Θ%∋∗,&!+:!
Β∋+Β%∋)3!<(2∆%9Λ!(,!∗,1∋%(9%!∗,!1∋∗Ο∗,(2!+∋!(,)∗9+1∗(2!Σ%5(<∗+∋Λ!+∋!(!7%12∗,%!∗,!)5%!χ∆(2∗)3!+:!
915++29!∗,!)5%!Σ2+1ΩΛ!,%∗&5Σ+∋5++7Λ!+∋!(∋%(!∗,!Θ5∗15!)5%!∋%(2!Β∋+Β%∋)3!∗9!2+1()%7#!!

=7>!∀)!∗9!(,!∆,2(Θ:∆2!7∗91∋∗Ο∗,()+∋3!5+∆9∗,&!Β∋(1)∗1%!)+!7%,3!(,3!Β%∋9+,!Θ5+!∗9!+)5%∋Θ∗9%!
χ∆(2∗:∗%7!Σ3!∃)()%!2(Θ!(11%99!)+!+∋!Ο%ΟΣ%∋95∗Β!+∋!Β(∋)∗1∗Β()∗+,!∗,!(,3!∋%(2!%9)()%!Σ∋+Ω%∋9Ζ!
+∋&(,∗()∗+,Λ!Ο∆2)∗Β2%!2∗9)∗,&!9%∋<∗1%Λ!+∋!+)5%∋!9%∋<∗1%Λ!+∋&(,∗()∗+,Λ!+∋!:(1∗2∗)3!∋%2()∗,&!)+!
)5%! Σ∆9∗,%99! +:! %,&(&∗,&! ∗,! ∋%(2! %9)()%! )∋(,9(1)∗+,9Λ! +∋! )+! 7∗91∋∗Ο∗,()%! ∗,! )5%! )%∋Ο9! +∋!
1+,7∗)∗+,9!+:!9∆15!(11%99Λ!Ο%ΟΣ%∋95∗ΒΛ!+∋!Β(∋)∗1∗Β()∗+,!Σ%1(∆9%!+:! ∋(1%Λ!1+2+∋Λ! ∋%2∗&∗+,Λ!
9%αΛ!,()∗+,(2!+∋∗&∗,Λ!5(,7∗1(ΒΒ∗,&!1+,7∗)∗+,Λ!+∋!:(Ο∗2∗(2!9)()∆9#!!

=%>! ∀)! ∗9! (,! ∆,2(Θ:∆2! 7∗91∋∗Ο∗,()+∋3! 5+∆9∗,&! Β∋(1)∗1%! )+! 1+%∋1%Λ! ∗,)∗Ο∗7()%Λ! )5∋%()%,Λ! +∋!
∗,)%∋:%∋%!Θ∗)5!(,3!Β%∋9+,!∗,!)5%!%α%∋1∗9%!+∋!%,ς+3Ο%,)!+:Λ!+,!(11+∆,)!+:!5(<∗,&!%α%∋1∗9%7!
+∋!%,ς+3%7Λ!+∋!+,!(11+∆,)!+:!5(<∗,&!(∗7%7!+∋!%,1+∆∋(&%7!(,3!+)5%∋!Β%∋9+,!∗,!)5%!%α%∋1∗9%!
+∋!%,ς+3Ο%,)!+:!(,3!∋∗&5)!&∋(,)%7!+∋!Β∋+)%1)%7!Σ3!)5∗9!65(Β)%∋#!!

=:>!∀)!∗9!(,!∆,2(Θ:∆2!7∗91∋∗Ο∗,()+∋3!5+∆9∗,&!Β∋(1)∗1%!)+φ!!

=Μ>!0%:∆9%!)+!Β%∋Ο∗)Λ!()!)5%!%αΒ%,9%!+:!(!5(,7∗1(ΒΒ%7!Β%∋9+,Λ!∋%(9+,(Σ2%!Ο+7∗:∗1()∗+,9!+:!
%α∗9)∗,&! Β∋%Ο∗9%9! +11∆Β∗%7! +∋! )+! Σ%! +11∆Β∗%7! Σ3! )5%! Β%∋9+,! ∗:! )5%! Ο+7∗:∗1()∗+,9! (∋%!
,%1%99(∋3!)+!)5%!5(,7∗1(ΒΒ%7!Β%∋9+,Ζ9!:∆22!%,ς+3Ο%,)!+:!)5%!Β∋%Ο∗9%9κ!%α1%Β)!)5()Λ!∗,!)5%!
1(9%!+:!(!∋%,)(2!∆,∗)Λ!)5%!2(,72+∋7!Ο(3Λ!Θ5%∋%!∗)!∗9!∋%(9+,(Σ2%!)+!7+!9+Λ!1+,7∗)∗+,!Β%∋Ο∗99∗+,!
:+∋!Ο+7∗:∗1()∗+,9!+,!(&∋%%Ο%,)!Σ3!)5%!∋%,)%∋!)+!∋%9)+∋%!)5%!∗,)%∋∗+∋!+:!)5%!Β∋%Ο∗9%9!)+!)5%!
1+,7∗)∗+,!)5()!%α∗9)%7!Σ%:+∋%!)5%!Ο+7∗:∗1()∗+,9Λ!∋%(9+,(Σ2%!Θ%(∋!(,7!)%(∋!%α1%Β)%7#!!

=.>!0%:∆9%!)+!Ο(Ω%!∋%(9+,(Σ2%!(11+ΟΟ+7()∗+,9! ∗,! ∋∆2%9Λ!Β+2∗1∗%9Λ!Β∋(1)∗1%9Λ!+∋!9%∋<∗1%9Λ!
Θ5%,!)5%9%!(11+ΟΟ+7()∗+,9!Ο(3!Σ%!,%1%99(∋3!)+!(!5(,7∗1(ΒΒ%7!Β%∋9+,Ζ9!%χ∆(2!∆9%!(,7!
%,ς+3Ο%,)!+:!(!7Θ%22∗,&#!!
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=β>!⊥(∗2!)+!7%9∗&,!(,7!1+,9)∋∆1)!1+<%∋%7!Ο∆2)∗:(Ο∗23!7Θ%22∗,&9!(<(∗2(Σ2%!:+∋!:∗∋9)!+11∆Β(,13!
(:)%∋!_(∋15!ΜβΛ!ΜΙΙΜΛ!9+!)5()φ!!

(#!ε5%!7Θ%22∗,&9!5(<%!()! 2%(9)!+,%!Σ∆∗27∗,&!%,)∋(,1%!+,!(,!(11%99∗Σ2%! ∋+∆)%Λ!∆,2%99! ∗)! ∗9!
∗ΟΒ∋(1)∗1(2!)+!7+!9+!Σ%1(∆9%!+:!)%∋∋(∗,!+∋!∆,∆9∆(2!9∗)%!15(∋(1)%∋∗9)∗19κ!+∋ぉΣ#!Ρ∗)5!∋%9Β%1)!
)+!7Θ%22∗,&9!Θ∗)5!(!Σ∆∗27∗,&!%,)∋(,1%!+,!(,!(11%99∗Σ2%!∋+∆)%φぉΜ#!ε5%!Β∆Σ2∗1!(,7!1+ΟΟ+,!
∆9%!Β+∋)∗+,9!(∋%!∋%(7∗23!(11%99∗Σ2%!)+!(,7!∆9(Σ2%!Σ3!5(,7∗1(ΒΒ%7!Β%∋9+,9κ!!

.#! ε5%∋%! ∗9! (,! (11%99∗Σ2%! ∋+∆)%! ∗,)+! (,7! )5∋+∆&5! (22! 7Θ%22∗,&9! (,7! ∆,∗)9κぉβ#! 822! 7++∋9!
7%9∗&,%7!)+!(22+Θ!Β(99(&%!∗,)+Λ!Θ∗)5∗,Λ!(,7!)5∋+∆&5!)5%9%!7Θ%22∗,&9!(,7!∗,7∗<∗7∆(2!∆,∗)9!
(∋%!Θ∗7%!%,+∆&5!:+∋!Θ5%%215(∗∋9κぉΚ#!Π∗&5)!9Θ∗)15%9Λ!%2%1)∋∗1(2!9Θ∗)15%9Λ!%2%1)∋∗1(2!+∆)2%)9Λ!
)5%∋Ο+9)()9Λ!(,7!+)5%∋!%,<∗∋+,Ο%,)(2!1+,)∋+29!(∋%! ∗,!(11%99∗Σ2%! 2+1()∗+,9κぉ?#!∴()5∋++Ο!
Θ(229!(∋%!∋%∗,:+∋1%7!)+!(22+Θ!2()%∋!∗,9)(22()∗+,!+:!&∋(Σ!Σ(∋9κ!(,7ぉΕ#!Υ∗)15%,9!(,7!Σ()5∋++Ο9!
5(<%!9Β(1%!:+∋!(,!∗,7∗<∗7∆(2!∗,!(!Θ5%%215(∗∋!)+!Ο(,%∆<%∋#!!

=&>!∀)!∗9!(,!∆,2(Θ:∆2!7∗91∋∗Ο∗,()+∋3!5+∆9∗,&!Β∋(1)∗1%!)+!7∗91∋∗Ο∗,()%!∗,!2(,7Ψ∆9%!7%1∗9∗+,9!+∋!
∗,! )5%! Β%∋Ο∗))∗,&! +:! 7%<%2+ΒΟ%,)! Σ(9%7! +,! ∋(1%Λ! 1+2+∋Λ! ∋%2∗&∗+,Λ! 9%αΛ! ,()∗+,(2! +∋∗&∗,Λ!
5(,7∗1(ΒΒ∗,&!1+,7∗)∗+,Λ!:(Ο∗2∗(2!9)()∆9Λ!+∋Λ!%α1%Β)!(9!+)5%∋Θ∗9%!Β∋+<∗7%7!Σ3!2(ΘΛ!)5%!:(1)!
)5()! (! 7%<%2+ΒΟ%,)! +∋! Β∋+Β+9%7! 7%<%2+ΒΟ%,)! 1+,)(∗,9! (::+∋7(Σ2%! 5+∆9∗,&! ∆,∗)9! :+∋!
:(Ο∗2∗%9!+∋!∗,7∗<∗7∆(29!Θ∗)5!∗,1+Ο%9!Σ%2+Θ!%∗&5)3!Β%∋1%,)!=≅ϑν>!+:!(∋%(!Ο%7∗(,!∗,1+Ο%#!∀)!
∗9!,+)!(!<∗+2()∗+,!+:!)5∗9!65(Β)%∋!∗:!2(,7Ψ∆9%!7%1∗9∗+,9!+∋!Β%∋Ο∗))∗,&!+:!7%<%2+ΒΟ%,)!∗9!Σ(9%7!
+,!1+,9∗7%∋()∗+,9!+:!2∗Ο∗)∗,&!5∗&5!1+,1%,)∋()∗+,9!+:!(::+∋7(Σ2%!5+∆9∗,&#!!

!

3.! ;Γ∃&∋,)2! +&2! 5(Α+5! +&Γ! −∃0,(&+5! +0∃&Α,∃#! +&Γ! (−0+&,α+∋,(&#! ∋8+∋! ∆−(4,Γ∃! )+,−!
8(/#,&0! ,&)(−%+∋,(&6! (/∋−∃+Α86! +&Γ! ∃&)(−Α∃%∃&∋6! ,&Α5/Γ,&0! ∋8∃,−! Α+∆+Α,∋2! +&Γ! ∋8∃!
−∃#(/−Α∃#!+4+,5+:5∃!∋(!∋8∃%<!

ε5%! 1∗)3! +:! Ν∋%%,<∗22%! :∋%χ∆%,)23! 1+22(Σ+∋()%9! Θ∗)5! 2+1(2! (,7! ∋%&∗+,(2! (&%,1∗%9! (,7!
+∋&(,∗()∗+,9!)+!Β∋+<∗7%!:(∗∋!5+∆9∗,&!9%∋<∗1%9!(,7!∋%9+∆∋1%9!)+!)5%!∋%9∗7%,)9!+:!)5%!1∗)3#!!
∀,∗)∗()∗<%9!9∆15!(9! :(∗∋!5+∆9∗,&!9%Ο∗,(∋9!(,7!(Θ(∋79! ∋%1+&,∗∗,&! :(∗∋!5+∆9∗,&!%::+∋)9!(∋%!
9+Ο%!+:!)5%!(1)∗<∗)∗%9!)5∋+∆&5!)5%!1+22(Σ+∋()∗+,#!Π∗9)%7!Σ%2+Θ!(∋%!9+Ο%!+:!)5%9%!Β(∋),%∋9#!
!
ε5%!Γ+∆9∗,&!8∆)5+∋∗)3!+:!)5%!6∗)3!+:!Ν∋%%,<∗22%!=Γ86Ν>φ!Γ86Ν!∗9!)5%!2+1(2!Β∆Σ2∗1!5+∆9∗,&!
(∆)5+∋∗)3!(,7!+Β%∋()%9!(,7!Ο(,(&%9!)5%!Β∆Σ2∗1!5+∆9∗,&!7%<%2+ΒΟ%,)9!(,7!Γ6Φ!;∋+&∋(Ο#!!
Γ86Ν!9)∋∗1)23!(75%∋%9!)+!:%7%∋(2!(,7!2+1(2!:(∗∋!5+∆9∗,&!2(Θ9!(,7!Θ+∋Ω9!∗,!(11+∋7(,1%!Θ∗)5!
8Ο%∋∗1(,9!Θ∗)5!Α∗9(Σ∗2∗)∗%9!81)!∋%χ∆∗∋%Ο%,)9#!!Γ86Ν!(29+!Β∋+<∗7%9!:(∗∋!5+∆9∗,&!∗,:+∋Ο()∗+,!
(,7!∗9!(!∋%9+∆∋1%!)+!2+ΘΨ!(,7!Ο+7%∋()%Ψ∗,1+Ο%!5+∆9%5+279!∗,!)5%!1∗)3#!
!
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Ν∋%%,<∗22%!Γ∆Ο(,!0%2()∗+,9!6+∆,1∗2!=ΝΓ06>φ!ΝΓ06!Β∋+Ο+)%9!∆,7%∋9)(,7∗,&!(,7!%,5(,1%7!
5∆Ο(,! ∋%2()∗+,9! (Ο+,&! (22! Β%+Β2%! ∗,! Ν∋%%,<∗22%#! ! ΝΓ06! 7+%9! )5∗9! )5∋+∆&5! %7∆1()∗+,Λ!
(7<+1(13Λ! 1+ΟΟ∆,∗1()∗+,! (,7! ∗,∗)∗()∗+,! +:! (1)∗+,9! )5()! :+9)%∋! )5%! ∋%1+&,∗)∗+,! +:! (,7!
(ΒΒ∋%1∗()∗+,!:+∋!)5%!7∗<%∋9∗)3!∗,!)5%!1∗)3#!!ΝΓ06!∋%1+&,∗%9!(,7!(Θ(∋79!∗,7∗<∗7∆(29Λ!&∋+∆Β9!
(,7!+∋&(,∗()∗+,9!:+∋!)5%∗∋!Θ+∋Ω!∗,!9∆15!%::+∋)9#!
!
Η+∋)5! 6(∋+2∗,(! Γ∆Ο(,! 0%2()∗+,9! 6+ΟΟ∗99∗+,! =Η6Γ06>φ! Η6Γ06! Β∋+<∗7%9! 9%∋<∗1%9! (,7!
Β∋+&∋(Ο9!Θ∗)5!)5%!Β∆∋Β+9%!+:!∗ΟΒ∋+<∗,&!∋%2()∗+,95∗Β9!(Ο+,&!(22!1∗)∗%,9!+:!)5%!9)()%Λ!Θ5∗2%!
9%%Ω∗,&!)+!%,9∆∋%!%χ∆(2!+ΒΒ+∋)∆,∗)∗%9!∗,!)5%!(∋%(9!+:!%ΟΒ2+3Ο%,)Λ!5+∆9∗,&Λ!%7∆1()∗+,!(,7!
+)5%∋!9%∋<∗1%9#!!Η6Γ06!(29+!Β∋+<∗7%9!∋%9+∆∋1%9!<∗(!∗)9!Θ%Σ9∗)%!(,7!)5∋+∆&5!7∗∋%1)!1+,)(1)#!
!
Η+∋)5! 6(∋+2∗,(!Α%Β(∋)Ο%,)! +:! ∀,9∆∋(,1%! =Η6ΑΧ∀>φ!Η6ΑΧ∀! 5(9! )5%! ∋%9Β+,9∗Σ∗2∗)3! )+! 5%2Β!
%7∆1()%!9)()%!∋%9∗7%,)9!(Σ+∆)!∗,9∆∋(,1%Ψ∋%2()%7!∗99∆%9#!!Η6ΑΧ∀!1(,!5%2Β!Θ∗)5!(99∗9)(,1%!Σ3!
(,9Θ%∋∗,&! 1+ΟΒ2∗1()%7! χ∆%9)∗+,9! (Σ+∆)! 5%(2)5! ∗,9∆∋(,1%#! 6+ΟΒ2(∗,)9! 1(,! (29+! Σ%! :∗2%7!
)5∋+∆&5!Η6ΑΧ∀#!
!
!
4.! ∀ΓΓ,∋,(&+5!;&)(−%+∋,(&!

+<! Χ−(4,Γ∃!+ΓΓ,∋,(&+5!−∃5∃4+&∋!,&)(−%+∋,(&6!,)!+&26!+:(/∋!)+,−!8(/#,&0!∃&)(−Α∃%∃&∋6!
(/∋−∃+Α8!Α+∆+Α,∋26!+&Γ!−∃#(/−Α∃#!,&!∋8∃!δ/−,#Γ,Α∋,(&!+&Γ!−∃0,(&<!

!

Π∗9)%7! Σ%2+Θ! (∋%! )5%! Β∋∗Ο(∋3! (&%,1∗%9! (,7! +∋&(,∗()∗+,9! )5()! (∋%! ΓΞΑ! 1%∋)∗:∗%7! (9!
9∆Σ9)(,)∗(223!%χ∆∗<(2%,)!(&%,1∗%9!(,7−+∋!∗ΟΒ+∋)(,)!+∆)∋%(15!(,7!∋%9+∆∋1%9!∗,!)5%!1∗)3#!

3.)∃∗6%∋7)∀5∗Σ∀,%∃(0−0∀#∗

ε5%!Η+∋)5!6(∋+2∗,(!Γ∆Ο(,!0%2()∗+,9!6+ΟΟ∗99∗+,!=Η6Γ06>!:(1∗2∗)()%9!)5%!∋%9+2∆)∗+,!+:!:(∗∋!
5+∆9∗,&! 1+ΟΒ2(∗,)9Λ! 1∋%()%9!Β∆Σ2∗1! (Θ(∋%,%99!+:! (,)∗Ψ7∗91∋∗Ο∗,()∗+,! 2(Θ9!(,7!Β∋+Ο+)%9!
%χ∆(2! 5+∆9∗,&! +ΒΒ+∋)∆,∗)∗%9#! ε5%! 1+ΟΟ∗99∗+,! ∋%9+2<%9! 1+ΟΒ2(∗,)9! +:! 5+∆9∗,&!
7∗91∋∗Ο∗,()∗+,!Ο(7%! Σ3! Β∋∗<()%! Β%∋9+,9#! ∀,! (11+∋7(,1%! Θ∗)5! )5%! :%7%∋(2! (,7! 9)()%! ⊥(∗∋!
Γ+∆9∗,&!81)9Λ!9)(::!∋%1%∗<%9Λ!∗,<%9)∗&()%9Λ!1+,1∗2∗()%9!(,7!2∗)∗&()%9!12(∗Ο9!+:!7∗91∋∗Ο∗,()∗+,!
∋%2()%7!)+!5+∆9∗,&!)∋(,9(1)∗+,9!+,!Σ%5(2:!+:!Β∋∗<()%!Β%∋9+,9#!ΓΞΑ!1%∋)∗:∗%7!)5%!1+ΟΟ∗99∗+,!
(9!(!9∆Σ9)(,)∗(223!%χ∆∗<(2%,)!(&%,13!∗,!ΜΙΙϑ#!!

ε5%!1+ΟΒ2(∗,)!:+∋Ο!∗9!(<(∗2(Σ2%!()φ!!

5))Βφ−−,1(7Ο∗,#,1#&+<−7+1∆Ο%,)−5+∆9∗,&Ψ7∗91∋∗Ο∗,()∗+,Ψ1+ΟΒ2(∗,)Ψ:+∋Ο!!

Κ∋#∃0.(4∗.∀&∗≅07%∋∃(07∗
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;∋∗<()%!%::+∋)9!(29+!%α∗9)!()!)5%!9)()%!2%<%2!)+!(99∗9)!Θ∗)5!5+∆9∗,&!∗99∆%9#!ε5%!⊥(∗∋!Γ+∆9∗,&!
;∋+ς%1)! +:! Π%&(2! 8∗7! +:! Η+∋)5! 6(∋+2∗,(! ∋%Β∋%9%,)9! <∗1)∗Ο9! +:! 5+∆9∗,&! 7∗91∋∗Ο∗,()∗+,Λ!
1+,7∆1)9!)%9)∗,&Λ!(,7!Β∋+<∗7%9!)∋(∗,∗,&!)+!)%,(,)9Λ!1+ΟΟ∆,∗)3!&∋+∆Β9Λ!2(,72+∋79Λ!Β∋+Β%∋)3!
Ο(,(&%∋9!(,7!+)5%∋!5+∆9∗,&!Β∋+<∗7%∋9#!811+∋7∗,&!)+!∗)9!Θ%Σ9∗)%φ!!

89!(!Β(∋)!+:! Π%&(2!8∗7!+:!Η+∋)5!6(∋+2∗,(! =Π8Η6>Λ! )5%!⊥(∗∋!Γ+∆9∗,&!;∋+ς%1)!Β∋+<∗7%9! 2%&(2!
∋%Β∋%9%,)()∗+,Λ! (7<∗1%Λ! ∋%:%∋∋(29Λ! (,7! ∗,:+∋Ο()∗+,! )+! ∗,7∗<∗7∆(29! 9)()%Θ∗7%! Θ5+! 5(<%!
%αΒ%∋∗%,1%7!5+∆9∗,&!7∗91∋∗Ο∗,()∗+,#!Π%&(2!9%∋<∗1%9!(∋%!Β∋+<∗7%7!Σ+)5!)5∋+∆&5!2+1(2!Π8Η6!
+::∗1%9!(9!Θ%22!(9!)5∋+∆&5!)5%!;∋+ς%1)ι9!:∆22Ψ)∗Ο%!9)(::#!!

⊥(∗∋!5+∆9∗,&!)∋(∗,∗,&9!(,7!%7∆1()∗+,(2!9%Ο∗,(∋9!1+,7∆1)%7!Σ3!)5%!;∋+ς%1)!)(∋&%)!∋%,)%∋9!
(,7!5+Ο%Σ∆3%∋9κ!Β%+Β2%!Θ∗)5!7∗9(Σ∗2∗)∗%9!(,7!)5%∗∋!9%∋<∗1%!Β∋+<∗7%∋9κ!2+1(2!&+<%∋,Ο%,)9Λ!
5+∆9∗,&!7%<%2+Β%∋9Λ!Β∋+Β%∋)3!Ο(,(&%∋9Λ!(,7!+)5%∋!5+∆9∗,&!Β∋+<∗7%∋9κ!∃Β(,∗95Ψ9Β%(Ω%∋9κ!
(,7! ())+∋,%39! (,7! 5+∆9∗,&! Β∋+:%99∗+,(29! Θ5+! ∋%Β∋%9%,)! ∗,7∗<∗7∆(29! ∗,! Ο+∋)&(&%! (,7!
:+∋%12+9∆∋%Ψ∋%2()%7!Ο())%∋9#!!

!
:<! 98∃! ∆−(0−+%! ∆+−∋,Α,∆+&∋! %+2! +5#(! ,&Α5/Γ∃! ,&)(−%+∋,(&! −∃5∃4+&∋! ∋(! ∆−(0−+%#6!
+Α∋,(&#6!(−!+Α∋,4,∋,∃#!∋(!∆−(%(∋∃!)+,−!8(/#,&0!(/∋Α(%∃#!+&Γ!Α+∆+Α,∋2<!

!

ε5%!1∗)3!+:!Ν∋%%,<∗22%!1+,)∗,∆%9!)+!:∆,7!(::∗∋Ο()∗<%23!:(∗∋!5+∆9∗,&!Ο(∋Ω%)∗,&!(1)∗+,9!Θ∗)5∗,!
)5%!1∗)3#!ε5%9%!(1)∗+,9!(∋%!∗,5%∋%,)!)+!%(15!+:!)5%!5+∆9∗,&!(1)∗<∗)∗%9!Β∋+<∗7%7!)5∋+∆&5!)5%!
6+ΟΟ∆,∗)3!Α%<%2+ΒΟ%,)!Α%Β(∋)Ο%,)#!!∴%2+Θ!∗9!(!2∗9)!+:!(1)∗<∗)∗%9!(,7!Β∋+&∋(Ο9!)5%!1∗)3!
+Β%∋()%9!(,7!Β∋+Ο+)%9!)+!:∆∋)5%∋!:(∗∋!5+∆9∗,&!∗,!)5%!1∗)3#!

|!47∆1()∗+,! +:! )5%! ⊥(∗∋! Γ+∆9∗,&! Π(Θ9! +11∆∋9! )5∋+∆&5+∆)! )5%! 3%(∋! (,7!Ο+9)! 9Β%1∗:∗1(223!
7∆∋∗,&!)5%!Ο+,)5!+:!8Β∋∗2Λ!Θ5∗15!∗9!7%9∗&,()%7!(9!γ⊥(∗∋!Γ+∆9∗,&!_+,)5η!(,7!γ6+ΟΟ∆,∗)3!
Α%<%2+ΒΟ%,)!Ρ%%Ωη#!!

|!ε5%!Γ+∆9∗,&!;(∋),%∋9!0%1%Β)∗+,!∗9!5%27!(9!Β(∋)!+:!(!Θ%%Ω2+,&!1%2%Σ∋()∗+,!+:!6+ΟΟ∆,∗)3!
Α%<%2+ΒΟ%,)!Ρ%%Ω! ∗,! )5%!1∗)3#!Α∆∋∗,&!)5%!Θ%%ΩΛ!%2%1)%7!+::∗1∗(29!Β(∋)∗1∗Β()%! ∗,!(!Β∆Σ2∗1!
%7∆1()∗+,!:+∋∆Ο!5+9)%7!Σ3!)5%!1∗)3!(,7!)5%!Γ+∆9∗,&!;(∋),%∋9!0%1%Β)∗+,#!!

|!⊥(∗∋! Γ+∆9∗,&! _+,)5! (1)∗<∗)∗%9! ∗,! )5%! Ο+,)5! +:! 8Β∋∗2! ∗,12∆7%! (,! %7∆1()∗+,(2!
9%Ο∗,(∋−:+∋∆Ο#! ! ε5%! 1+ΟΟ∆,∗)3! ∋%2()∗+,9! +::∗1%∋! 1++∋7∗,()%9! (! 1+ΟΟ∆,∗)3ΨΘ∗7%! ⊥(∗∋!
Γ+∆9∗,&!Ρ+∋Ω95+Β!(,7!(29+!7∗99%Ο∗,()%9!∗,:+∋Ο()∗+,#!

|!⊥(∗∋! Γ+∆9∗,&! Χ∆)∋%(15! ∗9! 7∗99%Ο∗,()%7! )5∋+∆&5+∆)! )5%! 3%(∋#! ! ε5%9%! (1)∗<∗)∗%9! ∗,12∆7%!
Ο+,)523!Β∆Σ2∗1!9%∋<∗1%!(,,+∆,1%Ο%,)9!)5∋+∆&5!)5%!2+1(2!Ο%7∗(!9∆15!(9!∋(7∗+Λ!)%2%<∗9∗+,!
(,7!,%Θ9Β(Β%∋9#! ∀,:+∋Ο()∗+,!∋%&(∋7∗,&!:(∗∋!5+∆9∗,&!Ο%7∗()∗+,!9%∋<∗1%9!(,7!:(∗∋!5+∆9∗,&!
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Θ+∋Ω95+Β9!∗9!7∗9)∋∗Σ∆)%7!∗,!Β∋∗,)%7!:+∋Ο!)+!2+1(2!Ο%∋15(,)9!(,7!∋%9∗7%,)9#!

!|!λ∆(∋)%∋23!2(,72+∋7−)%,(,)!Θ+∋Ω95+Β9!+,!(::∗∋Ο()∗<%23!:∆∋)5%∋∗,&!:(∗∋!5+∆9∗,&#!

|!∀,!.ϑΜβΛ!)5%!8,(239∗9!+:!∀ΟΒ%7∗Ο%,)9!)+!⊥(∗∋!Γ+∆9∗,&!65+∗1%!Θ(9!∆Β7()%7!Σ3!)5%!1∗)3!(,7!
(!⊥(∗∋!Γ+∆9∗,&!8,(239∗9!Θ(9!∆Β7()%7!:+∋!)5%!1∆∋∋%,)!1+,9+2∗7()%7!Β2(,#!!ε5∗9!∆Β7()%!∗,12∆7%9!
%α∗9)∗,&!∗ΟΒ%7∗Ο%,)9!)+!:(∗∋!5+∆9∗,&!15+∗1%!1∆∋∋%,)23!Σ%∗,&!(77∋%99%7!(,7!)5%!(1)∗+,9!)+!
∋%Ο%73! )5%Ο#!ε5%!∆Β7()%!Θ(9! 95(Β%7!Σ3!Β∆Σ2∗1−Β∋∗<()%! ∗,:+∋Ο()∗+,! ∋%&(∋7∗,&! )5%! ∋%(2!
%9)()%!(,7!Σ(,Ω∗,&!∗,7∆9)∋∗%9Λ!Ν∋%%,<∗22%!5+∆9∗,&!(,7!1+ΟΟ∆,∗)3!7%<%2+ΒΟ%,)!(1)∗<∗)∗%9Λ!
Η+∋)5!6(∋+2∗,(!(,7!Ν∋%%,<∗22%!Γ∆Ο(,!0%2()∗+,9!8&%,1∗%9Λ!(,7!)5%!Ν∋%%,9Σ+∋+!(,7!8)2(,)(!
ΓΞΑ!Χ::∗1%9!+:!⊥(∗∋!Γ+∆9∗,&!(,7!4χ∆(2!ΧΒΒ+∋)∆,∗)3#!ぉ!

|!Ρ5∗2%!)5%!1∗)3!+:!Ν∋%%,<∗22%!7+%9,ι)!+::∗1∗(223!(11%Β)!:(∗∋!5+∆9∗,&!1+ΟΒ2(∗,)9!∗,!)5%!1∗)3Λ!
)5%! 1+ΟΟ∆,∗)3! ∋%2()∗+,9!+::∗1%∋!Θ∗22!Β∋+<∗7%!(99∗9)(,1%! )+! ∋%9∗7%,)9! ∗,! )5%! ∋%9+2∆)∗+,!+:!
5+∆9∗,&!1+ΟΒ2(∗,)9!Σ3!∋%:%∋∋∗,&!7∗91∋∗Ο∗,()∗+,!1+ΟΒ2(∗,)9!)+!ΓΞΑ!(,7!)5%!Η+∋)5!6(∋+2∗,(!
Γ∆Ο(,!0%2()∗+,9!6+ΟΟ∗99∗+,#!

|!4<(2∆()∗+,!Θ∗22!Σ%!+,&+∗,&!+,!)5%!,%%7!:+∋!%9)(Σ2∗95∗,&!(!2+1(2!⊥(∗∋!Γ+∆9∗,&!Χ∋7∗,(,1%#!

!

!
!

! !
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5.! ∗+,−! .(/#,&0! ?&)(−Α∃%∃&∋6! Ο/∋−∃+Α8! 1+∆+Α,∋26! +&Γ! Π∃#(/−Α∃#! 1(&∋−,:/∋,&0!
∗+Α∋(−#!

∋()∗+,−.&/0−&1+∗/−,&234/(.∗&3),&3)5&(/0−.&234/(.∗&322−4/+)6&/0−&78.+∗,+4/+()&3),&.−6+()9&&
:,−)/+25& 234/(.∗& /03/& ∗+6)+2+43)/15& 4.−3/−;& 4()/.+<8/−& /(;&=−.=−/83/−;&(.& +)4.−3∗−& /0−&
134Ν&(2&23+.&0(8∗+)6&−)2(.4−?−)/;&(8/.−340&43=34+/5;&3),&.−∗(8.4−∗&3),&/0−&∗−>−.+/5&
(2& 23+.& 0(8∗+)6& +∗∗8−∗;& Ι0+40& 3.−& Ε−6.−63/+();& ∀≅Α∋#Β∗;& !+∗=3.+/+−∗& +)& #44−∗∗& /(&
Φ==(./8)+/5;&3),&!+∗=.(=(./+()3/−&Γ(8∗+)6&Η−−,∗9&∃(.&−340&∗+6)+2+43)/&4()/.+<8/+)6&
234/(.;&)(/−&Ι0+40&23+.&0(8∗+)6&+∗∗8−ϑ∗Κ&/0−&∗−1−4/−,&4()/.+<8/+)6&234/(.&+?=34/∗9&

•! β+ΑΨ!()!5(Α+5!∆−,4+∋∃!)+,−!8(/#,&0!(/∋−∃+Α8!+&Γ!∃&)(−Α∃%∃&∋!
•! β+ΑΨ!()!5(Α+5!∆/:5,Α!)+,−!8(/#,&0!∃&)(−Α∃%∃&∋!
•! β+ΑΨ!()!−∃#(/−Α∃#!)(−!)+,−!8(/#,&0!+0∃&Α,∃#!+&Γ!(−0+&,α+∋,(&#!
•! β+ΑΨ!()!#∋+∋∃!(−!5(Α+5!)+,−!8(/#,&0!5+ς#!
•! ]&−∃#(54∃Γ!4,(5+∋,(&#!()!)+,−!8(/#,&0!(−!Α,4,5!−,08∋#!5+ς!
•! Ο∋8∃−!
!
!

ε5%! Μ34Ν& (2& .−∗(8.4−∗& 2(.& 23+.& 0(8∗+)6& 36−)4+−∗& 3),& (.63)+∆3/+()∗! (∋%! (! 9∗&,∗:∗1(,)!
1+,)∋∗Σ∆)∗,&!:(1)+∋!)+!)5%!2(1Ω!+:!:(∗∋!5+∆9∗,&!%,:+∋1%Ο%,)!(,7!+∆)∋%(15!1(Β(1∗)3#!!!Ρ5∗2%!
)5%! 1∗)3! +:!Ν∋%%,<∗22%! 5(9! Σ%%,! (Σ2%! )+! 2%<%∋(&%! :∆,79! :∋+Ο!+∆)9∗7%! :%7%∋(2! &∋(,)9Λ! )5%!
,∆ΟΣ%∋!+:!Β∋+ς%1)9!)5%3!1∋%()%!(∋%!,+)!%,+∆&5!)+!:∗22!(22!)5%!,%%79!∗,!)5%!1∗)3#!!ε5%!1∗)3!5(9!
:+1∆9%7!%1+,+Ο∗1!(,7!1+ΟΟ∆,∗)3!7%<%2+ΒΟ%,)!%::+∋)9!)(∋&%)∗,&!)5%!,+∋)5Θ%9)!(∋%(!+:!)5%!
1∗)3!:+∋!Ο+∋%!)5(,!(!7%1(7%#!Α%9Β∗)%!)5%9%!%::+∋)9Λ!9%&∋%&()∗+,!(,7!Β+<%∋)3!1+,)∗,∆%!)+!
Β%∋9∗9)!∗,!)5%9%!0−468;!)∋(1)9#!!

Ρ5∗2%!∗)!Ο(3!9%%Ο!)5()!)5%!2(1Ω!+:!9Β%1∗:∗1!:(∗∋!5+∆9∗,&!2(Θ9!∗,!)5%!1∗)3!Ο(3!Σ%!(!1+,)∋∗Σ∆)∗,&!
:(1)+∋Λ!)5%∋%!∗9!(!9)()%!:(∗∋!5+∆9∗,&!2(Θ!)5()!∗,12∆7%9!(,!%α1%Β)∗+,(2!!Β∋+<∗9∗+,!∋%&(∋7∗,&!
Β∋+ς%1)! 9∗)∗,&#! Ν∗<%,! )5%! %α)%,)! +:! )5%! Η+∋)5! 6(∋+2∗,(! 9)()∆)%Λ! (,3! (Σ9%,1%! +:! (! 2+1(2!
+∋7∗,(,1%!9Β%1∗:∗1(223!(77∋%99∗,&!:(∗∋!5+∆9∗,&!∗9!,+)!(!9∗&,∗:∗1(,)!:(1)+∋#!ぉ!

!

! !
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Φ;<! ∗+,−!.(/#,&0!3(+5#!+&Γ!Χ−,(−,∋,∃#!
!
Μ#! ∗(−! ∃+Α8! )+,−! 8(/#,&0! ,##/∃! +#! +&+52α∃Γ! ,&! ∋8∃! ∗+,−! .(/#,&0! ∀&+52#,#! #∃Α∋,(&6!
∆−,(−,∋,α∃! ∋8∃! ,Γ∃&∋,),∃Γ! Α(&∋−,:/∋,&0! )+Α∋(−#<! ! Υ/#∋,)2! ∋8∃! ∆−,(−,∋,α+∋,(&! ()! ∋8∃!
Α(&∋−,:/∋,&0!)+Α∋(−#!∋8+∋!ς,55!:∃!+ΓΓ−∃##∃Γ!:2!∋8∃!0(+5#!#∃∋!:∃5(ς!,&!ο/∃#∋,(&!Ι<!!3,4∃!
∋8∃!8,08∃#∋!∆−,(−,∋2!∋(!∋8(#∃!)+Α∋(−#!∋8+∋!5,%,∋!(−!Γ∃&2!)+,−!8(/#,&0!Α8(,Α∃!(−!+ΑΑ∃##!∋(!
(∆∆(−∋/&,∋26!(−!&∃0+∋,4∃52!,%∆+Α∋!)+,−!8(/#,&0!(−!Α,4,5!−,08∋#!Α(%∆5,+&Α∃<!
!
!

ε5∋+∆&5!)5%!Β∋+1%99!+:!)5∗9!899%99Ο%,)!+:!⊥(∗∋!Γ+∆9∗,&Λ!(,7!7%91∋∗Σ%7!∗,!∃%1)∗+,!Φ!+:!)5∗9!
∋%Β+∋)Λ!)5%!:+22+Θ∗,&!:(∗∋!5+∆9∗,&!∗99∆%9!5(<%!Σ%%,!∗7%,)∗:∗%7!Θ∗)5∗,!)5%!1∗)3!+:!Ν∋%%,<∗22%φ!!

Μ#! ∃%&∋%&()∗+,!
.#! 0(1∗(2!(,7!4)5,∗1!6+,1%,)∋()∗+,9!+:!;+<%∋)3!
β#! Α∗9Β(∋∗)∗%9!∗,!811%99!)+!ΧΒΒ+∋)∆,∗)3!
Κ#! Α∗9Β∋+Β+∋)∗+,()%!Γ+∆9∗,&!Η%%79!
?#! ;∆Σ2∗123!∃∆ΒΒ+∋)%7!Γ+∆9∗,&!Π+1()∗+,!(,7!Χ11∆Β(,13!
Ε#! Α∗9(Σ∗2∗)3!(,7!811%99!∀99∆%9!
/#! ⊥(∗∋!Γ+∆9∗,&!4,:+∋1%Ο%,)Λ!Χ∆)∋%(15!6(Β(1∗)3!(,7!0%9+∆∋1%9!

⊥+∋!%(15!:(∗∋!5+∆9∗,&!∗99∆%Λ!)5%!(99+1∗()%7!1+,)∋∗Σ∆)∗,&!:(1)+∋9!∗7%,)∗:∗%7!∗,!)5∗9!(99%99Ο%,)!
(∋%!Β∋∗+∋∗)∗%7!Σ3!7%&∋%%!+:!∗ΟΒ(1)!+,!)5%!Β(∋)∗1∆2(∋!:(∗∋!5+∆9∗,&!∗99∆%!Τ!)5%!5∗&5%9)!∋(,Ω∗,&!
1+,)∋∗Σ∆)∗,&!:(1)+∋!)5∆9!1+,)∋∗Σ∆)∗,&!)5%!Ο+9)!)+Θ(∋7!)5%!:(∗∋!5+∆9∗,&!∗99∆%#!Χ<%∋(22Λ!)5%!
5∗&5%9)!Β∋∗+∋∗)3!+:!(22!)5%!1+,)∋∗Σ∆)∗,&!:(1)+∋9!∗9!)5%!2+1()∗+,!(,7!)3Β%!+:!(::+∋7(Σ2%!5+∆9∗,&Λ!
Θ5∗15! ∗9! +<%∋Θ5%2Ο∗,&23! )5%! 2%(7∗,&! :(1)+∋! 1+,)∋∗Σ∆)∗,&! )+!=∃0−∃0+∋,(&! (,7!Π+Α,+5! +&Γ!
?∋8&,Α!1(&Α∃&∋−+∋,(&#!()!Χ(4∃−∋2!Θ∗)5∗,!)5%!1∗)3#!6+ΟΟ∆,∗)3!ΧΒΒ+9∗)∗+,!(,7!Α∗9Β2(1%Ο%,)!
+:! 0%9∗7%,)9! Α∆%! )+! 41+,+Ο∗1! ;∋%99∆∋%! (29+! 1+,)∋∗Σ∆)%! )+! Ο∆2)∗Β2%! :(∗∋! 5+∆9∗,&! ∗99∆%9!
∗,12∆7∗,&! =∃0−∃0+∋,(&Λ! Π+Α,+5! +&Γ! ?∋8&,Α! 1(&Α∃&∋−+∋,(&#! ()! Χ(4∃−∋2! (9! Θ%22! (9!
ϑ,#∆−(∆(−∋,(&+∋∃!.(/#,&0!7∃∃Γ##!4χ∆(223!(9!∗ΟΒ+∋)(,)Λ!)5%!Π(1Ω!+:!;∆Σ2∗1!∀,<%9)Ο%,)9!(,7!
)5%!Π(1Ω!+:!Π+1(2!⊥(∗∋!Γ+∆9∗,&!4,:+∋1%Ο%,)!(29+!1+,)∋∗Σ∆)%!)+!Ο∆2)∗Β2%!⊥(∗∋!Γ+∆9∗,&!∀99∆%9#!!

∃%%!:+22+Θ∗,&!15(∋)φ!

!

! !
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;Γ∃&∋,)2,&0!+&Γ!Χ−,(−,∋,α,&0!1(&∋−,:/∋,&0!∗+Α∋(−#!()!=∃0−∃0+∋,(&!

∗+,−!.(/#,&0!
;##/∃!

1(&∋−,:/∋,&0!∗+Α∋(−! Χ−,(−,∋,α+∋,(&!+&Γ!Υ/#∋,),Α+∋,(&!

=∃0−∃0+∋,(&! υ+,∗,&!(,7!2(,7!∆9%!+∋7∗,(,1%9!1(,!∗,1∋%(9%!9%&∋%&()∗+,!(2+,&!∋(1∗(2!
(,7!%)5,∗1!2∗,%9#!∀)!∗9!∗22%&(2!)+!7∗91∋∗Ο∗,()%!∗,!)5∗9!Θ(3Λ!Σ∆)!)5%!∋%9∆2)!
+:!)5%!+∋7∗,(,1%9!Ο(3!9)∗22!Σ%!9%&∋%&()∗+,#!Ρ5%,!2(Θ9!7%)%∋Ο∗,%&/0−&
1(43/+()&3),&/5=−&(2&322(.,3<1−&0(8∗+)6&∗,)+!+,%!(∋%(!)5()!1(,!2%(7!
)+! 9%&∋%&()∗+,! ∗,! 1+ΟΟ∆,∗)∗%9!Θ5%∋%!Β∋+)%1)%7! 9)()∆9! (,7! ∗,1+Ο%!
(∋%!1+∋∋%2()%7#!!

!

∋(??8)+/5&Φ==(∗+/+()&)+!∗,)%&∋()∗+,!∗9!(!7∗::∗1∆2)!)5∗,&!)+!(11∆∋()%23!
ς∆7&%! Σ∆)! Β+)%,)∗(223! %α∗9)9! ∗,! %<%∋3! 1+ΟΟ∆,∗)3#! ε5%∋%! (∋%! +:)%,!
9)%∋%+)3Β%9!)5()!2+ΘΨ∗,1+Ο%!∋%9∗7%,)9!Θ∗22!Σ∋∗,&!7+Θ,!)5%!Β∋+Β%∋)3!
<(2∆%!+:! )5%!,%∗&5Σ+∋5++7!(,7!Ο(3!())∋(1)! 1∋∗Ο%Λ! (,7! 2+ΘΨ∗,1+Ο%!
∋%9∗7%,)9! +:)%,! 2(1Ω! (! <+∗1%! ∗,! Β+2∗13! 7∗91∆99∗+,9#! 4<%,! Θ5%,!
1+ΟΟ∆,∗)∗%9! ∋%1+&,∗%! )5%! ,%%7! :+∋! Β∆Σ2∗1! 5+∆9∗,&! (,7! Β∆Σ2∗123!
9∆Σ9∗7∗%7!5+∆9∗,&Λ!2∗Ω%!Π∀Γε6Λ!)5∋+∆&5+∆)!)5%!1∗)3!)5%∋%!1(,!Σ%!(!γΗ+)!
∀,!_3!∴(1Ω3(∋7η! =Η∀_∴]>!<∗%Θ!+:!Β∆Σ2∗1!5+∆9∗,&! )5()!Ο(3! ∗,1∋%(9%!
∗,)%&∋()∗+,#!

!

0∗9∗,&! 5+∆9∗,&! 1+9)9! 1(,! 2%(7! )+! ,+∗=134−?−)/& (2& .−∗+,−)/∗& ,8−& /(&
−4()(?+4&=.−∗∗8.−∗9&89!)5%!1+9)!+:!5+∆9∗,&!∋∗9%9Λ!∗)!1(,!Β∆95!+∆)!2+ΘΨ
∗,1+Ο%!∋%9∗7%,)9Λ!Β(∋)∗1∆2(∋23!∋%,)%∋9!Θ5+!7+!,+)!9%%!∋∗9∗,&!5+∆9∗,&!
1+9)9!(9!(,!∗,1∋%(9%!∗,!)5%!<(2∆%!+:!)5%∗∋!∗,<%9)Ο%,)#!Ρ5%,!∗,1+Ο%!∗9!
9)∋+,&23!2∗,Ω%7!)+!∋(1%!+∋!%)5,∗1∗)3!)5∗9!1(,!2%(7!)+!∋(1∗(2!(,7!%)5,∗1!
9%&∋%&()∗+,#!Π+ΘΨ∗,1+Ο%!∋%9∗7%,)9!&()5%∋!)+&%)5%∋!(2+,&!∋(1∗(2!(,7!
%)5,∗1!2∗,%9!(,7!(∋%!Β∋∗1%7!+∆)!+:!Ο+∋%!(::2∆%,)!(∋%(9#!!

!

;Γ∃&∋,)2,&0!+&Γ!Χ−,(−,∋,α,&0!1(&∋−,:/∋,&0!∗+Α∋(−#!()!Π?1∀Χ#!

∗+,−!.(/#,&0!
;##/∃!

1(&∋−,:/∋,&0!∗+Α∋(−! Χ−,(−,∋,α+∋,(&!+&Γ!Υ/#∋,),Α+∋,(&!

Π?1∀Χ#! 0∗9∗,&! 5+∆9∗,&! 1+9)9! 1(,! 2%(7! )+! ,+∗=134−?−)/& (2& .−∗+,−)/∗& ,8−& /(&
−4()(?+4&=.−∗∗8.−∗9&89!)5%!1+9)!+:!5+∆9∗,&!∋∗9%9Λ!∗)!1(,!Β∆95!+∆)!2+ΘΨ
∗,1+Ο%!∋%9∗7%,)9Λ!Β(∋)∗1∆2(∋23!∋%,)%∋9!Θ5+!7+!,+)!9%%!∋∗9∗,&!5+∆9∗,&!
1+9)9!(9!(,!∗,1∋%(9%!∗,!)5%!<(2∆%!+:!)5%∗∋!∗,<%9)Ο%,)#!Ρ5%,!∗,1+Ο%!∗9!
9)∋+,&23!2∗,Ω%7!)+!∋(1%!+∋!%)5,∗1∗)3!)5∗9!1(,!2%(7!)+!∋(1∗(2!(,7!%)5,∗1!
9%&∋%&()∗+,#!Π+ΘΨ∗,1+Ο%!∋%9∗7%,)9!&()5%∋!)+&%)5%∋!(2+,&!∋(1∗(2!(,7!
%)5,∗1!2∗,%9!(,7!(∋%!Β∋∗1%7!+∆)!+:!Ο+∋%!(::2∆%,)!(∋%(9#!!

!

ε5%!1(43/+()&3),&/5=−&(2&322(.,3<1−&0(8∗+)6&1(,!:∆∋)5%∋!9%&∋%&()∗+,!
∗,!Θ(39!)5()!(∋%!9∗Ο∗2(∋!)+!)5%!(Σ+<%!Β+∗,)9#!∃∆Σ9∗7∗%7!5+∆9∗,&!1(,!
Σ%!Β∆95%7!∗,)+!1%∋)(∗,!,%∗&5Σ+∋5++79!+∋!1%,9∆9!)∋(1)9Λ!(,7!∗:!∗,1+Ο%!
∗9!1+∋∋%2()%7!Θ∗)5!∋(1%!+∋!%)5,∗1∗)3!)5()!1(,!1∋%()%!9%&∋%&()∗+,#!ε5%!
0−468;!)∋(1)!∗,!Ν∋%%,<∗22%!5(9!(,!<%∋3!5∗&5!∋()%!+:!9∆Σ9∗7∗%7!5+∆9∗,&#!
∀,!.ϑΜ?Λ!Ο+∋%!)5(,!βϑ!Β%∋1%,)!+:!)5%!Β+Β∆2()∗+,!+:!)5%!0−468;!)∋(1)!
∋%1%∗<%7! 9∆Σ9∗7∗%7! 5+∆9∗,&Λ!Θ5∗15! ∗9! 1+,9∗7%∋(Σ23! 5∗&5%∋! )5(,! )5%!
1∗)3! (<%∋(&%! +:! Κ#?Κ! Β%∋1%,)#! ε5%! :+22+Θ∗,&! Ο(Β! 7∗9Β2(39! )5%!
Β+Β∆2()∗+,9! Θ5+! 2∗<%! ∗,! 9∆Σ9∗7∗%7! 5+∆9∗,&#! 62%(∋23! )5%! (∋%(9! )5()!
5(<%!(!5∗&5!Σ2(1ΩΛ!,+,ΨΓ∗9Β(,∗1!Β+Β∆2()∗+,!∋%1%∗<%!Ο+∋%!9∆Σ9∗7∗%7!
5+∆9∗,&!)5(,!+)5%∋!(∋%(9!+:!)5%!1∗)3!(,7!)5∗9!Ο(3!Σ%!1+,)∋∗Σ∆)∗,&!)+!
)5%!Ο(∗,)%,(,1%!+:!)5%!0−468;#!

!
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;Γ∃&∋,)2,&0!+&Γ!Χ−,(−,∋,α,&0!1(&∋−,:/∋,&0!∗+Α∋(−#!()!ϑ,#∆+−,∋,∃#!,&!∀ΑΑ∃##!∋(!Ο∆∆(−∋/&,∋2!

∗+,−!.(/#,&0!
;##/∃!

1(&∋−,:/∋,&0!∗+Α∋(−! Χ−,(−,∋,α+∋,(&!+&Γ!Υ/#∋,),Α+∋,(&!

ϑ,#∆+−,∋,∃#!,&!
∀ΑΑ∃##!∋(!
Ο∆∆(−∋/&,∋2!

%0−& 3>3+13<+1+/5;& /5=−;& 2.−Χ8−)45;& 3),& .−1+3<+1+/5& (2& =8<1+4&
/.3)∗=(./3/+()&∗9!(,!∗99∆%!∗,!Ν∋%%,<∗22%#!8!2(∋&%!Β+∋)∗+,!+:!)5%!Θ+∋Ω∗,&!
Β+Β∆2()∗+,!1+ΟΟ∆)%#!0%2∗(Σ2%!)∋(,9Β+∋)()∗+,!)5()! ∗9!(<(∗2(Σ2%!Θ5%,!
(,7! Θ5%∋%! Θ+∋Ω%∋9! ,%%7! ∗)Λ! Β(∋)∗1∆2(∋23! 2+ΘΨ∗,1+Ο%! Θ+∋Ω%∋9Λ! ∗9!
%99%,)∗(2!)+!)5%!1+ΟΟ∆,∗)3#!!

!

ε5%!1(43/+()&(2&−?=1(5−.∗!∗9!(,!∗99∆%!)5()!1+,)∋∗Σ∆)%9!)+!7∗9Β(∋∗)∗%9!∗,!
+ΒΒ+∋)∆,∗)3#! 8∋%(9! Θ∗)5! %1+,+Ο∗1! +ΒΒ+∋)∆,∗)∗%9! 2(1Ω! )5%! 5+∆9∗,&!
,%1%99(∋3! :+∋! )5%! Θ+∋Ω:+∋1%Λ! Θ5∗15! ∗,1∋%(9%9! 1+ΟΟ∆)%! )∗Ο%9! (,7!
2∗Ο∗)9!+ΒΒ+∋)∆,∗)∗%9!:+∋!2+ΘΨ∗,1+Ο%!∗,7∗<∗7∆(29#!
!

!

ε5%! 1(43/+()& 3),& /5=−& (2& 322(.,3<1−& 0(8∗+)6! ∗9! (,! ∗99∆%! )5()!
1+,)∋∗Σ∆)%9! )+! 7∗9Β(∋∗)∗%9! ∗,! +ΒΒ+∋)∆,∗)3#! 8∋%(9! Θ∗)5! %1+,+Ο∗1!
+ΒΒ+∋)∆,∗)∗%9! 2(1Ω! )5%! 5+∆9∗,&! ,%1%99(∋3! :+∋! )5%!Θ+∋Ω:+∋1%Λ! Θ5∗15!
∗,1∋%(9%9! 1+ΟΟ∆)%! )∗Ο%9! (,7! 2∗Ο∗)9! +ΒΒ+∋)∆,∗)∗%9! :+∋! 2+ΘΨ∗,1+Ο%!
∗,7∗<∗7∆(29#!
!

!

;Γ∃&∋,)2,&0!+&Γ!Χ−,(−,∋,α,&0!1(&∋−,:/∋,&0!∗+Α∋(−#!()!ϑ,#∆−(∆(−∋,(&+∋∃!.(/#,&0!7∃∃Γ#!

∗+,−!.(/#,&0!
;##/∃!

1(&∋−,:/∋,&0!∗+Α∋(−! Χ−,(−,∋,α+∋,(&!+&Γ!Υ/#∋,),Α+∋,(&!

ϑ,#∆−(∆(−∋,(&+∋∃!
.(/#,&0!7∃∃Γ#!

∀,!+∋7%∋!:+∋!(!1+ΟΟ∆,∗)3!)+!9%%!%1+,+Ο∗1!&∋+Θ)5!(,7!7%<%2+ΒΟ%,)!
∗)! ∗9! ,%1%99(∋3! )+! 5(<%! 7∗<%∋9%! 5+∆9∗,&! +Β)∗+,9#! %0−& 3>3+13<+1+/5& (2&
322(.,3<1−& 8)+/∗& +)& 3& .3)6−& (2& ∗+∆−∗! ∗9! (! :(1)+∋! )5()! 1(,! 1∋%()%Λ!
1+,)∋∗Σ∆)%! )+Λ! Β%∋Β%)∆()%Λ! +∋! ∗,1∋%(9%! )5%! 9%<%∋∗)3! +:!
7∗9Β∋+Β+∋)∗+,()%! 5+∆9∗,&! ,%%79! ∗,! Ν∋%%,<∗22%#! ε5%! :+22+Θ∗,&! )(Σ2%!
95+Θ9! )5%! (<(∗2(Σ∗2∗)3! +:! 5+∆9∗,&! )3Β%9! Θ∗)5∗,! Ν∋%%,<∗22%Λ! )5%! ;∗))!
6+∆,)3Λ!(,7!Η+∋)5!6(∋+2∗,(Λ!(9!(!Θ5+2%#!∀,!Β(∋)∗1∆2(∋Λ!5+∆9∗,&!∗,!)5%!
γΟ∗99∗,&! Ο∗772%η! ∗9! Β(∋)∗1∆2(∋23! ∗ΟΒ+∋)(,)! ∗,! Β∋+<∗7∗,&! (::+∋7(Σ2%!
5+∆9∗,&!+Β)∗+,9!:+∋!∋%9∗7%,)9#!ε5%!γ_∗99∗,&!_∗772%η!(∋%!5+∆9∗,&!∆,∗)9!
)5()! (∋%! ,%∗)5%∋! 2(∋&%! Ο∆2)∗Ψ:(Ο∗23! 1+ΟΒ2%α%9! ,+∋! ΜΨ∆,∗)! 7%)(15%7!
∆,∗)9#!_(,3!1+ΟΟ∆,∗)∗%9!(∋%!Ο∗99∗,&!)5∗9!Ο∗772%!:+∋Ο!+:!5+∆9∗,&!)5()!
Ο(,3!:(Ο∗2∗%9!7%9∗∋%#!Ρ∗)5∗,!Ν∋%%,<∗22%!βΙ#.ν!+:!)5%!5+∆9∗,&!:(229!∗,!
)5%!γΟ∗99∗,&!Ο∗772%ηΛ!Θ5∗15!∗9!9∗&,∗:∗1(,)23!5∗&5%∋!)5(,!)5%!1+∆,)3!+∋!
9)()%#!!

!

0∗9∗,&! 5+∆9∗,&! 1+9)9! 1(,! 2%(7! )+! ,+∗=134−?−)/& (2& .−∗+,−)/∗& ,8−& /(&
−4()(?+4&=.−∗∗8.−∗!Θ5∗15!(779!)+!7∗9Β∋+Β+∋)∗+,()%!5+∆9∗,&!,%%79#!
89! )5%! 1+9)!+:! 5+∆9∗,&! ∋∗9%9Λ! ∗)! 1(,!Β∆95!+∆)! 2+ΘΨ∗,1+Ο%! ∋%9∗7%,)9Λ!
Β(∋)∗1∆2(∋23!∋%,)%∋9!Θ5+!7+!,+)!9%%!∋∗9∗,&!5+∆9∗,&!1+9)9!(9!(,!∗,1∋%(9%!
∗,!)5%!<(2∆%!+:!)5%∗∋!∗,<%9)Ο%,)#!!

!

;Γ∃&∋,)2,&0!+&Γ!Χ−,(−,∋,α,&0!1(&∋−,:/∋,&0!∗+Α∋(−#!()!Χ/:5,Α52!=/∆∆(−∋∃Γ!.(/#,&0!β(Α+∋,(&!+&Γ!ΟΑΑ/∆+&Α2!

∗+,−!.(/#,&0!
;##/∃!

1(&∋−,:/∋,&0!∗+Α∋(−! Χ−,(−,∋,α+∋,(&!+&Γ!Υ/#∋,),Α+∋,(&!

Χ/:5,Α52!
=/∆∆(−∋∃Γ!

#,?+∗∗+()∗& 3),& (448=3)45& =(1+4+−∗& 3),& =.(4−,8.−∗;& +)418,+)6&
=.−2−.−)4−∗& +)& =8<1+415& ∗8==(./−,& 0(8∗+)6Λ& ;∆Σ2∗123! 9∆ΒΒ+∋)%7!

!
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.(/#,&0!β(Α+∋,(&!
+&Γ!ΟΑΑ/∆+&Α2!

5+∆9∗,&! ∗9! 2+1()%7! ∗,! Ο(ς+∋∗)3! Σ2(1Ω! ,%∗&5Σ+∋5++79#! ! 811+∋7∗,&! )+!
ΓΞΑΛ!Β∆Σ2∗1!5+∆9∗,&!7%<%2+ΒΟ%,)9!(,7!∋%9∗7%,)9!∆9∗,&!Γ6Φ!5+∆9∗,&!
<+∆15%∋9!(∋%!(2Ο+9)!%,)∗∋%23!Σ2(1Ω!5+∆9%5+279!Β+∗,)∗,&!)+!9%&∋%&()∗+,!
(2+,&! ∋(1∗(2! 2∗,%9#! 811%99! )+! Β∆Σ2∗1! 5+∆9∗,&! 7%<%2+ΒΟ%,)9! ∗9! ,+)!
7%Β%,7%,)! +,! ∋(1%Λ! Σ∆)! Σ%1(∆9%! +:! 2+1()∗+,! +∋! Β∋%:%∋%,1%Λ! )5%!
7%<%2+ΒΟ%,)9! (∋%!Β∋%7+Ο∗,(,)23! Σ2(1Ω#! ! ε5∗9! ∗9! (29+! )∋∆%! :+∋! (! :%Θ!
;∋+ς%1)ΨΣ(9%7!∃%1)∗+,!≅!5+∆9∗,&!9∗)%9!∗,!)5%!6∗)3#!!!
&
∴3! 1+,)∋(9)Λ! Θ5∗2%! Ο∆15! 9Ο(22%∋! (9! (! Β%∋1%,)(&%! +:! )5%! )+)(2!
Β+Β∆2()∗+,!∗,!Ν∋%%,<∗22%Λ!χ∆(2∗:∗%7!Γ∗9Β(,∗1!5+∆9%5+279!)5()!Ο%%)!)5%!
∗,1+Ο%!∋%χ∆∗∋%Ο%,)9!9%)!Σ3!ΓΞΑ!:+∋!Β∆Σ2∗123!9∆ΒΒ+∋)%7!5+∆9∗,&!(∋%!
,+)!∆)∗2∗∗,&!)5%9%!Β∋+&∋(Ο9#!!ε5%∋%!(∋%!Μβ?!%α)∋%Ο%23!2+ΘΨ∗,1+Ο%!=ϑΨ
βϑ! Β%∋1%,)! 8_∀>Λ! ..ϑ! 2+ΘΨ∗,1+Ο%! =ϑΨ?ϑ! Β%∋1%,)! 8_∀>Λ! (,7! ?Ι?!
Ο+7%∋()%Ψ∗,1+Ο%!=ϑΨ≅ϑ!Β%∋1%,)!8_∀>!Γ∗9Β(,∗1!5+∆9%5+279!∗,!)5%!1∗)3Λ!
5+Θ%<%∋!+,23!Μϑ!Γ∗9Β(,∗1!5+∆9%5+279!∆9%!Β∆Σ2∗123!9∆ΒΒ+∋)%7!5+∆9∗,&!
Β∋+&∋(Ο9#! !89!)5%!Γ∗9Β(,∗1!Β+Β∆2()∗+,!∗9!+,%!+:!)5%!:(9)%9)Ψ&∋+Θ∗,&!
1+ΟΟ∆,∗)∗%9!∗,!Ν∋%%,<∗22%Λ!∗)!∗9!Β%∋)∗,%,)!)5()!)5%3!:∗,7!(7%χ∆()%!(,7!
(::+∋7(Σ2%! 5+∆9∗,&! )5()! 9∆∗)9! )5%∗∋! ,%%79#! ! ∴∋+(7%,∗,&! 9%∋<∗1%9! )+!
∗,12∆7%!Γ∗9Β(,∗19!Ο(3!∋%χ∆∗∋%!(!,%Θ!(ΒΒ∋+(15!)+!)5%!1+ΟΟ∆,∗)3!(,7!
,%Θ!9%∋<∗1%9!(,7!(1)∗<∗)∗%9#!!
:?=−,+?−)/∗& /(& ?(<+1+/5Λ& ε5%! 2(1Ω! +:! (11%99! )+! 5∗&5! Β%∋:+∋Ο∗,&!
915++29!1∋%()%9!(!Σ(∋∋∗%∋! )+!(7<(,1%Ο%,)!+:!9)∆7%,)9! ∗,!Ν∋%%,<∗22%Λ!
%9Β%1∗(223!)5%!,+∋)5Θ%9)%∋,!(∋%(9!+:!)5%!1∗)3#!!Γ(<∗,&!2∗Ο∗)%7!(11%99!
)+! 5∗&5! Β%∋:+∋Ο∗,&! 915++29! ∗9! (! 1+,)∋∗Σ∆)∗,&! :(1)+∋! )+! 2+Θ! 1+22%&%!
%7∆1()∗+,! Β(∋)∗1∗Β()∗+,! ∋()%9Λ! (,7! )5%∋%:+∋%! 2+Θ! %7∆1()∗+,!
())(∗,Ο%,)#!!47∆1()∗+,(2!())(∗,Ο%,)!∗9!7∗∋%1)23!)∗%7!)+!%(∋,∗,&9Λ!Θ5∗15!
∗9!(!Ω%3!Β(∋)!∗,!∗,1+Ο%!Ο+Σ∗2∗)3#!!&
!
811+∋7∗,&!)+!)5%!.ϑΜΜΨ.ϑΜ?!86∃Λ!+,23!Μ/#Κ!Β%∋1%,)!+:!Σ2(1Ω9!.?!3%(∋9!
(,7! +<%∋! 5(7! (! Σ(15%2+∋ι9! 7%&∋%%! +∋! 5∗&5%∋Λ! Θ5∗15! ∗9! Σ%2+Θ! )5%!
1∗)3Θ∗7%! ∋()%!+:!β≅!Β%∋1%,)#! !89!+:!.ϑΜ?Λ!Β%∋9+,9!Θ∗)5!(!Σ(15%2+∋ι9!
7%&∋%%!∗,!Ν∋%%,<∗22%!%(∋,%7!δβ/Λβ≅ΕΛ!Θ5∗2%!Β%∋9+,9!Θ∗)5!+,23!(!5∗&5!
915++2! %7∆1()∗+,! %(∋,%7! δ.βΛΚΜΚ! (,,∆(223#! Ρ∗)5! :%Θ%∋! Σ2(1Ω9!
&∋(7∆()∗,&!Θ∗)5!(!Σ(15%2+∋ι9!7%&∋%%!Τ!2∗Ω%23!∋%9∆2)∗,&!∗,!2+Θ%∋!∗,1+Ο%9!
:+∋! ∗,7∗<∗7∆(29! (,7! :(Ο∗2∗%9! Τ! 7∗9Β(∋∗)∗%9! ∗,! (11%99! )+! +ΒΒ+∋)∆,∗)∗%9!
9∆15!(9!5∗&5!Β(3∗,&!ς+Σ9!(,7!(!2(1Ω!+:!(::+∋7(Σ2%!5+∆9∗,&!Θ∗22!1+,)∗,∆%!
)+!Β%∋9∗9)!∗,!)5∗9!1+ΟΟ∆,∗)3#!!!

!

Μ34Ν&(2&?−3)+)6281&13)6836−&344−∗∗Ρ!Γ∗9Β(,∗1!5+∆9%5+279!+11∆Β3!2%99!
)5(,! Μ! Β%∋1%,)! +:! Β∆Σ2∗123! 9∆ΒΒ+∋)%7! 5+∆9∗,&! ∆,∗)9Λ! Σ∆)! Γ∗9Β(,∗1!
5+∆9%5+279! (11+∆,)! :+∋! .#β! Β%∋1%,)! +:! %α)∋%Ο%23! 2+ΘΨ∗,1+Ο%!
5+∆9%5+279! (,7! .#β! Β%∋1%,)! +:! 2+ΘΨ∗,1+Ο%! 5+∆9%5+279! ∗,!Ν∋%%,<∗22%#!
ε5%!1∗)3!Ο∆9)!Σ%!Β∋+(1)∗<%!∗,!∗)9!%::+∋)9!)+!+Β%,!(!7∗(2+&∆%!Θ∗)5!)5%9%!
&∋+∆Β9! )+! Σ%))%∋! ∆,7%∋9)(,7! Θ53! Β∆Σ2∗123! 9∆ΒΒ+∋)%7! 5+∆9∗,&! ∗9! ,+)!
Σ%,%:∗))∗,&!)5%!Γ∗9Β(,∗1!1+ΟΟ∆,∗)3#!!
!

!

Π831+/5&(2&322(.,3<1−&0(8∗+)6&+)2(.?3/+()&=.(6.3?∗Ρ!ε5∗9!∗9!∋%2()%7!
)+!)5%!2(1Ω!+:!Ο%(,∗,&:∆2!2(,&∆(&%!(11%99!∗,!)5%!1∗)3#!ε5%!1∗)3!Ο∆9)!Σ%!
Β∋+(1)∗<%!∗,!∗)9!%::+∋)9!)+!+Β%,!(!7∗(2+&∆%!Θ∗)5!)5%9%!&∋+∆Β9!)+!Σ%))%∋!
∆,7%∋9)(,7! Θ53! Β∆Σ2∗123! 9∆ΒΒ+∋)%7! 5+∆9∗,&! ∗9! ,+)! Σ%,%:∗))∗,&! )5%!
Γ∗9Β(,∗1!1+ΟΟ∆,∗)3#!
!

!
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Μ34Ν& (2& Β.+>3/−& :)>−∗/?−)/& +)& Ε=−4+2+4& Η−+60<(.0((,∗Λ& ε5%∋%! ∗9! (!
7∗9Β(∋∗)3!∗,!Β∋∗<()%!∗,<%9)Ο%,)!∗,!)5%!,+∋)5Θ%9)!(,7!Θ%9)%∋,!(∋%(!+:!
Ν∋%%,<∗22%! 1+ΟΒ(∋%7! )+! )5%! ∋%9)! +:! )5%! 1∗)3#! ! Ρ5∗2%! ,+)! (! Β%∋:%1)!
∗,7∗1()+∋!+:!(!2(1Ω!∗,!Β∋∗<()%!∗,<%9)Ο%,)!∗,!(,!(∋%(Λ!)5∗9!Β(∋)!+:!)5%!1∗)3!
5(9!9%<%∋(2!(∋%(9!Θ∗)5!(!<%∋3!5∗&5!Β%∋1%,)(&%!+:!Σ∆9∗,%99!<(1(,1∗%9!∗,!
1+ΟΟ%∋1∗(2!Σ∆9∗,%99!2+1()∗+,9#!∴∆9∗,%99!<(1(,1∗%9!(∋%!(29+!∗,1∋%(9∗,&!
∗,!)5%!Θ%9)%∋,!(∋%(!+:!Ν∋%%,<∗22%!(9!+ΒΒ+9%7!)+!)5%!∋%9)!+:!)5%!1∗)3#!!
⊥∆∋)5%∋Ο+∋%Λ! )5%9%! ,%∗&5Σ+∋5++79! (∋%! Θ5%∋%! )5%∋%! ∗9! (! &∋%()%∋!
1+,1%,)∋()∗+,!+:!Π∀Γε6!(,7!Γ6Φ!;∋+&∋(Ο!∋%9∗7%,)9#!
!

!

;Γ∃&∋,)2,&0!+&Γ!Χ−,(−,∋,α,&0!1(&∋−,:/∋,&0!∗+Α∋(−#!()!ϑ,#+:,5,∋,∃#!+&Γ!∀ΑΑ∃##!;##/∃#!

∗+,−!.(/#,&0!
;##/∃!

1(&∋−,:/∋,&0!∗+Α∋(−! Χ−,(−,∋,α+∋,(&!+&Γ!Υ/#∋,),Α+∋,(&!

ϑ,#+:,5,∋,∃#!+&Γ!
∀ΑΑ∃##!;##/∃#!

ε5%∋%!∗9!(!Μ34Ν&(2&322(.,3<1−;&+)/−6.3/−,&0(8∗+)6&2(.&+),+>+,831∗&Ι0(&
)−−,&∗8==(./+>−&∗−.>+4−∗& :+∋!Β%∋9+,9!Θ∗)5!(!7∗9(Σ∗2∗)3! ∗,! )5%!6∗)3!+:!
Ν∋%%,<∗22%#!!Ρ5∗2%!1+,1∋%)%!,∆ΟΣ%∋9!(∋%!7∗::∗1∆2)!)+!%χ∆()%Λ!+,23!Μ/#?!
Β%∋1%,)! +:! Β%∋9+,9! Θ5+! Θ%∋%! 7∗9(Σ2%7! +<%∋! )5%! (&%! +:! ΜΕ! Θ%∋%!
%ΟΒ2+3%7Λ!(,7!Θ5%,!)5%3!Θ%∋%!)5%3!%(∋,%7!2%99!)5(,!,+,Ψ7∗9(Σ2%7!
Θ+∋Ω%∋9!Ο(Ω∗,&!(::+∋7(Σ2%!5+∆9∗,&!+∆)!+:!∋%(15!:+∋!Ο(,3!Β%+Β2%!Θ∗)5!
7∗9(Σ∗2∗)∗%9#!

!

ε5%∋%!∗9!(!Μ34Ν&(2&3∗∗+∗/3)4−&2(.&0(8∗+)6&344−∗∗+<+1+/5&?(,+2+43/+()∗&
:+∋! 7∗9(Σ2%7! ∋%9∗7%,)9! 2∗<∗,&! ∗,! )5%! 1∗)3#!Ρ5∗2%! )5%∋%! (∋%! ∋%9+∆∋1%9!
(<(∗2(Σ2%!:+∋!Β%∋9+,9!Θ∗)5!(!7∗9(Σ∗2∗)3!∗,!Ν∋%%,<∗22%Λ!)5%!2(∋&%!,∆ΟΣ%∋!
+:!)5%9%!∗,7∗<∗7∆(29!Ο(Ω%!∗)!7∗::∗1∆2)!)+!9%∋<%!%<%∋3+,%!Θ5%,!)5%3!(∋%!
∗,!,%%7#!!ε5%!1∗)3!5(9!Ο(7%!∗)!(!5∗&5!Β∋∗+∋∗)3!)+!Β∋%9%∋<%!(,7!∗,1∋%(9%!
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!

6∗)3!+:!
Ν∋%%,<∗22%!

Attachment number 1
Page 204 of 205

Item # 7



 205 

β1#.!∀,1∋%(9%!
+∆)∋%(15!∗,!0−468;!
)∋(1)9!
!
β1#β!;∋+<∗7%!
:∗,(,1∗(2!2∗)%∋(13!
)∋(∗,∗,&!:+∋!Μϑ!
Β%+Β2%!:∋+Ο!0−468;!
)∋(1)9!Β%∋!3%(∋!
!!

3(+5!φΒ!
1(&∋−,:/∋,&0!

∗+Α∋(−#!
∗+,−!.(/#,&0!

;##/∃#!
=∋−+∋∃02!

ε∃+#/−∃%∃&∋!()!
∀Α8,∃4∃%∃&∋!

Π∃#∆(&#,:5∃!
Χ−(0−+%!

Χ+−∋,Α,∆+&∋#!

;&Α−∃+#∃!
?Α(&(%,Α!
ϑ∃4∃5(∆%∃&∋!
∀Α∋,4,∋,∃#!π!
;&4∃#∋%∃&∋#!!

Π(1Ω!+:!Β∆Σ2∗1!
∗,<%9)Ο%,)9!∗,!
9Β%1∗:∗1!
,%∗&5Σ+∋5++79κ!
Π+1()∗+,!+:!
%ΟΒ2+3%∋9κ!
Π(1Ω!+:!Β∋∗<()%!
∗,<%9)Ο%,)9!∗,!
9Β%1∗:∗1!
,%∗&5Σ+∋5++79!

∃%&∋%&()∗+,κ!
0−468;9κ!
Α∗9Β∋+Β+∋)∗+,()%!
Γ+∆9∗,&!Η%%79κ!
;∆Σ2∗123!
∃∆ΒΒ+∋)%7!
Γ+∆9∗,&!
!

Κ#!∀,1∋%(9%!
%1+,+Ο∗1!
7%<%2+ΒΟ%,)!
(1)∗<∗)∗%9!)5()!
Σ%,%:∗)!2+ΘΨ
∗,1+Ο%!∋%9∗7%,)9!

Κ#Μ!∀,1∋%(9%!
1++∋7∗,()∗+,!
Σ%)Θ%%,!
1+ΟΟ∆,∗)3!(,7!
%1+,+Ο∗1!
7%<%2+ΒΟ%,)!
7%Β(∋)Ο%,)9#!
!
Κ#.!⊥(1∗2∗)()%!:+∋!)5%!
∗,12∆9∗+,!+:!
(::+∋7(Σ2%!5+∆9∗,&!
∗,!,%Θ!%1+,+Ο∗1!
7%<%2+ΒΟ%,)9#!
!
!

6∗)3!+:!
Ν∋%%,<∗22%!

3(+5!φΝ!
1(&∋−,:/∋,&0!

∗+Α∋(−#!
∗+,−!.(/#,&0!

;##/∃#!
=∋−+∋∃02!

ε∃+#/−∃%∃&∋!()!
∀Α8,∃4∃%∃&∋!

Π∃#∆(&#,:5∃!
Χ−(0−+%!

Χ+−∋,Α,∆+&∋#!

;&Α−∃+#∃!∗+,−!
.(/#,&0!
∀ς+−∃&∃##!
+&Γ!
?Γ/Α+∋,(&!

Π(1Ω!+:!
∋%9+∆∋1%9!:+∋!
:(∗∋!5+∆9∗,&!
(&%,1∗%9!(,7!
+∋&(,∗()∗+,9κ!!

∃%&∋%&()∗+,κ!
0−468;9κ!
;∆Σ2∗123!
∃∆ΒΒ+∋)%7!
Γ+∆9∗,&!
Π+1()∗+,!(,7!
Χ11∆Β(,13κ!⊥(∗∋!
Γ+∆9∗,&!
4,:+∋1%Ο%,)Λ!
Χ∆)∋%(15!
6(Β(1∗)3!(,7!
0%9+∆∋1%9!

?(φ!∀,1∋%(9%!)5%!
,∆ΟΣ%∋!+:!:(∗∋!
5+∆9∗,&!%7∆1()∗+,!
%<%,)9!
!
!
?Σφ!6+,7∆1)!:(∗∋!
5+∆9∗,&!%7∆1()∗+,!
7∗∋%1)23!∗,!0−468;!
)∋(1)9!

?(φ!∀,1∋%(9%!,∆ΟΣ%∋!
+:!:(∗∋!5+∆9∗,&!
%<%,)9!)+!β!Β%∋!3%(∋!
:+∋!)5%!,%α)!:∗<%!
3%(∋9#!
!
?ΣΜφ!∀,1∋%(9%!)5%!
,∆ΟΣ%∋!+:!
Β(∋)∗1∗Β(,)9!:∋+Ο!
0−468;!)∋(1)9!)+!.?!
%<%∋3!3%(∋!
!
?Σ.φ!Γ+27!.!:(∗∋!
5+∆9∗,&!%7∆1()∗+,!
%<%,)9!∗,!(!0−468;!
)∋(1)!Β%∋!3%(∋#!

6∗)3!+:!
Ν∋%%,<∗22%!

!
.#! !

Attachment number 1
Page 205 of 205

Item # 7



 

 

City of Greenville,  
North Carolina 

 

Meeting Date: 9/14/2017
Time: 6:00 PM 

  

Title of Item: Public Hearing for the approval of the Draft 2016 Consolidated Annual 
Performance and Evaluation Report (CAPER) 

  

Explanation: Abstract:  The Consolidated Annual Performance and Evaluation Report 
(CAPER) is the required report by the US Department of Housing and Urban 
Development detailing program year summary activities and expenditures by 
entitlement communities utilizing Community Development Block Grant 
(CDBG) and Home Investment Partnership Program (HOME) funds.  The report 
summarizes accomplishments by the City of Greenville for the 2016 fiscal year. 
  
Explanation:  The City of Greenville is an entitlement community under the 
federally funded CDBG and HOME programs.  Each year in May, an Annual 
Action Plan of program activities is submitted to HUD for program activities that 
will begin during the fiscal year that begins on July 1st.  HUD mandates that the 
entitlement community summarize activities completed during the fiscal year and 
assess the effectiveness of those activities.  All activities must be classified under 
a potential project in the 5-year Consolidated Plan.   
  
For the 2016 program year, the City of Greenville was awarded $796,296 in 
CDBG funds and $328,801 in HOME funds for a total of $1,125,097 in HUD 
program funds.   
  

Fiscal Note: The report details activities and programs for a budget of federal funding totaling 
$1,125,097. 
  

Recommendation:    
Following the public hearing, Housing Division staff recommends that Council 
approve the 2016 Consolidated Annual Performance and Evaluation Report 
(CAPER) and grant authority for the City Manager and/or her designee to 
execute all documents for its submission to the U.S. Department of Housing and 
Urban Development. 
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Viewing Attachments Requires Adobe Acrobat. Click here to download.

 

Attachments / click to download

Revised CAPER
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City of Greenville,  
North Carolina 

 

Meeting Date: 9/14/2017
Time: 6:00 PM 

  

Title of Item: Authorization to Apply for Bloomberg Philanthropies 2017 Mayors Challenge 

  

Explanation: Abstract:  The Office of Economic Development applied for the Bloomberg 
Mayors Challenge upon announcement.  A representative with the Bloomberg 
Challenge hosted a free idea accelerator workshop for the City on August 21, 207 
as a result of the City being one of the first 300 cities to apply.  During the cross 
departmental workshop, the team was encouraged to select an issue that had both 
a high impact and high transferability to other cities.  The facilitator led the team 
through a series of exercises, which resulted in stormwater being the issue 
selected by the City.  Specifically, the combination of “Undersized Stormwater 
Infrastructure” and an increase in impervious area puts a strain on the drainage 
system.  The City would like to make a formal application for a Bloomberg 
Grant in the amount of $100,000 to work on stormwater issues.  If the effort is 
successful, an additional grant of up to $5,000,000 may be awarded to further 
remediate the issue.  Formal grant applications are due October 20, 2017.  

Explanation:  On June 26, 2017, Bloomberg Philanthropies announced the 
American Cities Initiative.  This Initiative will provide funding for a suite of new 
and expanded investments that will empower cities to generate innovation and 
advance policy that moves the nation forward.  The American Cities Initiative 
focuses on three core areas: 

l Promoting bold leadership and effective problem-solving in city halls;  
l Advancing critical policies and legislation in areas ranging from education 

to climate change to opioid abuse; and  
l Empowering citizens – including artists, volunteers, and entrepreneurs – to 

solve problems and strengthen social cohesion.  

Bloomberg Philanthropies will invest more than $200 million over the next three 
years in the American Cities Initiative through grants in cities, the delivery of 
technical expertise, and opportunities for city leaders to share insights and best 
practices with one another.  At least $100 million will support bold and effective 
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leadership in city halls. 

The first investment in the American Cities Initiative is the 2017 Mayors 
Challenge.  The Challenge aims to inspire cities to generate innovative ideas that 
solve major urban challenges and improve city life - ideas that ultimately can be 
shared with cities across Latin America and the Caribbean and around the globe. 
  
Bloomberg launched a call for participation to every U.S. city with at least 
30,000 residents.  The 2017 Mayors Challenge will help hundreds of cities 
develop, test, and implement bold solutions to emerging challenges.  Highlights 
include: 

l Innovation experts will visit the first 300 cities that sign up for the 
Challenge to deliver one-day city hall training sessions to accelerate idea 
development by drawing on the expertise of the community.  

l As many as 35 “Champion Cities” will then win up to $100,000 each to 
test and refine their ideas.  

l Five Mayors Challenge Winners will be selected based on the idea’s vision 
for tackling an urgent challenge, potential for impact and successful 
implementation, and potential to spread to other cities.  One city will win 
the $5 million grand prize; four others will receive $1 million 
implementation awards.  

l In total, up to $17.5 million in grants and technical assistance will be 
provided to participating cities.  

The 2017 Mayors Challenge builds on the success of previous Bloomberg-
sponsored Challenges in the U.S. (2013), Europe (2014), and Latin America and 
the Caribbean (2016).  More information is available online at 
www.mayorschallenge.bloomberg.org. 
  
City staff participated in an Idea Accelerator Workshop in August.  As a result of 
this workshop, staff recommends that Greenville focus on ameliorating 
stormwater issues created by the expansion of impervious surfaces. 
  

Fiscal Note: No increase in budget is expected.  Any fiscal impact will be the allocation of 
staff time.   

Recommendation:    Staff recommends that the Greenville City Council formally approve City staff’s 
recommendation to apply for the Bloomberg Philanthropies 2017 Mayors 
Challenge.   

Viewing Attachments Requires Adobe Acrobat. Click here to download.

 

Attachments / click to download
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City of Greenville,  
North Carolina 

 

Meeting Date: 9/14/2017
Time: 6:00 PM 

  

Title of Item: Presentation on the Town Common Gateway Plaza Design 
  

Explanation: Abstract:  The goal of the Town Common Gateway Plaza is to transform the 
western edge of the park into a prominent park entrance that commemorates the 
history and memory of both the "Downtown" neighborhood and the Sycamore 
Hill Missionary Baptist Church that once existed on the park's lands.  As part of 
their contract deliverable, Rhodeside & Harwell, Inc. has completed two 
schematic design alternatives for the gateway plaza, and will be in attendance to 
present the preferred design option to City Council. 
  
Explanation:  City Council appropriated Capital Improvement Plan (CIP) 
funding for the Town Common Gateway Plaza, restroom facility, and parking 
improvements.  The City entered into a contract with Rhodeside and Harwell, 
Inc. (RHI) on November, 11, 2016, to provide construction and bid documents 
for the implementation of the project.  Since the approval of the contract, RHI 
has facilitated meetings with City staff and stakeholders to complete initial 
project design concepts.  A public open house was held on August 11, 2017 to 
present Gateway Plaza design alternatives and seek input from City staff and 
stakeholders.  Based on feedback gathered, the majority of stakeholders selected 
"Concept #1 - Walls" as the preferred design option.  RHI will be in attendance 
to discuss the design process and present the preferred design option. 
  
Having completed the project design concepts and associated task orders, RHI 
will proceed with refining the preferred design option and complete 30% 
construction documents for subsequent review and approval by City staff.  
  

Fiscal Note: City Council previously approved the contract with Rhodeside & Harwell, Inc. 
for professional services for the provision of construction and bid documents for 
an amount not to exceed $335,000. 
  

Recommendation:    
Receive a presentation on the preferred design option for the Town 
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Common Gateway Plaza. 
  

Viewing Attachments Requires Adobe Acrobat. Click here to download.

 

Attachments / click to download

Gateway PDF
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City of Greenville,  
North Carolina 

 

Meeting Date: 9/14/2017
Time: 6:00 PM 

  

Title of Item: Discussion of Bradford Creek Third-Party Marketing Firm 
  

Explanation: Abstract:  Councilmember P.J. Connelly recently requested that an item be 
placed on Council’s agenda regarding the possibility of contracting with an 
outside marketing firm for the marketing and promotion of the facilities and 
services associated with the Bradford Creek Public Golf Course, in order to boost 
course revenues.    

Explanation:  At the June 5, 2017 City Council meeting, staff presented the 
results of a Request for Proposal (RFP) that was issued for contract management 
of the Bradford Creek Golf Course.  Based on the results of the RFP, Council 
approved a motion directing staff to move forward with contract negotiations 
with Billy Casper Golf for the contracted management of the course. 

Over the past few months staff has been moving forward with contract 
negotiations with Billy Casper.  Members of Council were briefed on the 
progress of the negotiations in August.  As part of the briefings, Council Member 
P.J. Connelly asked if the City had ever considered contracting with an outside 
marketing firm to better promote the course’s facilities and services.  Council 
Member Connelly subsequently requested that an item be placed on Council’s 
agenda to discuss such potential services. 

Staff will provide an overview of the types of services that could potentially be 
marketed by a third-party firm based on preliminary research. 

  

Fiscal Note: Report only; no cost estimate determined at this time. 

Item # 11



 

  

Recommendation:    Receive report.  
  

Viewing Attachments Requires Adobe Acrobat. Click here to download.

 

Attachments / click to download
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