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 Introduction to the purpose and use of 
incentive auctions by the FCC 

 Explain the structure of the optimization 
problems and how they are currently 
solved 

 Explain how optimization has impacted 
public policy on this important application 

 Tell you how to get access to this large set 
of difficult and important problems. 

 

Outline 



 In the National Broadband Plan (2012),  the Federal Communications 
Commission (FCC) identified the TV bands as a source of up to 120 MHz 
of TV spectrum that could be part of an additional 500 MHz of spectrum 
that the FCC is seeking to allocate for wireless broadband service 
 

 The FCC would like to clear as much spectrum as possible and it may be 
possible to clear even more than 120 if enough TV stations participate 

 
 Each TV channel occupies 6 MHz of spectrum. (so, for example, if the FCC 

recovered 126MHz, then  Channels 30-51 would be available for wireless 
use).   
 

 These TV Channels are in the 600MHz band, which is very good for mobile 
“Beachfront Property” 

 

Problem:    Develop a voluntary market mechanism to efficiently 
repurpose broadcast spectrum  

 
 

Broadband Plan 



Private vs Public Assignments 

 Role of an intermediary 
 Why is any intermediary needed at all? 
 Why not just sell or give to broadcasters the full right to 

use “their spectrum” as they desire and allow trading to 
guide the allocation?  
 Answer: Coordinated action of many parties is required to 

reorganize the spectrum in a way that respects the engineering 
requirements. 

 

 Government as intermediary 
 Why is the government the right intermediary? 
 Why not just sell or give an “overlay license” to a private party, who 

can then coordinate and organize the other parties? 
 Answer:  To succeed, an intermediary must possess power to 

define rights, especially interference rights, and to require 
broadcasters to relocate.  



Why Use a Voluntary Approach? 

 More likely to quickly clear spectrum if broadcasters benefit 
from cooperating. 
 

 Lowers economic cost of clearing if spectrum given up only 
by broadcasters that value their spectrum the least. 
 

  Uses market to set compensation for clearing instead of 
administrative process.  Cannot know ahead of time the 
value to the current owners. 
 

 Efficient amount of clearing – can design mechanism to clear 
only when the value to new licensees exceeds the value to 
broadcasters. 



 
Repurposing Broadcast Spectrum:  
Two Auction Designs 

Sequential auctions 
 “Incentive auction” – binding offers by TV 

stations to sell spectrum – THIS IS WHERE 
OPTIMIZATION PLAYS A ROLE! 

 “Forward” auction – binding bids by wireless 
companies to buy spectrum  

Determine amount of spectrum cleared (supply 
= demand) 

Repack broadcasters who remain on the air and 
consummate winning offers  



Sample Transformation 

7 

 Broadcasters who remain on air are assigned to, say, channels 2-29, 
broadcasting from their current physical locations. 
 Relocation costs are incurred if the channel assignment is changed. 

 Assignment is subject to several hundred thousand co-channel and 
adjacent-channel interference constraints. 

 New band plan devised for freed spectrum (e.g., channels 30-51). 
 Radio astronomy is allocated 6MHz (currently channel 37). 

 Result is to “produce” a fixed amount of contiguous cleared spectrum  
 BUT…the amount that is cleared will depend on the participation of the 

broadcasters. 

 Divided into paired 10MHz licenses for sale to network operators. 



Nature of broadcast licenses 

8 

 Each broadcast channel uses 6MHz of spectrum but… each 
wireless license is 5MHz. 

 License includes location and power restrictions 
 License includes protection from certain kinds of interference 

 Co-channel interference 
 Adjacent channel interference 
 Wireless Licensees must protect TV stations from interference 

 License allows regulatory prerogatives, including 
“repacking,” to utilize spectrum efficiently as conditions 
change. 

 Characteristics of the spectrum 
 UHF versus VHF 
 Lower VHF versus upper VHF 



Incentive auction to clear spectrum 

 Incumbents make voluntary binding offers to release spectrum 
 Share a channel in same market through multicasting with other 

broadcasters, while retaining must-carry rights for primary program 
stream 

 Discontinue OTA broadcasting 
 Move to upper VHF or lower VHF band (or if in upper VHF then can 

only move to Lower VHF) 
 If stations share a channel or move to a different band (VHF), they 

continue to have “must carry” rights 
 
 

 Find the least costly way to clear various amounts of contiguous 
spectrum in each market based on the price offers from incumbents  
 FCC can  involuntarily repack TV channels within their pre-auction 

band to clear contiguous blocks – FCC pays cost of relocation 
 Repacked  stations will continue to broadcast after the auction .  
  To determine the best packing requires optimization 

 Problem is similar to the weighted graph coloring class of 
problems. 
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Outline 



 
Constraints used in Auction Optimization Model (AOM) 
and Feasibility Checker (Sat Solver)  

 Interference:  
 Restrictions on broadcaster co-channel and adjacent 

channel interference (Longley-Rice/OET-69 calculations).  If 
two stations have more than .5% new interference then 
assignment is not allowed. 

 Protection for Canadian and Mexican broadcasting stations 
and allotments as per treaty obligations – distance-based 
protections for Mexican stations and Longley-Rice model (OET-
69) for Canada 

 Channel 37 Protection for radio astronomy uses and for 
current medical devices that use this channel 

 Protection for Land Mobile operations based on minimum 
distance separation (Channels 14 – 20) 



 Min  Z =   ∑ 𝑤𝑠,𝑐𝑥𝑠,𝑐𝑠∈𝑆,𝑐∈C     
Subject to  
 Each station must be assigned a channel or off-air:  
 ∑ 𝑥𝑠,𝑐𝑐∈𝐶𝑠 = 1            ∀𝑠 ∈ 𝑆      (1) 

  Two stations  s and s’ cannot be assigned same channel: 
  𝑥𝑠,𝑐+𝑥𝑠′,𝑐 ≤ 1,   ∀{ 𝑠, 𝑐 , 𝑠′, 𝑐 } ∈ 𝐶𝐶𝐶𝐶𝐶𝐶𝑠  (2) 
  Two stations  s and s’ cannot be assigned adjacent channels c and c’:
  𝑥𝑠,𝑐+𝑥𝑠′,𝑐′ ≤ 1    ∀{ 𝑠, 𝑐 , 𝑠′, 𝑐𝑐 } ∈ 𝐴𝐴𝐴𝐶𝐶𝐶𝐶𝑠  (3) 
  All variables are either zero or one:   
 𝑥 𝑠,𝑐 ∈ 0,1 ,∀𝑠 ∈ 𝑆,∀𝑐 ∈ 𝐶𝑠    (4) 

 
 
 
 
The general form of the optimization: 
 Find an assignment of stations to channels 
 subject to some objective function 

NOTE:  Not all channels available to all stations! 



The Uses of Optimization:  
The Auction Optimization Model (AOM) 

 Model can handle many assumptions about who may 
participate and how they will choose to participate 

 Model can mimic various participation assumptions and 
answer “what if” questions 
 Restrictions on voluntary actions based on network 

affiliation or ownership 
 Restrictions based on channel-sharing assumptions for 

public and non-commercial educational stations 
 Some stations may wish to continue broadcasting but 

are willing to move to VHF from UHF 
 



Need to determine the amount of spectrum to recover based 
on the number, location and interference characteristics of 
both the participants (sellers of options) and non-participants 
(TV stations who will remain broadcasting after the auction 
ends. 
 

• The optimization will measure the impact of placing TV stations in 
the wireless band – tradeoff between  lowering the clearing target 
and not having completely “clean” spectrum to sell 

• This optimization problem has additional constraints that measure 
the cost of placing a station in the wireless band. 

• This cost is not a constant!  It is based on the cost of other impairing 
stations in a neighborhood. 

• If some wireless area is impaired, then putting more stations in a 
close location might not add additional impairment to some 
licenses 

• But… TV channels in the wireless band cannot interfere with each 
other! 

Clearing Target Optimization Model 



Goals of Clearing Target Optimization Model 

 Clear a contiguous amount of spectrum in upper UHF 
band given a specific clearing target  

 Minimize service loss to over-the-air broadcast viewers 

 Minimize cost of compensation to broadcasters 

 Minimize cost of disruption due to loss of broadcast 
services 

 Minimize the cost to the forward auction (re-sell of 
spectrum acquired in the reverse auction) when there 
are impairments 



• Includes all of the constraints as in AOM 
• All non-participating stations or stations that 

have dropped out of the auction must be 
assigned to a channel in their home band, but…  

• A New Kind of Interference:  
 TV  to Wireless Interference 
 If county is more than x% impaired then the 

entire county is considered impaired 
 There is both uplink and downlink impairments 

 

Clearing Target Optimization 



FIRST  OBJECTIVE:    Determine the minimum number of UHF 
participating stations that must be assigned to their home band. 
 
Subsets: 
SP is the set of participating stations 
𝑆𝐶𝑈 is the set of participating stations whose pre-auction band is UHF 
𝐶𝑠𝐻 is the set of allowable pre-auction band channels for station s 
Model Formulation for Step (1): 

𝑚𝐶𝑚  𝑍1  =  � 𝑥𝑠,𝑐
𝑠∈𝑆𝑃𝑈 ,𝑐∈𝐶𝑠𝐻 

 

Subject to 
∑ 𝑥𝑠,𝑐𝑐∈𝐶𝑠 = 1 ∀𝑠 ∈ 𝑆    (1) 
𝑥𝑠,𝑐 + 𝑥𝑠′,𝑐 ≤ 1 ∀{ 𝑠, 𝑐 , 𝑠′, 𝑐 } ∈ 𝐶𝐶𝐶𝐶𝐶𝐶𝑠 (2) 
𝑥𝑠,𝑐 + 𝑥𝑠′,𝑐′ ≤ 1 ∀{ 𝑠, 𝑐 , 𝑠′, 𝑐𝑐 } ∈ 𝐴𝐴𝐴𝐶𝐶𝐶𝐶𝑠 (3) 
𝑥 𝑠,𝑐 ∈ 0,1  ∀𝑠 ∈ 𝑆,∀𝑐 ∈ 𝐶𝑠   (4) 

 

Five objectives (optimizations are sequentially solved): 



Second Objective:    Determine the minimum number of VHF 
participating stations that must be assigned to their home band. 
 
Subsets: 
𝑆𝐶𝑉  is the set of participating stations whose pre-auction band is VHF 
Model Formulation for Step (2): 

𝑚𝐶𝑚  𝑍2  =  � 𝑥𝑠,𝑐
𝑠∈𝑆𝑃𝑉 ,𝑐∈𝐶𝑠𝐻

 

Subject to 
∑ 𝑥𝑠,𝑐𝑐∈𝐶𝑠 = 1  ∀𝑠 ∈ 𝑆    (1) 
𝑥𝑠,𝑐 + 𝑥𝑠′,𝑐 ≤ 1 ∀{ 𝑠, 𝑐 , 𝑠′, 𝑐 } ∈ 𝐶𝐶𝐶𝐶𝐶𝐶𝑠  (2) 
𝑥𝑠,𝑐 + 𝑥𝑠′,𝑐′ ≤ 1 ∀{ 𝑠, 𝑐 , 𝑠′, 𝑐𝑐 } ∈ 𝐴𝐴𝐴𝐶𝐶𝐶𝐶𝑠  (3) 
𝑥 𝑠,𝑐 ∈ 0,1   ∀𝑠 ∈ 𝑆,∀𝑐 ∈ 𝐶𝑠   (4) 
∑ 𝑥𝑠,𝑐𝑠∈𝑆𝑃𝑈 ,𝑐∈𝐶𝑠𝐻 ≤  𝑍1     (5) 

Five objectives (optimizations are sequentially solved): 



Third Objective: Determine the minimum number of 
VHF participating stations that must be assigned to their 
home band. 
 

𝑚𝐶𝑥  𝑍3  =   � 𝑥𝑠,𝑐

𝑠∈𝑆𝑃,𝑐∈𝐶𝑠
𝑝𝑝𝑝𝑝 

 

Subject to 
∑ 𝑥𝑠,𝑐𝑐∈𝐶𝑠 = 1 ∀𝑠 ∈ 𝑆    (1) 
𝑥𝑠,𝑐 + 𝑥𝑠′,𝑐 ≤ 1 ∀{ 𝑠, 𝑐 , 𝑠′, 𝑐 } ∈ 𝐶𝐶𝐶𝐶𝐶𝐶𝑠  (2) 
 𝑥𝑠,𝑐+𝑥𝑠′,𝑐′ ≤ 1 ∀{ 𝑠, 𝑐 , 𝑠′, 𝑐𝑐 } ∈ 𝐴𝐴𝐴𝐶𝐶𝐶𝐶𝑠  (3) 
𝑥𝑠,𝑐 ∈ 0,1  ∀𝑠 ∈ 𝑆,∀𝑐 ∈ 𝐶𝑠   (4) 
∑ 𝑥𝑠,𝑐𝑠∈𝑆𝑃𝑈 ,𝑐∈𝐶𝑠𝐻

 ≤  𝑍1    (5) 

∑ 𝑥𝑠,𝑐𝑠∈𝑆𝑃𝑉 ,𝑐∈𝐶𝑠𝐻
 ≤  𝑍2    (6) 

Five objectives (optimizations are sequentially solved): 



Fourth objective:  Maximize the number of stations 
assigned to going off-air 
 

𝑚𝐶𝑥  𝑍4  =   � 𝑥𝑠,0
𝑠∈𝑆𝑃

 

Subject to:  
  ∑ 𝑥𝑠,𝑐𝑐∈𝐶𝑠 = 1            ∀𝑠 ∈ 𝑆      (1) 
   𝑥𝑠,𝑐+𝑥𝑠′,𝑐 ≤ 1           ∀{ 𝑠, 𝑐 , 𝑠′, 𝑐 } ∈ 𝐶𝐶𝐶𝐶𝐶𝐶𝑠                  (2)  
   𝑥𝑠,𝑐+𝑥𝑠′,𝑐′ ≤ 1          ∀{ 𝑠, 𝑐 , 𝑠′, 𝑐𝑐 } ∈ 𝐴𝐴𝐴𝐶𝐶𝐶𝐶𝑠 (3) 
  𝑥 𝑠,𝑐 ∈ 0,1                ∀𝑠 ∈ 𝑆,∀𝑐 ∈ 𝐶𝑠   (4) 
  ∑ 𝑥𝑠,𝑐𝑠∈𝑆𝑃𝑈𝑐∈𝐶𝑆𝑃𝑈

′  ≤  𝑍1    (5) 

   ∑ 𝑥𝑠,𝑐𝑠∈𝑆𝑃𝑉  𝑐∈𝐶𝑠𝑃𝑉
′  ≤  𝑍2    (6) 

        ∑ 𝑥𝑠,𝑐    ≥    𝑍3𝑠∈𝑆𝑃,𝑐∈𝐶𝑠𝑃
′′      (7) 

Five objectives (optimizations are sequentially solved): 



  

𝑚𝐶𝑥  𝑍4  =   � 𝑥𝑠,0
𝑠∈𝑆𝑃

 

Subject to:  
  ∑ 𝑥𝑠,𝑐𝑐∈𝐶𝑠 = 1            ∀𝑠 ∈ 𝑆           (1) 
   𝑥𝑠,𝑐+𝑥𝑠′,𝑐 ≤ 1           ∀{ 𝑠, 𝑐 , 𝑠′, 𝑐 } ∈ 𝐶𝐶𝐶𝐶𝐶𝐶𝑠     (2)     AOM 
   𝑥𝑠,𝑐+𝑥𝑠′,𝑐′ ≤ 1          ∀ 𝑠, 𝑐 , 𝑠′, 𝑐′ ∈ 𝐴𝐴𝐴𝐶𝐶𝐶𝐶 𝑠 (3)    constraints 
  𝑥 𝑠,𝑐 ∈ 0,1               ∀𝑠 ∈ 𝑆,∀𝑐 ∈ 𝐶𝑠      (4) 
  ∑ 𝑥𝑠,𝑐𝑠∈𝑆𝑃𝑈𝑐∈𝐶𝑆𝑃𝑈

′  ≤  𝑍1        (5) 

   ∑ 𝑥𝑠,𝑐𝑠∈𝑆𝑃𝑉  𝑐∈𝐶𝑠𝑃𝑉
′  ≤  𝑍2        (6)     “simple 

        ∑ 𝑥𝑠,𝑐    ≥    𝑍3𝑠∈𝑆𝑃,𝑐∈𝐶𝑠𝑃
′′         (7)    cardinality     

  ∑ 𝑥𝑠,0𝑠∈𝑆𝑃   ≥   𝑍4             (8)    restrictions” 

                               Calculation of amount of impairment caused by 
  assigning a given station to a channel in the  
  wireless band 

Primary Clearing Target Optimization 



𝑚𝐶𝑚�𝑤𝑙 ρ𝑙
𝑙∈𝐿

 

 Subject to: 
All constraints previously mentioned 
 
∑ 𝑝𝑐𝑝(𝑎,𝑙)

𝐷  𝑦(𝑎,𝑙)
𝐷

𝑎∈𝐴𝑙 + ∑ 𝑝𝑐𝑝(𝑎,𝑙)
𝑈  𝑦(𝑎,𝑙)

𝑈
𝑎∈𝐴𝑙 = ρ𝑙          ∀𝑙 ∈ 𝐿    (9) 

𝑥(𝑠,𝑐) ≤ 𝑦 𝑎,𝑙
𝐷           ∀ 𝑠, 𝑐 ∈ 𝑆𝐶 𝑎,𝑙

𝐷 ,𝐶 ∈ 𝐴𝑙 , 𝑙 ∈ 𝐿    (10) 
𝑥(𝑠,𝑐) ≤ 𝑦 𝑎,𝑙

𝑈           ∀ 𝑠, 𝑐 ∈ 𝑆𝐶(𝑎,𝑙)
𝐷 ,𝐶 ∈ 𝐴𝑙 , 𝑙 ∈ 𝐿     (11) 

0 ≤ 𝑦 𝑎,𝑙
𝐷 ≤ 1         ∀𝐶 ∈ 𝐴𝑙 , 𝑙 ∈ 𝐿        (12) 

0 ≤ρ𝑙 ≤ 1                 ∀𝑙 ∈ 𝐿                      (13)     
𝑥(𝑠,𝑐) ≤ 𝑦 𝑎,𝑙

𝑈            ∀ 𝑠, 𝑐 ∈ 𝑆𝐶(𝑎,𝑙)
𝑈 ,𝐶 ∈ 𝐴𝑙 , 𝑙 ∈ 𝐿    (14) 

0 ≤ 𝑦 𝑎,𝑙
𝑈 ≤ 1          ∀𝐶 ∈ 𝐴𝑙 , 𝑙 ∈ 𝐿      (15) 

ρ𝑙 ≤ 𝑧 ∗ (1 + 𝑁𝑙)   ∀𝑙 ∈ 𝐿      (16) 
 

 

 

Primary Clearing Target Optimization: 
Minimize the cost of impairment to Forward Auction 



• Nonparticipating broadcast stations, or those 
that did not have bids accepted, will continue to 
operate following the auction. 

 
• The FCC will repack full power and Class A TV 

stations that remain on the air so that they 
occupy a smaller portion of the UHF band and 
enable the reallocation of contiguous 
nationwide spectrum for the forward auction 

Final Channel Assignment :  
After the auction ends! 

 



The Final Channel Assignment Optimization will consider 
three objectives in the following order of priority: 
  
1. Maximize  the number of stations that remain on their 

pre-auction channel;  
2. Minimizing aggregate new interference by either (a) 

minimizing the maximum aggregate new interference 
any station receives or (b) minimizing the number of 
stations with aggregate new interference over one 
percent;  

3. Minimizing relocation expenses.   
 
 The resulting objective value of each optimization will 
become a constraint on the next optimization problem to be 
solved.    
 

Final Channel Assignment 
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 In the National Broadband Plan the FCC identified 
the TV bands as a source of up to 120 MHz of the 
additional 500 MHz of spectrum it is seeking to 
allocate for wireless broadband service 

 Congress/OMB needed estimates of how much 
spectrum could be recovered and the value of the 
auction as a whole 

 
Optimization team performed many different optimizations 
(changing participation assumptions, valuation estimates, 
etc.) to see impact on amount one could clear and estimates 
on the value of that clearing.  

National Broadband Plan: 
Needed to have new legislation that allows the FCC 
to buy back spectrum 



• Estimate the cost of buying back the spectrum when alternative 
rules regarding TV station interference protections are enforced.  

• Estimate how much we can mitigate interference  issues after the 
auction.  

• Aggregate versus pairwise interference 

• Reduce terrain loss caused by change in the channel  

• Estimate the impact of participation on the clearing target and 
costs. 

• Determine impact of protecting public safety spectrum, Channel 
37 (radio telemetry service), guard band for white space, etc.  

• Help evaluate auction algorithms in terms of how efficiently it is 
packing stations 

 

After Legislation Passed: 
Optimization is being used as a planning tool to explore 
alternative policy options: 



International Border Areas 

 Canada and Mexico:  
 Treaty obligations require US mobile & broadcast operations to avoid 

cross-border interference to foreign broadcasters on certain frequencies. 

 Foreign broadcasters may continue broadcasting, causing interference to 
US mobile operators and broadcasters. 

 Consequences 
 Spectrum for mobile broadband may be scarce, particularly near the 

Canadian border 

 It may be desirable to arrange non-uniform spectrum plans across the 
nation, to reflect varying amounts of clearable spectrum. 

 International cooperation can enhance value for all! 
 Coordination is essential 

 Performed various “what if” analyses for Canada and Mexico 

 Helped guide negotiations and provide credibility to the evaluation process 



• Clearing Target Optimization 
• Feasibility Checking (Satisfiabililty Question) 

Throughout the auction, millions of feasibility checks will be performed to 
determine – when considering whether to accept a bid – whether the station can 
return to its home band given the stations that do not participate and those that 
have exited the auction.  If answer is “YES”, bidder continues to see prices 
decrease.  When answer is “NO”, bidder is paid the bid price of the station that 
“blocked” this station. 
 
Kevin Leyton-Brown and his team at University of Toronto have developed 
satisfiability algorithms that determine yes/no almost always (1.2 million checks in 
one simulation, <1500 are undecidable in 60 seconds) 
 
Without fast feasibility checking, it would not be possible to have a multi-round 
auction which assures that the assignments made are feasible. 

• Final Channel Assignment 
 

 
During and after the auction: 



   Min  Z =   ∑ 𝑤𝑠,𝑐𝑥𝑠,𝑐𝑠∈𝑆,𝑐∈C     
Subject to  
Each station must be assigned a channel or off-air:  
 ∑ 𝑥𝑠,𝑐𝑐∈𝐶𝑠 = 1            ∀𝑠 ∈ 𝑆      (1) 

 Two stations  s and s’ cannot be assigned same channel: 
  𝑥𝑠,𝑐+𝑥𝑠′,𝑐 ≤ 1,   ∀{ 𝑠, 𝑐 , 𝑠′, 𝑐 } ∈ 𝐶𝐶𝐶𝐶𝐶𝐶𝑠  (2) 
 Two stations  s and s’ cannot be assigned adjacent channels c and c’:
  𝑥𝑠,𝑐+𝑥𝑠′,𝑐′ ≤ 1    ∀{ 𝑠, 𝑐 , 𝑠′, 𝑐𝑐 } ∈ 𝐴𝐴𝐴𝐶𝐶𝐶𝐶𝑠  (3) 
 All variables are either zero or one:   
 𝑥 𝑠,𝑐 ∈ 0,1 ,∀𝑠 ∈ 𝑆,∀𝑐 ∈ 𝐶𝑠    (4) 

 
 
 
 
The general form of the optimization: 
 Find an assignment of stations to channels 
 subject to some objective function 

NOTE:  Not all channels available to all stations! 



Model Solution Methodology 
Algorithm 

 Problem was much too hard for CPLEX and GUROBI as black box 
 We now use a heuristic developed at the FCC and driven by GUROBI to 

obtain good feasible solutions  
 We add clique constraints, feasibility cuts, optimality cuts and “no good” 

cuts, regionally-based cuts that give more information about the 
expensive stations 

 Have tested both Column Generation and Benders’ decomposition  

Hard Optimization Problems 
 Without reformulation and new heuristics  neither CPLEX or GUROBI 

can close gap (gap starts out VERY LARGE!) 
 With reformulation and heuristics, gap still exists for many realistic 

instances of problems (but much smaller – about 15%) 
 With Decomposition:   

 Is within 5% of optimality for general problem 

 For clearing target optimization problem, can solve many to proven 
optimality but sometimes still have a gap of 10% 



How can this formulation be tightened? 

Better cuts: 
Clique constraints,  odd holes, “no-good” cuts,  
“feasibility” cuts, optimality cuts 

 
Heuristics 

 
Decompositions: 

Benders decomposition, column generation, hybrid 
algorithms 

 
Different relaxations 

  Semi-definite programming 
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Outline 



Recap of Relevant Releases and Data 
 For more on the Incentive Auction (search 

“LEARN FCC”): 
 

• The constraint files provide the optimization community with the 
constraints used for repacking TV stations.   Warning:  Over 
600,000 pairwise constraints! 

• Domain file indicates what channels are feasible for each station 

• Station Information is available that indicates its location and the 
population coverage of every TV station 

• Using population data, value of spectrum in regions (use bidding 
units) and graph structure, one can create a variety of different 
objective functions  

• The aggregate interference studies provide information about how 
to generate realistic scenarios to study. 



So how can you use this data? 

Download data from FCC website. 
 
Use the simulation concepts from the aggregate 
interference studies to generate different objective 
functions and participation levels, thereby 
providing a large collection of test sets to study. 
 
Try your favorite algorithm. 



What I hope I have done: 
 
Convinced you that optimization plays an 
important role in public policy at the FCC 
 
Provided you with the challenge of using 
these data sets and trying your own 
algorithms on them.  
 
Made you aware of a problem relevant to 
Europe – 600MHz is “beachfront” spectrum!  



QUESTIONS? 
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