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What Is “User-Provided
Connectivity”?

* Ina UPC system, some users allow other users to access their own connectivity
— FON, Keywifi, Community-based networks

» Different compensation schemes
— Reciprocation, payments, or cost sharing

* An organic growth model
— Service value depends on (grows?) with its user-base

o Asimple example

Internet 1

» Bob connects to the Internet in Philadelphia
e Jane connects to the Internet in Paris
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What Is “User-Provided
Connectivity”?

o Asimple example

Internet

o Jane travels to Philadelphia
e Jane connects to the Internet through Bob’s
access point
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Connectivity”?

o Asimple example

Internet

Bob travels to Paris
Bob connects to the Internet through Jane’s
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Why “User-Provided Connectivity”?

* \We want connectivity everywhere, all the time

— Wireless technology has brought us very close to truly
ubiquitous physical connectivity

« But, traditional “infrastructure” solutions, e.g., cellular,
have a high up-front cost as well as capacity limitations

e UPC offers an alternative, organic growth option

— Limited up-front cost, and increasing capacity as more
users join

— But UPC systems face “bootstrapping” issues (positive and
negative externalities)

Q: When and how can a UPC solution succeed?



Modeling UPC Adoption (Or Not)

« A model should allow us to characterize adoption outcomes
as a function of exogenous parameters and users behavior

« Among a large user population, individual users adopt if the
utility they derive from the UPC service is non-negative

o Auser’s utility should capture
— Value of basic (home) connectivity
— Value of connectivity while “roaming”

— Impact of roaming traffic on home connectivity ~ Involve

_ _ _ _ externalities
— Incentives for accommodating roaming traffic
— Service price

and allow heterogeneity in how users value the service

e



A General Users’ Utility

» Users are heterogeneous in their propensity to seek connectivity “away
from home,” i.e., their roaming profile
— Captured by a roaming random variable &

* Known distribution
0 e [0,1], =0 (never roams), & = 1 (always roaming)

« Ultility function of user with roaming value 6
U(0) = F(0,x)+G(,m) — p,
— F(.,.) is utility of connectivity (at home and while roaming)
» Xxis current level of adoption (coverage assumed function of adoption)

— G(.,.) accounts for negative impact of roaming traffic, and positive impact of
possible compensation

* m s current volume of roaming traffic (depends on number and identity —their 8 values—
of adopters)

— P, is price charged to user with roaming value 6
e Auseradoptsif U(d) >0



A Simple Instantiation

Linear (positive and negative) externalities

U@ =0Q-60)y+dox+(b-cm-p
@ . Uniformly distributed in [0,1]
v . Value of home connectivity (affected by a user’s roaming frequency)

d : Value of connectivity while roaming d > y (affected by both coverage X,
and a user’s roaming frequency 6)

b : Compensation for providing access to roaming traffic (proportional to
volume of roaming traffic m)

¢ : Impact of volume of roaming traffic, m, on user connectivity
m : Roaming traffic uniformly distributed across users’ home connections
p : Service price (identical for all users)

Equivalent formulation: U(0) = (y—p) + (b —c)m + 6(dx — »)

In the paper we use d ~ 2y, so that
U@ =k+Im+60(2x — 1), wherek = (y—p)/yand | = (b — c)/y



Adoption Model & Evolution

» Asimple discrete time model

— Adoption level at epoch n+1, X,,,4, IS I §F & & |
determined by adoption state at epoCh  0.9-f----i----o-beeoricomeonc |

1.0

n, X, (a two-dimensional quantity — N S T
number x, and type y of adopters) L L 8 13
— users evaluate their utility based on X, '] T
and adopt if it is non-negative, i.e., L S A e o
Xpr=H(X,) 0 N
« Adoption evolves based on the shape |
and position of the function(s) H(X) -
relative to X 70 4 I R A R
— Different functions before and aftera  **1 1 &7 T T
transition to a state of high/low Bl L S R S L e s e
adoption 0.0 . S . L . : . ' . : . :
. EqUIIIbrIa COrreSpond tO H(X) — X (Or 0.0 01 02 03 04 0).(5 06 07 08 09 1.0
H(0)<0, or H(0)>1)
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Adoption Outcomes

Associated with different regions  Recall that k = (y—p)/yand | = (b —c)/y
of the (k,l) plane

— U@ =k+Im+6(2x-1)
Various possible combinations of .o
equilibria or absence thereof

0.0 5
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Representative Outcomes (1)
Absence of Equilibria

H(X) functions Adoption Evolution
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Representative Outcomes (2)
Single Stable Equilibrium (Low Adoption)

H(X) functions Adoption Evolution
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H(x)

Representative Outcomes (3)
Single Stable Equilibrium (High Adoption)

H(X) functions Adoption Evolution
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H(x)

Representative Outcomes (4)
Two Stable Equilibria (High & Low Adoption)

Adoption Evolution(s)
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Summarizing Outcomes

e Three main “types” of behaviors
1. No or unlikely convergence to a stable adoption
equilibrium
—  Primarily in regions where roaming traffic has a strong
negative impact that creates boom-and-bust cycles

2. Convergence to a global, stable equilibrium

—  Convergence can be to either low or high adoption depending
on how valuable connectivity is
3. Convergence to one of two possible stable equilibria
depending on initial adoption (seeding)
— Impact of roaming traffic is low, but so is value of connectivity

Without enough of an initial critical mass, adoption never takes off
. Large enough seeding helps overcome initial inertia



An Evolution Snapshot
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On the Impact of Incentives

« Recall a user’s utility function (kply) = (1-py, =€), 1.e., b=0
— U(0) = k+ Im + 6(2x - 1), for y=1, (212) = (1=(p,+bm), b-c)
where k=1 —p and I=b - ¢, with b =09
corresponding to incentives to
offset the impact of roaming traffic 0.5
o Atequilibrium bm is equivalent to a
decrease In price, i.e., p’=p —bm,
but impact on adoption dynamics
can be significant, i.e., because of
the possible introduction of a - -

second low adoption equilibrium | general, UPC adoption can

be difficult to predict in the
presence of multiple equilibria

-1.0
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Results Robustness

Both users’ utility and adoption processes are overly
simplified, even if they capture key aspects

Are the results affected when relaxing the model’s
assumptions?

— Non-linear externality functions

— Non-uniform roaming characteristics

— A more realistic (diffusion-like) adoption process

Assessing behavior of relaxed models must be done
numerically

Adoption trajectories can differ and region boundaries
shift, but general outcomes remain unchanged



Shifting Regions Boundaries

Unimodal roaming (/=1) and non-
linear externalities

7777777777727 717777777777177777777 1777717777 86BBE0RAR!
777IIT717 TITITITIIT

73 R0an500800004088900098000505850003500000065680006950005060800698000503 1333333303333 103331500303 0030331300003
66

BB AR RN R GOt R ARG H 565s555seaaeasa5656asass556565s555seeaeasa5656assas556565s533333333333333333333333333333§§§§§3§333§3§3
FIFTFIIIIIIITITITIEITIIT I 1777 88E: 656 GEGAEEGEAREAERERREGEGREREGEEREEERELEGEARAEAEAREAEAARI3333333333333333333333333333333333333333
R R aReatanstaonioaansosnasonanonsaaatsasnoanosanocanonsnsennas st InmaEs

-1 77777777777777772777777777777777777 8B6E0606A6666666666656065656656566566066A600056600666656056533333333333333333333333333333333333333 333

T RS B GG 6 Sensss0ssnoes 3 333
ettt bbbt et L T E R e S e e R R R
[22222222222222222222222 2222222222222227777777777777777777:7777777aeasasesssssss556sss655ssssssssssssssssssssssssssssl33333}333333333333333333
[22222222222222222222222222222222222222222222777 777711 177771717777 7771 BE8BEEBEGE6EEEEEEGRE5E6EE 3333333333333333
77?7???7?777????777777EKEKEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE}E}H}333333333333333333
777777777 B88BBEE6666006660606606656660666656066560 333333333333333333333333333333333333
ceaceadazeiazidaeddsiaadasenseadadednaziizednas; L A Rasasasasasonananansnansanoeseeaestansneasasisansssaiaianinh
e e e e R R R EEEE
[222222222222222222222222222222222 §2agiizeiaedataasinazatrr iy iy T THOUANBORE0006E000R6000 0000 N000NB0R600033333333333333333333333
777777777777868888E8B660066560665! 666665/
[222222252222022772222222220222222222222222022222222122022222222222002222222277777777 7606060GEB0666566660 250885088
77777 7B86B6BB886666566666666056566065065
322222722 Z 22322, 222272222 z BEBEBBBRRGROG0GG0AO0GGR0R06600R0333333333333333333]
778BBB0RRBRBGGGGEG066660R066565633333333333333533333
32320232222122222332223122222221222223222213222212222233232312222222122222322212322221222222 FE6EE8E6E666066665606666565633333333333333333333
44 8BEBBEBEEG0666606666666003333333333333333333
6E66GEEE3333333333333333333
EBEDBE86E6E063353333533533335333
23222222222222222222222222222220222222222222222 20222 222222222222222222222222444444488B66566661 33333333333333333
e e 33333333333333333
230 00200700200503008000000307003030030050300070220035330550500030700303020074444444 333333333333333
2272272272222227232222222222222222920222227322223222707222272222227222272222222222 3333333333333
22200222202222223222202200000022222022220202220222220222222222222222222222222222222222224444444444401 115333333333333
22720222202222222722222222022002222022222772220222220222222220202222222222222212222222222 1111133333333
22222222022222222222222220200020222202222222202222222222222222022220022220222222222222222 1111111111333
222222222222229222222222222220202292022222022022222922222222222222202229222222222222222222 FERTERFAREATT)
2022220 aa02000000000200000020000020000020000000200222020222001202022022200222222222022 ESESRIERERNEREANIS
282207202222302207702022222220222222020020222322222230220222222222220220202222232228222202222232 4211 LT

0 0.5 k

Unimodal roaming (6=0) and linear
externalities

5585

b
2222222222722222.

Fs
RS

55955 55555 234

EEEEEEEELAEE
EEEEEEEERE

2

ICQT 2011 — “Exploring User-Provided Connectivity — A Simple Model”




A Diffusion-like Adoption Model
Two levels of initial penetration (seeding)

No seeding

>50% initial seeding
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Summary and Next Steps

Basic model helps identify range of outcomes for UPC adoption, and
Impact of exogenous parameters

— High sensitivity to roaming traffic can disrupt adoption even when connectivity
is highly desirable

— Unless value of connectivity is high, adoption may never gather enough of a
critical mass for the service to succeed (potential impact of incentives)

Obvious next step Is to use the results to understand how to best set service
prices
Additionally, the results point to the limitations of a single price policy

— Must be low enough to foster initial adoption, which fails to extract the higher
final service value when adoption is high
— Anatural “fix” is to use a two-tier pricing, i.e., introductory pricing followed
by higher pricing when adoption becomes high enough
* How do we set both prices and when do we switch to the higher price?
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