The Challenges that Society
Brings to Engineering Designs...

..and the games they play...

Jason R. Marden

Department of Electrical and Computer Engineering
University of California, Santa Barbara

(ECE 149 - Game Theory)




Field of Dreams...

TWO-DISC ANNIVERSARY EDITION

FieLpor DREAMS

If you believe the impossible, the incredible can come teue.

N E R

if you build it, they will come...



Field of Dreams...

if you build it, they will come...



Field of Dreams...

if you build it, they will come...



Field of Dreams...

Towal PGY-1
| Positions

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

if you build it, they will come...



Field of Dreams...

£
$
£
2
I I L
= . g e s 2 L
- = e 4 f oo i /. i~ A
E=S5 ired : LI A

ncy Positions v. Applicants

‘&"“ / 2 g & < = & - » /
\;;%, — 3 o Total Applicants / \_/

2 S 25,000 [\N/

20 000 / ﬁ_//

Towal PGY-1

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

if you build it, they will come...
but will they use it efficiently?



Experiment: Beauty contest

Goal: Determine "most” beautiful contestant

- s > ’
Lami (omasy Bty (Hnkiandon

frst O en br Hhatone I r e L2

lise BWrnmdd 18 rhemers by AR Lt “h | )

marel of lmmmes haigne that o lotrd by fwdepons

whadel Hak U sanminngs. lovew T - e inw s that ot

Bhuwew. Sun Fraisine lds s \\ h“th wory of de baul wuly
,.-.' l..»-..ll.... end Wil o ol foned Shsan s
Py and Somge vt X A Mos Micgadd—cait yoar dalbint
obuncrrdmiecrs (ol B ) | (57117 T PR e s e
Yot nte-nad the v of Yo b e e T e ool
Pricedie =il Sy et 3w K vin \[- . ]) . N l l et choctiom 1 Amwerees

- . ,

- A lh\ .]ltlllﬁ(,( Laal s e wam il In
lobe wdd laluss lo T wben: '— voprrbug e bowe Bliw Beagdd
The il who woms (e S & b 4 N\~ vepeweents 1w n bomp « bt ma baoes
et warily S0 ER ryee e l'():)" .,) hmtid Lasde. M| yome guernwiod
bl tge (o Phlllywmad aad Es ~ 11 bt Km0y b o |
wam lon dl the fun wal lowr ol Ior Largeet welln g bvww = 1l B
Ul ail s Baug il
4 Pick the girl who'll wis

L L LT Y ey w— ® vontredt weeth $50,000) l [ 'b
K1 b et Brerhe o Vebe ot sy Shalegeld Rheinge
ohile Dot bk b e Mlioe Bt i ‘
gkt Exvttoe Bubet Bax 2 sy B & e
oo s *®
,;... ' |.-4‘~ e N e Vs 1" pon




Experiment: Beauty contest

Goal: Determine "most” beautiful contestant

- .5;'tcm5-|_"1¢'n‘"..\'!ar?q
M=t O by bt I 5
M il rew .
o - ' oov
. L ' -
s .‘r.. s | \\h“dl] reery ol U
f Ot M o X o v e 1o of chaming s ww
They awl Sormnge Seeten 1 Mos Mgadd—aiit yoar
New jve tminve ta Ml fatyn ‘\ l]] \‘)l.l (“l‘ '(‘( shag wib b mallhos ol
Y 1 v of yow e v e Thie e
Bl e M2, e ) . . lwerst <o roe
i Miss Rheingold | & s
vie wd laluse Tt avem voprrbug he bows Blaw Bougd
e il whoe wims (he thi & b & l( rf'—‘l_) -l|..... ,,_,,,__,.__,_;,,_,
e 00 e
mym lon il the Iun wel lowr Uor Largwnt st g boww = 11w Kt
S Pick the girl who'll wis
O WY - ® vontredt weeth $50,000) B' l |b
. 0 b yvar Bverte (wa 3
Lle Joit bl Lo I. Miw lll..: Wby ot aosy W“ lt n o
Exvttoe Bubet Bar & vy B & e *
. Moaw » ™ N Y 1 1f pore

Game Theory = Study/Influence Social Behavior
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DMs = white/black
choices = moves
preferences = win
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Shown at Funny-games.biz

DMs = drivers
choices = routes
preferences = minimize time
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Social Norms?

QWERTY vs DVORAK

traditional optimized
keyboard keyboard
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Nash equilibrium

"Nash equilibrium”
Emergent behavior = Conditionally optimal choices

(i.e., best choice given choices of other DMs)
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Social Norms
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Auctions

choices = how much $ to bid
preference = win tickets at lowest possible cost



Auctions

250

objective = optimize surplus or revenue (uncertainty)
system choice = report? who wins? payments?



Auctions

BIDS \
80

70

DENVER

va AN pDIECD CHARGERS §
'

VB S,
AN DIEGO ChAangeng

SALUTE 10 SERVICE
SALUTE To Service

5 Gate Section Row Seat Gate §
2 302 19 7 @ Section
2 307"y Seat

Club West $150.00 Cl
ub West $150.00

250



Auctions

BIDS \
80

70

DENVER

va AN pDIECD CHARGERS §
.

SALUTE TO0 SERVICE
SALUTE To g

5 Gate Section Row Seat Gate §
2 302 19 7 @ Section
2 307"y Seat

Club West $150.00

Club West 5159,09

250

WINNER



Auctions

70

175

250

WINNER
PAYS: $80 (second highest price)
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70

175

250

WINNER
PAYS: $80 (second highest price)

Why not have Ned pay his bid $175?



Incentivizing behavior

There are many mechanisms you are exposed to on a
daily basis that are in place to influence your behavior

success story

(i) optimizes social surplus

(ii) optimal to bid true value

William Vickrey (1961)

(auctions) (Nobel Prize 1996)




Incentivizing behavior

There are many mechanisms you are exposed to on a
daily basis that are in place to influence your behavior

(auctions)

~ OPEN

% Boulder Valley School District

Excellence and Equity

(school assignments) (i) not efficient for BVSD

(ii) not efficient for parents
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Incentivizing behavior

There are many mechanisms you are exposed to on a
daily basis that are in place to influence your behavior

United’s way of bumping ‘is very inefficient, says auction expert
By Ethan Wolff-Mann

m.yahoo.com — United’s way of bumping ‘is very inefficient,’ says auction expert Yahoo Finance Wednesday, April 12,
2017 Ethan Wolff-Mann With a proper auction, there is no such thing as involuntary bumping. Source: APAfter a viral
video emerged this week of United Airlines (UAL) dragging a paying customer off a plane, some outraged consumers
attacked the airline industry's practice of overbooking.Not all airlines overbook, with JetBlue (JBLU) being a notable
exception.

3 MONTHS AGO § in 4 Who shared? Wrong byline?
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decision makers emergent behavior?
choices efficient?
preferences coordination?
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driver behavior models
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simplifying assumptions
transportation network

M behavior mode/ls

drivers seek to minimize
own experienced congestion

system demand congestion functions

unit flow of traffic
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Pigou’s network

Motivation:

— Uninfluenced systems often exhibit poor system behavior

ch(z) = "
O
m
O o
unit flow of traffic v

VS.

/ self-interested outcome \

. .
3/4 33% worse than optimal outcome 1
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Braess Paradox

Motivation:

— Uninfluenced systems often exhibit poor system behavior
— Natural influencing mechanisms need not lead to intuitive outcomes

c(z) =z @-_clz)=1
/ \ ‘/ C(m)_\o‘
\ / c(az)xl‘%

VS.

/ additional resources resulted \

1.5 in 33% worse system performance 2
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Research Thrust: Develop methodologies for robust social
coordination to improve system-level performance (taxes)



Motivation:

— Uninfluenced systems often exhibit poor system behavior
— Natural influencing mechanisms need not lead to intuitive outcomes

Research Thrust: Develop methodologies for robust social
coordination to improve system-level performance (taxes)

simplified models provide us insight to
challenges and opportunities in realistic setting



Motivation:

— Uninfluenced systems often exhibit poor system behavior
— Natural influencing mechanisms need not lead to intuitive outcomes

Research Thrust: Develop methodologies for robust social
coordination to improve system-level performance (taxes)

identify salient features of
robust coordinating mechanisms
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Take away points:

* Ensuring "systems” utilized efficiently is challenging

 Natural choice need not be good choice

» Deriving mechanism requires thorough theoretical analysis

« Game theory is instrumental in the design of good mechanisms

* Engineers need awareness of Game Theory to design such systems

i never realized i
was a player in a game

Thank You




