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Our Objective

* Auctions are a well-known way of performing distributed
resource allocation in networking

* However, they can suffer from slow convergence

* We address this by proposing algorithms to

— Resolve auctions faster, by auctioning many items at the
same time

— Reduce the number of wasted bids, by allowing peers
to estimate the probability of a bid being successful
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Sealed-envelope, Highest-losing bid Auction (SHA)

* An auctioneer : sells /V; indistinguishable items.

- Each bidder j sends a set(b” bfz —1) - BB of
bids &’* for all the items it is mterested N, each for a
value v;;.

* Auctioneers rank all the received bids in increasing order,
and the top N, win the items.

» Each winning peer pays the value of the highest losing
bid for its item.
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Revelation Properties of the SHA

* We have proved analytically that truthful revelation of
value Is a dominant strategy equilibrium:

— Conjecture, for each bidder, a bidding strategy
(bfﬁji @ty @i 5 (o) b{i(vz‘j))

— Formulate peer utility as a function of this strategy

b g
P; = mji(vij; — y)fv(y)dy + Z /b (mjs — k)(vi; — y) fv(y)dy
0 k=1 7]
— Find the strategy that maximizes peer utility
bgréji o bzfibji—l AR Al ey bji - bji Al
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Estimating SHA Outcomes

« Use of statistics of the k-th smallest value of a multi-item
statistical sample (order statistics)

+ Express P(V*(x) < v;;) in terms of order statistics

mﬂ'

PVt <o) = [ G P @) (0 = P ™ s

* Find the ranks of the order statistics for which a peer wins
a given number of auctions

]{70 — max(l, Mz S Nz = 1)
k’l — HliIl(k’() aF myj; — 1, Mz)
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Estimating SHA Outcomes

Raul Landa

Bid Rank

 Forinstance,
M, assume that
M there are 6
items for sale
M; — 2 (IV; =6).
W= Then:
M;
M;

ey ko = M; —

Decreasing Value
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Estimating SHA Outcomes

= Cian . For instance,
M; assume that
M; —1 there are 6
\ items for sale
O R
§ M, — 2 (N, =6).
> M, — Then:
[
© e Aty
g Mz — 4 If the value of bid of the k'() 55 M’L
8 peer is ranked here, it can
Mz’ sl win at most 1 item - ;
. independently of how e kywill depend
; many bids it sends. on how many
1 bids the peer
sends.
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Estimating SHA Outcomes

If the value of bid of the

peer is ranked here, it can
win at 1 item if it sends 1

bid, and 2 items if it sends
more.

Bid Rank
M,
M, —1
g M, — 2
©
=
o M, —
S
Y Mz — 4
O
O
M; —
1
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on how many
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Estimating SHA Outcomes

Bid Rank
M,
M, —1
g M, — 2
©
=
o M, —
S
Y Mz — 4
O
O
M; —
1
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If the value of bid of the
peer is ranked here, it can
win at 1 item if it sends 1
bid, and 2 items if it sends
2, or 3 items if it sends
more.
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Estimating SHA Outcomes

* We can now calculate the expected number of items won,
given that NV, are bid for at a value of v;;.

e N

pvg, Niymg) = Y - K(Byslvg)s kymgs — b+ 1)
k=ko(vij,N;)

» Where [(x; k,n) is the regularized, incomplete beta
function.

* The standard deviation can be found equivalently.
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Simulation

» To test the analytic results e
: : ~J\

presented before, we use S %‘ﬁh 1
an artificial bimodal value | 4

distribution as shown

3 II.-Il

Probability Distributicn Function

» Bids are generated .
according to this 4 A} wl ;.ﬁ{l
distribution, and the oo it

Value Distribution for all Peers

e JJ\ _______________ ’L _____ SR S _______ j o

i !
expected number of items ]
won is recorded for |
discrete values of v;;. ptere i

outcome

Values

@ Results from
simulation
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Estimating the number of bids won

Offered Items: 1

s e e R I e O o N A
!
B e R s TSR S h S T e {/
é :
1 AR D B S B o e o & R v abres e A et e :

3 f

g 1 T SRS S RSP S | (SR
T ISR ey e e et S e o s (0
0 5 s . a .

0 200 400 600 a00 1000

Yalue

Offered Items: 15

5
w
=
Z
] .
0 1 g : Lot .
0 200 400 600 a00 1000
Yalue
Offered Items: 30
) | P ] T A R P R ERETS :
gls- ....... . ........ . ..... o
i1l o 1 B elaanse ......
E : 2 ‘
g .
"‘LD"' T B8 3 3 ........ /_',_
0 l - 1 1 l
0 200 400 600 g00 1000
Yalue

An Algorithm for Distributed Resource Allocation in QoS Overlays
based on Generalised Vickrey Auctions

Raul Landa

E( Iterns Vwbn ) E{ Iterns Wwon )

E( Iterms Vbon )

ro w

—

Offered Items: 5

.....................................

...........................................

.............................................

o

200

400 600

Yalue

300

Offered Items: 20

1000

I
200

300 60D
Yalue

500

Off ered items: 35

1000

1000

N
600
Yalue

400

500

E( Items \Wbn ) E( Items \Wbn )

E{ lterns VWbn )

Offered Items: 10

1000

400 600 800
Yalue

Offered Items: 25

200

@ Analytically
predicted
outcome

@ Results from

% 700600 800 1000 simulation
Yalue
Offered Items: 40
[ F i Al oAy /’/ﬁ.,. ...........
(L34 s B ........ J/’i'h :
] e
R R /
PAF AL
0 Ll ; . ;
0 200 400 600 800 1000
Yalue
MSN 2009

Friday, 10 July 2009



Estimating the variability in bids won

Offered Items: 1
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Offered Items: 5
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SHA and P2P Live Streaming Overlays

* \We use auctions to perform capacity/delay tradeoffs in
P2P streaming overlays.

* For each chunk they are interested In,

— Peers send a bid to the peer that gives them the greatest
value for that chunk;

— If the expected number of times the chunk will be received
Is smaller than 1, the process is repeated.

— The process takes peer capacity, delay and load into
account.
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De-centralised Overlay Topology Construction

i e Number of produced chunks: 40
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De-centralised Overlay Topology Construction

i e Number of produced chunks: 40
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Chunk Delay Map

i System
converges to a
“tree-like”
equilibrium
topology, with
peers with lower
delays from the
source uploading
much more
actively than
peers with larger
delays. This
tends to minimize

stream delay.
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De-centralised Overlay Topology Construction

Number of produced chunks: 40

Chunk Delay Map

dA 2
Good stream
delay from the
source, only
around 40/50%
higher than for a
direct connection
from the stream
originating peer.
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Future Work: Lost Chunks (“Slips”)

Number of produced chunks: 40

Chunk Delay Map
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Future Work: High Chunk Jitter

Number of produced chunks: 40

Chunk Delay Map
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Thank You!

Questions?

An Algorithm for Distributed Resource Allocation in QoS Overlays

based on Generalised Vickrey Auctions MSN 2009

Raul Landa

Friday, 10 July 2009




High Chunk Delay

Number of produced chunks: 40

Suboptimal bidding \
due to interactions

between chunk search
and bidding

_ fﬁ///;/
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