Optimizing Streaming Applications
with Self-Interested Users

using M-DPOP
Boi Faltings David Parkes
Adrian Petcu Jeff Shneidman
Artificial Intelligence Laboratory DEAS
EPFL, Switzerland Harvard University, USA

htto.//liawww.epfl.ch/Publications/Archive/Faltings2006.pdf

.( I)f [- Faltings, Parkes, Petcu and Shneidman

EEEEEEEEEEEEEEEE COMSOC'06, December 7" 2006, Amsterdam




Overview

@ Operator placement problems:
$description
$#model as Combinatorial Optimization (MCOP)

® M-DPOP: distributed algorithm for social choice
@ Experimental evaluation

® M-DPOP extras, wrap up
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Optimal Operator Placement Problem

® Setting:
$data producers
$users (self interested)
#servers = computational resources
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Optimal Operator Placement Problem

® Setting:
$data producers
$users (self interested)
#servers = computational resources
&rusers have queries:

»"EU financial news” = operators on data

(CNN + BBC) / Fin
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Optimal Operator Placement Problem

® Setting:
$data producers
$users (self interested)
#rservers = computational resources
&rusers have queries:
»"EU financial news” = operators on data
»an operator could run on many servers

»user has preferences on placements

® Resource allocation problem:
4 Goal: find the best placement

4NP-hard (CNN + BBC) / Fin

.( I)f [- Faltings, Parkes, Petcu and Shneidman

ECOLE POLYTECHNIQUE COMSOC'06, December 7" 2006, Amsterdam
FEDERALE DE LAUSANNE




Issues in this setting

@ Distribution: constraints, preferences

® Model: Multiagent Constraint Optimization
Problems (MCOP)

ﬂSOIVing algorithm (M'DPOP [Petcu,Faltings, Parkes '06])
#distributed algorithm
#implements VCG for incentive compatibility
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Multi-agent Constraint Optimization

(MCOP)
@ Constraint Optimization Problems (COP):

& Variables: decisions to take
#Values: possible alternatives

#Constraints: force/forbid combinations - ~
R(X0,X1)] X,
¢ Relations: utility functions T
X0 b(3|4|6

® Objective: maximize sum of utilities

®& MCOP — COP split among agents
& NP-hard
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Operator Placement as MCOP
MCOP: Operators-as-variables

#® Agents want to place operators:

A1
$reg. A0, 0, E

*Variables = where to place operators
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Operator Placement as MCOP
MCOP: Operators-as-variables

#® Agents want to place operators:

A1;>
$reg. A0, 0, (S, null E
® Servers can execute operators, e.g.
€30, could runonS; 0, 0onS, {S,, null}

*Variables = where to place operators
*Values = hosting servers (+ null)
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Operator Placement as MCOP
MCOP: Operators-as-variables

#® Agents want to place operators:

A1p
eg.A:0,0 '}
& i+ 0 0, (s, null} /@Ol 1}
® Servers can execute operators, e.g. U(A1
€30, could runonS; 0, 0onS, {S,, null} 0

@ Utilities - e.g. u(A)):

u(A1) o1
null S1

02 nullf 0 | 2
S31 3|6

*Variables = where to place operators
*Values = hosting servers (+ null)
*Blue relations = preferences
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Operator Placement as MCOP
MCOP: Operators-as-variables

#® Agents want to place operators: A1
$reg. A0, 0,

® Servers can execute operators, e.g.
o couldrunonS ;o onS,

® Each agent has its local problem

*Variables = where to place operators
*Values = hosting servers (+ null)
*Blue relations = preferences
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Operator Placement as MCOP

#® Agents want to place operators:
$reg. A0, 0,

® Servers can execute operators, e.g.
o couldrunonS ;o onS,

® Each agent has its local problem

# Capacity constraints restrict allocations

fre.g. S1 can run a single service:

c(S1)

null
A201 S1

A1o1
null S1

T

\ | X

MCOP: Operators-as-variables

*Variables = where to place operators
*Values = hosting servers (+ null)
*Blue relations = preferences
*Capacity constraints

(i
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Issues in this setting

@ Distribution: constraints, preferences

® Model: Multiagent Constraint Optimization
Problems (MCOP)

ﬁSOIVing algorithm (M'DPOP [Petcu,Faltings, Parkes '06])
#distributed algorithm
#implements VCG for incentive compatibility
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The VCG mechanism for incentive
compatibility
® Centralized VCG (efficient, IC, IR social choice):
#Center solves:

»main economy MCOP(AIl)

»all marginal economies MCOP(-i)
$ Al pays tax = its marginal effect on others

® Distributed VCG challenging, because agents do:
a)information revelation (also in centralized)
b)message passing
c)computation
d)report marginal effects of others
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M-DPOP: the first distributed VCG mechanism
[Petcu, Faltings, Parkes '06]

® Distributed implementation of the VCG mechanism:
#0nly central entity required is the bank
#all agents solve the main economy (using DPOP)
#For each agent Ai:
»the other agents solve MCOP(-i) (using DPOP)
»the other agents report Ai's marginal effects

»Bank fines Ai with sum of reports

B e, s e et st
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DPOP: distributed dynamic programming

[Petcu&Faltings @ IJCAT'05]
@ Complete algorithm, linear # of messages:
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DPOP: distributed dynamic programming

[Petcu&Faltings @ IJCAT'05]
@ Complete algorithm, linear # of messages:

<1: DFS: distributed depth first traversal
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DPOP: distributed dynamic programming

[Petcu&Faltings @ IJCAT'05]
@ Complete algorithm, linear # of messages:

<1: DFS: distributed depth first traversal
¢ 2: UTIL messages bottom-up on the DFS
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DPOP: distributed dynamic programming

[Petcu&Faltings @ IJCAT'05]
@ Complete algorithm, linear # of messages:

<1: DFS: distributed depth first traversal
¢ 2: UTIL messages bottom-up on the DFS
¢ 3: VALUE assignments go top-down
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Experimental results on random problems

@ Model of [Faltings et al. 2006].
4+several classes of users and servers;
#rusers from the same class issue similar queries;
&rservers from the same class can handle the same queries

@ Scales well when little overlap between user/server classes

Agents | Srvs | Vars | Constr | Msgs | MaxMsgSize | TotalMsgSize

- 20 10 32 42 31 94.62 KB 393.94 KB
§ 40 19 60 78 59 114.5 KB 377.25 KB
% 60 29 92 117 91 296 KB 447.78 KB
© 80 40 128 171 127 1.19 MB 2.18 MB

g 100 49 156 210 155 1.07 MB 2.82 MB

\/ 120 59 188 255 187 19.1 MB 32.32 MB
B
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M-DPOP extras

® First faithful distributed VCG implementation

® Reuse computation from the main to the
marginal economies faithfully

® Weak budget balance via limited redistribution
of taxes

® Several techniques to increase its efficiency
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M-DPOP: reusing computation from main econ.

® reuses computation from MCOP(AIl) to MCOP(-i):
$adapt DFS(-i) from DFS(AIl)

$reuse only messages not influenced by Ai
(a) Main DFS (b) DFS™ forest

é
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M-DPOP extras

@® First faithful distributed VCG implementation

® Reuse computation from the main to the
marginal economies faithfully

® Weak budget balance via limited redistribution
of taxes

® Several techniques to increase its efficiency
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Extl: Towards budget balance with M-DPOP

Problem

Ak's influence
on Aj

Tax 1s wasted
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Extl: Towards budget balance with M-DPOP

Problem

Ak's influence
on Aj

A1's influence

Al can receive Aj's tax iff it cannot influence it!! (weak budget-balance)
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M-DPOP extras

@ First faithful distributed VCG implementation

® Reuse computation from the main to the
marginal economies faithfully

® \Weak budget balance via limited redistribution
of taxes

® Several techniques to increase its efficiency

.( I)f k- Faltings, Parkes, Petcu and Shneidman

ECOLE POLYTECHNIQUE COMSOC'06, December 7* 2006, Amsterdam
FEDERALE DE LAUSANNE




Ext2: Techniques to increase efficiency

® H-DPOP: reduces message size & memory by using

Constraint Decision

® MB-DPOP: memory

Diagrams [Kumar, Petcu & Faltings, DCR'07]

pounded propagations using

CYC|e'CUtS [Petcu & Faltings, IJCAI'07]

® PC-DPOP: limited message size using partial
centralization fretcu, Faitings & Mailler, IICAI'07]
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Wrap up: our contributions

@ MCOP model for operator placement

@ M-DPOP for efficient social choice:
#First faithful distributed VCG implementation

¢ Reuse computation from the main to the
marginal economies faithfully

+Weak budget balance via limited
redistribution of taxes

$#Several techniques to increase efficiency
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DPOP - complexity is exponential in induced width

X9-X4| X,
abc
514|6 \
\\
X11-X5 X, 7 \ y
abc / \\ \
/ \ \
al2|2|3 // \ \
\ \
X0 b|5(3|7 // \ \
o @ @ @ @ @ @

eLinear # of messages! largest one is exponential in induced width
eEach back edge has its associated tree path
eOverlaps between tree paths increase complexity

eSpace complexity = maximum no of overlaps = induced width
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