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Overview

¥ What  we mean with demand 
management

¥ The problem of resource allocation
¥ Control schemes 
¥ Problems with different schemes
¥ Managing the problems
¥ Implementing demand management 

using a distributed algorithm
¥ Conclusions
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Demand Management

With demand management we 
mean the concept of controlling 
loads at the demand side when 
needed by the production or 
distribution of energy.

Direct demand management - the 
producer/distributor directly controls the 
demand loads.
Indirect demand management - the 
producer/distributor indirectly controls the 
demand loads through pricing.
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Resource Allocation

Demand management is a special case of 
resource allocation. Resource allocation is 
the concept of allocating an existing 
resource to a number of clients in a more or 
less optimal way. 

Resource allocation has a fairly long 
tradition in computer science.

Resource allocation exists in many different 
areas, like computer science, organization 
theory and economics.
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Strategies of Resource 
Allocation - Centralized 
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Strategies of Resource 
Allocation - Independent 
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Strategies of Resource 
Allocation - Cooperating 

Decentralized

Process

Controller

Process

Controller

Process

Controller
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We refer to this type of control scheme as Agent-Based 
Control, and the controllers in such a control scheme as 
Software Agents. Furthermore, we call a system of Software 
Agents a Multi-Agent System. (A lot of other agent definitions 
exists.)
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Categorizing a Resource 
Allocation Algorithm

Centralized Computation
Centralized Information
Optimal Solution
Deterministic Behaviour

Decentralized Computation
Decentralized Information
Suboptimal Solution
Heuristic Behaviour
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Categorizing Existing 
Demand Management 

Algorithms

Centralized Computation
Centralized Information
Optimal Solution
Deterministic Behaviour

Decentralized Computation
Decentralized Information
Suboptimal Solution
Heurstic Behaviour

Direct demand magement. (A manageable number 
of customers and perfect communication.)

Indirect demand management.
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Important Properties when 
Choosing Strategy

¥ Number of clients
¥ Communication costs
¥ Communication capabilities
¥ Amount of avialable distributed 

computing power
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Example: The Price of a 
Hamburger

How would we determine the 
price of a hamburger if we did not 
allow any distributed resource 
allocation?
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Example: The Price of a 
Hamburger (cont.)

We would have to include information about every 
parameter that effected the price in our global model, 
and ensure through communication that this model is 
accurate enough.

Example of such a parameter: The price of the plastic 
of the pencil of the designer who designed the wheel of 
the truck which transported the hammer needed to 
build the hamburger restaurant.
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Example: Demand 
Management

Parallel to the hamburger example taken 
from demand management:
What is it worth for the producer to be 
able to disconnect Mr. Johnsson's water 
heater for two hours every day?
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Problems With Centralized 
Algorithms

¥ The global model can be too complex to 
manage.

¥ The communication can be too 
expensive or uncapable of transferring 
the required data.
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Problems With Multi-Agent 
Systems

¥ Behaviour is not deterministic.
¥ Solutions might not be optimal. 
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Implementation of Indirect 
Pricing

¥ Trust the customer to adjust to the price. 
(Often uneffective because the customer does not e.g. 
adjust his indoor temperature 0.3C, because of small price 

fluctuations.)

¥ Give the customer a device that controls his 
energy consumption depending on the price.
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The Risk of Indirect Pricing

By letting the customer program his energy usage in 
correspondence to the price in a device might create a 
worse situation for both the customer and the 
producer/distributor than before the demand 
management was introduced! 

This is due to undeterministic behaviour and/or 
suboptimal solutions.
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Controlling the Behaviour 
of a Multi-Agent System

¥ The way that the agents are allowed to interact.
¥ The way agents are rewarded for their performance.

In order to control the behaviour of a system that utilizes 
indirect demand management and programmable 
customer devices or a direct demand management 
method based on a distributed resource allocation 
algorithm, the following properties are vital:

(For a more detailed description refer to the paper.)
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Avoiding Chaos

Youssefmir and Huberman at Xerox show that chaotic 
behaviour is dependent of strategy mixes of the involved 
agents. For some strategy mixes the system is unstable 
and for others it is stable. They also show that a multi-agent 
system with the right rewarding mechanisms will head for a 
stable strategy mix.
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Avoiding Suboptimal 
Solutions

A well known technique for avoiding suboptimal 
solutions in search problems is simulated annealing. 
However, little is known about simulated annealing in 
Multi-Agent Systems.
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Implementing Direct 
Demand Management as a 

Multi-Agent System
(See the paper for details.)

Create a number of interacting 
agents representing e.g. 
distributor, producer and 
loads. Select an interaction 
scheme, e.g. a computational 
market.

¥ Adapts to short and long term changes.
¥ Adding and deleting customers is simple.
¥ It will behave well even when e.g. parts of 

the communication system is not 
functioning.

¥ The cost/benefit can be estimated.


