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i. Administrativia

Due date and time. During the first five minutes of class: 13.30, 20
January, 2010. Late assignments must be handed in to the TA, in person.

Hand in. The answers should be prepared using a word processing
program, preferably LaTeX, with a neatly printed copy handed in.*

Presentation. This assignment asks you to give lists. For each list item you
should answer ‘What?’ by describing the item well enough that the marker
knows exactly what it is, and ‘Why?’ by giving one or two sentences
describing exactly why it is on your list. Thus, point form is likely to be a
good way of presenting your answers.

Please remember, you are describing how you are creating the
abstraction that you will evaluate: it is not necessary to provide or
hypothesize the results of the evaluation.

Questions. Please address questions to the newsgroup, uw.cs.cs457, or to
the TA at cs457@cgl.uwaterloo.ca.

ii. Introduction
Consider a multi-player game, which consists of three types of object:

1. fixed objects, such as geography, buildings and furniture,
2. players, which are controlled by users, and
3. mobile objects, such as food or clothing, which can be manipulated by

players.
The simplest system architecture on which this can be played is a client/
server architecture. Each player sits at a client, providing input through its
input devices, and viewing the simulated world on a computer display.†

* Presentation and ease of reading/understanding have an unquantifiable, but
unquestionably large, influence in marks awarded.

† Hear the world through speakers, and feeling it through force feedback are
also possible, but do not change the problem in any significant way.
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User actions are transmitted, via the internet, to a server, which maintains
the state of the world. The world state consists of

• the location snd characteristics of all fixed objects, which comprise
the landscape in which the game is played,

• the location snd characteristics of all mobile objects not presently in
possession of a player, and

• the state of the players.
The state of a player consists of

• each player’s current attributes, such as location, posture and health,
and

• the current characteristics of mobile objects owned by the player.
The server communicates the state of the world to each client for display
to the user, and receives each player’s actions, on the basis of which it
updates the state of the world.

A simple implementation of this architecture is clearly infeasible:
communication is too slow for the server to provide a complete
description of the world to every client thirty times a second. Thus, the
game is implemented differently. The landscape, which never changes, is
downloaded once when the client logs on to the game. Mobile objects that
are not currently owned by players are downloaded at the same time.
Finally the current state of every player, including the mobile objects he or
she owns and operates, are also downloaded.

When an action is produced by a user, it is immediately transmitted
from the client to the server. The server calculates the consequences of the
action, and updates the state of all mobile objects and all players. State
differences are then distributed to all clients, which re-render the world as
seen by the player controlled by each client.

iii. A Refinement
This system bogs down as the number of clients increases so the following
refinement is implemented.

1. Each player is given a horizon, with the world beyond the horizon
invisible and impotent*.

2. When a user performs an action only players, objects and landscape
within the horizon are affected by the action or alter the effect of the
action.

This modification significantly reduces the amount of computation and
communication required when an action occurs, at the cost of increasing
the complexity of the user’s state changes because landscape, objects and
other players enter and leave the area within the horizon.

* ‘Impotent’ means that nothing, landscape, player or mobile object, beyond
the horizon can affect the state of the user.
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iv. Assignment – Part 1
In considering the playability of the game one issue stands out: the time
between a user performing an action and the consequences of that action
being rendered on each user’s display. Suppose you wanted to study this
issue, measuring how it varies with workload. Create an abstraction of the
system using the organization given in class:

1. goals of the system,
2. services provided by the system,
3. metrics to be considered,
4. factors/parameters to be varied, and
5. relevant aspects of the workload.

Point form will make your abstraction easier to write and easier for the
TAs to read.

In creating the abstraction you may make the following assumptions.
1. The amount of information communicated to a client after an action

occurs depends on the number of players inside the horizon.
2. Computation times on the server and clients are dwarfed by the

communication times passing information between the server and its
clients.

3. Communication times vary with the amount of information being
communicated.

4. Several levels of communication service are available from the ISP.

v. Life Goes on
It’s now a few years later: technology has changed and many of your
players are now using wireless connections, which come in many varieties,
mobile phone, wi-fi, home wireless internet, and so on. What they all have
in common is that the bandwidth* is unpredictable to you, so you can’t
control it. Why is this a problem? If a user has chosen a connection
method over which the game is not playable they simply don’t play the
game and you don’t get revenue. If, as a game provider, you don’t provide
a game that the user wants to play using the network he or she has at hand
you are out of luck.

Clearly your game needs re-tuning (possibly re-working) so that it is
playable over many different connection speeds: assumptions 3 and 4 at the
end of the previous section must be revisited: communication time now
varies with bandwidth, and you cannot control communication bandwidth
by negotiating with your ISP. A new performance evaluation must be
done.

* Most wireless connection methods are significantly slower and more variable
than wired methods.
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vi. Assignment – Part 2
Re-do Part 1 of the assignment, taking into account the new factors that
advances in network technology have introduced.

Hint. You may find it convenient to copy/paste you answer from Part 1 as
your starting point for Part 2.


