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(57) Abstract: In a method (300) for providing
an interactive game including three-dimensional
graphics, input information is received (301) from
a plurality of terminals, and the next game situation
of the game world is determined (302) in the server
system (410) on the basis of said input information.
The method also includes determining (303) in the
server system a plurality of player-specific views
of the game world, which views correspond to
said following game situation, and forming ( 304)
a plurality of player-specific data entities, which
describe said player-specific views. Said plurality
of data entities is compressed (305), and each
compressed data entity is sent (306) for transmission
via the communications network to the terminal (420)
to be compressed at the terminal and to be presented
to the player via the user interface of the terminal.
According to the invention, parallel service times
are sequenced for each client in each process of the
operating system, and when desired, especially when
more than one process are performed on one server
or when more than one process are performed on
several servers, giving service time for performing the
process isdone in a synchronized manner, especially
with a separate synchronization device.
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Method and arrangement for providing an interactive game including three-

"dimensional graphics

In general, the invention relates to games played with terminal equipment. In
particular, the invention relates to interactive games including three-dimensional
graphics.

DESCRIPTION OF THE PRIOR ART

In an interactive, three-dimensional computer game the user is able to operate, via a
computer, in a virtual environment designed specifically for the game in as real-time
a manner as possible. In this description and the accompanying claims the term
game world is used to refer to such a virtual environment and the objects and their
properties defined therein. In this description and the accompanying claims, the term
game character is used to refer to such an object of the game world by means of
which the user can experience the game world and the operation of which can be
controlled by the user. The user controls the movements of the game character,
which may be a person or a vehicle, for example, in the game and thus influences
the events of the game. The computer that runs the game provides the progression of
the game to the user to be seen and heard as experiences that are as similar to reality
as possible.

For an interactive three-dimensional computer game, the contents of the game world
and the game sounds have usually been designed. These are generally implemented
as separate program components. The logic related to the progress of the game and
the user’s interaction with the game world have usually been implemented by means
of the program code of the game.

The performance of the game in the computer generally consists of at least the
following parts: (1) The user’s input is processed, i.e. the game controller, keyboard
and/or mouse are read and the commands read are interpreted as movements of the
game character, for example. (2) The game world is typically simulated by using a
physical model by means of which the collisions of the game characters, for
example, are estimated and the game characters are moved into the desired
directions, and artificial intelligence of the computer-controlled adversaries. (3)
Drawing the figure to be presented to the player usually includes defining the part of
the game world visible to the player, placing the camera in the game world and
drawing the game world on the display of a computer or some other terminal device
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from the view of the camera. (4) The sound of the game is controlled e.g. by
selecting the sounds to be presented to the player by means of simulation and/or the
state of the world pattern, by determining the distance and speed of the sources of
sound in relation to the game character for calculating the sounds and the strength of
the Doppler phenomena, by mixing the audible sounds together at correct intensity,
and by playing these sounds to the user by means of the sound card of the computer,
for example.

Drawing the figure is usually a heavy process, and it is often intensified by adding to
the computer an auxiliary device designed for the processing of graphics, such as a
graphic booster, which helps to create simulations of a three-dimensional world with
realistic appearance.

There are many computer games which can be played by multiple players
simultaneously. Games like this typically include a network layer, which is used to

~synchronize the game and the state of the game world with other players via a data

network or modems. In interactive games including three-dimensional graphics,
which can be simultaneously played by several players with different computers,
there are two kinds of basic solutions: the peer-to-peer model and the client/server
model. In the peer-to-peer model, information about the movement and operations
of the game characters is generally transferred between different computers, and a
game program, which takes the transferred information as input, is independently
run in each computer.

In the client/server model, the computer of one player or a separate computer
selected for the purpose operates as a game server for many players. The game
clients of all players communicate to the server the movements and other operations
of each player, on the basis of which the server performs the simulation of the game
world. As a result of the game simulation, the game clients run in the players’
computers get an update of the status of all the objects changed or moved in the
game world. Each game client draws the player’s view on the display independently
on the basis of the world status information received from the server. For example,
the Quakeforge game for multiple players, which is implemented as an Open Source

" project, has been implemented in accordance with the client/server model. Although

such a model is simple in principle, it may entail problems, because the transfer
delay from the player to the server and back may be disturbingly long. Then the
received status information must be projected both at the server and the game clients
from the moment of transmission to the present moment by extrapolating the
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movements of the objects before the game simulation and before drawing the
player’s view.

Figure 1 shows schematically the server 110 related to the Quakeforge game and the
computers 120a, 120b used for playing. All the files 20 related to the game have
been stored in the mass storage 12 of the server 110, and the processor 10 performs
the simulation of the game world using the physical model, among other things, for
all players. All the files 20 related to the game have also been stored in the mass
storages 12 of the computers 120. The processor 10 of each computer 120 typically
performs, by means of the main storage 11, a process in which the information about
objects changed or moved in the game world is used to extrapolate the status of the
game world from the moment of transmission to the present moment (game process
41). In each computer 120, typically using the graphic booster 13, (drawing process
42) the image of the status of the game world seen by the player is drawn in the
same way as in games typically performed entirely locally in the computer 120. As
mentioned above, information about changed and/or moved objects in the game
world is transmitted to the computers 120, and information about the movements
and other operations of the players is transmitted to the server 110 by means of the
communications network.

In Figure 1 and other figures, all processors are denoted by the reference number 10,
main storages by the reference number 11 and mass storages by the reference
number 12, for the sake of clarity. This use of reference numbers does not specify
whether there are similar or different processors, main storages or mass storages in
the server 110 (or other server) and computers 120.

A personal computer equipped with a fast central processing unit and a graphic
booster intended for drawing three-dimensional graphics is a game platform with
excellent performance. In addition, the PC technology is developing rapidly — to a
great extent also due to the consumption demand of game users. However, there is
great variation in the hardware configuration and performance of different
computers. Thus the companies that develop computer games must ensure the
compatibility of their games with a large number of different computers before the
game can be put on the market. Piratism is also a problem in the computer game
market: with the growing popularity of writing CD-ROMs, many consumers have
equipment suitable for copying the games at their disposal. The purchased computer
games must be installed in the computer before they can be used. In connection with
the installation, problems of incompatibility are often encountered between the
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computer and the game or between the game and some other program already
installed in the computer.

Another known manner presented in Figure 2, which is called the virtual disk
concept, utilizes the server. The game files 20 have been saved in the mass storage
12 of the server 210. Preferably, the files 20a, 20b, 20c of several games have been
saved in the same server. Disk partition software installed in the server operates
(disk partition process 50) together with the virtual disk software (virtual disk
process 51) installed in the computer 120 used for playing, and by means of it the
files 21 needed by the game are delivered from the server 210 to the computer 120
according to the progression of the game. Thus the virtual disk server operates as a
game file storage and a deliverer of game files. The retrieved files 21 are saved in

‘the mass storage 12 of the computer 120, and the game is run in the game process

52 using the processor 10 of the computer 120 and the main storage 11. By means of
the graphic booster 13, an image of the game situation is drawn for the player
(drawing process 42) in the same way as in a situation where the game is locally
installed in the computer 120 in the conventional manner. Such a virtual disk
concept requires a little less mass storage in the computer 120 than a game installed
in the computer locally in the conventional manner, but typically the hardware
requirements are otherwise the same.

There are also game consoles designed for playing, which can be connected to a
television set (such as Sony Playstation) or portable devices (such as Nintendo
Gameboy). The game consoles are constructed as computers, which have been
stripped of the components that are not essential for playing. One of the advantages
of game consoles is a standard configuration. A person who designs a game for a
certain game console can trust that each game console of that make has the same
properties. On the other hand, the programming environment of each game console
model is different from that of other models, and thus making the same game for
many different console models requires a lot of work.

A problem with game consoles is the fact that consumers are not willing to pay the
price of a computer for an entertainment device. Thus the manufacturers typically
sell the consoles to the consumers at a loss and expect getting their money back with
profit from the sale of games. As a consequence of this, console games are much
more expensive for the consumer than computer games. Another consequence is the

fact that the manufacturers of the game console control who can make and sell

games for each console so that the manufacturers get the prices of the consoles back
in licence fees.
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In practice, it is hard for the manufacturers of game consoles to keep pace with the
rapidly developing computer market, and therefore the consoles launched on the
market as new usually have a weaker performance than personal computers on the
market at that time. The level of games for portable game console equipment is
more modest than the level of games for fixed equipment. This is due to the fact that
their requirements for weight and durability of batteries set limits on the efficiency
of their central processing unit.

The games for the consoles are generally distributed on a CD for the home consoles
and on a memory card for the pocket consoles. Various copy protection mechanisms
are generally used on the CDs, but the use of illegal game copies is still very
common. From the consumer’s point of view, a game console is an easy solution:
the games need not be separately installed, and compatibility problems are
practically non-existent.

Mobile phones with their integrated games have lately also become a part of the
field of game equipment. Mobile phones are practical as game devices because they
are often carried everywhere and they can be easily used for playing during any idle
moment. However, the level of the integrated games of mobile phones is very
modest. The reason for this is the fact that the general-purpose central processing
units of mobile phones have modest performance as compared to a computer or a
game console, and usually they do not have a changeable or fixed mass storage unit.
Thus the game competes for the memory space of the mobile phone with its actual
software. In addition, because in most mobile phones it is not possible to install
more games, no commercial market has developed for them.

There are also games implemented in mobile phones that use a WAP (Wireless
Application Protocol) connection or text messages for communicating with the
server. Using these techniques, it is possible to create simple non-real-time games,
which can be played by many players together.

The games that are available for other mobile terminals than mobile phones, such as
palmtop computers, usually have a more modest level than the games designed for
desktop computers. The reason for this is the fact that even if mobile terminals
might have as effective a processor as a desktop computer, the capacity of the
batteries of a mobile terminal does not enable running a game program with high
performance requirements for a long time without charging the batteries.
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Interactive games including three-dimensional graphics are very popular. However,
as described above, playing them typically requires an efficient computer or game
console. This is because performing such a game program requires a lot of
processing capacity. Interactive games including three-dimensional graphics are
sensitive to delay between control commands given by the player and the
presentation of the response caused by them: if obtaining a response to the input
given by the player lasts longer than approx. 0.2 seconds, playing the game is not
comfortable.

GENERAL DESCRIPTION OF THE INVENTION

The object of the invention is to present a straightforward method and arrangement
for providing an interactive game including three-dimensional graphics for terminal
devices with possibly different properties and performance. Advantageously, games
can also be offered for mobile terminals which may have a modest performance
compared to desktop computers and/or in which the limited capacity of the batteries
restricts the selection of programs performed in the terminal.

The objects of the invention are achieved by performing the simulation of the game
world on the server, by forming on the server in advance the data flow to be
presented to the player, which typically comprises at least image and sound
information, and by compressing the data flow to be presented to the player on the
server and by transferring the compressed data flow via a typically broadband data
transfer network to be decompressed in the terminal and to be presented to the
player via the user interface of the terminal.

The method according to the invention for providing a game including three-
dimensional graphics comprises the following steps:

- input information is received from a number of terminals, and

- on the basis of said input information, the next game situation of the game world is
determined in the server system,

and it is characterized in that it also comprises the following steps:

- defining in the server system a plurality of player-specific views of the game
world, which views correspond to said following game situation,

- forming a plurality of player-specific data entities, which describe said player-
specific views,

- compressing said plurality of data entities, and
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- sending each compressed data entity for transmission via the communications
network to the terminal to be decompressed at the terminal and to be presented to
the player via the user interface of the terminal.

The server system according to the invention for providing an interactive game
including three-dimensional graphics comprises:

- means for receiving input information from a data network, and

- means for determining the next game situation of the game world on the basis of
said input information,

and it is characterized in that it also comprises:

- means for defining a plurality of player-specific views of the game world, which
views correspond to said following game situation,

- means for forming a plurality of player-specific data entities, which describe said
player-specific views,

- means for compressing the data entities, and

- means for sending a compressed data entity to the data network.

Some preferred embodiments of the invention are described in the accompanying
dependent claims.

In the solution according to the invention, the heavy calculations of the game
including three-dimensional graphics are performed in the server system. As a
result, player-specific views of the game world corresponding to each game
situation are received; the game characters are typically at different locations of the
(common) game world, and the game view seen by the game characters and the
sounds heard by them (i.e. the views and sounds presented to the players) depend on
the location in the game world. In general, both image and sound information is
transmitted to the players. The quantity of information describing the view is so
large that it is compressed for efficient transfer to the terminal equipment. The
image information to be compressed can be a rastered image, i.e. a two-dimensional
map consisting of pixels, in which the colour of each pixel has been given. In this
case, the term compression refers to typically lossy image compression methods
suitable for compressing two-dimensional images. Alternatively, the image
information to be compressed consists of image drawing instructions, typically 3D
parameters. In this case, the term compression refers to compressing these
parameters. In general, said data entity can comprise sound in addition to the image
information. It can also comprise information related to vibration or other sensory
stimuli that can be transmitted to the player by means of the user interface of the
terminal equipment.
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In the terminal equipment, the compressed data entity is decompressed and
presented to the player via the user interface of the terminal equipment. The term
decompression refers to determining the original (or, if it is a lossy compression
method, similar to the original ) data entity on the basis of the compressed data
entity. If the compressed data entity includes image drawing instructions, the
terminal device must be able to calculate the image to be rastered on the basis of the
instructions and then to present the rastered image. If the compressed data entity
includes a rastered image, it is sufficient that the terminal equipment decompresses
the compressed rastered image and presents it on the display of the terminal
equipment. On the basis of the image, sound and possible other information
presented, the player reacts to the game situation with control commands given by
means of the user interface of the terminal equipment, which control commands can
be modified in the terminal equipment before they are transmitted back to the game
as input information.

In order to ensure an interactive game experience, the latency (round trip delay) of
the communications network connecting the terminal equipment and the server
system must be sufficiently small and the communications network must have a
sufficiently broad frequency band.

In order to minimize the bandwidth requirement of the communications network, the
data entities related to the game situations are compressed before they are
transferred. The compression is carried out in real time in the server system
performing the games. The compression methods used, especially the methods used
for packing the image information, must be chosen carefully: for ensuring
interactiveness (in other words, because of the real-time requirement), they must be
sufficiently fast, and the corresponding decompression methods must be - in order to
minimize the memory capacity required of the terminal equipment - sufficiently
light in terms of calculation. In addition, the summed delay of compression and
decompression must be sufficiently small. Typically, this delay must be under 0.1
seconds. This delay is naturally dependent on the efficiency of the server system and
the terminal equipment. These factors may limit the applicability of some known
image compression methods in a solution according to the invention. This matter
has been dealt with more closely in the detailed description of the invention. There
may be many different compression methods in use for different kinds of terminal
equipment, and the invention does not require any specific compression method.

The issues related to the running of the graphic application in the solution according
to the invention will be discussed in the following. The running of graphic
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applications like those described above on servers can be made more difficult by the
slowness of the task change of the graphic booster card and the limits of the graphic
(texture) memory. The traditional construction of computers often prevents adding
cards, but adding graphic memory is possible, of course. However, in that case the
operation usually becomes uneconomical.

The graphic boosters of computers are usually designed only for performing a
graphic-intensive application as a one-time process. This could be solved so that the
work of each client to be served is carried out as a process of its own, which
processes the operating system of the server performs in turns for a short period at a
time.

The performance of a typical game application to be performed on the server
proceeds in the following manner, for example:

Input processing — Simulation — Drawing new image — Image compression and
transmission — Waiting until time to draw the following image. In other words, the
process returns to the beginning of the cycle.

If many such processes are performed in the same server at the same time, it will
happen that at times the ”drawing new image” steps of two or more processes occur
simultaneously. Because the operating systems of computers alternate the process
executed each time between all the processes run on the computer, the graphic card
of the computer must then change tasks frequently, which causes an unwanted
slowing down in its operation.

When many servers are used, the transmission of the image of unsynchronized
games can occur and usually occurs simultaneously, causing thus capacity problems
in data transfer, if the servers communicate with the client computers using a data
network like the Ethernet, in which capacity is distributed on the basis of an
allocation method such as CSMA (Carrier Sense Multiple Access).

The purpose of the embodiment of the invention to be presented in the following is
to smoothen the operations so that an attempt is made to prevent simultaneous and
competing processes, whereby the loading of the graphic circuits is reduced and the
performance of the tasks becomes faster.

In said embodiment of the invention, the application performed on the server is
modified such that more than one client can be served in the process of the
operating system by turns. Then a) serving these clients does not compete for the
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resources of the graphic card, because they are not performed simultaneously, and b)
the games of these clients can use the same 3D world model and thus save the
memory of the graphic card. This improves the performance of the server
substantially in a situation where many clients use the same application.

The serving order of different clients is preferably selected such that the games of
players who are close to each other in the game world are performed in sequence.
This gives a chance to utilize the so-called cache property of the memory of the
graphic booster, in which the parts of the three-dimensional model that were just
used are available more quickly than the parts that were not used before.

In addition, if the server computer that performs the game includes more than one
processor, the image compression and transmission, which are time-consuming, can
be separated to a thread of control of their own, which can be run on any processor
of the computer. On the other hand, it is recommended to lock all the image drawing
threads of different games to operate on the same processor for synchronization.

When more than one game, which are different, are performed on the same server
computer, or the same game is performed on more than one server, these cannot be
performed in the same process of the operating system and thus be prevented from
using the graphic card at the same time. For this reason, it is advantageous to use an
external synchronization process, in which one computer allocates time slots for
each process of other computers.

A suitable device for this purpose is e.g. a cable which connects the parallel port of
the computer that allocates time slots to the parallel ports of all other computers of
the same group. The computer allocating time slots gives by turns, using the parallel
port, a sign to each game of each server, whereupon the games draw their screen. At
the same time, the transmission of the compressed image via the network to the
client equipment is synchronized, whereby the capacity of the network can also be
maximally utilized.

The operation of the network between the servers and the clients can be further
intensified by using a separate broker computer through which all traffic from the
servers to the network and from the client devices to the servers takes place. The
broker computer uses a program which receives the images sent by the servers and
transmits them further to the network with as even time intervals as possible. In
addition, the program can stop using the network when it is waiting for an
acknowledge message from the client device to an image already transmitted. Thus
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it is ensured that the images transmitted by servers and the acknowledgement
messages of terminal devices do not compete with each other for the network
capacity.

In order to make the waiting time of the images on the broker computer as short as
possible, it is also advantageous to use simultaneous external synchronization like
that described above.

The invention provides considerable advantages. For example, the invention makes
it possible to use small mobile terminals for playing games including three-
dimensional graphics, which were originally designed for PCs, when the terminal is
connected to the server system using a communications network with sufficiently
wide frequency band. This enables playing high-quality games with heavy
calculation in small mobile terminals, in which mains current is not always
available. The terminal device must usually have calculation capacity and suitable
software or hardware for decompressing compressed image and sound. However,
decompressing compressed image and sound for reproduction/presentation is much
lighter than performing such games in terminal equipment. Because the reception
and decompression can also be implemented as a programmable process, the
invention can be easily adapted for different kinds of terminal equipment. The
games themselves can operate on the server entirely independently of the terminal.

The compression of information to be transferred, which is performed in the server
system, requires a certain amount of resources. However, a server system from
which games are offered to many players simultaneously according to the invention
also provides savings in resources, which usually correspond to the extra resource
requirement related to image compression or exceed it. Computer games are
generally programmed such that only one game at a time is played with one
computer. For use with servers, the game programs can be easily modified such that
many of them can be performed with the same computer. By performing the same
game for more than one player with a certain computer (server), savings in resources
are often obtained — as compared to a situation in which each game is performed in
a separate computer — because it is often possible to use the same copy of the game
world for all the game sessions. This applies both to games with multiple players
and separate games for one player. Because the image resolution of mobile
terminals is generally lower than that of computers, it is often faster to draw an
image with low resolution than an image with high resolution. The requirement for
extra resources caused by the compression of image information (processing
performance and/or memory capacity) is in the order of the saving of resources due
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to using a lower image resolution. Because the drawing of the image is carried out
in the same system as the compression of image information, instead of
conventional image compression it is possible to use an image compression method,
which utilizes the information available of the game, about the location and
movements of the camera, for example. Using such information about the game
world or the camera in the image compression makes the image compression lighter.

It is possible to adapt existing computer games for the solution according to the
invention with a rather small amount of work by modifying the source codes of the
games. In practice, it is advantageous to add to the game a library, which connects
the game to the image and sound compression system. In addition, the game can be
adapted to serve more than one user (either in separate game sessions of one player
or a game of multiple users) at a time. In this way, existing games can be offered for
playing with different terminals with a considerably smaller amount of work than
modifying the game program for different kinds of terminal equipment would
require.

The solution according to the invention provides e.g. the following advantages for
the game designers. The server system is, especially due to its scalability, a more
efficient game platform than many terminal devices that are smaller than a desktop
computer. This enables designing and offering new, more developed games for such
terminal devices. The game need not be re-developed for different terminal devices.
Thus, new marketing channels can also be obtained for existing games. Piratism is
not possible; the player cannot copy the game, because the actual game program is
never in the user’s terminal. The distribution costs of the game are reduced
substantially, because generally computer games are written on CDs, which are
delivered to the end users through importers, distributors and retail stores. When the
solution according to the invention is used, the production costs of the CDs and their
packages are saved in their entirety, and there is no need to tie capital to this step
without any knowledge of the commercial success of the game. The game designers
are typically also paid by the number of CDs sold, but in a solution like this it is
possible to pay compensation based on how much the game is played. In addition, it
is easier to deliver an update version of the game to a small number of servers than a
large number of end users.

The solution according to the invention provides e.g. the following advantages for
the players/users. The new small, battery-powered, typically wireless mobile
terminals are possible game terminals. The user need not buy the whole game at
once, but playing the game can be paid for on time basis, for example. The price for
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using the games consists of the games that the user really plays. The games need not
be installed in the terminal, and thus the problems often related to installing the
games are avoided, and there may be a large selection of games available for the
user. In addition, the synchronization of the game processes performed on the server
provides a short response time for the player, and the game views corresponding to
the game situation are updated quickly.

The solution according to the invention provides e.g. the following advantages for
the providers of game services. The invention enables a well focused dynamic
marketing channel: because the consumers are already buying suitable terminals, the
terminal acquisition need not be subsidized, like the case often is with game
consoles. The equipment costs can be time divided between a larger number of -
players, because while each potential player needs one game console, the number of
servers needed is only for the largest number of simultaneous players. In addition,
with the synchronization of the processes the game processes can be performed
efficiently with a small quantity of servers, data transfer capacity and other
equipment. Games can also be easily offered for many different types of terminal
equipment, even simultaneously from one game server. Implementing the server
system as a server group ensures scalability, and thus the performance of the server
system can be easily adapted for different or changing maximum numbers of users.

LIST OF FIGURES

In the following, the invention will be described in more detail by presenting
preferred embodiments of the invention and with reference to the following
drawing, in which

Figure 1 shows a schematic diagram of a known game server solution,
Figure 2 shows a schematic diagram of another known game server solution,
Figure 3 shows a diagram of a method according to the invention,

Figure4  shows the operation of a game server solution according to the
invention by way of example,

Figure 5  shows examples of the use of the solution according to the invention,

Figure 6  shows a diagram of a server system according to the invention, and
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Figure 7 shows a diagram of a server system according to a preferred
embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

In the above description, reference was made to Figures 1 and 2 when describing the
prior art solutions. In the figures, corresponding parts are denoted by the same
reference numbers.

Figure 3 shows a diagram of a method according to the invention. In step 301, input
information is received from a plurality of terminal devices, and the next game
situation of the game world is determined in the server system on the basis of said
input information in step 302. Typically, this means that the game simulation is run
forward by one time step. In step 303, a plurality of player-specific views of the
game world are determined in the server system. These views correspond to said
following game situation. A number of player-specific data entities, which describe
said player-specific views, are formed in step 304. In step 305, said number of data
entities is compressed, and in step 306 each compressed data entity is transmitted for
communication via a typically wideband data communications network to the
terminal equipment to be decompressed at the terminal equipment and to be
presented to the player via the user interface.

In a method according to the invention, input information is typically received
continuously for the whole duration of the game. Generally, steps 302 to 304 are
repeated cyclically as long as the game is performed. It is clear to a person skilled in
the art that in the server system said steps 301 to 306 can be performed in the same
computer process or, typically more advantageously, as divided into some separate
computer processes or threads of control. For example, the step of compression and
the step in which compressed information is transmitted can be performed in one
thread of control, and steps related to the definition of views and image drawing in
another thread of control. The performance of these threads of control is preferably
distributed between the users so that the thread of control of a certain user is
completed for a certain game situation before capacity is given for the performance
of the thread of control or another user. Thus the performance capacity is preferably
distributed as synchronized for different users. Terminal-specific data flows are thus
delivered to a plurality of terminal devices, which plurality may comprise any
number of terminal devices. Each data flow consists of separate, compressed data
entities that are usually related to consecutive game situations. The User Datagram
Protocol (UDP) or the Transfer Control Protocol (TCP) is preferably used for
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transferring the compressed data entities. In addition to image information, sound
information is typically also transferred.

Some methods according to the preferred embodiments of the invention are
presented in the accompanying dependent method claims. The server system
according to the invention or some of its means can be arranged to implement, when
offering the game to the user, e.g. any one of the methods defined in the dependent
method claims or some features of such a method. They can also be arranged to
operate so that they implement any of the features mentioned in this detailed
description of the invention.

Figure 4 shows the operation of a game server system 410 as an example. The game
server system 410 can be either a single server computer or a server computer
group. The files 20a, 20b, 20c of a plurality of games have been saved in the mass
storage 12 of the game server 410. The games are performed by means of
processor(s) (two of which, 10a and 10b, are shown in Figure 4 by way of example),
a main storage 11 and a graphic booster 13. An additional library, which is generally
compiled to the game program to be performed, is typically used to implement the
compression of image and sound, operations related to communications
connections, and the load management (and equalization) of the server computer or
the server computer group. When the game program is performed, the processes
typically performed in the game system include at least the game simulation process
60, which corresponds to step 302, the drawing process 61, which corresponds to
step 303 and typically also step 304, and the compression process 62, which
corresponds to step 305. The performance of said processes is sequenced
advantageously for the users of the service so that the process of one user is
completed before the processing resource is given to perform the process of another
user. The processing time is preferably divided between the processes of the users as
synchronized. Collisions in the use of resources can thus be avoided, and the waiting
times of the processes can be made short. Thus the response time of the service
received by each user can be made as short as possible and the updating of the views
of the game world as fast as possible.

Of the known image compression methods, MPEG-1, MPEG-2, MPEG-4, H.261 or
H. 263 can be used. Many image compression methods intended for conventional
use analyze images in groups containing a plurality of images. Because the image
compression method must then analyze even the last image of the group before
forwarding the information related to the first image, compression like this generally
causes an unnecessary delay from the drawing of the image to the reception.
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Generally, the corresponding delay is also repeated in the decompression of the
compressed information. In the solution according to the invention, it is often
advantageous to modify the known compression method so that the method of
analyzing consecutive images is not in use, or the group used by it is as small as
possible, such as one or two images.

The transmission of compressed image and sound to be transmitted from a game
server according to the invention differs from, for example, films delivered via a
data network in that the content transmitted in the solution according to the
invention is interactive and not predetermined. Transmitting precompressed content
is technically much easier, because the compression need not be carried out in real
time but it can be done in advance and the compressed data flow can be saved in a
suitable mass storage. In data transfer like this it is possible to use buffering in the
receiving device. The receiving device can collect the desired amount of
information in the buffer before it starts decompressing it for the user. Thus the
receiving device can prepare for interruptions in data transfer. In the case of
interactive content, buffering typically causes too long a delay in the response of the
game to the user’s input. This matter has been dealt with more closely below in the
description of the preferred embodiment of the invention.

In palmtop computers, a useful image resolution is e.g. 320 x 240 pixels, or in
mobile phones which usually have a smaller display, e.g. 240 x 160 pixels. Other
image resolutions are also possible. The frame rate is preferably 10 to 20 images per
second. Less than 10 images per second looks jerky, and the eye cannot distinguish
over 25 images per second. The higher the image resolution and the frame rate, the
higher performance is required of both the server system and the terminal
equipment.

Of the known sound compression methods, e.g. MP3, Ogg Vorbis or — especially if
the terminal already supports these sound compression methods — any sound
compression method used in mobile communication networks can be used..

When both image and sound information is delivered from the server system
according to the invention to the terminal equipment, the size of the data flow to be
transferred is approx. 250 kbit/s.

The data transfer network 430 is preferably a wideband data transfer network,
through which the user receives a fast response to the control commands he has
given. Examples of access networks, which can be part of the data transfer network
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430, are the following: a wireless local area network, such as WLAN 802.11b,
transfer capacity 11 Mbit / base station) or WLAN 802.11a (54 Mbit / base station);
ADSL (Asynchronous Digital Subscriber Line, 256 kbit/s — 2 Mbit/s / user) or
UMTS (Universal Mobile Telecommunication System, 384 kbit/s — 2 Mbit/s / user).
The server system 410 can be connected to the backbone network of an operator
providing data network connections, for example.

Figure 4 also shows a terminal 420 with a processor 10’ and a main storage 11°. The
processor 10’ of the terminal is typically different from the processors 10 of the
server system 410, and in different terminals the processors and other equipment
differ from each other. A terminal program has generally been installed in the
terminal 420. When the terminal program is performed, a decompression process 63,
which decompresses the transferred, compressed information, and a presentation
process 64, which presents the transferred information to the user by means of the
user interface of the terminal, are typically performed in the terminal 420. Image and
sound, possibly also e.g. vibration or other information are typically presented to the
user.

Figure 5 shows two examples of the use of the solution according to the invention.
A mobile terminal 500, such as a palmtop computer, is connected via a base station
520 of a mobile communication network to a server system 410 connected to the IP
backbone network 510 of the network service operator. Figure 5 shows only the
network elements that are essential for understanding the invention, and e.g. the way
of connecting the mobile communication network to the IP backbone network of the
operator will not be described in more detail in this context. A matter like this is
clear to a person skilled in the art. Games provided by the same server system 410
can also be delivered e.g. via a television set 560 and an auxiliary device 550 (set-
top box) connected to it. The television set then operates as a display, and e.g. a
separate control device of the auxiliary device operates as a device for giving
control commands. Information of the game view can be transmitted for
presentation by a television set e.g. via a cable television network 530 or an ADSL
network. Control command information can be transmitted from the set-top box
device to the server system e.g. via a public switched telephone network 504 or an
ADSL network. Control command information (input information) can thus be
transmitted to the server system via a first communications network, and
information to the terminal from the server system can be transmitted via a second,
e.g. a different communications network.
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In certain connections, for example, if the server system 420 is located in an aircraft,
the server system 420 can be directly connected to the access network, e.g. to the
fixed part of the wireless local area network.

For playing, a program is typically installed in the terminal 500 for performing
operations such as receiving information from the server, decompressing the
information, presenting the decompressed information to the user by means of the
user interface of the terminal, possible interpretation of the commands given via the
user interface into control commands, and delivering the control commands to the
server system. Such a program is preferably a plug-in component added to the
browser program, because browser programs are common in terminals, and such a
plug-in component can be easily downloaded from the server in the data network,
and installing it in the terminal can take place (nearly) automatically. The same
program added to the terminal is typically suitable for playing all the games
delivered from the server system according to the invention. If the terminal can
decompress image information compressed with a certain method (such as the
combination of a television set and a set-top box, these properties of the terminal
can, of course, be utilized. The corresponding operations can be omitted from the
program installed in the terminal. It is possible that no separate program related to
playing the game need be installed in the equipment used as the terminal, but the
terminal (e.g. a combination of a television set and a set-top box) already supports
the operations needed for presenting the game and transmitting the user’s
commands. A version of said program or plug-in component is generally made for
each type of terminal equipment for which the games are offered. The type of the
terminals for which the game is delivered can thus be easily concluded by
transmitting with the game starting command, for example, information about the
version of the program or the plug-in component.

Figure 6 shows a server system 600 according to the invention for providing an

_interactive game including three-dimensional graphics. The server system 600

comprises means 601 for receiving input information from the data network and
means 602 for determining the next game situation of the game world on the basis
of said input information. In addition, it comprises means 603 for determining a
plurality of player-specific views of the game world, which views correspond to said
next game situation, means 604 for forming a plurality of player-specific data
entities, which describe said player-specific views, means 605 for compressing the
data entities, and means 606 for transmitting the compressed data entity to the data
network.
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Of said means, means 602 have generally been implemented as program code
executed by means of a processor and a memory unit. The means 602 thus
correspond to the simulation process 60 mentioned in Fig. 4. The means 603 are
generally implemented at least partly as a program code executed by means of a
graphic booster, and so they correspond to the drawing process 61 mentioned in Fig.
4, for example. The means 604 are generally implemented as the same executable
program code as the means 603. The means 605 can be equipment designed for
operation according to a certain compression algorithm, but typically they are also
implemented as a program code executed by means of a processor and a memory
unit. The implementation of the means 601 and 605 as a combination of the
executable program code and suitable physical equipment (such as network cards) is
clear to a person skilled in the art. Many of the means mentioned in the
accompanying dependent claims can advantageously be implemented as program
code executed by means of a processor and a memory unit.

Figure 7 shows a diagram of a server system 700 according to a preferred
embodiment of the invention. The server system 700 is a group of servers consisting
of a plurality of computers. The computers 701, 702 can be different, but for reasons
of maintenance, their physical configuration is preferably similar to a certain extent.
The group includes one administration computer 702, which starts the game
processes at the users’ request. The same computer 702 keeps a record of the games
available and running in all the computers 701 of the group. The administration
computer can also sequence the performance of the game processes between
different users. The other computers 701 are game servers with almost similar
software configuration with the purpose of executing games for the users. There
may be differences in the software configuration of game servers with regard to
games installed in them, although as homogeneous a configuration as possible is
easiest with regard to maintenance. In a small group, it is economically sensible to
use the administration computer 702 as one of the game servers as well. In a large
group, on the other hand, mere administration requires all the resources of one
computer. The computers of the server group are interconnected by a local area
network suitable for the purpose.

The administration computer 702 includes a generally used WWW server, through
which the users of the games are provided a list of games available for starting at the
time. In addition, through the WWW server it is possible to change the player’s
information in the system and give a request for starting the game. The WWW
server typically communicates with a special administration program. This
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administration program typically handles the following tasks or part of them: It
knows the games installed in each game server and the resources required by them,
knows the performance and overall resources of each game server, keeps a record of
the games running in each game server and thereby the free resources of the server,
and keeps a record of the games available and provides a list to the WWW server. It
starts the games at the user’s request in the game server which has the largest
amount of free resources, checks at certain intervals that the games running on the
game server have informed that they are operative, and gives the game server an
instruction to stop game processes from which this information has not been
received by a specified time. In addition, it checks at certain intervals if all game
servers are in operation; it can remove from the list of available games the games
that are on inoperative servers, and it monitors the connection between each game
and client and gives the game server an instruction to stop the game if the
connection breaks. It starts a server program needed for a game of multiple players,
if the user wants to start a new game of multiple players, and keeps a record of the
number of users of each game of multiple players and the game process that serves
multiple players, and removes the game from the list of available games if the
maximum number of users of the game has been reached. In addition, it collects the
required maintenance and billing information and gives them to the maintenance
user interface provided for the purpose. The administration computer can also

“control the performance of the game processes of the servers so that they are

sequenced between the users as synchronized.

The administration program has preferably been designed so that if it is started again
after a malfunction, for example, it can form an overview of the situation of the
server group, and the games already running can continue without interruption. Thus
a malfunction of one computer or one program does not interrupt the games of all
users. The administration program has been installed in the administration computer
so that it starts automatically once the computer has been started.

The game servers 701 run a special starter program, the task of which is to start and
end game processes at the request of the administration program of the
administration computer. In addition, the starter program gives the administration
program at its request a report of the games running in the game server. The starter
program has preferably been installed in the game servers so that it starts
automatically once the computer has been started. In addition to the starter program,
a plurality of games modified for the purpose, which are started and ended by the
starter program, have been installed in the game servers 701.
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When an existing computer game is brought to the server system according to the
invention, some changes must be made to it. For making the changes, it is
advantageous to develop a program library, which handles the following tasks, for
example, or part of them: capturing an image from the memory of the graphic
booster of the computer and compressing the image; reading sound either directly
from the sound system of the game or so that the game uses a virtual sound card
driver, and the sound sample flow produced by it is read to the library and
compressed; the management of the amount of buffered sound on the terminal;
transmission of compressed data to the terminal; receiving the user’s inputs from the
terminal and inputting them to the game; management of the output data flow; and
sending messages about the operational status of the game to the administration
program so that game processes that are stuck or unused can be ended.

The management of the amount of sound mentioned above means the following.
Sound is critical in a different way than image: if the receiving terminal has no
sound to play, the player hears a break. If a new image does not come on time, the
old image remains but does not disappear from the display. Together with each
image of the game, a period of sound of a certain duration is typically also
transmitted. The receiving device preferably has a certain amount of sound ready for
playing at least until the arrival of the next image, and possibly also a little extra,
because it may happen that the next image and sound packet do not come on time.
On the other hand, the amount of buffered sound must be minimized so that the
sound would not lag behind the image. This means matching together two
contradictory objects: quality and delay. This can be done, for example, with an
adjustment algorithm that measures the frame rate, its variation and the length of the
sound buffer of the receiver, and estimates a suitable length of the sound packet
from these figures. It is possible to send images to each terminal at a terminal-
specific rate, and then the duration of the sound packet delivered to each terminal
together with the image may differ from the sound packets delivered to other
terminals.

The administration of the data flow transmitted to the terminals means that an
attempt is made to perceive any possible breaks and deterioration of quality in the
connection to the terminal, and to stop the transmission of information or to slow it
down for the duration of the breaks. Otherwise, the terminal would have a large
amount of accumulated information to be decompressed when the situation has
normalized. The detection of breaks is usually carried out so that the terminal
acknowledges the image and sound packets it has received. If acknowledgement is
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not received by a certain time after the transmission of the packet, it is decided that
the network is temporarily blocked. Then the data flow transmitted to the terminal is
reduced e.g. by leaving out the transmission of some images, until the
acknowledgements run again. Of course, many other approaches are possible both
for observing and correcting the situation. Acknowledging the received images and
omitting the transmission of images in certain situations is advantageous in that it
also operates in a situation where the terminal is too slow to decompress the data
flow in real time: then the akcnowledgements are delayed and the server system
reduces the frame rate. On the other hand, generally it is not possible to require that
the terminal must acknowledge the previous image before the next one is
transmitted; then the frame rate could not be higher than the round-trip time of the
network. Alternatively, it is possible to reduce the amount of information to be
transferred by reducing the resolution of the image, reducing the frame rate in some
other way, or using more efficient image compression.

Paging for the library routines dealing with the tasks mentioned above and possibly
also other tasks are added to the game program at suitable places. In addition, it may
be necessary to modify the game program more if it does not otherwise operate with
the small display resolutions characteristic of mobile devices, it is originally made
such that multiple copies of it cannot be started simultaneously, or it requires so
complicated commands of the user that they are not easy to give with the limited
number of keys characteristic of mobile terminals.

In accordance with the above, thé game can also be modified so that one game
process can serve more than one user simultaneously - but preferably so that the
games of different users are dealt with alternately one image at a time. This provides
advantages with the synchronization of the use of the graphic card of the computer,
for example, and the joint use of resources for the game between multiple users.
Games of both single and multiple players can be made such.

The number of terminals in the group of terminals is not limited in the
accompanying claims. There may be one or several terminals in the group.
Typically, a game provided by the server system is played by one player with one
terminal, and thus the number of player-specific views is generally the same as the
number of terminals from which the input information is received.

Some preferred embodiments of the invention have been described above. Many
different solutions are possible within the scope of the accompanying claims. It
should also be noted that the inventive idea of sequencing the service time in order
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to sequence the service time of the processes performed on the server between the
users can also be used in other applications using graphics, in addition to games.
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Claims

1. A method (300) for providing an interactive game including three-dimensional
graphics, wherein

- input information is received (301) from a number of terminals, and

- on the basis of said input information, the next game situation of the game world is
determined (302) in the server system,

characterized in that it also comprises the following steps:

- determining (303) in the server system a number of player-specific views of the
game world, which views correspond to said following game situation,

- forming (304) a number of player-specific data entities, which describe said
player-specific views,

- compressing (305) said plurality of data entities, and

- sending (306) each compressed data entity for transmission via the
communications network to the terminal to be decompressed at the terminal and to
be presented to the player via the user interface of the terminal.

2. A method according to Claim 1, characterized in that said player-specific data
entity comprises rastered image information.

3. A method according to claim 2, characterized in that the rastered image
information of the player-specific data entity is formed according to the type of the
terminal from which the input information related to the player is received.

4. A method according to Claim 1, characterized in that said player-specific data
entity comprises information describing the game world for the rastering performed

-by the terminal.

5. A method according to claim 1, characterized in that the player-specific data
entities are compressed so that the size of the compressed data entity depends on the
transfer capacity of the data transfer connection by which the terminal, from which
the input information related to the player is received, is connected to the server
system.

6. A method according to claim 1, characterized in that the player-specific data
entities are compressed according to the type of the terminal from which the input
information related to the player is received.

7. A method according to claim 1, characterized in that it also comprises the
following steps:
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- receiving from the terminal an acknowledgement for the data entity received by the
terminal, and '

- monitoring the rate of reception of the data entities by means of
acknowledgements received from said terminal.

8. A method according to claim 7, characterized in that it also comprises the
following step:

The transmission rate of the data entities to be transmitted to said terminal is
adjusted by means of a monitored reception rate by transmitting, of a plurality of
player-specific compressed data entities related to a certain game situation, all the
other data entities except the data entity intended for said terminal.

9. A method according to claim 7, characterized in that it also comprises the
following step:

- the size of the data entities to be transmitted to said terminal is adjusted on the
basis of the monitored reception rate.

10. A method according to claim 1, characterized in that said input information is
related to one game session of a game for multiple players.

11. A method according to claim 1, characterized in that said input information is
related to several game sessions of a game for a single player.

12. A method according to claim 1, characterized in that it also comprises the
following steps:
- forming in the server system a plurality of player-specific sound data entities,

‘which relate to said following game situation and correspond to the length of a

certain time period,

- compressing said plurality of sound data entities, and

- adding each terminal-specific compressed sound data entity to said terminal-
specific compressed data entity for transmitting them to the terminals to be
decompressed at the terminal and to be presented to the player by means of the user

interface of the terminal.

13. A method according to Claim 12, characterized in that the length of the time
period of said sound data entity is player-specific.

14. A method according to the claims 7 and 13, characterized in that the length of
the sound data entity to be transmitted to said terminal depends on the monitored
reception rate.
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15. A method according to claim 1, characterized in that in order to perform one
or more graphic applications of multiple users with one or more server computers or
the like, a different serving time is sequenced for each of the clients in each process
of the operating system when desired, and especially when more than one process
are performed on one server, or when more than one process are performed on more
Servers.

16. A method according to claim 15, characterized in that said service time given
to the client each time covers performing completely a process or a thread of control
related to one game situation.

17. A method according to claim 15, characterized in that service time is given for
performing the processes in a synchronized manner.

18. A method according to claim 17, characterized in that service time is given to
different users by means of a separate synchronization device.

19. A method according to claim 15, characterized in that the order of serving
clients in each process is selected so that clients which are closest to each other in
the e.g. three-dimensional world in the memory of the graphic card are served
before the clients which are further in order to utilize the cache property.

20. A method according to claim 18, characterized in that the synchronization
device is a separate computer, which by means of a suitable interface allocates time
to other servers/different processes in a synchronized manner.

21. A method according to claim 18, characterized in that the synchronization
device also deals with transmitting the compressed image to the client in a
synchronized manner.

22. A method according to claim 15, characterized in that the compression and
transmission of the image is performed in its own thread of control, in which case
the threads of control that draw the image are locked to operate on the same
processor also in the case that more than one process, such as a game, are
performed.

23. A method according to claim 15, characterized in that all the communication
between the server or servers and the clients is performed by means of a separate
broker computer.
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24. A method according to claim 23, characterized in that the images transmitted
by the servers are received at the broker computer, they are transmitted to the
network using the broker computer at essentially equal intervals, and the network is
not used before the reception acknowledgement coming from the client.

25. A server system (600) for providing an interactive game including three-
dimensional graphics, which server system comprises

- means (601) for receiving input information from a data network, and

- means (602) for determining the next game situation of the game world on the
basis of said input information,

characterized in that it also comprises

- means (603) for determining a plurality of player-specific views of the game
world, which views correspond to said following game situation,

- means (604) for forming a plurality of player-specific data entities, which describe
said player-specific views,

- means (605) for compressing the data entities, and

- means (606) for transmitting a compressed data entity to the data network.

26. A server system according to claim 25, characterized in that said means for
determining the next game situation comprise executable program code.

27. A server system according to claim 26, characterized in that the game
situations of separate game sessions are determined alternately in said executable
program code.

28. A server system according to claim 26, characterized in that the game
situations of a common game session of multiple players are determined in said
executable program code.

29. A server system according to claim 25, characterized in that said means for
determining views of the game world comprise program code to be executed by
means of a graphic booster.

30. A server system according to claim 29, characterized in that said program
code to be executed by means of a graphic booster is arranged to be performed in
one process, in which the player-specific views are calculated alternately.

31. A server system according to claim 25, characterized in that said means for
compressing data entities are arranged to receive information from the means for
determining player-specific views as input information.
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32. A server system according to claim 25, characterized in that it comprises a
plurality of servers.

33. A server system according to claim 32, characterized in that it includes means
for dividing the processing load between said servers.

34. A server system according to claim 33, characterized in that it also comprises
means for receiving the game starting command and means for starting the
operation of means for determining the next game situation which correspond to the
game starting command.

35. A server system according to claim 25, characterized in that it is arranged to
perform one or more graphic applications of multiple users with one or more server
computers by sequencing a different serving time for each of the clients in each
process of the operating system when desired, and especially when more than one
process are performed on one server, or when more than one process are performed
on several servers.

36. A server system according to claim 35, characterized in that it is arranged to
give service time for performing the processes in a synchronized manner.

37. A server system according to claim 35, characterized in that said service time
given to the client each time covers performing completely a process or a thread of
control related to one game situation.

38. A server system according to claim 36, characterized in that it comprises a
synchronizing device for giving service time to different users.

39. A server system according to claim 38, characterized in that the synchronizing
device is a computer, which by means of a suitable interface allocates time to other
servers/different processes in a synchronized manner.

40. A server system according to claim 39, characterized in that said synchronizing
device is an administration computer, which administers games performed on one or
more Servers.

41. A server system according to claim 38, characterized in that the synchronizing
device is also arranged to control the transmission of the compressed image to the
client in a synchronized manner.
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42. A server system according to claim 35, characterized in that the order of
serving clients in each process is arranged to be selected so that clients which are
closest to each other in the e.g. three-dimensional world in the memory of the
graphic card are served before the clients which are further in order to utilize the
cache property.

43, A server system according to claim 35, characterized in that the compression
and transmission of the image is arranged to be performed in its own thread of
control, in which case the threads of control that draw the image are locked to
operate on the same processor also in the case that more than one process, such as a
game, are performed.

44. A server system according to claim 35, characterized in that it comprises a
broker computer for performing the communication between the server/servers and
clients.

45. A server system according to claim 44, characterized in that the broker
computer is arranged to receive the images transmitted by the servers, to transmit
them to the network using the broker computer at essentially equal intervals, and not
to use the network before the reception acknowledgement from the client.
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