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Executive Summary

Sun is developing new technologies to address the needs for low-latency, high-bandwidth, fault-tolerant, highly
scalable simulation services. Although designed with the massively multiplayer, networked game developer in
mind, it could be reasonably deployed anywhere where such requirements are paramount.

The Target Developer

The primary target for a simulation services system is the game developer. The game developer has a very
different and unique set of needs, skills, and understandings compared to Sun’s traditional corporate developer.
• No Threading Knowledge. Game developers live in a world of mono-threaded, discrete, time-based simulations.

For this reason, Sun™ Game Server technology does not require any knowledge of threading or threading issues
to successfully program and deploy simulation content.

• No Database Knowledge. Game developers typically load all the data they need for a given “level” at the start of
that level. (A level is one unit of continuous player interaction.) They have no experience with transactions, dead-
locks, query optimization, or any of the other myriad database complexities that enterprise developers regularly
deal with. For this reason, it is paramount that the system make any database interaction 100% transparent to
the game developer.

• Little Experience With Architecting Scalable Systems. Scalability solutions in the game world today are still very
primitive. In general, players are divided up into groups that only interact with each other. These groups still
have scalability limits that result in hard and arbitrary limits on the number of players that can play together.
This limits game design in ways that strongly limit the type of game that can be built and the manner in which
it can be represented.

A key value add of Sun’s Game Server technology is that it frees the game developer from these limits and
allows much more flexibility and creativity in game design. In doing so, it must off-load all the scaling issues,
making them transparent to the user.1

The Target Application

Games fall into the realm of near-realtime simulations and thus, have some very stringent performance require-
ments. Sun’s goal of supporting massively multiplayer games adds extreme scalability and latency requirements.
To be successful, a massively multiplayer simulation system must meet these challenges:
• Very Low Latency. Total latency overhead for all activity in the back end other than developer-provided game

code must measure in the tens of milliseconds per interaction.
• Scalable From Hundreds to Tens of Thousands of Simultaneous Players. The system not only has to handle a high

end of 10,000+ of users, but must scale economically from that case all the way down to a system supporting a
few hundred online users at a time. As different games typically go through different speeds of growth curves,
there must be an economical way to grow from the low end to the high end either slowly or very quickly as user
needs demand.

1. It is nearly impossible to build a system that will run bad code with maximum efficiency. Although virtually any code will run correctly in the Sun Game
Server, there are a very few, very simple best-practices the developer should follow in his or her data-structure design to get the best scalability performance
from the system.
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Design Points

These goals for developer features lead directly to the following design points in Sun’s Game Server technology.
• Simple Application Model. An application consists of a “world” of serializable simulation objects. These objects

have their methods invoked to perform actions upon them.
• Automated Execution Model. Simulation objects are invoked in an event-driven, race-proof, deadlock-proof, fault-

tolerant manner. All the issues of object contention and failure handling are dealt with by the execution envi-
ronment and are transparent to the SO code.

• Transparent Continuous Persistence. All details of acquiring simulation objects for execution, completing the
execution, and saving the results are handled by the execution environment. Every game action is durable within
moments of its completion.

• Transparent Massive Scalability. Execution of simulation objects is transparently spread across a horizontally
scalable array of independent processors with independent memory spaces — ranging from a very small number
of processors to a very large number.

Game Server Architecture

Traditional Massively Multiplayer Game Architecture

In order to understand Sun’s Game Server technology, it helps to have a high-level familiarity with what has come
before. Those very familiar with current massively multiplayer (MMP) game architectures can skip this section.

EverQuest and the State of the Industry

The MMP games of today are designed to support thousands of simultaneous players, and require a centralized
server environment in which game computation is distributed across multiple processes on multiple host machines.
These games, for the most part, are based on a software architecture pioneered by EverQuest. The games are typi-
cally divided into “Areas” or “Regions” (sometimes referred to as “Zones”) in which each Region runs its own
process on its own server, while managing state in its own memory space.

A user logging onto such a game starts by connecting to a login server. Once authenticated, the client is
instructed to disconnect from the login server and connect to a starting Region server (if this is a new player) or
to the last Region server to which the player was connected (if this is a returning player). When a user moves
to a different Region, their client is again instructed to drop the current connection and connect to the server for
their new Region.

Limitations of Existing MMP Game Solutions

Limited Scalability

Regions still have a limit on how many users they will allow to connect at once. When that limit is reached the
Region is “full” and will not allow new players in until a current player leaves. This puts an absolute cap on the
number of users this model can support.

Sony gets around this limit by duplicating the entire system many times. (Sony calls each duplicate a “Shard.”
Shard has become familiar industry terminology for a duplicated massively multiplayer game session.) However,
the problem with this scaling solution is that it splits the user base, first by Region and then by Shard. It multiplies
customer service costs and makes it harder to maintain critical online mass of users in any given Shard. Further-
more, players who play on a full Shard have no incentive to encourage friends to play because they may not be
able to play together.
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Minimal Fault Tolerance

The Shard model is not very fault tolerant. If the login server of a Shard goes down, players cannot connect until
it comes back up. If the current Region server goes down, players in that region are stuck and cannot play until it
comes back up.

Inefficient Use of Processors

The Region model would divide load perfectly if people naturally spread themselves out in a Gaussian distribution.
Unfortunately, they don’t. We are social animals and social animals “clump” together.

The end result is that there are often processes just sitting idle maintaining their state while few to no players
are actually using the attached processor. Furthermore, load on a given Region process can shift from nothing to
high load very quickly, so you cannot just deploy multiple server processors to a single host CPU. Each process has
to be capable of handling its full load at any time. The result is large-scale processor waste.

Limited Persistence

Generally, what is persisted to disk from the memory image is just player state. Regions, therefore, are highly
static; they cannot change their geometry because they must be able to be reloaded from original geometry for
failure recovery at any time. A Region’s inventory (those objects dropped by players or monsters and lying “on
the ground”) generally does not persist through a process restart. Monsters are “spawned” as part of the runtime
behavior of the region process and thus also do not persist through a restart.

The granularity for disaster recovery of player state at best tends to be about 15 minutes because the system
has to more or less stop what it was doing to do a backup. In worst cases, a failure can wipe out 24 hours of charac-
ter updates.

Sun’s Game Server Technology

Sun’s Game Server technology radically changes the landscape for programming massively multiplayer games. It off-
loads all the issues of scaling, fault tolerance, and persistence from the game developer, giving them what appears
to be a single, event-driven, monothreaded programming environment. Programs that run within this environ-
ment, however, are automatically scaled across multiple processors and are automatically persistent and fault tol-
erant.

The Sun Game Server Architecture

Sun’s Game Server technology logically is divided vertically into 3 layers: Communications, Simulation Logic, and
Object Store.

The Object Store layer contains the game states for all games running in the Game Server. It is a highly effi-
cient (tenths of a millisecond per operation), scalable, and fault-tolerant transactional database layer that pro-
vides deadlock proof access to the simulation objects, which can either be locked (a write-lock) or peeked (a
nonrepeatable read).

The Simulation Logic layer is responsible for executing the actual game code. Here, tasks are created based
on incoming events which, in turn, check objects out of the Object Store as needed. When a task is completed, the
object is updated and returned to the Object Store.

The Communications layer organizes player communication into channels of grouped communicators. It manages
routing of data packets between the players and the Simulation Logic servers, and between the players themselves. It
also is responsible for translation to and from other forms of networking (e.g., HTTP communications to and from
cell phones).
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Benefits of Sun Game Server Technology

Extreme Scalability

By utilizing a highly-efficient and scalable common object repository for game data, Sun’s Game Server technology
eliminates the need to divide the world along regional boundaries, making Regions and Shards obsolete. Games
may be created as a single, unified, seamless environment that can support tens of thousands of concurrent players.
Developers can continually modify and expand the contents of the world while enabling the game operator to quickly
deploy new servers as needed to meet increased demand — all without disrupting existing game play for con-
nected users.

Highly Fault Tolerant

When a Simulation Logic server or Communications server goes down, game events and player connections are
automatically redistributed to other servers, eliminating the downtime commonly associated with login server or
Region server failure. This downtime is one of the commonly sited sources of player dissatisfaction with existing
game services.

Maximum Processor Efficiency

By distributing the workload based on player activity rather than regional divisions, Sun’s Game Server technology
provides automatic load balancing, not just within a single game, but among all games running within the same
data center. This drastically reduces the cost of redundant, backup, and idle compute server resources.
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Total Persistence

With Sun’s Game Server technology, all objects — not just player state — are reliably persisted. This provides the
developer with greater flexibility to create highly dynamic environments while eliminating the players’ frustration
that comes from seeing their hard work wiped out by momentary server failure or operator error. Both player satis-
faction and customer loyalty are increased.

Conclusion

For the Game Developer

Sun’s Game Server technology offers a radically simplified programming model for massively multiplayer game
developers. At the same time, it offers a degree of fault tolerance and scalability akin to Sun’s enterprise products.
By using the Game Server, a game programmer is freed from all the issues surrounding server-side programming
and left to do what he or she does best — write great game logic.

For the Game Operator

Sun’s Game Server technology is capable of securely running the logic for many different games simultaneously. It
will automatically load balance not just within a single game, but among all games running within its structure.
This provides maximum CPU efficiency for game epicenters, where many games are all run by the same service
provider.

All games running within a simulation back end have shared administration needs, thus allowing one adminis-
tration team across all running games. A Java™ technology-based coding standard ensures that game logic is safely
contained and cannot effect the rest of the network environment. It also protects investments by enabling
operators to deploy future game products into the existing back end.

For More Information

If you are interested in learning more about how this technology may fit into your network game development
plans, please contact us at gametech@sun.com.
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