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Existing games typically adopt a monolithic architecagent can then decide on its next command based on this
ture, where the Al agents that control the non-playaugmented state instead of the local state perceived by
characters (NPCs) are run on a central server. Whilee client.

simple, scaling up to meet user-demands on such AMphile dead reckoning is commonly employed in ex-

architecture can be costly, especially for small-time ga ing games to improve gameplay experience for human
developers. One possible approach to improve scalabilj yers, to the best of our knowledge, it has not been ap-
W.OUId be FO offloa_d the Al agents from the server t lied to Al agents, and little is known about how well the
clients. This was first propose(_j by Douceur et al. [ echnigue works and its associated limitations. Another
who ;uggested offloading AI in order 1o SUpport_mI’mitation of traditional dead reckoning techniques isttha
creasingly complex agents in the context of massive ly network latency is taken into account. Other factors

multiplayer online games (MMOGs). However, the'fike packet losses and commands issued by other players

tec_hmque onIy_ partially offloads the Al to cllents bXNhiCh are in flight are not considered. Human players
splitting the Al |_nto two comp(_)nents and ofﬂoadmg th%an easily adapt to such factors, for example, by aiming
more computationally expensive component to C"emssome distance ahead of a moving target or repeating an

From our experience with game Al, we have foundction which the player thinks has not been performed.
that structuring an Al agent to allow partial offloading i®\n Al agent, on the other hand, will not prima facie be
neither natural nor trivial for developers. In our work, wable to do so. As such, our work will extend existing
study the feasibility otompletely offloading an Al agent research on dead reckoning in a significant way.

from a server to a client. ldeally, w_e would like to be able Our solution is evaluated in the context of a tank game
to oﬁlqad an Al agent th‘?‘t was wrltt_er_l to run on a SeIV@Lat advances the state of the simulation in increments
toa client completely, W'th no or minimal modification. ¢ yis.rete time intervals calleticks. These discrete in-
With a good understanding of the effects of networ rvals are necessary because of the need to synchronize

latencies, jitter and packet losses on the performanceﬂ% commands from several clients at the server. The

oﬁloe}(jed Al and the development pfpractical _tec_h_niqu g agent we used was developed as a term project for
to mitigate these effects, we believe that significant n undergraduate Al module at our university and is

better Al agents can be developed for future m:“'[WOrk‘?gllativeIy sophisticated. In fact, average human players
games. are typically unable to beat it.

There are two key challenges in fully offloading Al The following is a brief description of our method-

to clients: (i) the state of the game world as perceiv% ogy: we start by estimating theommand response
by the client is slightly outdated compared to the actu t which is the time elapsed from the moment
S

state of the simulation at the server; and (ii) there is command is issued at the client to the moment the

delay between th_e time Wher_] a comman(_j s issued fent receives a response from the server. This quan-
the Al agent running on the client and the time when tt}ﬁ can change over time due to time-varying network

command is executed on the server. The key insight c?!nditions SO we use an exponentially-weighted moving

our proposed solution is to employ a modified Versm&\/erage (EWMA). From the estimate tf we can then

of dead reckoning to predict the state of the simulationdetermine the number of game stepthat we need to

at the t'm? of the expected command execution and Pedict in advance by dividing the estimated command
present this state of the game world to the Al agent. T gsponse time, by the tick period
s .
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Client | Server reckoning involved less than 200 lines of Java code,

demonstrating that an Al agent originally developed
to be run on a server can be offloaded with minimal
issued

commends™._| _ 1 modifications.
‘ s ticks . . . .
. ! \ One drawback of offloading Al to clients is that it

Comm;a{\ ! might potentially expose the Al to abuse by hackers since
- 3 the Al code is now accessible on the client machines.
3 Douceur et al. suggested running a deterministic Al
agent and have multiple clients executing the same Al
Fig. 1. Implementation of dead reckoning. code [1]. The results returned by each agent are then
a delay before the state of the world object at the serveympared and the decision taken by quorum. We note
W is received at the client a#/.. If a command is also that there are commercially-deployed anti-cheating
issued by the client when the game world is in sfdfg solutions [4,5] in current multiplayer games and we plan
the command will reach the server and be executed wHenstudy if some of them can also help mitigate the
the world state igV.. Our goal is therefore to computeproblems of cheating.
an estimate ofV; from W., which we refer to asVi, oy work is currently still work-in-progress. In ad-

and pass this object to the Al agent for it to make if§ition to network latencies, practical deployments of
decision on the next move. This is illustrated in Fig. Iygioaded Al will have to deal with other complications
To estimatelV’! from W, we observe that in additionlike packet loss and jitter. We plan to explore these issues
to the evolution of the game world, there are alsand develop techniques to deal with these problems
commands that would have arrived at the server aid a comprehensive way. We can also improve our
executed betweeW andW!. The client does not know implementation of dead reckoning by taking into account
what commands were issued by other players or ageftis likely commands issued by the opposing Al agents.
but it does know exactly what commands were issuddiore sophisticated dead reckoning algorithms [2, 3] will
in the past by the Al agent residing on it. Therefordikely yield better results as well.
to derive a more accurate estimate, it will record the Finally, we will evaluate the scalability of our

commands that were issued by the Al agent for thgqqaging techniques given the limited bandwidth

pasts ticks and assume that a command issued by t§¢ wypical client machines and determine if they

clle_nt would tal_<e§ t|c_ks to reach'the servei’! is then \ould yield the same advantages on games of

estimated by simulatingy’. for s ticks and applying the i¢erent genres or those with more complex physical

appropriate commands issued by the Al agent at thgliygels We hope to use these results to develop

estimated arrival times betweé#; and ;. new network protocols that can effectively address
Our work has two key contributions: (i) to the best ofhe challenges of offloading Al over the network.

our knowledge, ours is the first study of how networklore information on our work is available at

latencies can affect Al agents offloaded from a servédntp://www.comp.nus.edu.sg/"baijia85/offloading At

and (ii) our preliminary experiments showed that a
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