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. They gave us black-box indications on the interaction between game parameters and latency in GPN R or non-GPN R setups. In this research paper we describe a more advanced stochastic model to connect internal random effects in the system (client, network, server) to its latency timeseries. The mathematical description has previously been applied to bioelectrical signal processing in biological experiments, a happy but also realistic metaphor for game networks where players' reflexes are a key ingredient. This is another small step towards rational, quantified and service-oriented minimization/stabilization of GPN R latency.

I. INTRODUCTION

The GPNPerf project (2014)(2015) has established a laboratory version of GPN R that is considered as a controlled experimental environment to investigate latency and networking problems related to online games. Our experiments, conducted in the last few years with Minecraft online game and custom built game bots allow us now and in the future to simulate very large game configurations at internet scale with moderate computational resources by using Markov models of message transport.

Performance modelling is used to determine the Quality of Service (QoS) level supplied by a network (with network services). As we can see in [START_REF] Adas | Traffic models in broadband networks[END_REF], the network traffic models "possess the ability to capture the statistical characteristics of the networking traffic". B. Chandrasekaran in his work [START_REF] Chandrasekaran | Survey of network traffic models[END_REF] discussed different models of actual traffic, which illustrated the characteristics of the actual network load. He mentioned, that "if the underlying traffic models do not efficiently capture the characteristics of the actual traffic, the result may be the under-estimation or over-estimation of the performance of the network." He described different traffic models, including Poisson Distribution Model and Process, Pareto and Weibull Distribution Processes, Markov and Embedded Markov Models, Autoregressive Models.

The predictability and delays are key concerns for computer networks [START_REF] Doherty | The economic value of rapid response time[END_REF], [START_REF] Saldana | Qoe and latency issues in networked games[END_REF] and especially for video game networks. As it was defined in [START_REF] Sitrick | Video game network[END_REF], "a video game network is a distributed set of apparatus which are capable of exhibiting an interactive single identity game." Additionally to network delays, "the on-line service's computers themselves introduce latencies, typically increasing as the number of active users increases" [START_REF] Perlman | Network architecture to support multiple site real-time video games[END_REF]. Latency is an issue for the online gamers, as it is described in the following research papers [START_REF] Claypool | Latency and player actions in online games[END_REF], [START_REF] Pellegrino | Bandwidth requirement and state consistency in three multiplayer game architectures[END_REF], [START_REF] Jehaes | Access network delay in networked games[END_REF] and this is an important factor that needs to be minimized in online gaming experience.

In [START_REF] Zhou | First person shooter multiplayer game traffic analysis[END_REF] an observation has been made by the authors about the importance of internet delay for the FPS or First Person Shooter games. The networking delays impact the game results. "Many games are time sensitive, but it is the time when information reaches the server that matters, not the time the player actually pushes the button" [START_REF] Hains | Game private networks performance: analytical models for very-large scale simulation[END_REF]. The authors in [START_REF] Wu | Traffic modeling for massive multiplayer on-line role playing game (MMORPG) in GPRS access network[END_REF] investigated server-generated traffic in online games and demonstrated, that "it has a tight relationship with specific game design".

M.S. Borella in [START_REF] Borella | Source models of network game traffic[END_REF] investigated multi-player network games. They used analytical models for the analysis and found that not all data sets can be characterized by the same distribution, especially when "spiky" data sets should be taken in account. In these cases they suggest to split the data sets. They mentioned about "Gamma for the lower tail and a Pareto distributions for the upper tail" additionally to deterministic/exponential distributions. In this work they confirmed our observation, that the end user quality of service is related not only to network, but to the gaming host as well.

In [START_REF] Chen | Game traffic analysis: An mmorpg perspective[END_REF] authors found, that "Massive Multiplayer Online Role Playing Games" or MMORPGs and FPS games "both generate small packets and require low bandwidths". Additionally they found, that the MMORPG games have strong "periodicity, temporal locality, irregularity, and self-similarity". They confirmed, that "the arrival of game sessions within 1 h can be modelled by a Poisson model, while the duration of game sessions is heavy-tailed."

T. Peng and Z. Tang in [START_REF] Peng | A small scale forecasting algorithm for network traffic based on relevant local least squares support vector machine regression model[END_REF] describe their approach for real-time network traffic monitoring and forecasting by using "Time Series Analysis, Neural Network Forecasting (NNF) and Least Squares Support Vector Machine (LSSVM) algorithms". They suggested "a new small-scale network traffic forecasting RL-LSSVM (Relevant Local-Least squares support vector machine) algorithm based on Relevant Local (RL) forecast method and Pattern Search (PS) parameter-optimization" for small scale network traffic prediction.

To conclude this Introduction section, we would like to mention the [START_REF] Masmoudi | Realtime prediction of RTT based on Holt-Winters method for Internetbased teleoperation[END_REF], where authors suggested real-time prediction of "round trip time delay" (RTT) based on Holt-Winters Method, which is an "exponential smoothing techniques in the case of observation series which have secular trend and seasonality." They discuss other Quality of Service (QoS) parameters such as "bandwidth limitation, channel congestion, availability of and transmitted information losses or errors" as well. The predictability is an important goal and we are investigating different approaches and techniques to achieve this goal; including machine learning methods, artificial neuron networks (ANN), especially for the prediction of internet delays as well.

II. A STOCHASTIC GAMING NETWORK MODEL

To construct a mathematical model of the method of stochastic representations we assume that the input of our system is supplied in the form of the impact of the process of the white noise. In this section we used the work described in [START_REF] Khmelevsky | Parameterization and Statistical Analysis of Stochastic Signals in Biological Research[END_REF], that was related to experimentations in bioelectrical signals registration and signals modelling. In our case, the input of the system in Fig. II.1 is fed a flow of data from the gamers' consoles/ workstations /online web-applications /etc. (gamers' devices or just devices), "which is relatively close to Poisson process in small time scales", as it was shown in [START_REF] Chen | Game traffic analysis: An mmorpg perspective[END_REF]. We assume a random number of network packets are generated by gamers' device, and the intervals between these packets are distributed exponentially [START_REF] Chen | Game traffic analysis: An mmorpg perspective[END_REF].

In Fig. II.1, gamers' devices produce data packets that are the transfer function of the gamer's devices is ϕ 1 (t). When generated packets from the gamers' devices pass through a medium of internet or GPN R (which is part of internet as well), network parameters undergo changes that correspond to each response function ϕ 2 (t). When passing through the gaming server the network parameters can also be modified in some way. In this case, it will also match its network response function ϕ 3 (t). Thus the input of the gamer server must take into account all three response functions (see Fig. II.1).

The overall transfer function, or network response, of the model can be expressed by convolving all responses as: 

ϕ(t) = ϕ 1 (t) ⊗ ϕ 2 (t) ⊗ ϕ 3 (t) (II.1) Gamers' Device ϕ1(t) Internet/ GPN R ϕ2(t) Game Server(s) ϕ3(t)

A. Single-Gamer Case

Consider the case where only one user plays the game on the server. The model of Rice [START_REF] Marchenko | Liniear stochastic processes and thier applications (in russian)[END_REF] can describe this case. The system comprises a game source and the gamer's packets from the gamer's device to the game server. The following conditions are deemed feasible: (a) a gamer generates packets at random time t k instances.

The transfer of such packets from game device to the destination form random events w k at each t k instances; (b) the number of generated packets α k at each t k instances are independent and identically distributed random variables due to network traffic congestion [START_REF] Al-Bahadili | Simulation in Computer Network Design and Modeling: Use and Analysis: Use and Analysis[END_REF] and network traffic delay variation (jitter) [START_REF] Saldana | QoE and Latency Issues in Networked Games[END_REF], are independent and identically distributed random variables; (c) the probability, P n ( t), that an event n (simple game commands) occurs exactly at time interval t is independent from the position of t in the time axis; (d) the events V( t) originating in non-overlapping time intervals t are independent random variables; (e) the probability of an event occurs in very small time interval t is zero, i.e. if t -→ 0, P n ( t) = 0; (f) a gamer's sequence of commands at time t (or set of specific commands) in the receiving point (at a game server) is a result of applying a random number V (t) elementary events w k , originating in the interval [0, t] and obeys Poisson i.e.

P {V (t) = n} = e -λt (λt) n /n!, n = 0, 1, ..., λ > 0 (II.2)
where λ is the average number of events per interval. Conditions (a), (b), and (e) can provide a gaming sequence of commands as a sum of random variables as:

ξ(t) = Σ V (t) k=1 α k ϕ(t -t k ) (II.3)
where ϕ(t) is a gamer's command, α k is the number of the packets, t k is the delay of packets. (g) however, it is necessary to introduce some correction.

Gamers' commands forms a non-stationary process. This is due to the number of different individual commands that changes with time (i.e. the development of games reduces the number of commands, intensity of game is changing, different types of games are played in the same time, ...). Therefore, the non-stationary Poisson law will be expressed as a function of time as:

P {V (t) = n} = e -λ(t) (λ(t)) n /n!, n = 0, 1, ...λ > 0 (II.4)
This model can be written in integral form as:

ξ(t) = +∞ -∞ ϕ(t -τ )dπ i (t) (II.5)
where π(t) is the generalized law of the Poisson point of growth coincide with t ki , and ϕ(t) is the Heaviside unit step function. In this case i = 1.

B. Multiple-Gamers Case

Consider a model when we have many gamers against a game server. In this case the model can be derived as follows. According to condition (f), at time t k , random events and commands w k at gamers' devices occur to form α k ϕ(t -t k ) packets. These commands are determined by the condition (g) instead of (b).

Based on conditions (c) -(e), the V i (t) events, which occurred in the interval [1, m], 1 ≥ m ≥ k, obey the Poisson law in II.4 with parameter λ i (t). The total events and total parameters over the interval [1, m] can be written as:

V (t) V 1 (t) + V 2 (t) + ... + V m (t) λ(t) λ 1 (t) + λ 2 (t) + ... + λ m (t) (II.6)
Hence, II.3 can be written as a sum of events and parameters as:

ξ(t) = V (t) k=1 α k • ϕ(t -t k ) = m i=1 Vi(t) ki=1 α ki • ϕ(t -t ki ) (II.7)
The expression in II.7 can be represented in the integral form as:

ξ(t) = m i=1 -∞ +∞ ϕ(t -τ )dπ i (t) = -∞ +∞ ϕ(t -τ )d m i=1 π i (t) (II.8)
where ϕ(t -τ ) is a deterministic function with square integrable t from (-∞, +∞). In II.8, if m → ∞, ξ(t) will become:

ξ(t) = +∞ -∞ ϕ(t -τ )dη(t) (II.9)
where η(t) is a Hubert random process with independent increments.

The process of admitting this representation is called a linear random process. In II.9, the function ϕ(t-τ ) is usually the kernel, and the random process η(t) is the process of generating a linear random process ξ(t).

The mathematical model in II.9 includes multiple-gamers stochastic model, and as a special case, single-gamer model can be applied too. Moreover, the model is largely consistent with the properties of transmission environment like packet delay and gamers' commands delivery delays.

Indeed, the generalized derivative of the generating process η(t) is a random process with independent values. This technique is refered to as white noise. Consequently, the process η(t) can be regarded as infinitely dense packing of zeroduration pulses. Then the random process ξ(t) for each fixed t is the result of a superposition of commands of weighted function ϕ(t-τ ). This interpretation is consistent with the data networks when many packets are transferring using a client device, a transmission medium (internet), and a receiving server.

Thus, the mathematical model in the form of a class of linear stochastic processes in the most general form reflects the characteristic properties of the gamers' commands transmission in the internet. However, if the previous models do not take into account many parameters of the process, the linear random process that describes packets is too general. In particular cases it is widely used in the present periodic deterministic, stationary and non-stationary random additive models. Linear model reflects the fact that the sum of gamers' commands is a superposition of network packets. A specific description of the number of packets by stochastic processes of the form (II.3) is useful in practical application.

With the use of the well-known nuclei model, the form of a "two-phase" set of gamers' commands can be written as:

U d (t) ≈ V (t) k=1 A 1 • (t -t i ) • exp - (t -t i ) 2 B 2 1 + µ(t) (II.10)
where A 1 parameter is the number of packets for a specific gamer's command, t i is random delay with an exponential distribution of packets, B 1 is the packets size parameter, µ(t) is the additive noise component with a Gaussian distribution of values, and V (t) is the number of packets.

For "three-phase" set of gamers' commands with more delays between packets,

U d (t) ≈ V (t) k=1 A 2 • (t -t i ) • exp - (t -t i ) 2 B 2 2 • 2 B 2 2 (t -t 1 ) 2 -1 + µ(t) (II.11)
For "three-phase" asymmetric distribution of networking packets in gamers' commands:

U d (t) ≈ V (t) k=1 A 3 • (t -t i ) • exp - (t -t i ) 2 B 2 3 • 2 B 2 2 (t -t 1 ) 2 -C(t -t i ) + µ(t) (II.12)
where C is asymmetry parameter. Simulation parameters may be the following: width parameter component B, the distribution of delays t i , a general parameter of number of packets in the gamer's command A, the number of packets V (t), and the asymmetry parameter C.

Given that during the registration of network delays, jittering, spikes, the limited number of network packets depends on a set of random variables, as well as the initial parameters chosen. We assume, that the width of packets, number of packets in a gamer's command are the same for all gamers and can only be changed at the same time for all; termination of the model approximation to real traffic will minimize the estimation of the normalized standard deviation.

III. FUTURE WORK

Our future work will be related to network traffic prediction and optimization. We are going to investigate spikes, jittering and traffic anomalies in GPN R and compare with non-GPN R characteristics.

Future and ongoing complementary work will confirm our initial analysis, refine it with game condition parameters so as to produce a realistic laboratory simulator of very-large scale game networks. This simulator will then be used to cover extreme conditions that may occur in internet or GPN R , and design dynamic solutions to minimize their effect on gameplayer experience.

IV. CONCLUSION

A deep understanding of game network latency is important for our project goals and in our research. In this work we have built an initial gamers' stochastic model, which allows us to better understand gaming traffic and related traffic parameters, especially when many gamers interact with gaming servers through internet or by employing a GPN R .

We have shown how a linear stochastic model can describe the internal effects of a (player client, network, game server) system so as to better explain and/or simulate real game networks.

Fig. II. 1 .
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