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1. Abstract
          Our research is a part of a project carried out by the distributed systems and software engineering research group at the department of computer science, University of Western Ontario. This project, funded by Communications and Information Technology Ontario (CITO), focuses on enhancing application-level quality of service for multimedia application users over the network. One of the important objectives of the project is to model and analyze host resources usage and their interaction by using a formal framework on the computer environment. Our research concentrates on the simulation of the client and server system by using existing software package on UNIX. In addition to predicting how system works, another important benefit of performance modeling is to provide insight into the structure and behavior of the system. Although experiments can provide more realistic system evaluation, the time needed for developing and running an experiment will be longer than that for modeling. These are the motivations for us to do the analysis on a high level. This report is structured into the following sections: section 2 is a description of the CITO project; section 3 is experimental methodology; section 4 concerns Stochastic Activity Network, the formal framework of our study; section 5 is the introduction of software tool: UltraSAN; section 6 is about modeling and analyzing the project, and is the main part of this Report; section 7 is about our overall experience of using UltraSAN, and the last section is conclusions.
2. Description of Project
 The multimedia application is broadly used in many kinds of field nowadays. As the application user requirements are becoming more and more, network quality of service (QoS) management is very important to meet these requirements. There always exist unpleasant or unsatisfied phenomena when these applications run, such as frame jitter, slow or fast etc.. The causes are hidden in the network resources. The task of QoS management is to reveal the problem and fix them in order to meet the requirements. Much work have been done on this field.
The existing work on quality of service management [1] assumes that the user of an application knows the needs of its host and network resource. Under existing QoS frameworks, an application user is able to require sufficient allocation of host and network resources to ensure quality of service for that application. That is, the assumption here is that the user has a thorough understanding of the application from the very beginning so that he is able to specify the time slice, priority, execution rate, etc.. However, this assumption departs from reality in many aspects. In order to specify resource requirements, the user or developer needs to have detailed knowledge of the application and the environment. That is, the user or developer needs to have clear understanding of different parameters of the application, the hardware architecture and system software in the target environment. This may be difficult to accomplish in many occasions. Even if the user or developer had good knowledge of the application and environment, it happens all the time that the estimation turns out insufficient, which results in low quality of service. If the estimation is overly extravagant, it may result in resource shortages and wastage. 
The approach to ensure Quality of Service taken by the CITO project is to focus on dynamic allocation of resources. This is very different from existing work on QoS management, which assumes that the user of an application knows its host and network resource needs. We propose an “end-to-end, adaptive approach to QoS management” [2]. QoS must be driven by application designers’ understanding of the application, user needs and preferences, or both. Furthermore, we believe that these QoS must be specified on a high-level application metrics, rather than on host or network resources as existing QoS does. Nevertheless, the QoS must be mapped into service requirements at the host and network levels. 

Modeling and analyzing host resources usage and their interaction by using a formal framework is one of the important objectives of the project. Our research concentrates on the simulation of the system by using existing software package on UNIX. The main benefit of  modeling and simulation is to provide insight into the structure and behavior of the system. 

In this research area, we will have a clear idea of how the systems that we are developing run, how properties of the system at the network or processor level affect properties of the application. We will model the network, processors and applications by using formal framework: Stochastic Activity Networks (SANs)[3], a stochastic variant of Petri Nets, because of their usefulness in modeling and analyzing distributed systems. 

We will use the software tool, UltraSAN[4][5], to formally analyze the models of the system. Properties we would want to discover are whether the model realistically reflects the real world, the nature of the real system. The relationship between system performance and system resource is our main concern. For example, the relationship between the frame rate of a video application and cpu speed. Doing this kind of modeling will allow us to more reliably predict whether our proposed solutions will work, by allowing us to simulate our applications before building them, and perhaps even allowing us to prove properties of them. The discoveries of our research will be the guide for the experiments which other members in the CITO project group are doing in the same field. In turn, from the experiments we can obtain more realistic data which are parametric variables for our model.
UltraSAN is a software tool running on UNIX for model-based performance, dependability and performability evaluation of computer, communication and other systems. The design of UltraSAN [3] reflects its two main purposes: to facilitate the evaluation of realistic computer systems and networks, and to provide a test-bed for investigating new modeling techniques. In UltraSAN, models are specified using SANs, using a graphical X-Window based interface that supports large-scale model specification, construction, and solution.
In our project, we will have a number of different kinds of variables which reflect the system. Examples of variables are the priorities of the processes, the processor load, and the frame rate of a video application. We will find some nature of the relationships between these variables and system variables. Therefore we can enhance QoS by changing the value of system variables dynamically, if they are controllable, according to the rules based on our discoveries.

Through modeling, we will analyze the relationship between these variables and system parameters. We will observe how each of the system parameters and different combinations of them affect these variables. Since the models we will construct are high-level, we are going to ignore the details and simplify the model in order to discover the characteristics of main resources which is relative to QoS. Only in this way, can the results of our research have broad application. Therefore, the system resources we concentrate are CPU, memory, disk and bandwidth. System parameters are mainly from these resources. 

3. Experimental Methodology
We will use computer software to simulate the operations of our real-world system. In order to study our system scientifically, i.e. to reflect the CITO project, we have to make a set of assumptions about how it works. These assumptions, which usually take the form of mathematical or logical relationships, constitute a model that is used to try to gain some understanding of how the corresponding system behaves.

If the models are simple enough, it may be possible to use mathematical methods to obtain exact information on questions of interest. This is called an analytic solution. However, this is not only because we are interested in high-level study, but also because our study systems are too complicated to allow realistic models to be evaluated efficiently, therefore, these models must be studied by simulation. In a simulation, we use a computer to evaluate a model numerically, and data are gathered in order to estimate the desired true characteristics of the model.

What we want discover through models is how system variables affect the performability variables. So what we will do is to construct a simple model first, and then from what we find through the simulation to decide the followed models and studies. The following are the steps that will compose our typical, proper simulation study and the relationships among them. As a better understanding of the system of interest is obtained, it is often desirable to go back to a previous step.  What we will do is basically cycle through the following.

a. Formulate problem and plan the study.

Every study must begin with a clear statement of the study's overall objectives and specific issues to be addressed.  There is little hope for success without such a statement.

A model is an abstraction of something for the purpose of understanding it and building it. We want the model to be a good reflection of existing systems. This requires the model to be a high-level abstraction one. Also, the model would be detailed enough so as QoS people can easily identify system components and the connections in-between. The components in the model would be available in reality.  

A model should reflect reality for the project purpose. Current network systems have great potential. If we could make improvement on some critical steps, we would have dramatic improvement on the speed of the display. Moreover, it makes more economic sense to take advantage of the current systems and make improvement on them rather than invent new ones.

What we want to measure is system performability: response time (the requirement that users usually have from the video application is how many frames per second should be displayed on the screen). To meet user expectation is a major task of this study. We also want to know what the impact of components has on the system, which component has the biggest impact, and which has the second, third and so on. The ranking would give guidance to system management where to direct system resources and thus to optimize the system.

b. Collect data and define a model. 

Information and data should be collected on the system and be used to specify operating procedures and probability distributions for the random variables used in the model. One suggestion on how to develop a model is that it is always a good idea to start with a model that is only moderately detailed, and can later be made more sophisticated if necessary. At the beginning, a model should contain only enough detail to capture the essence of the system. It is not necessary to have a one-to-one correspondence between elements of the model and elements of the system. A model with excessive detail may be too expensive to program and to execute. 

We also have to decide the ranges of the variables for the studies according to equipment specification currently popular on the market. Normally, the upper range is equal to the lower range, unless the upper range is greater than the distance between zero and the average. For the range of each variable, we expect that over 80% of the data would fall into the range. 

We set up studies and experiments when the model output is different from our expectation, or in order to test our hypothesis or to collect data, or when the model is changed.

c. Is the model valid? 

Although validation is something that should be done throughout the entire simulation study, there are several occasions where validation is particularly necessary. One such occasion is when building the model. It is imperative for us to involve people in the study who are intimately familiar with the operations of the actual system. Here, these people are our CITO members who are doing experiments with the system.

d. Make changes to models.

The changes are done under following situation: when we need to make the models to be as complete as possible. For instance, when we perceive that client and server independently influences the system performance, and we need to isolate client and server and study them separately. Approaching each problem separately would make the solving of the problem easier, and let us have a clearer understanding of the role that client and server play in the system performance. We also make changes to models when we realize that the model could reflect more on reality if we do necessary amendment; when we want to test our hypothesis that a component has (or not) significant impact on the system performance; and when new components are added to the model.

e.   Implement and run. 

Run experiments.

f.   Evaluate results based on following questions:

Does the output look reasonable? Does it comply with our common sense? Does it fall into the designed range? Is the output similar to what the others are getting in the experiments on the real system? 

We need to constantly compare the output of the simulations with that of real system with regard to the data trend, scale and pattern. If there is any discrepancy, we need to make improvements on the model to make it reflect more closely the real system. We also need to have a close look at other simulation outputs to examine if there is any implication in them. If we got something unexpected, we need to decide whether it is because there is an error in the model, or because the system really does behave that way.
4. Formal Framework
The formal framework we used for modeling the system is Stochastic Activity Networks(SANs). SANs are extended from Stochastic Petri Nets(SPNs) which are extended from Petei Nets(PNs). In this section, we will introduce the theory fundamental theory of them.

4.1. Petri Nets Models
A Petri Nets (PNs)[6] model is a graphical presentation by using two types of nodes, places and transitions. Places are drawn as circles. Transitions are drawn as either bars or boxes.

The arcs of the graph are classified (with respect to transitions) as input arcs, output arcs and inhibitor arcs. The input arcs are arrow-headed arcs from places to transitions; output arcs are arrow-headed arcs from transitions to place, and inhibitor arcs are circle-headed arcs from places to transitions. All these arcs are directed. Multiple (input, output, or inhibitor) arcs between places and transitions are permitted and are annotated with a number specifying multiplicities.   

Places can contain tokens that are drawn as black dots within places. The state of a PNs is called marking, and is defined by the number of tokens in each place. According to classical automata theory, there is a notion of initial state (initial marking) in PNs. The number of tokens initially found in the PNs places can be conveniently represented by symbols that are parameters of the model. An initial marking of one or more parameters represents the family of markings that can be obtained by assigning different legal values to the parameters. In PNs modeling, places can represent conditions, and transitions can represent events. A token arriving at a place can be interpreted as a true condition.

Dynamic evolution of the PNs marking is governed by transition firings that destroy and create tokens. An enabling rule and a firing rule are associated with transitions. The enabling rule states the conditions under which transitions are allowed to fire. The firing rule defines the marking modification produced by the transition firing. Both the enabling and the firing rule are specified through arcs. In particular, the enabling rule involves input and inhibitor arcs, while the firing rule depends on input and output arcs. 

A transition is enabled if and only if each input place contains a number of tokens greater than or equal to a given threshold, and each inhibitor place contains a number of tokens strictly smaller than a given threshold. These thresholds are defined by the multiplicities of arcs. When    transition t fires, it deletes from each place in its input set t as many tokens as the multiplicity of the arc connecting that place to t, and adds to each place in its output set t as many tokens as the multiplicity of the arc connecting t to that place.

4.2. Stochastic Petri Nets

PNs have gained popularity in recent years because of their usefulness in modeling and analyzing concurrent systems. However, the concept of time is not explicitly provided in PNs, which limits their usefulness for real-time systems. 

The time related extensions [7] of PNs primarily imposes additional timing constraints onto transitions or places. The imposed timing constraints can be represented as constants or functions. Timed PNs associate a finite fire duration with each transition of a net. Timed PNs are capable of specifying timing requirements for the components of a system with a fixed execution time (or time 

delay). For example, a constant is used for a single delay, and a function is used for a time pair consisting of lower and upper bounds. Other functions are also in timed PNs that treats a timing constraint as a probability function of the transition firing rate. Normally, the timed PNs assigns an exponentially distributed time to transitions, where the time represents the delay between enabling and firing of a transition. The timed PNs that is obtained with such an approach are known by the name Stochastic Petri Nets(SPNs). 

SPNs are mostly used for simulation-based performance evaluation. The performance is evaluated by finding a minimum cycle time for completing a firing sequence (where each transition fires at least once) that leads back to the initial marking, i.e. finding the minimum cycle time for the execution of a periodic process. As such, each timed transition can be used to model the execution of an activity in a distributed environment, and all activities execute in parallel (unless otherwise specified by the PN structure) until they complete. At completion, these activities produce a local change of the system state that is specified by the interconnection of the transition to input and output places.

The firing of a transition may describe either the completion of a time-consuming activity, or the verification of a logical condition. It is thus natural to use timed transitions represented by boxes in the former case, and immediate transitions represented by bars in the latter.

4.3. Stochastic Activity Network

The inefficiencies of traditional SPNs are for solution methods. The problem is that when traditional analytic solution techniques are used, the complexity of the solution (e.g., the size of the resulting stochastic process) grows rapidly as the size of a system increases, quickly resulting in a situation where a solution is no longer practical. Similarly, if the intended solution is via simulation, the run time needed to obtain a statistically significant solution increases rapidly, which results in unacceptable simulation run times.

The need for more expressive modeling languages has led to several extensions to SPNs. One extension that we will introduce is called Stochastic Activity Networks(SANs)[3]. Because there are some subtle difference between SPNs and SANs, SANs use different words to describe ideas similar to those of SPNs.  SANs approach will allow performance variables to be specified at the network level, and will allow the nature of these performance variables to be used in the construction procedure.

SANs have three new symbols in addition to those of SPNs: Input gates, Output gates, and  cases. Input gates are triangles with points connected to the activity they control. They are used to define complex enabling predicates and completion functions. Output gates are triangles with their flat side (opposite to the vertex) connected to an activity or a case. They are used to define complex completion functions. When an activity completes, an output gate allows for a more general change in the state of the system. Cases are small circles on activities. They represent a probabilistic choice of an action to take when an activity completes.

An activity is enabled if: for every connected input gate, the enabling predicate is true; and for each input arc, the number of tokens in the connected place is greater than or equal to number of arcs.

Frequently, an exponential delay distribution for timed activity, like timed transition in SPNs, is an acceptable approximation. But when more accuracy is required (and available), we may want to build the model by using different delay distributions. SANs support many activity time distributions, including exponential, deterministic, uniform, normal, etc..

In order to better understand the SANs theory, we present an example as shown in Graph 1.

The SANs model in Graph 1 is a description of the well-known readers & writers system, where a set of processes may access a common database for either reading or writing. Any number of readers may access to the database concurrently; instead, a writer requires exclusive access to the resource.
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Graph 1. Readers & Writers System

The SANs model comprises 13 places and 13 activities. Five of the activities are timed and eight are instantaneous. The initial parametric marking assigns K tokens to place  pthink to model the fact that K processes are initially assumed to be executing in their private memories; one token to place pdb to indicate that the database is initially idle; and one token to place pLAN to indicate that the local area network (LAN) transfer phase which follows each read or write access to the shared memory is initially idle as well. All other places contain no tokens in the initial parametric marking.

Activity Texec models the execution phase of processes in their private memories. It is timed by a normal distribution function with mean value a and variance b. The firing of Texec models the end of the execution phase and the generation of a database access request that is modeled by a token in place prequest.

Instantaneous activity taccess with two cases models the fact that the request for the database access can be either a read or a write request, so that a token is generated in either place pr, or pw, respectively. We assume that the probability for read requests is 0.8, and the probability for write requests is 0.2. 

The function associated with input gate Gr is that the number of tokens in place pw is zero( MARK(Pw) = 0 ). This means that the write requests have priority over the read requests.

The function associated with input gate Gw is that the number of tokens in place pread is zero( MARK(Pread) = 0 ). This means that the write requests are allowed only if there is no reading in the database.

Place pwrite can contain at most one token, and activity Twrite is timed with a normal distribution function. The firing of Twrite models the end of a database access for a write and generates a token in place pLAN-w.

Place pread can contain several tokens, and activity Tread is timed a normal distribution function. The firing of Tread models the end of a database access for a read and generates a token in place pLAN-r.

Activities tstart_LAN_r and tstart_LAN_w have equal probability, since we can set probability of both cases associated with activity tLAN to 0.5. This indicates that the probability to allocate the LAN to processes that have just completed a read or write database access is equal.

Activities TLAN_r and TLAN_w  model the data transfer activities on the LAN after the two 

types of database access. They are also timed with normal distribution functions.

Instantaneous activity tthink with two cases whose probabilities are set to 0.9 and 0.1 respectively indicates that 90% of the time processes go back to execute in their private memory, while 10% of the time processes immediately re-issue database access request after completing the previous access.

This example comprises three interesting aspects of parallel systems: concurrency of events (two processes may be concurrently accessing the database for reading), mutual exclusion (only one process at a time may access the database for writing, and choice (an access can either be a read or a write).
5. Software Tool: UltraSAN

UltraSAN was developed for the UNIX operating system for DEC, SUN, and AT&T workstations. It uses X window interface for portability [3]. UltraSAN uses model construction and solution techniques for stochastic activity networks. UltraSAN is a software tool for model-based performance, dependability and performability evaluation of computer, communication and other systems [5]. The software was developed in a modular manner. Generally speaking, the tools can be classified as either model specification or model construction and solution tools. 

Three main tools are used for model specification: the SANs editor, the composed model editor, and the performability variable editor [8]. The SANs editor speeds up the specification of  submodels by allowing the user to enter the SANs graphically, almost exactly the same time as he would draw it on paper. The composed model editor is used to draw a tree representing the connection of the submodels. Each node in the tree is a replicate or join operation, and each leaf is a submodel. The replicate operation replicates a SANs and its performability variables a certain number of times. A subset of its places, called common places, are made common among all the replicated submodels. This provides a means of communication between the submodels. Places that are not common may have different marking in the different submodels. The join operation combined different types of submodels. Here again, common places are used for communication. For simulation, composed models reduce the overhead of event list manipulation by grouping events of the same type. Finally, the performance variable editor is used to specify reward variables. Rewards may be specified for activity completions or may be based on specific markings of the model.
After input of the system description and measures, we can obtain the solution by either analysis or simulation, depending on system characteristics. Here we only expand a little bit more about simulation.

Simulation is performed by directly using the internal SANs, composed model, and performance variable representation created by the user interface module. Again, as with the stochastic process generator, the constructed simulation program makes use of the structure of the SANs and choice of performance variables to speed up solution of the system. 

A central program, called the control panel [4], manages the interface between the user and the various modules, provides basic consistency checking, and coordinates all of the modules. In addition, the control panel offers several useful utilities, such as automatic documentation and convenient viewing of output data with two and three dimension figures. The modules communicate via files which have well defined formats. Furthermore, the report generator facilitates the generation of graphs and tables from the obtained performance results. This configuration makes it easy to add new functionality, thus contributes to the goal of being a test-bed for developing new modeling techniques.

6. Modeling and Analyzing CITO Project
In this section we describe system models and analyze the simulation results based on the client and server sides’ resource usage, such as cpu, memory, and disk load etc.

6.1. The Initial Model

6.1.1 Description of the Model

The first model only reflects the client side system. Consider the client side of an application for a multimedia user, as shown in Graph 2. There are four places and four activities, two timed activities and two instantaneous activities. Timed activity channel represents the delay of the arriving frames from the channel or network. It is timed with normal distribution function with mean 1000/channel_frame_rate and variance channel_frame_jitter. Because a normal delay distribution for timed activity is an acceptable approximation in our model. Actually, we tried use exponential delay distribution, but there is little difference between these two kinds of simulation results. So in our models, we will use normal delay distribution for timed activities. All activity time distributions in the model are listed in Table 1, which is in Appendix A, same as the following tables. A token represents a packet of the data of a frame which will display eventually on the screen. When activity channel fires, it puts one token in the place buffer, which refers to the buffer on the client side. The function associated with the input gate not_full of activity channel is that the number of tokens in place buffer is less than or equal to the variable channel_buffer_size, as shown in Table 2 for input gate definitions. This indicates that activity channel will not be enabled when the buffer is full.

The function associated with input gate done_processing is that number of tokens in place frame_being_processed is equal to zero. When instantaneous activity transfer fires, a token is removed from place buffer and is put in the place frame_being_processed. This indicates that CPU can process only one frame at a time. 

Timed activity cpu represents CPU slice delay. It is timed with normal distribution function with mean mean_slice_delay and variance slice_delay_variance.  The function associated with input gate processing of activity cpu is that the number of tokens in the place frame_being_processed is greater than zero. This is very obvious, only when there is a data of the frame in the system, will it cost cpu slices. When activity cpu fires, it puts one token in place slices. This means that the processing costs one CPU slice. The tokens are then accumulated in place slices, from which we can know the CPU number of slices that have been needed to process the frame so far.





















































    not_full


done_processing



















































        frame_being_processed
          finish_processing














 channel         buffer                  transfer           


                                     frames_painted































       processing


            enough_slices


























































       cpu



    slices 


















Graph 2. initial model.


The function associated with input gate enough_slices of activity finish_processing is that the number of tokens in place slices is greater than or equal to variable slices_needed (here we set the variable slices_needed equal to 10). When this condition becomes true and there is still one token in place frame_being_processing, activity finish_procesing can be enabled. When it fires, a token will be removed from place frame_being_processed. When 10 tokens are removed from place slices, one token will be generated in place frames_painted. This procedure indicates when given enough time for processing one frame elapses, i.e. 10 cpu mean_slice_delay in the example, the frame will display on the users screen. Timed activity finish_processing is timed with deterministic distribution function with value equal to zero. Why do we not use an instantaneous activity here since the time value associated with activity finish_processing is zero? We will explain this soon.

6.1.2 Studies and Experiments Construction
We can gain information about the system by performability measures. There are two types of performability variables: reward variables and activity variables [5]. Reward variable can represent any aspect of system performance. A reward structure consists of two types of rewards: impulse reward and rate rewards. Impulse rewards are associated with state changes, and rate rewards are associated with the time spent in a state. In our model, we are only concerned with rate reward variables. For example, in table 3 for reward variable definitions, the predicate of rate reward variable mean_buffer_size is 1(true), and its function is MARK(buffer), which is number of tokens in place buffer. In this way, we can track the capacity of place buffer in the stochastic processing. Activity variables represent the time between the completions of certain activities. Thus, activity variables can be only associated with timed activities. That is why activity finish_processing is not instantaneous, since we want to define the activity variable finish_processing for activity finish_processing. This performability variable is the most important variable for the specification of quality of service in our model. This can represent the frame rate on the screen which is the most important factor that multimedia users are concerned with.  

Table 3, 4 and 5, are definitions for reward variable, activity variable and study variables range respectively. 

6.1.3 Simulation Result

For the variable value, we first use the data which are from the lab since these data are more realistic.

In first study shown in Table 5, only variable mean mean_slice_delay of normal distribution function for activity cpu has a range value. On the contrary, all other variables hold fixed value. The initial value of mean_slice delay is 1 and the final value is 10. Since increment is additive with value 1, we have 10 experiments in this simulation.

Now it is time to look at the result after the simulation.

From Figure 1, we can see when the value of mean_slice_delay is greater than 4, the larger the value of mean_slice_delay, the greater the value of activity variable finish_processing. Also, from the gradient of the line, we can predict that when the value of mean_slice_delay gradually progresses to infinity, the value of finish_processing also gradually grows to infinity.


From Figure 2, we can make the same conclusion as above for the relationship between mean_slice_delay and activity variable channel. That is, when the place buffer is full, activity channel cannot be enabled because of the limitation of its input gate, which causes larger delay of timed activity channel.

Figure 3 shows the relationship between variable mean_slice_delay and rate reward variable mean_buffer_size. We can see that when the value of mean_slice_delay is greater than 5, the value of mean_buffer_size suddenly increases to the limit of the value of channel_buffer_size. This means place buffer is almost full.

From Figure 3, We can see when mean_slice_delay is greater than 4, the buffer size suddenly increases to its limit. So after this point, mean_slice_delay will has obvious impact on  activity variable finish_processing, because after place buffer and before  activity finsh_processing, cpu is the only one timed activity.

In the second study, beside the variable mean_slice_delay, though we changed the range, variable channel_buffer_size is also a range value. We want to see how the capacity of place buffer affects the activity variables.

In our model, we first set the range value for the variable and then decide the increment. Basically we set 5 experiments for a particular range. For instance, if range is from 10 to 50, we can have additive increment equal to 10, if range is from 10 to 20, we can have additive increment equal to 2. So in this way, if we have two range variables, than we have 25 experiments totally. Because one experiment cost about one minute when we do simulation, 25 minutes or so are acceptable. Also 25 experiments can give as enough information for that range.

From Figure 4, we can see that the relationship between variable mean_slice_delay and activity variable finish_processing is similar to that in the first study, no matter how variable channel_buffer_size changes. The interesting thing is when the value of channel_buffer_size is up to 2 or larger, the graphs seem to locate in the same orbit and don't have big change. This indicates that the following statement is not true: when performability variable is response time, the larger the capacity of place buffer is, the better the system performance is. This fact is very useful in reality since the larger the capacity of buffer is, the more it costs. So when we build a buffer, we can decide its maximum capacity based on the CPU character and other factors in order to minimize the cost. Figure 5 is a two-dimensional graph of the projection from the three-dimension Figure 4.

6.2. The Model of the Whole System, Client and Server.
In the new model, we added memory and disk, and combined the client side with the server side in simulation. Also, we modified the model based on the previous model. 

6.2.1 Description of the Model.

Let’s start from client side. From Graph 3, we can see some new components are added. After place client_slice, there is a timed activity page_fault_client with two probabilistic cases. Actually, activity page_fault_client is timed with a deterministic distribution function with value equal to zero. This means it is an instantaneous activity. Since only timed activities can have probabilitistic cases associated with them, activity page_fault_client represents a logic condition. When it fires, with probability x chance, a token will be generated in place page_fault_client; then with probability 1-x chance, a token will be generated in place client_slices. This indicates when the processing of the frame is not in memory, there is a page fault for this process. A token will then be put into place page_fault_client.  If the processing of the frame is in memory, the token goes directly to place client_slices.  This means there is no any page fault for this process. The page fault probability reflects the capacity of the memory. The larger the memory, the less probability for the occurrence of a page fault. Or, less page fault probability can simulate locking pages into memory. 
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Graph 3. net model.


Timed activity load_page_client is timed with normal distribution function. This represents average amount of time for client to load the processing from the disk. This can simulate a page swap or disk load.  When activity load_page_client fires, it put a token in place client_slices.


In this model, we eliminate input gates for activity client_cpu and activity finish_processing. On Sunos 5.6, clock ticks per second is 100. The quantum (size of cpu slice) for the least task (level 59) is 20 ticks, i.e. 0.2 seconds. This is greater than the average CPU time (0.002 seconds, which is obtained from our real experiments made by our other CITO members) for client to do any processing on the frame. Consequently, one CPU slice is enough for processing a frame. 

Since we normally don't need any more CPU slices to process one frame, and there are other places between place frame_being_processed and activity finish_processing, we change a way to express the entrance of a system for a process. Initially, a token in place client_done_processing indicates  that the system is idle. There are no tokens in other places initially. This token represents the availability of the resource that are on the client side system. Only there is a token in place client_done_processing can activity transfer be enabled. Then the process goes into the system along with place client_slice, (place page_fault_client) and place client_slices. When a frame is displayed on the user's screen, which is represented by timed activity finish_processing, the token will return back to place client_done_processing. Then system is available again, and next process can get in.
The system on server side is similar to that on the client side. Initially, a token in place server_done_processing indicates the system is idle. There are no tokens in other places at the beginning. This token represents the availability of the resource which is on the server side of the system. Only there is a token in place server_done_processing can activity read_frame be enabled. Then the process go into the system along the place frame_from_disk, place server_slice, (place page_fault_server) and place server_slices. When a frame is sent out to the network, which is represented by timed activity server_finish_processing, the token will return back to place server_done_processing. Then system is available again, and next frame is generated. Average amount of CPU time for server to do any processing on the frame is 0.0092 seconds. Again, this data is obtained from our experiments. This is also much smaller than the least CPU time slice (0.2 seconds). The function associated with input gate max_frame for activity read_frame is that the number of tokens in the place processed_frame is less than or equal to the variable server_buffer_size, as shown in Table 9. This indicates that activity read_frame will not be enabled when the server buffer which holds frames being sent is full.

We connect the server and the client by using a transition between place processed_frame and activity channel. We don't consider the network effect in this model.

Table 10, 11 and 12 are reward variable definitions, activity variable definitions and study variable range definitions respectively. The value of the study variables is based on our real experiments.  Table 7 and 9 are activity time distributions and input gate definitions respectively.

6.2.2 Studies and Experiments Construction

In any study, we set at most two range variables, because we only use three or two dimension coordinates to view our simulation result. The third axis is used for reward variable or activity variable. In this way, we can see how variables affect the reward or activity variable. If we have more than two variables, we can list all the combination for any two of them, and set only two as range variables at one simulation. 

6.2.3 Simulation Result

In study mean_slice_delay_SC, the range value for variable mean_slice_delay_client is between 1 and 9 with additive increment 2. The range value for variable mean_slice_delay_server is between 5 and 13 with additive increment 2.  Our idea is setting the value to a number of milliseconds around the average value from real experiments. In study probability_SC, the range variables are client_page_fault_probability and server_page_fault_probability. Their range value is between 0.1 and 0.5 with additive increment 0.1.

From the simulation result, Figure 6 shows that how activity variable finish_processing changes as variable mean_slice_delay_client and mean_slice_delay_server change. Figure 7 shows that how activity variable finish_processing changes as variable client_page_fault_probability and server_page_fault_probability change. From these two figures, we can see that the client side variables seem have no effect on the change of activity variable finish_processing. Activity variable finish_processing changes only when variables on the server side change. From Figures 8, 9 and 10, we also can draw the same conclusion on reward variable mean_server_buffer_size and activity variable read_frame.

Why do variables on the server side dominate the effect? Now we can make a guess. Is it because that  the time elapsed on the server side is longer than that on the client_side? Or, the time of processing a frame for the CPU on the server side is longer than that on the client side?

So, in next study mean_slice_delay_SC_same, we change the range value of CPU slice delay on both client and server sides to the same range: from 10 to 30, and with the same additive increment 5. From the simulation result, Figures 11 and 12 show the change of activity variables finish_processing, read_frame as variable mean_slice_delay_client and mean_slice_delay_server change. It is obvious that although the variable on the server side still dominates the change of the activity variable, when the value of variable mean_slice_delay_client is between 20 and 30, and the value of variable mean_slice_delay_server is between 10 and 20, the change of the variable on the client side has an obvious impact on the activity variable. This effect seems to have the same impact on the variable on the server side when the value of the activity variable locates in that interval.

Figures 13 and 14 show the change of reward variables mean_buffer_size and mean_server_buffer_size as variables mean_slice_delay_client and mean_slice_delay_server change. We can see when the value of variable mean_slice_delay_client is between 20 and 30, and the value of variable mean_slice_delay_server is between 10 and 20, the effect of the change of the variable on the client side seems to be the same as that on the server. 

The difference between the previous two studies is that the variable on the client side does affect the performability variables due to its larger value. This study gives us a hint. That is, when the total time of the process cost on the client side becomes larger and the total time of the process cost on the server side becomes smaller, and the difference between them is smaller and smaller, there is a big impact on the activity variable finsih_processing.

Naturally, our next study mean_slice_delay_SC_exactly will modify the value of these variables by combining other variables on both client and server sides so that the time cost on one side is almost the same as that on the other. From Figures 15 and 16, we can see that the effect of variables on activity variable on both client and server sides is almost the same in the whole picture. The same comment holds for the reward variables if we see Figures 17 and 18.

Now, we may state that if the time of a process spending on one side (client or server) is much larger than that on the other side, the variable on this side will dominant the effect on performability variables. In order to verify this statement, we did a study in which the time of a process elapsing on client side becomes much longer than that on server side by setting the value range of CPU slice delay variable mean_slice_delay_client larger as in study mean_slice_delay_SC_larger.
Figures 19 and 20 are the simulation results from study mean_slice_delay_SC_larger. Since we set the value range of CPU slice delay variable mean_slice_delay_client larger, we can prove that our hypothesis above is true if the performability variable is the activity variable. But for the reward variables in Figures 21 and 22, although this statement is not true, the effect of system parameters on the reward variable on both client and server side is almost the same in the whole due to the changing value range of CPU slice delay variable mean_slice_delay_client. This still means that the time elapsed on the server or client side has significant impact on the performability variables.

So far, we have focused on the change of CPU slice delay variables on both client and server sides during our studies. After we drew the above conclusion, let's go back to the study in which we set the value of variable mean_slice_delay_client and mean_slice_delay_server to 0.002 and 0.092 respectively, and see how other combination of variables affect the activity variable finish_processing. 

In the study of read_frame, we only set the variable read_frame as a range variable. In Figure 23 we can see that variable finish_processing will increase as variable mean_time_read_frame_from_disk increases. Since the gradient of the line is almost 45 degree, we can say that the effect of the variable mean_time_read_frame_from_disk on the activity variable finish_processing is not affected by other parameters. This means that the change of variable mean_time_read_frame_from_disk will directly reflect on activity variable finish_processing.   

Figures 24, 25, 26 and 27 are simulated from studies read_frame_C_mean_slice_delay, read_frame_S_mean_slice_delay, read_frame_C_probability, and read_frame_S_probability respectively. We can see if one variable is from client side and the other one is from server side, and if it is on the elapse time dominated side (here is server side as shown in the figures), it will dominate the effect of the change of activity variable finish_processing, no matter what this variable is.

Figures 28, 29 and 30 are simulated from studies read_frame_S_mean_slice_delay, read_frame_S_probability and S_mean_slice_delay_S_probability. From these figures, we can conclude that the priority of effect on activity variable finish_processing for these three variables mean_time_read_frame_from_disk, mean_slice_delay_server and page_fault_probability, which are all on the server side, is mean_slice_delay_server, mean_time_read_frame_from_disk and server_page_fault_probability. Basically, the priority depends on the time of these timed activities cost which are server_cpu, read_frame and load_page_server. 

Our last study, C_mean_slice_delay_C_probability focuses on variables that are on the client side. They are mean_slice_delay_client and client_page_fault_probability. From Figure 31, we can conclude that the effect on activity variable finish_processing is the result of the combination of these two variables. Since this study is a case in which time elapsed on the server side is much longer than that on the client side, according to the conclusion we drew above, the effect of client side variables on the activity variable will be very small. In Figure 31, activity variable finish_processing changes from 19.52 to 19.56, in which the range is only 0.04. This is as the same as what we expect. 

6.3 The Separate Client and Server Models.

From our previous model, we found an interesting thing.  Figures 13, 18, and 21, Figures 8, 14, 17, 22 and 9 all show the performability of the buffers, on either client side or server side. Moreover, in Figures 13, 14, 17, 18, 21, and 22, we find that buffer is either empty or the size of the buffer may also change very quickly from empty to full. These mean that most of the time the buffer is either empty or full. At the same time, the experiment from other CITO members also gives the same result. This confirms that our simulation is very successful.

Because of this, we only need to analyze client side when buffers are full, and server side when buffers are empty. That is, only one side, either client side or server side, has impact on 
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Graph 4. client_side model.




      cpu                              page_fault                                 load_page

                                 





slice
                           page_fault


frame_done

 










                                                                                                                          

                                                                                                                                     processed_frame

                                              frame_from_disk

                

read_frame




                         finish_processing










done_processing

Graph 5. server_side model.
performability variables in a particular simulation. Therefore, we split the model into two models, client side and server side model. 
     

First let's take a look at the client side. Graph 4 is the model for client side. Table 13 to Table 19 are documents of the model. The model is just a part of our previous net model. In this model, we only focus on activity variable finish_processing which represents the frame rate displayed on the users' screen. There are three variables on the client side. So we constructed three studies, cpu_memory, cpu_disk, and memory_disk as shown in Table 19. Each of which has two sets of range variables. From Figures 32, 33 and 34, we can see that the effect of any combination of these variables on the activity variable finish_processing is very smooth.
The last model shown in Graph 5 is on the server side. Table 20 to 25 are documents of the model. Again, the model is just a part of our previous net model obtained by eliminating the client side. In this model, we still only focus on activity variable finish_processing.
In our first study read_frame shown in Table 25, we only set mean_read_frame_from_disk as range variable. The simulation result is shown in Figure 35.

There are three other variables on the server side. So we constructed three more studies cpu_memory, cpu_load_page and memory_load_page. Each of which has two sets of range variables. From Figures 36, 37 and 38, we can see that the effect of any combination of these variables on the activity variable finish_processing is very smooth. But the main thing we got from Figures 34 and 38 is that the time to finish processing increases more quickly as the page fault delay increases if the page fault probability is high, or as the page fault probability increases if the page fault delay is high. Accordingly, making either page fault delay of page fault probability less will help increase the QoS.

7. Overall Experience of Using UltraSAN

After we construct experiments and build them, it will take about 15 seconds for UltraSAN to compile an experiment. And it will take about 15 seconds to 60 seconds to simulate one experiment depending on the size of model. 

Running time is related to batch size. Since we don't know the quantity relationship between them, we have to just try them. One thousand per batch seems to be good for a simulation to yield an accurate result.

Through modeling QoS project by using UltraSAN tool, we found some drawbacks of this software:

· No messages indicating time remaining are prompted when we compile and run the program.

· After we “clean” a project in order to save disk space, we have to do it again from the beginning if we want run the program again. This costs too much time.

· The graphic interface, such as Windows 3.1, has multi levels of windows. That is not a good design since most of users are familiar with Windows 95/98. Most of the time, there are some unnecessary windows. For example, when we set the value of variables, besides the window which we can view the specification of the variable, there is an extra window which is only for editing the value of this variable. We don’t think that this extra window provides more useful functions.
· Each model and the results it produces are huge. This takes a lot of disk space.

· When making a copy, we cannot just copy the definition part of the model. We have to copy the entire project including the huge result.

· No error message is shown when the name of a study or variable is too long (greater than 32). The construction of studies simply fails without an error message. 

· No activity variables can associate with instantaneous activities. What we can do is to change  the instantaneous activities to timed activities, and define the distribution function associated with them as  deterministic functions with value equal to zero.

Some advantages of UltraSAN are:

· UltraSan is a software tool for SANs. Its design matches the issue of SANs exactly.

· Easy to define a model by drawing the graph and inputting the data.

· Models are succinct with nice graphs.

· Good documentation, such as automatic documentation and convenient viewing of output data.

8. Conclusions

Through modeling of the project, we discovered something about the host system over the network.

The relationship between the capacity of buffer and system performability is not linear. There is a limit for the size of buffer to improve the system performability. The other interesting thing we found about buffer is that buffer is always either full or empty.

If the processing time on one side (client or server) is much larger than that on the other side, the variable in that side will dominant the effect on performability variables. This means that the time elapsed on the server or client side has significant impact on the performability variables. 

The priority order of effect on system performability response time is CPU, disk load and memory. This gives us a high level guide for how to meet the requirements of multimedia user.
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