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�Abstract



This paper describes the design an implementation of Maisie on WWW, a world-wide web interface to the maisie programming environment for simulation. The paper describes the functionality of the system, the different strategies used in implementing the system, the possible choices and alternatives in designing and implementing the system. The system includes a series of small examples that demonstrate its functionality and ease the learning process for the new users of the maisie simulation environment.
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��Introduction



With the advent of the internet and the wide use of browsers and servers, that provide mechanisms to view data remotely and supply information to the entire world via the world-wide-web, accesses to expensive resources and remote systems can be bridged. To take advantage of this feature, we have implemented a world-wide-web interface to our parallel simulation language, maisie, providing easy access to our simulation language, to remote users located across the world.



Furthermore, the interface decreases the overhead of having to learn to use the maisie simulation language, since it overcomes the limitation of having to download the maisie system prior to its usage. It also bridges the problem of not having enough resources (parallel machines) to use the full functionality of the maisie system., hence this overcomes the problem of having to access resources that are generally not readily available to the end user. We have furthermore augmented, the web interface by proving series of canned examples that the user can use in order to get initial exposure to the maisie simulation environment.

�Brief Overview of Maisie



Maisie is a parallel simulation language. It enables users to develop models for simulation of systems. Simulations are written in a C like language, with extensions to support modeling primitives (entities) which communicate or interact with each other via messages. Furthermore the nature of the maisie simulation language is such that if a user codes his application in maisie, then the simulation can run transparently either in a sequential manner (using the Global Event List Algorithm) or in parallel using one of the many different algorithms for parallel simulation. Maisie currently supports null message based algorithm, conditional event list algorithm, combination of null message and conditional event algorithm and ideal simulation protocol. These are various simulation protocols which are provided by the new runtime system.



�Implementation Technologies (CGI vs. JAVA)



The world wide web is a relatively new emerging technology, and various systems or mechanisms have evolved, that provide different alternatives for implementing interfaces, with different levels of interactivity. These include from the simple use of HTML (Hypertext Mark Up Language) to compose simple pages, to CGI (Common Gateway Interface) primarily used to submit information to servers and retrieve data from them. To Java which is a full-fledged programming labguage which enables higher degree of interactivity.



Clearly since we need an interactive system we either have the choice of implementing the functionality using CGI or java. CGI is primarily usefull in cases were we need tto submit data to a server and retrieve information in a form-based manner. Primarily useful for database type applications, such as retrieval of airline reservation systems, course schedules, etc. All these application share in common the fact that one need to only submit a series of parameters or data to a server, and the server can processes these and generate the appropriate results in the form of an HTML page.



Java, is a full fledged progamming language, hence it allows us to implement greater functionality at the client side. Practically speaking it enables, us to download programs from the world-wide-web into a local machine at the client side and execute these.



Java has several features, key most among them is the fact that it is architecture neutral. This is achieved via a virtual machine, which resides at the client side. Java programs are compiled to virtual machine, which uses byte-codes, that are executed locally.



We chose java as the main language for implementing our system, since it is primarily used for web applications, and it includes most of the functionality for building web based applications, specifically it has key components for implementing servers and clients and processing i/o streams over the network.



Furthermore we use the features of java to spawn a process, to implement the interconnect with the maisie programming language environment. Maisie, our parallel simulation language, is implemented in UNIX based systems, hence we need to spawn of a process at the server side which accepts the connections from the client, receives the program, compiles it, executes it and sends the results of the execution back to the client.

�Architecture of System



Since we need to provide remote access to our parallel simulation language. We need to develop a system that provides (a) connectivity to a server that supports requests from multiple clients all over the world-wide-web (b) furthermore we would like to at the client site to be able to visualize the results or output of execution of the maisie program, providing some sort of animation interface. To achieve this, we needed to develop a server component and a client component or interface. Furthermore the client interface was extended in such a manner that it included an animation pad, that captures the resultys or execution of the program submitted by the server, and stores these in a drawpad, which can be subsequently played at a future date.



�Implementation of Server System



In designing the server system there were several criteria that we needed to take into account. We needed to design a system that would accept connections from multiple clients located all over the world-wide-web, hence we chose to design the server in a multithreaded manner. To achieve this functionality we, used the server-socket functionality of java. We implemented a main class that waits for incoming connections, and then another class, which runs as an independent thread, to handle all the connections to a specific client.



Since maisie is a program that runs under unix as a process, we need to use the facilities that java provides to spawn of a process and wait for the end of its execution. Furthermore, we need to provide a stream based interface that links the output of the maisie program to the server and sends the execution results back to the client. This interface also detects, the termination of the underlying unix process.



Internal Functionality



main java class that waits for connections from clients (uses server socket)

classes that handle thread connection process each request from the client

Functionality:

- wait for maisie program

- compile the program ( create a separate process )

- run the program ( create a separate process )

- send the results of the process to the client via a stream interface



�Implementation of Client System



We have provided two choices for the implementation of the client. The first is an applet client., which resides on a web page. This is to provide browsers such as Netscape or Microsoft Internet Explorer access to out parallel simulation environment.



Alternatively, we have implemented a client as a java application, which enables us is to submit files which reside locally in the users system to the maisie server, giving the illusion as though the compiler were present locally in the system. This command interface enables us to overcome the handi-cap of having to paster files into the browser system.





Client’s Functionality



command line interface 

enables users to send program to the maisieWWW server,

giving the illusion that the compiler is present locally

applet interface

enables users to connect to the maisie server via a browser interface

form based interface

enables users to abstract simulation parameters (allows plug-play type interface)





The way the client is implemented it starts of a connection to the server, send the underlying maisie program to the server, and waits for the results of the execution of the program at the server side.



The results of the execution of the maisie program, are sent to the output windoiw, furthermore there is an animation interface that picks up any tags and generates the maise program and processes them and displays them in the animation window.



The animation pad is implemented in such a manner that its stores all the tags generated by the maisie program, and provides a mechanism to play these back, hence enables the client side to capture the simulation.



Generic Form Interface



This is an applet which enables, users to customize their own simulation using the form based interface, allowing them to upload their simulation to the maisie server. Parameters for the simulation are mapped to define statements, which once uploaded to the maisie server generate a user defined form based simulation.



Client’s Internal Functionality



client waits for user to adjust simulation parameters

client sends program to server

client waits for results from server

results are sent to the output window

concurrently if there are any animation tags, these are sent to the animation pad.



Animation Extensions



The animation extensions are a series of commands that are used, by the programmer to animate the maisie simulation, generated by the user.



The animation pad is smart enough that, it stores all the animation sequences in a pad, which can at a later date be replayed by the user, furthermore this system cab be potentially further extended to store animation sequences in a file.



Animation Commands



Circle 	color x1 y1 x2 y2



Draws a specified circle in a given location, with the specified color.



Line 	color   x1 y1 x2 y2



Draws a line in a specified color at the given co-ordinates.



String color : x1 y1 text



Writes specifies string in a specific color, at a given co-ordinates.

�Sample Animation of a Program





/*******

 **

 **   To compile:  mc bounded.m -o bounded -lm

 **

 *******/



/************************************************************************

 **

 **  Bounded Buffer Producer/Consumer Simulation

 **

 **  This example simulates a system with one producer, one consumer, 

 **  and one bounded buffer.

 **

 **  The entities types used in this example are:

 **

 **  producer:	Produces MAX_ITEM of products

 **  consumer:	Consumes MAX_ITEM of products

 **  buffer:	Stores products generated by producer

 **  driver:	Initiates the simulation 

 **

 **  "@(#)bounded.m	1.1 - 96/01/05"

 ************************************************************************/

#include <math.h>

#include "mayc.h"		/* Include Maisie system file */

#define MAX_ITEM	20 /* Maximum number of items */

#define MAXSERVE 	10 /* Maximum consuming time  */

#define MAXPRODUCE	10 /* Maximum producing time  */

#define Q_LENGTH	3 /* Buffer's size */



entity consumer{buffer}

  ename buffer;

{

  int t, i;

  int now, t_used;

  message product {} new_product;

  now = t_used = 0;





  printf("line black 200 75 200 125\n");

  printf("line black 200 125 250 125\n");

  printf("line black 250 125 250 75\n");

  printf("line black 250 75 200 75\n");



  for(i=0; i < MAX_ITEM; i++) {

    printf("circle red 200 75 50 50\n");

    invoke buffer with req { self };	/* Request for a product */

    wait until mtype(product)

      new_product = msg.product;	/* Stores product locally */

    t_used += (t = rand()%MAXSERVE);	/* Statistic data collection */

    printf("circle green 200 75 50 50\n");

    wait t until mtype(timeout); 	/* Consumes the product */

    printf("circle white 200 75 50 50\n");

  }

  now = cti(sclock());

  printf("Consumer utilization is	%f\n",((float)(t_used)/(float)now));

}



entity producer{buffer}

  ename buffer;

{

  int i, n;

  int now, t_wait;

  message token{}token;

  now = t_wait =0;

  n = Q_LENGTH;				/* Number of tokens is Q_LENGTH */





  printf("line black 25 75 25 125\n");

  printf("line black 25 125 75 125\n");

  printf("line black 75 125 75 75\n");

  printf("line black 75 75 25 75\n");





  for(i=0; i < MAX_ITEM; i++) {

    if(n==0) {			/* If runs out of token wait */

      now=cti(sclock());

      printf("line black 75 100 100 100\n");

      wait until mtype(token)/* Receives a token */

      printf("line white 75 100 100 100\n");

	n++; 

      t_wait += cti(sclock())-now; /* Collects statistics */

    }

    printf("circle green 25 75 50 50\n");

    wait (rand()%MAXPRODUCE)	/* Produces one product 	  */

      until mtype(timeout)

	n--;				/* Decrement the token  	  */

    invoke buffer with product{self};	/* Deposits the product to buffer */

    printf("circle white 25 75 50 50\n");

  }

  now = cti(sclock());

  printf("Producer utilization is	%f\n",((float)(now - t_wait)/(float)now));

}



entity buffer{}

{

  message product { ename producer; }product;

  message req{ ename consumer;}req;

  ename producer;

  int q, tstart, tend, i, v;



  int items = 0;



  printf("line black 100 85 175 85\n");

  printf("line black 175 85 175 115\n");

  printf("line black 175 115 100 115\n");

  printf("line black 100 115 100 85\n");



for (i = 1 ; i < Q_LENGTH; i++) {

  	printf("line black %d 85 %d 115\n", 100 + (75/Q_LENGTH)*i, 100 + (75/Q_LENGTH)*i);

};

  tstart = cti(sclock());

  for(i=q=v=0;;) {

    wait until {

      mtype(product) st(q < Q_LENGTH) { /* Accepts a product if not Full */

	items++;

	printf("Items %d\n",items);

	if (items) {

		printf("circle green %d 85 %d 30\n", 100 + (items-1)*(75/Q_LENGTH), (75/Q_LENGTH));

	}

	tend = cti(sclock());

	v += q*(tend-tstart);

	tstart = tend;

	q++;

	producer = msg.product.producer;

	printf("Received a product\n");

      }

      or mtype(req) st(q > 0) {  /* Gives a product if not empty */

	if (items) {

		printf("circle white %d 85 %d 30\n", 100 + (items-1)*(75/Q_LENGTH), (75/Q_LENGTH));

  	printf("line black %d 85 %d 115\n", 100 + (75/Q_LENGTH)*(items), 100 + (75/Q_LENGTH)*items);

  	printf("line black %d 85 %d 115\n", 100 + (75/Q_LENGTH)*(items + 1), 100 + (75/Q_LENGTH)*(items +1));

	}

	items--;

	printf("Items %d\n",items);

	printf("Satisfy request\n");

	invoke msg.req.consumer with product;

	tend = cti(sclock());

	v += q*(tend-tstart);

	tstart = tend;

	q--;

	if((++i) < MAX_ITEM)

	  invoke producer with token;

	else

	  break;

      }

    }

  }

  printf("The average number of items in buffer: %f\n",

	 (float)v/ctf(sclock()));

}



entity driver{}

{

  ename b,p,c;



  printf("string 25  150 :Producer\n");  printf("string 130 135 :Buffer\n");  printf("string 200 150 :Consumer\n");  printf("string 10 245 :Green = Product active\n");  printf("string 10 260 :Red    = Product requested\n");  srand(103);



  b = new buffer{};

  new producer {b};

  new consumer {b};

  printf("\nBounded Buffer Producer/Consumer Simulation\n");

  printf("\nSimulating Producint/Consuming %d items with buffer size: %d\n",

	 MAX_ITEM, Q_LENGTH);

}



�

Sample Examples



Generic Client



The generic client interface, enables users to type or cut-and paste into the maisie browser a maisie simulation program, which can then be submitted to the server for it’s subsequent execution and the results of which can be displayed at the client side once processed by the server.



Sieve



This is the generic sieve program, which computes a series of prime numbers, using the maisie simulation language.



Form Based Interface to Simulations:



The implementation we have provided, allows us for a mechanism that enables to abstract the simulation we use via a form based system. The form enables us to capture the simulation parameters of the underlying simulation, hence hiding all the details of the underlying maisie program. This mechanism enables end users (who are not familira) with the maisie system, to immediately plug-play different simulations without having to worry about the underlying details of the maisie program, thus providing a fast mechanism to start learning about the maisie simulation environment.



Dining Philosophers



This represents the classical, resource allocation problem with a  series of tasks have conflicting resources among them. The algorithm is developed in such a manner that any conflicts among them are represented via edges in a graph, and tokens (or forks) are passed across the edges, representing who hold the resource.

Philosophers transition states, from thinking (idle) to hungry (waiting for resources) to eating (consuming resources).



Resource Manager



The simulation represents the operation of a small computer system in which jobs are created which for their fullfilment requires the use of a cpu system and a disk system. Jobs are generated at a source, and dispatched to the cpu and the disk system.



Bounded Buffer



This simulation represent the classical bounded-buffer simulation, in which a producer creates products and a consumer consumes them. To overcome the different rates of production and consumption, there is an intermediate buffer in the system, which stores the outputs produced by the producer and dispatches them to the consumer when they are needed.

�Maintenance Information



To simplify maintainance information, the server can be started via a series of scripts, which are located in the main directory.



The main command is:



Source init.nohup



This command starts the server, together with all associated processes, they all run in the background, hence, when the user logs out, the server process continues to execute.



�Portability Issues



Since the server and the client are both implemented in java, any platform that supports the java run-time system can access this implementation. Note though that the server spawns of a process, hence, this requires the use of the unix run-time system, where the maisie system is installed.

Since the client is implemented in java, one can either directly download from the server, or one can install the java run-time system and use it locally, by executing the java virtual machine in the local system. Java is distributed by Sun Microsystems, and there are many different versions available that can be downloaded directly from sun-site. Hence portability issues, just consists of downloading and installing the appropriate version locally.



Porting the server, is also similar, furthermore one needs to provide on a web-page, an access to the machine on which the server is installed., since java applets can only connect to the machine from which they have been retrieved. Alternatively, if one wishes to have the server just located at a particular site, and provide access to different parallel machines such as the SP/2 or millennium, then what one needs is to have and use a proxy server. A proxy enables a client to connect to a specific machine, and then provide access to other machines. This functionality can be implemented in the case we have a serer (or proxy) written entirely as a java application. Java applications have more flexibility than applets, which due to security reasons can access less resources. This feature is enforced to reduce the amount of damage that a malicious applet downloaded from the web can potentially cause. These restrictions are implemented via a security manager in the browser.

�Current System



The current system performs all the tasks that we had initially in mind, primarily to provide world-wide-access to the maisie parallel simulation language, with extensions for animation support. We have been successful in both, demonstrating a functional working system over the WWW. Further more we have been successful in animating sample programs, these provide a nice and easy transition for new user of the maisie system. 



Among the key advantages, of the current system, we can site the fact that we do not need to download the entire maisie system in able to get exposure to the system, since using the WWW interface, the work can be clearly separated at both client and server side. Most of the processing is done at the server side, while at the client side we only need to be in charge of submission of jobs and processing of data for relevant output and visualization

In the current system, we have provided access to the server system, via both generic java client interfaces and applet client interfaces. This enables user to interface to the server, via both a command line interface and an applet interface.

Future Extensions



It would be desirable to extend the system in other directions, such as providing automatic instrumentation of maisie programs. Such a system would pick in the maisie source code submitted to the server, and would analyze and profile it. To achieve this functionality, we would have to provide a parser that would primarily, analyze the maisie code, break down the code components and augment it, in the appropriate manner. We would primarily be interested in picking up the execution time of the entities in the system, the message communication pattern among different entities. All this data could be analyzed and processed in the appropriate manner, in the form of tables, that would provide the necessary instrumentation of the maisie program to the end user. These simulation results, can later on be used by the user to improve the quality and performance of the simulation.



The work in instrumenting and augmenting automatically the maisie code, can at a future date be extended and developed in the direction of profiling of the maisie parallel simulation language, since both these tasks share a significant amount of software architecture in common. Furthermore, due to the structure of the maisie system, and its inherent modularity and clean separation between the run-time system and the compiler, profiling of the maisie system can be done in a methodological and regular manner. 



Among, other possible set of extensions, it would nice to provide instrumentation and hookup with other animation platforms and windowing systems, such as X-Windows, etc. This would enable us to leverage existing  platforms and providing portability to our simulation environment. We have already been successful, at linking our simulation platform to an X-Windows based system, and demonstrating its functionality over the internet.

Currently, both the server and the client need to reside on the same system. Since, the way java applets are implemented, they can only connect to the server from which they were downloaded. Hence the maisie compiler system needs to reside on the same system. To overcome, this limitation, in the case we wish to provide connectivity to other parallel machines, we need to implement a “proxy” server. The “proxy” will enable, one to connect to other parallel machines. The other alternative, is to provide a server on each one of the machines were the system is running. The use of proxy server, would bypass this need. This would specifically useful, in cases where there is no web server in the available parallel machines.

Other possible future extensions, could include the provision, of an advanced editor over the world-wide-web, providing features much as proper coloring of maisie code components.  Still more advanced features, would need to be supported, such as submission of remote files from within the browser interface, to achieve this functionality we would need to overcome the restrictions of the security manager within the web browsers.

Currrently the way the system is implemented it provide access only to compilation using the standard maisie compiler system. In future systems, it would be nice to provide the end user with the option of choosing which type of underlying algorithm to use for the execution of the simulation, this would enable the user of the maisie system to benefit from the user of one of the many simulation algorithms that the maisie system supports, the primary, main and key advantage of using the maisie simulation environment.

Furthermore, this system could be expanded in such a manner that one runs a given simulation using different algorithms, this would enable one to obtain a quantitative comparison of the performance of a simulation using different algorithms, hence providing valuable feed-back on the performance of a simulation in terms of various algorithms.

�Conclusions



This has been a fairly challenging project, which successfully demonstrates the integration of the maisie sub-system to the world wide web. We have successfully demonstrated the integration of the maisie, our parallel simulation language, to the world-wide-web. 



This same technology can be migrated to other systems, or similar projects. The design of the system is such that, its functionality can easily be migrated for other systems or applications., this is because the functionality we have provided has been broken down into several components which can be clearly separated. The server component, the client component + animation pad , that captures animation sequences.  The server is furthermore separated into modular components that accepts requests from clients, and the component that spawns of process, in our case the maisie process. Migration of this system to other system can be done in a straight forward manner, since the components developed can be easily re-used.
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