Modelling and Simulation, Georg Martius (0235184) <s0235184@sms.ed.ac.uk> 1

Contents

1 Task 1 1 2 Task 2 2 3 Task 3 4 A Souce code to task 2 7 A.1 Part a) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 A.2 Part b) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 B Souce code to task 3 10 B.1 Part a) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 B.2 Part d) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

1 Task 1

a) Passenger:

P assenger^{def}= (arrive, 0.5λ).P assenger_1 + (arrive, 0.5λ).P assenger_2 P assenger_1^{def}= (deposit, 0.9d).(walk, ω).(collect, c).P assenger_R + (deposit, 0.1d).(walk, ω).(search, s).(collect, c).P assenger_R P assenger_2^{def}= (deposit, 0.9d).(deposit, d).(walk, ω).(collect, c).(collect, c).P assenger_R + (deposit, 0.1d).(deposit, d).(walk, ω).(search, s).(collect, c).(collect, c).P assenger_R

b) Conveyor Belt:

ConveyorBelt^{def}= (deposit, ⊤).(screening, sc).(collect, ⊤).ConveyorBelt

c) To deal with the Bags, I modelled the Conveyer Belt with a capacity of 6 Bags as a FIFO queue.

ConveyorBelt_0^{def}= (deposit, ⊤).ConveyorBelt_1 ConveyorBelt_1^{def}= (deposit, ⊤).ConveyorBelt_2 + (screening, sc).(collect, ⊤).ConveyorBelt_0 ConveyorBelt_2^{def}= (deposit, ⊤).ConveyorBelt_3 + (screening, sc).(collect, ⊤).ConveyorBelt_1 ConveyorBelt_3^{def}= (deposit, ⊤).ConveyorBelt_4 + (screening, sc).(collect, ⊤).ConveyorBelt_2 ConveyorBelt_4^{def}= (deposit, ⊤).ConveyorBelt_5 + (screening, sc).(collect, ⊤).ConveyorBelt_3 ConveyorBelt_5^{def}= (deposit, ⊤).ConveyorBelt_6 + (screening, sc).(collect, ⊤).ConveyorBelt_4 ConveyorBelt_6^{def}= (screening, sc).(collect, ⊤).ConveyorBelt_5

Checkpoint^{def}= (P assenger ‖ P assenger ‖ P assenger) ▷◁_L ConveyorBelt_0 where L = {deposit, collect}.

d) I used the ml-version of the Pepa Workbench. Therefor I couldn’t write 0.9*d, so I introduced d and dr file:

Checkpoint.pepa 1 %lambda = 0.05; 2 %d = 1; 3 %w = 0.2;

2 Modelling and Simulation, Georg Martius (0235184) <s0235184@sms.ed.ac.uk>

4 %c = 0.3; 5 %s = 0.02; 6 %sc= 0.1; 7 8 #Passenger = (arrive, lambda).Passenger1 + (arrive, lambda).Passenger2; 9 #Passenger1 = (deposit, 0.9*d).(walk, w).(collect, c).Passenger 10 + (deposit, 0.1*d).(walk, w).(search, s).(collect, c).Passenger; 11 #Passenger2 = (deposit, 0.9*d).(deposit, d).(walk, w).(collect, c).(collect, c).Passenger 12 + (deposit, 0.1*d).(deposit, d).(walk, w).(search, s) 13 .(collect, c).(collect, c).Passenger; 14 15 #ConveyorBelt0 = (deposit, infty).ConveyorBelt1; 16 17 #ConveyorBelt1 = (deposit, infty).ConveyorBelt2 18 + (screening, sc).(collect, infty).ConveyorBelt0; 19 #ConveyorBelt2 = (deposit, infty).ConveyorBelt3 20 + (screening, sc).(collect, infty).ConveyorBelt1; 21 #ConveyorBelt3 = (deposit, infty).ConveyorBelt4 22 + (screening, sc).(collect, infty).ConveyorBelt2; 23 #ConveyorBelt4 = (deposit, infty).ConveyorBelt5 24 + (screening, sc).(collect, infty).ConveyorBelt3; 25 #ConveyorBelt5 = (deposit, infty).ConveyorBelt6 26 + (screening, sc).(collect, infty).ConveyorBelt4; 27 #ConveyorBelt6 = (screening, sc).(collect, infty).ConveyorBelt5; 28 (Passenger <> Passenger <> Passenger) < deposit, collect > ConveyorBelt0 29 30 31 32 The Result is:

pwb output 1 The model has 4367 states 2 The model has 14284 transitions 3 Writing the hash table file to Checkpoint.ml.hash 4 Exiting PEPA Workbench.

2 Task 2

a) I chose the application variant for my model, that consists of a source and a server. Each entity has one port and the passed events have tag 0 and no data. After problems with the Poisson distribution I remembered the Poisson limit law, which says that a binomial distribution (n, p) with small p and large n is nearly Poisson distributed with λ = n · p. For souce code see on page 7.

b) During my tests I realised, that the variance of my binomial distribution was not λ as claimed by the Poisson distribution. The variance was instead about one magnitude smaller. I decided to take a exponential distribution but here is variance quadratic in relation to the mean value. Therefore are the calculated values only of partial relevance. For souce code see on page 9.

c) I used for the different runs a new random seed by calling the function Sim_system.next_seed several times. I performed 4 runs with 50000 events. Here one of the report files:

2b/sim_report 1 ############################################################ 2 # # 3 # SIMULATION REPORT # 4 # # 5 ############################################################ 6

Modelling and Simulation, Georg Martius (0235184) <s0235184@sms.ed.ac.uk> 3

7 Version: SimJava 2.0 8 9 Simulation date: 8. Dezember 2002 10 Simulation start time: 01:30:09 CET 11 Simulation end time: 01:30:56 CET 12 13 ############################################################ 14 # Overall simulation run information # 15 ############################################################ 16 17 Total simulated time: 3072103.689569396 18 Total transient time: 0.0 19 Total steady state time: 3072103.689569396 20 Transient condition: None 21 Termination condition: 50000 event completions at Service 22 Output analysis method: None 23 24 ############################################################ 25 # Simulation run measurements # 26 ############################################################ 27 28 ------------------------ Customers ------------------------- 29 30 - Generation rate 31 32 Sample mean: 0.016684332685132884 33 Event count: 51256 34 35 ------------------------- Service -------------------------- 36 37 - Utilisation 38 39 Sample mean: 0.7324082110014821 40 41 - Waiting time 42 43 Sample mean: 51.1544200634707 44 Sample variance: 2790.580476859551 45 Sample std deviation: 52.82594511089746 46 Maximum: 224.42379269504454 47 Minimum: 0.0 48 49 - Deflect rate 50 51 Sample mean: 4.0884036703072623E-4 52 Event count: 1256 53 Run 1 2 3 4 average Deflects 1256 1309 1231 1278 1268 Deflection Rate 4.088·10^{−4} 4.234 ·10^{−4} 4.01·10^{−4} 4.15·10^{−4} 4.120 ·10^{−4}

d) I changed line 99 in the source code of part b) to

1 Server service = new Server("Service", 35.0, 20.0, 180.0);

2d/sim_report 1 ############################################################ 2 # # 3 # SIMULATION REPORT # 4 # # 5 ############################################################ 6 7 Version: SimJava 2.0 8 9 Simulation date: 8. Dezember 2002

4 Modelling and Simulation, Georg Martius (0235184) <s0235184@sms.ed.ac.uk>

10 Simulation start time: 01:26:54 CET 11 Simulation end time: 01:27:33 CET 12 13 ############################################################ 14 # Overall simulation run information # 15 ############################################################ 16 17 Total simulated time: 2996275.024126742 18 Total transient time: 0.0 19 Total steady state time: 2996275.024126742 20 Transient condition: None 21 Termination condition: 50000 event completions at Service 22 Output analysis method: None 23 24 ############################################################ 25 # Simulation run measurements # 26 ############################################################ 27 28 ------------------------ Customers ------------------------- 29 30 - Generation rate 31 32 Sample mean: 0.016718091495822953 33 Event count: 50092 34 35 ------------------------- Service -------------------------- 36 37 - Utilisation 38 39 Sample mean: 0.5840745668900222 40 41 - Waiting time 42 43 Sample mean: 24.005333839884273 44 Sample variance: 1062.4730671367815 45 Sample std deviation: 32.59559889213238 46 Maximum: 214.74985523801297 47 Minimum: 0.0 48 49 - Deflect rate 50 51 Sample mean: 3.07047915358882E-5 52 Event count: 92 53 Run 1 2 3 4 average Deflects 92 100 104 104 100 Deflection Rate 3.07·10^{−5} 3.32 ·10^{−5} 3.47·10^{−5} 3.46·10^{−5} 3.33·10^{−5}

3 Task 3

a) Errors:

1. Compilation

2. Structured walk through at high level: Explanation to myself and realized that Disk request from Database server should go back to Database server rather than to the Application server.

3. Tracing: Application server seems to stop the flow of messages! Mean time error.

4. Tracing: I traced the System with a very high inter arrival time, to track one message.

Obviously there was no second processing in the Database server.

Modelling and Simulation, Georg Martius (0235184) <s0235184@sms.ed.ac.uk> 5

5. Tracing: With a small inter arrival time the system stopped if the web server was full.

U found the reason be looking through the WSQ code. There were the stop message leaved in the queue, therefore the queue thought to each time that the web server was full.

6. Tracing: Unfortunately I found a further error in the Queue or web server. Description:

If the application server and the web server is full, than there exits a user request the web server and than the queue fires. After that the web server simulation thread is trapped into a waiting for a start message from the application server. During this time it don’t process new request from the queue. So it happens that after getting that start message the application server but in the next step it there exits a next complete user request instead of processing the new incoming request. The web server don’t become full after the new request. Therefore the WSQ don’t get a new stop message later followed be a start message. The result is, that the queue stays full (not empty) during the web server has several free threads. I wrote several solutions for this problem, but I think this model is very complicated programmed, with a lot of site affects, so that no solution is perfect.

My first solution contains a synchronisation and a buffering if bf_out_requests in the web server. That means each thread only send the request if the application server is not full, but without blocked waiting for a start message. Result: it worked, but the queue didn’t become full really, so that I think it is not what you expect.

My second solution is a further if case the WSQ. If there is a request in the queue and the web server is neither full in the knowledge of the Queu (WSFULL) nor too heavy loaded (more than 2 threads free), than flush a message.

For souce code see on page 10.

In all my following test I used a warmup time of 4000 and a total time of 500000. The warmup time come from a naiv observation of the animation, where all devices seem to be steady. The long running time come from a few tries with less time, where too less lost events are ocurred. My results with 3 different random seeds:

1 ////////// SEED 1 2 Total simulated time: 500008.1586643648 3 Total transient time: 4013.6238648253425 4 Total steady state time: 495994.5347995394 5 Transient condition: 4000.0 units of elapsed simulated time 6 Termination condition: 500000.0 units of elapsed simulated time 7 ..... 8 9 --------------------------- WSQ ---------------------------- 10 - Loss rate 11 Sample mean: 8.064604989280044E-6 12 Event count: 4 13 14 ////////// SEED 2 15 - Loss rate 16 Sample mean: 1.8144714683318705E-5 17 Event count: 9 18 19 ////////// SEED 3 20 - Loss rate 21 Sample mean: 8.065284090293165E-6 22 Event count: 4

b) I have ran the simulation 5 times with different random seed with the same timing values like above and an inter arrival time of 300.

6 Modelling and Simulation, Georg Martius (0235184) <s0235184@sms.ed.ac.uk>

Run 1 2 3 4 5 average Count 72 120 133 89 98 102.4 Mean 1.45·10^{−4} 2.42 ·10^{−4} 2.68·10^{−4} 1.79·10^{−4} 1.98·10^{−4} 2.06·10^{−4}

The mean lost rate is about 0.0002 request per ms and the variance is about ±0.00005. This is about one magnitude greater than the old rate.

c) I added the following lines to the code:

3c/ECommerceSite.diff 1 *** 3_a/ECommerceSite.java Tue Dec 10 13:46:42 2002 2 --- 3_c/ECommerceSite.java Tue Dec 10 15:21:18 2002 3 *************** 4 *** 85,86 **** 5 --- 85,87 ---- 6 stat.set_efficient("Loss rate");

7 + stat.add_measure("WSQueue length", Sim_stat.STATE_BASED, 0.0); // added (continuous state measure) 8 set_stat(stat); 9 *************** 10 *** 126,127 **** 11 --- 127,129 ---- 12 num_requests--;

13 + stat.update("WSQueue length", (double)num_requests, Sim_system.sim_clock());// added 14 sim_trace(1, "P "+num_requests); 15 *************** 16 *** 134,135 **** 17 --- 136,138 ---- 18 num_requests--;

19 + stat.update("WSQueue length", (double)num_requests, Sim_system.sim_clock());// added 20 sim_trace(1, "P "+num_requests); 21 *************** 22 *** 142,143 **** 23 --- 145,147 ---- 24 num_requests++;

25 + stat.update("WSQueue length", (double)num_requests, Sim_system.sim_clock());// added 26 sim_trace(1, "P "+num_requests);

I have ran the simulation 3 times with different random seeds, with the same timing values like above, a queue length of 10 and an inter arrival time of 300. Here is a part of one report:

1 ...

2 Total simulated time: 500015.1398919981 3 Total transient time: 4070.7831042164194 4 Total steady state time: 495944.35678778164 5 Transient condition: 4000.0 units of elapsed simulated time 6 Termination condition: 500000.0 units of elapsed simulated time 7 Output analysis method: None 8 ...

9 --------------------------- WSQ ---------------------------- 10 11 - Loss rate 12 13 Sample mean: 6.855607798466968E-5 14 Event count: 34 15 16 - WSQueue length 17 18 Sample mean: 2.3890705110050816 19 Sample variance: 9.12398883021843 20 Sample std deviation: 3.0205941187485665 21 Maximum: 10.0 22 Minimum: 0.0

Modelling and Simulation, Georg Martius (0235184) <s0235184@sms.ed.ac.uk> 7

Run 1 2 3 result Min 0 0 0 0 Max 10 10 10 10 Mean 2.39 3.26 3.80 3.15 σ 3.02 3.37 3.32 3.4

The mean queue lenght is about 3.2 and the standart variance is about 3.4. If the queue length would be normal distributed, than I would suggest a queue length of ⌈3.2 + 3σ = 13.4⌉ = 14, because there is a 99.97% confidence interval of [μ − 3σ, μ + 3σ]. However, this is not the case, and the queue length don’t realy help to improve the lost rate. The system is to slow, so that also a very large queue doesn’t help. A long queue has the disatvantage of long waiting times. Maybe a queue length of 4 or 5 is optimal.

d) I added a new disk in the model. The database server got a new output port to the second disk. For the decision of the disks I have introduced a new random distribution object. This distribution is equal distributed in the interval [0, 1). Therefore I check if the sample value is less than 0.6. In this case the request is for disk 1 otherwise for disk 2.

For souce code see on page 21.

My new results for 3 runs with the used timing parameters and 300 ia. time.

1 ...

2 --------------------------- WSQ ---------------------------- 3 - Loss rate 4 5 Sample mean: 1.915655427965474E-4 6 Event count: 95 7 8 - WSQueue length 9 Sample mean: 0.9828147138725555 10 Sample variance: 1.850704826064835 11 Sample std deviation: 1.360406125414332 12 Maximum: 4.0 13 Minimum: 0.0 14 15 ---------------------- DatabaseDisk1 ----------------------- 16 17 - Utilisation 18 Sample mean: 0.46912947946934297 19 20 ---------------------- DatabaseDisk2 ----------------------- 21 22 - Utilisation 23 Sample mean: 0.29755388097075847

Run 1 2 Count 129 95 98 Mean 2.60·10^{−4} 1.92 ·10^{−4} 1.98·10^{−4}

The lost rate is not much better with 2 disks,

because the Application server is too slow.

A Souce code to task 2

A.1 Part a)

2a/Queue.java 1 /* 2 * Author: Georg Martius 3 * 2a: Queue 4 */

8 Modelling and Simulation, Georg Martius (0235184) <s0235184@sms.ed.ac.uk>

5 6 import eduni.simjava.*;

7 import eduni.simjava.distributions.*; 8 9 class Source extends Sim_entity { 10 private Sim_port enqueue; 11 private Sim_binomial_obj dist; 12 private double lambda; 13 private Sim_stat stat; 14 15 public Source(String name, double lambda) { 16 super(name);

17 this.lambda = lambda; 18 double p;

19 enqueue = new Sim_port("enqueue"); 20 add_port(enqueue);

21 /* fake the poisson distr with binomial distr with large n and small p 22 limit theorem: if n big and p small then binomial(n,p) approx. poission(lambda = n*p) 23 we keep p fixed and calc n = lambda / p */ 24 p = 0.01;

25 dist = new Sim_binomial_obj("lambda", p, (int)(lambda/p)); 26 add_generator(dist); 27 stat = new Sim_stat();

28 stat.add_measure("Generation rate", Sim_stat.RATE_BASED); 29 set_stat(stat); 30 } 31 32 public void body() { 33 while (Sim_system.running()) { 34 stat.update("Generation rate", Sim_system.sim_clock()); 35 sim_schedule(enqueue, 0.0, 0); 36 sim_pause(dist.sample()); 37 } 38 } 39 } 40 41 class Server extends Sim_entity { 42 private Sim_port arrival; 43 private Sim_normal_obj dist; 44 private Sim_stat stat; 45 private double mu; 46 private double vmu; 47 48 public Server(String name, double mu, double vmu) { 49 super(name);

50 arrival = new Sim_port("arrival"); 51 add_port(arrival); 52 this.mu = mu; 53 this.vmu = vmu;

54 dist = new Sim_normal_obj("serving", mu, vmu); 55 add_generator(dist); 56 stat = new Sim_stat();

57 stat.add_measure(Sim_stat.UTILISATION); 58 set_stat(stat); 59 } 60 61 public void body() { 62 Sim_event next = new Sim_event(); 63 while (Sim_system.running()) { 64 sim_wait(next);

65 sim_process(dist.sample()); 66 sim_completed(next); 67 } 68 } 69 } 70 71 class Queue {

Modelling and Simulation, Georg Martius (0235184) <s0235184@sms.ed.ac.uk> 9

72 public static void main(String args[]) { 73 Sim_system.initialise();

74 Source customers = new Source("Customers", 60.0); 75 Server service = new Server("Service", 45.0, 10.0); 76 Sim_system.link_ports("Customers", "enqueue", "Service", "arrival"); 77 Sim_system.set_termination_condition(Sim_system.EVENTS_COMPLETED, "Service", 0, 100, true); 78 Sim_system.run(); 79 } 80 } 81

A.2 Part b)

2b/Queue.java 1 /* 2 * Author: Georg Martius 3 * 2a: Queue 4 */ 5 6 import eduni.simjava.*;

7 import eduni.simjava.distributions.*; 8 9 class Source extends Sim_entity { 10 private Sim_port enqueue; 11 private Sim_negexp_obj dist; 12 private double lambda; 13 private Sim_stat stat; 14 15 16 public Source(String name, double lambda) { 17 super(name);

18 this.lambda = lambda;

19 enqueue = new Sim_port("enqueue"); 20 add_port(enqueue);

21 dist = new Sim_negexp_obj("lambda", lambda); 22 23 add_generator(dist); 24 stat = new Sim_stat();

25 stat.add_measure("Generation rate", Sim_stat.RATE_BASED); 26 set_stat(stat); 27 } 28 29 public void body() { 30 31 while (Sim_system.running()) { 32 stat.update("Generation rate", Sim_system.sim_clock()); 33 sim_schedule(enqueue, 0.0, 0); 34 sim_pause(dist.sample()); 35 } 36 } 37 } 38 39 class Server extends Sim_entity { 40 private Sim_port arrival; 41 private Sim_normal_obj dist; 42 private Sim_stat stat; 43 private double mu; 44 private double vmu; 45 46 class Deflect_Pred extends Sim_predicate{ 47 private double deflectRate;

48 public Deflect_Pred(double _deflectRate){ 49 deflectRate = _deflectRate; 50 } 51 public boolean match(Sim_event ev){

10 Modelling and Simulation, Georg Martius (0235184) <s0235184@sms.ed.ac.uk>

52 return ((Sim_system.sim_clock() - ev.event_time()) >= deflectRate); 53 } 54 } 55 private Deflect_Pred deflect_pred; 56 57 public Server(String name, double mu, double vmu, double deflect) { 58 super(name);

59 arrival = new Sim_port("arrival"); 60 add_port(arrival); 61 this.mu = mu; 62 this.vmu = vmu;

63 deflect_pred = new Deflect_Pred(deflect); 64 dist = new Sim_normal_obj("serving", mu, vmu); 65 add_generator(dist); 66 stat = new Sim_stat();

67 stat.add_measure(Sim_stat.UTILISATION); 68 stat.add_measure(Sim_stat.WAITING_TIME); 69 stat.add_measure("Deflect rate", Sim_stat.RATE_BASED); 70 set_stat(stat); 71 } 72 73 public void body() { 74 Sim_event next = new Sim_event(); 75 int i;

76 while (Sim_system.running()) { 77 sim_get_next(next);

78 while(deflect_pred.match(next)){ 79 stat.update("Deflect rate", Sim_system.sim_clock());

80 System.out.println("Deflect with waiting time: " + (next.end_waiting_time() - next.event_time())); 81 next = new Sim_event(); // to avoid that again deflected 82 sim_get_next(next); 83 } 84 sim_process(dist.sample()); 85 sim_completed(next); 86 } 87 } 88 } 89 90 class Queue { 91 public static void main(String args[]) { 92 Sim_system.initialise();

93 if(args != null && args.length >0){ // support commandline parameter for seed 94 int seednumber = Integer.parseInt(args[0]); 95 while ((seednumber--) != 0) {Sim_system.next_seed();} 96 } 97 98 Source customers = new Source("Customers", 60.0); 99 Server service = new Server("Service", 45.0, 10.0, 180.0); 100 Sim_system.link_ports("Customers", "enqueue", "Service", "arrival"); 101 Sim_system.set_termination_condition(Sim_system.EVENTS_COMPLETED, "Service", 0, 50000, true); 102 Sim_system.run(); 103 } 104 } 105 B Souce code to task 3

B.1 Part a)

Here my code. All changes are commented either through //added or through //Error X.

3a/ECommerceSite.java 1 /* 2 * The E-Commerce Site (animated) -- with errors

Modelling and Simulation, Georg Martius (0235184) <s0235184@sms.ed.ac.uk> 11

3 * 4 */ 5 6 /* LOG 7 - add variance to WS distribution (Error 1) 8 - modify connection from Disk to DBS (Error 2) 9 - add overload sim_trace message with loglevel to each entity for testing purpose 10 - change the mean time of the distribution of the application server from 1500 to 150 (Error 3) 11 - add the second processing of the data at the database server (Error 4) 12 - getting the stop message out of the queue at WSQ (Error 5) 13 - insert inputbox for random seed and necessary variables 14 - insert additional case in WSQ for flushing (Error 6) 15 16 */ 17 import java.applet.*; 18 import java.awt.*; 19 import eduni.simjava.*; 20 import eduni.simanim.*;

21 import eduni.simjava.distributions.*; 22 23 class Source extends Sim_entity { 24 private Sim_port enqueue, exit; 25 private Sim_negexp_obj source_hold; 26 private double iatime; 27 // Added 28 private int loglevel; 29 30 31 // public Source(String name, int x, int y, double iatime) { 32 public Source(String name, int x, int y, double iatime, int loglevel) { 33 super(name, "source1", x, y); 34 this.iatime = iatime;

35 this.loglevel = loglevel;//added 36 37 enqueue = new Sim_port("enqueue", "port", Anim_port.RIGHT, 10); 38 add_port(enqueue);

39 exit = new Sim_port("exit", "port", Anim_port.RIGHT, 70); 40 add_port(exit);

41 source_hold = new Sim_negexp_obj("iatime", iatime); 42 add_generator(source_hold); 43 } 44 45 //Added 46 public void sim_trace(int level, java.lang.String msg){ 47 if(loglevel>level){ 48 System.out.println("Src (" + (int)(Sim_system.sim_clock()) + "): " + msg ); 49 } 50 super.sim_trace(level, msg); 51 } 52 53 54 public void body() { 55 while (Sim_system.running()) { 56 sim_pause(source_hold.sample()); 57 sim_schedule(enqueue, 0.0, 1); 58 sim_trace(1,"S enqueue"); 59 } 60 } 61 } 62 63 class WSQ extends Sim_entity { 64 private Sim_port request_queue, access, ws_control; 65 private Sim_stat stat;

66 private int num_requests, capacity; 67 private boolean WS_FULL; 68 //added 69 private int loglevel;

12 Modelling and Simulation, Georg Martius (0235184) <s0235184@sms.ed.ac.uk>

70 71 // public WSQ(String name, int x, int y, int WSQcap) { 72 public WSQ(String name, int x, int y, int WSQcap, int loglevel) { 73 74 super(name, "wsq", x, y); 75 this.capacity = WSQcap; 76 this.loglevel = loglevel;//added 77 78 request_queue = new Sim_port("request_queue", "port", Anim_port.LEFT, 10); 79 add_port(request_queue);

80 access = new Sim_port("access", "port", Anim_port.RIGHT, 10); 81 add_port(access);

82 ws_control = new Sim_port("ws_control", "port", Anim_port.RIGHT, 30); 83 add_port(ws_control);

84 add_param(new Anim_param("num_requests", Anim_param.VALUE, "0", 1, 10)); 85 stat = new Sim_stat();

86 stat.add_measure("Loss rate", Sim_stat.RATE_BASED); 87 stat.set_efficient("Loss rate"); 88 set_stat(stat); 89 } 90 91 //Added 92 public void sim_trace(int level, java.lang.String msg){ 93 if(loglevel>level){ 94 System.out.println("WSQ (" + (int)(Sim_system.sim_clock()) + "): " + msg ); 95 } 96 super.sim_trace(level, msg); 97 } 98 99 public void body() { 100 Sim_type_p new_request = new Sim_type_p(1); 101 Sim_type_p stop_msg = new Sim_type_p(10); 102 Sim_type_p start_msg = new Sim_type_p(11); 103 int j; 104 105 WS_FULL = false; 106 num_requests = 0; 107 108 Sim_event new_event = new Sim_event(); 109 sim_get_next(new_event); 110 sim_schedule(access, 0.0, 2); 111 sim_trace(1, "S access"); 112 113 while (Sim_system.running()) { 114 if ((sim_waiting(stop_msg) > 0) && !(WS_FULL)) { 115 //added 116 sim_select(stop_msg, new_event); // Error 5 (missed line) 117 WS_FULL = true; 118 continue;

119 } else if ((sim_waiting(start_msg) > 0) && (WS_FULL)) { 120 sim_select(start_msg, new_event); 121 122 WS_FULL = false;

123 j = WebServer.webThreads - WebServer.num_threads; 124 if (j > num_requests) j = num_requests; 125 while ((j > 0) && Sim_system.running()) { 126 sim_schedule(access, 0.0, 2); 127 sim_trace(1, "S access"); 128 num_requests--;

129 sim_trace(1, "P "+num_requests); 130 j--; 131 } 132 } else // added for flushing queue if full and Webserver have capacities 133 if(num_requests != 0 && (WebServer.webThreads - WebServer.num_threads)>=2 && !(WS_FULL)){ 134 sim_schedule(access, 0.0, 2); 135 sim_trace(1, "S access"); 136 num_requests--;

Modelling and Simulation, Georg Martius (0235184) <s0235184@sms.ed.ac.uk> 13

137 sim_trace(1, "P "+num_requests); 138 } else if (sim_waiting(new_request) > 0) { 139 sim_select(new_request, new_event); 140 if (!(WS_FULL)){ 141 sim_schedule(access, 0.0, 2); 142 sim_trace(1, "S access"); 143 } else if (num_requests < capacity) { 144 num_requests++;

145 sim_trace(1, "P "+num_requests); 146 } else { 147 stat.update("Loss rate", Sim_system.sim_clock()); 148 } 149 } else { 150 sim_get_next(new_event); 151 sim_putback(new_event); 152 } 153 } 154 } 155 } 156 157 class WebServer extends Sim_entity { 158 private Sim_port grant_thread, bf_req_out, bf_reply_in, exit, q_control, as_control; 159 private Sim_normal_obj WS_hold; 160 private final double WSmean = 120; 161 private final double WSvar = 15; 162 public static boolean FULL; 163 public static boolean AS_FULL; 164 public static int webThreads, num_threads; 165 // Added 166 private int loglevel; 167 168 // public WebServer(String name, int x, int y, int WSThreads) { // add loglevel 169 public WebServer(String name, int x, int y, int WSThreads, int loglevel) { 170 super(name, "webserver", x, y); 171 this.webThreads = WSThreads; 172 this.loglevel = loglevel;//added 173 174 grant_thread = new Sim_port("grant_thread", "port", Anim_port.LEFT, 10); 175 add_port(grant_thread);

176 bf_req_out = new Sim_port("bf_req_out", "port", Anim_port.RIGHT, 10); 177 add_port(bf_req_out);

178 as_control = new Sim_port("as_control", "port", Anim_port.RIGHT, 30); 179 add_port(as_control);

180 bf_reply_in = new Sim_port("bf_reply_in", "port", Anim_port.RIGHT, 70); 181 add_port(bf_reply_in);

182 exit = new Sim_port("exit", "port", Anim_port.LEFT, 70); 183 add_port(exit);

184 q_control = new Sim_port("q_control", "port", Anim_port.LEFT, 30); 185 add_port(q_control); 186 187 add_param(new Anim_param("num_threads", Anim_param.VALUE, "0", 1,10)); 188 // WS_hold = new Sim_normal_obj("WS_hold", WSmean); error 1 189 WS_hold = new Sim_normal_obj("WS_hold", WSmean, WSvar); 190 add_generator(WS_hold); 191 } 192 //Added 193 public void sim_trace(int level, java.lang.String msg){ 194 if(loglevel>level){ 195 System.out.println("WS (" + (int)(Sim_system.sim_clock()) + "): " + msg ); 196 } 197 super.sim_trace(level, msg); 198 } 199 200 public void body() { 201 Sim_type_p request = new Sim_type_p(2); 202 Sim_type_p reply = new Sim_type_p(6); 203 Sim_type_p stop_msg = new Sim_type_p(12);

14 Modelling and Simulation, Georg Martius (0235184) <s0235184@sms.ed.ac.uk>

204 Sim_type_p start_msg = new Sim_type_p(13); 205 206 FULL = false; 207 AS_FULL = false; 208 num_threads = 0; 209 210 Sim_event next_event = new Sim_event(); 211 sim_get_next(request, next_event); 212 num_threads++;

213 sim_trace(1,"P "+num_threads); 214 if (num_threads == webThreads) { 215 FULL=true;

216 sim_schedule(q_control, 0.0, 10); 217 sim_trace(1, "S q_control"); 218 } 219 sim_process(WS_hold.sample()); 220 sim_completed(next_event); 221 sim_schedule(bf_req_out, 0.0, 3); 222 sim_trace(1, "S bf_req_out"); 223 224 while (Sim_system.running()) { 225 if ((sim_waiting(stop_msg) > 0) && !(AS_FULL)) { 226 sim_select(stop_msg, next_event); 227 AS_FULL = true;

228 sim_completed(next_event); 229 continue;

230 } else if ((sim_waiting(start_msg) > 0) && (AS_FULL)) { 231 sim_select(start_msg, next_event); 232 AS_FULL = false;

233 sim_completed(next_event); 234 continue;

235 } else if (sim_waiting(request) > 0 && (!FULL)) { 236 sim_select(request, next_event); 237 num_threads++;

238 sim_trace(1,"P "+num_threads); 239 if (num_threads == webThreads) { 240 FULL= true;

241 sim_schedule(q_control, 0.0, 10); 242 sim_trace(1, "S q_control"); 243 } 244 sim_process(WS_hold.sample()); 245 sim_completed(next_event); 246 if (AS_FULL == true) { 247 sim_get_next(start_msg, next_event); 248 AS_FULL = false; 249 sim_completed(next_event); 250 } 251 sim_schedule(bf_req_out, 0.0, 3); 252 sim_trace(1, "S bf_req_out"); 253 } else if (sim_waiting(reply) > 0) { 254 sim_select(reply, next_event); 255 sim_process(WS_hold.sample()); 256 sim_completed(next_event); 257 sim_schedule(exit, 0.0, 7); 258 sim_trace(1, "S exit"); 259 num_threads--;

260 sim_trace(1, "P "+num_threads); 261 if (FULL == true) { 262 FULL = false;

263 sim_schedule(q_control, 0.0, 11); 264 sim_trace(1, "S q_control"); 265 } 266 } else if (FULL) { 267 sim_get_next(reply, next_event); 268 sim_process(WS_hold.sample()); 269 sim_completed(next_event); 270 sim_schedule(exit, 0.0, 7);

Modelling and Simulation, Georg Martius (0235184) <s0235184@sms.ed.ac.uk> 15

271 sim_trace(1, "S exit"); 272 num_threads--;

273 sim_trace(1, "P "+num_threads); 274 FULL = false;

275 sim_schedule(q_control, 0.0, 11); 276 sim_trace(1, "S q_control"); 277 } else { //?

278 sim_get_next(next_event); 279 sim_putback(next_event); 280 } 281 } 282 } 283 } 284 285 class ApplicationServer extends Sim_entity { 286 private Sim_port bf_req_in, bf_reply_out, trans_req_out, trans_reply_in, ws_control, dbs_control; 287 private Sim_normal_obj AS_hold;

288 // private final double ASmean = 1500; // Error 3 289 private final double ASmean = 150; 290 private final double ASvar = 50; 291 private int appThreads; 292 private int num_threads; 293 private boolean FULL; 294 private boolean DBS_FULL; 295 // Added 296 private int loglevel; 297 298 // public ApplicationServer(String name, int x, int y, int ASThreads) { 299 public ApplicationServer(String name, int x, int y, int ASThreads, int loglevel) { 300 301 super(name, "applicationserver", x, y); 302 this.appThreads = ASThreads; 303 this.loglevel = loglevel;//added 304 305 bf_req_in = new Sim_port("bf_req_in", "port", Anim_port.LEFT, 10); 306 add_port(bf_req_in);

307 trans_req_out = new Sim_port("trans_req_out", "port", Anim_port.RIGHT, 10); 308 add_port(trans_req_out);

309 dbs_control = new Sim_port("dbs_control", "port", Anim_port.RIGHT, 30); 310 add_port(dbs_control);

311 trans_reply_in = new Sim_port("trans_reply_in", "port", Anim_port.RIGHT, 70); 312 add_port(trans_reply_in);

313 bf_reply_out = new Sim_port("bf_reply_out", "port", Anim_port.LEFT, 70); 314 add_port(bf_reply_out);

315 ws_control = new Sim_port("ws_control", "port", Anim_port.LEFT, 30); 316 add_port(ws_control); 317 318 add_param(new Anim_param("num_threads", Anim_param.VALUE, "0", 1,10)); 319 AS_hold = new Sim_normal_obj("AS_hold", ASmean, ASvar); 320 add_generator(AS_hold); 321 } 322 323 //Added 324 public void sim_trace(int level, java.lang.String msg){ 325 if(loglevel>level){ 326 System.out.println("AS (" + (int)(Sim_system.sim_clock()) + "): " + msg ); 327 } 328 super.sim_trace(level, msg); 329 } 330 331 public void body() { 332 Sim_type_p request = new Sim_type_p(3); 333 Sim_type_p reply = new Sim_type_p(5); 334 Sim_type_p stop_msg = new Sim_type_p(14); 335 Sim_type_p start_msg = new Sim_type_p(15); 336 337 FULL = false;

16 Modelling and Simulation, Georg Martius (0235184) <s0235184@sms.ed.ac.uk>

338 DBS_FULL = false; 339 num_threads = 0; 340 341 Sim_event next_event = new Sim_event(); 342 sim_get_next(request, next_event); 343 num_threads++;

344 sim_trace(1,"P "+num_threads); 345 if (num_threads == appThreads) { 346 FULL= true;

347 sim_schedule(ws_control, 0.0, 12); 348 sim_trace(1, "S ws_control"); 349 } 350 sim_process(AS_hold.sample()); 351 sim_completed(next_event); 352 sim_schedule(trans_req_out, 0.0, 4); 353 sim_trace(1, "S trans_req_out"); 354 355 while (Sim_system.running()) { 356 if ((sim_waiting(stop_msg) > 0) && !(DBS_FULL)) { 357 sim_select(stop_msg, next_event); 358 DBS_FULL = true;

359 sim_completed(next_event); 360 continue;

361 } else if ((sim_waiting(start_msg) > 0) && (DBS_FULL)) { 362 sim_select(start_msg, next_event); 363 DBS_FULL = false; 364 continue;

365 } else if ((sim_waiting(request) > 0) && (!FULL)) { //? () 366 sim_select(request, next_event); 367 num_threads++;

368 sim_trace(1,"P "+num_threads); 369 if (num_threads == appThreads) { 370 FULL= true;

371 sim_schedule(ws_control, 0.0, 12); 372 sim_trace(1, "S ws_control"); 373 } 374 sim_process(AS_hold.sample()); 375 sim_completed(next_event); 376 if (DBS_FULL == true) { 377 sim_get_next(start_msg, next_event); 378 DBS_FULL = false; 379 sim_completed(next_event); 380 } 381 sim_schedule(trans_req_out, 0.0, 4); 382 sim_trace(1, "S trans_req_out"); 383 } else if (sim_waiting(reply) > 0) { 384 sim_select(reply, next_event); 385 sim_process(AS_hold.sample()); 386 sim_completed(next_event); 387 sim_schedule(bf_reply_out, 0.0, 6); 388 sim_trace(1, "S bf_reply_out"); 389 num_threads--;

390 sim_trace(1, "P "+num_threads); 391 if (FULL == true) { 392 FULL = false;

393 sim_schedule(ws_control, 0.0, 13); 394 sim_trace(1, "S ws_control"); 395 } 396 } else if (FULL) { 397 sim_get_next(reply, next_event); 398 sim_process(AS_hold.sample()); 399 sim_completed(next_event); 400 sim_schedule(bf_reply_out, 0.0, 6); 401 sim_trace(1, "S bf_reply_out"); 402 num_threads--;

403 sim_trace(1, "P "+num_threads); 404 FULL = false;

Modelling and Simulation, Georg Martius (0235184) <s0235184@sms.ed.ac.uk> 17

405 sim_schedule(ws_control, 0.0, 13); 406 sim_trace(1, "S ws_control"); 407 } else { 408 sim_get_next(next_event); 409 sim_putback(next_event); 410 } 411 } 412 } 413 } 414 415 class DBServer extends Sim_entity { 416 private Sim_port trans_req_in, trans_reply_out, io_request, io_reply, as_control; 417 private Sim_normal_obj DBS_hold; 418 private final double DBSmean = 125.0; 419 private final double DBSvar = 25.0; 420 private int dbThreads; 421 private int num_threads=0; 422 private boolean FULL = false; 423 // Added 424 private int loglevel; 425 426 // public DBServer(String name, int x, int y, int DBSThreads) { 427 public DBServer(String name, int x, int y, int DBSThreads, int loglevel) { 428 super(name, "databaseserver", x, y); 429 this.dbThreads = DBSThreads; 430 this.loglevel = loglevel;//added 431 432 trans_req_in = new Sim_port("trans_req_in", "port", Anim_port.LEFT, 10); 433 add_port(trans_req_in);

434 as_control = new Sim_port("as_control", "port", Anim_port.LEFT, 30); 435 add_port(as_control);

436 trans_reply_out = new Sim_port("trans_reply_out", "port", Anim_port.LEFT, 70); 437 add_port(trans_reply_out);

438 io_request = new Sim_port("io_request", "port", Anim_port.BOTTOM, 70); 439 add_port(io_request);

440 io_reply = new Sim_port("io_reply", "port", Anim_port.BOTTOM, 10); 441 add_port(io_reply); 442 443 add_param(new Anim_param("num_threads", Anim_param.VALUE, "0", 1,10)); 444 DBS_hold = new Sim_normal_obj("DBS_hold", DBSmean, DBSvar); 445 add_generator(DBS_hold); 446 } 447 448 //Added 449 public void sim_trace(int level, java.lang.String msg){ 450 if(loglevel>level){ 451 System.out.println("DBS (" + (int)(Sim_system.sim_clock()) + "): " + msg ); 452 } 453 super.sim_trace(level, msg); 454 } 455 456 public void body() { 457 Sim_type_p reply = new Sim_type_p(21); 458 Sim_type_p request = new Sim_type_p(4); 459 460 FULL = false; 461 num_threads = 0; 462 463 Sim_event next_event = new Sim_event(); 464 sim_get_next(request, next_event); 465 num_threads++;

466 sim_trace(1,"P "+num_threads); 467 if (num_threads == dbThreads) { 468 FULL=true;

469 sim_schedule(as_control, 0.0, 14); 470 sim_trace(1, "S(init) as_control"); 471 }

18 Modelling and Simulation, Georg Martius (0235184) <s0235184@sms.ed.ac.uk>

472 sim_process(DBS_hold.sample()); 473 sim_completed(next_event); 474 sim_schedule(io_request, 0.0, 20); 475 sim_trace(1, "S(init) io_request"); 476 477 while (Sim_system.running()) { 478 if (sim_waiting(request) > 0 && (!FULL)) { 479 sim_select(request, next_event); 480 num_threads++;

481 sim_trace(1,"P "+num_threads); 482 if (num_threads == dbThreads) { 483 FULL= true;

484 sim_schedule(as_control, 0.0, 14); 485 sim_trace(1, "S as_control"); 486 sim_process(DBS_hold.sample()); 487 sim_completed(next_event); 488 sim_schedule(io_request, 0.0, 20); 489 sim_trace(1, "S io_request"); 490 sim_get_next(reply, next_event); 491 sim_process(DBS_hold.sample()); 492 sim_completed(next_event); 493 sim_schedule(trans_reply_out, 0.0, 5); 494 sim_trace(1, "S trans_reply_out"); 495 num_threads--;

496 sim_trace(1, "P "+num_threads); 497 FULL = false;

498 sim_schedule(as_control, 0.0, 15); 499 sim_trace(1, "S as_control"); 500 } else { 501 sim_process(DBS_hold.sample()); 502 sim_completed(next_event); 503 sim_schedule(io_request, 0.0, 20); 504 sim_trace(1, "S io_request"); 505 } 506 } else if (sim_waiting(reply) > 0) { 507 sim_select(reply, next_event);

508 // Error 4 missing next line (processing second time) 509 sim_process(DBS_hold.sample()); 510 sim_completed(next_event); 511 sim_schedule(trans_reply_out, 0.0, 5); 512 sim_trace(1, "S trans_reply_out"); 513 num_threads--;

514 sim_trace(1, "P "+num_threads); 515 if (FULL == true) { 516 FULL = false;

517 sim_schedule(as_control, 0.0, 15); 518 sim_trace(1, "S as_control"); 519 } 520 } else if (FULL) { 521 sim_get_next(reply, next_event); 522 sim_process(DBS_hold.sample()); 523 sim_completed(next_event); 524 sim_schedule(trans_reply_out, 0.0, 5); 525 sim_trace(1, "S trans_reply_out"); 526 num_threads--;

527 sim_trace(1, "P "+num_threads); 528 FULL = false;

529 sim_schedule(as_control, 0.0, 15); 530 sim_trace(1, "S as_control"); 531 } else { 532 sim_get_next(next_event); 533 sim_putback(next_event); 534 } 535 } 536 } 537 } 538

Modelling and Simulation, Georg Martius (0235184) <s0235184@sms.ed.ac.uk> 19

539 class Disk extends Sim_entity { 540 private Sim_port io_req_in, io_reply_out; 541 private Sim_normal_obj IO_hold; 542 private final double IOmean = 250.0; 543 private final double IOvar = 50.0; 544 // Added 545 private int loglevel; 546 547 // public Disk(String name, int x, int y) { 548 public Disk(String name, int x, int y, int loglevel) { 549 super(name, "disk", x, y); 550 this.loglevel = loglevel;//added 551 552 io_req_in = new Sim_port("io_req_in", "port", Anim_port.TOP, 40); 553 add_port(io_req_in);

554 io_reply_out = new Sim_port("io_reply_out", "port", Anim_port.TOP, 40); 555 add_port(io_reply_out); 556 557 IO_hold = new Sim_normal_obj("IO_hold", IOmean, IOvar); 558 add_generator(IO_hold); 559 } 560 561 //Added 562 public void sim_trace(int level, java.lang.String msg){ 563 if(loglevel>level){ 564 System.out.println("Disk (" + (int)(Sim_system.sim_clock()) + "): " + msg ); 565 } 566 super.sim_trace(level, msg); 567 } 568 569 public void body() { 570 Sim_type_p request = new Sim_type_p(20); 571 while (Sim_system.running()) { 572 Sim_event granting = new Sim_event(); 573 sim_get_next(request, granting); 574 sim_process(IO_hold.sample()); 575 sim_completed(granting); 576 sim_schedule(io_reply_out,0.0,21); 577 sim_trace(1, "S io_reply_out"); 578 } 579 } 580 } 581 582 // Main applet 583 public class ECommerceSite extends Anim_applet { 584 public static Panel inputs;

585 public static Label WSQsizeLabel, intArrTimeLabel, WSThreadsLabel, 586 ASThreadsLabel, DBSThreadsLabel, warmupLabel, runLabel, 587 seedLabel; // added for random seed 588 public static Choice WSQcapChoice;

589 public static TextField iatimeField, WSThreadsField, ASThreadsField, 590 DBSThreadsField, warmupField, runField, 591 seedField; // added for random seed 592 private static double warmuptime, runtime; 593 private static int seednum; // added for random seed 594 595 // Initialise the GUI 596 public void anim_init() { 597 int j;

598 inputs = new Panel();

599 inputs.setLayout(new GridLayout(0,2)); 600 601 WSQsizeLabel = new Label("Queueing capacity at Web Server:", Label.RIGHT); 602 inputs.add(WSQsizeLabel); 603 WSQcapChoice = new Choice(); 604 for (j = 2; j <= 16; j +=2) 605 WSQcapChoice.addItem(" "+j+" ");

20 Modelling and Simulation, Georg Martius (0235184) <s0235184@sms.ed.ac.uk>

606 WSQcapChoice.select(1); 607 inputs.add(WSQcapChoice); 608 609 intArrTimeLabel = new Label("Mean Inter-arrival Time (exp. distribution):", Label.RIGHT); 610 inputs.add(intArrTimeLabel); 611 iatimeField = new TextField("400", 5); 612 inputs.add(iatimeField); 613 614 WSThreadsLabel = new Label("No. of Concurrent Threads at Web Server:", Label.RIGHT); 615 inputs.add(WSThreadsLabel);

616 WSThreadsField = new TextField("8", 2); 617 inputs.add(WSThreadsField); 618 619 ASThreadsLabel = new Label("No. of Concurrent Threads at Application Server:", Label.RIGHT); 620 inputs.add(ASThreadsLabel);

621 ASThreadsField = new TextField("5", 2); 622 inputs.add(ASThreadsField); 623 624 DBSThreadsLabel = new Label("No. of Concurrent Threads at Database Server:", Label.RIGHT); 625 inputs.add(DBSThreadsLabel); 626 DBSThreadsField = new TextField("3", 2); 627 inputs.add(DBSThreadsField); 628 629 warmupLabel = new Label("Transient Period (to be discarded):", Label.RIGHT); 630 inputs.add(warmupLabel);

631 warmupField = new TextField("0", 6); 632 inputs.add(warmupField); 633 634 runLabel = new Label("Total Running Time (including warmup):", Label.RIGHT); 635 inputs.add(runLabel);

636 runField = new TextField("0", 8); 637 inputs.add(runField); 638 639 // start added 640 seedLabel = new Label("Random Seed:", Label.RIGHT); 641 inputs.add(seedLabel);

642 seedField = new TextField("1", 8); 643 inputs.add(seedField); 644 // end added 645 646 this.add("North", inputs); 647 } 648 649 // Setup the animation 650 public void anim_layout() { 651 int WSQcap, WSThreads, ASThreads, DBSThreads; 652 double iatime; 653 654 WSQcap = (((WSQcapChoice.getSelectedIndex())+1)*2); 655 iatime = Double.valueOf(iatimeField.getText()).doubleValue(); 656 WSThreads = Integer.parseInt(WSThreadsField.getText()); 657 ASThreads = Integer.parseInt(ASThreadsField.getText()); 658 DBSThreads = Integer.parseInt(DBSThreadsField.getText()); 659 warmuptime = Integer.parseInt(warmupField.getText()); 660 runtime = Integer.parseInt(runField.getText()); 661 seednum = Integer.parseInt(seedField.getText()); // added 662 663 // added for apply the seed 664 for(int i = 0; i< seednum; i++ ){ 665 System.out.println("Next Random Seed"); 666 Sim_system.next_seed(); 667 } 668 669 // Add entities 670 Source source = new Source("Source", 10, 10, iatime,0); // add loglevel 671 WSQ wsq = new WSQ("WSQ", 100, 10, WSQcap,0); // add loglevel 672 WebServer webserver = new WebServer("WebServer", 220, 10, WSThreads, 0); // add loglevel

Modelling and Simulation, Georg Martius (0235184) <s0235184@sms.ed.ac.uk> 21

673 ApplicationServer appserver = new ApplicationServer("ApplicationServer", 380, 10, ASThreads, 0); // add loglevel 674 DBServer dbserver = new DBServer("DatabaseServer", 530, 10, DBSThreads, 0); // add loglevel 675 Disk disk = new Disk("DatabaseDisk", 530, 150, 0); // add loglevel 676 677 // Link entities 678 Sim_system.link_ports("Source", "enqueue", "WSQ", "request_queue"); 679 Sim_system.link_ports("WSQ", "access", "WebServer", "grant_thread"); 680 Sim_system.link_ports("WebServer", "bf_req_out", "ApplicationServer", "bf_req_in"); 681 Sim_system.link_ports("WebServer", "q_control", "WSQ", "ws_control"); 682 Sim_system.link_ports("ApplicationServer", "trans_req_out", "DatabaseServer", "trans_req_in"); 683 Sim_system.link_ports("DatabaseServer", "io_request", "DatabaseDisk", "io_req_in"); 684 // Sim_system.link_ports("DatabaseDisk", "io_reply_out", "ApplicationServer", "trans_reply_in"); Error 2 685 Sim_system.link_ports("DatabaseDisk", "io_reply_out", "DatabaseServer", "io_reply"); 686 Sim_system.link_ports("DatabaseServer", "trans_reply_out", "ApplicationServer", "trans_reply_in"); 687 Sim_system.link_ports("DatabaseServer", "as_control", "ApplicationServer", "dbs_control"); 688 Sim_system.link_ports("ApplicationServer", "bf_reply_out", "WebServer", "bf_reply_in"); 689 Sim_system.link_ports("ApplicationServer", "ws_control", "WebServer", "as_control"); 690 Sim_system.link_ports("WebServer", "exit", "Source", "exit"); 691 } 692 693 // Setup the simulation’s parameters 694 public void sim_setup() { 695 if (warmuptime > 0.0) { 696 Sim_system.set_transient_condition(Sim_system.TIME_ELAPSED, warmuptime); 697 } 698 Sim_system.set_termination_condition(Sim_system.TIME_ELAPSED, runtime, true); 699 700 } 701 702 // Setup the applet’s output 703 public void anim_output() { 704 generate_messages(true); 705 generate_report(true); 706 } 707 }

B.2 Part d)

Here the part of the source code what is relevant for task 3d:

part of 3d/ECommerceSite.java 1 /* 2 * The E-Commerce Site (animated) -- with errors 3 * 4 */ 5 6 /* LOG 7 - add variance to WS distribution (Error 1) 8 - modify connection from Disk to DBS (Error 2) 9 - add overload sim_trace message with loglevel to each entity for testing purpose 10 - change the mean time of the distribution of the application server from 1500 to 150 (Error 3) 11 - add the second processing of the data at the database server (Error 4) 12 - getting the stop message out of the queue at WSQ (Error 5) 13 - insert inputbox for random seed and necessary variables 14 - insert additional case in WSQ for flushing (Error 6) 15 - insert State_Based continuous measure for queue length in WSQ. 16 - insert a new Disk and modify the DBServer. (a new out port and a random distr. 17 for distribution of the iorequests to disk 1 or 2) 18 */ 19 import java.applet.*; 20 import java.awt.*; 21 import eduni.simjava.*; 22 import eduni.simanim.*;

23 import eduni.simjava.distributions.*; 24

22 Modelling and Simulation, Georg Martius (0235184) <s0235184@sms.ed.ac.uk>

25 class Source extends Sim_entity { 26 private Sim_port enqueue, exit; 27 private Sim_negexp_obj source_hold; 28 private double iatime; 29 // Added 30 private int loglevel; 31 32 33 // public Source(String name, int x, int y, double iatime) { 34 public Source(String name, int x, int y, double iatime, int loglevel) { 35 super(name, "source1", x, y); 36 this.iatime = iatime;

37 this.loglevel = loglevel;//added 38 39 enqueue = new Sim_port("enqueue", "port", Anim_port.RIGHT, 10); 40 add_port(enqueue);

41 exit = new Sim_port("exit", "port", Anim_port.RIGHT, 70); 42 add_port(exit);

43 source_hold = new Sim_negexp_obj("iatime", iatime); 44 add_generator(source_hold); 45 } 46 47 //Added 48 public void sim_trace(int level, java.lang.String msg){ 49 if(loglevel>level){ 50 System.out.println("Src (" + (int)(Sim_system.sim_clock()) + "): " + msg ); 51 } 52 super.sim_trace(level, msg); 53 } 54 55 56 public void body() { 57 while (Sim_system.running()) { 58 sim_pause(source_hold.sample()); 59 sim_schedule(enqueue, 0.0, 1); 60 sim_trace(1,"S enqueue"); 61 } 62 } 63 } 64 65 class WSQ extends Sim_entity { 66 private Sim_port request_queue, access, ws_control; 67 private Sim_stat stat;

68 private int num_requests, capacity; 69 private boolean WS_FULL; 70 //added 71 private int loglevel; 72 73 // public WSQ(String name, int x, int y, int WSQcap) { 74 public WSQ(String name, int x, int y, int WSQcap, int loglevel) { 75 76 super(name, "wsq", x, y); 77 this.capacity = WSQcap; 78 this.loglevel = loglevel;//added 79 80 request_queue = new Sim_port("request_queue", "port", Anim_port.LEFT, 10); 81 add_port(request_queue);

82 access = new Sim_port("access", "port", Anim_port.RIGHT, 10); 83 add_port(access);

84 ws_control = new Sim_port("ws_control", "port", Anim_port.RIGHT, 30); 85 add_port(ws_control);

86 add_param(new Anim_param("num_requests", Anim_param.VALUE, "0", 1, 10)); 87 stat = new Sim_stat();

88 stat.add_measure("Loss rate", Sim_stat.RATE_BASED); 89 stat.set_efficient("Loss rate");

90 stat.add_measure("WSQueue length", Sim_stat.STATE_BASED, 0.0); // added (continuous state measure) 91 set_stat(stat);

Modelling and Simulation, Georg Martius (0235184) <s0235184@sms.ed.ac.uk> 23

92 } 93 94 //Added 95 public void sim_trace(int level, java.lang.String msg){ 96 if(loglevel>level){ 97 System.out.println("WSQ (" + (int)(Sim_system.sim_clock()) + "): " + msg ); 98 } 99 super.sim_trace(level, msg); 100 } 101 102 public void body() { 103 Sim_type_p new_request = new Sim_type_p(1); 104 Sim_type_p stop_msg = new Sim_type_p(10); 105 Sim_type_p start_msg = new Sim_type_p(11); 106 int j; 107 108 WS_FULL = false; 109 num_requests = 0; 110 111 Sim_event new_event = new Sim_event(); 112 sim_get_next(new_event); 113 sim_schedule(access, 0.0, 2); 114 sim_trace(1, "S access"); 115 116 while (Sim_system.running()) { 117 if ((sim_waiting(stop_msg) > 0) && !(WS_FULL)) { 118 //added 119 sim_select(stop_msg, new_event); // Error 5 (missed line) 120 WS_FULL = true; 121 continue;

122 } else if ((sim_waiting(start_msg) > 0) && (WS_FULL)) { 123 sim_select(start_msg, new_event); 124 125 WS_FULL = false;

126 j = WebServer.webThreads - WebServer.num_threads; 127 if (j > num_requests) j = num_requests; 128 while ((j > 0) && Sim_system.running()) { 129 sim_schedule(access, 0.0, 2); 130 sim_trace(1, "S access"); 131 num_requests--;

132 stat.update("WSQueue length", (double)num_requests, Sim_system.sim_clock());// added 133 sim_trace(1, "P "+num_requests); 134 j--; 135 } 136 } else // added for flushing queue if full and Webserver have capacities 137 if(num_requests != 0 && (WebServer.webThreads - WebServer.num_threads)>=2 && !(WS_FULL)){ 138 sim_schedule(access, 0.0, 2); 139 sim_trace(1, "S access"); 140 num_requests--;

141 stat.update("WSQueue length", (double)num_requests, Sim_system.sim_clock());// added 142 sim_trace(1, "P "+num_requests); 143 } else if (sim_waiting(new_request) > 0) { 144 sim_select(new_request, new_event); 145 if (!(WS_FULL)){ 146 sim_schedule(access, 0.0, 2); 147 sim_trace(1, "S access"); 148 } else if (num_requests < capacity) { 149 num_requests++;

150 stat.update("WSQueue length", (double)num_requests, Sim_system.sim_clock());// added 151 sim_trace(1, "P "+num_requests); 152 } else { 153 stat.update("Loss rate", Sim_system.sim_clock()); 154 } 155 } else { 156 sim_get_next(new_event); 157 sim_putback(new_event); 158 }

24 Modelling and Simulation, Georg Martius (0235184) <s0235184@sms.ed.ac.uk>

159 } 160 } 161 } 162 163 class WebServer extends Sim_entity { 164 private Sim_port grant_thread, bf_req_out, bf_reply_in, exit, q_control, as_control; 165 private Sim_normal_obj WS_hold; 166 private final double WSmean = 120; 167 private final double WSvar = 15; 168 public static boolean FULL; 169 public static boolean AS_FULL; 170 public static int webThreads, num_threads; 171 // Added 172 private int loglevel; 173 174 // public WebServer(String name, int x, int y, int WSThreads) { // add loglevel 175 public WebServer(String name, int x, int y, int WSThreads, int loglevel) { 176 super(name, "webserver", x, y); 177 this.webThreads = WSThreads; 178 this.loglevel = loglevel;//added 179 180 grant_thread = new Sim_port("grant_thread", "port", Anim_port.LEFT, 10); 181 add_port(grant_thread);

182 bf_req_out = new Sim_port("bf_req_out", "port", Anim_port.RIGHT, 10); 183 add_port(bf_req_out);

184 as_control = new Sim_port("as_control", "port", Anim_port.RIGHT, 30); 185 add_port(as_control);

186 bf_reply_in = new Sim_port("bf_reply_in", "port", Anim_port.RIGHT, 70); 187 add_port(bf_reply_in);

188 exit = new Sim_port("exit", "port", Anim_port.LEFT, 70); 189 add_port(exit);

190 q_control = new Sim_port("q_control", "port", Anim_port.LEFT, 30); 191 add_port(q_control); 192 193 add_param(new Anim_param("num_threads", Anim_param.VALUE, "0", 1,10)); 194 // WS_hold = new Sim_normal_obj("WS_hold", WSmean); error 1 195 WS_hold = new Sim_normal_obj("WS_hold", WSmean, WSvar); 196 add_generator(WS_hold); 197 } 198 //Added 199 public void sim_trace(int level, java.lang.String msg){ 200 if(loglevel>level){ 201 System.out.println("WS (" + (int)(Sim_system.sim_clock()) + "): " + msg ); 202 } 203 super.sim_trace(level, msg); 204 } 205 206 public void body() { 207 Sim_type_p request = new Sim_type_p(2); 208 Sim_type_p reply = new Sim_type_p(6); 209 Sim_type_p stop_msg = new Sim_type_p(12); 210 Sim_type_p start_msg = new Sim_type_p(13); 211 212 FULL = false; 213 AS_FULL = false; 214 num_threads = 0; 215 216 Sim_event next_event = new Sim_event(); 217 sim_get_next(request, next_event); 218 num_threads++;

219 sim_trace(1,"P "+num_threads); 220 if (num_threads == webThreads) { 221 FULL=true;

222 sim_schedule(q_control, 0.0, 10); 223 sim_trace(1, "S q_control"); 224 } 225 sim_process(WS_hold.sample());

Modelling and Simulation, Georg Martius (0235184) <s0235184@sms.ed.ac.uk> 25

226 sim_completed(next_event); 227 sim_schedule(bf_req_out, 0.0, 3); 228 sim_trace(1, "S bf_req_out"); 229 230 while (Sim_system.running()) { 231 if ((sim_waiting(stop_msg) > 0) && !(AS_FULL)) { 232 sim_select(stop_msg, next_event); 233 AS_FULL = true;

234 sim_completed(next_event); 235 continue;

236 } else if ((sim_waiting(start_msg) > 0) && (AS_FULL)) { 237 sim_select(start_msg, next_event); 238 AS_FULL = false;

239 sim_completed(next_event); 240 continue;

241 } else if (sim_waiting(request) > 0 && (!FULL)) { 242 sim_select(request, next_event); 243 num_threads++;

244 sim_trace(1,"P "+num_threads); 245 if (num_threads == webThreads) { 246 FULL= true;

247 sim_schedule(q_control, 0.0, 10); 248 sim_trace(1, "S q_control"); 249 } 250 sim_process(WS_hold.sample()); 251 sim_completed(next_event); 252 if (AS_FULL == true) { 253 sim_get_next(start_msg, next_event); 254 AS_FULL = false; 255 sim_completed(next_event); 256 } 257 sim_schedule(bf_req_out, 0.0, 3); 258 sim_trace(1, "S bf_req_out"); 259 } else if (sim_waiting(reply) > 0) { 260 sim_select(reply, next_event); 261 sim_process(WS_hold.sample()); 262 sim_completed(next_event); 263 sim_schedule(exit, 0.0, 7); 264 sim_trace(1, "S exit"); 265 num_threads--;

266 sim_trace(1, "P "+num_threads); 267 if (FULL == true) { 268 FULL = false;

269 sim_schedule(q_control, 0.0, 11); 270 sim_trace(1, "S q_control"); 271 } 272 } else if (FULL) { 273 sim_get_next(reply, next_event); 274 sim_process(WS_hold.sample()); 275 sim_completed(next_event); 276 sim_schedule(exit, 0.0, 7); 277 sim_trace(1, "S exit"); 278 num_threads--;

279 sim_trace(1, "P "+num_threads); 280 FULL = false;

281 sim_schedule(q_control, 0.0, 11); 282 sim_trace(1, "S q_control"); 283 } else { //?

284 sim_get_next(next_event); 285 sim_putback(next_event); 286 } 287 } 288 } 289 } 290 291 class ApplicationServer extends Sim_entity { 292 private Sim_port bf_req_in, bf_reply_out, trans_req_out, trans_reply_in, ws_control, dbs_control;

26 Modelling and Simulation, Georg Martius (0235184) <s0235184@sms.ed.ac.uk>

293 private Sim_normal_obj AS_hold;

294 // private final double ASmean = 1500; // Error 3 295 private final double ASmean = 100; 296 private final double ASvar = 50; 297 private int appThreads; 298 private int num_threads; 299 private boolean FULL; 300 private boolean DBS_FULL; 301 // Added 302 private int loglevel; 303 304 // public ApplicationServer(String name, int x, int y, int ASThreads) { 305 public ApplicationServer(String name, int x, int y, int ASThreads, int loglevel) { 306 307 super(name, "applicationserver", x, y); 308 this.appThreads = ASThreads; 309 this.loglevel = loglevel;//added 310 311 bf_req_in = new Sim_port("bf_req_in", "port", Anim_port.LEFT, 10); 312 add_port(bf_req_in);

313 trans_req_out = new Sim_port("trans_req_out", "port", Anim_port.RIGHT, 10); 314 add_port(trans_req_out);

315 dbs_control = new Sim_port("dbs_control", "port", Anim_port.RIGHT, 30); 316 add_port(dbs_control);

317 trans_reply_in = new Sim_port("trans_reply_in", "port", Anim_port.RIGHT, 70); 318 add_port(trans_reply_in);

319 bf_reply_out = new Sim_port("bf_reply_out", "port", Anim_port.LEFT, 70); 320 add_port(bf_reply_out);

321 ws_control = new Sim_port("ws_control", "port", Anim_port.LEFT, 30); 322 add_port(ws_control); 323 324 add_param(new Anim_param("num_threads", Anim_param.VALUE, "0", 1,10)); 325 AS_hold = new Sim_normal_obj("AS_hold", ASmean, ASvar); 326 add_generator(AS_hold); 327 } 328 329 //Added 330 public void sim_trace(int level, java.lang.String msg){ 331 if(loglevel>level){ 332 System.out.println("AS (" + (int)(Sim_system.sim_clock()) + "): " + msg ); 333 } 334 super.sim_trace(level, msg); 335 } 336 337 public void body() { 338 Sim_type_p request = new Sim_type_p(3); 339 Sim_type_p reply = new Sim_type_p(5); 340 Sim_type_p stop_msg = new Sim_type_p(14); 341 Sim_type_p start_msg = new Sim_type_p(15); 342 343 FULL = false; 344 DBS_FULL = false; 345 num_threads = 0; 346 347 Sim_event next_event = new Sim_event(); 348 sim_get_next(request, next_event); 349 num_threads++;

350 sim_trace(1,"P "+num_threads); 351 if (num_threads == appThreads) { 352 FULL= true;

353 sim_schedule(ws_control, 0.0, 12); 354 sim_trace(1, "S ws_control"); 355 } 356 sim_process(AS_hold.sample()); 357 sim_completed(next_event); 358 sim_schedule(trans_req_out, 0.0, 4); 359 sim_trace(1, "S trans_req_out");

Modelling and Simulation, Georg Martius (0235184) <s0235184@sms.ed.ac.uk> 27

360 361 while (Sim_system.running()) { 362 if ((sim_waiting(stop_msg) > 0) && !(DBS_FULL)) { 363 sim_select(stop_msg, next_event); 364 DBS_FULL = true;

365 sim_completed(next_event); 366 continue;

367 } else if ((sim_waiting(start_msg) > 0) && (DBS_FULL)) { 368 sim_select(start_msg, next_event); 369 DBS_FULL = false; 370 continue;

371 } else if ((sim_waiting(request) > 0) && (!FULL)) { //? () 372 sim_select(request, next_event); 373 num_threads++;

374 sim_trace(1,"P "+num_threads); 375 if (num_threads == appThreads) { 376 FULL= true;

377 sim_schedule(ws_control, 0.0, 12); 378 sim_trace(1, "S ws_control"); 379 } 380 sim_process(AS_hold.sample()); 381 sim_completed(next_event); 382 if (DBS_FULL == true) { 383 sim_get_next(start_msg, next_event); 384 DBS_FULL = false; 385 sim_completed(next_event); 386 } 387 sim_schedule(trans_req_out, 0.0, 4); 388 sim_trace(1, "S trans_req_out"); 389 } else if (sim_waiting(reply) > 0) { 390 sim_select(reply, next_event); 391 sim_process(AS_hold.sample()); 392 sim_completed(next_event); 393 sim_schedule(bf_reply_out, 0.0, 6); 394 sim_trace(1, "S bf_reply_out"); 395 num_threads--;

396 sim_trace(1, "P "+num_threads); 397 if (FULL == true) { 398 FULL = false;

399 sim_schedule(ws_control, 0.0, 13); 400 sim_trace(1, "S ws_control"); 401 } 402 } else if (FULL) { 403 sim_get_next(reply, next_event); 404 sim_process(AS_hold.sample()); 405 sim_completed(next_event); 406 sim_schedule(bf_reply_out, 0.0, 6); 407 sim_trace(1, "S bf_reply_out"); 408 num_threads--;

409 sim_trace(1, "P "+num_threads); 410 FULL = false;

411 sim_schedule(ws_control, 0.0, 13); 412 sim_trace(1, "S ws_control"); 413 } else { 414 sim_get_next(next_event); 415 sim_putback(next_event); 416 } 417 } 418 } 419 } 420 421 class DBServer extends Sim_entity { 422 private Sim_port trans_req_in, trans_reply_out, as_control, 423 io_request1, io_request2, io_reply ; // added and modified 424 private Sim_normal_obj DBS_hold; 425 private Sim_random_obj DBS_disk_dist; 426 private final double DBSmean = 125.0;

28 Modelling and Simulation, Georg Martius (0235184) <s0235184@sms.ed.ac.uk>

427 private final double DBSvar = 25.0; 428 private int dbThreads; 429 private int num_threads=0; 430 private boolean FULL = false; 431 // Added 432 private int loglevel; 433 434 // public DBServer(String name, int x, int y, int DBSThreads) { 435 public DBServer(String name, int x, int y, int DBSThreads, int loglevel) { 436 super(name, "databaseserver", x, y); 437 this.dbThreads = DBSThreads; 438 this.loglevel = loglevel;//added 439 440 trans_req_in = new Sim_port("trans_req_in", "port", Anim_port.LEFT, 10); 441 add_port(trans_req_in);

442 as_control = new Sim_port("as_control", "port", Anim_port.LEFT, 30); 443 add_port(as_control);

444 trans_reply_out = new Sim_port("trans_reply_out", "port", Anim_port.LEFT, 70); 445 add_port(trans_reply_out); 446 // modified 447 io_request1 = new Sim_port("io_request1", "port", Anim_port.BOTTOM, 50); 448 add_port(io_request1); 449 // added 450 io_request2 = new Sim_port("io_request2", "port", Anim_port.BOTTOM, 90); 451 add_port(io_request2); 452 453 io_reply = new Sim_port("io_reply", "port", Anim_port.BOTTOM, 10); 454 add_port(io_reply); 455 456 add_param(new Anim_param("num_threads", Anim_param.VALUE, "0", 1,10)); 457 DBS_hold = new Sim_normal_obj("DBS_hold", DBSmean, DBSvar); 458 add_generator(DBS_hold); 459 // added 460 DBS_disk_dist = new Sim_random_obj("DBS_disk_dist"); 461 add_generator(DBS_disk_dist); 462 } 463 464 //Added 465 public void sim_trace(int level, java.lang.String msg){ 466 if(loglevel>level){ 467 System.out.println("DBS (" + (int)(Sim_system.sim_clock()) + "): " + msg ); 468 } 469 super.sim_trace(level, msg); 470 } 471 472 public void body() { 473 Sim_type_p reply = new Sim_type_p(21); 474 Sim_type_p request = new Sim_type_p(4); 475 476 FULL = false; 477 num_threads = 0; 478 479 Sim_event next_event = new Sim_event(); 480 sim_get_next(request, next_event); 481 num_threads++;

482 sim_trace(1,"P "+num_threads); 483 if (num_threads == dbThreads) { 484 FULL=true;

485 sim_schedule(as_control, 0.0, 14); 486 sim_trace(1, "S(init) as_control"); 487 } 488 sim_process(DBS_hold.sample()); 489 sim_completed(next_event);

490 sim_schedule(io_request1, 0.0, 20); // modified 491 sim_trace(1, "S(init) io_request1"); // modified 492 493 while (Sim_system.running()) {

Modelling and Simulation, Georg Martius (0235184) <s0235184@sms.ed.ac.uk> 29

494 if (sim_waiting(request) > 0 && (!FULL)) { 495 sim_select(request, next_event); 496 num_threads++;

497 sim_trace(1,"P "+num_threads); 498 if (num_threads == dbThreads) { 499 FULL= true;

500 sim_schedule(as_control, 0.0, 14); 501 sim_trace(1, "S as_control"); 502 sim_process(DBS_hold.sample()); 503 sim_completed(next_event); 504 // added 505 // decide which disk 506 if(DBS_disk_dist.sample()<0.6){ 507 sim_schedule(io_request1, 0.0, 20);// modified 508 sim_trace(1, "S io_request1"); // modified 509 }else{ 510 sim_schedule(io_request2, 0.0, 20);// added 511 sim_trace(1, "S io_request2"); // added 512 } 513 514 sim_get_next(reply, next_event); 515 sim_process(DBS_hold.sample()); 516 sim_completed(next_event); 517 sim_schedule(trans_reply_out, 0.0, 5); 518 sim_trace(1, "S trans_reply_out"); 519 num_threads--;

520 sim_trace(1, "P "+num_threads); 521 FULL = false;

522 sim_schedule(as_control, 0.0, 15); 523 sim_trace(1, "S as_control"); 524 } else { 525 sim_process(DBS_hold.sample()); 526 sim_completed(next_event); 527 // added 528 // decide which disk 529 if(DBS_disk_dist.sample()<0.6){ 530 sim_schedule(io_request1, 0.0, 20);// modified 531 sim_trace(1, "S io_request1"); // modified 532 }else{ 533 sim_schedule(io_request2, 0.0, 20);// added 534 sim_trace(1, "S io_request2"); // added 535 } 536 } 537 } else if (sim_waiting(reply) > 0) { 538 sim_select(reply, next_event);

539 // Error 4 missing next line (processing second time) 540 sim_process(DBS_hold.sample()); 541 sim_completed(next_event); 542 sim_schedule(trans_reply_out, 0.0, 5); 543 sim_trace(1, "S trans_reply_out"); 544 num_threads--;

545 sim_trace(1, "P "+num_threads); 546 if (FULL == true) { 547 FULL = false;

548 sim_schedule(as_control, 0.0, 15); 549 sim_trace(1, "S as_control"); 550 } 551 } else if (FULL) { 552 sim_get_next(reply, next_event); 553 sim_process(DBS_hold.sample()); 554 sim_completed(next_event); 555 sim_schedule(trans_reply_out, 0.0, 5); 556 sim_trace(1, "S trans_reply_out"); 557 num_threads--;

558 sim_trace(1, "P "+num_threads); 559 FULL = false;

560 sim_schedule(as_control, 0.0, 15);

30 Modelling and Simulation, Georg Martius (0235184) <s0235184@sms.ed.ac.uk>

561 sim_trace(1, "S as_control"); 562 } else { 563 sim_get_next(next_event); 564 sim_putback(next_event); 565 } 566 } 567 } 568 } 569 570 class Disk extends Sim_entity { 571 private Sim_port io_req_in, io_reply_out; 572 private Sim_normal_obj IO_hold; 573 private final double IOmean = 250.0; 574 private final double IOvar = 50.0; 575 576 // Added 577 private int loglevel; 578 private Sim_stat stat; 579 580 // public Disk(String name, int x, int y) { 581 public Disk(String name, int x, int y, int loglevel) { 582 super(name, "disk", x, y); 583 this.loglevel = loglevel;//added 584 585 io_req_in = new Sim_port("io_req_in", "port", Anim_port.TOP, 40); 586 add_port(io_req_in);

587 io_reply_out = new Sim_port("io_reply_out", "port", Anim_port.TOP, 40); 588 add_port(io_reply_out); 589 590 IO_hold = new Sim_normal_obj("IO_hold", IOmean, IOvar); 591 add_generator(IO_hold); 592 593 //added 594 stat = new Sim_stat();

595 stat.add_measure(Sim_stat.UTILISATION); 596 set_stat(stat); 597 598 } 599 600 //Added 601 public void sim_trace(int level, java.lang.String msg){ 602 if(loglevel>level){ 603 System.out.println("Disk (" + (int)(Sim_system.sim_clock()) + "): " + msg ); 604 } 605 super.sim_trace(level, msg); 606 } 607 608 public void body() { 609 Sim_type_p request = new Sim_type_p(20); 610 while (Sim_system.running()) { 611 Sim_event granting = new Sim_event(); 612 sim_get_next(request, granting); 613 sim_process(IO_hold.sample()); 614 sim_completed(granting); 615 sim_schedule(io_reply_out,0.0,21); 616 sim_trace(1, "S io_reply_out"); 617 } 618 } 619 } 620 621 // Main applet 622 public class ECommerceSite extends Anim_applet { 623 public static Panel inputs;

624 public static Label WSQsizeLabel, intArrTimeLabel, WSThreadsLabel, 625 ASThreadsLabel, DBSThreadsLabel, warmupLabel, runLabel, 626 seedLabel; // added for random seed 627 public static Choice WSQcapChoice;

Modelling and Simulation, Georg Martius (0235184) <s0235184@sms.ed.ac.uk> 31

628 public static TextField iatimeField, WSThreadsField, ASThreadsField, 629 DBSThreadsField, warmupField, runField, 630 seedField; // added for random seed 631 private static double warmuptime, runtime; 632 private static int seednum; // added for random seed 633 634 // Initialise the GUI 635 public void anim_init() { 636 int j;

637 inputs = new Panel();

638 inputs.setLayout(new GridLayout(0,2)); 639 640 WSQsizeLabel = new Label("Queueing capacity at Web Server:", Label.RIGHT); 641 inputs.add(WSQsizeLabel); 642 WSQcapChoice = new Choice(); 643 for (j = 2; j <= 16; j +=2) 644 WSQcapChoice.addItem(" "+j+" "); 645 WSQcapChoice.select(1); 646 inputs.add(WSQcapChoice); 647 648 intArrTimeLabel = new Label("Mean Inter-arrival Time (exp. distribution):", Label.RIGHT); 649 inputs.add(intArrTimeLabel);

650 iatimeField = new TextField("300", 5); // modified 651 inputs.add(iatimeField); 652 653 WSThreadsLabel = new Label("No. of Concurrent Threads at Web Server:", Label.RIGHT); 654 inputs.add(WSThreadsLabel);

655 WSThreadsField = new TextField("8", 2); 656 inputs.add(WSThreadsField); 657 658 ASThreadsLabel = new Label("No. of Concurrent Threads at Application Server:", Label.RIGHT); 659 inputs.add(ASThreadsLabel);

660 ASThreadsField = new TextField("5", 2); 661 inputs.add(ASThreadsField); 662 663 DBSThreadsLabel = new Label("No. of Concurrent Threads at Database Server:", Label.RIGHT); 664 inputs.add(DBSThreadsLabel); 665 DBSThreadsField = new TextField("3", 2); 666 inputs.add(DBSThreadsField); 667 668 warmupLabel = new Label("Transient Period (to be discarded):", Label.RIGHT); 669 inputs.add(warmupLabel);

670 warmupField = new TextField("4000", 6); // modified 671 inputs.add(warmupField); 672 673 runLabel = new Label("Total Running Time (including warmup):", Label.RIGHT); 674 inputs.add(runLabel);

675 runField = new TextField("500000", 8); // modified 676 inputs.add(runField); 677 678 // start added 679 seedLabel = new Label("Random Seed:", Label.RIGHT); 680 inputs.add(seedLabel);

681 seedField = new TextField("1", 8); 682 inputs.add(seedField); 683 // end added 684 685 this.add("North", inputs); 686 } 687 688 // Setup the animation 689 public void anim_layout() { 690 int WSQcap, WSThreads, ASThreads, DBSThreads; 691 double iatime; 692 693 WSQcap = (((WSQcapChoice.getSelectedIndex())+1)*2); 694 iatime = Double.valueOf(iatimeField.getText()).doubleValue();

32 Modelling and Simulation, Georg Martius (0235184) <s0235184@sms.ed.ac.uk>

695 WSThreads = Integer.parseInt(WSThreadsField.getText()); 696 ASThreads = Integer.parseInt(ASThreadsField.getText()); 697 DBSThreads = Integer.parseInt(DBSThreadsField.getText()); 698 warmuptime = Integer.parseInt(warmupField.getText()); 699 runtime = Integer.parseInt(runField.getText()); 700 seednum = Integer.parseInt(seedField.getText()); // added 701 702 // added for apply the seed 703 for(int i = 0; i< seednum; i++ ){ 704 System.out.println("Next Random Seed"); 705 Sim_system.next_seed(); 706 } 707 708 // Add entities 709 Source source = new Source("Source", 10, 10, iatime,0); // add loglevel 710 WSQ wsq = new WSQ("WSQ", 100, 10, WSQcap,0); // add loglevel 711 WebServer webserver = new WebServer("WebServer", 220, 10, WSThreads, 0); // add loglevel 712 ApplicationServer appserver = new ApplicationServer("ApplicationServer", 380, 10, ASThreads, 0); // add loglevel 713 DBServer dbserver = new DBServer("DatabaseServer", 530, 10, DBSThreads, 0); // add loglevel 714 Disk disk1 = new Disk("DatabaseDisk1", 490, 150, 0); // add loglevel 715 // added 716 Disk disk2 = new Disk("DatabaseDisk2", 590, 150, 0); 717 718 // Link entities 719 Sim_system.link_ports("Source", "enqueue", "WSQ", "request_queue"); 720 Sim_system.link_ports("WSQ", "access", "WebServer", "grant_thread"); 721 Sim_system.link_ports("WebServer", "bf_req_out", "ApplicationServer", "bf_req_in"); 722 Sim_system.link_ports("WebServer", "q_control", "WSQ", "ws_control"); 723 Sim_system.link_ports("ApplicationServer", "trans_req_out", "DatabaseServer", "trans_req_in"); 724 Sim_system.link_ports("DatabaseServer", "io_request1", "DatabaseDisk1", "io_req_in"); 725 // Sim_system.link_ports("DatabaseDisk", "io_reply_out", "ApplicationServer", "trans_reply_in"); Error 2 726 Sim_system.link_ports("DatabaseDisk1", "io_reply_out", "DatabaseServer", "io_reply"); 727 728 // added 729 Sim_system.link_ports("DatabaseServer", "io_request2", "DatabaseDisk2", "io_req_in"); 730 Sim_system.link_ports("DatabaseDisk2", "io_reply_out", "DatabaseServer", "io_reply"); 731 732 Sim_system.link_ports("DatabaseServer", "trans_reply_out", "ApplicationServer", "trans_reply_in"); 733 Sim_system.link_ports("DatabaseServer", "as_control", "ApplicationServer", "dbs_control"); 734 Sim_system.link_ports("ApplicationServer", "bf_reply_out", "WebServer", "bf_reply_in"); 735 Sim_system.link_ports("ApplicationServer", "ws_control", "WebServer", "as_control"); 736 Sim_system.link_ports("WebServer", "exit", "Source", "exit"); 737 } 738 739 // Setup the simulation’s parameters 740 public void sim_setup() { 741 if (warmuptime > 0.0) { 742 Sim_system.set_transient_condition(Sim_system.TIME_ELAPSED, warmuptime); 743 } 744 Sim_system.set_termination_condition(Sim_system.TIME_ELAPSED, runtime, true); 745 746 } 747 748 // Setup the applet’s output 749 public void anim_output() { 750 generate_messages(true); 751 generate_report(true); 752 } 753 }