[bookmark: _Hlk25979263]Communicating State Charts

[image: ]

[bookmark: _GoBack]File buffer.mdj contains a Star UML State Chart (reproduced above) giving the outline of the controller for a circular buffer. This buffer is accessed by two concurrent processes, Producer and Consumer, who communicate with the buffer controller using two channels, put and get. The producer repeatedly does a put! and the consumer similarly does a get?, and the buffer controller performs the respective complementary operations.

File Circular_Buffer.java contains a Java program providing an outline of the implementation of the above scenario using the Message Passing Library (see Slides below). It gives the main program, the classes Producer and Consumer, and also the outline of class Circular_Buffer.
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Class Circular_Buffer uses an integer array, data, of size n in order to hold its data. It has a field count that gives, at any given time, the number of values that can be taken out of the buffer. It also has two indices p and g to point, respectively, to the places in the array where the next value is to be put by the producer and taken out by the consumer. These indices are incremented (modulo n) as put/get operations take place. The actual insertion and retrieval of values are performed by two methods put() and get() respectively.

What you should do:
1. Complete the Star UML State Chart by providing suitable labels on the four transitions shown. Each label is of the form event [ guard ] / action – see slides below for details. The labels should collectively express the synchronization policy of the buffer controller, namely, that:
(i) when the buffer is empty (count == 0) only a put operation is permitted;
(ii) when the buffer is full (count == n) only a get operation is permitted;
(iii) otherwise, both put and get are permitted - the selection is non-deterministic.

In specifying the transition labels in Star UML:
(i) each event is a channel send/receive, and is specified as a Trigger Event;
(ii) each guard is a boolean expression and specified in the Properties section; and
(iii) each action is a call on one of the methods put() or get(), and specified as an Effect Behavior → OpaqueBehavior.

Update the state chart buffer.mdj as per the above specification.
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2. Complete the run() method in class Circular_Buffer providing an implementation of the above synchronization policy. As the state chart specifies that the buffer controller operates in a repetitive cycle, the top level of the run() method should be a while(true) {…} loop.

In Eclipse, right-click on the project, then select Build Path → Configure Build Path → Add External JAR → browse and select MessagePassing2.jar. The file MessagePassing2.jar is given in here as attachment.

Run the completed program under JIVE after adding Scheduler.* to Debug Configurations → JIVE → Exclusion Filter. Check that the Console output shows the strings Put:1 … Put:10 and Get:1 … Get:10. This output will be interleaved with the underlying scheduler’s log showing that it scheduled 20 send-receive pairs.

Save the Execution Trace in a file, buffer.csv, and load it into the Property Checker. Add Circular_Buffer:1.state to the Key Attributes. Enter Circular_Buffer:1.state = s in the Abbreviations textbox. Finally, copy the contents of the file property.txt (with comments) into the Properties textbox. Press Validate and check that all properties are satisfied; otherwise, the program has an error which needs to be corrected.

What to Provide:
Prepare a top-level directory named A5_Part2. In this directory, place the updated buffer.mdj and Circular_Buffer.java, and also buffer.csv. Compress the directory and share the compressed file

Attachments:
1. Buffer.mdj


2. Circular_Buffer.java


3. MessagePassing2.jar


4. property.txt


5. ScreenShot.png
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Dining Philosophers Solution
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buffer.mdj


buffer.mdj
{
	"_type": "Project",
	"_id": "AAAAAAFF+h6SjaM2Hec=",
	"name": "Untitled",
	"ownedElements": [
		{
			"_type": "UMLModel",
			"_id": "AAAAAAFF+qBWK6M3Z8Y=",
			"_parent": {
				"$ref": "AAAAAAFF+h6SjaM2Hec="
			},
			"name": "Model",
			"ownedElements": [
				{
					"_type": "UMLClassDiagram",
					"_id": "AAAAAAFF+qBtyKM79qY=",
					"_parent": {
						"$ref": "AAAAAAFF+qBWK6M3Z8Y="
					},
					"name": "Main",
					"defaultDiagram": true
				}
			]
		},
		{
			"_type": "UMLStateMachine",
			"_id": "AAAAAAFumflQQotYoPY=",
			"_parent": {
				"$ref": "AAAAAAFF+h6SjaM2Hec="
			},
			"name": "StateMachine1",
			"ownedElements": [
				{
					"_type": "UMLStatechartDiagram",
					"_id": "AAAAAAFumflQQ4tamvI=",
					"_parent": {
						"$ref": "AAAAAAFumflQQotYoPY="
					},
					"name": "StatechartDiagram1",
					"ownedViews": [
						{
							"_type": "UMLStateView",
							"_id": "AAAAAAFumfp31Ivv57I=",
							"_parent": {
								"$ref": "AAAAAAFumflQQ4tamvI="
							},
							"model": {
								"$ref": "AAAAAAFumfp31Ivusw0="
							},
							"subViews": [
								{
									"_type": "UMLNameCompartmentView",
									"_id": "AAAAAAFumfp31IvwUbs=",
									"_parent": {
										"$ref": "AAAAAAFumfp31Ivv57I="
									},
									"model": {
										"$ref": "AAAAAAFumfp31Ivusw0="
									},
									"subViews": [
										{
											"_type": "LabelView",
											"_id": "AAAAAAFumfp31IvxHDg=",
											"_parent": {
												"$ref": "AAAAAAFumfp31IvwUbs="
											},
											"visible": false,
											"font": "Arial;13;0",
											"left": -48,
											"top": -160,
											"height": 13
										},
										{
											"_type": "LabelView",
											"_id": "AAAAAAFumfp31Ivys8k=",
											"_parent": {
												"$ref": "AAAAAAFumfp31IvwUbs="
											},
											"font": "Arial;13;1",
											"left": 269,
											"top": 143,
											"width": 104,
											"height": 13,
											"text": "Buffer Controller"
										},
										{
											"_type": "LabelView",
											"_id": "AAAAAAFumfp31IvzzU0=",
											"_parent": {
												"$ref": "AAAAAAFumfp31IvwUbs="
											},
											"visible": false,
											"font": "Arial;13;0",
											"left": -48,
											"top": -160,
											"width": 38.27001953125,
											"height": 13,
											"text": "(from )"
										},
										{
											"_type": "LabelView",
											"_id": "AAAAAAFumfp31Iv0wQk=",
											"_parent": {
												"$ref": "AAAAAAFumfp31IvwUbs="
											},
											"visible": false,
											"font": "Arial;13;0",
											"left": -48,
											"top": -160,
											"height": 13,
											"horizontalAlignment": 1
										}
									],
									"font": "Arial;13;0",
									"left": 264,
									"top": 136,
									"width": 114,
									"height": 25,
									"stereotypeLabel": {
										"$ref": "AAAAAAFumfp31IvxHDg="
									},
									"nameLabel": {
										"$ref": "AAAAAAFumfp31Ivys8k="
									},
									"namespaceLabel": {
										"$ref": "AAAAAAFumfp31IvzzU0="
									},
									"propertyLabel": {
										"$ref": "AAAAAAFumfp31Iv0wQk="
									}
								},
								{
									"_type": "UMLInternalActivityCompartmentView",
									"_id": "AAAAAAFumfp31Iv14fw=",
									"_parent": {
										"$ref": "AAAAAAFumfp31Ivv57I="
									},
									"model": {
										"$ref": "AAAAAAFumfp31Ivusw0="
									},
									"visible": false,
									"font": "Arial;13;0",
									"left": -24,
									"top": -80,
									"width": 10,
									"height": 10
								},
								{
									"_type": "UMLInternalTransitionCompartmentView",
									"_id": "AAAAAAFumfp31Iv2szg=",
									"_parent": {
										"$ref": "AAAAAAFumfp31Ivv57I="
									},
									"model": {
										"$ref": "AAAAAAFumfp31Ivusw0="
									},
									"visible": false,
									"font": "Arial;13;0",
									"left": -24,
									"top": -80,
									"width": 10,
									"height": 10
								},
								{
									"_type": "UMLDecompositionCompartmentView",
									"_id": "AAAAAAFumfp31Iv3S1c=",
									"_parent": {
										"$ref": "AAAAAAFumfp31Ivv57I="
									},
									"model": {
										"$ref": "AAAAAAFumfp31Ivusw0="
									},
									"font": "Arial;13;0",
									"left": 264,
									"top": 161,
									"width": 114
								}
							],
							"font": "Arial;13;0",
							"containerChangeable": true,
							"left": 264,
							"top": 136,
							"width": 114,
							"height": 40,
							"nameCompartment": {
								"$ref": "AAAAAAFumfp31IvwUbs="
							},
							"internalActivityCompartment": {
								"$ref": "AAAAAAFumfp31Iv14fw="
							},
							"internalTransitionCompartment": {
								"$ref": "AAAAAAFumfp31Iv2szg="
							},
							"decompositionCompartment": {
								"$ref": "AAAAAAFumfp31Iv3S1c="
							}
						},
						{
							"_type": "UMLTransitionView",
							"_id": "AAAAAAFumfqXcYwV07k=",
							"_parent": {
								"$ref": "AAAAAAFumflQQ4tamvI="
							},
							"model": {
								"$ref": "AAAAAAFumfqXcYwUOQ4="
							},
							"subViews": [
								{
									"_type": "EdgeLabelView",
									"_id": "AAAAAAFumfqXcYwWGXQ=",
									"_parent": {
										"$ref": "AAAAAAFumfqXcYwV07k="
									},
									"model": {
										"$ref": "AAAAAAFumfqXcYwUOQ4="
									},
									"visible": false,
									"font": "Arial;13;0",
									"left": 201,
									"top": 225,
									"height": 13,
									"alpha": 1.5707963267948966,
									"distance": 15,
									"hostEdge": {
										"$ref": "AAAAAAFumfqXcYwV07k="
									},
									"edgePosition": 1
								},
								{
									"_type": "EdgeLabelView",
									"_id": "AAAAAAFumfqXcYwX8I0=",
									"_parent": {
										"$ref": "AAAAAAFumfqXcYwV07k="
									},
									"model": {
										"$ref": "AAAAAAFumfqXcYwUOQ4="
									},
									"visible": null,
									"font": "Arial;13;0",
									"left": 186,
									"top": 225,
									"height": 13,
									"alpha": 1.5707963267948966,
									"distance": 30,
									"hostEdge": {
										"$ref": "AAAAAAFumfqXcYwV07k="
									},
									"edgePosition": 1
								},
								{
									"_type": "EdgeLabelView",
									"_id": "AAAAAAFumfqXcYwYY/0=",
									"_parent": {
										"$ref": "AAAAAAFumfqXcYwV07k="
									},
									"model": {
										"$ref": "AAAAAAFumfqXcYwUOQ4="
									},
									"visible": false,
									"font": "Arial;13;0",
									"left": 230,
									"top": 226,
									"height": 13,
									"alpha": -1.5707963267948966,
									"distance": 15,
									"hostEdge": {
										"$ref": "AAAAAAFumfqXcYwV07k="
									},
									"edgePosition": 1
								}
							],
							"font": "Arial;13;0",
							"head": {
								"$ref": "AAAAAAFumfp31Ivv57I="
							},
							"tail": {
								"$ref": "AAAAAAFumfp31Ivv57I="
							},
							"points": "288:175;288:232;216:232;216:175;264:175",
							"showVisibility": true,
							"nameLabel": {
								"$ref": "AAAAAAFumfqXcYwWGXQ="
							},
							"stereotypeLabel": {
								"$ref": "AAAAAAFumfqXcYwX8I0="
							},
							"propertyLabel": {
								"$ref": "AAAAAAFumfqXcYwYY/0="
							}
						},
						{
							"_type": "UMLTransitionView",
							"_id": "AAAAAAFumftE/oxC/Mc=",
							"_parent": {
								"$ref": "AAAAAAFumflQQ4tamvI="
							},
							"model": {
								"$ref": "AAAAAAFumftE/oxBmLs="
							},
							"subViews": [
								{
									"_type": "EdgeLabelView",
									"_id": "AAAAAAFumftE/oxDx6o=",
									"_parent": {
										"$ref": "AAAAAAFumftE/oxC/Mc="
									},
									"model": {
										"$ref": "AAAAAAFumftE/oxBmLs="
									},
									"visible": false,
									"font": "Arial;13;0",
									"left": 401,
									"top": 225,
									"height": 13,
									"alpha": 1.5707963267948966,
									"distance": 15,
									"hostEdge": {
										"$ref": "AAAAAAFumftE/oxC/Mc="
									},
									"edgePosition": 1
								},
								{
									"_type": "EdgeLabelView",
									"_id": "AAAAAAFumftE/oxEEOI=",
									"_parent": {
										"$ref": "AAAAAAFumftE/oxC/Mc="
									},
									"model": {
										"$ref": "AAAAAAFumftE/oxBmLs="
									},
									"visible": null,
									"font": "Arial;13;0",
									"left": 386,
									"top": 225,
									"height": 13,
									"alpha": 1.5707963267948966,
									"distance": 30,
									"hostEdge": {
										"$ref": "AAAAAAFumftE/oxC/Mc="
									},
									"edgePosition": 1
								},
								{
									"_type": "EdgeLabelView",
									"_id": "AAAAAAFumftE/oxFCRM=",
									"_parent": {
										"$ref": "AAAAAAFumftE/oxC/Mc="
									},
									"model": {
										"$ref": "AAAAAAFumftE/oxBmLs="
									},
									"visible": false,
									"font": "Arial;13;0",
									"left": 430,
									"top": 226,
									"height": 13,
									"alpha": -1.5707963267948966,
									"distance": 15,
									"hostEdge": {
										"$ref": "AAAAAAFumftE/oxC/Mc="
									},
									"edgePosition": 1
								}
							],
							"font": "Arial;13;0",
							"head": {
								"$ref": "AAAAAAFumfp31Ivv57I="
							},
							"tail": {
								"$ref": "AAAAAAFumfp31Ivv57I="
							},
							"points": "344:175;344:232;416:232;416:175;377:175",
							"showVisibility": true,
							"nameLabel": {
								"$ref": "AAAAAAFumftE/oxDx6o="
							},
							"stereotypeLabel": {
								"$ref": "AAAAAAFumftE/oxEEOI="
							},
							"propertyLabel": {
								"$ref": "AAAAAAFumftE/oxFCRM="
							}
						},
						{
							"_type": "UMLTransitionView",
							"_id": "AAAAAAFumfxna4x2hz8=",
							"_parent": {
								"$ref": "AAAAAAFumflQQ4tamvI="
							},
							"model": {
								"$ref": "AAAAAAFumfxna4x1vvs="
							},
							"subViews": [
								{
									"_type": "EdgeLabelView",
									"_id": "AAAAAAFumfxna4x3CIE=",
									"_parent": {
										"$ref": "AAAAAAFumfxna4x2hz8="
									},
									"model": {
										"$ref": "AAAAAAFumfxna4x1vvs="
									},
									"visible": false,
									"font": "Arial;13;0",
									"left": 230,
									"top": 81,
									"height": 13,
									"alpha": 1.5707963267948966,
									"distance": 15,
									"hostEdge": {
										"$ref": "AAAAAAFumfxna4x2hz8="
									},
									"edgePosition": 1
								},
								{
									"_type": "EdgeLabelView",
									"_id": "AAAAAAFumfxna4x4r4Q=",
									"_parent": {
										"$ref": "AAAAAAFumfxna4x2hz8="
									},
									"model": {
										"$ref": "AAAAAAFumfxna4x1vvs="
									},
									"visible": null,
									"font": "Arial;13;0",
									"left": 245,
									"top": 81,
									"height": 13,
									"alpha": 1.5707963267948966,
									"distance": 30,
									"hostEdge": {
										"$ref": "AAAAAAFumfxna4x2hz8="
									},
									"edgePosition": 1
								},
								{
									"_type": "EdgeLabelView",
									"_id": "AAAAAAFumfxna4x57nM=",
									"_parent": {
										"$ref": "AAAAAAFumfxna4x2hz8="
									},
									"model": {
										"$ref": "AAAAAAFumfxna4x1vvs="
									},
									"visible": false,
									"font": "Arial;13;0",
									"left": 201,
									"top": 82,
									"height": 13,
									"alpha": -1.5707963267948966,
									"distance": 15,
									"hostEdge": {
										"$ref": "AAAAAAFumfxna4x2hz8="
									},
									"edgePosition": 1
								}
							],
							"font": "Arial;13;0",
							"head": {
								"$ref": "AAAAAAFumfp31Ivv57I="
							},
							"tail": {
								"$ref": "AAAAAAFumfp31Ivv57I="
							},
							"points": "288:136;288:88;216:88;216:160;264:160",
							"showVisibility": true,
							"nameLabel": {
								"$ref": "AAAAAAFumfxna4x3CIE="
							},
							"stereotypeLabel": {
								"$ref": "AAAAAAFumfxna4x4r4Q="
							},
							"propertyLabel": {
								"$ref": "AAAAAAFumfxna4x57nM="
							}
						},
						{
							"_type": "UMLTransitionView",
							"_id": "AAAAAAFumgUT6YsbIz8=",
							"_parent": {
								"$ref": "AAAAAAFumflQQ4tamvI="
							},
							"model": {
								"$ref": "AAAAAAFumgUT6Ysab4M="
							},
							"subViews": [
								{
									"_type": "EdgeLabelView",
									"_id": "AAAAAAFumgUT6YscBRw=",
									"_parent": {
										"$ref": "AAAAAAFumgUT6YsbIz8="
									},
									"model": {
										"$ref": "AAAAAAFumgUT6Ysab4M="
									},
									"visible": false,
									"font": "Arial;13;0",
									"left": 430,
									"top": 81,
									"height": 13,
									"alpha": 1.5707963267948966,
									"distance": 15,
									"hostEdge": {
										"$ref": "AAAAAAFumgUT6YsbIz8="
									},
									"edgePosition": 1
								},
								{
									"_type": "EdgeLabelView",
									"_id": "AAAAAAFumgUT6Ysd3VE=",
									"_parent": {
										"$ref": "AAAAAAFumgUT6YsbIz8="
									},
									"model": {
										"$ref": "AAAAAAFumgUT6Ysab4M="
									},
									"visible": null,
									"font": "Arial;13;0",
									"left": 445,
									"top": 81,
									"height": 13,
									"alpha": 1.5707963267948966,
									"distance": 30,
									"hostEdge": {
										"$ref": "AAAAAAFumgUT6YsbIz8="
									},
									"edgePosition": 1
								},
								{
									"_type": "EdgeLabelView",
									"_id": "AAAAAAFumgUT6YseTUc=",
									"_parent": {
										"$ref": "AAAAAAFumgUT6YsbIz8="
									},
									"model": {
										"$ref": "AAAAAAFumgUT6Ysab4M="
									},
									"visible": false,
									"font": "Arial;13;0",
									"left": 401,
									"top": 82,
									"height": 13,
									"alpha": -1.5707963267948966,
									"distance": 15,
									"hostEdge": {
										"$ref": "AAAAAAFumgUT6YsbIz8="
									},
									"edgePosition": 1
								}
							],
							"font": "Arial;13;0",
							"head": {
								"$ref": "AAAAAAFumfp31Ivv57I="
							},
							"tail": {
								"$ref": "AAAAAAFumfp31Ivv57I="
							},
							"points": "344:136;344:88;416:88;416:155;377:155",
							"showVisibility": true,
							"nameLabel": {
								"$ref": "AAAAAAFumgUT6YscBRw="
							},
							"stereotypeLabel": {
								"$ref": "AAAAAAFumgUT6Ysd3VE="
							},
							"propertyLabel": {
								"$ref": "AAAAAAFumgUT6YseTUc="
							}
						},
						{
							"_type": "UMLStateView",
							"_id": "AAAAAAFupIIX3i7DhZ0=",
							"_parent": {
								"$ref": "AAAAAAFumflQQ4tamvI="
							},
							"model": {
								"$ref": "AAAAAAFupIIX3S7CCu8="
							},
							"subViews": [
								{
									"_type": "UMLNameCompartmentView",
									"_id": "AAAAAAFupIIX3i7ETf8=",
									"_parent": {
										"$ref": "AAAAAAFupIIX3i7DhZ0="
									},
									"model": {
										"$ref": "AAAAAAFupIIX3S7CCu8="
									},
									"subViews": [
										{
											"_type": "LabelView",
											"_id": "AAAAAAFupIIX3i7FsM8=",
											"_parent": {
												"$ref": "AAAAAAFupIIX3i7ETf8="
											},
											"visible": false,
											"font": "Arial;13;0",
											"left": 80,
											"top": 32,
											"height": 13
										},
										{
											"_type": "LabelView",
											"_id": "AAAAAAFupIIX3i7GHhY=",
											"_parent": {
												"$ref": "AAAAAAFupIIX3i7ETf8="
											},
											"font": "Arial;13;1",
											"left": 109,
											"top": 183,
											"width": 57.07177734375,
											"height": 13,
											"text": "Producer"
										},
										{
											"_type": "LabelView",
											"_id": "AAAAAAFupIIX3i7HvIE=",
											"_parent": {
												"$ref": "AAAAAAFupIIX3i7ETf8="
											},
											"visible": false,
											"font": "Arial;13;0",
											"left": 80,
											"top": 32,
											"width": 38.27001953125,
											"height": 13,
											"text": "(from )"
										},
										{
											"_type": "LabelView",
											"_id": "AAAAAAFupIIX3i7IlMs=",
											"_parent": {
												"$ref": "AAAAAAFupIIX3i7ETf8="
											},
											"visible": false,
											"font": "Arial;13;0",
											"left": 80,
											"top": 32,
											"height": 13,
											"horizontalAlignment": 1
										}
									],
									"font": "Arial;13;0",
									"left": 104,
									"top": 176,
									"width": 67.07177734375,
									"height": 25,
									"stereotypeLabel": {
										"$ref": "AAAAAAFupIIX3i7FsM8="
									},
									"nameLabel": {
										"$ref": "AAAAAAFupIIX3i7GHhY="
									},
									"namespaceLabel": {
										"$ref": "AAAAAAFupIIX3i7HvIE="
									},
									"propertyLabel": {
										"$ref": "AAAAAAFupIIX3i7IlMs="
									}
								},
								{
									"_type": "UMLInternalActivityCompartmentView",
									"_id": "AAAAAAFupIIX3i7JKkI=",
									"_parent": {
										"$ref": "AAAAAAFupIIX3i7DhZ0="
									},
									"model": {
										"$ref": "AAAAAAFupIIX3S7CCu8="
									},
									"visible": false,
									"font": "Arial;13;0",
									"left": 40,
									"top": 16,
									"width": 10,
									"height": 10
								},
								{
									"_type": "UMLInternalTransitionCompartmentView",
									"_id": "AAAAAAFupIIX3i7KrmM=",
									"_parent": {
										"$ref": "AAAAAAFupIIX3i7DhZ0="
									},
									"model": {
										"$ref": "AAAAAAFupIIX3S7CCu8="
									},
									"visible": false,
									"font": "Arial;13;0",
									"left": 40,
									"top": 16,
									"width": 10,
									"height": 10
								},
								{
									"_type": "UMLDecompositionCompartmentView",
									"_id": "AAAAAAFupIIX3i7LtR4=",
									"_parent": {
										"$ref": "AAAAAAFupIIX3i7DhZ0="
									},
									"model": {
										"$ref": "AAAAAAFupIIX3S7CCu8="
									},
									"font": "Arial;13;0",
									"left": 104,
									"top": 201,
									"width": 67.07177734375
								}
							],
							"font": "Arial;13;0",
							"containerChangeable": true,
							"left": 104,
							"top": 176,
							"width": 67.07177734375,
							"height": 40,
							"nameCompartment": {
								"$ref": "AAAAAAFupIIX3i7ETf8="
							},
							"internalActivityCompartment": {
								"$ref": "AAAAAAFupIIX3i7JKkI="
							},
							"internalTransitionCompartment": {
								"$ref": "AAAAAAFupIIX3i7KrmM="
							},
							"decompositionCompartment": {
								"$ref": "AAAAAAFupIIX3i7LtR4="
							}
						},
						{
							"_type": "UMLTransitionView",
							"_id": "AAAAAAFupIJPvi7pJn4=",
							"_parent": {
								"$ref": "AAAAAAFumflQQ4tamvI="
							},
							"model": {
								"$ref": "AAAAAAFupIJPvi7otd8="
							},
							"subViews": [
								{
									"_type": "EdgeLabelView",
									"_id": "AAAAAAFupIJPvy7qs0I=",
									"_parent": {
										"$ref": "AAAAAAFupIJPvi7pJn4="
									},
									"model": {
										"$ref": "AAAAAAFupIJPvi7otd8="
									},
									"font": "Arial;13;0",
									"left": 79,
									"top": 143,
									"width": 28.18359375,
									"height": 13,
									"alpha": 1.1210367477197405,
									"distance": 32.202484376209235,
									"hostEdge": {
										"$ref": "AAAAAAFupIJPvi7pJn4="
									},
									"edgePosition": 1,
									"text": "put!v"
								},
								{
									"_type": "EdgeLabelView",
									"_id": "AAAAAAFupIJPvy7r9o0=",
									"_parent": {
										"$ref": "AAAAAAFupIJPvi7pJn4="
									},
									"model": {
										"$ref": "AAAAAAFupIJPvi7otd8="
									},
									"visible": null,
									"font": "Arial;13;0",
									"left": 93,
									"top": 129,
									"height": 13,
									"alpha": 1.5707963267948966,
									"distance": 30,
									"hostEdge": {
										"$ref": "AAAAAAFupIJPvi7pJn4="
									},
									"edgePosition": 1
								},
								{
									"_type": "EdgeLabelView",
									"_id": "AAAAAAFupIJPvy7sF/M=",
									"_parent": {
										"$ref": "AAAAAAFupIJPvi7pJn4="
									},
									"model": {
										"$ref": "AAAAAAFupIJPvi7otd8="
									},
									"visible": false,
									"font": "Arial;13;0",
									"left": 49,
									"top": 130,
									"height": 13,
									"alpha": -1.5707963267948966,
									"distance": 15,
									"hostEdge": {
										"$ref": "AAAAAAFupIJPvi7pJn4="
									},
									"edgePosition": 1
								}
							],
							"font": "Arial;13;0",
							"head": {
								"$ref": "AAAAAAFupIIX3i7DhZ0="
							},
							"tail": {
								"$ref": "AAAAAAFupIIX3i7DhZ0="
							},
							"points": "137:176;137:136;64:136;64:195;104:195",
							"showVisibility": true,
							"nameLabel": {
								"$ref": "AAAAAAFupIJPvy7qs0I="
							},
							"stereotypeLabel": {
								"$ref": "AAAAAAFupIJPvy7r9o0="
							},
							"propertyLabel": {
								"$ref": "AAAAAAFupIJPvy7sF/M="
							}
						},
						{
							"_type": "UMLStateView",
							"_id": "AAAAAAFupINsvi9Ea2o=",
							"_parent": {
								"$ref": "AAAAAAFumflQQ4tamvI="
							},
							"model": {
								"$ref": "AAAAAAFupINsvi9DDR0="
							},
							"subViews": [
								{
									"_type": "UMLNameCompartmentView",
									"_id": "AAAAAAFupINsvi9F4SA=",
									"_parent": {
										"$ref": "AAAAAAFupINsvi9Ea2o="
									},
									"model": {
										"$ref": "AAAAAAFupINsvi9DDR0="
									},
									"subViews": [
										{
											"_type": "LabelView",
											"_id": "AAAAAAFupINsvi9Gmfk=",
											"_parent": {
												"$ref": "AAAAAAFupINsvi9F4SA="
											},
											"visible": false,
											"font": "Arial;13;0",
											"left": -144,
											"top": -16,
											"height": 13
										},
										{
											"_type": "LabelView",
											"_id": "AAAAAAFupINsvi9HX0I=",
											"_parent": {
												"$ref": "AAAAAAFupINsvi9F4SA="
											},
											"font": "Arial;13;1",
											"left": 461,
											"top": 175,
											"width": 64.2890625,
											"height": 13,
											"text": "Consumer"
										},
										{
											"_type": "LabelView",
											"_id": "AAAAAAFupINsvi9IK54=",
											"_parent": {
												"$ref": "AAAAAAFupINsvi9F4SA="
											},
											"visible": false,
											"font": "Arial;13;0",
											"left": -144,
											"top": -16,
											"width": 38.27001953125,
											"height": 13,
											"text": "(from )"
										},
										{
											"_type": "LabelView",
											"_id": "AAAAAAFupINsvi9JKVQ=",
											"_parent": {
												"$ref": "AAAAAAFupINsvi9F4SA="
											},
											"visible": false,
											"font": "Arial;13;0",
											"left": -144,
											"top": -16,
											"height": 13,
											"horizontalAlignment": 1
										}
									],
									"font": "Arial;13;0",
									"left": 456,
									"top": 168,
									"width": 74.2890625,
									"height": 25,
									"stereotypeLabel": {
										"$ref": "AAAAAAFupINsvi9Gmfk="
									},
									"nameLabel": {
										"$ref": "AAAAAAFupINsvi9HX0I="
									},
									"namespaceLabel": {
										"$ref": "AAAAAAFupINsvi9IK54="
									},
									"propertyLabel": {
										"$ref": "AAAAAAFupINsvi9JKVQ="
									}
								},
								{
									"_type": "UMLInternalActivityCompartmentView",
									"_id": "AAAAAAFupINsvi9K83s=",
									"_parent": {
										"$ref": "AAAAAAFupINsvi9Ea2o="
									},
									"model": {
										"$ref": "AAAAAAFupINsvi9DDR0="
									},
									"visible": false,
									"font": "Arial;13;0",
									"left": -72,
									"top": -8,
									"width": 10,
									"height": 10
								},
								{
									"_type": "UMLInternalTransitionCompartmentView",
									"_id": "AAAAAAFupINsvi9LLj4=",
									"_parent": {
										"$ref": "AAAAAAFupINsvi9Ea2o="
									},
									"model": {
										"$ref": "AAAAAAFupINsvi9DDR0="
									},
									"visible": false,
									"font": "Arial;13;0",
									"left": -72,
									"top": -8,
									"width": 10,
									"height": 10
								},
								{
									"_type": "UMLDecompositionCompartmentView",
									"_id": "AAAAAAFupINsvi9MTpI=",
									"_parent": {
										"$ref": "AAAAAAFupINsvi9Ea2o="
									},
									"model": {
										"$ref": "AAAAAAFupINsvi9DDR0="
									},
									"font": "Arial;13;0",
									"left": 456,
									"top": 193,
									"width": 74.2890625
								}
							],
							"font": "Arial;13;0",
							"containerChangeable": true,
							"left": 456,
							"top": 168,
							"width": 74.2890625,
							"height": 40,
							"nameCompartment": {
								"$ref": "AAAAAAFupINsvi9F4SA="
							},
							"internalActivityCompartment": {
								"$ref": "AAAAAAFupINsvi9K83s="
							},
							"internalTransitionCompartment": {
								"$ref": "AAAAAAFupINsvi9LLj4="
							},
							"decompositionCompartment": {
								"$ref": "AAAAAAFupINsvi9MTpI="
							}
						},
						{
							"_type": "UMLTransitionView",
							"_id": "AAAAAAFupIOjAS9rJwM=",
							"_parent": {
								"$ref": "AAAAAAFumflQQ4tamvI="
							},
							"model": {
								"$ref": "AAAAAAFupIOjAS9qr3k="
							},
							"subViews": [
								{
									"_type": "EdgeLabelView",
									"_id": "AAAAAAFupIOjAS9sllw=",
									"_parent": {
										"$ref": "AAAAAAFupIOjAS9rJwM="
									},
									"model": {
										"$ref": "AAAAAAFupIOjAS9qr3k="
									},
									"font": "Arial;13;0",
									"left": 512,
									"top": 128,
									"width": 31.8017578125,
									"height": 13,
									"alpha": -1.1466018988986055,
									"distance": 34.0147027033899,
									"hostEdge": {
										"$ref": "AAAAAAFupIOjAS9rJwM="
									},
									"edgePosition": 1,
									"text": "get?v"
								},
								{
									"_type": "EdgeLabelView",
									"_id": "AAAAAAFupIOjAS9tGT0=",
									"_parent": {
										"$ref": "AAAAAAFupIOjAS9rJwM="
									},
									"model": {
										"$ref": "AAAAAAFupIOjAS9qr3k="
									},
									"visible": null,
									"font": "Arial;13;0",
									"left": 587,
									"top": 113,
									"height": 13,
									"alpha": 1.5707963267948966,
									"distance": 30,
									"hostEdge": {
										"$ref": "AAAAAAFupIOjAS9rJwM="
									},
									"edgePosition": 1
								},
								{
									"_type": "EdgeLabelView",
									"_id": "AAAAAAFupIOjAS9um3g=",
									"_parent": {
										"$ref": "AAAAAAFupIOjAS9rJwM="
									},
									"model": {
										"$ref": "AAAAAAFupIOjAS9qr3k="
									},
									"visible": false,
									"font": "Arial;13;0",
									"left": 543,
									"top": 114,
									"height": 13,
									"alpha": -1.5707963267948966,
									"distance": 15,
									"hostEdge": {
										"$ref": "AAAAAAFupIOjAS9rJwM="
									},
									"edgePosition": 1
								}
							],
							"font": "Arial;13;0",
							"head": {
								"$ref": "AAAAAAFupINsvi9Ea2o="
							},
							"tail": {
								"$ref": "AAAAAAFupINsvi9Ea2o="
							},
							"points": "492:168;492:120;558:120;558:187;529:187",
							"showVisibility": true,
							"nameLabel": {
								"$ref": "AAAAAAFupIOjAS9sllw="
							},
							"stereotypeLabel": {
								"$ref": "AAAAAAFupIOjAS9tGT0="
							},
							"propertyLabel": {
								"$ref": "AAAAAAFupIOjAS9um3g="
							}
						}
					]
				}
			],
			"regions": [
				{
					"_type": "UMLRegion",
					"_id": "AAAAAAFumflQQ4tZfJU=",
					"_parent": {
						"$ref": "AAAAAAFumflQQotYoPY="
					},
					"vertices": [
						{
							"_type": "UMLState",
							"_id": "AAAAAAFumfp31Ivusw0=",
							"_parent": {
								"$ref": "AAAAAAFumflQQ4tZfJU="
							},
							"name": "Buffer Controller"
						},
						{
							"_type": "UMLState",
							"_id": "AAAAAAFupIIX3S7CCu8=",
							"_parent": {
								"$ref": "AAAAAAFumflQQ4tZfJU="
							},
							"name": "Producer"
						},
						{
							"_type": "UMLState",
							"_id": "AAAAAAFupINsvi9DDR0=",
							"_parent": {
								"$ref": "AAAAAAFumflQQ4tZfJU="
							},
							"name": "Consumer"
						}
					],
					"transitions": [
						{
							"_type": "UMLTransition",
							"_id": "AAAAAAFumfqXcYwUOQ4=",
							"_parent": {
								"$ref": "AAAAAAFumflQQ4tZfJU="
							},
							"source": {
								"$ref": "AAAAAAFumfp31Ivusw0="
							},
							"target": {
								"$ref": "AAAAAAFumfp31Ivusw0="
							}
						},
						{
							"_type": "UMLTransition",
							"_id": "AAAAAAFumftE/oxBmLs=",
							"_parent": {
								"$ref": "AAAAAAFumflQQ4tZfJU="
							},
							"source": {
								"$ref": "AAAAAAFumfp31Ivusw0="
							},
							"target": {
								"$ref": "AAAAAAFumfp31Ivusw0="
							}
						},
						{
							"_type": "UMLTransition",
							"_id": "AAAAAAFumfxna4x1vvs=",
							"_parent": {
								"$ref": "AAAAAAFumflQQ4tZfJU="
							},
							"source": {
								"$ref": "AAAAAAFumfp31Ivusw0="
							},
							"target": {
								"$ref": "AAAAAAFumfp31Ivusw0="
							}
						},
						{
							"_type": "UMLTransition",
							"_id": "AAAAAAFumgUT6Ysab4M=",
							"_parent": {
								"$ref": "AAAAAAFumflQQ4tZfJU="
							},
							"source": {
								"$ref": "AAAAAAFumfp31Ivusw0="
							},
							"target": {
								"$ref": "AAAAAAFumfp31Ivusw0="
							}
						},
						{
							"_type": "UMLTransition",
							"_id": "AAAAAAFupIJPvi7otd8=",
							"_parent": {
								"$ref": "AAAAAAFumflQQ4tZfJU="
							},
							"source": {
								"$ref": "AAAAAAFupIIX3S7CCu8="
							},
							"target": {
								"$ref": "AAAAAAFupIIX3S7CCu8="
							},
							"triggers": [
								{
									"_type": "UMLEvent",
									"_id": "AAAAAAFupILDgS7669s=",
									"_parent": {
										"$ref": "AAAAAAFupIJPvi7otd8="
									},
									"name": "put!v"
								}
							]
						},
						{
							"_type": "UMLTransition",
							"_id": "AAAAAAFupIOjAS9qr3k=",
							"_parent": {
								"$ref": "AAAAAAFumflQQ4tZfJU="
							},
							"source": {
								"$ref": "AAAAAAFupINsvi9DDR0="
							},
							"target": {
								"$ref": "AAAAAAFupINsvi9DDR0="
							},
							"triggers": [
								{
									"_type": "UMLEvent",
									"_id": "AAAAAAFupIPHwi983LM=",
									"_parent": {
										"$ref": "AAAAAAFupIOjAS9qr3k="
									},
									"name": "get?v"
								}
							]
						}
					]
				}
			]
		}
	]
}
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Circular_Buffer.java
// A5 Part 2: Code needs to be added to the run() method
//      of class Circular_Buffer

import java.util.*;

import Scheduler.Scheduler;
import Scheduler.Process;
import Scheduler.Guard;
class A5_Part2 {

    public static void main(String[] args) {

        Producer p = new Producer();
        Consumer c  = new Consumer();
        Circular_Buffer b = new Circular_Buffer();
        
        Process[] arr = {p, c, b};
        Scheduler s = new Scheduler(arr, true);
                // true => show the scheduler's log
                // false => don't shown any log
        s.start();
         
    }
}

class Producer extends Process   {    

    public void run() {
        for (int v = 1; v < 11; v++) {
            send_data("put", v);
        }
    }
    }

class Consumer extends Process   {    
    
    public void run() {
        while (true) {
            try { Thread.sleep(new Random().nextInt(100));
            } 
            catch (Exception e) {}
            receive("get");
            int v = (int) get_data();
            // no need for above line, strictly speaking,
            // as the printing was already done 
        }
    }   
}

public class Circular_Buffer extends Process  {
    
    private final int n = 5;
    private int[] data = new int[n];
    private int p = 0;
    private int g = 0;
    private int count = 0;
    private String state; // needed for property checking
    
    private void put(int v) {
        data[p] = v;
        p = (p + 1) % n;
        state = "Put:" + v;
        System.out.println(state);
        count++;
    }
    
    private int get() {
        int v = data[g];
        g = (g + 1) % n;
        count--;
        state = "Get:" + v;
        System.out.println(state);
        return v;
    }
    
    public void run() { 
        while (true) {
            
        // this is the only place where code needs
        // to be added, implementing the synchronization
        // policy for the circular buffer's controller

        }
    }
}
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Scheduler/Request.class

package Scheduler;
public synchronized class Request {
    String id;
    boolean cmd;
    Process process;
    String type;
    String channel1;
    String channel2;
    Object data1;
    Guard guard1;
    Guard guard2;
    public void Request(Process, String, boolean, String, String);
    public void Request(Process, String, boolean, String, String, Guard);
    public void Request(Process, String, boolean, String, String, Object);
    public void Request(Process, String, boolean, String, String, String);
    public void Request(Process, String, boolean, String, String, String, Object);
    public void Request(Process, String, String, Guard);
    public void Request(Process, String, boolean, String, String, String, Guard);
    public void Request(Process, String, boolean, String, String, String, Guard, Guard);
}
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Scheduler/Request.javapackage Scheduler;

import java.util.ArrayList;

public class Request {

    public Request(Process p, String id, boolean cmd, String type, String channel1) {
        this.process = p;
        this.id = id;
        this.cmd = cmd;
        this.type = type;
        this.channel1 = channel1;           // one channel, no data
        this.channel2 = "";
    }
    
    public Request(Process p, String id, boolean cmd, String type, String channel1, Guard g) {
        this.process = p;
        this.id = id;
        this.cmd = cmd;
        this.type = type;
        this.channel1 = channel1;           // one channel, no data
        this.channel2 = "";
        this.guard1 = g;
    }
    
    public Request(Process p, String id, boolean cmd, String type, String channel1, Object data1) {
        this.process = p;
        this.id = id;
        this.cmd = cmd;
        this.type = type;
        this.channel1 = channel1;           // one channel, with data
        this.channel2 = "";
        this.data1 = data1;
    }

    //type can be await
    public Request(Process p, String id, boolean cmd, String type, String channel1, String channel2) {
        this.process = p;
        this.id = id;
        this.cmd = cmd;                     // for mixed, it is the cmd of the first channel
        this.type = type;                   // could be two receives, or two sends, or mixed
        this.channel1 = channel1;           // but no data
        this.channel2 = channel2;
    }
    
    public Request(Process p, String id, boolean cmd, String type, String channel1, String channel2, Object data1) {
            this.process = p;
            this.id = id;
            this.cmd = cmd;
            this.type = type;               // "mixed"  
            this.channel1 = channel1;        
            this.channel2 = channel2;
            this.data1 = data1;            // only one data field for mixed
    }
    
    public Request(Process p, String id, String type, Guard g) {
        this.process = p;
        this.id = id;
        this.type = type;
        this.guard1 = g;
        this.channel1 = "";      
        this.channel2 = "";
    }
    
    public Request(Process p, String id, boolean cmd, String type, String channel1, String channel2, Guard g) {
        this.process = p;
        this.id = id;
        this.cmd = cmd;          // cmd = false when there is a guard on channel1
        this.type = type;                
        this.channel1 = channel1;        
        this.channel2 = channel2;
        this.guard1 = g;                  
   }
    
    public Request(Process p, String id, boolean cmd, String type, String channel1, String channel2, Guard g1, Guard g2) {
        this.process = p;
        this.id = id;
        this.cmd = cmd;          // cmd = false when there is a guard on channel1
        this.type = type;                
        this.channel1 = channel1;        
        this.channel2 = channel2;
        this.guard1 = g1;   
        this.guard2 = g2;   
   }
        
        String id;       // e.g., Reader, Writer, or RWController
        boolean cmd;     // true = send, false = receive
        Process process; // e.g., Reader, Writer, or RWController
        String type;     // unary or binary or mixed
        String channel1; // channel name
        String channel2; // channel name or "" (for unary)
        Object data1;
        Guard guard1 = null;
        Guard guard2 = null;

        //Object data2 = null;
        //ArrayList<Object> list = null;   // for data-based request processing; not yet complete
    }

/*  
public Request(Process p, String id, boolean cmd, String type, String channel1, String channel2, Object data1, Object data2) {
    this.process = p;
    this.id = id;
    this.cmd = cmd;                 // must be 'send', given data1 and data2
    this.type = type;
    this.channel1 = channel1;       // two channels with data
    this.channel2 = channel2;
    this.data1 = data1;
    this.data2 = data2;
}

public Request(Process p, String id, boolean cmd, String type, String channel1, ArrayList<Object> l) {
    this.process = p;
    this.id = id;
    this.cmd = cmd;
    this.type = type;
    this.channel1 = channel1;           // one channel, no data
    this.channel2 = "";
    this.list = l;
}
*/






Scheduler/Guard.class

package Scheduler;
public abstract interface Guard {
    public abstract boolean test(Object);
}
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Scheduler/Guard.javapackage Scheduler;

public interface Guard {
    boolean test(Object o);
}






Scheduler/Process.class

package Scheduler;
public abstract synchronized class Process implements Runnable {
    public Scheduler scheduler;
    protected String id;
    protected Request my_req;
    Request some_req;
    protected String chosen;
    public void Process();
    public synchronized void pause();
    public synchronized void wakeup(Request);
    public int num_waiting(String, String);
    public boolean is_waiting(String, String);
    public void await(String, String, String);
    public void await(Guard);
    public void send(String);
    public void send_data(String, Object);
    public void send(String, String);
    public void send_data(String, String, Object);
    public void receive(String);
    public void receive_guard(Guard, String);
    public void receive_guard(Guard, String, String);
    public void receive_guard(Guard, String, Guard, String);
    public void receive(String, String);
    public void send_or_receive(String, String);
    public void receive_or_send(String, String);
    public void send_or_receive_data(String, Object, String);
    public void receive_or_send_data(String, String, Object);
    public Object get_data();
    public void chosen(String);
}
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Scheduler/Process.javapackage Scheduler;

import java.util.ArrayList;

public abstract class Process implements Runnable {

    public Scheduler scheduler;
    protected String id;
    protected Request my_req = null;
    Request some_req = null;
    protected String chosen;

    public synchronized void pause() {
        while (some_req == null) {
            try {
                wait();
            } catch (InterruptedException e) {
            }
        // some_req == my_req when we come out of wait()
        }
        some_req = null;
    }

    public synchronized void wakeup(Request d) {
        some_req = d;
        notify();
    }
    
    public int num_waiting(String cmd, String channel) {
        return scheduler.count(cmd,channel);
    }
    
    public boolean is_waiting(String cmd, String channel) {
        return scheduler.count(cmd,channel) > 0;
    }
    
    public void await(String cmd, String channel1, String channel2) {
        boolean b;
        if (cmd.equals("send"))
             b = true;
        else b = false;
        my_req = new Request(this, id, b, "await", channel1, channel2);
        scheduler.enqueue(my_req);
        pause();
    }
    
    public void await(Guard g) {
        my_req = new Request(this, id, "await_guard", g);
        scheduler.enqueue(my_req);
        pause();
    }
    
    public void send(String channel)  {
        // true = send, false = receive
        my_req = new Request(this, id, true, "unary", channel);
        scheduler.enqueue(my_req);
        pause();
        //my_req.process = null;
    }
    
    public void send_data(String channel, Object data)  {
        // true = send, false = receive
        my_req = new Request(this, id, true, "unary", channel, data);
        scheduler.enqueue(my_req);
        pause();
        //my_req.process = null;
    }
    
    public void send(String channel1, String channel2)  {
        // true = send, false = receive
        my_req = new Request(this, id, true, "binary", channel1, channel2);
        scheduler.enqueue(my_req);
        pause();
        //my_req.process = null;
    }
    
    public void send_data(String channel1, String channel2, Object data)  {
        // true = send, false = receive
        my_req = new Request(this, id, true, "binary", channel1, channel2, data);
        scheduler.enqueue(my_req);
        pause();
        //my_req.process = null;
    }
    
    public void receive(String channel)  {
        // true = send, false = receive
        my_req = new Request(this, id, false, "unary", channel);
        scheduler.enqueue(my_req);
        pause();
        //my_req.process = null;
    }
    
    public void receive_guard(Guard g, String channel)  {
        // true = send, false = receive
        my_req = new Request(this, id, false, "unary", channel, g);
        scheduler.enqueue(my_req);
        pause();
        //my_req.process = null;
    }
    
    public void receive_guard(Guard g, String channel1, String channel2)  {
        // true = send, false = receive
        my_req = new Request(this, id, false, "binary", channel1, channel2, g);
        scheduler.enqueue(my_req);
        pause();
        //my_req.process = null;
    }
    
    public void receive_guard(Guard g1, String channel1, Guard g2, String channel2)  {
        // true = send, false = receive
        my_req = new Request(this, id, false, "binary", channel1, channel2, g1, g2);
        scheduler.enqueue(my_req);
        pause();
        //my_req.process = null;
    }
    
    public void receive(String channel1, String channel2)  {
        // true = send, false = receive
       my_req = new Request(this, id, false, "binary", channel1, channel2);
        scheduler.enqueue(my_req);
        pause();
        //my_req.process = null;
    }
    
    
    public void send_or_receive(String channel1, String channel2)  {
        // true = send, false = receive
        my_req = new Request(this, id, true, "mixed", channel1, channel2);
        scheduler.enqueue(my_req);
        pause();
        //my_req.process = null;
    }
    
    public void receive_or_send(String channel1, String channel2)  {
        // true = send, false = receive
        // channel1 is send and channel2 is receive
        my_req = new Request(this, id, true, "mixed", channel2, channel1);
        scheduler.enqueue(my_req);
        pause();
        //my_req.process = null;
    }
    
    public void send_or_receive_data(String channel1, Object data1, String channel2)  {
        // true = send, false = receive
        // channel1 is send and channel2 is receive
        my_req = new Request(this, id, true, "mixed", channel1, channel2, data1);
        scheduler.enqueue(my_req);
        pause();
        //my_req.process = null;
    }
    
    public void receive_or_send_data(String channel1, String channel2, Object data1)  {
        // true = send, false = receive
        // channel1 is send and channel2 is receive
        my_req = new Request(this, id, true, "mixed", channel2, channel1, data1);
        scheduler.enqueue(my_req);
        pause();
        //my_req.process = null;
    }
    
    public Object get_data() {
        return my_req.data1;
    }
    
    public void chosen(String s) {chosen = s;}
}






Scheduler/Scheduler.class

package Scheduler;
public synchronized class Scheduler extends Thread {
    String scheduled;
    int count;
    String waitlist;
    java.util.ArrayList wl;
    java.util.Random ran;
    boolean debug;
    boolean matched;
    java.util.LinkedList l;
    public void Scheduler(Process[], boolean);
    public void run();
    synchronized void enqueue(Request);
    void dequeue(Request);
    public synchronized int count(String, String);
    boolean check_await();
    boolean check_await_guard();
    synchronized void schedule();
    void unary_unary(Request, Request, String, String);
    void unary_binary(Request, Request, String, String, String);
    void unary_mixed(Request, Request, String, String, String);
    void binary_binary(Request, Request, String, String, String);
    void print_wait_list();
}







Scheduler/Waiting.class

package Scheduler;
synchronized class Waiting {
    boolean cmd;
    String chan;
    int count;
    public void Waiting(boolean, String, int);
}
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Scheduler/Scheduler.javapackage Scheduler;

import java.util.ArrayList;
import java.util.LinkedList;

import java.util.Random;

class Waiting {
    boolean cmd;
    String chan;
    int count;
    public Waiting (boolean cm, String ch, int c) {
        cmd = cm;
        chan = ch;
        count = c;
    }
}

public class Scheduler extends Thread {

    String scheduled;
    int count = 0;
    String waitlist = "";
    ArrayList<Waiting> wl = new ArrayList<Waiting>();
    Random ran = new Random();
    boolean debug;
    boolean matched = false;
    
    public Scheduler(Process[] arr, boolean debug) {
       this.debug = debug;
       for (int i=0; i<arr.length; i++) {
           arr[i].scheduler = this;
           (new Thread(arr[i])).start();
       }
    }

    LinkedList<Request> l = new LinkedList<Request>();

    public void run() {
        while (true)
            schedule();
    }

    synchronized void enqueue(Request r) {
        l.addLast(r);
        boolean found = false;
        for (Waiting w: wl) {
            switch (r.type) {
            case ("unary"):
                if (w.cmd == r.cmd && w.chan.equals(r.channel1)) {
                    w.count++;
                    found = true;
                    break;
                }
                break;
            case ("binary"):
                if (w.cmd == r.cmd && (w.chan.equals(r.channel1) || w.chan.equals(r.channel2))) {
                    w.count++;
                    found = true;
                    break;
                }
                break;
            case("mixed"):
                if ((w.cmd == r.cmd && r.cmd && w.chan.equals(r.channel1)) || (w.cmd == r.cmd && !r.cmd && w.chan.equals(r.channel2)) ||
                    (w.cmd != r.cmd && r.cmd && w.chan.equals(r.channel2)) || (w.cmd != r.cmd && !r.cmd && w.chan.equals(r.channel1))) {
                    w.count++;
                    found = true;
                    break;
                }
            }
        }
        if (!found)
            wl.add(new Waiting(r.cmd, r.channel1, 1));
        notifyAll();
    }
    
    void dequeue(Request r) {
        l.remove(r);
        for (Waiting w: wl) 
            if (w.cmd == r.cmd && w.chan.equals(r.channel1)) {
                w.count--;
            }
    }
    
    public synchronized int count(String cmd, String chan) {
        int sum = 0;
        for (Request r : l) {
            String c;
            if (r.cmd) 
                 c = "send";
            else c = "receive";
            if (r.type.equals("unary")) {
                if (c.equals(cmd) && r.channel1.equals(chan))  {
                     sum++;
                }
            }
            if (r.type.equals("binary")) {
                if (c.equals(cmd) && (r.channel1.equals(chan) || r.channel2.equals(chan)))  {
                     sum++;
                }
            }
            // consider mixed also
        }
        return sum;
    }
    
    boolean check_await() {
        boolean found = false;
        Request r2 = null;
          for (Request r : l) {
            if (r.type.equals("await")) {
                String c;
                if (r.cmd) 
                     c = "send";
                else c = "receive";
                int c1 = count(c,r.channel1);
                int c2 = count(c,r.channel2);
                if (c1 > 0 || c2 > 0)  {
                    r.process.wakeup(r);
                    r2 = r;
                    found = true;
                    if (c1 > 0) 
                         r.process.chosen = r.channel1;
                    else r.process.chosen = r.channel2;
                    break;
                }
            }
        }
        if (found) 
            dequeue(r2);
        return found;
    }
    
    boolean check_await_guard() {
        boolean found = false;
        Request r2 = null;
          for (Request r : l) {
            if (r.type.equals("await_guard")) {
                 if (r.guard1.test(null)) {
                     r.process.wakeup(r);
                     r2 = r;
                     found = true;
                 }
            }
        }
        if (found) 
            dequeue(r2);
        return found;
    }

    synchronized void schedule() {

        Request rem_r1 = null; // requests to be removed
        Request rem_r2 = null;
        
        if (debug) print_wait_list();
        
        matched = false;
        
        check_await();
        
        check_await_guard();
        
        for (Request r1 : l) {  
            
            if (r1.type.equals("await") || r1.type.equals("await_guard"))
                continue;
            
            for (Request r2 : l) {

                String r1_cmd, r2_cmd;
                
                if (r2.type.equals("await") || r2.type.equals("await_guard"))
                    continue;
                
                if (r1 == r2)
                    continue;
                
                if (r1.type.equals("unary") && r2.type.equals("unary")) {

                    if (r1.cmd == r2.cmd)
                        continue;

                    if (r1.cmd) {
                        r1_cmd = "send";
                        r2_cmd = "receive";
                    } else {
                        r2_cmd = "send";
                        r1_cmd = "receive";
                    }

                    if (r1.channel1.equals(r2.channel1)) {
                        if (!r1.cmd && r1.guard1 != null || !r2.cmd && r2.guard1 != null) { // guarded receive
                            if (!r1.cmd && r1.guard1.test(r2.data1) || !r2.cmd && r2.guard1.test(r1.data1)) {
                                rem_r1 = r1; // must remove r1 and r2 outside for
                                rem_r2 = r2;
                                matched = true;
                                unary_unary(r1, r2, r1_cmd, r2_cmd);
                            }
                        }
                        else {  
                        rem_r1 = r1; // must remove r1 and r2 outside for
                        rem_r2 = r2;
                        matched = true;
                        unary_unary(r1, r2, r1_cmd, r2_cmd);
                        }
                    }
                }

                else if (r1.type.equals("unary") && r2.type.equals("mixed")) {
                    // Note: first channel of "mixed" does a send
                    if (r1.cmd)
                        r1_cmd = "send";
                    else
                        r1_cmd = "receive";

                    if (r1.cmd) // send
                        if (!r1.channel1.equals(r2.channel2))
                            continue;
                        else { // send-receive pair found
                            rem_r1 = r1; // must remove r1 and r2
                            rem_r2 = r2;
                            matched = true;
                            unary_mixed(r1, r2, "send", "receive", r1.channel1);
                        }
                    else // r1 is a receive
                    if (r1.channel1.equals(r2.channel1)) {
                        rem_r1 = r1; // must remove r1 and r2 
                        rem_r2 = r2;
                        matched = true;
                        unary_mixed(r1, r2, "receive", "send", r1.channel1);
                    }
                }

                else if (r1.type.equals("unary") && r2.type.equals("binary")) {

                    if (r1.cmd == r2.cmd)
                        continue;

                    if (r1.cmd) {
                        r1_cmd = "send";
                        r2_cmd = "receive";
                    } else {
                        r2_cmd = "send";
                        r1_cmd = "receive";
                    }

                    if (r1.channel1.equals(r2.channel1) || r1.channel1.equals(r2.channel2)) {
                        if (!r2.cmd)
                            if (r1.channel1.equals(r2.channel1)) // guarded binary receive
                                if (r2.guard1 != null)
                                    if (r2.guard1.test(r1.data1)) {
                                        rem_r1 = r1;
                                        rem_r2 = r2;
                                        matched = true;
                                        unary_binary(r2, r1, r2_cmd, r1_cmd, r1.channel1);
                                    } 
                                    else continue;
                                else {
                                    rem_r1 = r1;
                                    rem_r2 = r2;
                                    matched = true;
                                    unary_binary(r2, r1, r2_cmd, r1_cmd, r1.channel1);
                                }   
                           else { // r1.channel1.equals(r2.channel2)
                               if (r2.guard2 != null)
                                    if (r2.guard2.test(r1.data1)) {
                                        rem_r1 = r1;
                                        rem_r2 = r2;
                                        matched = true;
                                        unary_binary(r2, r1, r2_cmd, r1_cmd, r1.channel1);
                                    } 
                                    else continue;
                                else {
                                    rem_r1 = r1;
                                    rem_r2 = r2;
                                    matched = true;
                                    unary_binary(r2, r1, r2_cmd, r1_cmd, r1.channel1);
                                }   
                           }
                        else {
                            rem_r1 = r1;
                            rem_r2 = r2;
                            matched = true;
                            unary_binary(r2, r1, r2_cmd, r1_cmd, r1.channel1);
                        }
                    }
                }  

                else if (r1.type.equals("binary") && r2.type.equals("binary")) {

                    if (r1.cmd == true) {
                        r1_cmd = "send";
                        r2_cmd = "receive";
                    } else {
                        r2_cmd = "send";
                        r1_cmd = "receive";
                    }

                    if (r1.channel1.equals(r2.channel1) && r1.channel2.equals(r2.channel2)
                            || r1.channel1.equals(r2.channel2) && r2.channel1.equals(r1.channel2)) {
                        int r = ran.nextInt(9999) % 2;
                        rem_r1 = r1; // must remove r1 and r2 outside for
                        rem_r2 = r2;
                        matched = true;
                        if (r == 0)
                            binary_binary(r1, r2, r1_cmd, r2_cmd, r1.channel1);
                        else
                            binary_binary(r1, r2, r1_cmd, r2_cmd, r1.channel2);
                    }

                    // no need for random selection since there is only one
                    // match

                    else if (r1.channel1.equals(r2.channel1) || r1.channel1.equals(r2.channel2)) {
                        rem_r1 = r1; // must remove r1 and r2 outside for
                        rem_r2 = r2;
                        matched = true;
                        binary_binary(r1, r2, r1_cmd, r2_cmd, r1.channel1);
                    }

                    else if (r2.channel1.equals(r1.channel2) || r2.channel2.equals(r1.channel2)) {
                        rem_r1 = r1; // must remove r1 and r2 outside for
                        rem_r2 = r2;
                        matched = true;
                        binary_binary(r1, r2, r1_cmd, r2_cmd, r1.channel2);
                    }
                }
                if (rem_r1 != null)
                    break;
            }
            if (rem_r1 != null)
                break;
        }
        if (rem_r1 != null)
            dequeue(rem_r1); 
        if (rem_r2 != null)
            dequeue(rem_r2); 
        
        if (!matched || (l.size() < 2)) 
            try { wait(); } 
            catch (InterruptedException e) {}
    }

    void unary_unary(Request r1, Request r2, String r1_cmd, String r2_cmd) {
        count++;

        if (debug)
            System.out.println("    Schedule " + count + " ==> " + r1_cmd + "-" + r1.channel1 + "  and  " + r2_cmd + "-"
                + r2.channel1 + "\n");

        if (r1_cmd.equals("send") &&  r1.data1 != null)
            r2.data1 = r1.data1;
        else if (r2.data1 != null)
            r1.data1 = r2.data1;

        r1.process.wakeup(r1);
        r2.process.wakeup(r2);
        scheduled = r1.channel1;
        return;
    }

    void unary_binary(Request r1, Request r2, String r1_cmd, String r2_cmd, String chan) {
        // r1 is binary and r2 is unary
        count++;
        
        if (debug)
        System.out.println("    Schedule " + count + " ==> " + r2_cmd + "-" + r2.channel1 + "  and  " + (r1_cmd) + "-("
                + r1.channel1 + "|" + r1.channel2 + ")\n");

        if (r1_cmd.equals("send"))
            r2.data1 = r1.data1;
        else // r1_cmd.equals("receive"
            r1.data1 = r2.data1;

        
        r1.process.chosen(chan);
        r1.process.wakeup(r1);
        r2.process.wakeup(r2);
        scheduled = chan;
    }

    void unary_mixed(Request r1, Request r2, String r1_cmd, String r2_cmd, String chan) {
        // r1 is unary and r2 is mixed
        count++;
        
        if (debug)
        System.out.println("    Schedule " + count + " ==> " + r1_cmd + "-" + r1.channel1 + "  and  " + "(" + "send:"
                + r2.channel1 + "|" + "receive:" + r2.channel2 + ")");

        if (r1_cmd.equals("send"))
            r2.data1 = r1.data1;
        if (r1_cmd.equals("receive"))
            r1.data1 = r2.data1;

        r2.process.chosen(chan);
        r1.process.wakeup(r1);
        r2.process.wakeup(r2);
        scheduled = chan;
    }

    void binary_binary(Request r1, Request r2, String r1_cmd, String r2_cmd, String chan) {
        count++;
        
        if (debug)
        System.out.println("    Schedule " + count + " ==> " + (r1_cmd) + "-(" + r1.channel1 + "|" + r1.channel2
                + ")  and  " + (r2_cmd) + "-(" + r2.channel1 + "|" + r2.channel2 + ")\n");
        r1.process.chosen(chan);
        r2.process.chosen(chan);
        r1.process.wakeup(r1);
        r2.process.wakeup(r2);
        scheduled = chan;
    }

    void print_wait_list() {
        waitlist = "";
        for (Request r : l) {
            String r_cmd;
            
            if (r.cmd)
                r_cmd = "send";
            else
                r_cmd = "receive";
            if (r.type.equals("await")) {
                waitlist = waitlist + ("await_" + r_cmd) + "-" + r.channel1 + "-" + r.channel2 + ";   ";
                continue;
            }
            if (r.type == "unary")
                waitlist = waitlist + (r_cmd) + "-" + r.channel1 + ";   ";
            else
            if (r.type == "mixed")
                waitlist = waitlist +  "(send:" + r.channel1 + "|" + "receive:" + r.channel2 + ");   ";
            else
                waitlist = waitlist + (r_cmd) + "-(" + r.channel1 + "|" + r.channel2 + ");   ";
            r = null;
        }

        System.out.println(waitlist + "\n");
    }

}
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Scheduler.java

import java.util.LinkedList;

import java.util.Random;


 class Request {
    public Request(Process p, String id, boolean cmd, String type, String channel1, String channel2) {
        this.process = p;
        this.id = id;
        this.cmd = cmd;
        this.type = type;
        this.channel1 = channel1;
        this.channel2 = channel2;
    }

    String id;       // e.g., Reader, Writer, or RWController
    boolean cmd;     // true = send, false = receive
    Process process; // e.g., Reader, Writer, or RWController
    String type;     // unary or binary
    String channel1; // channel name
    String channel2; // channel name or "" (for unary)
}


 abstract class Process {

    public Scheduler scheduler;
    protected String id;
    protected Request my_req = null;
    Request some_req = null;

    public synchronized void pause() {
        while (some_req == null) {
            try {
                wait();
            } catch (InterruptedException e) {
            }
        // some_req == my_req when we come out of wait()
        }
        some_req = null;
    }

    public synchronized void wakeup(Request d) {
        this.some_req = d;
        notifyAll();
    }
    
    public void send(String channel)  {
        // true = send, false = receive
        my_req = new Request(this, id, true, "unary", channel, "");
        scheduler.enqueue(my_req);
        pause();
        //my_req.process = null;
    }
    
    public void send(String channel1, String channel2)  {
        // true = send, false = receive
        my_req = new Request(this, id, true, "binary", channel1, channel2);
        scheduler.enqueue(my_req);
        pause();
        //my_req.process = null;
    }
    
    public void receive(String channel)  {
        // true = send, false = receive
        my_req = new Request(this, id, false, "unary", channel, "");
        scheduler.enqueue(my_req);
        pause();
        //my_req.process = null;
    }
    
    public void receive(String channel1, String channel2)  {
        // true = send, false = receive
        my_req = new Request(this, id, false, "binary", channel1, channel2);
        scheduler.enqueue(my_req);
        pause();
        //my_req.process = null;
    }

    public abstract void chosen(String s);

}

public class Scheduler extends Thread {
    
    String scheduled;
    int count = 0;
    String waitlist = "";
    Random ran = new Random();
    
    LinkedList<Request> l = new LinkedList<Request>();

    public void run() {
        while (true) {
            schedule();
        }
    }
    
    synchronized void enqueue(Request r) {
        l.addLast(r);
        notifyAll();
    }
    
    synchronized void schedule() {
        
        Request rem_r1 = null;   // requests to be removed
        Request rem_r2 = null;
        
        print_wait_list();
        
        try { while (l.size() < 2)  // removed the match_found check
                wait();
        } 
        catch (InterruptedException e) {}

        for (Request r1 : l) {
            for (Request r2 : l) {
                if (r1.cmd == !r2.cmd) {
                    
                    String r1_cmd, r2_cmd;

                    if (r1.cmd == true) {
                        r1_cmd = "send";
                        r2_cmd = "receive";
                    } else {
                        r2_cmd = "send";
                        r1_cmd = "receive";
                    }

                    if (r1.type.equals("unary") && r2.type.equals("unary")) {
                        
                        if (r1.channel1.equals(r2.channel1))  {
                            rem_r1 = r1;  // must remove r1 and r2 outside for
                            rem_r2 = r2;
                            unary_unary(r1, r2, r1_cmd, r2_cmd);
                        }
                    }

                    else if (r1.type.equals("unary")  && r2.type.equals("binary")) {

                        if (r1.channel1.equals(r2.channel1)) {
                            rem_r1 = r1;  // must remove r1 and r2 outside for
                            rem_r2 = r2;
                            unary_binary(r2, r1, r2_cmd, r1_cmd, r1.channel1);
                        }

                        else if (r1.channel1.equals(r2.channel2)) {
                            rem_r1 = r1;  // must remove r1 and r2 outside for
                            rem_r2 = r2;
                            unary_binary(r2, r1, r2_cmd, r1_cmd, r1.channel1);
                        }
                    }

                    else if (r1.type.equals("binary") && r2.type.equals("unary")) {

                        if (r2.channel1.equals(r1.channel1)) {
                            rem_r1 = r1;  // must remove r1 and r2 outside for
                            rem_r2 = r2;
                            unary_binary(r1, r2, r1_cmd, r2_cmd, r2.channel1);
                        }
                        else if (r2.channel1.equals(r1.channel2)) {
                            rem_r1 = r1;  // must remove r1 and r2 outside for
                            rem_r2 = r2;
                            unary_binary(r1, r2, r1_cmd, r2_cmd, r2.channel1);
                        }
                    }

                    else if (r1.type.equals("binary") && r2.type.equals("binary")) {
                        if (r1.channel1.equals(r2.channel1) && r1.channel2.equals(r2.channel2)
                                || r1.channel1.equals(r2.channel2) && r2.channel1.equals(r1.channel2)) {
                            int r = ran.nextInt(9999) % 2;
                            rem_r1 = r1;  // must remove r1 and r2 outside for
                            rem_r2 = r2;
                            if (r == 0)
                                binary_binary(r1, r2, r1_cmd, r2_cmd, r1.channel1);
                            else
                                binary_binary(r1, r2, r1_cmd, r2_cmd, r1.channel2);
                        }

                        // no need for random selection since there is only one
                        // match

                        else if (r1.channel1.equals(r2.channel1) || r1.channel1.equals(r2.channel2)) {
                            rem_r1 = r1;  // must remove r1 and r2 outside for
                            rem_r2 = r2;
                            binary_binary(r1, r2, r1_cmd, r2_cmd, r1.channel1);
                        }

                        else if (r2.channel1.equals(r1.channel2) || r2.channel2.equals(r1.channel2)) {
                            rem_r1 = r1;  // must remove r1 and r2 outside for
                            rem_r2 = r2;
                            binary_binary(r1, r2, r1_cmd, r2_cmd, r1.channel2);
                        }
                    }
                  }
                if (rem_r1 != null) break;
            }
            if (rem_r1 != null) break;
        }
        if (rem_r1 != null) l.remove(rem_r1);
        if (rem_r2 != null) l.remove(rem_r2);
    }
    
    void unary_unary (Request r1, Request r2, String r1_cmd, String r2_cmd) {
            count++;
            System.out.println("    Schedule " + count + " ==> " + r1_cmd + "-" + r1.channel1
                    + "  and  " + r2_cmd + "-" + r2.channel1 + "\n");
            r1.process.wakeup(r1);
            r2.process.wakeup(r2);
            scheduled = r1.channel1;
            return;
    }
    
    void unary_binary(Request r1, Request r2, String r1_cmd, String r2_cmd, String chan) {
        // r1 is binary and r2 is unary
        count++;
        System.out.println("    Schedule " + count + " ==> "  + (r2_cmd) + "-"
                + r2.channel1 + "  and  "  + (r1_cmd) + "-(" + r1.channel1 + "|"
                + r1.channel2 + ")\n");
        r1.process.chosen(chan);
        r1.process.wakeup(r1);
        r2.process.wakeup(r2);
        scheduled = chan;
    }
    
    void binary_binary(Request r1, Request r2, String r1_cmd, String r2_cmd, String chan) {
           count++;
           System.out.println(" Schedule " + count + " ==> " + (r1_cmd) + "-("
                + r1.channel1 + "|" + r1.channel2 + ")  and  " + (r2_cmd) + "-("
                + r2.channel1 + "|" + r2.channel2 + ")\n");
            r1.process.chosen(chan);
            r2.process.chosen(chan);
            r1.process.wakeup(r1);
            r2.process.wakeup(r2);
            scheduled = chan;
      }
    
    void print_wait_list() {
        waitlist = "";
        for (Request r : l) {
            String r_cmd;
            if (r.cmd)
                r_cmd = "send";
            else
                r_cmd = "receive";
            if (r.type == "unary")
                waitlist = waitlist + (r_cmd) + "-" + r.channel1 + ";   ";
            else
                waitlist = waitlist + (r_cmd) + "-(" + r.channel1 + "|" + r.channel2 + ");   ";
            r = null;
        }
        
        System.out.println(waitlist + "\n");
    }
    
}
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property.txt
// Every Put:n leads to a Get:n



P [s = "Put:1" ~~> s = "Get:1"] ;

P [s = "Put:2" ~~> s = "Get:2"] ;

P [s = "Put:3" ~~> s = "Get:3"] ;

P [s = "Put:4" ~~> s = "Get:4"] ;

P [s = "Put:5" ~~> s = "Get:5"] ;

P [s = "Put:6" ~~> s = "Get:6"] ;

P [s = "Put:7" ~~> s = "Get:7"] ;

P [s = "Put:8" ~~> s = "Get:8"] ;

P [s = "Put:9" ~~> s = "Get:9"] ;

P [s = "Put:10" ~~> s = "Get:10"];



// Every Get:n leads to Get:n+1



P [s = "Get:1" ~~> s = "Get:2"] ;

P [s = "Get:2" ~~> s = "Get:3"] ;

P [s = "Get:3" ~~> s = "Get:4"] ;

P [s = "Get:4" ~~> s = "Get:5"] ;

P [s = "Get:5" ~~> s = "Get:6"] ;

P [s = "Get:6" ~~> s = "Get:7"] ;

P [s = "Get:7" ~~> s = "Get:8"] ;

P [s = "Get:8" ~~> s = "Get:9"] ;

P [s = "Get:9" ~~> s = "Get:10"];
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Communicating State Charts         File  buffer.mdj   contains a  Star UML State Chart   (reproduced above) giving the outline of the  controller for a circular buffer. This buffer is accessed by two concurrent processes,  Producer   and  Consumer , who communicate with t he buffer controller using two channels,  put   and  get . The  producer repeatedly does a  put!   and the consumer similarly does a  get? ,   and the buffer controller  performs the respective complementary operations.     File  Circular_Buffer.java   contains a Java program providing an outline of the implementation of the  above scenario using the  Message Passing Library   ( see   Slides below ). It gives  the main program, the  classes  Producer   and  Consumer , and also the outline of class  Circular_Buffer .        

