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1. Analysis

a) Requirements

The requirements for this Assignment are split into two distinct parts.

1. Create a generic, reference counted, class library in C++ called a SmartPtr.  The SmartPtr class must provide the following functionality in a reliable manner.

a. The SmartPtr class must allow a user program to specify an object type using standard C++ template notation.  

b. The SmartPtr class must implement all operators (i.e. =, *, ->, ==, <, >, !=, <=, >=), the operators should behave as though the SmartPtr object was an object of the type specified by the user program.

c. The SmartPtr class should keep track of the number of pointers referring to the given object and delete the object when the user program no longer has any pointers to the object.  

d. A getCount method which returns the number of pointers to the object the user program currently has. 

e. A getAllCounts method which prints the details of all SmartPtr objects current in use by the user program.

2. A generic linked list class (LinkedList) using SmartPtr objects which must work in a predictable and reliable manner with standard STL algorithms.  As a bare minimum the class must include the following three services:

a. Insert (iterator pos, T item) – Insert item before position pos.

b. Remove (iterator pos) – Remove the item from the list.

c. Random access iterator – The class must provide an iterator object on request for use by the User program.  

The SmartPtr and LinkedList classes must be able to be linked to the standard example program provided and compile without modification.

b) Use Cases

1. Actors

	Name
	Description

	LinkedList
	The linkedlist object

	Manager
	The SmartPtr manager who keeps track of all SmartPtr objects.

	SmartPtr
	An instance of a SmartPtr object

	User
	The program using the SmartPtr or LinkedList library


2. Use Case Index

	Number
	Name
	Point of View
	Description

	1.1
	Create SmartPtr 
	SmartPtr
	The creation and initialisation of a new SmartPtr

	1.2
	SmartPtr = Operator Copy
	SmartPtr
	When an existing SmartPtr is assigned another SmartPtr object

	1.3
	SmartPtr * Operator
	SmartPtr
	When the user requests a pointer to the object.

	1.4
	SmartPtr comparator operator (->, ==, <, >, !=, <=, >=)
	SmartPtr
	When the User wants to compare two SmartPtr Objects.

	1.5
	getCount
	SmartPtr
	When the user requests a current count of pointers.

	1.6
	Destructor
	SmartPtr
	When there are no longer any pointers to the SmartPtr, the object is deleted.

	1.7
	printAllCounts
	SmartPtr
	A request from the User to display all SmartPtrs and their counts.

	2.1
	Constructor
	LinkedList
	The creation of an empty LinkedList ready to accept new items.

	2.2
	Insert item
	LinkedList
	The insertion of an item at position n in the list.

	2.3
	Remove Item
	LinkedList
	The deletion of item n from the list.

	2.4
	Get Iterator
	LinkedList
	Providing the user with an list iterator on request.


Use Case 1.1

	Use Case ID:
	1.1
	

	Use Case Name:
	Create SmartPtr
	

	Date Created:
	25/07/2009
	Date Last Updated:


	Actors:
	SmartPtr, User, Manager

	Description:
	The creation and initialisation of a SmartPtr object, ready for use.

	Trigger:
	User initiated.

	Preconditions:
	The calling program has defined the object type that the SmartPtr will point to. (Template) and called the ‘new’ method to create a new object and assign it to the SmartPtr object.

	Postconditions:
	SmartPtr returns a properly initialised SmartPtr object, or throws an appropriate error.

	Normal Flow:
	1. User requests the creation of a new object to be held by SmartPtr.

2. User asks SmartPtr to hold the object of type t.

3. SmartPtr asks Manager if there is currently a SmartPtr to the object already, if so update the count and return existing SmartPtr.

4. SmartPtr holds object and sets pointer counter to 1.

5. SmartPtr tells Manager that it exists and what its current count is (1).

6. Manager updates the SmartPtr database.

	Alternative Flows:
	

	Exceptions:
	1. Object doesn’t exist, null pointer error is thrown.

2. Object is not of type t as specified by User, invalid object error is thrown.

	Notes and Issues:
	


Use Case 1.2

	Use Case ID:
	1.2
	

	Use Case Name:
	SmartPtr Assignment
	

	Date Created:
	25/07/2009
	Date Last Updated:


	Actors:
	SmartPtr, User, Manager

	Description:
	When an existing SmartPtr is assigned another SmartPtr object.

	Trigger:
	User initiated.

	Preconditions:
	

	Postconditions:
	SmartPtr deletes the existing SmartPtr object (if any).

SmartPtr returns a properly initialised SmartPtr object pointing to the same object, or throws an appropriate error.  

	Normal Flow:
	1. User asks SmartPtr to point to the SmartPtr object given.

2. SmartPtr checks that the given SmartPtr object is pointing to the same type of object as itself.  If not throw exception.

3. If current count is > 0, SmartPtr decrements its count by 1. 

4. If count is now 0 SmartPtr deletes the object it is pointing to.

5. SmartPtr increments its count by 1.

6. SmartPtr updates Manager with count changes.

7. Manager updates SmartPtr database.

8. SmartPtr returns pointer to existing SmartPtr.

	Alternative Flows:
	

	Exceptions:
	1. SmartPtr Object given doesn’t exist, null pointer error is thrown.

2. SmartPtr Object given isn’t of the same type as the current SmartPtr Object, invalid type error is thrown.

	Notes and Issues:
	


Use Case 1.3

	Use Case ID:
	1.3
	

	Use Case Name:
	SmartPtr * Operator
	

	Date Created:
	27/07/2009
	Date Last Updated:


	Actors:
	SmartPtr, User

	Description:
	When the user requests a pointer to the object.

	Trigger:
	User initiated.

	Preconditions:
	None

	Postconditions:
	SmartPtr returns a pointer to the object it holds.  

	Normal Flow:
	1. User asks SmartPtr for a pointer to the object

2. SmartPtr returns the pointer.

	Alternative Flows:
	

	Exceptions:
	

	Notes and Issues:
	


Use Case 1.4

	Use Case ID:
	1.4
	

	Use Case Name:
	SmartPtr comparator operator (->, ==, <, >, !=, <=, >=)
	

	Date Created:
	25/07/2009
	Date Last Updated:


	Actors:
	SmartPtr, User 

	Description:
	When the User wants to compare two SmartPtr Objects.

	Trigger:
	User initiated.

	Preconditions:
	The two objects being compared are SmartPtr Objects of the same type.

	Postconditions:
	SmartPtr returns the result of the operator, or throws an appropriate error.  

	Normal Flow:
	1. User asks SmartPtr to compare the object with the given SmartPtr object.

2. SmartPtr checks that the given SmartPtr object is pointing to the same type of object as itself.  If not it throws an exception.

3. SmartPtr performs the comparison with the objects.

4. SmartPtr returns the results of the comparison.

	Alternative Flows:
	

	Exceptions:
	1. One of the SmartPtr Objects given doesn’t exist, null pointer error is thrown.

2. SmartPtr Objects aren’t of the same type, invalid type error is thrown.

	Notes and Issues:
	


Use Case 1.5

	Use Case ID:
	1.5
	

	Use Case Name:
	getCount Method
	

	Date Created:
	25/07/2009
	Date Last Updated:


	Actors:
	SmartPtr, User

	Description:
	When the user requests a current count of pointers.

	Trigger:
	User initiated.

	Preconditions:
	The SmartPtr object exists.

	Postconditions:
	SmartPtr returns an integer which is the number of pointers to the object it holds.

	Normal Flow:
	1. User asks SmartPtr for a current count (getCount).

2. SmartPtr returns the current value.

	Alternative Flows:
	

	Exceptions:
	

	Notes and Issues:
	


Use Case 1.6

	Use Case ID:
	1.6
	

	Use Case Name:
	Destructor
	

	Date Created:
	25/07/2009
	Date Last Updated:


	Actors:
	SmartPtr, Manager

	Description:
	When there are no longer any pointers to the SmartPtr, the object is deleted.

	Trigger:
	SmartPtr initiated when there are no pointers left to the object.

	Preconditions:
	The SmartPtr object exists.

	Postconditions:
	SmartPtr successfully frees the memory occupied by the object it holds.  SmartPtr updates the SmartPtr manager that it no longer holds an object.

	Normal Flow:
	1. SmartPtr requests deletion because the user no longer holds any pointer to it (count = 0)

2. SmartPtr deletes the object

3. SmartPtr tells Manager to remove it.

4. Manager removes SmartPtr from database.

	Alternative Flows:
	

	Exceptions:
	

	Notes and Issues:
	


Use Case 1.7

	Use Case ID:
	1.7
	

	Use Case Name:
	printAllCounts
	

	Date Created:
	27/07/2009
	Date Last Updated:


	Actors:
	SmartPtr, Manager

	Description:
	A request from the User to display all SmartPtr objects and their counts.

	Trigger:
	User requested.

	Preconditions:
	The SmartPtr object exists.

	Postconditions:
	SmartPtr correctly prints details of all SmartPtr objects and their count values to the specified output stream.

	Normal Flow:
	1. User calls printAllCounts method on a SmartPtr object.

2. SmartPtr asks for a list of all SmartPtr objects from Manager

3. Manager gives SmartPtr a list of all SmartPtr objects. 

4. SmartPtr iterates through the list and prints out details of all SmartPtr objects to the specified output stream.

	Alternative Flows:
	

	Exceptions:
	

	Notes and Issues:
	


Use Case 2.1

	Use Case ID:
	2.1
	

	Use Case Name:
	Constructor
	

	Date Created:
	27/07/2009
	Date Last Updated:


	Actors:
	LinkedList, User

	Description:
	The creation of an empty LinkedList ready to accept new items.

	Trigger:
	User requested.

	Preconditions:
	

	Postconditions:
	LinkedList correctly initialises itself and returns a pointer to itself.  If this was unsuccessful then it must have thrown an appropriate exception,

	Normal Flow:
	1. User creates a new LinkedList obect.

2. LinkedList initialises its private variables.

3. LinkedList returns a pointer to itself.

	Alternative Flows:
	

	Exceptions:
	

	Notes and Issues:
	


Use Case 2.2

	Use Case ID:
	2.2
	

	Use Case Name:
	Insert Item
	

	Date Created:
	27/07/2009
	Date Last Updated:


	Actors:
	LinkedList, User, SmartPtr

	Description:
	The insertion of an item at position n in the list.

	Trigger:
	User requested.

	Preconditions:
	

	Postconditions:
	

	Normal Flow:
	1. User requests to insert item t at position p.

2. LinkedList checks if position p is valid, if invalid either sets to low/high or throws exception?

3. LinkedList creates SmartPtr object with item t.

4. SmartPtr is created as detailed in use case 1.1.

5. LinkedList inserts pointer to SmartPtr object at position p.

	Alternative Flows:
	

	Exceptions:
	

	Notes and Issues:
	


Use Case 2.3

	Use Case ID:
	2.3
	

	Use Case Name:
	Remove Item
	

	Date Created:
	27/07/2009
	Date Last Updated:


	Actors:
	LinkedList, User, SmartPtr

	Description:
	The deletion of item n from the list.

	Trigger:
	User requested.

	Preconditions:
	Item n is within the bounds of the LinkedList items.

	Postconditions:
	Item n is removed from the LinkedList.

	Normal Flow:
	1. User requests deletion of item position n.

2. LinkedList checks if position n is valid, if invalid either sets to low/high or throws exception?

3. LinkedList requests deletion of SmartPtr object with item t.

4. SmartPtr object decrements its count, if 0 deletes object as detailed in use case 1.6.

5. LinkedList deletes pointer to SmartPtr object at position n.

	Alternative Flows:
	

	Exceptions:
	

	Notes and Issues:
	


Use Case 2.4

	Use Case ID:
	2.4
	

	Use Case Name:
	Get Iterator
	

	Date Created:
	27/07/2009
	Date Last Updated:


	Actors:
	LinkedList, User

	Description:
	Providing the user with a list iterator on request.

	Trigger:
	User requested.

	Preconditions:
	

	Postconditions:
	LinkedList returns an Iterator object for its list.

	Normal Flow:
	1. User asks LinkedList for iterator.

2. LinkedList creates an iterator object.

3. LinkedList returns iterator.

	Alternative Flows:
	

	Exceptions:
	

	Notes and Issues:
	


2. Design

a) Sequence Diagrams

Diagram Index

	Number
	Name
	Point of View
	Description

	1.1
	Create SmartPtr 
	SmartPtr
	The creation and initialisation of a new SmartPtr

	1.2
	SmartPtr = Operator Copy
	SmartPtr
	When an existing SmartPtr is assigned another SmartPtr object

	1.3
	SmartPtr * Operator
	SmartPtr
	When the user requests a pointer to the object.

	1.4
	SmartPtr comparator operator (->, ==, <, >, !=, <=, >=)
	SmartPtr
	When the User wants to compare two SmartPtr Objects.

	1.5
	getCount
	SmartPtr
	When the user requests a current count of pointers.

	1.6
	Destructor
	SmartPtr
	When there are no longer any pointers to the SmartPtr, the object is deleted.

	1.7
	printAllCounts
	SmartPtr
	A request from the User to display all SmartPtrs and their counts.

	2.1
	Constructor
	LinkedList
	The creation of an empty LinkedList ready to accept new items.

	2.2
	Insert item
	LinkedList
	The insertion of an item at position n in the list.

	2.3
	Remove Item
	LinkedList
	The deletion of item n from the list.

	2.4
	Get Iterator
	LinkedList
	Providing the user with an list iterator on request.


Sequence Diagram 1.1

[image: image1]
Flow

1. User calls SmartPtr constructor.

2. SmartPtr asks for SmartPtr database from Manager.

3. Manager returns SmartPtr database.

4. SmartPtr gets iterator for database.

5. SmartPtr searches database for any other SmartPtr objects that point to the object it has been given.

6. If it finds another SmartPtr object in the database then it returns a pointer to that SmartPtr and increments the count.  Otherwise it creates a new SmartPtr object, inserts it into the database and returns a pointer to the new SmartPtr.

Sequence Diagram 1.2
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Flow

1. User assigns an existing SmartPtr to point to another SmartPtr object.

2. SmartPtr reduces its count by 1.

3. If SmartPtr count is now zero it deletes the object it is pointing to and:

a. SmartPtr requests SmartPtr database from Manager.

b. SmartPtr removes itself from the database.

4. SmartPtr increments the count of the second SmartPtr object, and returns a pointer to it.

Sequence Diagram 1.3
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Flow

1. User requests pointer to the object that SmartPtr holds.

2. SmartPtr returns a pointer to the object.

Sequence Diagram 1.4
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Flow

1. User performs comparison operation (->, == <, >, !=, <=, >=) on two SmartPtr objects.

2. SmartPtr performs the requested operator on the two objects that the SmartPtr holds, and returns the result of the operation.

Sequence Diagram 1.5
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Flow

1. User asks for current count of SmartPtr.

2. SmartPtr returns its current count value.

Sequence Diagram 1.6
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Flow

1. User requests destruction of SmartPtr

2. SmartPtr retrieves SmartPtr database from Manager.

3. SmartPtr deletes itself from the database.

4. SmartPtr deletes object.

Sequence Diagram 1.7
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Flow

1. User requests counts of all SmartPtrs

2. SmartPtr requests SmartPtr database from Manager.

3. SmartPtr gets iterator for database.

4. SmartPtr iterates through all SmartPtrs and calls getCount method on each SmartPtr.

Sequence Diagram 2.1
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Flow

1. User creates new LinkedList object.

2. LinkedList initialises itself and returns pointer.

Sequence Diagram 2.2
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Flow

1. User asks to insert object into LinkedList at position p.

2. LinkedList creates a new Node to hold item.

3. LinkedList creates a new SmartPtr to hold item.

4. SmartPtr is created as per diagram 1.1

5. LinkedList sets Node to point at SmartPtr object.

Sequence Diagram 2.3
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Flow

1. User requests deletion of item at position p.

2. LinkedList calls Destructor on Node at position p.

3. Node calls Destructor on SmartPtr it holds.

4. SmartPtr reduces count and deletes itself if count is zero.

Sequence Diagram 2.4
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Flow

1. User asks for list iterator.

2. LinkedList constructs iterator and returns to user.

b) Class Diagram


[image: image13]
3. Design Notes

We tried to keep functions that performed operations on data within the class that contains the data.  For example, the printAllCounts function knows how a SmartPtr works, as such it only needs a List of all SmartPtrs and it can perform the required task on all SmartPtr objects.  If this functionality was passed to the Manager class then the Manager class would need to know how to retrieve the count and pointer to object from SmartPtr.
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