
Advanced Programming Homework 3 

1.  The assignment involves a programming 
activity and includes an optional problem.  

2.  The submission must include all required files 
for compiling and executing the proposed 
solution.  

3.  It is allowed to develop the solution into teams, 
however the proposed solution should be 
discussed individually.  
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The problem 
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Concurrent Data Structure 

•  The programming assignment consists of 
implementing a data structure in Java using 
different concurrency policies, empirically 
examining their performance, and writing a 
report about the implementations and 
experiments 
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The project tasks 

•  The assignment is split into three tasks. 
 

1.  Implementing the data structure using fine-grain 
locking algorithms. 

2.  Implementing the data structure using lazy 
locking algorithms. 

3.  Implementing the data structure using lock-free 
algorithms. 
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Structure 

•  Each task requires:  
•  design and implement a synchronization 

scheme; 
•  evaluate the performance of your data 

structures. 
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The Data Structure 

•  A multiset (or bag) is a generalization of the 
concept of a set that, unlike a set, allows 
multiple instances of the multiset's elements.  

•  For example, {a, b, b} and {a, b} are different 
multisets although they are the same set. 
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Multiset Methods (mandatory) 

•  boolean add(E element)  
Adds a single occurrence of the specified 
element to this multiset. 

•  boolean contains(Object element)  
Determines whether this multiset contains the 
specified element. 

•  int count(Object element)  
Returns the number of occurrences of an 
element in this multiset (the count of the 
element). 

•  boolean remove(Object element)  
Removes a single occurrence of the specified 
element from this multiset, if present 
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Multiset Methods (mandatory) 

•  int add(E element, int occurrences)  
Adds a number of occurrences of an element 
to this multiset. 

•  int remove(Object element, int occurrences) 
Removes a number of occurrences of the 
specified element from this multiset. 
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Multiset Methods (optional) 

•  public boolean removeAll(Collection<?> c) 
Removes from this set all of its elements that 
are contained in the specified collection 
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STEPS OF THE HOMEWORK 
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Step 1 (mandatory) 

•  Implement the Multiset API (mandatoy 
methods)  using  

•  Fine grain locking 
•  Lazy Locking 
•  Lock-free synchronization 
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Step 2 (mandatory) 

Evaluate the different implementations of the 
Multiset API. 
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Step 3 (optional) 

Implement the optional methods of the Multiset 
data structure in each of the different 
synchronization schema 
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Grading 

•  The breakdown for the programming 
assignment is as follows: 

•  Problem set (Mandatory): 60% 
•  Problem set (Optional): 30% 
•  Other factors (code quality): 10% 
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Submission 

•  The AP homework should be submitted by e-
mail by  

 date?? 
to gian-luigi.ferrari@unipi.it with the subject 
prefix [AP-HW1]. 

•  The submission must include all required files 
for compiling and executing the proposed 
solution. 
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