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Abstract

We share our experiences in teaching students the concept of a linked list while relying on very little prior knowledge of computing.  Our treatment of the topic is coupled with the development of interactive software that allows students to explore the depth and complexities of the data structure.  The software is available at,

http://www.cs.luc.edu/~mhg/demos/linked.

Introduction

Our goal is to describe a treatment for teaching linked lists that provides good depth for students, while relying on little prior experience.  In particular, we do not rely on any knowledge of programming. We begin by describing our treatment and supporting software.  Later, we discuss our experiences using this software with both introductory and intermediate level courses.

We introduce linked lists at their lowest level, embedded directly into underlying cells of memory.  Each node of the list is represented with two consecutive memory cells; the first contains the data and the second contains an integral memory address that serves as an explicit reference to the next piece of data.   Given a fifteen-minute explanation, students can easily “walk” such a list. As an example, consider the following memory configuration. 
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Told that the head is at cell 18, students quickly recognize this data as L( I(N(K(E(D.

Software

Though examples can be examined by hand, we have developed interactive software that an instructor can use during lecture or that students can use at a later time to reinforce this material.  The software allows students to manually enter data into cells of memory and then to display the associated linked list schematically.  A sample screen shot for the previous example follows.
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The software treats any reference value, other than integers in the appropriate range, as a NIL pointer. The software allows students to interactively alter the memory configuration and then request that the schematic diagram be updated. Series of changes are automatically batched, with the diagram updated only when the user explicitly requests such.  In the interim, all cells that have been recently modified are highlighted. Students can thus experiment with common operations, such as inserting or deleting items from the list. More complexities can be explored, including the special case of modifications at the front of the list, the effect of circular or dangling references, and the ability to cut-and-paste larger portions of a list.

Our Experiences

This software was initially developed in support of a “CS0” course at Loyola.  This course provides a broad introduction to the field of Computer Science in a way that is independent of our traditional introductory programming courses.  A challenge in teaching such a course is to provide students with hands-on experiences that make the course material tangible.

We include coverage of arrays and linked lists in order to demonstrate that data can be organized in many ways in a computer’s memory.  Furthermore, we wish to emphasize that the choice of data structure dramatically affects the efficiency of accessing and manipulating the data.  Unfortunately, many introductory texts provide an unsatisfying treatment of linked lists
.  Generally, the topic is introduced through a combination of two approaches.  The view of linked lists through schematic diagrams is most common.  The problem with this treatment in isolation is that it is far too abstract.  The definition of a “pointer” or “reference” is often left fuzzy, giving little insight into the underlying memory configuration.  For example, no likely mistake exists when performing an insertion purely on a schematic diagram, such as
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In a programming course, these schematic figures are supplemented with a syntactical treatment of linked lists in a given programming language. Through programming exercises, students may gain more insight into the beauty and complexity of linked structures.

In our non-programming setting, this software allows students a similar experience in manipulating linked lists and “debugging” their efforts.  At the same time, the material comes across quite naturally.  On a recent exam, one of the more positive problems in terms of student success involved performing an insertion and deletion on a pen-and-paper version of memory.

Associated Lessons

This treatment of the topic leads to several other lessons in Computer Science that can be approached optionally.  For example, the issue of memory management arises with the inherent need to find “available” memory cells when inserting a new item, or in reclaiming cells of memory from previous deletions. Efficiency can be addressed, for example by demonstrating that a group of consecutive items can be moved from one part of the list to another more efficiently as a group then through individual deletions and insertions.

Though originally developed for a CS0 course, we have used the software as well when covering linked lists in a programming sequence.  The treatment tends to provide a grounding intuition.  Furthermore, it can be coupled with programming exercises involving linked lists embedded directly into an array.

Future Improvements 

The current version of the software deals implicitly with singly-linked lists.  However this framework could later be expanded to provide similar experiences with doubly-linked lists, with binary trees, or with other natural linked data structures.

We conclude with a final example, namely deleting “K” from the previously considered list.
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� We will note that our original inspiration for this software was in support of several exercises from the corresponding chapter of the Brookshear text.





