
The essential data structures

Fundamental concepts

Why do we create data structures? The fundamental reason is usually a time-space tradeo�: while it is
usually possible to simply compute over a set of data repeatedly, using little or no additional state, by
usingmore space to express inherent relationships explicitly, we can o�en reduce the time that our
algorithms require by creating data structures that reify important information.

Sometimes such reification also serves to reduce the amount of space that data need if we can remove
unnecessary data, or use some sort of compression. Sometimes such reification can add additional
desirable characteristics, such as the ability to detect and even correct errors.

Varieties of abstract data structures

The fundamental abstract data structures that we see over and again are essentially from graph
theory. Graph theory has a wonderful correspondence with the elements of a data structure: a graph
consists of vertices and edges between these vertices. This is exactly the same idea as a data structure,
where elements correspond to vertices and relationships among elements correspond to edges. Data
structures are generally better viewed as “multigraphs” since there is no demand that edges between
nodes be unique; it is reasonable to have di�erent relationships between two data structures, and we
can identify these in various ways.

One important aspect when considering data structures is recursivity1: a recursive data structure
consists of elements that are also all of the same type of data structure. Recursivity in our data
structures can o�en be advantageously expressed succinctly in recursive algorithms that manipulate
these data structures.

Lists

Lists are perhaps the most fundamental data structures:
1This is a neologism from apparently the 1950s, according to https://en.oxforddictionaries.com/definition/recursivity
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Pictured above we see a singly-linked list, a doubly-linked list, a singly-linked circular list, and a
doubly-linked circular list.

The fundamental characteristic of all these lists is that a node only has two neighbors. It is traditional
to refer to these neighbors as “next” and “previous” nodes, andwhen using pointers, it is very common
to see the pointers named “next” and “previous.”

TBD 2
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Trees

Trees are acyclic graphs. These are very useful for depicting hierarchical relationships; traditionally,
the identifiers that we use are “parent” and “child”.

Forests

Forests are collections of trees. While the use of this fundamental structure is not as common as lists or
trees, it can be used to great e�ect for some problems, such as the disjoint sets of problem.

Graphs
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Graphs are used to represent general connectivity; when you need to represent, for instance, a logical
map of a subway system, much like this schematic map of the Tokyo Metro subway:

Beginning with Euler, it was realized that there are inherent topological properties in the connectivity
of an entity independent of its size or construction. The classic example here is his analysis of the
bridges of Konisberg:

TBD 4
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Euler observed that thismapwas logically equivalent to the followingdiagram (nowcalled a “graph”):
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Euler showed that since there are more than 2 vertices with an odd number of edges connecting to
these (all four of these nodes have an odd number of edges), that there is no “Eulerian path” (or “Euler
walk”) that takes you over all bridges exactly one time.

TBD 5
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In perhaps the first real world application of this idea that connectivity is more important than ge-
ography at a human scale, Harry Beck devised a famous “schematic” map of the London subway
system:

While other applications of schematic diagrams are important, such as circuit schematics

TBD 6
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perhaps the most common use is for weighted graphs:
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Importance of abstract data structures

One of the essential concepts here is that “any element in a data structure can itself be a data structure”,
a form of recursivity that makes this concept a deep and powerful one.

TBD 8
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