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Huffman encoding
An information “source” is an agency that makes a selection out of an ensemble of
possibilities, such as for instance a team leader who picks a team member to perform a
task or a novelist who selects a letter to write down on paper. All of these actions involve a
choice from some set of possibilities. The source need not be an intentional agent; it can
be a natural process or an artificial machine. From an informational standpoint, the
meanings attached to the choices made by this source are irrelevant. What matters is that
somehow a selection is made, and this selection reduces the number of possibilities to
one. Information theory always regards every “message” (choice) in relation to an
ensemble of possible messages. The selection of one symbol conveys information only
against the background of a set of possible choices.
The idea of an ensemble of possible choices can be described in the following way.
Suppose that a team leader needs to select a team member to go on a difficult mission.
She can make her selection using the following method: first divide her entire team into
two disjoint groups, then throw a coin to select one group, and iterate the procedure until
the chosen group has only one member. This technique comprises a sequence of binary
(yes/no) decisions. If the team has only four members, the leader need only make two
binary decisions to reduce the possibilities to one [1]. Every decision can then be assigned
a binary digit (0 or 1). The resulting binary code can be understood as the static
representation of a temporal process: the progressive reduction of the set of possible
choices by means of a sequence of yes/no decisions.
For instance, suppose that the members of a team are called Ahmed, Maria, Jamie, and
Kenji. The tree in Figure 1 represents every possible sequence of binary decisions.

[Figure 1]

Given a finite ensemble of possible messages, it is always possible to represent the entire
network of binary choices available to a source by means of such a binary tree. Every
possible message is a terminal node. Every non-terminal node represents a binary
decision.
I propose to use the term “dictionary” to describe such a binary tree, which characterizes
the entire network of binary choices for some ensemble.
The dictionary illustrated here can be used to identify every team member uniquely. To
determine the binary code for a particular person, simply proceed downwards from the root
towards the person in question, adding a 0 to the code when choosing a left node or a 1
when choosing a right node. Thus the codes for Ahmed, Maria, Jamie, and Keni are 00,
01, 10, and 11 respectively. Another well-known dictionary is the ASCII system of character
encoding. Every symbol is encoded as a sequence of seven bits, which means that seven
binary choices are needed to reduce all possibilities to one. The binary code for the
symbol “A”, for instance, is 1000001.Such a binary sequence is of course a static object,
but it can also be regarded as the result of a dynamical process, the progressive reduction
of an ensemble of possibilities by means of binary choices.
To transmit the information that (for instance) one out of four elements has been chosen, a
source would only need to write down a sequence of 2 binary digits, since every element is
uniquely identified by one such sequence. For instance, if the team leader wants to notify
another team that Maria has been chosen for some mission, the leader can transmit the
code 01 via some communication line. The team on the receiving end can then use the
appropriate dictionary to decode the information received.
This hypothetical example shows the extent to which the practical problems of data
transmission constitute the horizon of information theory. The theory was intended to
facilitate the task of relaying messages encoded in binary symbols. The engineering
aspects of information theory are evident, above all, in its concern with issues of fidelity
and economy. Research in this area often aims to answer this question: How can
messages be transmitted without losing information (fidelity) and with the shortest possible
average code length (efficiency)?
Huffman encoding
In 1952, David Huffman invented an algorithm for the construction of a dictionary that
generates a maximally efficient encoding [2]. The dictionary is organized by associating a
frequency or probability with each of its elements. It is straightforward to discover the
frequency of every message by recording the actual choices made by some concrete
source over an arbitrarily long span of time. Suppose that, over the course of two months,
the team leader selects Kenji 20 times and Jamie 10 times. Each of the remaining two
members, Ahmed and Maria, is only chosen once. The source is obviously biased towards
Keni and Jamie. The algorithm produces a representation of the behavior of such a biased
source as a binary tree, where the more frequent messages are placed closer to the root.
Figure 2 captures this idea.

[Figure 2]
In this example, Kenji is closer to the root of the tree than (say) Maria because he is
chosen more frequently than Maria. The proximity of a terminal node to the root depends
on the probability that the source will select the team member represented by this node.
The hierarchical organization of the tree thus manifests the “preferences” or “biases” of the
source.
Every node now has a number associated with it. This number is the frequency with which
the team member represented by that node has been selected.
The Huffman algorithm ensures that every message now has a variable (rather than fixed)
length encoding. As illustrated in Figure 2, the codes for Kenji, Jamie, Ahmed, and Maria
are now 0, 10, 110, and 111 respectively. The number of binary digits that encodes a
message depends on the probability that the source will select that message: the greater
the probability of a message being chosen, the shorter its binary encoding.
Suppose that our team leader has to transmit a new sequence of selections over some
communication channel. Her choices are: Kenji, Kenji, Kenji, Jamie, Jamie, Kenji, Ahmed,
Maria. The code for this sequence of messages, based on the scheme shown in Figure 1,
should be 1111111010110001. The new scheme, in contrast, yields the shorter binary
string 00010100110111. The reason for this efficient compression is that the codes of the
more frequent messages are now shorter than those of the more infrequent messages.
Huffman encoding thus takes advantage of biases in the information source.
Another advantage of the Huffman algorithm is that the code for every possible message
is not the prefix (the first part) of any other code. This property ensures that messages can
be decoded at the receiving end without any ambiguity. For example, 0 is the code for
Kenji, and 0 is not the beginning of the code of any other team member. So whenever the
receiver attempts to decode a message, she can determine unequivocally what each code
stands for. The first three digits, for instance, are 000, and these represent the fact that
Kenji is chosen three times consecutively.
An interesting feature of this encoding procedure is that the Huffman tree can be used to

generate decisions with the same probability distribution as those made by the actual
source (i.e., the team leader). The first step is to transform the frequency associated with
each node into probabilities between 0 and 1. Now, if we want to choose a team member
with the right probability we first generate some uniformly random number R between 0
and 1, and then traverse the tree, starting at the root, using the following method: If R is
greater than or equal to the probability associated with that node, proceed along the left
segment to the next node; otherwise proceed along the right segment. As soon as a
terminal node is reached, select that node. This procedure can be repeated to generate
new choices.
Kinematograph
In applying this algorithm to video images, I started out by recording transition frequencies
and arranging them as a matrix. Each entry (i, j) indicates the frequency that the
brightness of a pixel has changed from i to j across two frames. If entry (100, 103) is 20,
for instance, then the brightness of any pixel has changed 20 times from 100 to 103
between any two successive frames.

This matrix is the data to be encoded as a Huffman tree and used as the basis to
determine how pixels will evolve. This program is executed in real time, generating random
pixel values during the exhibition.

The theory of encoding addressees one of the fundamental conditions of the act of writing:
the construction of a dictionary. To encode a piece of data (a word, pixel, sound, etc.) is to
associate it with a code. These associations of data and code constitute the dictionary
used by the Huffman encoding algorithm. The title of this project is thus meant literally:
“kinema” denotes “motion”, while “graph” means “writing”. Kinematograph is an invitation
to regard computational cinema as a manifestation of writing, in its most fundamental
sense, and to understand writing as a purely formalist act of symbol manipulation.
Kinematograph can be seen as a manifesto for alternative, information-based forms of
cinematic and literary art in the digital age.
The framing and subject matter of the original video clip evoke early silent cinema, a time
when the hegemonic “grammar” of mainstream Hollywood cinema was not yet codified
and enforced. We now face a similar predicament with regard to digital media. The early
years of any new technology are full of promise and possibility. And yet powerful economic
interests now demand photo-realistic effects for the film and games industries, thus
marginalizing alternative uses of computational media. The result is a systematic
homogeneization of digital art. This situation calls for critical-playful experimentation. The
role of the artist, as Kinematograph demonstrates, is to work against purely functional
applications of technology.

References
1. Dretske, F. Knowledge and the Flow of Information. Cambridge, MA, MIT Press, 1981.
2. Huffman, D.A. A Method for the Construction of Minimum-Redundancy Codes. Proc.
I.R.E., September 1952, 1098-1102.

