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Evolution of technology

resembles biological evolution
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the same for the accumulation
evolution of knowledge
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also human languages
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Evolution of Programming
| anguages (PLs)

Compared to human languages, it is harder to quantity
the divergence in terms of vocabulary and syntax.

Programming language is kind of technology

As the decouple of hardware and software, it is a kind
of knowledge evolution

Like all scientitic advances depend on previous works,
new programming languages depend on existing
languages In certain fuzzy ways



Dataset of programming
languages

Downloaded and parsed all the pages describing
programming languages in wikipedia.

347 programming languages, from 1952 to 2010.

Connections among languages are defined in
terms of influence (not usage).

A directed graph representing how one influence
another (not phylogenetic map)



Programming languages
form a dependency network
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Statistics of the network
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Transform dependency
network to a phylogenetic tree

(a) (b)

2 0.3 0 0 0

3 | 0.38 0 0

4 | 0.37 0




Network reveals clades of
Programming languages




Network reveals clades of
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Network reveals clades of
Programming languages
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Punctuated equilibrium

* A longstanding debate in evolutionary biology
concerns whether species diverge gradually
through time (Darwin’s gradualistic view) or by
rapid punctuated bursts at the time of speciation.

* [he theory of punctuated equilibrium (Stephen Jay
Gould et al.) states that evolutionary change is
characterized by short periods of rapid evolution
followed by longer periods of stasis in which no
change occurs. The majority of evolutionary
change occurs at or around the time of speciation.



Punctuated equilibrium

suggested evidences were first found in fossil record. many species
show rapid bursts of change that are often followed by long periods
in which little or no change occurs (e.g. Cambrian explosion).

recently, it has been proposed that punctuated equilibrium could be
examined by phylogenetic trees.

a) Gradual b) Punctuational C)

Path Length

Number of Nodes

Venditti and Pagel, 2008
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* [he trees suggest the evolution of programming
languages undergoes similar bursty patterns.



DIScuUsSsIon

* In biology, we have DNA sequences for
phylogenetic analysis. In many other contexts,
using dependency maps instead of phylogenetic
trees presents certain advantages

* human-driven evolution and biological evolution
exhibit similar bursty patterns. Apart from
programming languages, punctuated equilibrium
seems to be the case in the evolution of science,
and human languages



brainfuck

This is the code for printing hello world.

There are eight commands:

+

>

: Increments the value at the current cell by one.
: Decrements the value at the current cell by one.
: Moves the data pointer to the next cell (cell on the right).

< : Moves the data pointer to the previous cell (cell on the left).

: Prints the ASCII value at the current cell (i.e. 65 = 'A').
: Reads a single input character into the current cell.
: If the value at the current cell is zero, skips to the corresponding ] .

Otherwise, move to the next instruction.

: If the value at the current cell is zero, move to the next instruction.

Otherwise, move backwards in the instructions to the corresponding [ .

[ and ] form a while loop. Obviously, they must be balanced.
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