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What does program Robinson and Foulds do?

This program allows teompute in the optimalme the Robinsonand Foulds topological
distancebetween two or moradditive treegiven their distance matrices. The program is based on
the algorithm proposed by Makarenkov dregtlerc(1999, b) forcalculation ofthis distance. The
algorithm implemented in this programsesthe notion of circulaprders tocompare the topology
of two trees. It employs circular order tree reconstruction to compute an ordered bipatiieoof
the treeedges for botlgiven distance matrices. These bipartition tatdes then compared to
determine the Robinson af@uldstopologic distanceknown to be anmportant criterion otree
similarity. The algorithm described in Makarenkov ahdclerc (1999, b) hasoptimal time

complexity, requiringd(n?) time when performed on twaxn distance matrices.

The Robinson andFoulds topologic distance is an important and frequenthed tool to
compare additive (phylogenetic) tregructures (see foinstance Robinson andFoulds (1981),
Makarenkov and_eclerc (1997)). This distance is equal tthe minimumnumber ofelementary
operations, consisting @herging or splittingnodes,necessary to transform otree into theother.

As proved in Robinson and Foulds (1981), it is dle number obipartitions, or Buneman'’s splits
(1971), which belong texactlyone of thetwo trees. If wedealwith two unrootedrees having no
internal vertices labeled according to the elements,othe Robinson androuldsdistance of on the
setX of n elements varies between(Whenthe trees aresomorphic) and 26 (whenall non-trivial
bipartitions in two trees are different; a trivial bipartition corresponds to an edge incident to a leaf).

The performed algorithm is part of the computer packarEX (Macintosh andVindows
versions available on the World Wide Web at http://alize.ere.umontreal.ca/~casgrain/en/labo/t-
rex/index.html) including some popular methods of tree reconstruction SWIDCAEREE by Sattath
and Tversky(1977), the Neighbor Joiningmethod by Saitou and N€L987), the Unweighted



Neighbor Joiningnethod by Gascugll997),the Method of Weights by Makarenkov ahdclerc
(1999), and others.

Input files

The input data file is an ASCII text file which contains the matrix sif@lowed by a sequence of

additive distance matrice§ (nxn), i=1..m.

Each matrixXX; is an additive distance matrix verifying the four-point condition.

The data file is organized as follows:

* First, a line the parameter

nis the number of rows and columns in all the the maticescluded in the file.

* The additive distance matricEsincluded follow. A row of data can take as many

successive physical lines as needed. Values in the same line are separated by one or more
spaces; the number of spaces does not matter.

Options of the program

This program computes ithe optimal time theRobinson andrFoulds topological distance(s)
betweentwo or more matrices provided ithe inputfile. This distance is computed between the
first matrix in the input file and all the following ones.

Output file

The output is produced in a separate output file. The output constbis séquence oh-1 values
of the Robinson an&ouldstopological distances between thirst matrix in the input fileand all
the following ones.

Disclaimer

This program is provided without amxplicit or implicit warranty of correcfunctioning. It has
been developed as part of a university-based research program. If, however, yolestoultder
problems with this program, the author will be happy to help solve them. Reseanalyerse this



program for scientific purposes, but the source code remains the property of Vladimir Makarenkov.
Publications should give proper credit to the method by referring to corresponding apépeis.
Users of the program may refer to the present user's manual as follows:

Makarenkov,V., 1999. Program Robinsonand Foulds. Departement desciences biologiques,
Universite de Montreal. 4 pages.

Technical notes

The program is distributed in a variety of formats:

* C source code for Macintosh and for Windows (the file source.c), which canipledusing a
C/C++ compiler.

» Compiled versions ofthe programfor Win32 compatible computer§RobFoul.exe). The
executable file is a Win32cbnsolé executable, noDOS executables. Therefore it cannot
run under plain DOS, nor in a DOS window under Wind@ws only in Windows 95/98 or
Windows NT consoles.

» Compiled version for PowerPC processors for Macintosh (file Robinson_and_Foulds_PPC).

» C source code for UNIX (the file source.c) as well as the corresponding Make File.
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