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Introduction 
TNT is a program for phylogenetic analysis under parsimony.  It provides fast tree-searching algorithms, as well as extensive capabilities for tree diagnosis, consensus, and manipulation.  This documentation explains some important things that are not immediately apparent (or cannot be done easily) from the menus themselves. For details on how to use commands, users must refer to the on-line help of TNT or the Reference section in this manual.

On-line help 

On-line help is accessed by typing help <enter> at the command prompt, which can be opened with File/CommandLine).  When you choose the Help-menu option this will open the file tnt.htm, when that file is copied to your Windows directory.  Throughout this help file, commands that can be typed at the command line (or included in a file), are marked with italics and bold; menu options are underlined. 

Working with TNT

The basic thing you need to do to run TNT is to prepare a data input file.  This file should contain the data matrix; it may also contain specifications of character names and settings, like weights and additivities 

To read in the data, use File/Open to select a folder and a file. The folder selected will be also be the active folder to which any data will also be written (unless specified otherwise). When you start TNT, the folder in which TNT is located is the active folder – but the recently opened file list may still show files from other folders. 
Once you have read the data, you are ready to start doing searches, etc. Like most parsimony programs (i.e. Hennig86, Paup, or Pee-Wee/NONA), TNT has an internal (memory) buffer for trees, and many of the commands and options (optimization, consensing, etc.) are available only when there are trees in memory, as these commands are performed on pre-existing trees.  Some search algorithms create trees de novo (others work on preexisting trees, modifying them to try to find better trees). The trees in the memory buffer can be saved to disk, so they are not lost when you exit the program; you can subsequently read the trees into the program.  The text output produced by the program (i.e. results and timings of runs, tree-diagrams, etc.) can be written to an internal text buffer, which can be later saved to disk.  

Installation

If you have a Windows version, make sure you install the font provided with the program, tred.ttf, in your system.  This font is required for TNT to draw trees properly.  If the tred font is not installed, TNT will attempt to use the font terminal (which also draws trees, if not as nice as tred's). 

What TNT doesn't do ...or does poorly... or doesn't do yet...  

There are many things the program does not do.  First, the program is conceived as a tool for standard parsimony analysis.  It does not do maximum likelihood, it does not use specific models of evolution, it does not do bayesian analyses.  Although we anticipate incorporating some likelihood algorithms, they will be quite rudimentary.  

Second, the program does not do sequence alignment of any kind.  Sequence comparison is (computationally) quite a different problem from standard parsimony analysis. If you need sequence alignment, get a program that does it properly. 

Third, the program does not incorporate methods which are potentially useful but are somewhat experimental.  The "support weighting" method of Farris (implemented in Farris' program zac) is not included in TNT.  That method (which is based on mapping character changes on a tree in order to evaluate it) requires operations quite different from the ones used in TNT; we do not anticipate including that method in the program.  Likewise, the "self-weighed optimization" method of Goloboff is implemented in a program, SL, for which we have at present no algorithmic improvements. 

Fourth, the program uses exact algorithms for Sankoff characters.  These work fine for low-medium numbers of states, but they are not very efficient for very large numbers of states.  Thus, for step matrix characters with many states, TNT is not very efficient.  Note that this applies only to Sankoff ("step-matrix") characters; additive and non-additive characters with many states are treated efficiently. 

Fifth, the exact solution algorithms in TNT ("implicit enumeration") are not especially efficient –their speed is about the same as that of PAUP* or the 15-year-old, 16-bit Hennig86.  Since the program is conceived mostly as a tool for analysis of large data sets, there seemed to be no point in using energy in improving the implicit enumeration algorithms. 

Sixth, TNT does not implement any kind of multiple-cut-swapping (commands mswap, swap, tswap, and altswap in Nona/Pee-Wee).  Those swappers were less effective than multiple addition sequences.  Likewise, the swap command of Nona/Pee-Wee (i.e. report fit differences when moving specified clade around in the tree) is not directly implemented in TNT (it would probably be easy to implement that using the sprit or tbrit options of the scripting language).  These are probably the only options present in Nona/Pee-Wee but absent in TNT. 

Printing or saving results (Windows only)  

The Windows version of TNT has rudimentary printing capabilities.  You can print the display buffer as a text file, using File/Output/PrintDisplayBuffer (optionally, you can save the text in the display buffer to a file, and print it later with your favorite word processor; choose File/Output/OpenOutputFile, and all newly produced output will be written to the file; optionally, with File/Output/SaveDisplayBuffer (if enabled), you can save previously produced output).  

To print tree diagrams, you have to set the pre-view for trees as ON (under Format/PreviewTrees).  If you want to map (=optimize) characters in color, choose Format/MapCharactersInColor (set the colors you like with Format/ColorsForMapping).  Then, draw the trees and (when in pre-view screen) press "P."  When in pre-view screen, pressing "M" saves the tree diagram to a metafile (which can be  processed/printed with Corel Draw, or exported to Microsoft Word or Power Point).

Data Input  

TNT reads matrices in Hennig86 format, with some refinements.  Check the files zilla.tnt, example.tnt, and contin.tnt, three example data files provided with the program.  

The basic format for data input is: 

xread

'optional title, starting and ending

 with quotes (ASCII 39)'

nchar ntax

Taxon0   0000000000

Taxon1   0010111000

Taxon2   1011110000

Taxon3   1111111000

.....

TaxonN   1111111000

; 

the semicolon at the end is normally not required but is useful to detect errors (e.g. is the number of taxa set too high?).

Polymorphisms can be entered by enclosing the state(s) in square brackets.  

By default, up to 16 states are allowed by xread, using symbols 0-9 to indicate states 0-9, and A-F to indicate states 10-15.  This can be changed with the nstates command, which defines the number of states (and data type) to be subsequently read; using the menus, this can be changed with Format/DataType.  

If the data are defined as DNA (with Format/DataType, or the command nstates dna;) the IUPAC nucleotide codes (including polymorphisms) are recognized and used throughout.  The states are internally stored as A=0, G=1, C=2, D=3, and gap=4.  If the data are instead defined as proteins (with the menus, or using nstates prot;), the IUPAC codes are recognized and used throughout.  

For 32 states, non-protein data, the symbols 0-9 and A-V indicate states 0-31.

If the data are defined with fewer states, they occupy less memory.  This may be necessary for large data sets.

Interleaved data

The data can also be read as interleaved.  For this, each block of data must be preceded by either the & symbol or the ASCII character number 4 (the latter is what PAUP* uses). The taxa in each block must have exactly the same names (including capitals), but can be in a different order; the taxon numbers correspond to the first occurrence of a name.  A taxon which is not included in a given block, will have only missing entries for the characters in that block; the same number of characters must be specified for all the taxa within a given block.  Each row of characters must end with a carriage return.  The end of the data is indicated with a semicolon; if some characters were never specified, they are left as missing entries (and a warning is issued).   If some taxon names were never defined, a warning is issued.  

When the data are being read as interleaved, different blocks can have different formats.  For this, the format of the data (numeric, dna, proteins, continuous) must be specified between square brackets, immediately following the '&' that indicates a new block. To specify how to read a state in subsequent commands that refer to states (cost, change, or usminmax), use the '/' option of the nstates command.
Continuous characters
While other programs require that continuous characters be discretized, TNT can deal with continuous characters as such.  This avoids the use of the rather ad hoc methods that have been proposed to discretize continuous distributions in phylogenetic analysis (gap-coding, Thiele's method, etc.; see Farris, 1990 for discussion of some of these methods). If there is significant variability in one of the terminals, it will probably be best represented by a range of one (or two) standard deviations around its mean.  For normal distributions, this automatically takes care of non-significant differences. 

Continuous characters in TNT can have states 0-65, with 3 decimals (thus, when not doing implied weighting, tree scores are reported always with 3 decimals).  They are always optimized as additive, i.e., using Farris optimization.  They cannot be turned to nonadditive or sankoff.  The continuous characters must be the first ones in the matrix (i.e. the first block or blocks, followed by blocks with other data formats).  Each value must be separated by a blank or space; ranges are indicated by two values separated by a dash (-).  Missing entries are indicated only as question marks (?).

The treatment for the data when there are continuous characters is rather transparent.  The commands/options that show reconstructions (recons command, or Optimize/Characters/Reconstructions) or count number of specific transformations (change command, Optimize/CountSpecificChanges) cannot be applied to continuous characters.  Continuous characters can be edited with the xread= command, but not with the menu options Data/Edit/Taxon or Data/Edit/Character.  Continuous characters can be named with the cnames command, but their states cannot. 

Standardization of continuous characters (i.e. rescaling so that the values are on a common scale) is left to the user.  Under pre-defined weights, standardization will normally be an issue.  Under  implied weighting, the default formula is applied.  Since continuous characters tend to have a larger s-m difference (s: steps, m: minimum possible), implied weighting should normally penalize them rather heavily. Thus, standardization of continuous characters is probably not so important under implied weighting.  

Merging Data Files 
The dmerge command merges data files, and saves them as blocks; the character names and settings are also merged (in Windows version, File/MergeDataFiles, using Ctrl+Left Mouse Button to select multiple files).  The dmerge command also merges (by using * as argument) the characters with identical character names (in Windows version, with Data/MergeHomonymousCharacters).  Some basic rules of correspondence between states and state names must be satisfied.

Basic Character Settings 

In the Windows version, characters settings can be changed with Data/CharacterSettings. Current settings can be displayed with Data/ShowStatus. Alternatively, settings can be included in the data file, with the ccode command. 

The ccode command is similar to Hennig86's.  It uses specifiers to determine actions on subsequently selected characters and always must end with a semicolon.  The ccode command does not recognize character names, or character groups (it does recognize the @ option to select from a particular block). 

By default, TNT considers all characters nonadditive (this is the opposite of NONA and Hennig86), active, and of weight 1. 

The costs of character-state transformations can be defined with the cost, smatrix, or cstree commands. Step-matrix characters for which the transformation costs fit a character-state tree (i.e. additive relationships between states) are (for implied weighting purposes) internally recoded as binary. 

Scopes, sets, and blocks

For many commands, it is necessary to specify series of numbers (representing sets of trees, taxa, or characters).  Numbering for everything except data blocks starts from 0 (as in Hennig86 and Pee-Wee/NONA).  The characters (if they have been named) and taxa can be accessed using either their numbers or their names.  

Ranges

For any command that takes ranges, two numbers separated by a period (X.Y) indicate a range (from X to Y, inclusive).  A blank space before the period indicates that the range starts from the first possible value, and a blank after indicates that the range ends in the last possible value.  Note that names cannot be separated by a period to indicate ranges. Except for the ccode command (where they have a special meaning), the + (or – ) symbols indicate inclusion (or exclusion) from the list.  

Groups

Up to 32 groups of trees, characters, and taxa can be defined.  After having defined a group, enclosing in curly braces ({}) the group number (or name, if named) is equivalent to specifying each of the members of the group.  For taxon specifications, using @X Y refers to all the terminals included in node Y of tree X; under Windows versions, the equivalent is accomplished by selecting nodes under tree-viewing mode (Trees/View).  For character specifications, using @X Y Z refers to the Yth and Zth characters in block X (note that Y and Z can themselves be ranges

Blocks

If the data contain blocks, the first one is numbered as 1, and block 0 refers to the entire set of characters.  The blocks can be referred to by their names (if defined); the name "all" is always used for the entire matrix. If the data are read as interleaved, the blocks of data are automatically preserved (although they can be changed with the blocks command). 

Within execution of a given command, the @X for characters remains in effect until deactivated explicitly with @0 or @all.  

Character and block names

Character names can be defined with Data/EditData/CharacterNames, or with the cnames command. The syntax for cnames is as follows: 

cnames 

[0 First_block ; 

[1 Second_block ; 

{0 zero state_zero state_one state_two ; 

{1 one state_zero state_one state_two ; 

{2 two state_zero state_one state_two ; 

{+ three state_zero state_one state_two ; 

{+ four state_zero state_one state_two ; 

; 

The names preceded by opening square brackets, [, are names for blocks, and the names preceded by curly braces, {, are character and state names.  

An additional semicolon is needed to end the cnames statement.  

The names must all be defined together; character name definitions can be changed with cnames +N charname statename(s); (this changes character/state names, only one at a time). Not all characters (or blocks) must be named in a cnames statement; name what you need.  The + symbol means "the character (or block) following the last one named" (if no character or block had been named before, this is the first character or block). The characters within a block can be named according to their in-block numbering sequence, by using the @ option: 

cnames 

[+ First_block ; 

[+ Second_block ; 

@First_block 

{0 zero_of_first .... ; 

{1 one_of_first .... ; 

{2 two_of_first .... ; 

{3 three_of_first .... ; 

{4 four_of_first .... ; 

@Second_block 

{0 zero_of_second ... ; 

{1 one_of_second ... ; 

{+ two_of_second ... ; 

{+ three_of_second ... ; 

; 

Changing the reading frame with @blockname resets to 0 the value of the + symbol for character names.

Step-Matrices

Step-matrices can be defined from the menus (with Data/CharacterSettings), or via the cost or smatrix commands.  The first defines transformation costs for sets of characters in particular; the second defines and stores them, for later application to sets of characters. Note that the cost command does not make characters step-matrix but only defines their costs, the ccode command defines characters as stepmatrix characters, with "(" making the character step-matrix, and ")" non-step-matrix.  

When defined, a step-matrix can be applied to character(s) N, using 

smatrix +S N ; 

or


smatrix +xxxx N ; 

The syntax for the costs themselves is similar for both the cost and smatrix command: 

X>Y Z U/V W ; 

defines as Z the cost of transformation from (any state in) X to (any state in) Y, and as W the cost of transformation between (any states in) U or V.  X, Y, U or V can be several states, enclosed in square brackets (as in the xread command); if the data have been defined as DNA, the IUPAC codes for polymorphisms apply; using ? indicates all possible states.  If Z or W is replaced by the letter i, the cost is set to 1000 (intended to mean "impossible," but this really depends on the other costs).  The symbols “>” and “/” indicate unidirectional or symmetric transformation costs. 

Technical note

The minimum possible number of steps for step-matrix  characters is calculated with approximate algorithms (in PAUP* the minimum cannot be calculated at all for step-matrix characters, and therefore implied weighting cannot be applied).  For very complex transformation costs (e.g. random numbers between 1 and 30 for each cost), the algorithms used by TNT can sometimes overestimate the minimum possible length in a few steps.  These algorithms are more prone to error when there are polymorphic taxa.  If in doubt of whether the program is calculating accurately the minimum possible steps for a sankoff character, use the usminmax command to determine a user-defined minimum.  If the user-minimum is set to 1, all Sankoff characters will be considered "informative."  Then, you either optimize all characters, or you can do a search for each character, so as to make sure what the real minimum for each character is.

The step calculations during searches are exact for any type of transformation.  The algorithms used consider as possible assignments for optimizations all the states that occur between 0 and the largest state (states beyond the largest one occurring in the matrix are not considered; states between 0 and the largest state are considered even if they are not present in any terminal taxon).  This is more or less equivalent to to the "allstates" options of PAUP*, with the difference that PAUP* tries (as I understand it) all the states defined in the step-matrix (instead of the largest state observed in the terminals).  It is possible (although unlikely) that in the case of complex transformation costs, if some state larger than the ones present in the terminals is intermediate between others, it is required to obtain the minimum length. For example, suppose you have DNA some characters where the only observed states are A, C and G, where all transformations cost 10, except to or from T, which costs 6; whether or not T is included among the possible states determines whether the minimum cost can be 20 or 18 (perhaps even influencing whether the character is considered informative or not).  Then, you can tell TNT that the maximum number of states to consider for all Sankoff characters is some state (in the case of DNA data, the largest site is T = 3 and a gap is a fifth state = 4; in the case of protein data the largest state is U = 20, and in the case of 32 alphanumeric states the maximum state is V = 31).  This must be done prior to the definition of costs. This obviously slows down calculations, so TNT pays attention to this only in those cases when it does make a difference (i.e. only when length could change by including the larger state(s)). 

Note that the branch-swapping algorithms only look at trees where the currently designated outgroup is outside everything else.  If you have asymmetric costs for some characters, and you want the program to choose the rooting that minimizes the overall cost, you have to add an all-missing ancestor. This is different from the way PAUP* works: when step-matrix asymmetric characters are present, PAUP* also tries rerootings of the tree (i.e. it does moves which put the outgroup "inside").  If you do not include an all-missing ancestor in TNT, or do not force monophyly of all but the outgroup taxon in PAUP*, the two programs may produce different results. 

Ancestral states (for step-matrix asymmetric characters)

For characters with symmetric transformation costs, the root states will always include the states in the outgroup taxon among the possible states.  This may not be the case for step-matrix asymmetric characters; for example, suppose that going from 0 to 1 is very expensive and going from 1 to 0 is very cheap; if the outgroup has state 0, it may be better to assign state 1 to the root, and then postulate several independent changes from 1 to 0 than a single change from 0 to 1.  That may or may not be reasonable, depending on what the outgroup states represent.  If the outgroup represents a series of successive sister groups with the same state (example: a wingless ancestor for hexapods, with wing gain being more expensive than wing loss), assigning to the root a state different from the one in the outgroup taxon would imply a number of uncounted events.  In those cases, it is possible to consider the states in the outgroup as ancestral –that is, choose for possible state assignments for the root only from among the states in the outgroup taxon. This can be done by choosing Data/CharacterSettings, then clicking on the "ancestral" option, and selecting the characters you want o set. Alternatively, you can use the ancstates command, and include this in the data file itself.  Note that the designation of a character as "ancestral" has no effect if the character is not an asymmetric step-matrix character. 

Nexus files

The basic features of the Nexus format are supported in TNT.  When parsing a file, if the first string in the file is "#NEXUS" (and the macro language is turned off), then TNT will parse the file as a Nexus file.  So, you simply open the nexus file in the same way you would open a native TNT file.  The only blocks that will be read are those corresponding to data, trees, and assumptions (commands ctype, usertype, include, exclude, and weights).  The data can be read in the "dna," "protein" or "standard" formats only (e.g. format datatype = standard;).  Unrecognized commands or blocks are simply ignored or skipped.  However, comments occurring within the data blocks will not be read correctly.
You can include TNT commands in the nexus file, at the end of the file, preceded by "begin tnt;" (with an end at the end, which is ignored by TNT; otherwise, PAUP* complains that end of file was found when reading a TNT block). 
TNT can also export data or trees in Nexus format. For this, choose the Data/Export menu option (or the export command).  The export command allows embedding commands (for PAUP* or TNT) at the end of the file, using + after the file name, followed by the commands (a semicolon terminates; to embedd a semicolon in the file, use a period followed by a comma, as in the quote command). 
N.B.  Within the NEXUS file, numbering for taxa or characters starts from 1 (one), not from 0 (zero). 
Implied Weighting

TNT implements the implied weighting method of Goloboff (1993), using floating-point (=exact) fit calculations.  

The fit for  characters is (by default) calculated as 

f = k / ( e + k ) 

(where e = extra steps, and k = constant of concavity, changed with piwe=k). 

During the searches, the program reports the score as an increasing function of the homoplasy (or "distortion" to be minimized), which is 1 – f = e / ( e + k ).  If you prefer the score reported as fit, it can be calculated once the search is finished.  

Since floating points calculations are used, it is very important that you evaluate group support when doing implied weighting.  Since exact ties are very unlikely, this criterion may produce overresolved trees if poorly supported groups are not collapsed.  

The fit for discrete additive characters (including those with character-state-trees) is calculated by decomposing the character into binary variables.  Note that this may produce fits different from those of Pee-Wee or PAUP* (which do not do this conversion); the fits will always be measured as higher in TNT; it has been suggested (De Laet, 1994) that the recoding produces a more meaningful evaluation of the relative weights. This affects only data sets with discrete additive characters. If the same characters are defined as continuous, the fit is calculated without decomposing into binary variables (thus producing the same fit values that Pee-Wee or PAUP* produce for the additive coding); treating the additive characters as continuous obviously slows calculations. 

In the case of extra internal steps defined by the user, the same number of extra steps will be added for each of the variables into which the character is decomposed.  If you want some of the variables to have different numbers of steps, you have to recode the character as binary yourself. 

The method is applied to Sankoff characters as well, in which case the fit for a character with e extra steps and a minimum cost among states of c is calculated as  k / ( ( e/c ) + k ) (where k is the constant of concavity).  When the costs are defined as all unity, the formula produces results identical to those of the standard formula used by Goloboff (1993).  If the user has defined some characters has having extra internal steps, these are added to e.  

It is possible to define a user weighting function, by specifying the values of weights for different numbers of extra steps, relative to no extra steps.  For this, the data must be read with implied weighting ON.  The only requirement for user defined weighting functions is that no (relative) weight is negative.  Weighting functions were the reliability increases with the first extra steps, and then decreases, are (from the numerical point of view) perfectly valid.  To define a weighting function, type (or include in a file to be parsed) "piwe[" followed by as many numbers as extra steps you can have in your data set.  The numbers are read as the relative costs of transforming from 0 to 1, 1 to 2, etc.  If the relative weights defined are less than the maximum possible extra steps, the undefined transformations are given a weight equal to that of the last transformation defined.  If more transformations than the maximum possible extra steps are defined, they are simply ignored.  The user defined weighting functions are applicable only to discrete, non-Sankoff characters. When user-defined weights are in effect, the fit cannot be calculated (i.e. only the score as an increasing function of the homoplasy is reported). Note that user-defined weighting functions can be easily used for clique analysis (i.e. defining the function as piwe[1 0 ;). 

Tree viewing and editing 

The tree-view mode is toggled with Trees/View. In this “viewing mode”, trees can be viewed and manipulated while the other functions of TNT are still avaliable, with output being written to the normal display buffer.   

Under tree-viewing, it is possible to select nodes by clicking at them (with the left mouse button).  The node selection cycles between red/green/unselected.  All the terminals included in nodes selected with red will be considered as "selected," unless they belong to an included node selected in green. Thus, combinations of red/green selections can be used to define paraphyletic groups.  A green selection that is not included in a red-selected node serves no purpose. The selections made this way can be used for all options that accept taxon selections.

In tree-viewing mode, the trees are by default locked for manual editing; they can be unlocked with the “unlock” button (which is a toggle), or with Settings/Lock trees
When the tree is locked, positioning the cursor at a node and clicking on the right mouse button produces a list of synapomorphies of the node (using character/state names, if defined and in effect). 

When the tree is unlocked, it can be edited by clicking on the right mouse button.  Nodes can be moved, collapsed and deleted, and taxa can be added to the tree. In each case, a single node must be selected with a left-click as “source node”, after which a target node can be selected with a right-click. 

Moving nodes

If the target is an unselected node, the source node is clipped and moved to be sister of the target node. 

Collapsing 

If the target node is the immediate ancestor of the source node, the branch leading to the source node is collapsed.  

Deleting

If the target and the source node are the same and if the source node is red, all the terminals belonging to the node are pruned from the tree (unless they in turn belong to green selected nodes, in which case they are left in the tree). 

Adding taxa

If the target node is a green selected node, and the tree is incomplete, the user can select a terminal to add to the tree (as sister to the green selected node). 

N.B. When the tree is edited, the changes are irreversible.  If you are not sure of whether you want to keep the changes, you should save the tree to file before editing it.  To avoid mistakes, the trees are by default locked.
Character optimization

The tree viewer mode that is used to display character mapping is different (“mapping mode”), and is always full-screen. While the display of the trees is modified by the same function and navigation keys as in the viewing mode, the normal functions of TNT are not available. 

This mode is entered by choosing Character mapping (to map characters on single trees), Common mapping (to view the character mappings common to all trees – in effect equivalent to viewing the character mappings on the strict consensus tree) or Reconstructions (to view all possible character optimizations) under Optimize/Characters. Trees viewed in this mode are not written to the display or the output. To save these trees for later viewing, the keys “S”, “P” or “M” can be used, which save the tree to the display buffer, print the tree being viewed or save it to a EMF-file. 
Pressing “H”  wil bring up a help screen for this viewing mode. This mode is exited by pressing ESC.

N.B. When mapping characters, TNT does not distinguish between different (ACCTRAN or DELTRAN) optimizations, but instead displays all ambiguous branches as such. When showing reconstructions, all possible reconstructions for these ambiguous branches are displayed in turn.

Note also that when counting steps, TNT counts steps from an unambiguous ancestral state to a polymorphic state as a step, even if the ancestral state is included in the polymorphism. This is different from the way PAUP* deals with polymorphisms, and may influence the length of trees as reported. 

Ambiguity and collapsing rules

In case of ambiguities in character optimization, TNT implements several rules for tree collapsing (see Coddington and Scharff, 1994, for discussion).  For rule 1, which may produce collapsed trees longer than the original resolution, the length-calculating commands (for example, bremer support or the tree filter when suboptimal trees are to be discarded) calculate the length before collapsing; note that the final collapsed trees may be longer.  The collapsing for consensuses (including the bremer support) is calculated only temporarily.  Note that rule 4 cannot be used during consensus calculation (because it may multiply the number of trees), but the results for the (strict) consensus under rule 1 will by necessity be identical to those for rule 4. 
The implementation of most rules requires no special comments.  The exception is rule 4, implemented in TNT as follows:  
1) take the tree to be collapsed

2) collapse all nodes for which ancestor and descendant state sets are identical 

3) mark all nodes for which ancestor and descendant state sets share state(s).

4) for each combination of possible collapsings for the nodes marked in 3, if the length of the new tree equals that for original tree, and no node in the new tree remains unsupported under rule 1, add the new tree to memory.

5) if any of the trees added to memory at point 4 is a duplicate of a previously collapsed tree, discard it.

The trees produced will thus not be further collapsed applying rule 1 to them; when the trees are only condensed, existing duplicates are not eliminated automatically (they are when the trees are "filtered").  This implementation of rule 4 is almost always more time consuming than the other rules (except SPR or TBR, naturally), in some cases, much more time consuming. For some input trees, this implementation of rule 4 may produce a larger number of output trees.  Coddington and Scharff (1994) did not prove that all rule 4 trees can be found by collapsing all rule 1 trees, but it is easily proven (DeLaet, pers. comm.) that, if the trees are a set of all the trees distinct under rule 1, just deleting the trees that become longer when collapsing produces a set identical to the rule 4 set.  However, if the trees to be collapsed are a subset of the rule 1 trees, discarding the trees that become longer may produce spurious results –and that’s why rule 4 is implemented as it is. If you are certain that your trees are all the distinct rule 1 trees, you can get the set of rule 4 trees by simply (a) collapsing the trees under rule 1, and then (b) getting rid of the trees that are longer (filtering without collapsing). 
The branch-swappers use only binary trees as input.  If some non-binary trees exist when a search is invoked, they are automatically resolved before the search proceeds.  This may cause some trees that were distinct to become identical when resolved.  Additionally, collapsing under rule 1 (i.e. collapse all ambiguously supported branches) may make the trees longer than the initial binary trees.  When any of these two things happens, a search may deliver N optimal trees of minimum length, but if a subsequent search is done, only a reduced number will be used as input for subsequent searches (this happens very often in PAUP*, which always collapses the trees after a search).  To prevent this, TNT by default retains the trees as binary after the search (note that the trees are anyway compared to make sure that they are distinct if they are collapsed under the criterion in effect).  Using these trees for consensus, bremer support calculation, etc., requires that they be collapsed temporarily.  The temporary collapsing is set with collapse+; (or under Settings/ConsenseOptions).
When trees are temporarily collapsed, eliminating taxa requires special considerations.  The characters of the taxa still influence the optimizations; only the taxon positions are ignored.  For SPR and TBR collapsing, the results produced are those that would be obtained by (1) saving all the binary trees that could be found by swapping on the tree to be collapsed (if a better tree is found, swapping continues nonetheless from the original tree), (2) pruning all the taxa to be eliminated, and (3) consensing the pruned trees.  For optimization-based collapsing, evaluation of support for a branch considers whether merging two branches in a singe branch when clipping a taxon produces a supported branch (note this is not the same as first collapsing the trees under rule 1, and then clipping taxa).  Eliminating taxa when resampling, estimating consensuses, or searching untill the consensus becomes stable, is done in the same way.  If you want to remove the taxon from the analysis (as opossed to removing it from the consensus), deactivate the taxon (with the taxcode command, or the Data/Taxa menu option).
Beware that, although tree-collapsing involves no special theoretical considerations, it is of practical importance.  Misusing the collapsing possibilities provided by the program may produce absurd results.  
Command-Line
With File/CommandLine, it is possible to enter commands for TNT.  <Tab> switches focus between main window and command line; <enter> always takes you to the command line.  

When the focus is on command line, pressing – or + moves screen one page up or down (respectively).  

The keys / and \ move through the buffer that remembers the last commands executed.  

You can also give TNT (essentially) any commands you want when invoking it from the DOS prompt (in the Windows version, commands must be preceded by a semicolon; strings before a semicolon are interpreted as names of files to open).  The cost command takes the redirect output symbol, >,  as a specifier; in the command line the > symbol can be replaced by a closing curly brace, }. 
Unattended runs: TNT can read and execute procedure files specifying multiple analyses, but to allow runs to proceed unattended, you need to turn off the tree preview with the menu option Format/Preview trees. 
Batch Menus

TNT allows instructions to be stored (in memory or in file), for later execution, under Settings/Batch.   Note that some purely interactive functions (like searching for text in the text buffer, or selecting tree nodes under tree viewing mode) cannot be stored as batch instructions.  To store instructions, choose Set menus to batch, and then simply click on the options you want (you can later edit them).  When the instructions are subsequently executed, they are run in order.  Make sure the warnings are disabled before running a set of instructions (as otherwise the program may halt when it finds a warning). 

Measures of nodal support

TNT implements two types of branch support measures: Bremer supports and resampling. 

Bremer supports

Bremer supports are calculated from the trees in memory: it is up to the user to find suboptimal trees. This is done by setting the program to save suboptimal trees during branch -swapping.  The degree of  suboptimality is set with Analyze/Suboptimal, or with the suboptimal command.  Two types of values can be set: the absolute and the relative fit difference between two different arrangements of taxa. These two values take effect also when collapsing trees for consensus calculation with temporary collapsing under SPR or TBR.

The relative fit difference (Goloboff & Farris, 2002) is calculated between the tree being swapped and the rearrangement. It is calculated exactly (see Goloboff & Farris, 2002, for details on how this can be done quickly), except for TBR with asymmetric step-matrix characters, where the relative fit difference can be either over or under estimated by the algorithms used. 

N.B. The new technology algorithms (sectorial searches, ratchet, tree-fusing), since they are not designed primarily to save multiple trees, do not have a well-defined behaviour in terms of the suboptimal trees saved; some trees will be saved, others won't. Thus, if you want suboptimal trees, do branch-swapping after having concluded a search with new tech algorithms. 

Resampling supports

Resampling supports can be based on different types of character.  Standard bootstrapping is influenced by uninformative characters (and by characters irrelevant to monophyly of a given group).  Bootstrapping (both standard and Poisson) and jacknifing (except for a resampling probability of 50%) are affected by character weight and transformation costs (e.g. additive characters).  Symmetric resampling is affected by none.  

Results can be output using frequency, frequency difference (GC) and frequency slopes.

Outputting results with the frequency may produce alterations in the apparent support for groups with very low support (and it cannot measure support for groups with very low support).  Both GC and frequency slopes solve this problem (for slopes, supported groups have negative slopes; the closer to 0, the better supported the group).  

The supports can be measured for groups present in any given tree, with or without a particular cut-off value to collapse nodes with a low support. Normally, they will be shown for the most parsimonious tree, but other trees can be used to measure how strongly contradicted some groups are.  The slopes must be measured by reference to a pre-existing tree. TNT does not present the supports in the shape of a majority consensus tree.

If some taxon has its position in the tree very poorly defined, it may strongly decrease the support for many groups in the tree.  If you wish to find out whether the rest of the tree is well supported, you can eliminate the taxon from the consensus when resampling.  To find out which taxon is floating around you may have to first do a more superficial estimation, saving the trees, and trying to prune different taxa (note that in such case you have to take the precaution of not collapsing the trees with SPR or TBR, as otherwise you may never find the floating taxon: once you found it, you turn collapsing back to SPR or TBR –the most effective—and do a more careful estimation of the resampling frequencies eliminating the evil terminals).

Resampling is invoked with the command resample.

Consensus estimation

TNT implements the consensus estimation method of Goloboff and Farris (2001). This is based on making a certain number of independent searches, and checking whether the end results of all of them share groups.  A group which is present in all (or most) of the searches, even if the search failed to produce optimal trees, is likely to be present in the set of optimal trees (and thus the consensus). This can be used to have a quick idea of the approximate results for your matrix, or to create constraints to speed up searches.  The consensus estimation is invoked with the qnelsen command, or under Analyze/Estimate Consensus.

N.B. This method is equivalent to a tree search. If carried out while trees are in memory, it will not produce a consensus of these trees, but will replace them by the estimated consensus tree.
Tree-searching algorithms

The program implements several types of search algorithms; in Windows versions, all of them are accessed with the Analyze menu option.  

For really small data sets (i.e. below 20-30 taxa), exact solutions can be obtained via implicit enumeration (or "branch-and-bound"). This is invoked with the command  ienum, or menu options Analyze/Implicit enumeration.
For larger data sets, heuristic ("trial-and-error") methods are required. The basic algorithms implemented in the program are wagner trees (with sequential addition of the taxa, in the best available position, to form a tree as short as possible), and different types of swappers and algorithms that make rearrangements on preexisting trees. Branch-swapping can be of type SPR or TBR. 
For relatively messy, but not very big data sets, the best algorithm consists of multiple random addition sequences plus TBR (RAS+TBR); this is invoked with Analyze/TraditionalSearch, using wagner trees as "starting trees," or with the mult command. Whether or not you are likely to have found the best trees, or all the tree islands, depends on the ease with which the algorithm converges to the minimum length found. For this reason, the program reports the number of replications that reached the best score found.  The program also reports whether some replications had partial overflows of the tree file, in which case, some most parsimonious trees may not have been found during the search; further branch-swapping starting from the trees in memory ("RAM") can be used to find the additional trees. 

For more difficult data sets, the special and combined algorithms will be required. Note that instead of wasting search effort, it is often preferrable to make one very aggressive search to make sure what the best score for your data set is, and then produce additional (independent) hits to that score until the strict consensus has become stable (as discussed in Goloboff, 1999). 

There are four basic types of special algorithms implemented in TNT: ratchet, drifting, sectorial searches, and fusing. These methods can be invoked with the commands ratchet,  drift, sectsch and tfuse, and a search combining all methods can be performed with xmult. 

The ratchet in TNT is slightly different from the ratchet as originally described by Nixon (1999), and as implemented in Nona/Pee-Wee.  The ratchet consists of two phases, perturbation and search, which are sequentially repeated.  In either phase, the ratchet in TNT does not look for multiple trees (in Pee-Wee/Nona it was necessary to set the number of trees to save in each phase, but the best number is always just one); multiple trees can be found only as the search phase finishes.  

The ratchet always uses TBR branch swapping, and it alternates the search phase (S) with three types of perturbation phase: original weights (O), upweighting (U), and deleting (D).  Thus, the cycles will be: O,S,U,S,D,S,O,S,U,S,D,S,O… etc. Any of the O, U, or D phases can be skipped (from the Ratchet settings dialog, or with the ratchet command).  During the perturbation phase, rearrangements of score equal or better than the tree being swapped are always accepted, untill a certain number of rearrangements have been made (or until a certain percentage of the total swapping on the tree has been completed).  This seems to provide better results than the original ratchet. The "autoconstrained" option calculates the (strict) consensus of the previous tree and the tree resulting from the rearrangement phase, and during the subsequent search phase, only rearrangements that do not violate monophyly of the shared groups are done.  The rationale for this is that improvements are likely to be found in areas that have changed during the perturbation phase.  Every certain numer of constrained cycles, an unconstrained search phase is done (to insure global optimality).  If this is used in combination with user-defined constraints, both are combined. 
Tree-drifting is quite similar to the ratchet, but the perturbation phase, instead of reweighting the characters, accepts the moves with a probability that depends on both the relative fit difference (Goloboff and Farris, 2001; see Goloboff, 1999) and the absolute fit difference between the tree being swapped and the new tree.  It has the advantage that memory managing is easier, and for that reason is the only perturbator that sectorial-searches (see below) can use. The perturbation phase also alternates between acceptance of optimal trees only (O), and suboptimal trees (U): O,S,U,S,O,S,U… etc. Any of the O or U phases can be skipped (the O phase, with drift:noequal; or with the skip optimal-only drifting option in the tree-drift settings dialog box; the U becomes effectively an O by setting the score difference to a very low number).
Sectorial-searches are of two basic types: constraint-based and random; a combination of both is the mixed sectorial searches.  Sectorial searches take a portion of the tree, create a reduced data set, and produce a mini-analysis of that data set.  If a better solution for that portion of the tree is found, it is replaced back into the original tree. Every certain number of (user-determined) rearrangements, a round of global TBR is done (to insure global optimality).  If the sectors are below a certain size, the mini-analysis consists of three RAS+TBR (random addition sequence wagner trees plus TBR); if the three sequences end up in trees of the same score, the mini-analysis is interrupted (i.e. the reduced data is "clean" and not worth of further analysis); otherwise, three additional RAS+TBR are done.  If the sectors are above that size, a certain number of iterations of tree-drifting is done to the reduced sector.  The three types of sectorial-search differ in how the sectors are selected.  

Constraint-based searches choose the sectors by reference to constraints: the nodes that are resolved as polytomies in the constraint tree, connecting to no less than N branches (where N is some number defined by the user; default is 10). A reduced data sets corresponding to each of the polytomies in the constraint tree is analyzed, in turn; this is repeated a certain number of times (default=3), because changing some sector may imply that other sectors should change as well.  Random sectors are chosen at random, to be no smaller and no bigger than a certain (user defined) size. 

The mixed sectorial searches use both constraint-based and random sectors; they can only be used with multiple addition sequences.  For the mixed sectorial search, a temporary constraint tree is created by consensing the tree found at some stage of the present addition sequence (user defined: this can be the wagner tree, which is the default, or optionally the tree produced by SPR or TBR), and this constraint tree is used to do a constraint-based sectorial search.  Once this is finished, a random sectorial search is done (unconstrained, or using only the user-defined constraints if they are in effect).

Tree-fusing mixes trees, producing better trees. If the trees comes from different searches, the score is often considerably improved in very short time.  Tree-fusing produces (so to speak) a synergistic effect for all those previous searches; this also means that the rate of score improvement is not necessarily lineal (i.e. all the searches before fusing were not producing a score improvement beyond some bound, but were nonetheless accumulating "momentum" for the subsequent fusing). 
Determining best search parameters

For many data sets, the time to find best scores during searches may depend dramatically on the aggresivenes and parameters used during the search.  For example, using very superficial searches for difficult data sets will keep grinding for a very long time before the best score is actually found; using more aggressive parameters will find the best score sooner.  

The parameters that can be used to change the degree of agressiveness are size and number of sectors to run under random sectorial searches, number of initial replications to submit to fusing, and rounds of tree-drifting or ratchet. 

A careful consideration of how the data set behaves to changes in parameters is the best way to proceed, but if you have no idea of how a data set behaves, or don't know how to set the parameters for a search, you may trust to the program the choice of parameters.  This is done with the set initial level option of the New Technology dialog box (or the level option of the xmult command).  If entered as a command, the level must be a number between 0 and 10 (0 is very superficial; 10 is extremely exhaustive); if entered in the dialog box for search level, it must be a number between 0 and 100 (again, 100 is the heaviest search).  If using a driven search (i.e. more than a single hit of the xmult command), you may have the program check whether best score is being found easily or not (and then decrease or increase the search level accordingly).  This is set with the chklevel option of the xmult command.  Again, letting the program try to determine the best parameters during the search is a poor substitute for finding the best parameters and letting them fixed during the search, and is intended for cases where you have no time/experience to determine best parameters by yourself. 
Technical notes

Implementation notes for tree-searching

General 

This section describes some details on how the searches are implemented.  It is intended to give the user clues on how to best use the program, or at least understand some of the ways in which the program behaves under different circumstances. 
When all the characters have equal weights, the swapper proceeds the fastest.  If some characters are weighted differently, the search algorithms proceed somewhat slower (i.e. it takes longer to complete a wagner tree or swap completely through one tree; note that finding a shortest tree might still be easier if the weighting increases the structure of the data set).  If the characters are weighted using very different weights (e.g. every character is assigned a weight from 1 to 50, at random), the search algorithms reach a floor (depending on the data sets, about 50% slower than equal weigths).  
Searching under implied weights, since it uses floating-point calculations, is the slowest, being 2 or 3 times slower than equal weights (note than in PAUP*, using implied weighting slows down the searches by orders of magnitude).  The largest speed differences with PAUP* are in running large data sets (up to about 50 times), and implied weighting (over 500 times, for large data sets). 
The numbers of states also affect running times.  The more states the characters can have, the slower the program runs. The program internally packs characters in groups of characters with 2 states, 3 to 4 states, 5 to 8 states, 9 to 16 states, and 17 to 32 states. Sankoff characters are packed always separately.  This implies that the time differences will come when the numbers of characters in each of those categories changes significantly.  For sankoff-style characters, the time increases rapidly with the square of the number of states (in some portions of the code, the time increases actually with the cube).  Thus, the algorithms used react badly to increasing numbers of states; for Sankoff characters with 16 states or more, TNT is about as slow as PAUP* (or even slower).
The implementation of searches under implicit enumeration is similar to that in other programs, and there is nothing special about it.  As usual, exact searches take the longest for the least poorly structured data, and the times increase drammatically with the numbers of taxa.  Since TNT is conceived to work mostly with large data sets, there seemed to be no much point in using energy to optimize the implicit enumeration algorithms. 
The tree swappers can complete swapping on a tree faster if no additional equally parsimonious trees are being found.  This is because in such a case length calculations for a rearrangement can be abandoned as soon as the program discovers that the tree is as long as the best one found so far; otherwise, additional characters have to be checked to make sure the tree is no longer than the best one found so far (and, to make things worse, the tree has to be optimized for collapsing and compared to all the pre-existing trees, to make sure it is not identical as collapsed).  This is used to speed up searches under multiple random addition sequences, where a reduced number of trees is retained for each replication (such that most of the time the search is being done with a full memory buffer). 
Wagner trees

Except in the case of constraints, the addition sequence for wagner trees is totally randomized, except for the outgroup taxon (which is always the first taxon added).  The insertion sequence of new taxa to the growing tree is (by default) not totally random: the possible locations for the new taxon are tried from the root of the tree to the tips, or from the tips to the root (which option is chosen is determined at random, for each taxon to add; both are equiprobable).  In some extreme cases, this may be undesirable.  If the data are entirely uninformative (e.g. a matrix with no characters) and no tree collapsing is in effect, then pectinate trees result from such insertion sequence. It is possible to randomize the insertion sequence for new taxa, so that all locations are tried in a random order.  This is set with rseed[; the alternative is rseed]; (default, up/down sequence).  For large data sets, building a wagner tree with a randomized insertion sequence may actually take shorter than with the up/down sequence (that is probably because the best placement is often found somewhat in the middle of the tree, not in the tips or root; checking the tips or root first provides worse bounds to give up length calculations, for a greater portion of the time).  For data with no informative characters (and with collapsing turned off), wagner trees with a random insertion sequence are (more or less) equivalent to random trees.  If your data are more or less structured, setting one or the other is irrelevant.  
Note that randomization of the insertion sequence has no effect when wagner trees are built under constraints (i.e. the insertion sequence is always up/down in this case).
Swappers

The two types of swapper are designed to work as best as possible under diferent circumstances.  
The time to complete swapping on a tree (that is, on a tree which does not lead to better trees by swapping) changes with about the square of the number of taxa for both SPR and TBR (this is true even when TBR actually “looks” at a number of rearrangements which increases with the cube of the taxa). 
SPR is designed to work best at the initial stages of a search, when better trees are being found frequently; it is not as fast as it could be for trees which are already optimal or near-optimal.  
TBR is designed instead to work best for large numbers of taxa, when the trees being swapped are optimal or near-optimal, that is, when better trees are not being found frequently, and also to work best on well-structured data (i.e. data where there are numerous relatively well supported groups).  If the data are very poorly structured, swapping through a tree takes longer.  For Källersjo et al.’s 2500-taxon matrix (1999), the time to complete TBR swappping on a near-optimal tree (running on a 800 MHz PIII machine) is about 22 secs.; PAUP* on the same machine takes over 18 minutes to complete TBR swapping on the same tree (i.e. a 50 times speed difference;  PAUP* takes about 6 minutes to complete SPR on the same tree, so that completing TBR for 2500 taxa in TNT is 15 times faster than completing SPR with PAUP*). 
Neither type of swapper is highly optimized for low numbers of taxa.  For small data sets, expect no big differences ( i.e. no more than 5-10 times) in running times for TNT and other programs.   These take no time anyway, so it seemed best to preserve an implementation focused on large data sets. 
Effects of constraints on running times

Heuristic searches.- There are three types of constraints: positive tree-constraints, positive group constraints, and negative group constraints.  Tree constraints are defined with the = option of the force command (or, from the menus, as “positive constraints” with no floating taxa).  The latter are defined with all other options of the force command (or, from the menus, with positive constraints with floating taxa, or negative constraints).  The three types can be used simultaneously (e.g. “search for the best trees where A+B+C from a monophyletic group, but A+B do not”). 

The tree constraints are implemented in such a way that the moves violating the groups established are never attempted.  This type of constraint therefore speeds up the searches (if many groups are defined, by a significant factor).  Note that the number of trees examined to SPR-swap or TBR-swap through a single tree is the same under constraints (i.e. the moves are counted as if effected and rejected). 

The group constraints (positive and negative) are implemented internally by creating a matrix of group membership variables (where taxa belonging to a group have state 1, taxa outside the group have state 0, and floating taxa have a missing entry).  For group constraints, all the same moves are evaluated for length.  If the tree is within the current length bound, then the group constraints are evaluated, and if the new tree does not pass, it is rejected (even if shorter).  Thus, using group constraints does not speed up searches at all.   If the group constraints make the tree much longer (i.e. if they forbid many groups present in the consensus of MPT’s), they will actually slow down the search (i.e. many moves will produce better or equally good trees, which have to be subsequently rejected because they violate constraints). 

For wagner trees, the program adds each taxon in a position such that no constraint is violated at any point.  For negative constraints, this means that the first two taxa which are part of a group constrained for non-monophyly must be placed as non-sister groups.  Of course, a better tree might be found if the non-monophyly of the group is delayed (to be broken later, for example, by adding another taxon in between them), but then if non-monophyly has been delayed, it may now be impossible to create non-monophyly without at the same time violating some positive constraints.  This means that, for negative constraints that increase tree length considerably, the wagner trees may be quite far from the best length achievable under the constraints (e.g. it is advisable not to use wagner trees to estimate consensuses or jacknife frequencies under those circumstances).   Additionally, the random addition sequence may change somewhat when positive (tree or group) constraints are used in combination with negative constraints.  The first two members of a group to be non-monophyletic must effectively be non-monophyletic when they are both added to the tree, but this may be impossible if those two are in turn the only two members of a group constrained for monophly added so far.  The addition sequence is then checked when positive and negative groups are enforced, changing it to prevent this.  The addition sequence is therefore not completely random when there are positive and negative constraints in effect.

Exact searches.- Both positive tree constraints and positive group constraints speed up searches under implicit enumeration (the more so if they constrain groups which are anyway present in the optimal trees).  Negative tree constraints slow them down, to the extent that they make the best possible trees longer.  
A note on Linux-Mac OS X versions  (back to index)
Linux and Mac OS X versions of TNT have a couple differences with the standard versions.  First, those versions can take a comma ( , ) instead of a semicolon ( ; ).  This is because the shells there use semicolons to separate commands, and giving arguments to TNT from the command line becomes difficult. Second difference is that those versions can run in the background. If you want to start TNT in the background, use bground as first argument, then give the normal arguments you would give the program (do not activate reports and do not change the silent status, but you can set report+ to report every certain number of trees, replications, or seconds, so that you can monitor progress by inspecting the output file; make sure you do have output files, otherwise the program would run and exit without doing anything!), and end with the usual '&'.  TNT will not write to the console, or expect console input (at least if no errors occur). It will write its results to a file and exit smoothly (exit code is 0; if the program runs out of commands while in the background it exits with code 1). Should some error occur during the search, the program writes a message to the ouptut file, and exits with code 255.  Try 

     ./tnt bground p zilla.tnt, echo=, log peep, rep+1, mu10=ho3, le, ne, quit, &

and do "tail –f peep" to monitor search progress. 

Memory Management

Except for the stuff that windows itself uses, memory management in TNT uses special memory allocators written by Steve Farris.  This memory manager insures that TNT has no memory leaks.  For example, reading a new data set is guaranteed to first set the whole system back to its original state, and then reallocate memory.  The same applies to macros, which use a different memory segment.  The only thing that can cause memory fragmentation when using TNT is repeating some of the following operations many times: (1) re-setting the maximum amount of “general RAM” the program can use, (2) re-setting the size of the display buffer (windows versions only), (3) re-setting the total amount of RAM to be used by the macro language, or (4) re-setting the number of nested input files.  These things use normal memory allocators.  Other than this, TNT can be used for any period of time, or for any number of operations, without causing any memory fragmentation.

Scripting (for programmers or advanced users)

TNT has a scripting language, which allows the user to automate complex tasks, or "program" TNT to do things it normally doesn't do.  The scripting language has flow control, loops, and internal variables that can be accessed by the user.  The scripting language is normally disabled; it is enabled by entering "macro=;" at the command prompt.  The macro command also controls the basic settings for the macro language, like total RAM for macros, number of variables, number of nested loops, and protection level for accessing variables/arrays (for details, see online help for macro).

The variables and flow control use numbers (actual values or internal variables) or expressions (compound expressions, always must be enclosed in parentheses to be properly parsed).

Examples of scripting language can be found in the files contained in zipdruns.exe (a self-extracting excutable).  Exactsol calculates trees by implicit enumeration (using a complete down-pass optimization for each tree: it is very slow; the addtax routine is used as a function from within exactsol).  Macswap does SPR swapping on a tree, and prints out a message every time it finds a better tree (it also uses down-pass optimization to evaluate trees).  Sank does sankoff-optimization; it is more elaborate than the other two (it can be used only on small trees; make sure you have set up the number of variables to a large enough number).

Variables

Internal variables

The user can access a number of internal variables (i.e. number of taxa, characters, etc.).  You can get a list of those entering help+;at the command prompt.  

Internal variables can be accessed only in certain contexts in the macro language.  The general rule is that user variables can be accessed from any command (by enclosing their number or name in single quotes), while internal variables can be accessed only by the macro commands (loop, if, set, var, etc.).

Note. The internal variables are a key component of the TNT macro language; if accessing other internal variables, besides the ones already included, could be useful to some users, get in touch with PAG and ask him about the possibility of including those variables in TNT (given the design of the macro language, it is really easy to add new internal variables).

User variables

User variables can be accessed in any context, by enclosing the number of variable to be accessed in single quotes.  Thus, if variable number 0 has a value of 1200, inputtting the string hold '0' is equivalent to inputting hold 1200.  Variables can be given names, in which case their values are accessed by enclosing their name in single quotes.  Using double quotes instead of the single quotes accesses the value of the variable of number equal to the value of the variable within the quotes (e.g. if variable number 0 equals 5, and variable number 5 equals 1200, then hold "0" will be equivalent to hold 1200).  Using the quotes or double quotes properly, the user variables can act as pointers.  User variables can be defined (when declaring their name) as arrays (maximum is 5-dimensional arrays).  The indices are then enclosed in brackets, separated by a comma.

Thus, 'n[j]' is the j-th value for variable n (note that the arrays are zero-based), and 'p[x,y,z]' is the z-th value for row j, column k, of variable p. Note that 'n'[j] will be parsed as the number corresponding to variable n followed by the expression [j] (which, according to context, may or may not be a legal expression).  The indexing works by substituting values; each time a new "dimension" is found, the cell is considered to be that for the base cell plus the value of the dimension; the user could set the values so that a "matrix" is properly organized, but declaring a variable as multi-dimensional when it is given a name automatically sets up the arrays.

It is also possible to enclose in the single or double quotes an expression (which must be enclosed in parentheses); what is inside the parentheses may, in turn, contain references to user variables.  Thus,

set 5 '(%1)' ;

will set variable 5 as equal to the variable numbered as the first argument.  Similarly,  if variable 0 equals 10, variable 1 equals 20, and variable 30 equals 100, then the expression

set 5 '('0'+'1')' ;

will assign the value of 100 to variable 5 (i.e. assigns to variable 5 the value of the variable whose number equals the sum of the values of variables 0 and 1).

User variables can also be used to store strings, accessed by preceding the number (or name) of the variable by a dollar sign, $.  Strings can be stored as literal (in which case, expressions like '0' within the string are replaced by the value that variable 0 has at the time of expanding the string; variables can be expanded only as numbers, as well as arguments; no string expansion is allowed within strings).

The values for the user variables can be changed only with the set command.  Set followed by a variable number (or name), followed by an expression, sets the value for the variable to the value for the expression.  The number of the variable to be set can itself be an expression (but if so, remember, it must always be enclosed in parentheses). The expression can be an expression as in the C language; logical expressions are evaluated to either 0 (FALSE) or 1 (TRUE).  The expression can be replaced by either ++ , -- , += , -=, *=, /= (with meaning as in C; note that only post-decrements and post-increments are allowed).  Thus

if ( length [ 0 ] > ' maxlen' )

   set 1 '1' + 1 ;

else   set 0 '0' + 1 ;

end

will increase in one the variable number 1 if the length of tree 0 is greater than the value stored in the variable named by the user as maxlen, and otherwise increase in one the variable 0.  The same is achieved with the more compact expression

set  ( length [ 0 ] > 'maxlen'  ) ++ ;

Changing values of variables.

The values of variables are changed with the set command: 

 set N (expression) ;

The "expression" may in this context not be enclosed in parentheses (this is the only exception to the rule given above).  The expression in this context always must end with a semicolon.  The example above will set variable number N to the value of the expression.  You can set the i-th variable (where i itself is any expression) from N, as if N was an array, by using:

set N[i] ( expression) ;

If some private variables have been defined in previous files (see "Private variables" below), the number N is set automatically to the number within that file (use names to access variables from previous files).

To set variables as strings, use:

 set N $text ;

text can be any number of characters, with the proviso that the string starts at variable N, and continues to subsequent variables; every 4 letters of the string occupy one user variable (which is a long int), so that the actual number of user variables needed to store a string is the length of the string divided by 4.  The semicolon indicates the end of the string (which can contain blanks or spaces; a period followed by a comma is replaced by a semicolon, as in the quote command).  If "text" contains expressions to be replaced (i.e. single quotes or symbols for arguments), it is replaced on reading.  It is possible to define the string as "literal" by including an equal (=) sign before the number of variable:

set =N $text ;

A literal string has expressions expanded when it is itself expanded (so that it can be expanded to different strings).  No string expansion is allowed within strings (although it may work in some cases, its results are not predictable).

A string can be copied from one variable onto another easily, with the set command:

set 10 $$0 ;

copies string 0 onto string 10 (make sure string 0 doesn't extend to string 10 before doing this).

Arrays

The setarray command sets arrays.  This can be used to read in matrices (of any dimension):

setarray 5,4 matrix

  0    1     2     3

  4    5     6     7

  8    9    10    11

 12   13    14    15

 16   17    18    19

;

this will set the values for a variable called matrix.  The numbers can be any valid expression; note that 0/1 matrices must have a blank space between the numbers.

Naming user variables

User variables can be named, and accessed through their name:

var =

   0 tree_number

   1 result

   2 other ;

If private variables have been declared in previous files, the numbers (which can themselves be expressions) correspond to the internal numbering for current file. If any number is replaced by a + this is interpreted as "the lowest unnamed variable" (if there are private variables, the first time + is used within a file, it refers to the lowest possible number that can be accessed within that file). If you are going to store values starting from variable number N, you can define the number of variables to store by using a comma and the number of cells, after the number:

var =

   N, (ntax+1)                 Taxon_list

   +, (ntrees+1)               Tree_list

   +, (nchar+1)                Char_list

   +, (ntax+1),(nchar+1)       Matrix

   ;

After defining the name for variable 10 as "Taxon_list", it will consider that the next variable to be named is variable number 10+ntax+1, so that the variables do not overlap.  If there are 12 taxa and 15 trees, then the name "Tree_list" is assigned to variable number 22, and the name "Char_list" is assigned to variable 37.  Since it is always possible to refer to variables only by their names, the user does not need to worry to which particular variable a name has been assigned. 

An alternative (equivalent) format for declaration of multidimensional arrays is:

var =

N        Taxon_list [ ( ntax + 1 ) ]

+        Tree_list  [ ( ntrees + 1 ) ]

+        Char_list  [ ( nchar + 1 ) ]

+        Matrix  [ (ntax +1 ) , (nchar +1 ) ]

;

When using the square-bracket notation for declaration, the commas are optional. 

Declaring the variables as multidimensional automatically sets up the arrays in a proper way; changing the value for the arrays can "disassemble" the matrix and make further accesses difficult or impossible.  To prevent this, it is possible to have the macros check whether all the accesses to arrays are legal (and then permitted only if the variable has been declared as such).   Without protection, the user is free to access and change any values (e.g. to set up his own arrays).  The protection level is set to N with macro prot N.

Private variables

When input files are nested, all the variables named in preceding files are "private" –that is, an internal numbering starting from the last unnamed variable is used.  Accessing variables by their number is then relative to a file.  If a name is given for a variable, the variable names are checked from latest to earliest, so that if variable names are duplicated in nested files, the most internal files will refer to their own variable (for example, simple counters like "i" or "a"); names defined in a preceding file will be recognized only if not defined later.  The number of private variables is determined by the largest unnamed variable, so if you want to refer to some variables by their number (for simple counters), it is wise to reserve the lowest numbers for those, and start naming from variable 10 or more (this allows to keep "memory management" easy and clean). You can also keep more variables than the named ones as "private," simply by issuing a private n; command (where n is the number of private variables) at some point before calling the next input file..  At the start of each file, you can also include a safe vars n; statement (which checks whether n user variables are actually available to the user from that file, and calls an error message otherwise).

In this way, each input file can have its own internal numbering of the variables; this allows to define "functions" in files, that are safely called from other files.  The only way in which a file can access a variable named in a previously opened file is by referring to it by its name (and only if the same name did not exist in the file itself: in that case, the variable corresponding to the file itself is accessed). When an input file is closed, all the variables that had been named in that file are denamed; if you want to internally rename variables within a file, you have to issue first a var-; command, which denames all non-private variables (var-N; denames all variables above N, N included). 

Floating point printing

By default, all the numbers in user variables are stored as floating-point.  When printing the values, you can use different numbers of significant digits.  Note that many operations under scripting involve (internally) expanding the numbers and then parsing the strings, so that changing the number of significant digits will change the precision with which many routines are executed.

The command macfloat N; sets the number of digits to be N (if 0, the printed numbers look like integers).  The option macfloat e; uses exponential notation (not readable by commands, useful only to print out tables). 

Storing the values as floating point uses 64 bits per value; if you want to use only 32 bits (integer calculations, to save memory), issue a macfloat-; command before turning the macros on.

Expressions

Expressions can be any combination of operations.  Valid operators are + - * and /, as well as bit-operators ( & | ^ ).  Valid logical comparisons are ==, > , < , >= , <= , ! , and !=.  Since precedence is evaluated always from left to right, be careful to delimit subexpressions as desired:

if (  'maxlen' <= 1000 + 500 )

is actually equivalent to

if (  ( 'maxlen' <= 1000 ) + 500 )

so that it will first evaluate if maxlen is less than 1000, and then sum the result to 500 (if maxlen is less than 500, result is 501, otherwise result is 500; the expression always evaluates "true" ... probably not what you wanted).  Either remember the precedence and invert the order of expressions:

if ( 1000 + 500 >= 'maxlen' )

or use the original order and parentheses :

if ( 'maxlen' <= ( 1000 + 500 ) )

Note that parentheses must always be balanced.

Flow control

The flow control is established with the if and loop commands.  

If

There are two possible syntaxes for the if command; one is:

if ( condition )

   action(s)

end

where "condition" is any valid expression, and "action(s)" is any set of valid TNT commands.  If the condition is "satisfied" (i.e. evaluates to non-zero), then action(s) are executed; otherwise, all actions before the end are skipped (note that TNT interprets its scripts as it reads them, so that the action(s) may themselves contain syntax errors, which won't be discovered if the action(s) are skipped; the errors will only be discovered when the actions are executed).  The alternative is

if ( condition )

   action(s) A ;

else

   action(s) B ;

end

which will execute action(s) A if the condition is satisfied, action(s) B otherwise.  Each if must always be matched by else or end; each else must always be matched by end. Nested if commands are legal, without restrictions as to the number of nestings.

Loop

The other command for flow control is loop.  The syntax is,

loop i+j  k  action(s)  stop

the numbers i, j, and k can be numbers, variables, or expressions. This will repeatedly execute action(s), k – i + 1 / j times.  If the symbol '#' followed by the number of loop (see below) is included in action(s), it is replaced by the value for the iteration being done.  Thus, the symbol will the first time be replaced by i, incrementing in subsequent iterations by j, until value exceeds value k (if i is greater than k, the loop is decreasing, and j is taken to be negative, even if preceded by +).

Nested loops are possible (the maximum nesting is determined with macro*).  To refer to the value for each loop, use the '#' followed by the corresponding number.  Each loop must always be matched by a stop.  Within the loop, the commands endloop, setloop n, and continue, are recognized (endloop ends the loop, setloop resets the value of the loop to n, and continue skips all the action(s) between the current point and the stop that ends the loop).

Essentially any action can be done from within the loops, except denaming user variables.  The loops use RAM from the macros, so if some long loop cannot be executed under certain conditions, switch the macro option to off and increase the RAM for macros.

Goto

The instruction 
goto filename tag [arguments] 

parses file filename starting from the point labeled tag (with label tag).  The file can be the same file, or a different one.   This can be used to have related routines in the same file (a sort of "library").  A file can be defined as the default file to parse, with goto = filename.  Subsequent calls to goto must specify only the tag (and arguments, if any).

Recursive calls

Input files with instructions can be called recursively.  To call a file from itself, use the recurse command (followed, if desired, by arguments, just like used for the run command).  This (together with the declaration of private variables) allows to define quite complex routines.  The number of times a file can call itself with recurse depends on the maximum number of input files (default = 10); the number of input files allowed is changed with mxproc (the file "exactsol.run" does this change automatically). An example is below, in the files "exactsol.run" and "addtax.run."   That finds an exact solution for any number of taxa (it uses a complete down-pass optimization for each partial tree, so it is rather inefficient).  File "exactsol.run" must contain:

silent =all ;

set 0 ntax + 2 ;

mxproc '0' ;     /*  make sure you have enough input calls */

var = 0  attax  

         1  bound  

         2  wkdone ;               /*  attax , bound , and wkdone are private */

set bound 10000000;  /* use a big initial bound */

keep 0 ;

tread ( 0 ( 1 2 ) ) ;                /* set an initial network */

set attax 3 ;                         /*  attax = next taxon to add */

report- ;

addtax ;                              /*  this is the "recursive" function */

progress/ ;

report= ;

tc 1. ;

silent - all ;

proc/ ;

File "addtax.run" must contain:

set 0 'attax' ;

set 1 ntax + 1 ;

private 2 ;

loop 1 nnodes [ 0 ]

    if ( #1 == '1' || !isintree [ 0 #1 ] )

          continue ;

          end

    if ( 'attax' == 4 )

         set wkdone ++ ;

         progress (('wkdone'*100)/15) 100 Working ;  /* progress */

         end

    edit ]  0  '1'  'attax'  #1 ;                                           /* attach new taxon */

    set 2 length [ 0 ] ;

    if ( '2' <= 'bound' )

         if ( 'attax' < ntax )

             set attax ++ ;

             recurse ;                                                             /* call yourself !! */

             set attax -- ;

         else  

              if ( '2' < 'bound' )                                              /* update bound */

                  keep 1 ;

                  set bound '2' ;

                  end

              if ( '2' == 'bound' && ( ( ntrees + 1 ) < maxtrees ) )

                     copytree 0 ;                                       /* save multiple trees */

                     end

              end

         end

    pruntax 0 / 'attax' ;                               /* deattach taxon */

    stop

proc/;

Note that the C style comments in the two example files are perfectly valid.

Branch-swapping

In a way similar to the loop command, the commands sprit and tbrit initiate a loop, with the difference that in each iteration, the tree given as argument N is changed (under spr or tbr branch-swapping):

sprit N    action(s)    stop

Action(s) can be any valid TNT command, plus additional commands recognized only from within sprit or tbrit:

continue       skip remaining actions and do next rearrangement

endswap               end the swapping (if never saved, tree N is unmodified)

resetswap     save current rearrangement and restart swapping

While within a sprit or tbrit loop, the internal variable percswap equals the percentage of rearrangements done to complete swapping on current tree.  Together with the progress command, this can be used to report partial progress of the macro instructions.

Sprit or tbrit can be nested with loops, but no sprit or tbrit can be nested within a sprit or tbrit.

Defining dialogs (Windows only)

It is possible to define templates for dialog boxes, with the command opendlg.  Names for files can be written onto variables by using the getfname command. See online help for syntax; the file "dialog.run" (included in the self-extracting file zipdruns.exe) contains an example, which emulates the dialog box for Analyze/TraditionalSearch.

Return values

When a file with instructions is closed, it may be desirable for it to have some kind of return value (having it to store the exit value in a user variable may be cumbersome and make the file less flexible).  The command return N; closes the input file and sets the internal variable exstatus to the value N.

TNT Reference 

Graphical tree display 

All graphical display modes

     F1-F2                  make tree branches thinner/thicker      

     F3-F4                  make tree narrower/wider   

     F5-F6                  make tree shorter/longer

     C                      set colors for mapping characters      

     <back> / F7            go back to previous tree

     <enter> / F8           move to next tree

Viewing mode (locked and unlocked)


Left-click: select node

Clicking cycles through unselected - selected red – selected green. 

Selected red includes all taxa in selections (when required), selected green excludes them.

Locked



Right-click: list apomorphies

Unlocked

Double-click (left): shrink node to a labelled clade

Right-click 
Move selected node (red or green) to the clicked node

Character mapping mode:

     S                 save tree diagram to text buffer     

     P                 print current screen

     M                 save current screen to a metafile

     H                 help (i.e. display this message)

     Esc               exit (without saving)

Command line

ABSINCL

    =   in tread, send excluded taxa to tree base 

    -   exclude them from tree 

 AGROUP

    define groups of taxa.  Syntax is as in "tgroup" (but options 

    "len", "nod", "siz", or "mono" not allowed) 

ALLTREES

    generate all trees for active taxa 

ANCSTATES

    N   define character(s) N as ancestral. Ancestral 

        states correspond to those of current outgroup 

APO

    N     plot synapomorphies for tree(s) N 

    [N    plot synapomorphies common to tree(s) N 

    -     list instead of plotting on tree 

    [-N/L list synapomorphies common to tree(s) N, node(s) L 

BBREAK

    Perform branch-swapping, using pre-existing trees as starting point. 

    Usage: 
"bbreak=options;" (changes settings and runs) or 
"bbreak:options;" (changes settings, doesn't run).  
Options are: [no]mulpars, spr, tbr, 

    [no]fillonly, clustersize N.  Swaps according to current setting of 

    suboptimal, constraints, and collapsing. 

BEEP

    =   beep on errors and warning messages 

    -   don't (default) 

BEST

    filter trees, discarding suboptimal 

    N   keep trees up to N steps (weighted) worse than best 

    -   invert the selection criterion 

    [   discard trees not fulfilling constraints of monophyly 

    ]   discard trees fulfilling them 

    *   collapse the trees before comparing 

The constraints are applied after and in addition to the selection of optimal trees. 

N.B.: if an unresolved tree is used to define the constraints, this tree will itself, being longer than the others, be discarded; when a partial tree is used, all other trees, being longer, will be discarded.

BLENGTH

    N;    show table with branch lengths for tree(s) N 

    *N;   same, using a tree diagram 

BLOCKS

    J K L   Define blocks to start at character(s) J K L 

    ;       Show current blocks 

    *;      Save curent blocks 

    = J K   make active characters and taxa in blocks J K (if list 

            preceded by "&" it activates only shared taxa) 

BREAK

    =   enable breaks with <esc> or '.', pauses with 'p' (default) 

    -   don't 

    /   copy text (ending with semicolon) to display as warning if 

        calculations are interrupted ("yes" interrupts anyway) 

        By default, interruption produces no queries 

BSUPPORT

    Calculate bremer supports, using trees currently in memory. 

    =N    collapse groups with support < N 

    N/L   use tree(s) N, pruning taxon (taxa) L, and display results 

    *N/L  same, but save tree as last tree in memory 

    [     use relative (instead of absolute) supports 

    ]     use relative supports, using only trees within absolute support 

CCODE

    !  re-sets ccode to the one defined in the data file 

    Other than that, sets character codes.  Specifiers are: 

         +   make following character(s) additive 

         -     "      "         "        non-additive 

         [     "      "         "        active 

         ]     "      "         "        inactive 

         (     "      "         "        Sankoff (apply step-matrix costs)

         )     "      "         "        non-Sankoff (additive or non-additive)

         /N   apply weight N to following character(s), if no number is given, set weight to 1.

         =N   apply N additional steps to following character(s) 

CHANGE

    L/N/X Y ;   report min-max. changes from state(s) X to state(s) Y 

                for tree(s) L, char(s). N.  Can use names or numbers, and 

                enclose multiple states/names in brackets. From 01 to 23 

                counts all changes from either 0 or 1 to either 2 or 3. 

    [ L/N/X Y   same, but displays min/max. changes tree by tree 

    ] L/N/X Y   same, but displays results character by character 

CHOMO

    N   show homoplasy (=extra steps) for tree(s) N 

CKEEP

         set current ccode as default 

CLS

    Clear screen 

CLBUFFER

    clear text buffer 

CNAMES

           name character(s) / state(s) 

    *;     save character names 

    <;     save character names (active chars. only) 

COLLAPSE

    N;   set level of tree-collapsing to N 

           0   no collapsing 

           1   if some optimization implies support, keep branch ("rule 3") 

               (this is the default in PAUP*) 

           2   if ancestor and descendant state sets differ, keep branch 

               (this is equivalent to "amb-" of Nona/Pee-Wee) 

           3   collapse branch if some optimization lacks support (minimum branch length =0)

               (this is the default of Nona/Pee-Wee: "rule 1") 

           4   rule 4 of Coddington and Scharff 

           5   Collapse using SPR 

           6   Collapse using TBR 

    +    collapse trees temporarily for consensus calculations (default) 

    -    don't 

    [    after a search, automatically condense trees 

    ]    don't ( default) 

    Alternatively, the options can be given as strings: none, rule 1, amb, 

    rule 3, rule 4 , spr, tbr, [no]auto, [no]tempcollapse. 

COMCOMP

    Calculate combinable component (=Bremer ) consensus tree 

    N/L    display consensus for tree(s) N, excluding taxon (taxa) L 

    *N/L   same, but keep consensus as last tree in memory 

CONDENSE

    N   collapse branches for tree(s) N, according to settings of "collapse" 

    [N  same, reinforcing constraints of monophyly (i.e. keeping constrained 

        groups, even if unsupported) 

CONSTRAIN

    =   Re-inforce constraints for mono- and non-monophyly 

    -   don't (default) 

COSTS

    N = x>y z   Define transformation costs for character(s) N to be z from all 

                states in x to all states in y.  Can use square brackets to 

                enclose multiple states (e.g. [012]>3 is from either 0 or 1 or 

                 2 to 3).  Using / instead of > defines costs as symmetrical. 

                The symbol ? means every possible state. 

    *;          save all costs. 

    -;          save costs, for active chars. only. 

    [;          save costs in TNT format (default) 

    ];          save costs in SPA format 

CSCORES

    N/L   report length/fit for character(s) L on tree(s) N 

CSTREE

    N = [cst]  read character state tree (=costs) for char(s) N. 

               Type cst after a carriage return, with symbols /\-| and X. 

DMERGE

    dmerge OUT =DIR IN1 IN2    merges files in1 and in2 (from directory dir) 

    dmerge*;     merges characters with identical names 

DRIFT

    Do tree-drifting, from trees in memory.  Options are: 

      iterations         number of cycles (=iterations) to do 

      numsubs            number of replacements to do in perturbation phase) 

      xfactor            makes acceptance of suboptimal trees less likely) 

      [no]autoconst N    number of constrained cycles 

      [no]giveup         percentage of full swap to do during perturbation phase 

      fitdiff            max. difference in absolute fit 

      rfitdiff           max. difference in relative fit 

      findscore N        stop drifting when score N hit 

      [no]equals         alternate perturbed and unperturbed drift cycles 

      [no]fuse NxR       every N iterations, do R rounds of fusing to the 

                         N trees 

      [no]dumpfuse       if fusing fails to produce a better tree, [don't] 

                         dump all the suboptimal trees 

    Options set with "drift:[options];" or "drift=[options];" (first case 

    case changes settings only, second case runs). Using "drift:;" current 

    settings are displayed 

EDIT

    X Y   edit node Y of tree X.  Then, J L sends J to node L.  If J is an  

          an ancestor of L, reroots clade J on L. /N collapses node N 

ECHO

    =   echo each command 

    -   don't echo 

    +   echo commands and console input 

EXPORT

Export data in NEXUS format.  Copies everything after the file name to the end of the NEXUS file, until a semi-colon is found (use it to embedd PAUP* or TNT commands in the file).  TNT commands can be included at the end of the file, preceded by "begin tnt." 

       *    trees as well 

       +    step-matrices as well 

       -    trees only 

       [    save as dna 

        ]    save as standard( * saves trees, + saves step-matrix costs) 

FIT

    N   report total fit, for tree(s) N.  It is measured with a convex 

        increasing function, to be minimized 

    *N  report total fit (measured with a concave decreasing function, to  

        be maximized; the equivalent of what PAUP* and Pee-Wee report) 

FILLSANK

    =   complete polymorphic cells for Sankoff characters 

    -   don't (default) 

FORCE

    ;   report present constraints 

    ]   de-activate constraints 

    =   followed by a tree, use groups in tree (&N uses tree N) – groups are rigidly enforced 

    /   followed by a tree, use tree as skeleton tree (&N uses tree N) – groups are allowed to contain extra taxa (“floaters”). The effect is the same as that of a number of force+ commands, except that a series of force+ commands is not additive). If the tree is based on a subset of all taxa, all taxa not included are regarded as “floaters”. 

If the outgroup is excluded, it acts as a "convexity" constraint)
    :   same as /, but for negative constraints 

    +   positive constraints: [ a b c  (d e) ] ( taxa d and e float) 
        if outgroup is floating, acts as a "convexity" constraint) 

    -   same as +, but negative 

    >N  taxon(taxa) N floating for all positive constraints 

    <N  same, for all negative constraints 

    *   report number corresponding to each constraint 

N.B. To enforce constraints during New tech search, the option “enforce constraints” should also be checked.

FREQDIFS

    Calculate frequency difference tree (FDT) 

    =N      use N as cutoff 

    N/L     display FDT for tree(s) N, excluding taxon (taxa) L 

    [J]N/L  calculate frequency differences for each group of 

            tree J, on tree(s) N, pruning taxon (taxa) L 

    (J)N/L  same, but display results as table 

    *N/L    same, but keep FDT as last tree in memory 

HELP

    ;     display list of commands 

    *     display options for all commands 

    xxx   display options for command xxx (equivalent to xxx ?) 

HOLD

    N   set tree buffer to keep up to N trees 
    +N  increase max. trees to number of trees in memory + N (++ = 1 ) 

    -N  decrease max. trees to number of trees in memory - N (-- = 1 ) 

Unlike the settings for memory and display buffer, this is not conserved across sessions.

IENUM

    Do implicit enumeration (=results guaranteed to be optimal; 

    feasible only for small data sets) 

INCLTAX

    [N   report which taxa are included in tree(s) N (default) 

    ]N   report which taxa are excluded from tree(s) N 

INFO

    +   report which character(s) are informative (default) 

    -     "      "        "       are uninformative 

LOG

    xxx   open log file xxx(use "stdout" if redirecting output) 

    +xxx   open in append mode 

    &xxx  open file xxx as extended meta-file (Windows only). 

          Subsequent tree-drawing commands save the trees to the 

          metafile, until the metafile is closed. 

    /     close current log file 

    /&    close current meta-file 

KEEP

    N   keep no more than N trees, discard the rest 

LENGTH

    N   report total length, for tree(s) N 

LQUOTE

    =      set literal quotes on (see "quote") 

    -      set literal quotes off (see "quote") 

MAJORITY

    Calculate majority rule tree (MRT) 

    =N       use N as cutoff 

    N/L      display MRT for tree(s) N, excluding taxon (taxa) L 

    [J]N/L   calculate frequencies for each group of tree J, 

              on tree(s) N, pruning taxon (taxa) L 

    (J)N/L   same, but display results as table 

    *N/L     same, but keep MRT as last tree in memory 

MAP

    N/L    map character(s) L on tree(s) N 

    -      show optimization for character(s) L on tree(s) N, as a text list 

    :      show down-pass state sets instead of final 

    [      state super-sets for character(s) L on consensus for tree(s) N 

MINMAX

    ;    show minimum-maximum possible steps for each (active) character 

    -    same, considering only active taxa 

    *    combine minimum/maximum in a single table 

    +    show minimum-maximum for continuous character(s) 

MIXTREES

    N/L    combine trees N (with different sets of taxa), excluding taxon 

           (taxa) L.  Combines only uncontradicted groups. Using =J it does  

           J different input orders.  Using =[J k] it recalculates consensus 

           every k randomizations, until stability is reached J times. 

    *N/L   save the tree as last memory tree ( default = show) 

MONO

    N    check whether tree(s) N satisfy constraints 

    -N   check whether tree(s) N violate constraints 

    *    same, but reporting group by group 

MRP

    Create matrix representing trees in memory 

MULT

    do N random addition sequences, followed by rearrangements. 

    Options are: 

      wagner       no branch-swapping 

      spr          use SPR branch swapping 

      tbr          use TBR branch swapping 

      [no]keepall  keep the trees from all replications 

      replic N     do N replications  

      hold N       save up to N trees per replication (only if swapping) 

      [no]ratchet  do ratchet as well (settings with "ratchet" command) 

      [no]drift    do drift as well (settings with "drift" command) 

    Usage: "mult:options;" changes settings only; "mult=options;" runs 

    as well.  Entering "mult:;" current settings are reported. 

MXRAM

    N   Use N Mbytes of RAM.  The default is 16 MB. 

        Must be changed before reading the data, or the  

        data will be lost. 

    ;  report amount of free RAM 

MXPROC

    N   allow up to N nested input files (default=10) 

NAKED

    =   show tree diagrams with numbers (default) 

· without 
    ]   draw trees in narrow format 

    [   in default (=wide) format 

NELSEN

    Calculate strict consensus tree 

    N/L    display consensus for tree(s) N, excluding taxon (taxa) L 

    *N/L   same, but keep consensus as last tree in memory 

NSTATES

    N   set maximum number of states in matrices to be subsquently read to N 

        Maximum number allowed for discrete data is 32 states.
        Letters A-J are states 10-31. 

        Using the strings "DNA," "PROT," or "NUM," determines 

        whether data are read as dna, amino-acids, or alpha-numeric. The 

        string NUM must be followed by the number of states; DNA or PROT 

        automatically set number of states to 8 or 32. Under DNA or PROT, 

        IUPAC one-letter codes represent nucleotides or amino-acids. 

        For DNA, AGCT are states 0123 respectively; for proteins, 

        A,C,D,E,F,G,H,I,K,L,M,N,P,Q,R,S,T,V,W,Y,U are states 0-20. 

    *   resets all characters as alphanumeric; subsequent 

        merging of data sets with different data sets becomes easier if all 

        data sets are saved as alpha-numeric 

    min deletes uninformative states for non-additive characters, so that 

        each character has as few distinct states as possible 

    /   followed by the strings "DNA," "PROT," or "NUM,"  determines 

        how to read states in commands that refer to states (i.e. cost, or 

        change commands).  This does not alter the matrix itself. 
Technical note: 8 or fewer states is stored as char, 9 to 16 as short int and 17 to 32 as long int.  

OUTGROUP

    N   make taxon N the outgroup (default = 0 ) 

PROCEDURE

    Redirect input 

    proc XXX;   take commands from file XXX 

    /;      close input file (include at end of file) 

    :XXX;   read batch menu instructions from file XXX and run them 

PAUSE

    =   enable pauses 

    -   don't (default) 

PIWE

    -     set implied weighting off (=default ) 

    =N;   set it on, with weighting constant N 

    :N    set weighting constant only 

    [     followed by a list of weights, sets relative weights for 

          implied weighting (starting from 0 extra steps). Followed 

          by a semicolon, displays current relative implied weights 

    ];    deactivates user-defined implied weights 

PRUNCOM

    Find pruned combinable component consensus.  Syntax as in  

    "prunnelsen" --options + and ! not allowed. 

PRUNNELSEN

    =P N/L Show pruned trees with up to P taxa pruned (default=1) 

           for consensus of tree(s) N, excluding taxon (taxa) L. 

           Checks whether additinal groups appear. 

    [J]    same, but only for node J of consensus 

    &      show list of prunings that improve consensus 

    *      store prunings that improve consensus (pruned 

           taxa are placed at the base of the tree) 

    >N     show only prunings that improve more than N nodes 

    +      calculate agreement subtree (cannot be used with 

           =, [N], or >, but can be used together with * or &). 

           Agreement subtrees maximize number of shared taxa, 

           not number of shared groups (although both are the 

           same for binary input trees) 

    !      approximate calculation of agreement subtree (for 

           binary input trees only). If used alone quickest, 

           if used with + intermediate. Saves or lists a single 

           tree. 

 PRUNTAX

    N/L   prunes taxon (taxa) L from tree(s) N.  If symbol 

          "!" is used as taxon list, it prunes all inactive 

          taxa. 

QCOLLAPSE

    =     quick pre-collapsing during searches under mulpars (default) 

    -     no quick pre-collapsing 

QNELSEN

    Estimate consensus. Options are: replications N, select N, strictperc N, 

    majorcut N.  Search commands given in square brackets. Taxon exclusion with 

    "/" followed by list of taxa to exclude (from consensus; not from searches) 

    For each search, trees are collapsed according to current criterion. 

QUOTE
[Nona: MESS]

    copy from input to output until a semicolon is found 

    (if literal quotes is off, start on a new line, otherwise 

    new lines on output reflect new lines on input) 

QUIT

    quit the program 

RANDTREES

    N J K  create N random trees, by adding taxa at each pre-existing 

          branch with same probability, probability J of collapsing  

          the new node, with up to K-furcations (default J = 0 ) 

    /      randomize tree order 

    *      randomly resolve non-binary trees 

RATCHET

    Ratchet, from trees in memory.  Options are:  

       iter N           number of iterations 

       [no]equal        periodic rounds with original weights [not] 

       numsubs N        number of replacements to do in perturbation phase 

       upfactor N       probability of upweighting a character 

       downfact N       same, for downweighting 

       [no]autoconst N  number of auto-constrained cycles 

       [no]giveup N     percentage of full swap to complete during perturbation 

       [no]fuse NxR     every N iterations, do R rounds of fusing to the N 

                        trees 

       [no]dumpfuse     if fusing fails to produce a better tree, [don't] 

                        dump all the suboptimal trees 

       findscore N      if score N or better found, stop 

    Options are set with "ratchet:[options];" or "ratchet=[options];" 

    (first case changes settings only, second case runs as well). With 

    "ratchet:;" current settings are displayed 

RDIR

    xxx    set path for "run" files 

RECONS

    N/L;    most parsimonious reconstructions for character(s) L, tree(s) N 

REPORT

    =         report status of time-consuming operations 

    -         don't (default) 

    +S/R/T;   during searches, record status every S seconds, R replications, 

              or T trees swapped (no record = 0 ) 

REROOT

    N   re-root tree(s) N, using current outgroup 

RESAMPLE

    Resample matrix, and calculate group supports. 

    Usage: "resample options [ search commands ];"  Options are: 

       jak             use normal jacknifing (i.e. independent deletion) 

       sym             use symmetric resampling, with p(up)=p(del) 

       boot            use normal bootstrapping 

       poisson         use Poisson-modified bootstrapping 

       probability N   change probability for "jak" or "sym" 

       replications N  number of replications 

       cut N           cutoff frequency or support 

       [no]slope           summarize results with frequency slopes 

       [no]gc              summarize results with frequency differences 

       [no]frequency       summarize results with absolute frequencies 

       from N          calculate support for goups in tree N 

       savetrees       save consensus for each replication 
       zerowt          if doing symmetric resampling, eliminate (give 

                       weight 0) downweighted characters (=default); 

                       otherwise, divide their weight by 2 (uncontra- 

                       dicted groups appear in all replicates) 

    Taxa can be excluded from consensus calculations, using "/" followed  

    by the list of taxa to exclude.  All options are persistent, except 

    taxon exclusion and "from". 

If more than one type of resampling is specified, only the last in the list will be performed. To perform multiple different resampling analyses the command must be repeated in full.


N.B. the square brackets are required to distinguish the search specification from the other options.
RESOLS

    N/L;   show resolutions of polytomies in consensus of tree(s) N, 

           excluding taxon (taxa) L 

    [J]    same, only for node J of consensus 

    &      list resolutions 
RIDDUP

    ;    deactivate duplicate taxa (according to current 

         character activities) and prune trees 

    *;   same, but leave at least two identical taxa 

         active/in tree 

    -    reactivate and reinsert duplicate inactive taxa 

RSEED

    N    set random seed as N ( 0 = time ; default = 1 )  

    +N   increase random seed by N 

    *;   set a new random seed, at random 

    [;   in wagner trees, randomize insertion sequence 

    ];   in wagner trees, try insertions for new taxa from 

         top to bottom, or from bottom up (=default) 

    :N;  in multiple randomizations, instead of making sure 

         that each new seed is different from the ones used 

         before, increase the seed by N.  This may save time 

         in very extensive randomizations (where checking 

         previous seeds takes time).  When N=0, checks previous 

         seeds (this is the default). 

RUN

    xxx arg1 arg2 ... argN;     parses file xxx, replacing %%i by argi 

SAVE

    N    save tree(s) N 

    /    save last tree in memory (mainly useful when this is the consensus tree)
SCREEN

    NxL   use screen of N lines and L rows 

SCORES

    N  calculate tree-scores (length or fit), for tree(s) N 

SECTSCH

    Do sectorial-search, starting from pre-existing trees. Options are: 

      rss          do random sector selections 

      css          do constraint-based selections 

      [no]equals   accept equally good subtrees 

      minsize N    minimum size for random selections 

      maxsize N    maximum size for random selections 

      minfork N    minimum fork for constraint-based selections 

      maxfork N    maximum fork for constraint-based selections 

      increase N   factor to increase size if enough selections of current 

                   size completed. New size is S = S + ( ( S * N ) / 100 )  

      selfact N    factor to determine (under random selections) maximum number  

                   of selections of size S, for T (active) taxa.  Maximum 

                   number, M, is determined as M = ( T * 100 ) / ( N * S ). 

      moveon N     if N selections fail to produce a better score, move on 

      godrift N    sector size above which tree-drifting (not RAS+TBR) is used 

      drift N      for drifted sectors, use N cycles of drift 

      starts N     for sectors below minsize, number of randaddseqs plus TBR 

                   (if first N yield same score, stop, else do N more starts) 

      rounds N     for constraint-based selections, cycle N times over groups 

      global N     for smaller selections, do global TBR every N replacements 

      dglobal N    same, for larger selections 

      findscore N  stop drifting on tree if score N found 

      slack N      make N percent extra memory for searches (prevents 

                   memory errors during runs 

      [no]keepall  keep only the best trees [don't] 

      [no]safesank for sankoff characters, use strict checking (=default) 

                   to identify uninformative characters for reduced data set 

                   (looser checking may produce small speedups, but may miss 

                   better trees for complex transformation costs). 

Options are set with "sectsch:options;" or "sectsch=options;" (using 

    ":" only settings are changed; "=" runs as well). With "sect:;"  

    current settings are displayed. 

SHORTREAD

    xxx     read trees (compact) from file xxx 

    =N xxx  same, but place them in group N 

    >N xxx  same, but add them to group N 

SILENT

    Control output to xxx: 

       =xxx;    no output to xxx. 

       -xxx;    output to xxx. 

    "xxx" can be "file" or "buffer." 

SMATRIX

    =N (name) [costs] 

        defines a step-matrix.  Syntax for costs is as in 

        "cost" command.  N must be a number 0-31.  Name is optional.  

    +name N 

        apply step matrix of specified name to character(s) N 

SORT

    N     sort tree(s) N, from best to worst 

SUBOPT

    NxR   set suboptimal to N, relative suboptimal to R (note: relative 

          suboptimal is measured against tree being swapped, not against 

          best tree(s) found).  Values of suboptimal used for subsequent 

          searches, or when collapsing trees with SPR or TBR. 

SVTXT

    J K  save text-buffer lines J to L to output file (default = all) 

TABLES

    =   use optional table format 

    -   use default table format 

    /N  use N significant digits for floating point values (default=2) 

TAXCODE

    -N;   de-activate taxon with number/name N (no N: show inactive taxa) 

    +N;   activate (no N: show active taxa) 

TAXLABELS

    N      report name of taxon N 

    xxx    report number of taxon named xxx 

TAXNAME

    =          when referring to terminal nodes, use names 

    -          don't (=default) 

    /XXX N     rename taxa N as XXX (if XXX is *, rename at random) 

TCHOOSE

    N   select tree N (use scopes, + and -) 

TCOMP

    M N/L     show groups in tree M absent from N, excluding taxon (taxa) L 

    =J M N/L  same, keeping tree as tree # J 

    *M N/L    same, keeping tree as last memory tree 

    [         show only compatible groups 

    ]         show only contradictory groups 

TEQUAL

    Show duplicate trees 

TFUSE

    /S C T; create a new tree from trees S ("source") and T ("target") 

            inserting clade C of tree S into equivalent position of tree T 

            (clade C must be present in both trees; trees must be complete 

            and binary) 

    N   fuse set of trees N, and add resulting trees to existing set of trees. 

    Options (possibly preceded by "no" and defaults in parentheses):  

          equals       accept exchanges of equal score (don't) 

          beststart    use best tree to start (use it) 

          choose       choose only those exchanges that improve best score 

                       found so far (don't) 

          swap         after exchanging clades, do TBR swap (swap) 

          repeat       for every individual fuse, re-fuse trees until  

                       no exchanges improve it 

          minfork N    if node is less than an N-polytomy in consensus of 

                       both trees, skip exchanges (3) 

          rounds N     use N rounds (5) 

          keepall      keep all trees found instead of the best only (best only) 

    Options are set with "tfuse:options;" or "tfuse=options;" (using 

    ":" only settings are changed; "=" runs as well). With "tfuse:;" 

    current settings are displayed. 

TGROUP

    Define group(s) of trees 

    Usage: 

         tgroup =N (xxx) J [K L M] len=X nod=X siz=X mono *R; 

    places in group number N (0-31), optionally named "xxx," the tree(s) 

    subsequently specified with J (tree(s) number J), or in group(s) 

    K and L and M, or having a length, number of resolved nodes, or 

    terminals included, equal to X, or satisfying constraints, or R  

    trees chosen at random.  Symbol = can be replaced by > or < in  

    the case of len, nod, or siz. If the =N is replaced by >N or <N, 

    subsequently specified trees are added or removed from group N. 

    Several =N (or >N or <N) can follow a command; every one takes 

    into account previous ones.  Subsequent to definitions of tree groups, 

    group(s) of trees can be identified within scopes by referring to them 

    enclosing the group number/name in curly braces.By default, trees 

   read or calculated are placed automatically in groups; this can be 

   toggled with "tgroup/;". 
         tgroup -N;  undefine group N
TIMEOUT

    set timeout for searches (dd:hh:mm:ss) 

TNODES

    N   count nodes in tree(s) N 

TPLOT

    N   show tree(s) N. 

    *N   show tree(s) N in parethetical notation. 

        (if "pre-view" is ON, <enter> moves to next tree, <backspace> to previous 
    /   shows only last tree in memory (mainly useful when this is the consensus tree)
TREAD

    read tree(s) in parenthetical notation; semicolon ends; 

    '*' separates trees.  Using "=N" (or ">N") as first argument, the 

    trees are placed in (or added to) group N 

TSAVE

          open tree files (with + at the end, append) 

    xxx   open in compact (default) mode 

    *xxx  open in parentethical notation, using taxon names 

          or numbers (see under "taxname") 

    /     close tree file 

TSHRINK

    Define groups of terminals to shrink tree. Usage: tshrink =N name list ; 

    Replacing N by "+" names next available group of taxa.   Symbols  

    "]" and "[" deactivate/activate subsequently specified shrinks; 

    symbol "-" undefines them 

TSIZE

    N   count number of taxa included in tree(s) N 

TTAGS

    ;       show tree tag(s). 

    =       store tree tags for subsequent tree printing command(s) 

            (first tree printing command sets the target tree) 

    -       clear all existing tags 

    +N txt  write txt to node N of target tree 

    *N      set tree N as target tree (no labels written). 
    !       set the last as target tree 

    /;      save tags in a readable form
TXTSIZE

    N     set size of display buffer to N Kb 

    ;     report buffer usage 

WARN

    =   issue warnings 

    -   don't (default) 

WATCH

    =   time execution of commands 

    -   don't (deafult) 

XCOMP

    N    compare fit, character by character, between reference tree and 

         tree(s) N.  Must have defined a tree as reference, with "xcomp =X." 

XGROUP

    define character group(s).  Syntax is as in "tgroup" (but options "len",  

    "nod", "siz", or "mono" are not allowed, and option "/" automatically 

    creates a group with each data block) 

XINACT

    Deactivate all uninformative characters in matrix 

XMULT

    Run multiple replications, using sectorial searches, drifting,  ratchet 

    and fusing combined.  Options are: 

      hits N             produce N hits to best length and stop 

      replications N     for each hit, search initially with N replications 

      [no]targetscore N  search until score N found (only with fusing) 

      [no]update         do not update targetscore 

      [no]giveupscore N  give up search as soon as score N found 

      [no]rss            use random sectorial searches (settings with 

                         sectsch:options) 

      [no]css            use constraint sectorial searches (settings with 

                         sectsch:options) 

      [no]fuse           use fusing (settings with tfuse:options) 

      [no]gfuse N        every N hits, fuse all trees (=score check) 

      [no]dumpfuse       if fusing fails to produce trees of target score, 

                         dump the trees produced by fusing (may prevent 

                         "clogging" of subsequent fuses by keeping only the 

                         most distinct trees 

      [no]drift N        use N cycles of drifting (settings with drif:options) 

      [no]ratchet N      use N cycles of ratchet (settings with rat:options) 

      [no]autoconst N    use consensus of previous run and initial stages of 

                         current as constraint for initial stages. 1=previous 

                         and wagner, 2=previous and SPR, 3=previous and TBR.  

                         The first replication of a new hit is never 

                         constrained (i.e. hits are totally independent) 

      [no]xmix           after unsuccesful fusing, start a new set of  

                         replications as autoconstrained (otherwise, don't) 

      [no]consense N     consense untill consensus is stabilized N times 

      conbase N          base hits to check for consensus stabilizations 

                         (larger numbers make more reliable estimations) 

      confactor N        factor to increase number of hits to check consensus 

                         stabilization (10-100, larger numbers: more reliable) 

      conmax N           maximum new hits to recheck consensus (default=12) 

      [no]keepall        keep trees from all replications 

      [no]retouch N      before trying new replications, repeat sectorial 

                         search and ratchet/drifting 

      level N            set level of search (0-10). Use 0-2 for easy data 

                         sets, 2-5 for medium, above 5 for difficult 

      chklevel N         check search parameters during run, every N hits. 

                         The parameters are increased or decreased, starting 

                         from user settings.  If N is preceded by +F (between 

                         0 and 2), the entire level is changed by F. If N is 

                         preceded by -, user settings are starting point 

      [no]multiply       after hitting target score, find additional trees 

                         by fusing suboptimal with optimal trees 

      [no]verbose        produce verbose reports 

    Options are set with "xmult:options;" or "xmult=options;" (using 

    ":" only settings are changed; "=" runs as well). With "xmult:;" 

    current settings are displayed.  If consensing, / followed by a taxon list 

    removes the specified taxa from the consensus (this must follow all the 

    other options). 

XPERM

    N/L;   permute states within character(s) N, for taxa L 

    -;     undo last permutation 

XREAD

    Read data (Hennig86/NONA format; interleaved: each block preceded by "&") 

    Editing data: 

         =C T S  set states for taxon T, character C, to set S 

    Saving data: 

         *       all chars.  (followed by "*" also saves char. settings) 

         -       only active  (followed by "*" also saves char. settings) 

         [       only active, randomizing order of characters (=mangling) 

    Generating data:  

         /C T N;   random data with C characters and T taxa (each of N states 

                   equiprobable at each cell) 

         +T P C N; Neyman/Jukes-Cantor data, using tree T as model, probability 

                   of stasis P, C characters, and N states.  If P = 0 , then it 

                   assigns branch lengths at random. 

UNIQUE

        discard duplicate trees (without collapsing) 

    *   collapse first and then discard duplicates 

UNSHARED

    =   prune unshared taxa from trees when calculating consensus (default) 

    -   don't 

USMINMAX

    N =M  set minimum number of steps for (sankoff) character(s) N to M 

          (if 0, turns user-minimum off for the character(s) specified). 

    +N    set maximum number of states for all sankoff character(s) N to M 

          (in optimization, try those states even if absent in terminals) 

WINDOW

    =    show window 

    -    don't (minimize)

ZZZ

       Go to sleep!! (=quit) 

Macro commands

General settings

MACRO

    =        activate macro language 

    -        deactivate 

    *K N     re-set max. number of loops as K, user variables as N 

    [N       re-set memory to be used by macro language as N (KB) 

    +        in macros, read taxon/character names as numbers 

    !        don't read taxon/character names as numbers 

    prot N   set protection level for macros as N 

                0  no protection 

                1  check whether accesses to arrays are within dimensions 

                2  prevent re-assembling of multidimensional arrays by user 

MACFLOAT

    Determine floating-point options for macro language 

    =;        floating point calculations enabled 

    -;        use only integer calculations (saves memory space, not speed) 

    N;        if floating point enabled, uses N decimal digits when printing 

              floats (0 uses no digits; equivalent to integer only, but 

              uses more memory) 

    e;        if floating point enabled, use exponential notation 

    *;        if floating point enabled, use default printing mode 

MACSEED

    N   set seed for random number generator for macros 

LINUX 

      if linux version return 1, 0 otherwise 

WINDOWS 

      if windows version, return 1, 0 otherwise 

CHKBREAK

    Check for user interrupt 

RESETTIME

    re-set time for macros 

Program flow

IF; ELSE; END; retained

    Take decisions.  Expressions are as in C, but with 

    precedence always evaluated from left to right, for 

    all operations/comparisons.  Use parentheses to change 

    precedences.  Operators: + - * / and bitwise AND/OR/XOR (&|^) 

    Comparisons (==, !=, >, <, >=, <=) take on value 0 or 1. 

    Use && and || for logical AND/OR, and ! for negation. 

    Every IF must be matched by either END or ELSE. 

ELSE

    execute subsequent block of instructions when preceding IF not fulfilled 

END

    finish an IF block 

LOOP

    Do a loop, of the form:  

                            loop X Y+Z  (actions)  stop 

    this repeats (actions) from X to Y, increasing (or  

    decreasing) by Z (default Z = 1).  The expression "#N" 

    is replaced by the value corresponding to Nth loop.  The 

    default maximum number of nested loops allowed is 15, but 

    can be changed with macro* to any number 

CONTINUE

    skip to next loop iteration 

SETLOOP

    N;     reset loop to N 

ENDLOOP

    terminate loop 

GOTO

    fname N [args];   goto file "fname", and start parsing from 

                      point labeled N (with "label N;") 

    =fname;           define "fname" as default target 

    -;                undefine default target 

LABEL

    N;     mark point as label (see "goto"). 

RECURSE

    recursively call the input file being parsed (arguments 

    to "recurse" are passed to the input file) 

ERRMSG

    xxx;   call error handler with error xxx 

Branch swapping

SPRIT

    "sprit N (commands) stop" does SPR to tree N, executing "commands" 

    for each rearrangement (see also resetswap, endswap) 

TBRIT

    "tbrit N (commands) stop" does TBR to tree N, executing "commands" 

    for each rearrangement (see also resetswap, endswap, continue) 

ENDSWAP

    terminate swapping 

RESETSWAP

    save current rearrangement and re-start swapping  

    (valid only within tsprit ot tbrit commands) 

COPYTREE

    X Y;    copy tree X to tree Y (if no Y is specified, tree 

            X is added as last memory tree) 
Variables

SET

    Set value of user variables 

SETARRAY

    J,...,K,L  XXX  

           set all cells of variable XXX, of dimensions Jx...xLxK (expression 

           must be followed by Jx...xKxL values, ending with a semicolon) 

PRIVATE

    N;     keep N variables (besides named ones) as private 

SAFE

    xxx N ;  string xxx can be "vars,", "loops,", or "ram"; it checks 

             whether N variables, loops, or bytes for macro are free, and 

             reports an error otherwise 

VAR 

    N;       report name and value of variable N (no N = all vars.) 

    /N;      same, using bits (up to 30) 

    = N XXX; name variable number N as "XXX."  Replacing the N by a '+' 

             names the next variable. Variables cannot be renamed, but 

             variables named within a file can be denamed with '-'.  This 

             allows variables to behave as "static" within a file.  If 

             several variables have identical names, using the name 

             accesses the last one named (e.g. in the current file). 

    -N;      dename all variables above N (no N = all variables named from 

             within the current input file. 

    N;       if N is defined as an array, report all the values in the array 

    N*;      same, saving in "setarray" format (readable by the program)

I/O

RETURN

    N;     Close input file and set value of internal variable "exstatus" to N  

OPENDLG

    Open a dialog, with controls.  Syntax is:  

    opendlg coords title ;  

       SHOWTEXT coords text ;    // display "text" 

       GETTEXT var coords ;  // read text into var 

       CHECK var coords text ;   // write result (yes/no) to var 

       CHOOSE var coords 

          text  

          text  

          text        // write to var number of choice selected (0-5) 

          text        // note only last option ends with semicolon 

          text ; 

       FRAME coords text ;  // define frame text and coords 

       SUBDLG coords text ; //  coords and text for sub-dialog button 

           coords text ;      //  coords and text for sub-dialog itself 

           .....  

           .....             (sub-dialog definition) 

           .....  

           closedlg;          // end sub-dialog 

       SPIN from to var coords text ;   // write choice to var 

       TAXSEL var coords ;     // write list of taxa (0/1) in var 

       CHARSEL var coords ;    // same, characters 

       TREESEL var coords ;    // same, trees 

    closedgl ;  

    Use '+' and '-' to indicate subordination of some control(s) to the  

    preceding check or choice control (with +, control is active when parent 

    is active, with - it is active when parent inactive); use = to indicate 

    that subsequent controls are not subordinated.  An expression in square 

    brackets immediately preceding the type of control (or the coordinates, 

    in the case of options in a choose control), makes the control (and all 

    subordinated controls) permanently inactive if the expression evaluates 

    as false when dialog is created.  Alternatively, the expression [+N]  

    or [-N] preceding the coordinates of a choice in a choice control, 

    subordinates only that choice to the control N (N must have already  

    been defined in the dialog; cannot subordinate to subsequent controls). 

    When leaving main dialog, exit status is written to exstatus  

    (OK=1, Cancel=0). 

GETFNAME

    expression "getfname var read/write title;" writes the 

    name of a file to open in variable var, using "title" 

    as title for the dialog box (read or write must be specified 

    before the title). 

BREMLIST [options]

      write bremer supports (options as in "bsupport" command) for node N

      into Nth cell of array (listsize = # of values, 0 for all terminals) 

FREQLIST [options]

      write frequencies (options as in "majority" command) for node N

      into Nth cell of array (listsize = # of values, 0 for all terminals) 

FREQDLIST [options]

      write frequency differences (options as in "freqdifs" command) for node N

      into Nth cell of array (listsize = # of values, 0 for all terminals) 

MAKETABLE

        Followed by number/name of one-dimensional array, displays in a table 

        the values for the array (copying everything from the array name to a 

        semicolon into the table title).  Using '*' as first argument, it 

        displays two arrays in a combined table.  Maketable is illegal when 

        macro protection is off; combined tables are illegal when floating 

        point is enabled.  Only values >= 0 can be displayed.  In double 

        tables, if one array has more values than the other, the invalid cells 

        are displayed as "0." 

MACREPORT

    =     inform results of comparisons/assignments during macros (=debugging) 

    -     don't (default) 

PROGRESS

    create/update progress bar. Usage: progress j k text, where 

    j= done, k= to do, text= everything until a semicolon is 

    found.  Always must close progress bar with "progress/;" 

Macro functions and variables

absicnl 

      current value of absincl  

allvars 

      number of variables named 

argnumber 

      number of arguments passed when calling a run file  

anc [ T N ]

      ancestor of node N in tree T  

break 

      current value of break  

collapse 

      current value of collapse 

comnod [ T N1 N2 ... Nn ]

      node common to nodes N1 , N2 ... Nn, in tree T 

cost [ C S1 S2 ]

      cost of transforming from state S1 to state S2, in character C 

contmins [ C N T ]

      minimum value in continuous character C, for node N, tree T 

contmaxs [ C N T ]

      maximum value in continuous character C, for node N, tree T 

distnod [ T N1 N2 ]

      distance (=branches) between nodes N1 and N2 

downlist [ T ]

      write list for downpass (htu's only) in array (listsize = # values) 

deslist [ T N ]

      write list of descendants in array (listsize = # values) 

stringend [ var ]

      user variable where string starting at variable var ends 

eqgroup [T1 N1 T2 ]

      node of tree T2 that corresponds to node N1 in tree T1

      (0=none, compatible; -1=none, contradictory) 

eqstring [ X Y ]

      are strings X and Y identical ? 

eqtrees [ T1 T2 ]

      are trees T1 and T2 equal ? 

exstatus 

      last exit status (set with "return") 

fit [ T C ]

      fit (=adjusted homoplasy) of tree T (optional, character C) 

gcomp [ T1 N1 T2 N2 ]

      are nod1 and nod2 compatible?

      0 - incompatible

      1 - nod1 includes nod2

      2 - nod2 includes nod1

      3 - nod1 equals nod2

      4 - nod1 and nod2 are disjunct 

getrandom [ from to ]

      a random number between from and to 

getresponse [ text ]

      display text and return response to yes/no/cancel (1/0/2) 

gfreq [ T N ]

      frequency of group N from tree T 

grouplist [ T N ]

      write list of terminals included in group (listsize = # values) 

homo [ T C ]

      homoplasy of tree T (optional, character C) 

isact [ C ]

      is character C active ? 

isactax [ N ]

      is terminal N active ? 

isactax [ N ]

      is terminal N active ? 

isadd [ C ]

      is character C additive ? 

issank [ C ]

      is character C a sankoff character ? 

isanc [ T N1 N2 ]

      is node N1 an ancestor of N2, in tree T ? 

iscont [ C ]

      is character C continuous ? 

isinagroup [ G N ]

      is terminal N in taxon group G ?  

isinfo [ C ]

      is character C informative ? 

isintree [ T N ]

      is node (or terminal) N present in tree T ? 

isintgroup [ G T ]

      is tree T in tree group G ?  

isinxgroup [ G C ]

      is character C in character group G ?  

ismono [T N1 N2 ... Nn ]

      is (N1 N2 Nn) monophyletic on tree T ? 

length [ T C ]

      length of tree T (optional, character C) 

listsize 

      report number of values stored in last call to list-making 

log [ N ]

      natural logarithm of number N 

macseed 

      current value of random seed for macros 

maxstate [ C ]

      largest state in character C 

maxsteps [ C ]

      maximum possible number of steps (optional, for char. C) 

maxtrans 

      max. number of transformations (as in change) 

maxtrees 

      current value of maxtrees 

maxval [ start num ]

      maximum value of variables from start to num+start 

maxvars 

      number of user vars. - 1  

meanval [ start num ]

      average value (as integer) of variables from start to num+start 

minsteps [ C ]

      minimum possible number of steps (optional, for char. C) 

mintrans 

      min. number of transformations (syntax as in change) 

minval [ start num ]

      minimum value of variables from start to num+start 

missing 

      return set of all possible states 

mono [ T ]

      does tree T fulfill defined constraints ? 

nchar 

      number of characters - 1 

nnodes [ T ]

      total number of nodes (htu's and otu's) in tree T 

nodfork [ T N ]

      number of (direct) descendants of node N in tree T 

nstates [ C ]

      number of states in character C 

ntax 

      number of taxa - 1 

ntrees 

      number of trees - 1 

numdes [ T N ]

      number of terminals belonging to node N in tree T 

outgroup 

      current outgroup taxon 

percswap 

      when running sprit or tbrit, percentage of swapping done 

power [ X Y ]

      X to the power of Y 

protmode 

      protection level 

randomlist [ X Y ]

      write random list, from 0 to X-1 (optionally, Y indicates first value) 

report 

      current value of report 

rseed 

      current value of random seed 

score [ T C ]

      length or fit of tree T (optional, character C) 

sister [ T N ]

      return sister of node N in tree T (if polytomous, last sister = -1) 

states [ C N T ]

      state(s) for (discrete) character C, node N, tree T 

time 

      time (in secs.) since program started running 

tnodes [ T ]

      number of groups (=nodes) in tree T 

tsize [ T ]

      size of tree T 

uplist [ T N ]

      write list for uppass (htu's only) in array (listsize = # values) 

weight [ C ]

Search parameters – default settings

The following are the default settings for the search parameters in TNT: 

Branch-swapping settings:

     * swap trees with TBR (clustersize 15) 

     * Mulpars is ON 

Settings for multiple random addition sequences:

     * 10 random sequences

     * saving up to 10 trees per replication

     * swapping trees with TBR

     * keeping only the best trees found 

Sectorial search settings: 

     * Random sector selections

        - Min. size 24, max. size 24

        - Max. selections for size S is M = ( T/S * 100 ) / ( 100 - 43 )

        - Increasing size in 75% when M selections made

          That is, run 3 sectors of 24 nodes

     * Sectors of size 75 or less analyzed with 3 RAS+TBR

       (and extra 3 starts if the first 3 produce score differences).

       Doing global TBR every 2 substitutions in small sectors.

     * Not accepting equally good subtrees 

Settings for tree-drifting:

     * 30 iterations

     * 20 substitutions

     * Max. absolute fit diff.: 1

     * Max. relative fit diff.: 0.20

     * Rejection factor for suboptimal trees: 3.00

     * Autoconstrained cycles: 0

     * Stopping when 99% of perturbation phase completed

Ratchet settings:

     * 50 iterations

     * 20 substitutions

     * equally weighted cycle: yes

     * Probability of up-weighting: 4

     * Probability of down-weighting: 4

     * Autoconstrained cycles: 0

     * Stopping when 99% of perturbation phase completed 

Tree-fusing settings:

     * Not accepting exchanges of equal score

     * Using 5 rounds of fusing

     * Starting from best tree

     * Keeping all the trees

     * Accepting all exchanges that improve initial score(repeating)

     * Swapping trees with TBR after fusion 

Extra search settings: 

     * Using 5 replications as starting point for each hit

     * Each replication initially autoconstrained (previous and wagner)

     * Each replication with constraint and random sectorial searches,

       with no ratchet, with no drifting, and with fusing (3 rounds) 

     * Finding best score 1 times (=hits)

     * Not consensing trees during search

     * Multiplying trees by fusing after hitting best score

     * Saving no more than 1 trees per replication 

      weight of character C 
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