trees.sty – A Package for Typesetting Trees

Manuel Kauers

February 24, 2003

Abstract

This package provides L^ATEX-macros for typesetting trees in an optimal way which makes optimal use of horizontal space. Tree nodes may contain arbitrary material, tree edges are composed of vertical and horizontal lines.

Contents

1 Usage 2 1.1 What the package can do . . . . . . . . . . . . . . . . . . . . 2 1.2 How you get it to do it . . . . . . . . . . . . . . . . . . . . . . 3 1.3 Customisation . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 1.4 Bug parade . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

2 Algorithmic Background 9 2.1 Basics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 2.2 Synchronisation of Levels . . . . . . . . . . . . . . . . . . . . 10 2.3 Removing Superfluous space . . . . . . . . . . . . . . . . . . . 10 2.4 Wish List . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

3 Implementation 12 3.1 Allocation of recources . . . . . . . . . . . . . . . . . . . . . . 12 3.2 Tools and Environment . . . . . . . . . . . . . . . . . . . . . 13 3.3 Public customisation . . . . . . . . . . . . . . . . . . . . . . . 19 3.4 Tree Typesetting . . . . . . . . . . . . . . . . . . . . . . . . . 19

1 Usage

1.1 What the package can do Trees?

The purpose of this package is to provide the user with macros that allow him/her to typeset trees. A tree is recursive structure which is either a node or a node together with a set of (sub-)trees. It looks like this: Grandfather and Grandmother Uncle and Aunt Cousine

Father and Mother Brother Nephew Niece Me Doughter Grandson Son Granddoughter

Sister Nephew Niece

Uncle and Aunt Cousine

There are already packages for this purpose Yes, but all of the packages that I was aware of at time of writing either wasted a lot of space, or they were to difficult to use, or they required to use packages which were in conflict with other packages I needed. After all, writing packages is kind of sports. . .

This package now aims to be both easy to use and smart in procuding nice output. A tree is considered nice if its horizontal expansion is small. For instance, most tree packages produce something like 0 1 2 3 4 5 6

because their implementation simply puts subtree next to subtree without considering shrinking the space between two neighbours if possible. When our package is asked to procuce the tree above, it will produce 0 1 2 3 4 5 6

which is quite nice according to the above definition of “nice.” In practice, trees tend to become very large, even reasonable trees don’t fit on one page, that’s why we regard the computation of small output as an important feature of a tree package.

The package does not support edges that go directly from one node to its parent – all tree edges are based on vertical lines which are centered with respect to the nodes they connect and with horizontal parts to connect the vertical parts accordingly.

1.2 How you get it to do it

A tree consists of a node and a list of subtrees where a subtree is a tree or a single node. In the latter case it is called a leaf. That’s everything you need to know. Put the trees.sty file into a directory where TEX will find it, say

\usepackage{trees} in the preamble, and you can continue like this:
   \tree{root}{%
    \leaf{leaf 1}
    \leaf{leaf 2}
    \leaf{leaf 3}
   } root

leaf 1 leaf 2 leaf 3

\tree
\leaf

The \tree command takes two arguments. The first argument contains the root of the tree and the second argument consists of an ordered bunch of subtrees which may themselves be trees or leaves. Here, \leaf is simply defined as \tree{#1}{} to save one {}.

Here is an example with a tree of depth 3:

\tree{$\top$}{%
 \tree{0}{%
  \tree{0}{%
   \leaf{0}\leaf{1}}
  \tree{1}{%
   \leaf{0}\leaf{1}}}
 \tree{1}{%
  \tree{0}{%
   \leaf{0}\leaf{1}}
  \tree{1}{%
   \leaf{0}\leaf{1}}}}

⊤ 0 0 0 1 1 0 1

1 0 0 1 1 0 1

The next example shows how different subtrees come close to each other. The example also shows that different nodes may change font properties like size or shape. In case of different node sizes the package will also take care that all nodes of the same level share the same ground line.

\tree{\textsc{An Example}}{
 \tree{\large
     \textbf{a long node}}{
  \leaf{\footnotesize
      short node}}
 \tree{\footnotesize
      short node}{
  \leaf{\large
      \textbf{a long node}}}}

An Example

a long node

short node short node

a long node

You might complain that the package does more than it should in the sense that in the result above the distance between the nodes of the same level are too small. Don’t worry, things like this are subject to global objects which will be discussed in the next section.

We conclude this section with a last example 0 1 2 3 4 5 6 7 8

9 10 11 12 13

14 15 16

17 18 19 20 21

22 23 24

25 26 27 28 29 30 31

32 33 34

35 36

37 38 39

40 41 42 43 44 45 46 47 48 49

50

1.3 Customisation

The tree generation depends on certain parameters which can be modified by the user. In the examples of this section, we will assume that \Tree is a macro which expands to the following definition:

\tree{\fbox{root}}{%
  \tree{left}{%
   \leaf{1}\leaf{\fbox{2}}\leaf{3}}
  \tree{middle}{\tree{middle}{%
    \leaf{\tiny tiny}
    \leaf{\small small}
    \leaf{\large large}
    \leaf{\huge huge}
  }}

\tree{right}{%
 \leaf{3}\leaf{\fbox{2}}\leaf{1}}}

In the normal setting this gives the following tree: root left 1 2 3 middle middle

tiny small large huge

right 3 2 1

The edge width

\edgewidth The TEX length \edgewidth denotes the thickness of the lines which are used for drawing the edges. Its default value is .3pt.

\edgewidth=0pt\Tree
\edgewidth=1pt\Tree

root left 1 2 3 middle middle

tiny small large huge

right 3 2 1 root left 1 2 3 middle middle

tiny small large huge

right 3 2 1

The level skip

\edgeheight The TEX length \edgeheight denotes half of the distance between two levels, i.e., the length of the vertical part of an edge which connects a node to the horizontal part of an edge. Here the default value is 3pt.

\edgeheight=0pt\Tree
\edgeheight=6pt\Tree root left 1 2 3 middle middle

tiny small large huge

right 3 2 1 root left

1 2 3 middle

middle

tiny small large huge

right

3 2 1

The left example shows that this value only specifies the desired length, in fact the minimum length. It might be stretched by the package in order to get nodes of different size to the same ground line.

The node distance

\nodeskip The TEX length \nodeskip denotes the desired amount of horizontal space between to consecutive nodes of the same level (regardless whether or not they belong to the same subtree). Again, this is only a minimum value which might be stretched locally by the package, if necessary. The default value is .5em.

\nodeskip=0pt\Tree
\nodeskip=1em\Tree

root left 123 middle middle

tinysmalllargehuge

right 321 root left 1 2 3 middle middle

tiny small large huge

right 3 2 1

The node separation

\nodesep The \nodesep TEX length denotes the distance of the box containing a node and the start of the vertical part of the edge which eventually connects this note to the others. The default here is again 3pt, and the package will not adjust this value locally as it does with others.

\nodesep=0pt\Tree
\nodesep=6pt\Tree root left 1 2 3 middle middle

tiny small large huge

right 3 2 1 root left

1 2 3 middle

middle

tiny small large huge

right

3 2 1

The node fontifier macro

\node The \node macro implements the template method design pattern. It is used by the package to typeset individual nodes. By its redefinition, it is for instance possible to define math mode trees

\def\mtree#1#2{{\def\node##1{$##1$}\tree{#1}{#2}}}

if desired. This allows to omit the math shifts when writing a tree whose nodes contain math material. (Note that only the outermost \tree needs to be changed to \mtree.)

\mtree{x^2}{%
 \leaf{\frac{1}{2}}
 \tree{x^{x^x}}{%
  \leaf{y_1}\leaf{y_2}}} x^2 1 2 x^{xx} y_1 y_2

We illustrate the usage of \node in the context of our \Tree example.

\def\node#1{\textbf{#1}}\Tree
\def\node#1{\textit{#1}}\Tree

root left 1 2 3 middle middle

tiny small large huge

right 3 2 1 root left 1 2 3 middle middle

tiny small large huge

right 3 2 1

The default definition is

\def\node#1{#1}

Vertical node orientation By default, nodes of the same level are arranged such that they share the same base line. This gives by far the nicest result, however, you are free to change to a different alignment policy. You have the choice to align levels with respect to

1. their base line (by \baselevels, this is default), 2. their vertical center (by \centerlevels), 3. their bottom (by \floorlevels), or to 4. their top (by \ceillevels).

On the \Tree example this looks as follows:

\baselevels\Tree \centerlevels\Tree
\floorlevels\Tree \ceillevels\Tree

root left 1 2 3 middle middle

tiny small large huge

right 3 2 1 root left 1 2 3 middle middle

tiny small large huge

right 3 2 1

root left 1 2 3 middle middle

tiny small large huge

right 3 2 1 root left 1 2 3 middle middle

tiny small large huge

right 3 2 1

1.4 Bug parade No bugs known. If you find one, please let me know: manuel@kauers.de.

2 Algorithmic Background

2.1 Basics

The typesetting of a tree proceeds in a divide and conquer approach. In order to typeset a tree t which has the root r and subtrees t_1, . . . , t_n, first compute recursivley boxed for t_1, . . . , t_n and a box containing r. Then put the boxes of t_1, . . . , t_n into an \hbox s (with appropriate distances between them). From the width of t_1, t_n and s the length of the horizontal edge can be computed easily. Taking the leftmost point of s as a basis, the horizontal part of the edge to typeset starts at width w(t_1)/2 and has length w(s) − (w(t_1) + w(t_2))/2. The final box containing t will be a vertical box (actually a \vtop) containing the following elements:

1. A vertical rule which eventually connects t to its parent (omitted if t doesn’t have a parent)

2. The root box r

3. A vertical rule connecting r with the horizontal part of the edge

4. the horizontal edge

5. the subtree array s

All elements except for the horizontal edge will be centered, the horizontal line will be put as described above.

This is the natural way to implement a tree algorithm in TEX, and it is also the idea underlying our implementation. However, quite a bit of work is necessary to tune this algorithm such that it produces nice results. There are essentially two problems:

1. Nodes of the same level need to be aligned. Only nodes of the first level of a tree are aligned properly, but two nodes of the same level but different subtrees might be shifted due to the existence of ancestors with different size.

2. Superfluous horizontal space between subtrees has to be removed.

The next two sections describe how the package deals with these two problems.

2.2 Synchronisation of Levels

This is actually the easier problem. Before we typeset the tree, we walk through it to do some measurements. We determine the depth d of the tree and for each level l_i (i = 1, . . . , d) we measure the maximum height and the maximum depth of all the node boxes at level l_i.

In the second walk through the tree, a counter will keep track of the current level, and from the array computed in the first walk, we lengthen the vertical parts above and below a node such as to fill it to the height/depth of the level.

2.3 Removing Superfluous space

We equip each tree t of depth d with two arrays of dimension d called skyline — a left one describing the left side of the tree and a right one describing its right side. For the skyline, we assume that the tree is enclosed by a rectangle of minimum size, and specify that the left [right] skyline vector maps an index i to the distance between the leftmot [rightmost] point of the ith level of t to this rectangle. For convenience, we define out-of-bounds values to infinity.

The concept is illustrated in the following example.

52.5pt

0pt

5.3pt

22.1pt

1 22222 3 4 5555 6 7 8 9 0 1 2 3 4 555 66

7777 8

52.5pt

19pt

0pt

5.1pt

In this example, the left skyline is [52.5pt, 0pt, 5.3pt, 22.1pt] and the right skyline is [52.5pt, 19pt, 0pt, 5.1pt].

Given two skylines s = [s_1, . . . , s_n], s^′ = [s^′_1, . . . , s^′_m], their distance d(s, s^′) is defined by

d(s, s^′) =^{min{m,n}}min_{k=1} (s_k + s^′_k).

Appending a value v to a skyline s is defined as usual list appending if v ≥ 0. If v < 0, however, it is defined by first shifting s by −v and then appending the value 0. Shifting a skyline s by v ≥ 0 means adding v to each of elements in the array s.

The notion of a skyline gives access to the amount of space which we might delete when typesetting two consecutive subtrees t, t^′. If s_l(t) is the left skyline of t and s_r(t^′) is the right skyline of t^′, then we consider the value d = d(s_l(t), s_r(t^′)). If it is less than \nodeskip, we put \nodeskip horizontal space between them, otherwise we put \nodeskip−d space, where a negative result means of course going to the left.

It remains to compute the skylines of a tree, but this is not too difficult. For a leaf there is nothing to do, both skylines are [0pt]. Assume the skylines are computed for the subtrees of a tree t, and we wish to compute the left skyline of t. The skyline of the leftmost subtree is a good starting point. The only nontrivial thing is to be aware of situations like in 0 1 2 333333333333333333333333333 4

where the left skyline is also influenced by the other subtrees. This is done by looping over all subtrees t_1, . . . , t_n. For each subtree t_i whose depth is higher than the maximum depth among the t_j (j < i), shift the left skyline of t_i by w(t_1, . . . , t_{i−1})+\nodeskip (where w(t_1, . . . , t_{i−1}) is meant to be the width of the partial subtree array including all spacings and shrinkings) and overlap it with the left skyline of t_1 which means append all overhanging elements. (Note the above definition of append in case they are negative.) Finally we incorporate the root by appending the value (w(r) − w(s))/2 where w(r) is the width of the root and w(s) is the width of the subtree array.

It is easy to see that the usage of horizontal space is minimized by this approach.

2.4 Wish List

Two more aspects could be dealt with, and might be incorporated into future versions of the package:

1. The skyline concept might also be used for vertical shrinking between two consecutive levels. In the following example, none of the vertical lines between the g/t levels has the desired minimum length

2\edgeheight.

a g g x t t_x

2. It might be that the position of the ith subtree in a list of subtrees is not yet uniquely determined by the constraints we have so far. If there is a degree of freedom, such subtrees should be placed centered with respect to their neigbours. 0 1 2 3 4 5 6 7 8 9 vs. 0 1 2 3 4 5 6 7 8 9

3. Edge labels would also be nice, although the style of the edges makes it difficult to find an appropriate place for them.

3 Implementation

The layout algorithm described in on the previous pages is of course simple enough to be implemented quickly in any higher programming language of choice. But to do in in TEX requires some work which to describe will be the content of the rest of this document.

1 \ProvidesPackage{trees}[2003/02/21]
2 \makeatletter

As usual, package private control sequences get a prefix. We choose the prefix \tree@.

3.1 Allocation of recources Allocation of boxes. . .

3 \newbox\tree@rootbox
4 \newbox\tree@subtreebox

. . . dimensions. . .

5 \newdimen\tree@firstnode
6 \newdimen\tree@lastnode

 7 \newdimen\tree@arraywidth
 8 \newdimen\tree@width
 9 \newdimen\tree@leftoverhang
10 \newdimen\tree@rightoverhang
11 \newdimen\tree@oldfirstnode
12 \newdimen\tree@oldlastnode
13 \newdimen\tree@oldarraywidth
14 \newdimen\tree@oldleftoverhang
15 \newdimen\tree@oldrightoverhang

. . . counters. . .

16 \newcount\tree@currentlevel
17 \newcount\tree@nosubtrees
18 \newcount\tree@oldnosubtrees
19 \newcount\tree@depth

Allocation and definition of public dimensions

20 \newdimen\edgewidth
21 \edgewidth=.3pt
22 \newdimen\edgeheight
23 \edgeheight=3pt
24 \newdimen\nodeskip
25 \nodeskip=.5em
26 \newdimen\nodesep
27 \nodesep=3pt

3.2 Tools and Environment

We need to prepare some infrastructure.

Remove spaces

The \tree@removespace macro serves as a “vacuum cleaner” for spaces which have been put prior to its statement.

28 \def\tree@removespace{%
29 \let\next\empty
30 \ifhmode
31 \ifdim\lastskip>0pt
32 \unskip\let\next\tree@removespace
33 \fi
34 \ifdim\lastkern>0pt
35 \unkern\let\next\tree@removespace
36 \fi
37 \fi
38 \next

39 }

Dimensions in Macros

  \tree@set
\tree@value
\tree@reset

We have to deal with quite a number of dimensions when typesetting a tree. Since the number of dimension registers is restricted to 256, we provide a mechanism to store them in macros. Arbitrary text t can be assigned to variables like x, technically there will be a macro \tree@@x which expands to t.

The \tree@set{#1}{#2} macro sets the value of a variable #1 to the value #2. If the variable has been used before, its value will be overriden, otherwise a new variable will be “allocated.” Variable values are global and not affected by grouping.

40 \def\tree@set#1#2{%
41 \expandafter\xdef\csname tree@@#1\endcsname{#2}%

42 }

The \tree@value{#1} macro expands to the value which is assigned to the variable #1. If nothing has been assigned to #1, an error will be raised.

43 \def\tree@value#1{%
44 \expandafter\if\csname tree@@#1\endcsname\relax
45 \PackageError
46 {trees}%
47 {Requesting value of undefined variable #1}%
48 {Defining #1=0pt}%
49 \tree@set{#1}{0pt}%
50 \fi
51 \csname tree@@#1\endcsname

52 } The \tree@reset{#1} macro finally allows to release a variable, i.e., forget its content and regard it as undefined.

53 \def\tree@reset#1{%
54 \expandafter\let\csname tree@@#1\endcsname\undefined

55 }

Skyline macros

We now turn to the definition of skyline macros. Skylines will be stored in lists; the dealing with lists implements the ideas outlined in the TEXBook p. 378f. We will assume that a skyline list never contains something else but dimensions.

We need two token registers for temp use.

                    56 \toksdef\tree@toksa=0
                    57 \toksdef\tree@toksb=2

  \tree@newskyline
\tree@emptyskyline

A constructor for new skyline “objects.” The \tree@newskyline{#1} macro creates a new skyline and assigns it to #1 which is assumed to be a control sequence. Actually there is no need to use this macro directly, because an empty skyline is an empty list, and the empty list is unique. We therefore once and for all also provide an empty list in the control sequence

\tree@emptyskyline.
58 \def\tree@newskyline#1{\def#1{\\}}
59 \tree@newskyline\tree@emptyskyline

What follows are macros to maintain skylines.

\tree@append The first thing is to append an item to an existing skyline. \tree@append takes a control sequence #1 containing a skyline and a dimension #2 in the form \the\counter or 5pt. Note that appending a negative length l < 0 to a skyline is defined to append 0 to the skyline shifted by −l.

60 \def\tree@append#1#2{%
61 \expandafter\ifdim#2<0pt%
62 \tree@shift#1{-#2}%
63 \tree@append#1{0pt}%
64 \else
65 \edef\@tempa{\noexpand\\#2}%
66 \tree@toksa=\expandafter{\@tempa}%
67 \tree@toksb=\expandafter{#1}%
68 \edef#1{\the\tree@toksa\the\tree@toksb}%
69 \fi

70 }

\tree@appendRev This version of append is needed by the cover macro to be defined below. It behaves appends the new item #2 to the end of the skyline #1 and doesn’t care if #2 is negative.

71 \def\tree@appendRev#1#2{%
72 \tree@toksa=\expandafter{#2\\}%
73 \tree@toksb=\expandafter{#1}%
74 \edef#1{\the\tree@toksb\the\tree@toksa}%

75 }

\tree@shift Given a skyline #1 and a dimension #2, the \tree@shift macro shifts all items of #1 by #2.

76 \def\tree@shift#1#2{%
77 \let\temp@a\\

78 \let\temp@b\tree@emptyskyline
79 \def\\##1\\{%
80 \ifx @##1
81 \let\next\empty
82 \else
83 \@tempdima=##1\relax
84 \advance\@tempdima by#2\relax
85 \edef\temp@c{\the\@tempdima}%
86 \tree@toksa=\expandafter{\temp@c\\}%
87 \tree@toksb=\expandafter{\temp@b}%
88 \edef\temp@b{\the\tree@toksb\the\tree@toksa}%
89 \let\next\\
90 \fi
91 \next
92 }%
93 #1@\\%
94 \let#1\temp@b
95 \let\\\temp@a

96 }

\tree@separate The \tree@separate{#1}{#2} macro separates pops the first item of a skyline #1 to a dimension register #2.

 97 \def\tree@separate#1#2{%
 98 \ifx#1\tree@emptyskyline
 99 #2=5000pt%
100 \else
101 \expandafter\tree@separate@#1\@#1#2%
102 \fi

103 }

104 \long\def\tree@separate@\\#1\\#2\@#3#4{%
105 #4=#1\def#3{\\#2}%

106 }

\tree@mindist The \tree@mindist macro computes the distance between two skylines #1 and #2. This distance is defined to be the minimum over all sums of corresponding items. The return value of the macro will be put into the dimension register \@tempdimc.

First, some initialisation is needed. The actual recursion is carried out in the \tree@mindist@ command.

107 \def\tree@mindist#1#2{%
108 \let\@tempa#1%
109 \let\@tempb#2%
110 \@tempdimc=5000pt%
111 \tree@mindist@

112 }

113 \def\tree@mindist@{%
114 \let\next\empty
115 \ifx\@tempa\tree@emptyskyline\else
116 \ifx\@tempb\tree@emptyskyline\else
117 \tree@separate\@tempa\@tempdima
118 \tree@separate\@tempb\@tempdimb
119 \advance\@tempdima\@tempdimb
120 \ifdim\@tempdima<\@tempdimc
121 \@tempdimc\@tempdima
122 \fi
123 \let\next\tree@mindist@
124 \fi
125 \fi
126 \next

127 }

\tree@cover We now turn to the procedure of covering one skyline by another. Let #1 and
            #2 be two skylines, i.e., skyline control sequences. The macro will redefine
            #1 in the following way. Let n be the length of #1 and m be the length of #2.

If n ≤ m then #1 will simply be redefined to #2. Otherwise, the ith value of the resulting skyline will be equal to #2_i if this value exists and to #1_i otherwise. If it afterwards turns out that there are negative entries in the resulting skyline, then this skyline will be shifted by the least value which makes all entries nonnegative.

128 \newif\iftree@done
129 \def\tree@cover#1#2{%

Let \@tempa, \@tempb be working copies of #1 and #2, respectively. The resulting skyline will be put into \@tempc.

130 \let\@tempa#1
131 \let\@tempb#2
132 \let\@tempc\tree@emptyskyline

The \@tempdimc dimension is initialized to something “very large.” It will during the recursion contain the least value of the resulting skyline, at the end its minimum. Its sign will indicate if a shift is necessary. 133 \@tempdimc=5000pt As long as neither \@tempa nor \@tempb are empty. . .

134 \tree@donefalse
135 \loop
136 \ifx\@tempa\tree@emptyskyline
137 \ifx\@tempb\tree@emptyskyline

Base case: Set the “done” flag to true to exit the loop and assign the computed skyline to #1.

138 \let#1\@tempc
139 \tree@donetrue
140 \else

Append the first item of \@tempb to the back of \@tempc, update the minimum, if necessary.

141 \tree@separate\@tempb\@tempdimb
142 \ifdim\@tempdimb<\@tempdimc
143 \@tempdimc=\@tempdimb
144 \fi
145 \tree@appendRev\@tempc{\the\@tempdimb}%
146 \fi
147 \else
148 \ifx\@tempb\tree@emptyskyline

Now, \@tempa has more entries but \@tempb is already empty. We have to append the first item of \@tempa to the back of \@tempc and to eventually update the minimum.

149 \tree@separate\@tempa\@tempdima
150 \ifdim\@tempdima<\@tempdimc
151 \@tempdimc=\@tempdima
152 \fi
153 \tree@appendRev\@tempc{\the\@tempdima}%
154 \else

At this point, both \@tempa and \@tempb have more elements. We have to append the first item of \@tempb to the back of \@tempc and again to update the minimum if necessary.

155 \tree@separate\@tempb\@tempdimb
156 \ifdim\@tempdimb<\@tempdimc
157 \@tempdimc=\@tempdimb
158 \fi
159 \tree@appendRev\@tempc{\the\@tempdimb}%

The first item of \@tempa has to be skipped to keep synchronized.

160 \tree@separate\@tempa\@tempdima
161 \fi
162 \fi
163 \iftree@done\else\repeat

This completes the loop over the elements. Shift the result if its smallest entry is negative.

164 \ifdim\@tempdimc<0pt
165 \tree@shift#1{-\@tempdimc}%

166 \fi 167 }

3.3 Public customisation

        \node
        \leaf
  \baselevels
\centerlevels
  \ceillevels
 \floorlevels

We define the macros for customisation. There is not much to say about them.

168 \def\node#1{#1}%
169 \def\leaf#1{\tree{#1}{}}%
170 \def\baselevels{%
171 \let\tree@setrootbox@pre\tree@baserootbox@pre
172 \let\tree@setrootbox@post\tree@baserootbox@post

173 }

174 \def\centerlevels{%
175 \let\tree@setrootbox@pre\tree@centerrootbox@pre
176 \let\tree@setrootbox@post\tree@centerrootbox@post

177 }

178 \def\ceillevels{%
179 \let\tree@setrootbox@pre\tree@ceilrootbox@pre
180 \let\tree@setrootbox@post\tree@ceilrootbox@post

181 }

182 \def\floorlevels{%
183 \let\tree@setrootbox@pre\tree@floorrootbox@pre
184 \let\tree@setrootbox@post\tree@floorrootbox@post

185 }

3.4 Tree Typesetting

\tree It is time to get to the heart of the package.

186 \def\tree#1#2{{%

Initialize dimensions and counters

187 \baselineskip=0pt
188 \global\tree@depth=-1
189 \global\tree@currentlevel=0

We walk through the tree twice. For the first time, we redefine \tree to \tree@measurenodes (defined below) which measures the level heights and counts the depth of the tree. This measurement is done within an \hbox to avoid that something “falls down” and is typeset. The \hbox should be empty afterwards, anyway it will be thrown away.

190 \let\tree\tree@measurenodes
191 \setbox\tree@rootbox=\hbox{\tree{#1}{#2}}%

Now, typeset the tree. This is done in the second walk through the tree, this time carried out by a \@tree macro to be defined below. We have to do some initialisations and to take special care about the different treatment of the root. (Note that this code is only executed on the uppermost level.)

192 \global\tree@currentlevel=0
193 \tree@newskyline\tree@rightskyline
194 \tree@newskyline\tree@leftskyline
195 \let\tree\@tree
196 \let\ifroot\iftrue
197 \tree{#1}{#2}%

Finally, we release all the allocated dimensions and are done.

198 \tree@currentlevel=0
199 \loop
200 \tree@reset{\the\tree@currentlevel}%
201 \advance\tree@currentlevel by 1
202 \ifnum\tree@currentlevel<\tree@depth\repeat
203 }} % matches \def\tree

\tree@measurenodes The purpose of this macro is to set up the data that is needed to typeset the tree, i.e., the number of levels (the depth) and for each depths the height and depth, determined by the highest and deepest node in it. It is assumed that the \tree@currentlevel counter is set to 0 the \tree@depth is -1 and the variables lht0,. . . , lhtd − 1, ldp0,. . . ,ldpd − 1 are undefined or defined to 0pt. Afterwards, lhti will contain the height of level i where levels are counted from top to bottom, and where the root has level 0. The tree depth will reside in the \tree@depth counter register, the value will be defined to it globally.

204 \def\tree@measurenodes#1#2{% Typeset the root of this tree into a box register. 205 \setbox\tree@rootbox=\hbox{\node{#1}}% If the current level is more than the tree depth, we have encountered a level on which we have not yet been. We will increase the depth counter accordingly and set the height and depth values of this new level to the respective dimensions of the #1 box.

206 \ifnum\tree@currentlevel>\tree@depth
207 \global\tree@depth=\tree@currentlevel
208 \tree@set{lht\the\tree@currentlevel}{\the\ht\tree@rootbox}%
209 \tree@set{ldp\the\tree@currentlevel}{\the\dp\tree@rootbox}%
210 \else

Otherwise we have been here and we only have to update the level height and level depth if the respective values for #1 is more than it was for the nodes of this level which we have already seen.

211 \expandafter\ifdim\tree@value{lht\the\tree@currentlevel}
212 <\ht\tree@rootbox
213 \tree@set{lht\the\tree@currentlevel}{\the\ht\tree@rootbox}%
214 \fi
215 \expandafter\ifdim\tree@value{ldp\the\tree@currentlevel}
216 <\dp\tree@rootbox
217 \tree@set{ldp\the\tree@currentlevel}{\the\dp\tree@rootbox}%
218 \fi
219 \fi

Recursion step: We increase the current level by 1 and call call recursively the measurement of the subtrees if there are some. We increase the currentlevel aferwards when we come back. 220 \advance\tree@currentlevel by 1 221 #2

222 \advance\tree@currentlevel by -1
223 } % matches \def\tree@measurenodes

The alignment of the elements of a level is goverend by macros which insert the vertical pieces of the edges below and above the nodes. There are four \tree@..rootbox@pre commands for the above parts and four

\tree@..rootbox@post commands, namely one where .. is one of base,
center, ceil, or floor. The tree typesetting macro uses none of them

directly, but it uses \tree@setrootbox@pre and \tree@setrootbox@post which are by default defined to be the alignment at the common baseline. The user can change the alignment policy by use of the commands

\baselevels, \centerlevels, \floorlevels, \ceillevels which simply

redefine \tree@setrootbox@pre and \tree@setrootbox@post accordingly.

The environment which calls the stretching macros establishes some information in registers. When a \tree@..rootbox@.. command is called, it can be assumed that \@tempdima contains the height of the current level and \@tempdimb contains the depth of the current level. Further it can be assumed that no assignments will be done between the call of ..@pre and

..@post, also the \@tempdima and \@tempdimb values remain changed in
..@post if ..@pre changes them.

First the base line oriented alignment

224 \def\tree@baserootbox@pre{%
225 \advance\@tempdima by-\ht\tree@rootbox\relax
226 \ifdim\@tempdima>0pt

227 \nointerlineskip
228 \@tempdimc\@tempdima
229 \hbox to\tree@width{\hss\rule\edgewidth\@tempdimc\hss}%
230 \fi
231 \@tempdima\dp\tree@rootbox\relax

232 }

233 \def\tree@baserootbox@post{%
234 \advance\@tempdimb by-\@tempdima
235 \ifdim\@tempdimb>0pt
236 \nointerlineskip
237 \@tempdimc\@tempdimb
238 \hbox to\tree@width{\hss\rule\edgewidth\@tempdimc\hss}%
239 \fi

240 } Now the floor alignment.

241 \def\tree@floorrootbox@pre{%
242 \advance\@tempdima\@tempdimb
243 \advance\@tempdima-\ht\tree@rootbox
244 \advance\@tempdima-\dp\tree@rootbox
245 \ifdim\@tempdima>0pt
246 \nointerlineskip
247 \@tempdimc\@tempdima
248 \hbox to\tree@width{\hss\rule\edgewidth\@tempdimc\hss}%
249 \fi

250 } 251 \def\tree@floorrootbox@post{} Now the ceiling alignment.

252 \def\tree@ceilrootbox@pre{%
253 \advance\@tempdima\@tempdimb
254 \advance\@tempdima-\ht\tree@rootbox
255 \advance\@tempdima-\dp\tree@rootbox

256 }

257 \def\tree@ceilrootbox@post{%
258 \ifdim\@tempdima>0pt
259 \nointerlineskip
260 \@tempdimc\@tempdima
261 \hbox to\tree@width{\hss\rule\edgewidth\@tempdimc\hss}%
262 \fi

263 } And finally the centered alignment.

264 \def\tree@centerrootbox@pre{%
265 \advance\@tempdima\@tempdimb
266 \advance\@tempdima-\ht\tree@rootbox

267 \advance\@tempdima-\dp\tree@rootbox
268 \@tempdimc.5\@tempdima
269 \ifdim\@tempdimc>0pt
270 \nointerlineskip
271 \hbox to\tree@width{\hss\rule\edgewidth\@tempdimc\hss}%
272 \fi

273 }

274 \def\tree@centerrootbox@post{%
275 \ifdim\@tempdimc>0pt
276 \nointerlineskip
277 \hbox to\tree@width{\hss\rule\edgewidth\@tempdimc\hss}%
278 \fi

279 }

We define the default to base line oriented alignment.

280 \let\tree@setrootbox@pre\tree@baserootbox@pre
281 \let\tree@setrootbox@post\tree@baserootbox@post

Now we will turn to the definition of \@tree which does the actual typesetting after the tree cells have been measured. Skylines are computed on the fly, and the horizontal shrinking is done accordingly. In the general situation, we have already arranged subtrees t_1, . . . , t_{i−1} of a list of subtrees and got by a recursive call a box containing the subtrees t_{i,1}, . . . , t_{i,m} of the subtree t_i. When computing the amount of horizontal space which might be removed the situation of the variables is according to the following drawing. r r_i ⟨ ⟩ ⟨ ⟩ ⟨ ⟩ old left t_1 · · · t_{i−1}

⟨ ⟩ ⟨ ⟩ ⟨ ⟩ old right

⟨ ⟩ ⟨ ⟩ left t_{i,1} t_{i,2} · · · t_{i,m} ⟨ ⟩ ⟨ ⟩ right

In a first step, the root of t_i is incorporated into \tree@leftskyline and \tree@rightskyline. This is nothing more than appending the appropriate length which depends on the root width and the subtree array width to each of them.

Next, the distance between \tree@oldrightskyline, i.e., the left shape of the already put t_1, . . . , t_{i+1}, and \tree@leftskyline, i.e., the shape of the just obtained subtree t_i, yields the minimum distance between corresponding nodes of t_1, . . . , t_{i−1} and t_i. If this distance is more than desired, i.e., more than \nodeskip, t_i can be moved to the left by an according value.

The last step is to update the two “old” skylines \tree@oldleftskyline and \tree@oldrightskyline such that they are fit to incorporate the next subtree t_{i+1}.

282 \def\@tree#1#2{%

The whole thing is intended to work recursively, so we have to save global variables in private ones in order to be able to restore them afterwards.

283 \tree@oldnosubtrees=\tree@nosubtrees
284 \tree@oldfirstnode=\tree@firstnode
285 \tree@oldlastnode=\tree@lastnode
286 \tree@oldarraywidth=\tree@arraywidth
287 \tree@oldleftoverhang=\tree@leftoverhang
288 \tree@oldrightoverhang=\tree@rightoverhang
289 \let\tree@oldleftskyline\tree@leftskyline
290 \let\tree@oldrightskyline\tree@rightskyline

We typeset the node and put it into the root box register. 291 \setbox\tree@rootbox=\hbox{\node{#1}}% After the appropriate initialisation, we typeset the subtrees recursively and put the result into the \tree@subtreebox box register.

292 \global\tree@nosubtrees=0%
293 \global\tree@firstnode=-1pt%
294 \global\tree@arraywidth=0pt%
295 \global\tree@leftoverhang=0pt%
296 \global\tree@rightoverhang=0pt%
297 \let\tree@leftskyline\tree@emptyskyline
298 \let\tree@rightskyline\tree@emptyskyline

Here we are typesetting the subtree array. First we go some distance to the left to make up for the corresponding going to the right of the first subtree in the list. The \tree@arraywidth will always contain the “current” length of the subtree \hbox. The level is increased by one, we are not any more in the root, and call the subtree generation recursively. The recursive call is hidden in #2 which in general consists of \tree calls. At the end, superfluous horizontal space of the list will be removed.

299 \setbox\tree@subtreebox=\hbox{{%
300 \global\tree@arraywidth=-\nodeskip
301 \kern-\nodeskip
302 \advance\tree@currentlevel by 1
303 \let\ifroot\iffalse
304 #2\tree@removespace}}%

In the recursion, the left and the right skylines of the subtree have been constructed. Also, there are two lengths \tree@leftoverhang and

\tree@rightoverhang which denote how much the subtree box overhangs to the left/right side, i.e., if parts of the subtree array range outside the \hbox, how far do they do this to the left and to the right. Left and right overhang are illustrated in the following examples for the subtrees with root 2.

left overhang 0 1 2 3 4 5 6 7 8 0 1 3 4 5 6 7

2^{right overhang}

According to this information, we have to fill the respective amount of space into the box. After that the subtrees box will have the correct dimensions.

305 \setbox\tree@subtreebox=\hbox{%
306 \null\kern\tree@leftoverhang
307 \unhbox\tree@subtreebox

308 }% We need to know the width of the first and the last subtree in the procuded array for determining the start and end point of the horizontal part of the edge. This information is provided after the recursive descend in the registers \tree@firstnode and \tree@lastnode. In the case of overhangs, these lengths have to be adjusted according to the overhanging parts.

309 \advance\tree@firstnode2\tree@leftoverhang
310 \advance\tree@lastnode2\tree@rightoverhang

The old overhang values are restored for the recursive ascend.

311 \global\tree@leftoverhang=\tree@oldleftoverhang
312 \global\tree@rightoverhang=\tree@oldrightoverhang

Determine the overall width of this tree which is the maximum of the node’s and the subtree’s widths.

313 \tree@width=\wd\tree@rootbox
314 \ifdim\tree@width<\wd\tree@subtreebox
315 \tree@width=\wd\tree@subtreebox
316 \fi
 \tree@leftskyline and \tree@rightskyline are the left and right sky-

lines of the subtreearray just produced. Extend them by the value for this root which is 1 2 (\wd\tree@subtreebox − \wd\tree@rootbox)

317 \@tempdimc=.5\wd\tree@subtreebox

318 \advance\@tempdimc-.5\wd\tree@rootbox
319 \tree@append\tree@leftskyline{\the\@tempdimc}%
320 \tree@append\tree@rightskyline{\the\@tempdimc}%

Insert space between the previous subtree and this subtree. The space to insert now is the desired amount of space minus the distance between the two skylines and minus the space which might be already there. The \null box prevents the kerning from being removed.

321 \tree@removespace
322 \kern\nodeskip
323 \null

The left and right skyline need to be updated in order to take deeper subtrees of the array into account as well. For some reason, \tree@shift introduces space which we have to remove afterwards: insert \null not to remove the intended space, and a \tree@removespace behind all the space introducing commands. . .

324 \tree@mindist\tree@oldrightskyline\tree@leftskyline
325 \tree@removespace
326 \ifdim\@tempdimc<5000pt
327 \kern-\@tempdimc
328 \advance\tree@oldarraywidth-\@tempdimc
329 \else
330 \@tempdimc=0pt
331 \fi

If the old array width is negative, borrow some space from \leftoverhang

332 \ifdim\tree@oldarraywidth<-\nodeskip
333 \global\advance\tree@leftoverhang-\tree@oldarraywidth
334 \global\advance\tree@leftoverhang-\nodeskip
335 \tree@oldarraywidth=-\nodeskip
336 \fi

If the move to the left is more than the subtree is wide, add their difference to \rightoverhang.

337 \global\tree@rightoverhang0pt
338 \ifdim\@tempdimc>\tree@width
339 \global\tree@rightoverhang\@tempdimc
340 \global\advance\tree@rightoverhang-\tree@width
341 \global\advance\tree@rightoverhang-\nodeskip
342 \else
343 \fi
344 \null
345 \@tempdimb=-\@tempdimc
346 \advance\@tempdimb\nodeskip

347 \advance\@tempdimb\tree@width
348 \tree@shift\tree@oldrightskyline\@tempdimb
349 \tree@cover\tree@oldrightskyline\tree@rightskyline
350 \let\tree@rightskyline\tree@oldrightskyline

same with the left skyline

351 \tree@shift\tree@leftskyline\tree@oldarraywidth
352 \tree@cover\tree@leftskyline\tree@oldleftskyline
353 \let\tree@oldleftskyline\tree@leftskyline
354 \tree@removespace

Typeset node, subtrees and the edges between them. distinguish between leaf and no-leaf.

355 \ifdim\wd\tree@subtreebox>0pt%
356 \vtop{%

Typeset the vertical edge above the node, if the node is not the root of the entire tree.

357 \ifroot\else
358 \nointerlineskip
359 \hbox to\tree@width{\hss\rule\edgewidth\edgeheight\hss}%
360 \fi

Typeset the node itself, surrounded by ..@pre and ..@post commands to align them. Also put space where needed.

361 \expandafter\@tempdima
362 \tree@value{lht\the\tree@currentlevel}%
363 \expandafter\@tempdimb
364 \tree@value{ldp\the\tree@currentlevel}%
365 \tree@setrootbox@pre
366 \ifroot\else
367 \kern\nodesep
368 \fi
369 \nointerlineskip
370 \hbox to\tree@width{\hss\fbox{\unhbox\tree@rootbox}\hss}%
371 \nointerlineskip
372 \kern\nodesep
373 \tree@setrootbox@post

If there is more than one subtree, typeset the horizontal part of the edge, otherwise, insert some vertical line which is by \edgewidth higher to keep consistence.

374 \ifnum\tree@nosubtrees>1
375 \nointerlineskip
376 \hbox to\tree@width{\hss\rule\edgewidth\edgeheight\hss}%
377 \@tempdimc=\wd\tree@subtreebox

378 \advance\@tempdimc-.5\tree@firstnode
379 \advance\@tempdimc-.5\tree@lastnode
380 \advance\@tempdimc\edgewidth
381 \nointerlineskip
382 \hbox{%
383 \kern.5\tree@width
384 \kern-.5\wd\tree@subtreebox
385 \kern.5\tree@firstnode
386 \kern-.5\edgewidth
387 \rule\@tempdimc\edgewidth}%
388 \else
389 \@tempdimc=\edgeheight
390 \advance\@tempdimc\edgewidth
391 \nointerlineskip
392 \hbox to\tree@width{\hss\rule\edgewidth\@tempdimc\hss}%
393 \fi

Now put the subtrees.

394 \nointerlineskip
395 \hbox to\tree@width{\hss\fbox{\unhbox\tree@subtreebox}\hss}%

396 }% 397 \else Now we are in the case of a leaf. This is similar and easier.

398 \vtop{%
399 \nointerlineskip
400 \hbox to\tree@width{\hss\rule\edgewidth\edgeheight\hss}%
401 \expandafter\@tempdima
402 \tree@value{lht\the\tree@currentlevel}%
403 \expandafter\@tempdimb
404 \tree@value{ldp\the\tree@currentlevel}%
405 \tree@setrootbox@pre
406 \ifroot\else
407 \kern\nodesep
408 \fi
409 \nointerlineskip
410 \hbox to\tree@width{\hss\fbox{\unhbox\tree@rootbox}\hss}%

Put some space below the tree

411 \nointerlineskip
412 \hbox to\tree@width{\null\mathstrut\hfill\null}%

413 }% 414 \fi Essentially, we are done. It remains to restore variables, and to put some horizontal space.

415 \global\tree@nosubtrees=\tree@oldnosubtrees
416 \global\advance\tree@nosubtrees by 1
417 \global\tree@firstnode=\tree@oldfirstnode
418 \global\tree@arraywidth\tree@oldarraywidth
419 \global\advance\tree@arraywidth\nodeskip
420 \global\advance\tree@arraywidth\tree@width
421 \global\let\tree@leftskyline\tree@oldleftskyline
422 \global\let\tree@rightskyline\tree@oldrightskyline
423 \ifdim\tree@firstnode<0pt
424 \global\tree@firstnode\tree@width
425 \fi
426 \global\tree@lastnode\tree@width
427 \tree@removespace
428 \kern\tree@rightoverhang
429 \null
430 } % matches \def\@tree

That’s it.