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Paradigms. Thewindsand halfwinds—Details matter

Keesvan der Laan

1 BLUe€sDesignV

Hi folks. How to draw lines at 45° in TpX is exercised.
This simple-looking and innocent problem touches on fun-
damental issues, such as should we adhere to the Cartesian
picture environment approach,® or do we need something
€lse now and then?

This work emerged from studying Gurari’'s approach to
graphicsincented by a suggestion in Jos Winnink’s review,
MAPS 94.2,

The discussion below explains what has been used in
BLUe's format system in the turtle graphics® macros, es-
pecialy inthecoding of \ N,\ E,\ S,\ W\ NE, \ SE, \ SW
\ NW next to \ ESE, and \ WBW Examples are included
which show what can be attained by these basic function-
alities. It is also shown how the obtained pictures can be
stored in the picture database pi ¢. dat for reuse with dif-
ferent scaling or positioning.

In the Appendix some tree diversions have been given.

2 What isthe problem?

TeX’s\ hr ul e and\ vr ul e primitivesareagem and very
powerful. It would be nice to have similar primitives for
any direction. In absence of these we can use line pieces
provided in fonts. However, the latter approach suffers
from the following drawbacks

o for afew discrete directionsonly

e linelengths are discrete too

o linethicknessisinflexible.

3 Why?
Theneed for general and flexibleline elementsarosewhen |

faced the problem how to draw classical fractals.® Thevery
least isthe possibility to draw lines at 45°—the halfwinds.

Example (Pythagorean tree)

How to do thisin TeX*?

1The IATEX picture environment for example.

Through the picture environment? Too clumsy, and cum-
bersome when changing the order, for example.

Through POSTSCRIPT? Thisis possible, especialy it pro-
videsfor lines at al orientations.

Through METAFONT? Definitely, see my METAFONT
anthol ogy.

However, why not go for how far we can get just by TEX?

And what about the relevancy? I'm very pleased by the
spin-off how to typeset binary trees or charts, even rotated
without the use of POSTSCRIPT. See the Appendix or the
Publishing with TEX user’s guide.

What we need is not the Cartesian picture environment
approach, but the good old penplotter TEXniques, better
known in the pedagogical world as ‘ Turtle graphics.’

4 Turtlegraphics

Thebasic ideaisthat the position of theturtleis maintained
in the dimen variables\ x and \ y, with the reference point
left invariant. The accompanying figure shows the effect
of \ N1: draw theline (\ x, \ y)—(\ x, \ y+1), i.e. the tur-
tle moves up. After completion \ y has been increased by
\uni tlength.

| xy)

| Ref. point

The movements—our first steps in the turtle graphics
world—can be achieved by the control sequences
e \ N\ E \ S,\ Wmean draw north, east, south and west,
similar for\ NE, \ SE,\ SWand\ NW
e \whiteN, \whiteE, \whiteS, \ whiteW mean
white-draw north, east, south and west, i.e., the turtle
just moves®

To get the flavour another classical picture, which shows
that we don’t have to worry about coordinates.

2Knuth already used the ‘Turtle’ ideain his dragon figures. For those interested in turtle graphics consult for example S. Papert:

Mindstorms.
3Inspired by Gurari’s work on TeX and graphics.

“For the coding of \ pyt ht r ee seelater. Or Macro writing—with confidence.
5JV Romanovsky has provided a concise POSTSCRIPT program.

6The halfwinds can be composed from the windsin this case.



Bijlage Y

Example (Spiral)

[J]

The spiral is marked up essentially asfollows ’

\uni tl ength. 5ex \ k30

\ I oop\ E{\t he\ k}\ advance\ k-1
\ S{\t he\ k}\advance\ k-1
\W\the\k}\advance\ k-1
\ N{\ t he\ k}\ advance\ k-1

\i fnum k>4 \repeat

5 Basics

Essential for the understanding is familiarity with TeX's
boxes of size zero, to know the effect of \ ker n-s and
\ h/ vss-sinside, and of combinations of these boxes. Be-
fore reading on peruse the following.

5.1 Kerningindispensible
Kerns and stretchorshrinks within boxes of size zero are at
the heart of graphicswith TEX aone.

Example (With and without boxes of size zero)

\ newdi nen\ x \ x=4ex \newdi men\y \y=2ex
.\hbox to Opt{\kern\x a\hss}.

\ kernlOex and \kernlOex

\kern\x a

and

.\ hbox toOpt {\ kern\ x\ vbox t oOpt
{\vss\ hbox{a}\ kern\y}\ hss}.

\ kernlOex and \kernlOex

.\ kern\ x\rai se\y\ hbox{a}

with result

a and . a.

and
a a

and

By this mechanism we can move to any point on the page
and put there what we wish. The essential issue of the box
of zero width is that the reference point is left invariant. It
is the same before and after.

5.2 Putting it together

In vertical mode the\ hbox-s are aligned on the reference
point, and when the heights and depths are zero the\ hbox-
soverprint, and the order of specification isimmaterial.
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In (restricted) horizontal mode \ hbox-s of width zero
overprint and can be given in any order, The TeXbook 389.

In math modethe zero size boxesoverprint. In display math
the invariant reference point is centered horizontally.

Coding in TEX simple? Forget it. So unusual, but ...con-
sequent, utmost consequent.

5.3 Coading flashbacks

The codes which follow are the fifth or so version. The ze-
roeth version was there to please me, it made me excited.
Recursive programmingworked as| expected. Thenl had a
versionwhich servedto try out asmany examplesas| could
think of. During the process of collecting examples| strove
after consistency of the codes. Why did | use integer arith-
metic anyway? | had no good reason and | decided to use
dimensions and do the arithmetic through the dimensions,
and widened en-passant the all owed arguments of thewinds
and halfwindsto expand to ‘factor’-s.

And what about the context?

It seemed necessary to abstract from the multitude of boxes
and to come up with an envel oping hbox of width zero.

Finally, details were taken care of, such as how do the
macros behave in the various contexts. Do the winds and
halfwinds behave the same? It turned out that they did not.
So | had to go back from where | started. | considered
the early versionsas prototypesand started anew guided by
specs, with simplicity and robustness as yardsticks, stating
precisely how the elements should behave. By all meansno
sinecure, but IMHO with all respect, amust in software en-
gineering.? Indeed, a superficially, smple problem.

Isthat all”? Essentially yes, but ... details matter.

6 Thewindsand halfwinds

Theintuitiveideaisto composelines out of elements, from
what | call atoms. | used squares, casu quo rectangles, as
atoms, and stacked these as follows.®

Essential is how lines |leave a mathematical point. The ac-
companying model picture is obtained through the follow-
ing macros.

\let\O\N \let\1\NE \let\2\E \l et\ 3\ SE
\let\4\S \let\5\SW\let\6\W\Ilet\ 7\ NW
\'l i net hi cknesslex
\ set box\ hl f wndel n¥\ hbox{\ vrul e
wi dt h\t he\ | i net hi ckness
hei ght\the\li net hi ckness dept hOpt}
\'uni t| engt h10ex
\ def\draw{\ csnane\t he\di r\ endcsnanel}
$$\ | oop\i f num di r <8{\ dr aw}\ advance\ di r 1\ r epeat $$

"For the placement within context details consult\ spi r al pi c inpi c. dat .

8Infact | had thisarticle nearly finished when | redlized that the vertical rulesinduce avbox of the size of the rules, while other direc-
tions when boxed yielded a box of size zero. Not nice and confusing, athough for the article and in my hands it was ok. Nevertheless,
| decided to go for auniform approach. When boxed the dimensions of the box should be zero.

%In order to make it visible\ | i net hi ckness has been set to 1ex. Experiments with bullets and IATEX s line fonts did not yield

the pleasing exact results.



Bijlage Y

Remarks. \ Netc. draw intheimplied directionswith length
as prescribed by the argument times\ uni t | engt h.

7 Pondering aloud

Can we attain compatibility with TEX’s rule primitives? |
don’t think so, alas. On the other hand we have to recon-
sider the leaving of the rulesfrom a point.

7.1 Thickness

What ismeant by thicknessif we stack instead of tile? What
isthe perceived blackness?

| used that stacking with square elements of size
\'li net hi cknessx\| i net hi ckness—like in the
example figure—yields the same blackness as a rule of
thickness\ | i net hi ckness.°

7.2 Size

Usually the size along the x-axis must be provided. | prefer
to have the real size specified independently from the ori-
entation of the line. However, the resulting size is not nec-
essarily #1x\ uni t | engt h.** Ingeneral theresult differs
at most by half the atom size, because it is composed of a
multiple of the atomic element. We have to correct by v/2
to compensatefor the direction, when we pace a ong one of
the axes. In the example the required length is 10ex, with
asresult the stacking of 7 atoms of size 1ex.

For large lines one could think of combining IATEX's
linel0 line elements with the smaller elements. | refrained
from that for two reasons. Firstly, the IATEX's NW line
element—the\ char ' 145—did not fit exactly in the box,
and secondly, the inflexibility of the thickness of the font
elements.

8 Design specs
With awareness of the above | specified the following
for the microscopic level—the wind and halfwind com-
mands proper—and for the macroscopic level—the place-
ment within context.

8.1 Microscopics

Thefunctionality isto draw aline of the specified lengthin
the direction asimplied by the control sequence name. The
general specifications read as follows.

101 also supplied macros—tiled variants—for \ NWand \ NE.
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e asargument a‘factor’ is expected, to yield the required
length #1x\ uni t | engt h*?

e parameterizationisby\ | i net hi ckness

e dfter drawing, the position of the turtleis at the end of
eachline, thereferencepoint hasbeen leftinvariant, and
all the boxes have zero width, height and depth.

Extrafor the four halfwinds the following.

e parameterizationisby\ hl f wndel mand\ | i net hi ckness

in there
e draw aline of ~ the specified size
e the atoms are stacked diagonally, at the corners.

8.2 Macroscopics

Theplacement within context isthe concern of theuser. Be-
cause of the zero dimensions of the boxesit isanuisanceto
skip or kern when using a picture to create the open space,
the niche for the picture. Moreover, when the picture does
not takedimensionsweareintroubleat pagebreaks. There-
fore assistance is badly needed. The picture environment
idea combined with databases come to rescue. The use of
prefab pictures has been simplified in thisway, while there
isflexibility via\ t hi spi ct ur e to overridethe defaults.

Pictures can be stored in BLU€'s format pic.dat database.
Within each database element the default placement
within context can be povided for. Through the use of
\ everypi cture and/or \ t hi spi ct ur e the defaults
can be overriden. This approach complieswith the general
principles adopted in BLU€'s format system.

9 Codingthewindsand halfwinds

In the fourth version, where emphasis was put on that all
boxes have zero dimensions, | also decided to separate to
get at the (X, y) positionfromwhat is put there. Thisismuch
in the spirit of the second\ poi nt macro of The TEXbook
389, and adheres to the separation of concerns adage.*

The dimension variables\ x and \ y have after completion
the values of the coordinates of the end of the line.

\ newbox\ hl f wndel m

\ newdi men\ | i net hi ckness \1i net hi cknesslex

\ newdi men\ auxdi m % i nesi ze

%

\ def\ xy#1{%-unction: place #1 at x, y
\vbox toOpt{\kern-\y
\ hbox t oOpt {\ ker n\ x#1\ hss}\vss}}

%

\ def \ xyt xt #1{ %-uncti on
\ xy{\ vbox toOpt{\vss
\ hbox toOpt{\strut#1\ hss}\kernOpt}}}

pl ace text #1 at x, y

%

\ def \ N#1{\ xy{\ kern-. 5\ | i net hi ckness
\ vbox toOpt{\vss
\ hrul e hei ght#1\unitlength
wi dt h\ | i net hi ckness}} %

\ ‘advance\ y#1\ uni t | engt h}

UTo put it in another way: the required length must be a multiple of the atom size.
LTheideaisthat not only integer values can be specified but also decimal fractions.
13IMHO it makes the code more trustworthy and circumvents pitfalls. Especially, the mixing up of the kerns needed to get at (X, y)

with the kerns to position what has to be put at (x, y).
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%
\ def \ S#1{\ advance\ y- #1\ uni t | engt h{\ N{ #1} } }
%
\def \ E#1{\ xy{\ vbox toOpt{\vss
\ hrul e wi dt h#1\unitl ength
hei ght\1i net hi ckness
dept hOpt\ vss
}}\advance\ x#1\ uni t| engt h}
%
\ def \ W1{\ advance\ x- #1\ uni t | engt h{\ E{ #1}}}
%
\ def \ NE#1{\ auxdi m#1\ uni t| engt h\ correction
\' | oop\ advance\ auxdi m\ wd\ hl f wndel m
\'i fdi m auxdi n>-. 5\ wd\ hl f wndel m
\ xy{\ vbox toOpt{\vss\copy\hl fwndel n}} %
\ advance\ x\ wd\ hl f wndel m
\'advance\ y\ ht\ hl fwndel m
\repeat}
%
\ def \ NW£1{\ auxdi m#1\ uni t | engt h\ correction
\ | oop\ advance\ auxdi m\ wd\ hl f wndel m
\i fdi M auxdi n>-. 5\ wd\ hl f wndel m
\'advance\ x-\ wd\ hl f wndel m
\ xy{\ vbox toOpt{\vss\copy\hl fwndel n}} %
\'advance\ y\ ht\ hl f wndel m
\repeat}
%
\ def \ SW#1{\ auxdi m#1\ uni t| engt h\ correction
\' | oop\ advance\ auxdi m\ wd\ hl f wndel m
\'i fdi m auxdi n>-. 5\ wd\ hl f wndel m
\'advance\ x- \ wd\ hl f wndel m
\'advance\y-\ ht\ hl f wndel m
\ xy{\ vbox toOpt{\vss\copy\hl fwndel n}} %
\repeat}
%
\ def \ SE#1{\ auxdi m#1\ uni t| engt h\ correction
\ | oop\ advance\ auxdi m \ wd\ hl f wndel m
\i fdi M auxdi n>-. 5\ wd\ hl f wndel m
\'advance\y-\ ht\ hl f wndel m
\ xy{\ vbox toOpt{\vss\copy\hl fwndel n}} %
\ advance\ x\ wd\ hl f wndel m
\repeat}
%or \NE and \NWthe titled variants read
\ def \ NE#1{\ auxdi m#1\ uni t| engt h\ correction
\ | oop\ advance\ auxdi m . 5\ wd\ hl f wndel m
\i fdi M auxdi n»-. 25\ wd\ hl f wndel m
\ xy{\ vbox toOpt{\vss\copy\hl fwndel n}} %
\ advance\ x. 5\ wd\ hl f wndel m
\'advance\y. 5\ ht\ hl f wndel m
\repeat}
%
\ def \ NW£1{\ auxdi m#1\ uni t | engt h\ correction
\ | oop\ advance\ auxdi m . 5\ wd\ hl f wndel m
\i fdi M auxdi n>-. 25\ wd\ hl f wndel m
\ xy{\ vbox toOpt{\vss
\I'l ap{\ copy\ hl fwndel n}}}%
\ advance\ x- . 5\ wd\ hl f wndel m
\'advance\y. 5\ ht\ hl f wndel m
\repeat}

10 Coding a database element

As promised in the Macroscopics section the visibility of
the picture—that isthe size—hasto be added when the pic-
tureis stored in the database for (re)use. Inorderto do so |
added two extralayers. The structure of a pic.dat database
element, and a picture environment on top of for example
gkp’s environment to allow user flexibility.
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If we assumethat the picture proper has been created within
gkp's

\ def \ gkpbegi npi ct ur e( #1, #2) (#3, #4) %
%tl, #2 xsize, ysize (dinmensionless)
%t3, #4 xshift, yshift (dinensionless)

(...}
\ def \ gkpendpi cture{...}
then the flexibility layer reads

\ def \ begi npi ct ur e{\ bgr oup
\the\ everypicture\the\thispicture
\ gkpbegi npi cture(\the\xdi m\the\ydim %
(\the\ xof fset,\the\yoffset)%
<pi ct ur epr oper >}
\def\endpicture{...}

A pi c. dat database entry consists of atriple: \ | st list
element tag, \ <nane>pi c the name, and a group. The
group contains the defaults preceding the picture proper.
The picture proper is enclosed by \ begi npi ct ur e and
\ endpi ct ur e which also deliver the box of the size
as prescribed by the parameters. Extra \ bgr oup and
\ egr oup arethere to keep thingslocal.

\' I st\ <nane>pi c{\ bgr oup<def aul t s>
\ begi npicture

<pi ct ur epr oper >

\ endpi ct ur e\ egr oup}

Example (Coding the database element bintregpic)

The \ bi nt r eepi ¢ element of the pi c. dat database
reads as follows.**

\I st\ bi ntreepic{\ bgroup
\'uni t| engt h. 5ex\ kk32
\ xof fset {-32} \yoffset{-2}%
\ xdi n{ 66} \ ydi m{ 5} %
\ def\eertni b##1\ bi ntree{\fi}
\ begi npi ct ur e\ bi ntree\ endpi ct ur e\ egr oup}
%ith in the kernel blue.tex
\def\bi ntree{\ S1\ifnum kk=2 \eertnib\f
\ di vi de\ kk2 {\ W\t he\kk}\bintree}%
\ E{\ t he\ kk}\ bi ntree}
%nd accounting for the | eaves
\ def\ eertni b#1\ bi ntree{\fi\gl obal \ advance\ k1
\ whi t eS1\ xyt xt{ \csnane\the\k\ endcsnane}}

11 Codingrecursion

Long | believed that tail recursion—as used for examplein
the\|l oop ...\ r epeat —is not sufficient. We aso have
to cope with * Ackermann-like splittings' of the recursion.
For the case of the Pythagoreantreefor example, thismeans
that at each recursion level we have to take care of the left
branch and the right branch, i.e. two invocations must be
done. Thisinterfereswith how to handle the termination of
therecursion. A problem? TeX too difficult? Hang onthere
are at least two elegant and general solutions.

11.1 Recursion termination
Example (n!)

As pedagogical examplethe calculation of n faculty.

14Notethat thereisflexibility here. \ bi nt r eepi ¢ consistsof aninvokeof \ bi nt r ee preceded scaling and positioning parameters,
assigned with default values. The flexibility comes down to the possibility to override the defaultsviatheuseof \ t hi spi ct ur e{...}.
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\n=... OY%ounter var
\nfac=1 %lefaul t
\def\fac{\ifnum n=1 \caf\fi
\mul ti ply\nfac\n \advance\n-1 \fac}
\def\caf#1\fac{\fi}

The termination is obtained because \ f ac is used as end
terminator in the definition of \ caf . \ f ac isimplicitly
gobbled, and the process backtracks, resulting finally in ter-
mination.

Example (Pythagorean tree)

Without explanation the Pythagorean tree recursive macro
isgiven below.'® At each level we have two invocations—
the branching—to take care of the left and right branch.

\def\pythtree{\ifnumlevel =1 \eerthtyp\fi
\advance\l evel -1
\'mul tiply\kk23\divide\kk32% sqrt2
{\Il ef tbranch\ draw pythtree}%
\ri ght branch\ dr am pyt ht r ee}
\def\ eerthtyp#1\ pythtree{\fi}

No build up of \ fi -s, no use of \ expandafter nor
\'| et. The\ | et mechanism has been used throughout in
The TeXbook.

11.2 AlaKnuth

In the coding of \ squi ne—a quadratic spline—Knuth
showed how to terminate (tail) recursions in TeX. For
\ f ac thisresultsin the following.

\def\fac{\ifnum n>1 \expandafter\dofac\fi}
\ def\dofac{\mul tiply\nfac\n
\'advance\ n-1 \fac}

For the Pythagorean tree the result reads as follows.

\def\pythtree{\ifnumlevel >1
\ expandafter\dopyth\fi}
\ def\ dopyt h{\ advance\l evel -1
\mul tiply\kk23\divi de\ kk32
{\ Il ef tbranch\ draw pythtree}%
\ri ght branch\ dr am pyt ht r ee}

Earlier | noticed the elegance of introducing an extralevel,
especialy to circumvent too many \ expandaf t er -sina
row.

As an aside the use reads

\let\O\N \let\1\NE \let\2\E \let\ 3\ SE
\let\4\S \let\5\SW\let\6\W\Ilet\7\NW
\ def\ Il ef t branch{\ advance\dir7
\i fnumdir>7 \advance\dir-8 \fi}%md 8
\ def\right branch{\ advance\dir1l
\i fnumdir>7 \advance\dir-8 \fi}%md 8
\ def\ draw{\ csnane\ t he\ di r\ endcsnane{\ t he\ kk}}
\def\pythtree{\ifnumlevel >1
\ expandafter\dopyth\fi}
\ def \ dopyt h{\ advance\l evel - 1
\'mul tiply\kk23\divi de\ kk32
{\I ef tbranch\ draw pyt htree}%
\ri ght branch\ dr am pyt ht r ee}
$$\ uni t1 engt hO. 1pt\ kk128 %si ze
\'l evel 5% der
\ N{\ t he\ kk} % unk
\ pyt htree$s$
\traci ngstatsl
\ bye
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12 Trinaries

For 45° lines| used square elements. Why not use arectan-
gular element for 30° linesin conformanceto the direction?

Example (Linesat 30°)

Thismodel is obtained by
$$\ x0pt \ yOpt
{\N{10} }{\ ESE{ 10} } {\ WBW 10} } $$
%ith initializations
\'l i net hi cknesslex
\set box\triel n¥\ hbox{\vrule
wi dt h1. 74\ | i net hi ckness
hei ght\ i net hi ckness\rel ax}
%o account for elenent in 30 degrees direction
\unitlengthy\ht\triel m%efault.2pt
\unitl engthx\wd\triel m%lefaul t.3482pt
\'uni t1 engt h\ uni t| engt hy%lef aul t. 2pt
%and the macros
\ def \ WBW£1{\ auxdi m#1\ uni t| engt h\ di vi de\ auxdi n2
\'| oop\ advance\ auxdi m\ uni t | engt hy
\'i fdi m auxdi n>-. 5\ uni tl engt hy
\ advance\ x-\ uni t | engt hx
\ advance\y-\uni t| engt hy
\ xy{\ vbox toOpt{\vss\copy\trieln}%
\repeat}
%
\ def \ ESE#1{\ auxdi m#1\ uni t | engt h\ di vi de\ auxdi n2
\ I oop\ advance\ auxdi m\ uni t| engt hy
\'i fdi m auxdi n>-. 5\ uni t| engt hy
\ advance\y-\uni t| engt hy
\ xy{\ vbox toOpt{\vss\copy\trielnm}%
\'advance\ x\ uni t | engt hx
\repeat}

Example (Trinary tree)

3L

\\\\\

sk A5

$$\ x0pt \yOpt\l evel 6 \ kk128\tritree}$$

%vith trinary tree nmacro

%Pr et ext

$$\def\tritree{\ifnuml=\level \eertirt\fi
\advance\l evel -1 \ di vi de\ kk2
{\N{\the\kk}\tritree}%
{VESE{\ t he\ kk}\tritree}%
\WBW\ t he\ kk}\tritree}

\def\eertirt#l\tritree{\fi}

\ xOpt\yOpt\level 5 \ kk128

\vbox to2cm{\ hsi ze2cm
\offinterlineskip
\vss\tritree\vss}$$

%Post t ext

Remark. The\ uni t | engt h-s are default equal to the
sides of the elementary rectangular block. The size of the
tree can be controlled by \ kk.

SHopefully, it is self-explanatory, at least with respect to the main flow. By the way in what order is the tree drawn?
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13 Epilogue

Thelines at 45° have little compatibility with TEX's rules,
alas, especially with non-neglible thickness. | was sur-
prised to realize that TEX's defaults for rules are not sym-
metric around their axesin relation to the reference point.

Have fun, and all the best.

14 Appendix: Binary tree and chart
Example (Binary treg)

\ bl uepi ct ur es\ bi ntreepi c\ par
$3\ bi nt r eepi c$$

with result

How can we add leavest®?

14.1 Rotated tree

Once we understand turtle graphics, rotating a tree can be
done easily by shifting the meaning of the directions, and
adjusting the positioning of the leaves.!’
Example (Rotated treg)
\'t hi spi cture{\def\1{cgl}

\ def\ 2{ PWI}\ def\ 3{ Jul y}

\ def\ 4{ 1995} \ def\ 5{\ dot s}

\yof f set {-16}\ ydi n{ 28} }
$$\ r ot at edbi nt r eepi c$$

—cl

L PWT
—Jduly
L 1995

\ bi ntree and\ eert ni b come with bl ue. t ex, and
\rot at edtreepi c is included in pic.dat. The
\'r ot at edt r eepi c entry reads as follows.

16See the PWT user guide for the answer.
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\I st\rotatedbintreepic{%uly 1995, cgl
\ bgr oup\ uni t| engt hlex%
\let\WN \I et\exchange\ E
\let\E\S \ | et\ S\ exchange
\def\ 1{x}\def\2{y}\def\3{a}\def\4{b}%
\def\ 5{pi et}\ def\ 6{hans}\def\ 7{etc.}%
\ kO\ kk16\ xdi n{ 10} \ ydi n{ 30} %
\ begi npi ct ur e\ bi ntree\ endpi ct ur e\ egroup
\thispicture{}}

142 Chart

Through the \ bi nt r ee macro we can aso obtain charts
elegantly.

Example (Chart, The TEXbook ex22.14 248)

JHB, 1838
MJHB, 1882

MDB, 1840

LMB, 1912

EFE, 1845
PAME, 1884

CLW, 1850

obtained via

% abel s in preorder (default in \chartpic)
\def\1{LMB, 1912}
\def\ 2{ MJHB, 1882}\def\5{ PAVE, 1884}
\def\3{JHB, 1838} \def\4{MDB, 1840}
\ def\ 6{ EFE, 1845} \def\7{CLW 1850}
\ ekk8
\ kO\ uni t | engt h2ex\ xOpt \ yOpt \ kk8
\ hbox{\ nodbi ntree}
9 th auxiliaries
\let\Eold\E
\ def\ E{\ gl obal \ advance\ k1
\ xyt xt{ \csnane\t he\ k\ endcsnane}\ Eol d}

Remark. An aid in finding the numbers of the branchesis
to delete\ csnane and\ endcsnane in\ E. Theway of
traversal a hand is called preorder.

When using \ chart pi ¢ frompi c. dat thetextsaong
the branches —\ def\ 1{. ..} et c. —have to be sup-
plied withina\ t hi spi ct ur e, to override the defaults.

A whitelie. Thetreeisactually mirrored because | like the leaves to be numbered from the top. In general we can rotate via POST-

SCRIPT.



