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PREFACE

In the preface to The TEXbook, Knuth describes TEX as a “typesetting system
intended for the creation of beautiful books—and especially for books that
contain a lot of mathematics”. P[CTEX is a collection of TEX macros by means
of which TEX users can easily instruct TEX to typeset beautiful pictures as
a part of their books—and especially mathematical figures, such as the one
below:

Density Distribution function
a(t) =1/(my/t(1 —1)) A(z) = £ arcsin(y/z)
of the arc sine law of the arc sine law
1.0
A(z) 0.5
0.0
0.0 0.5 1.0
t T

shaded area is A(83) — A(«)
FIGURE 1

That figure is destined to appear in a book on probability theory that
I'm writing using TEX. Indeed, the P[CTEX macros are an outgrowth of the
attempt I made at coercing TEX into drawing the kinds of figures I wanted to
include in that book. Happily, it turned out that what I wanted to be able
to do fell just within the limits of what seems feasible by way of making TEX
function as a graphics device.

PICTEX offers these advantages: (1) Figures become an integral part of
the typesetting process. You can avoid having to leave the proper amount of
space in your document for material that has to be created on some external
device and later stripped into the finished product. (2) All of TEX’s format-
ting capabilities are available for annotating your figures. In addition, that
annotation will be done (if you so desire) in the same fonts as you're using in
the rest of your document. (3) Just as TgX is machine independent, so too is
PICTEX. It doesn’t matter whether you're working on a PC or mainframe com-
puter. (4) Since typeset figures are embedded in the dvi file along with the
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rest of your document, all the advantages of TEX’s device independent output
accrue to them. In particular, you can revise away to your heart’s content
on your local system until things are just the way you want them, and then
you can have the final copy elegantly (but perhaps expensively) printed on a
high resolution output device. (5) P[CTEX can easily be extended using TEX’s
macro facilities.

On the other hand, P[CTEX has several limitations: (1) P[CTEX was ex-
pressly designed to facilitate the construction of pictures such as Figure 1.
It simply is not the right tool for producing illustrations such as the lions
that grace the title pages of The TgXbook. (2) Within the realm of mathe-
matical figures, P[CTEX doesn’t make 3D pictures or other complex things.
Considering that TEX provides less arithmetic capabilities than the simplest
pocket calculator, that would be asking for too much. (3) P[CTEX takes a
while to draw a P[Cture. Figure 1 initially took 3% minutes on a Sun-2/120,
all but 30 seconds of the effort going into producing the two curves. In sub-
sequent drafts PICTEX replotted the curves in 40 seconds. (4) PiCtures take
up a sizeable amount of computer memory, both within TEX and within the
software that processes the dvi file. For example, Figure 1 occupies about
15 Kilobytes. A larger P[Cture, with several more curves, could easily exceed
the constraints of a small system.

Examples and exercises are the life blood of any instruction manual, so
this manual has lots of them (maybe too many). Answers to all the exercises
are given in Appendix A. Appendix B provides some extended examples by
giving the code that was used to produce various figures throughout the man-
ual. In particular, the code for Figure 1 is there; leave perusal of that for last,
since it’s the most complicated.

The word ‘point’ presented some difficulty in early drafts of the man-
ual. Frequently it meant ‘coordinate point’, while at other times it meant a
printer’s point (1/72.27 inch, by TEX’s convention). I chose to resolve the
ambiguity by consistently shortening the typographical term to ‘pt’.

From time to time, parts of this manual are set in smaller type, like this.
Like the dangerous bend sections of The TEXbook, such passages pertain to
fine points that are best skipped over on first reading.

In closing, I would like to thank Ron Thisted for much advice and encour-
agement; Diana Wilson for enlarging the input buffer of our iptex program
to 48K so the pages of Section 5 could be printed; Leslie Lamport for his
advice on Section 10; and, of course, Donald Knuth for making it all possible,
and for the seminal Dirty Trick on page 389 of The TEXbook.

Michael J. Wichura

Chicago, Illinois
November, 1986
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1. INTRODUCTION

1.1. PICTEX COMMANDS

To draw a P[Cture you first have to load the P[CTEX macros into TEX’s
memory—see your local system guru for details. To start drawing a P[C-
ture you type the command \beginpicture, and to finish it off you type the
command \endpicture. The overall structure is thus

\beginpicture
additional P[CTEX commands
\endpicture

All this goes in your TEX input file.

The P[CTEX commands are described in detail in the following pages. A
few words need to be said here about the syntax with which sample commands
are presented. Consider, e.g., the \put command of Subsection 2.1:

\put {text} [[[os]loy)1] [<wshift,yshift>] at wcoord ycoord

First of all, notice the matched pairs of thin brackets: [] and []. In contrast
to the thick brackets ‘[’ and ‘]’, these are not part of the command; rather
they indicate that the phrases contained therein may be omitted. Secondly,
note the blank spaces separating the various phrases of the command. These
are essential. However to enhance the readability of your input, you can
use as many spaces as you like (provided there is at least one) wherever a
sample command shows a single space. Moreover, at least one blank must
follow every P[CTEX command. Do try hard to get the syntax of the P[CTEX
commands right, paying particular attention to the delimiters {, }, [, 1, <,
> (,), and /. If you mess up, TEX will get confused and you will get a lot
of error messages—and quite possibly no PjCture. Appendix C lists all the
PICTEX commands alphabetically, so you can easily check the syntax of any
command you write.

Exercise 1. B. L. User didn’t pay attention to the three words that were
underlined in the preceding paragraph. What price did he pay in consequence?

It is important that you understand TEX’s concept of grouping (see Chap-
ter 5 of The TgXbook). The point is that any change you make to one of
PICTEX’s parameters is local to the group in which that change is made. In
particular, since \beginpicture and \endpicture mark the start and end
of a group, TEX will undo the changes you’ve made while drawing a P[Cture
once it reaches the terminating \endpicture command. Consider, e.g., the
effect of P[CTEX’s \setcoordinatesystem command, which is discussed in
the next subsection. There is a major difference between typing
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\beginpicture %, PiCture A
\setcoordinatesystem units <1in,1in>

\endpicture
and typing

\setcoordinatesystem units <1lin,1in>
\beginpicture % PiCture B

\endpicture

In the first case, the specified coordinate system is in effect during the fab-
rication of P[Cture A, upon the completion of which the coordinate system
reverts to the one in effect before P[Cture A was begun. On the other hand,
in the second case the specified coordinate system is in effect not only during
PiCture B but for all subsequent PjCtures, until such time as it is overridden
by another \setcoordinatesystem command or the enclosing group ends.

The P[CTEX macros include the control sequence \PiCTeX which produces the
logo ‘PICTEX’, and also the control sequence \PiC which produces the fragment ‘P[C’.
Type, e.g., ‘\PiC\-ture’ to get ‘P[Cture’, and ‘\PiC\-to\-ri\-al’ to get ‘P[Ctorial’,
with discretionary breaks as indicated.

The names of P[CTEX’s internal control sequences begin with an exclamation
point of category code 11. Since in ordinary usage ‘!’ is of category 12, you can’t
inadvertently redefine any internal control sequence. All of PICTEX’s external control
sequences (which you can redefine, inadvertently or not) are listed in Appendix C.

1.2. COORDINATE SYSTEMS

Objects are positioned in a P[Cture by specifying their x and y coordinates
with respect to a coordinate system set up by the \setcoordinatesystem
command, which takes the form

\setcoordinatesystem units <zunit,yunit> point at zcoord ycoord

Here zunit is the length of one unit on the z-axis, yunit the length of one unit
on the y-axis. zcoord and ycoord are the x and y coordinates of the so-called
reference point of the system. Reference points have several uses, one of which
will be brought up in a moment. For example, the command

\setcoordinatesystem units <.5in,.25in> point at 1.5 -2

establishes the coordinate system shown in Figure 2 below.

In drawing a P[Cture, you may (re)set the coordinate system as often as
you like. This feature is advantageous if, e.g., you want to make two side-
by-side graphs, using a different coordinate system for each graph. Now the
significance of reference points emerges—P[CIEX links multiple coordinate
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-2+ X <« reference point

FIGURE 2

systems together in such a way that their reference points occupy the same
physical location. If each coordinate system were to be drawn in the manner
of Figure 2, the x’s would coincide.

e The complete syntax of the \setcoordinatesystem command is

\setcoordinatesystem [units <xunit,yunit>}
[point at zcoord ycoord}

Each of the fields ‘units <zunit,yunit> and ‘point at zcoord ycoord’
is thus optional.

e If ‘point at zcoord ycoord’ is omitted from the command, P[CTEX retains
the coordinates of the previous reference point, using zcoord = 0 and
ycoord = 0 as default values.

o If ‘units <zunit,yunit> is omitted, P[CTEX retains the previous units,
using zunit = 1 pt and yunit = 1 pt as default values.

e zunit and yunit may be any strictly positive TEX dimensions; see Chapter
10 of The TgXbook.

e A coordinate system remains in effect until a new one is set, or the en-
closing group terminates (see Subsection 1.1).

o The fact that TgX deals only with dimensions less than 16384 pts (slightly over
18 feet) in magnitude imposes some minor TEXnical restrictions on the P[Ctures
P[CTEX can draw. Each time you give a \setcoordinatesystem command,
you are effectively asking P[CTEX for a new sheet of graph paper 36 feet wide
and 36 feet tall, ruled according to the values of zunit and yunit, and having the
coordinate point (0,0)—the origin—smack in the center. Everything you intend
to place in the P[Cture using that coordinate system has to fit on that piece
of paper. When you’ve finished drawing the P[Cture, P[CTEX takes the sheets
of graph paper you’ve used, lines them up on their reference points, and copies
everything to a fresh sheet of 36 ft x 36 ft paper with the common reference
points smack in the center; again, everything has to fit on that piece of paper.
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PICIEX then trims away the unused borders of the paper and hands it over to
TEX to paste into the page layout. Clearly, you have a lot of room to maneuver
in, but you can’t, e.g., set the unit lengths to 1 inch and work with coordinate
values in the 1000’s.

Exercise 2. What are the relative locations of the origins of the coordinate
systems specified by

% First system:

\setcoordinatesystem units <10pt,5pt> point at 0 O
% Second system:

\setcoordinatesystem point at -20 0 7

Exercise 3. Intending to establish a coordinate system with unit lengths of
1 and 2 inches and a reference point at (3,—2), B. L. User typed

\setcoordinatesystem [units<linch,2inches>] [point at (3,-2)]

What mistakes did he make?

2. PUTTING TEXT INTO A PICTURE

To understand how P[CTEX places text in a P[Cture you need to be aware that
TEX automatically encloses each character destined to appear on the printed
page in an invisible rectangular box, and that it pastes these character boxes
together to form word boxes, math formula boxes, paragraph boxes, and the
like. The point to keep in mind is that each block of text has an associated
enclosing box. For example, the box enclosing the word ‘put’ in the font
cmssdcl0 scaled 4300 looks like this:

- - - — — — <« baseline
FIGURE 3

Chapter 11 of The TgXbook gives several other examples.

2.1. SINGLE PUTS

To have P[CTEX place a block of text, say text, into a P[Cture with the box
enclosing text centered both horizontally and vertically about the coordinate
point (zcoord, ycoord), type

\put {text} at xcoord ycoord
Other orientations of the enclosing box can be obtained by typing

\put {tezxt} [o,0,] at zcoord ycoord
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where o, is either 1 or r (or not present), and o, is either t, or B, or b (or not
present). Specifying

! left edge
orients the box so that réi];te?gie
(zcoord, ycoord) lies on its b i

b bottom edge

Omitting o, retains horizontal centering, and omitting o, retains vertical cen-
tering. To shift the box a distance zshift to the right and a distance yshift up
from where it would otherwise go, type

\put {text} [o,0y] <zshift,yshift> at zcoord ycoord

For example, suppose you have already entered

\font\bigletters=cmssdc1l0 scaled 4300
\def\bigput{{\bigletters putl}}

Then the command
\put {\bigput} [rt] <3.1mm,-2mm> at 1 2

places a big ‘put’ in the P[Cture with the top right corner of its enclosing box
3.1 millimeters to the right and 2 millimeter below the coordinate point (1,2),
like this:

o (1,2)

put

Exercise 4. The P[Cture above has the e (a $\bullet$) centered at (1,2),
and the text ¢(1,2)’ vertically centered 10 pts to the right of (1,2). Give \put
commands to place these objects in the P[Cture.

e The syntax of the \put command is
\put {tezt} [[[os]loy)1] [<ashift,yshift>] at zcoord ycoord

e text can be anything TEX will allow you to put into an hbox (i.e., almost
anything).

e If both o, and o, are specified, they can appear in either order.

e zshift and yshift can be any TEX dimension. Remember to type a zero
value as, say, Opt, not simply 0.

e (zcoord, ycoord) is a coordinate point in the current coordinate system.
In particular, zcoord and ycoord are dimensionless quantities.

It is good practice to annotate a P[Cture using type which is slightly
smaller than that used in the surrounding text; this helps set the P[Cture off
from that text. Most of the P[Ctures in this manual are annotated in nine
point type (this size), while the body of the text is in ten point type. The
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switches to nine point were made using the \ninepoint macro described in
Appendix E of The TEXbook. Should you wish to use the \ninepoint macro
yourself, you’ll have to type in its definition, since it’s not included in plain

TgX, nor in PICTEX.

Exercise 5. Redo the preceding exercise, using nine point type for the bullet
and the text (1,2)’.

2.2. MULTIPLE PUTS

On occasion you may want to place the same block of text several places in a
PiCture. This can be done efficiently with the construction

\multiput {text} [oy04] <wshift,yshift> at
xcoord ycoord ... *n dzcoord dycoord ... /

Between ‘at’ and the terminating ‘/’ each occurrence of
xcoord ycoord
gives the effect of

T = xcoord
y = ycoord
\put {text} [og0y] <zshift,yshift> at = y

and each occurrence of
*n, dxcoord dycoord
gives the effect of n repetitions of

x = x + dzcoord
y =y + dycoord
\put {text} [og0y] <zshift,yshift> at = y

e An arbitrary number of coordinate points (z,y) can be specified. Coor-
dinate values are separated by at least one blank, and at least one blank
must precede the terminator signal ‘/’.

e zcoord, ycoord, dxcoord, and dycoord refer to the current coordinate sys-
tem.

e n is an integer; if n < 0, ‘*n dzcoord dycoord’ has no effect.

e A ‘xzcoord ycoord’ specification must precede the first ‘*n dzcoord dycoord’
specification.

e As with the \put command itself, the orientation and shift specifications
‘[oz0y]1" and ‘<wshift , yshift>" are optional.

For example

\setcoordinatesystem units <.25in, .25in>
\multiput {.} at
00 *10 .2 .2 *10 .1 -.3 *10 -.3 .1 /
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draws in the outline of a triangle between the points (0, 0), (2,2), and (3, —1):
(2,2)

0.0) - |
(3,-1)

Changing the repetition counts from 10 to 60 and scaling the increments down
by a factor of 6 produces

Exercise 6. Give PICTEX commands to draw the following ruler:

0 pt 100 pt 200 pt 300 pt

The construction ‘\vrule height .4pt width 300pt’ will give you the
horizontal line, while ‘\vrule height 18pt’ will give you the major divisions.

The coordinate specifications for a \multiput command can be stored
without the terminator ‘/’ in an external file, say file name, and accessed
with the command

\multiput {text} [oy0,] <zshift,yshift> at "file name"

For example, if the specifications

0 0 =150 .58779 -1.80902 *150 -1.53884 1.11803
*150 1.90211 0.0 *150 -1.53884 -1.11803
*150 .58779 1.80902

are stored in the file Star.tex, then the instructions

\setcoordinatesystem units <.2pt,.2pt>
\multiput {\fiverm .} at "Star.tex"

produce

FIGURE 4
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In principle you could draw any curve you wanted to by \multiputting
enough dots into the P[Cture at the right places. In general that would involve
writing a computer program to generate a file containing the appropriate
coordinates. You can spare yourself the bulk of that effort by making use of
PICTEX’s \plot, \setlinear, and \setquadratic commands discussed later
on (see also \replot).

2.3. STACKS OF LETTERS AND ROWS OF LINES

It would be nice if TEX wrote words vertically as well as horizontally, but it

ROV

i
doesn’t. PICTEX provides a facility for rgl letters up vertically. Such things are
produced by the command

\stack [[0]] [<leadz'ng>] {list}

e list is a list of textual items (e.g., letters or words) to be stacked, from top
to bottom. In the list items are separated by commas, without intervening
blanks — if an item contains a comma, enclose the comma (or the entire
item) in {}’s.

e Stacked items are left justified if o = 1, right justified if 0o = r, and
centered if ‘[0]’ is omitted from the command.

e [eading is the distance separating the enclosing boxes of the items in the
stack. If ‘<leading>’ is omitted from the command, leading defaults to
the value of the dimension register \stackleading. This register is set to
.17\baselineskip when the P[CTEX macros are loaded; you can change
its value by typing, e.g., ‘\stackleading=1pt’.

e The baseline of a stack is the baseline of the bottom item.

You can use \stack outside the \beginpicture ... \endpicture environ-
ment. Indeed the first sentence of this paragraph was set with

‘... for \stack <ipt> {s,t,a,c,k,i,n,g}\ letters ...’

The ‘\ ’ after ‘{s,t,a,c,k,i,n,g}’ is needed because the P[CIEX macros
instruct TEX to skip over any blanks following their arguments; this keeps
spurious blanks from lousing up a P[Cture. To place a stack in a P[Cture, just
\put it there, as with the command

\put {\stack [r] <2pt> {stacking,is,as,simple,%
as ABC}} [1t] <10pt,Opt> at 3 2

Exercise 7. Describe the result of the preceding command.

\stack was designed for tall scraggly things like the label for a y-axis.
rows of

You may prefer labels consisting of rows of lines, like this: lines . Such
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structures are produced by the command
\lines [[0]] {line;\cr lines\cr ... }

e Any number of lines may be specified; they will be arrayed from top to
bottom.

e [ines are left justified if o = 1, right justified if o = r, and centered relative
to one another if ‘[o]’ is omitted from the command.

e TEX’s usual vertical spacing conventions apply within the array; in par-
ticular the baselines of the various lines ordinarily will be a fixed distance
apart. It is primarily in this respect that \lines differs from \stack.

e The baseline of the array is the baseline of the bottom line.

Like \stack, \lines can be used outside a P[Cture. For example, the author
typed ‘\lines {rows of\cr lines\cr}’ to produce the structure above. The
command

\Lines [[0]] {line;\cr lines\cr ... }

is identical to \1lines, except that the baseline of the array is the baseline of
the top line.

Exercise 8. Describe the result of

\put {\lines {Rows of lines\cr are easy to put\cr
into a PiCture\cr}} [1t] <10pt,Opt> at 3 2

Exercise 9. (a) Do the instructions ‘\put {\lines {Two\cr lines\crl}}
[B] at 3 2’ and ‘\put {\Lines {Two\cr lines\cr}} [B] at 3 2’ produce
the same result? (b) What if ‘[B]’ is changed to ‘[b]’?

Exercise 10. How does the \lines command differ from the \line com-
mand of plain TEX?

\stack and \lines provide two ways to annotate a P[Cture. You can put
any paragraph you like into a P[Cture by building the paragraph in a vbox
(where all of TEX’s formatting capabilities are at your disposal) and \putting
the vbox in the P[Cture.

Exercise 11. Describe the result of

\put {\vbox{\hsize=1.25in \raggedright \noindent It’s easy
to put a paragraph into a PiCture.}} [B1] <10pt,Opt> at 3 2

3. GRAPH SETUP

This section presents P[CIEX’s commands \axis for drawing = and y axes
with tick marks, tick values, and axis labels; \plotheading, for attaching
a heading to a graph; and \grid, for superimposing grid lines on a graph.
Unless indicated otherwise, the examples given use a coordinate system with
unit lengths of 1 pt.
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3.1. ESTABLISHING A PLOT AREA

Before you can use any of the commands mentioned above you have to tell
PICTEX where you intend to place your graph in the current P[Cture. The
command

\setplotarea x from zcoord; to zcoord,,
y from ycoord, to ycoord,

sets up a rectangular ‘plot area’ with the coordinate point (zcoord;, ycoord,)
at its bottom left corner and (zcoord,, ycoord,) at its top right corner. You
can use \setplotarea more than once in the same P[Cture; \axis, \grid,
and \plotheading always refer to the most recently defined plot area.

3.2. DRAWING AXES

Because of its many options, \axis is P[CTEX’s most versatile command. By
the same token, it takes the most time to assimilate (not all that much time,
though). If you study the following examples carefully, you can pretty much
avoid reading the long list of rules given later on. For starters, here are some
simple z-axes:

T |
—100 -50 0 50 100
First example
results from
\setplotarea x from -100 to 100, y from O to O
\axis bottom label {First examplel} ticks
numbered from -100 to 100 by 50
unlabeled short quantity 21 /
while

100 101 102 10™ Third example
L | | J

results from

\setplotarea x from 0 to 125, y from O to 0
\axis top ticks
withvalues $10°0$ $10°1$ $10°2% {} {} $10°n$ /
quantity 6 /
\setplotarea x from 175 to 300, y from O to O
\axis top label {Third example} /

Here are some more extended examples. The instructions

\setcoordinatesystem units <40pt,80pt>
\setplotarea x from -2 to 2, y from 0 to 1
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\ninepoint%  (See Subsection 2.1)
\axis bottom ticks
numbered from -2 to 2 by 1
length <Opt> withvalues $\alpha~2$ $\beta"2$ /
at -.5 .5 / /
\axis top ticks
length <8pt> width <.2pt> numbered from -1.5 to 1.5 by 1.0
length <4pt> unlabeled from -2.00 to 2.00 by .25 /
\axis left label {\stack {I,N,C,0,M,E}} ticks
withvalues \$0 \$10,000 \$20,000 \$30,000 \$40,000 /
quantity 5 /
\axis right label {\lines {Value\cr of $A_n$\cr}} ticks
withvalues {$1/1$} {$1/28} {$1/3%} {$1/n$} /
at 1 .5 .33333 .125 /
unlabeled at .25 .2 .16667 .14286 / /

produce Figure 5 below.

~15  —05 05 15
$407OOO | ‘ | L1 ‘ | L1 ‘ | | | ‘ | 1/1
1 $30,000
o va
alue
§ 520,000 1y Value
M L 1/3
E $10,000 L
=1/n
$0 | | |
-2 —1 012 0 BQ 1 2
FIGURE 5

Moreover the instructions

\setcoordinatesystem units <1pt,100pt>
\setplotarea x from 0 to 100, y from O to 1
\ninepoint
\axis bottom invisible ticks
andacross width <.25pt> quantity 5
length <Opt> from 12.5 to 87.5 by 25.0 /
\axis left invisible ticks
andacross width <.25pt> logged
numbered at 1 2 3 5 10 /
unlabeled short at 4 / from 6 to 9 by 1
length <Opt> from 1.5 to 4.5 by .5
from 1.25 to 2.75 by .50 /
\setcoordinatesystem units <ipt,1pt> point at -150 0
\setplotarea x from 0 to 100, y from O to 100
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\axis bottom shiftedto y=50 ticks

in withvalues $-2$ $-1% {} 1 2 / quantity 5 /
\axis left shiftedto x=50 ticks

in withvalues $-2$ $-1$ {} 1 2 / quantity 5 /

produce Figure 6 below.

10 2
5 Lr
| | | |
3 2 1 1 2
2 L
1 oL
FIGURE 6

That’s the last of the introductory examples. It’s time now for the for-
malities. The syntax of the \axis command is

\axis [bottom] [top} [left] [right]
[shiftedto y=ycoo7"d] [shiftedto X=$COO’I’d}
[visible| [invisible]
[label {axis label}]
[thkS]
fout] [1a]
[long| [short| [length <length>]
[width <width>]
[butnotacross} [andacross}
[unlabeled} [numbered] [withvalues valuey values ... /}
[unlogged} [1ogged}
[quantlty q] [from coords to coord. by dcoord]
[at coordy coords ... /}

/

e The axis is ordinarily drawn along the bottom, top, left, or right edge
of the current plot area, according to which one of these keywords is
specified (one of them must be specified). Tick marks, tick values, and
the axis label are drawn, in that order, down from a bottom axis, up from
a top axis, to the left from a left axis, and to the right from a right axis.

e The shiftedto option causes a bottom or top axis to be drawn at the
specified y-coordinate, and a left or right axis to be drawn at the specified
x-coordinate.
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The keyword invisible suppresses the drawing of the axis (but not the
tick marks, etc., if any). visible is the default.

The text specified by axis label is centered with respect to the appropriate
edge of the plot area. azis label can be anything TEX will let you put in
an hbox. In particular, it can be a \stack or \lines construction (see
Subsection 2.3).

e No ticks are drawn unless the keyword ticks is specified.

e The keywords discussed so far can appear in any order, except that the
positioning keyword (e.g., bottom) must come first, and ticks last. The
remaining keywords describe the ticks and their labels, and can be speci-
fied only if ticks itself is.

Ticks ordinarily point out from the plot area; in makes them point into
the plot area.

Ticks are ordinarily long (like this: ‘1’). However they can be short (like
this: ¢1”), or of an arbitrary length specified by the length option.

Ticks ordinarily have the width shown above. The width option can be
used to set their width to any desired dimension. A tick is invisible if
either its length or its width is 0 pt.

The keyword andacross causes ticks to be drawn across the plot area, as
well as pointing out (if out is in effect) from it. In effect, the tick mark is
augmented by a grid line. The keyword butnotacross annuls andacross,
and is the default.

Ticks are ordinarily unlabeled. However when numbered is specified,
the at and from options discussed below assign numeric values to them.
Alternatively, arbitrary tick labels can be specified by the withvalues
option; the labels valuey, values, ... are assigned, in that order, to subse-
quent ticks until either the list of values is exhausted, or a unlabeled or
numbered keyword is encountered. Values in the list must be separated
by at least one blank, and at least one blank must precede the ‘/’ that
terminates the list. If a value contains a blank or a ‘/’, enclose the entire
value in {}’s. Null values are permitted: type ‘{3}’.

The option quantity ¢ draws ¢ ticks equally spaced from left to right
along an x-axis, or from bottom to top along a y-axis. The first and last
ticks are at the ends of the axis. ¢ is an integer; if ¢ < 1, no ticks are
produced.

The from option draws ticks at the indicated coordinates. coord, coord.,
and dcoord must be fixed point numbers, with the same number of digits
(if any) to the right of the decimal point (if any), and dcoord must be
positive. If the numbered option is in effect, the coordinate of the tick is
used as the tick label (with the same number of digits to the right of the
decimal point as in dcoord).

The at option draws ticks at the specified coordinates. As with the from
option, the coordinates must be fixed point numbers, which are used as
tick labels when numbered is in effect. The list of coordinates must be
terminated by a ‘/’.
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e The logged option applies only to the positioning of subsequent ticks
specified by the from and at options. Ticks are placed at the log;,’s of
the specified locations; the original unlogged locations are used as labels if
numbered is in effect. (P[CTEX’s log;, function is too slow to be used for
general purposes. If a logarithmic scale is right for your data, you have to
log-transform the data before asking P[CTEX to plot it.) unlogged annuls
logged, and is the default.

e Descriptive tick keywords (in, short, andacross, logged, withvalues,
etc.) must precede the positioning keywords (quantity, from, and at) to
which they apply. Any number of descriptive and positioning keywords
can be specified. For an z-axis, tick values are placed in the P[Cture along
a common baseline, centered horizontally with respect to the correspond-
ing ticks. For a y-axis, tick values are placed right-justified in the P[Cture,
centered vertically with respect to the corresponding ticks.

e Finally, the entire \axis command is terminated by a ‘/’. This ter-
minator, as well as those for the withvalues and at options, is very
important—don’t forget it.

Exercise 12. B. L. User made 7 mistakes on his first attempt:

\axis label ‘My First Axis’ ticks
length 10pt with values $x_1$ $x_2$ $x_3$ $x_4$
from 7.5 to 52.5 by 15

at an axis. What were they?

3.3. HEADINGS AND GRIDS
The command
\plotheading {heading}

places the text specified by heading centered above the plot area (and above
any top axis tick marks, tick values, or axis label). The command

\grid {c} {r}

partitions the plot area into ¢ columns and r rows. When c or r is a single
digit, the {}’s bracketing it may be omitted. ‘grid 1 1’ just frames the plot
area. To produce

A grid
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enter

\setplotarea x from 0 to 100, y from O to 50
\plotheading {A grid}
\grid 8 4

More complicated grids can be drawn using the andacross option of the \axis
command (see, e.g., Figure 6).

Exercise 13. \grid is defined in terms of \axis. Guess how.
Exercise 14. Give commands to draw Figure 7 below. Assume that the
coordinates

1 4.1576 2 3.6378 ... 5 3.0183 100 0.6990

of the circles are stored in the file Shakespeare.tex.

Number of words Shakespeare used
exactly n times, for n = 1 to 100 by 1.

10000 4 °
N B o
M 1 ° Shak d 1043
m o agespeare use
lé 1000 _E Ooq%%% words exactly 5 times.
T .
N ]
{1003 e
w 1 o~ Ty
(12 1 omoooquﬁpood%(qub D

(0] [e]
d 10 E 000 %Yy OCQOQ)QPCD(D
S 3 o
1= ' T ' T ' T ' T ' |
0 20 40 60 80 100

Frequency n of usage

FIGURE 7

3.4. MODIFYING THE DEFAULTS FOR GRAPH SETUP

You can modify P[CTEX’s defaults for the length of ticks, etc., by assigning
nonnegative dimensions to the following parameters. The first five apply to
any axis, whether it be bottom, top, left, or right.

e \longticklength — the default length of long ticks.

e \shortticklength — the default length of short ticks.

e \tickstovaluesleading — the distance separating the ticks and the box
enclosing the tick values.
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e \valuestolabelleading — the distance separating the box enclosing the
tick values and the box enclosing the axis label.

e \linethickness — the default thickness of axes, tick marks, and grid
lines.

e \headingtoplotskip — the distance between the baseline of the heading
and the top of the plot area, or the top of the box enclosing the top axis
structure (if any), whichever is higher.

For example, when prefixed by
\longticklength=10pt
\shortticklength=6pt

\tickstovaluesleading=6pt
\linethickness=.25pt

the instructions for the first example of an z-axis in Subsection 3.2 produce

—100 —50 0 50 100
First example (redone)

Moreover the following commands can be used to set the defaults concern-
ing the visible/invisible, out/in, unlogged/logged, and butnotacross/
andacross keywords of the \axis command:

\visibleaxes \invisibleaxes
\ticksout \ticksin
\unloggedticks \loggedticks
\nogridlines \gridlines

For example, after specifying ‘\ticksin’, all subsequent ticks will point into
their plot areas, except when out is specified in the \axis command.

The command \normalgraphs specifies the first member of each of the
four pairs of commands in the preceding display and sets the graph setup
parameters and \stackleading (see Subsection 2.3) to the default values
specified below:

parameter default value
\longticklength .4\baselineskip
\shortticklength .25\baselineskip
\tickstovaluesleading .25\baselineskip
\valuestolabelleading .8\baselineskip
\stackleading .17\baselineskip
\headingtoplotskip 1.5\baselineskip
\linethickness .4pt

The use of TEX’s \baselineskip register to some extent adapts the spacing to
the size of the fonts you’re using. However the parameter values are static, so
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they won’t change when you change \baselineskip unless you subsequently
issue a \normalgraphs command. The default values you get to start with
are determined by the value of \baselineskip when the P[CTEX macros are
loaded.

Exercise 15. Use \axis to draw the ruler of Exercise 6.

4. RULES AND OBJECTS MADE FROM THEM

TEX calls horizontal and vertical lines rules. This section presents P[CTEX’s
commands dealing with rules and objects like rectangles, histograms, and
bar graphs that are built up out of rules. The thickness of the rules drawn
by these commands is governed by the \linethickness parameter of the
preceding subsection.

4.1. RULES
The command
\putrule from zcoords ycoords to xcoord. ycoord,

draws a rule in the current P[Cture from the point (zcoords, ycoord,) to the
point (xzcoord,, ycoord,); either the starting and ending z-coordinates should
be the same, or the starting and ending y-coordinates should be the same.

For example the little ‘firecracker’ . is produced by

\setcoordinatesystem units <ipt,1pt>
\putrule from 0 0 to O 15
\linethickness=6pt

\putrule from 0 0 to 0 12

Note the effect of changing \linethickness. The shift option of \put com-
mands can be used with \putrule:

\putrule <zshift,yshift> from zcoords ycoords to zcoord.,ycoord,

moves the rule a distance zshift to the right and yshift up from where it would
otherwise go.

Exercise 16. Construct the ruler of Exercise 6 making use of \putrule.
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4.2. RECTANGLES
PICTEX provides several ways to construct rectangles. The command
\putrectangle corners at zcoords ycoords and zcoord. ycoord,

draws a rectangle with opposite corners at the points (zcoords, ycoord,) and
(zcoord,, ycoord,). For example

\setcoordinatesystem units <.5in,.5in>
\putrectangle corners at 0 1 and 2 0

produces

0,1) —

— (2,0)

If you look closely, you’ll see that the rules outlining the rectangle overlap
at the corners. The shift option ‘<zshift, yshift>’ of \put commands can be
placed between ‘\putrectangle’ and ‘corners’.

Exercise 17. Give commands to draw the circuit diagram

R1 R2

Rs

The command
\putbar breadth <3> from zcoords ycoord, to zcoord. ycoord,

draws a rectangle having (zcoord s, ycoord) and (xcoord., ycoord,) as the mid-
points of opposite sides of length (.

e (zcoordg, ycoord,) and (zcoord., ycoord,) are points in the current coor-
dinate system. Either the starting and ending z-coordinate must be the
same, or the starting and ending y-coordinate must be the same.

e (3 is a dimension. If 8 = 0pt, \putbar has the same effect as \putrule.

e The shift option of \put commands can be used with \putbar.

For example the instructions

\setcoordinatesystem units <.25in,.25in>

\putbar breadth <.5in> from 0 1 to 4 1

\putbar <-6pt,Opt> breadth <12pt> from 8 0 to 8 1.5
\putbar < 6pt,Opt> breadth <12pt> from 8 0 to 8 1.9



SECTION 4: RULES AND OBJECTS MADE FROM THEM 19

were used in making the following P[Cture:
T
0,1) — .5 inch — (4,1)
L

(8,0)

You can a textual item, inside or outside a P[Cture, with the
command

\frame [<sepamtz'0n>} {text}

Here

e text can be anything you can put in an hbox.

e separation is a (not necessarily positive) dimension specifing the amount
of space between the box enclosing text and the framing rectangle. If
‘<separation>’ is omitted from the command, you get the effect of ‘<Opt>’.

The framed text has the same baseline as text. For example, the first line

)

of this paragraph was set with ‘You can \frame <2pt> {framel}\ a ...’
To place a framed item into a P[Cture, \put it there, as with ‘\put {\frame
<3pt> {\frame <3pt> {LEGEND}}} at 100 20 .

Exercise 18. Describe the result of the preceding command.
The command
\rectangle <w> <h>

produces a rectangle of a prescribed width w and height h, having its baseline
along the bottom edge. Such an object can be \put into a P[Cture just like
any block of text.

Exercise 19. Describe the result of ‘\put {\rectangle <1in> <.25in> }
[tr] at 1 2.

Exercise 20. \rectangle is defined in terms of \frame. Guess how.

4.3. HISTOGRAMS

The commands

\sethistograms
\plot zcoordg ycoord, zcoord; ycoord, xcoords ycoord,
xcoords ycoords ... /

construct a histogram composed of rectangles having opposite corners at the
points

(zcoordy, yeoordy)—(xcoordy , ycoord,)
(zcoordy, yecoord y)—(xzcoords, ycoords)
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(zcoords, yecoord y)—(xzcoords, ycoords)

e An arbitrary number of coordinate points (zcoord;, ycoord;) can be speci-
fied with the \plot command. Coordinate values are separated by at least
one blank, and at least one blank must precede the terminator signal ‘/’.

For example the histogram in Figure 8 below was constructed with

\setcoordinatesystem units <.03125in, .25in>

\sethistograms
\plot 00 10 1.5 203.5 40 1.5 800.5 /

Cigarettes smoked per day
(adult males, current smokers, 1964)

%

p 47 (3.5)

€

r 3

¢

1 J

§ 2 (1.5) (1.5)

Lol (0.5)

t |
£ 07 010 20 40 80

Number of cigarettes

FIGURE 8

Exercise 21. Give a complete set of instructions to draw Figure 8.

Exercise 22. Show how to produce

]

The list of coordinate values that \plot acts upon can be stored without
the terminator ‘/’ in an external file, say ‘file name’, and accessed simply by

\plot "file name"

For example, the histogram in Figure 8 could have been produced by entering

00 10 1.5 20 3.5
40 1.5 80 0.5

into, say, file cigarettes.tex, and then specifying

\sethistograms
\plot "cigarettes.tex"
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4.4. BAR GRAPHS
The commands

\setbars breadth <3> baseline at z = zcoord
\plot zcoord; ycoord, wxcoords ycoord, ... /

have the effect of

\putbar breadth <3> from zcoord; zcoord to zcoord; ycoord,
\putbar breadth <> from zcoords zcoord to zcoords ycoord,

when z is the letter y, and the effect of

\putbar breadth <3> from zcoord ycoord, to xzcoord; ycoord,
\putbar breadth <B3> from zcoord ycoord, to zcoords ycoord,

when z is the letter x. These commands thus make it easy to draw bar graphs.

e When z is y, the bars rest on the horizontal line y = zcoord, while when
z is x, the bars rest on vertical line x = zcoord. (There are no other
possibilities for z.)

e The specification ‘<zshift , yshift>’ may be placed between ‘\setbars’ and
‘breadth’ to shift the bars in the usual manner.

e The "file name" option of the \plot command may be used.

e Labels can be attached to the base of the bars by continuing the \setbars
command with

baselabels ([[[o,][oy]1] [<ashift,yshift>])

and by following each coordinate specification in the \plot command by
the appropriate label, enclosed in quotation marks, like this: "label". For
each 4, the i'" base label is positioned relative to (zcoord;, zcoord) when
z is y, or relative to (zcoord, ycoord;) when z is x, just as though it were
\put there with the options specified by the baselabels field.

e Similarly labels can be attached to the end of the bars by continuing the
\setbars command with

endlabels ([[[og]loy]1] [<ashift,yshift>])

and by following each coordinate specification in the \plot command by
the appropriate label, enclosed in double quotes. For each i, the i*" end
label is positioned relative to (zcoord;, ycoord,) just as though it were \put
there with the options specified by the endlabels field.

e Base label specifications must precede end label specifications if both are
used.
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For example the instructions

\setcoordinatesystem units <7pt,11pt>

\setbars breadth <Opt> baseline at x = 0
baselabels ([Br] <-5pt,-2pt>)

\linethickness=2pt \def\Yr#1{{\sevenrm 7#13}}J

\plot

24.1 0 "Austria \Yr5" 23.8 -1 "Denmark \Yr3"
21.0 -2 "West Germany \Yr4" 15.4 -3 "France \YrO"
14.9 -4 "Belgium \Yr3" 10.6 -5 "Luxembourg \Yr5"
9.2 -6 "Netherlands \Yr4" 8.6 -7 "Portugal \Yr4"
7.9 -8 "England \Yr4" 5.8 -9 "Italy \Yr2"
4.0 -10 "Spain \Yr4" 1.5 -11 "Switzerland \Yr5" /

were used in constructing Figure 9.

SUICIDE RATES IN WESTERN EUROPE
per 100,000 population per year
for the years (19xx) indicated

0 5 10 15 20 25
| | | ] | J

Austria 75
Denmark 73
West Germany 74
France 70
Belgium 73
Luxembourg 75
Netherlands 74
Portugal 74 ee—
England 74
Italy 72
SPaIN 74 ee—
Switzerland 75

FIGURE 9

Exercise 23. Give commands to draw Figure 10. Suppose that the coordi-
nates k bg, k =0, 1, ..., 12, are stored in the file Binomial.tex, and that
the corresponding coordinates k py are stored in the file Poisson.tex.

4.5. P[CTEX’S INTERPOLATION MODES

What the \plot command does to a list of coordinate values depends on
what interpolation mode PI[CIEX is in. \sethistograms puts P[CTEX into
a histogram drawing mode, and \setbars puts it into a bar graph draw-
ing mode. There are two other modes: piecewise linear interpolation and
piecewise quadratic interpolation, which are initiated by \setlinear and
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The Binomial distribution for 20 trials of success probability 0.2 and its
Poisson approximation. The height of the bar just to the left of k is the
Binomial probability b, = (Zk(,)) (.2)*(.8)*°~*, while the height of the bar
just to the right of k is the Poisson probability pi = 6744k/k}! .

20 -
15 -
10 A
.05
.00 - e S
0 1 2 3 4 5 6 7 8 9 10 11 12
k
FIGURE 10

\setquadratic respectively (see the next section). Piecewise linear inter-
polation is the default. Regardless of the mode, coordinates for the \plot
command can be specified either via the "file name" option or as an explicit
list terminated by a ‘/’.

5. LINES AND CURVES
This section presents P[CTEX’s basic commands \plot, \setlinear, and
\setquadratic for drawing lines and curves, and its higher level commands

\circulararc, \ellipticalarc, \arrow, and \betweenarrows for drawing
circles, ellipses, and arrows.

5.1. PIECEWISE LINEAR AND QUADRATIC INTERPOLATION

The commands

\setlinear
\plot zcoordy ycoord, xcoord; ycoord, xcoords ycoords
zcoords ycoords ... /

connect the points (xzcoord;—1, ycoord,_,) and (zcoord;, ycoord;), i =1, 2, ...
by straight lines. Notice that the \plot command of Subsections 4.3—4.5 is
put to a new use here. For example

\setcoordinatesystem units <.25in, .25in>
\setlinear \plot 00 22 3-1 00 /
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reproduces the triangle of Subsection 2.2:

(2,2)
(0,0)
(37_1)
Similarly, the commands
\setquadratic
\plot zcoordg ycoord, zcoord; ycoord, xcoords ycoord,
xzcoords ycoords xzcoords ycoord, ... /

draw quadratic arcs through the points (zcoord;, ycoord;), j = 2i—2,2i—1, 2,
fori=1, 2, ... . (The number of points must be odd.) Thus

\setcoordinatesystem units <.5in, .5in>
\setquadratic
\plot -10 -0.26.5 01 .26.6 10/

yields

and

\setcoordinatesystem units <1.5708in, 1in>
\setquadratic
\plot 00 .16667 .25882 .33333 .5

.5 .70711 .66667 .86603 .83333 .96593 11 /

draws the graph of sin(z) for 0 < z < 7/2:

0 x /2
Exercise 24. Use \plot to produce the star in Figure 4.

Exercise 25. Give commands to draw Figure 11 below.
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The density ¢(¢) = 67C2/2/\/ 27 of the
standard normal distribution.

FIGURE 11

5.2. SPECIFYING THE PLOT SYMBOL

PICTEX draws lines and curves by placing a ‘plot symbol’ every § units along
the arc under construction. The default plot symbol is a \fiverm period;
6 defaults to 0.4 pt. You can change the plot symbol with the command

\setplotsymbol ({plot symbol} [[[o.][o,]1] [<ashift,yshift>])

e The new plot symbol ‘plot symbol’ typically is a single character, but in
fact it can be anything that can go in an hbox.

® 0., 0y, zshift, and yshift have the same significance as they do for a \put
command.

A plot symbol remains in effect until a new one is set. You can change ¢ simply
by assigning a new value to the dimension register \plotsymbolspacing. For
example

\setcoordinatesystem units <ipt,1pt>
\setquadratic \plot 0 O 255 50 20 /
\setplotsymbol ({$\diamond$})
\plotsymbolspacing=10pt

\plot 00 255 5020 /

e

Ordinarily you shouldn’t set \plotsymbolspacing to such a large value; the
\setdots command of the next section is the right tool to use to space out
the plot symbol.

yields

Exercise 26. Suppose you've changed the plot symbol and its spacing. How
could you reestablish P[CTEX’s defaults?
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5.3. CIRCLES AND ELLIPSES
The command

\circulararc 6 degrees from zcoords ycoord,
center at zcoord. ycoord,

draws an arc of a circle with center at (zcoord.., ycoord .); the arc starts from
(zcoords, ycoord ) and extends counterclockwise through an angle of 6 degrees.

e 0 can have any real value between —360 and 360.

e If § is negative, the arc is drawn clockwise through an angle of |0| degrees.

o The radius of the circle involved must be less than 512 pts (slightly over
7 inches).

For example the following arc

(1,0) 30 (2.5,.2)
)

was constructed with
\setcoordinatesystem units <.75in,.75in>

\circulararc 30 degrees from 2.5 .2 center at 1 0

Exercise 27. Give commands to draw the Venn diagram

A

The command

\ellipticalarc axes ratio £:n 6 degrees from wzcoords ycoord,
center at zcoord. ycoord,

functions like \circulararc, but applies to an ellipse whose major and minor
axes are parallel! to the z and y axes.
e ¢ and 7 are numbers proportional to the lengths of the horizontal and
vertical axes of the ellipse.

o The quantity \/((Icoonl5 — xcoordc)/§)2 + ((ycoord , — ycoordc)/n)2 must be
less than 512 pts.

For example

\setcoordinatesystem units <25pt,25pt>
\ellipticalarc axes ratio 2:1 45 degrees from 1.9 .25
center at 0 0

I P[CTEX can draw arbitrary ellipses; see Subsection 9.1.
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produces the solid arc below:

Exercise 28. How could you produce the dotted elliptical arc above (ignoring
the fact that it is dotted)?

Exercise 29. What is the value of ¢ above?

5.4. ARROWS

The fonts that come with plain TEX have a variety of arrows (see Appendix F
of The TgXbook) which you can easily \put into a picture. You will probably
find that these arrows suffice for most purposes. Nonetheless, you may find
uses for P[CTEX’s command

\arrow <¢> [(3,7] [<xshift,yshift>]
from zcoords ycoord, to zcoord. ycoord,

which draws an arrow of the form

where

E = (zcoords, ycoord ),

A = (zcoord., ycoord,,),

¢ is the distance between A and D,
(3¢ is the distance between B and B’,
~¢ is the distance between C and C’.

As with a \put command, if the optional field ‘<zshift, yshift> is specified,
the arrow is shifted a distance zshift to the right and yshift up from where it
would otherwise go. The arrow above was set with

\setcoordinatesystem units <ipt,1pt>
\arrow <45pt> [.2,.67] from -150 -25 to 0 O

PICTEX draws its arrows by \plotting a straight line and two quadratic arcs.
Consequently, \arrow uses considerably more time and computer memory
than \putting a character arrow does.
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Exercise 30. How could you produce
?

Sometimes you may want to place some text between arrows that go
between given points in a P[Cture, as below:

I

height

I

(Those arrows are extra long versions of TEX’s arrows.) Such constructions
are easily handled by the command

— width ——

\betweenarrows {tezt} [[[os][o,]1] [<zshift,yshift>]
from zcoords ycoord, to zcoord. ycoord,

e tert can be anything that can go in an hbox.

® 0, 0y, zshift, and yshift have the same significance as they do for a \put
command.

e (zcoordg, ycoord,) and (zcoord., ycoord,) are points in the current coor-
dinate system. Either zcoords and zcoord. must be the same, or ycoord
and ycoord, must be the same.

For example the P[Cture above was produced by

\setcoordinatesystem units <1lin,1in>

\putrectangle corners at 0 0 and 1.5 .6

\ninepoint

\betweenarrows {width} [t] <Opt,-5pt> from O O to 1.5 0
\betweenarrows {height} [r] <-5pt,Opt> from 0 O to 0 .6

5.5. THE ROLE OF PLOT AREAS

To save time, P[CTEX doesn’t keep track of where \plot places the current
plot symbol. To avoid adverse effects 17é this

you should draw your lines, curves, circles, and arrows within a plot area spec-
ified by a prior \setplotarea command. For instance, it is the \setplotarea
command in the following code

\setcoordinatesystem units <6pt,12pt>
\setplotarea x from O to 2, y from 0 to 2
\setquadratic \plot 00 11.3 22 /

/

that keeps the curve
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from straying into regions where it doesn’t belong.

You can instruct P[CTEX not to place plot symbols at coordinate points ly-
ing o