1 Intro duction

MetaPost is a batch-oriented graphicslanguagebasedon Knuth's METAFONT, but with PostScript?
output and numerousfeaturesfor integrating text and graphics. The author hastried to make this
paper as independert as possible of the user's manual [5], but fully appreciating all the material
requires someknowledge of the MetaPost language.

We concerirate on the mecanics of producing particular kinds of graphs becausethe question
of what type of graph is best in a given situation is covered elsewhere;e.g., Cleveland [2, 4, 3] and
Tufte [11]. The goalis to provide at least the power of UNIX 3 grap [1], but within the MetaPost
language. Hencethe padageis implemented using MetaPost's powerful macro facility.

The graph macros provide the following functionalit y:

. Automatic scaling

. Automatic generationand labeling of tick marks or grid lines
. Multiple coordinate systems

. Linear and logarithmic scales

. Separatedata les

. Abilit y to handle numbers outside the usual range

. Arbitrary plotting symbols
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. Drawing, lling, and labeling commandsfor graphs

In addition to these items, the user also has accessto all the features described in the MetaPost
user'smanual [5]. Theseinclude accesgo almost all the features of PostScript® , ability to useand
manipulate typesettext, ability to solve linear equations,and data typesfor points, curves,pictures,
and coordinate transformations.

Section 2 describesthe graph macros from a user's perspective and presers seweral examples.
Sections3 and 4 discussauxiliary padkagesfor manipulating and typesetting numbersand Section5
givessomeconcluding remarks. Appendix A summarizesthe graph-drawing macros,and Appendix B
describessomerecert additions to the MetaPost languagethat have not beenpreserted elsewhere.

2 Using the Graph Macros

A MetaPost input le that usesthe graph macrosshould begin with
input graph

This readsa macro le graph.mp and de nes the graph-drawing commandsexplained belov. The
rest of the le should be one or more instancesof

beginfig( hgure numberi);
hgraphics commands endfig;

IMETAFONT is a trademark of Addison Wesley Publishing Company.
2pPostScript is a registered trademark of Adob e Systems Inc.
SUNIX is a registered trademark of UNIX System Laboratories, Inc.
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followed by end.

The following hgraphics commands su ce to generatethe graph in Figure 1 from the data le
agepop91.d:
draw begingraph(3in,2 in) ;
gdraw "agepop91.d";
endgraph;

(Each line of agepop9l.d givesan age followed the estimated number of Americans of that agein
19917[10Q].)
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Figure 1: A graph of the 1991 agedistribution in the United States

2.1 Basic Graph-Dra wing Commands

All graphs should begin with
begingraph( hwidthi, hheighti);

and end with endgraph. This is syntactically a hpicture expression, soit should be precededby
draw and followed by a semicolonasin the example# The hwidthi and hheighti give the dimensions
of the graph itself without the axis labels.

The command
gdraw hexpressiom hoption listi

draws a graph line. If the hexpression is of type string, it namesa data le; otherwiseit is a path
that givesthe function to draw. The hoption listi is zero or more drawing options

withpen hpen expression j withcolor hcolor expression j dashedmpicture expression

that give the line width, color, or dash pattern as explained in the User's Manual [5].

In addition to the standard drawing options, the hoption listi in a gdraw statemert can contain

plot hpicture expression

4Seethe User's Manual [5] for explanations of draw commands and syntactic elements lik e hpicture expressioni.
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The hpicture expression givesa plotting symbol to be drawn at eac path knot. The plot option
suppressedine drawing so that®

gdraw "agepop91.d" plot btex $\bullet$ etex

generatesonly bullets as shown in Figure 2. (Following the plot option with a withpen option
would causethe line to reappear superimposedon the plotting symbols.)
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Figure 2: The 1991 agedistribution plotted with bullets
The glabel and gdotlabel commandsadd labelsto a graph. The syntax for glabel is
glabel : Habel su x i(hstring or picture expressiom, Hocationi) hoption listi

where Hocationi identi es the location being labeled and Habel su x i tells how the label is o set
relative to that location. The gdotlabel command is identical, exceptit marks the location with
a dot. A Habelsux i is asin plain MetaPost: hemptyi certers the label on the location; Ift , rt ,
top, bot o set the label horizontally or vertically; and ulft , urt , llft , Irt give diagonal o sets.
The Hocationi can be a pair of graph coordinates, a knot number on the last gdraw path, or the
special location OUT Thus

gdotlabel.top(bt  ex $(50,0)$ etex, 50,0)

would put a dot at graph coordinates (50,0) and place the typesettext \(50;0)" aboveit. Alter-
natively,
glabel.ulft("Kno  t3", 3)

typesetsthe string "Knot3" and placesit above and to the left of Knot 3 of the last gdraw path.
(The knot number 3 the path's \time" parameter [5, Section 8.2].)

The Hocationi OUTplacesa label relative to the whole graph. For example, replacing \ gdraw
"agepop91.d" " with

glabel.Ift(btex \vbox{\hbox{Popu lat io n} \hbox{in millions}}  etex, OUT);
glabel.bot(btex  Age in years etex, OUT);
gdraw "agepopm.d”;

in the input for Figure 1 generatesFigure 3. This improvesthe graph by adding axis labels and
using a new data le agepopm.dwhere the populations have beendivided by one million to avoid
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Figure 3: An improved version of the 1991 agedistribution graph

large numbers. We shall seelater that simple transformations such as this can be achieved without
generating new data les.

All avors of TEX can handle multi-line labels via the \hbox within \vbox arrangemert used
above, but 1aTEX userswill nd it more natural to usethe tabular ernvironment [9]. Tro user's

canuseno |l mode:
btex .nf

Population
in millions etex

2.2 Coordinate Systems

The graph macros automatically shift and rescale coordinates from data les, gdraw paths, and
glabel locationsto t the graph. Whether the range of y coordinates is 0.64 to 4.6 or 640,000to
4,600,000,they get scaledto Il about 88% of the height speci ed in the begingraph statemert. Of
courseline widths, labels, and plotting symbols are not rescaled.

The setrange command cortrols the shifting and rescaling processby specifying the minimum
and maximum graph coordinates:

setrange( hcoordinates, hcoordinatesi)

where

hcoordinatesi ! hpair expression
j numeric or string expressiom, mumeric or string expression

The rst hcoordinatesi give (Xmin; Ymin) and the secondgive (Xmax;Ymax)- The lines X = Xmin,
X = Xmaxs Y = Ymin, @nd Yy = Ymax de ne the rectangular frame around the graph in Figures 1{3.
For example, an adding a statemert

setrange(origin, whatever, whatever)

to the input for Figure 3 yields Figure 4. The rst hcoordinatesi are given by the prede ned pair
constart origin , and the other coordinates are left unspeci ed. Any unknown value would work as
well, but whatever is the standard MetaPost represeration for an anonymous unknown value.

5Tro usersshould replace btex $\bullet$ etex with btex \(bu etex.
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draw begingraph(3in,2 in);

glabel.lft(btex \vbox{\hbox{Popu latio n} \hbox{in millions}} etex, OUT);
glabel.bot(btex  Age in years etex, OUT);

setrange(origin, whatever,whatever );

gdraw "agepopm.d";

endgraph;
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0 w l w l
0 20 40 60 80
Age in years

Figure 4: The 1991agedistribution graph and the input that createsit.

Notice that the syntax for setrange allows coordinate values to be given as strings. Many
commandsin the graph padkage allow this option. It is provided becausethe MetaPost language
uses xed point numbersthat must be lessthan 32768. This limitation is not asseriousasit sounds
becausegood graph designdictates that coordinate valuesshould be \of reasonablemagnitude” [2,
11]. If you really want x and y to range from 0 to 1,000,000,

setrange(origin, "le6", "1e6")

doesthe job. Any xed or oating point represenation is acceptableas long as the exponert is
intro duced by the letter \ e".

Coordinate systemsneednot be linear. The setcoords command allows either or both axesto
have logarithmic spacing:

hcoordinate settingi ! setcoords( hcoordinate typei, hcoordinate typei)
hcoordinate typel ! log jlinear j-log j-linear

A negative hcoordinate typel makesx (or y) run badkwards soit is largest on the left side (or bottom)
of the graph.

Figure 5 graphs execution times for two matrix multiplication algorithms using
setcoords(log,lo Q)

to specify logarithmic spacingon both axes. The data le matmul.d givestimings for both algo-
rithms:
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20 .007861 standard MM:size, seconds
30 .022051

40 .050391

60 .15922

80 .4031

120 1.53

160 3.915

240 18.55

320 78.28

480 279.24

20 .006611 Strassen: size, seconds
30 .020820

40 .049219

60 .163281

80 .3975

120 1.3125

160 3.04

240 9.95

320 22.17

480 72.60
A blank line in a data le endsa data set. Subsequeh gdraw commandsaccessadditional data sets
by just naming the samedata le again. Sinceead line givesonex coordinate and oney coordinate,
commertary material after the seconddata eld on a line is ignored.

100— Standard -~
’ draw begingraph(2.3in ,2i n);
10— setcoords(log,] 00Q);
glabel.Ift(btex Seconds etex,OUT);
glabel.bot(btex Matrix size etex,
Seconds 1 ouT);
gdraw "matmul.d" dashed evenly;
0.1 glabel.ulft(bte x Standard etex,8);
gdraw "matmul.d";
0.01— glabel.Irt(btex Strassen etex,7);
{ { { { { endgraph;
20 50 100 200 500
Matrix size

Figure 5: Timings for two matrix multiplication algorithms with the corresponding MetaPost input.

Placing a setcoords command betweentwo gdraw commandsgraphs two functions in di erent
coordinate systemsasshown in Figure 6. Whenewer you give a setcoords command, the interpreter
examineswhat has beendrawn, selectsappropriate x and y ranges, and scaleseverything to t.
Everything drawn afterward is in a new coordinate systemthat neednot have anything in common
with the old coordinates unlesssetrange commandsenforcesimilar coordinate ranges. For instance,
the two setrange commandsforce both coordinate systemsto have x ranging from 80 to 90 and
y starting at 0.

When you use multiple coordinate systems,you have to specify where the axis labels go. The
default is to put tick marks on the bottom and the left side of the frame using the coordinate system
in e ect when the endgraph command s interpreted. Figure 6 usesthe

autogrid(,otick.| ft )

to label the left side of the graph with the y coordinates in e ect beforethe setcoords command.
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draw begingraph(6.5cm ,4 .5 cm);

setrange(80,0, 90,whatever);

glabel.bot(btex Year etex, OUT);

glabel.lft(btex \vbox{\hbox{Emis si ons in} \hbox{thousands of}
\hbox{metric tons} \hbox{(heavy line)}}etex, ouT);

gdraw "lead.d" withpen pencircle scaled 1.5pt;

autogrid(,otick.| ft) ;

setcoords(linear, lin ear) ;

setrange(80,0, 90,whatever);

glabel.rt(btex \vbox{\hbox{Micro gramg \hbox{per cubic}
\hbox{meter of air} \hbox{(thin line)}}etex, ouT);

gdraw "lead.d";

autogrid(otick.bo  t,0 ti ck.rt );

endgraph;
0.5
60— —0.4
Emissionsin 40 — 0.3 Micrograms
thousands of per cubic
metric tons I— 0.2 meter of air
(heavy line) 20 (thin line)
—0.1
0 w w w w 0
80 82 84 86 88 90

Year

Figure 6: Annual lead emissionsand averagelevel at atmospheric monitoring stations in the United
States. The MetaPost input is shavn above the graph.
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This suppresseshe default axis labels, soanother autogrid commandis neededto label the bottom
and right sidesof the graph using the new coordinate system. The generalsyntax is

autogrid( haxis label command, haxis label command) hoption listi

where

haxis label command ! hemptyi j hgrid or ticki Habel su x i
hgrid or ticki ! grid jitick j otick

The Habel su x i shouldbelft , rt, top, or bot.

The rst argumert to autogrid tells how to label the x axis and the secondargumen doesthe
samefor y. An hemptyi argumert suppressedabeling for that axis. Otherwise, the Habel su x i
tells which side of the graph getsthe numeric label. Be careful to usebot or top for the x axis and
It orrt for they axis. Useotick for outward tick marks, itick for inward tick marks, and grid
for grid lines. The hoption listi tells how to draw the tick marks or grid lines. Grid lines tend to
be a little overpowering, soit is a good ideato give a withcolor option to make them light gray so
they do not make the graph too busy.

2.3 Explicit Grids and Framing

In caseautogrid is not exible enough,axis label commandsgenerategrid lines or tick marks one
at a time. The syntax is

hgrid or ticki. Habel su x i(Habel formati, hnumeric or string expression) hoption listi

wherehgrid or ticki and Habel su x i areasin autogrid , and Habel formati is either a format string
like "%g" or a picture containing the typesetnumeric label.

The axis label commandsusea macro
format( Hormat stringi, umeric or string expression)

to typesetnumeric labels. Full details appear in Section 4, but when the Hormat stringi is "%g",
it usesdecimal notation unlessthe number is large enough or small enoughto require scierti ¢
notation.

The examplein Figure 7 invokes
format("%g",y)

explicitly sothat grid lines can be placed at transformed coordinates. It de nes the transformation
newyy) = y=75+ Iny and shows that this function increasesalmost linearly.® This is a little like
using logarithmic y-coordinates, exceptthat y is mapped to y=75+ Iny instead of just Iny.

Figure 7 usesthe command
frame. Habel su x i hoption listi

to draw a special frame around the graph. In this casethe Habel sux i is llift to draw just the
bottom and left sidesof the frame. Suxes Irt , ulft , and urt draw other combinations of two
sides;su xes Ift , rt, top, bot draw one side, and hemptyi draws the whole frame. For example

frame dashed evenly

6The manual [5] explains how vardef de nes functions and mlog computes logarithms.
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vardef newy(expr y) = (256/75)*y + mlog y enddef;
draw begingraph(3in,2 in);
glabel.lft(btex \vbox{\hbox{Popu latio n} \hbox{in millions}} etex, OUT);
gdraw “ttimepop.d";
for y=5,10,20,50,100 ,150, 200, 250:
grid.Ift(format ("%g")y) , newy(y)) withcolor .85white;

endfor
autogrid(grid.bot  ,) withcolor .85white;
frame.llft;
endgraph;
250 /
200 /
150 /
100 -
Population /
in millions 50 /
20 4
10 e
s
~

1800 1850 1900 1950 2000

Figure 7: Population of the United Statesin millions versustime with the population re-expressed
as p=75+ Inp. The MetaPost input showvn above the graph assumesa data le ttimepop.d that
gives(year, p=/5+ Inp) pairs.
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draws all four sideswith dashedlines. The default four-sided frame is drawn only when there is no
explicit frame command.

To label an axis asautogrid doesbut with the labels transformed somehav, use
auto.x or auto.y

for positioning tick marks or grid lines. These macrosproduce comma-separatedists for usein for
loops. Any x or y valuesin these lists that cannot be represeried accurately within MetaPost's
xed-p oint number systemare given as strings. A standard macro padkagethat is loaded via

input sarith

de nes arithmetic operators that work on numbers or strings. Binary operators Sadd Ssub, Smul
and Sdiv do addition, subtraction multiplication, and division.

One possibleapplication is rescalingdata. Figure 4 useda special data le agepopm.dthat had
y valuesdivided by one million. This could be avoided by replacing \ gdraw "agepopm.d"" by

gdraw "agepop91.d";
for u=auto.y: otick.Ift(format (" %gu Sdiv "1e6"), u); endfor
autogrid(otick.  bot,)

2.4 Pro cessing Data Files

The most generaltool for processingdata les is the gdata command:
gdata( hstring expression, hvariablei, hcommands)

It takesa le name, a variable v, and a list of commandsto be executedfor ead line of the data
le. The commandsare executedwith i setto the input line number and strings v1, v2, v3, ::: set
to the input elds on the current line. A null string marks the end of the v array.

Using a glabel command inside of gdata generatesa scatter plot as showvn in Figure 8. The

data le countries.d begins
20.910 75.7 US

1.831 66.7 Alg

wherethe last eld in ead line givesthe label to be plotted. Setting defaultfont in the rst line
of input selectsa small font for these labels. Without these labels, no gdata command would be
needed. Replacing the gdata command with

gdraw "countries.d"  plot btex$\circ$etex

would changethe abbreviated country namesto open circles.

Both gdraw and gdata ignore an optional initial “%' on ead input line, parsedata elds separated
by white space,and stop if they encourter an input line with no data elds. Leading percent signs
make graph data look like MetaPost commerts sothat numeric data can be placed at the beginning
of a MetaPost input le.

It is often useful to construct one or more paths when reading a data le with gdata. The
augmentcommand is designedfor this:

augment.hpath variablei ( hcoordinatesi)

If the path variable does not have a known value, it becomesa path of length zero at the given
coordinates; otherwise a line segmen to the given coordinates is appendedto the path. The hcoor-
dinatesi may be a pair expressionor any combination of strings and numerics as explained at the
beginning of Section 2.2.
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defaultfont:="cmr  7";
draw begingraph(3in,2i n);
glabel.Ift(btex \vbox{\hbox{Life =~ }\h box{e xpectancy}} etex, OUT);
glabel.bot(btex Per capita G.N.P. (thousands of dollars) etex, OUT);
setcoords(log,l ine ar);
gdata("countrie s.d", s,
glabel(s3, sl1, s2);

)
endgraph;
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Figure 8: A scatter plot and the commandsthat generatedit

If a le timepop.d givest, p pairs, augmentcan be usedlike this to graph newy(p) versust:

path p;
gdata("timepop.d" , s, augment.p(sl, newy(scantokens s2)); );
gdraw p;

(MetaPost's scantokens primitiv e interprets a string asif it werethe contents of an input le. This
nds the numeric value of data eld s2.)

Figure 9 shows how to use augmentto read multiple column data and make multiple paths.
Paths p2, p3, p4, p5 give cumulativ e totals for columns 2 through 5 and pictures lab2 through lab5
give corresponding labels. The expression

image(unfill  bbox lab[j]; draw lablj])

executesthe given drawing commandsand returns the resulting picture: \unfill  bbox lab[j] "
puts down a white background and \draw lab[j] " puts the label on the background. The dfill
commandis just like gdraw, exceptit takesa cyclic path and lls the interior with a solid color. The
color is black unlessa withcolor clausespeci es another color. Seethe manual [5] for explanations
of for loops, arrays, colors, and path construction operators like -- , cycle , and reverse .

3 Manipulating Big Num bers

MetaPostinherits a xed-p oint number systemfrom Knuth's METAFONT[8]. Numbersare expressed
in multiples of 2 ® and they must have absolute value lessthan 32768. Knuth chosethis system
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draw begingraph(3in, 2in);
glabel.lft(btex \vbox{\hbox{Quadr il lio ns)\ hbox{of BTU}} etex, OUT);
path pfJ;
numeric t;
gdata("energy.d" , $,
t:=0; augment.p1($1,0);
for j=2 upto 5:
t:=t+scantokens  $[j]; augment.p[jj($1 t) ;
endfor)
picture labl[];
lab2=btex coal etex; lab3=btex crude oil etex;
lab4=btex natural gas etex; lab5=btex hydroelectric etex;
for j=5 downto 2:
dfill  p[j]--reverse pli-1]--cycle withcolor  .16j*white;
glabel.lft(image  (unfi Il bbox lab[j]; draw lablj]), 7+length  p[il);

endfor
endgraph;
60— hydroelectric
40— natural gas
Quadrillions
ofeTu .
0 —

{ { { {
1900 1920 1940 1960

Figure 9: A graph of U.S. annual energy production and the commandsthat generatedit

12
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becausadt is perfectly adequatefor font design,and it guaranteedto giveidentical resultson all types
of computers. Fixed-point humbers are seldoma problem in MetaPost becauseall computations are
basedon coordinatesthat arelimited by the sizethe paper on which the output isto be printed. This
doesnot hold for the input data in a graph-drawing application. Although graphslook best when
coordinate axesare labeled with numbers of reasonablemagnitude, the strict limits of xed-p oint
arithmetic would be inconveniert.

A simple way to handle large numbersis to include the line
input sarith

and then usebinary operators Sadd Ssub, Smul and Sdiv in placeof +, -, *, and /. Theseoperators
are ine cien t but very exible. They accept numbers or strings and return strings in exponertial
notation with the exponert marked by \e"; e.g.,"6.7e-11" means6:7 10 I,

The unary operator’
Sabs tstringi

nds a string the represerts the absolute value. Binary operators Sleq and Sneqperform numeric
comparisonson strings and return boolean results.

The operation
Scvnumbstringi

nds the numeric value for a string if this can be done without over owing MetaPost's xed-p oint
number system. If the string doesnot contain \e", it is much more e cien t to usethe primitiv e
operation

scantokens fstringi

The above operators are basedon a low-level padkagethat manipulates numbersin \ Mlog form."
A number x in Mlog form represents

2 24,

16
27X \where = e

Any value between1:61 10 28 and 3:88 10°® can be represerned this way. (There is a constart
Mten such that k Mten represeris 10¢ for any integer k in the interval [ 29; 55].)

The main reasonfor mentioning Mlog form is that it allows graph data to be manipulated as a
MetaPost path. The function
Mreadpath( hle name)

readsa data le and returns a path whereall the coordinates are in Mlog form. An internal variable
Gpaths determineswhether gdraw and dfill  expect paths to be givenin Mlog form. For example,
this graphsthe data in agepop91.d with y coordinates divided by one million:

interim  Gpaths:=log;
gdraw Mreadpath("agepop91.d") shifted (0,-6*Mten);

4 Typesetting Num bers

The graph padkageneedsto compute axis labels and then typesetthem. The macro

format( bhstring expressiom, lhumeric or string expressionm)

7The argument to a unary operator need not be parenthesized unlessit is an expression involving binary operators.
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doesthis. You must rst input graph or input format to load the macro le. The macrotakesa
format string and a number to typesetand returns a picture containing the typesetresult. Thus

format("%g",2+2 ) vyields 4

and
format("%3g","6. 022e23") yields 6.02 107

A format string consistsof

an optional initial string not corntaining a percen sign,
a percen sign,

an optional numeric precision p,

one of the cornversionletters e, f, g, G

an optional nal string

The initial and nal strings are typesetin the default font (usually cmrl0), and the typesetnumber
is placed betweenthem. For the e and g formats, the precision p is the number of signi cant digits
allowed after rounding; for f and G the number is rounded to the nearestmultiple of 10 P. If the
precisionis not speci ed, the default is p= 3. The e format always usesscierti ¢ notation and the
f format usesordinary decimal notation but reverts to scierti ¢ notation if the number is at least
10000. The g and Gformats alsorevert to scierti ¢ notation for non-zeronumbers of magnitude less
than 0.001.

The format macro needsa set of templates to determine what font to use, how to position the
exponert, etc. The templates are normally initialized automatically, but it is possibleto set them
explicitly by passing v e picture expressionsto init _numbers For instance, the default de nition
for TEX usersis

init_numbers(btex $-$etex, btex$lPetex, btex${\times}10$e tex,
btex${}*-$etex,  btex${}'2%etex)

The rst argumert tells how to typeseta leading minus sign; the secondargumert is an example of
a 1-digit mantissa; third comeswhatever to put after the mantissa in scierti c notation; next come
a leading minus sign for the exponert and a sample 1-digit exponert.

Picture variable Fe_plus gives a leading plus sign for positive numbers, and Fe_base gives
whatever should precedethe exponert when typesetting a power of ten. Calling init_numbers
initializes Fe_plus to an empty picture and constructs Fe_basefrom its secondand third argumerts.

5 Conclusion

The graph packagemakesit conveniert to generategraphsfrom within the MetaPost language. The
primary bene ts are the power of the MetaPost languageand its ability to interact with TEX or tro
for typesetting labels. Typesetlabels can be stored in picture variables and manipulated in various
ways such measuringthe bounding box and providing a white background.

We have seenhow to generateshadedregionsand cortrol line width, color, and styles of dashed
lines. Numerous other variations are possible. The full MetaPost language[5] provides many other
potentially useful features. It also has enough computing power to be useful for generating and
processingdata.
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A Summary of the Graph Package

In the following descriptions, italic letters such asw and h denote expressionparametersand words
in angle brackets denote other syntactic elemens. Unlessspeci ed otherwise, expressionparameters
can be either numerics or strings. An hoption listi is a list of drawing options sud as withcolor
.5white or dashed evenly ; aHabelsux i isoneofIft ,rt,top, bot, ulft ,urt, IIft ,Irt .

A.1 Graph Administration

begingraph( w, h) Beginanewgraphwith the frame width and height givenby numeric parameters
w and h.

endgraph End a graph and return the resulting picture.

setcoords( ty, ty) Setup anew coordinate systemasspeci ed by numeric ags ty, ty. Flag values
are linear and log.

setrange( hcoordinates, hcoordinatesi) Set the lower and upper limits for the current coordinate
system. Each hcoordinatesi canbe a single pair expressionor two numeric or string expressions.

A.2 Drawing and Lab eling

All of the drawing and labeling commandscan be followed by an hoption listi. In addition to the
usual MetaPost drawing options, the list can contain a plot picturei clauseto plot a specied
picture at eac data point.

The drawing and labeling commandsare closely related to a set of similarly named commands
in plain MetaPost. The gdrawarrow and gdrawdblarrow commandsare included to maintain this
relationship.

gdotlabel. Habel sux i(p, Hocationi) This is like glabel exceptit alsoputs a dot at the location
being labeled.

gdraw p Draw path p, or if p is a string, read coordinate pairs from le p and draw a polygonal line
through them.

gdrawarrow p This is like dgraw p exceptit adds an arrowhead at the end of the path.
gdrawdblarrow p This is like dgraw p exceptit adds an arrowheadsat eat end of the path.

ofil  p Fill cyclic path p or read coordinates from the le namedby string p and Il the resulting
polygonal outline.

glabel. Habel sux i(p, Hocationi) If p is not a picture, it should be a string. Typesetit using
defaultfont |, then placeit nearthe givenlocation and o set asspeci ed by the Habel sux i.
The Hocationi canbe x and y coordinates, a pair giving x and y, a numerc value giving a time
on the last path drawn, or OUTto label the outside of the graph.
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A.3 Grids, Tick Marks, and Framing

auto. hx or yi Generatedefault x or y coordinates for tick marks.

autogrid( haxis label command, haxis label command) Draw default axis labels using the speci-
ed commandsfor the x and y axes. An haxis label command may be hemptyi or it may be
itick , otick , or grid followed by a Habel sux i.

frame. Habel su x i hoption listi Draw a frame around the graph, or draw the part of the frame
speci ed by the Habel su x i.

grid. Habelsux i(f,z) Draw a grid line acrossthe graph from the side specied by the Habel
sux i, and label it there using format string f and coordinate value z. If f is a picture, it
givesthe label.

itick. Habelsux i(f,z) This is likegrid exceptit draws an inward tick mark.

otick. Habelsux i(f,z) This is like grid exceptit draws an outward tick mark.

A.4 Miscellaneous Commands

augment.hvariablei (hcoordinatesi) Append hcoordinatesi to the path stored in hvariablei.
format( f, X) Typesetx accordingto format string f and return the resulting picture.

gdata( f , hvariablei, hcommands) Read the le named by string f and execute commands for
ead input line using the hvariablei asan array to store data elds.

init _numbers(s, m, x, t, € Provide v e pictures astemplates for future format operations: s is
a leading minus; m is a sample mantissa; x follows the mantissa; t is a leading minus for the
exponert e.

Mreadpath(f) Reada path for the data le namedby string f and return it in \ Mlog form".

A.5 Arithmetic on Numeric Strings

It is necessaryto input sarith before using the following macros:

Sabs x Compute jxj and return a numeric string.

X Saddy Compute x + y and return a numeric string.
Scvnumx Return the numeric value for string x.

x Sdiv y Compute x=y and return a numeric string.

x Sleq y Return the booleanresult of the comparisonx .
x Smuly Compute x y and return a numeric string.

X Sneqy Return the booleanresult of the comparisonx 6 vy.

X Ssub y Compute x y and return a numeric string.
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A.6 Internal Variables and Constan ts

Autoform Format string usedby autogrid . Default: "%g".

Fe_base What precedesthe exponert when typesetting a power of ten.

Fe_plus Picture of the leading plus sign for positive exponerts.

Gmarks Minim um number of tick marks per axis for auto and autogrid . Default: 4.

Gminlog Minimum largest/smallest ratio for logarithmic spacingwith auto and autogrid . Default:
3.0.

Gpaths Code for coordinates usedin gdraw and dfill  paths: linear for standard form, log for
\ Mlog form".

Mten The \ Mlog form" for 10.0

B New Language Features

The graph.mp macrosand the arithmetic routines in marith.mp and sarith.mp usevariouslanguage
featuresthat wereintroducedin Version0.600f the MetaPost language. We summarizethesefeatures
here becausethey are not coveredin existing documertation [5, 6]. Also new is the built-in macro

image(hdrawing commands)

that wasusedin Section2.4to nd the picture produced by a sequenceof drawing commands.

B.1 Reading and Writing Files

A new operator
readfrom hle name

returns a string giving the next line of input from the named le. The hle namé canbe any primary
expressionof type string. If the le hasendedor cannot be read, the result is a string consisting
of a single null character. The preloadedplain macro padkage intro ducesthe name EOFor this
string. After readfrom has returned EOF additional readsfrom the same le causethe le to be
reread from the start.

The opposite of readfrom is the command
write hstring expression to hle namd

This writes a line of text to the speci ed output le, openingthe le rst if necessary All such les
are closedautomatically when the program terminates. They can also be closedexplicitly by using
EOFas the hstring expression. The only way to tell if a write command has succeededs to close
the le and usereadfrom to look at it.



Drawing Graphs with MetaPost 18

B.2 Extracting Information from Pictures

MetaPost pictures are composedof strokedlines, lled outlines, piecesof typesettext, clipping paths,
and setbounds paths. (A setbounds path givesan articial bounding box as is neededfor TEX
output.) A picture can have many componerts of ead type. They can be accessedsia an iteration
of the form

for hsymbolic tokeni within Hpicture expression: Hoop texti endfor

The Hoop texti can be anything that is balancedwith respect to for and endfor . The hsymbolic
tokeni is a loop variable that scansthe componerts of the picture in the order in which they were
drawn. The componert for a clipping or setbounds path includes everything the path applies to.
Thus if a single clipping or setbounds path applies to everything in the hpicture expression, the
whole picture could be thought of as one big componert. In order to make the contents of such a
picture accessiblethe for :::within iteration ignoresthe enclosingclipping or setbounds path in
this case.

Oncethe for :::within iteration hasfound a picture componert, there are numerous operators
for identifying it and extracting relevant information. The operator

stroked hprimary expression

tests whether the expressionis a known picture whose rst componert is a stroked line. Similarly,
the filled and textual operators return true if the rst componert is a lled outline or a piece
of typesettext. The clipped and boundedoperators test whether the argumert is a known picture
that starts with a clipping path or a setbounds path. This is true if the rst componert is clipped
or bounded or if the ertire picture is enclosedin a clipping or setbounds path.

There are also numerouspart extraction operators that test the rst componert of a picture. If
p is a picture and stroked p is true, pathpart p is the path describingthe line that got stroked,
penpart p is the penthat wasused,dashpart p is the dash pattern, and the color is

(redpart p, greenpart p, bluepart p)

If the line is not dashed,dashpart p returns an empty picture.

The samepart extraction operators work when filled  p is true, except that dashpart p is
not meaningful in that case. For text componerts, textual p is true, textpart p givesthe text
that got typeset, fontpart p gives the font that was used, and xpart p, ypart p, xxpart p,
xXypart p,yxpart p,yypart ptell how the text hasbeenshifted, rotated, and scaled. The redpart ,
greenpart , and bluepart operators alsowork for text componerts.

When clipped p or bounded p is true, pathpart p givesthe clipping or setbounds path and
the other part extraction operators are not meaningful. Such non-meaningful part extractions do
not generateerrors|they return null valuesinstead: the trivial path (0,0) for pathpart , nullpen
for penpart , an empty picture for dashpart , zerofor redpart , greenpart , bluepart , and the null
string for textpart or fontpart

One nal operator for extracting information from a picture is
length fpicture primaryi

This returns the number of componerts that a for :::within iteration would nd.
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B.3 Other New Features

The marith.mp and sarith.mp packagesusenumbers of magnitude 4096 more. Sincesud numbers
can causeover ow problemsin MetaPost's linear equation solving and path tting algorithms, they
are normally allowed only as intermediate results. This limitation is removed when the internal
variable warningcheck is zero. In earlier versionsof MetaPost, the limitation could be removed for
variables but explicit constarts were always restricted to be lessthan 4096.

For completeness,we also mention one other new feature of MetaPost Version 0.60. When
TeX material is included in a picture via the btex:::etex feature, the thicknessof horizontal and
vertical rules getsrounded to exactly the right number of pixels; i.e., interpreting MetaPost output
according to the PostScript® scan corversion rules [7] makes the pixel width equal to the ceiling
of the unrounded width. In fact, a similar relationship holds for all line widths. The generated
PostScript setsline widths by rst transforming to device coordinates and rounding appropriately.

Atts.
References
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ABSTRACT

This paper describes a graph-drawing padkage that has beenimplemented as an extension to the
MetaPost graphics language. MetaPost has a powerful macro facility for implementing such exten-
sions. There are also somenew languagefeaturesthat support the graph macros. Existing features

for generatingand manipulating pictures allow the userto do things that would bedi cult to achieve
in a stand-alone graph package.



