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Preface

In this report we present the TEX and METAFONT sources of the Xy-pic package with TpXnical com-
mentary. It assumes that you are familiar with the use of Xy-pic as described in the User’s Guide [15]
as well as with the fundamentals of TEX [6] and METAFONT [7].

Overview. Chapter 1 explains the TEX sources of the Xy-picture kernel drawing language. Chapter 2
explains the sources of the standard extensions providing extended graphic capabilities, and chapter 3
the sources of standard features providing specialised notation for particular diagram types. Chapter 5
exposes the METAFONT sources of the standard fonts provided in the distribution.

The appendices contain additional information: Appendix A contains answers to all the exercises of
the main text. Appendix B summarises the backwards compatibility with Xy-pic version 2. Appendix C
contains the GNU General Public License detailing the conditions of use of Xy-pic, and appendix D
various support files contained in the distribution. Finally a bibliography and the index.

The report includes most of the information in the reference manual [16].

License. Most of the Xy-pic package is copyright by the individual authors. We have chosen to use
the “GNU Copyleft” to make the package available without restriction to as many users as possible
and ensure that it is attributed to its authors without risk of persecution. The disclaimer can be found
on the inside cover page; the full text of the license is reproduced as appendix C.
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Chapter 1

Kernel: xy.doc

After giving an overview of the Xy-pic environment in §1.1, this chapter document the basic concepts
of Xy-picture construction in §1.2, including the maintained ‘graphic state’. The following sections give
the precise syntax rules of the main Xy-pic constructions: the position language in §1.3, the object
constructions in §1.4, and the picture ‘decorations’ in §1.5. §1.6 presents the kernel repertoire of
objects for use in pictures; §1.7 documents the interface to Xy-pic options like the standard ‘feature’
and ‘extension’ options.

Section §1.8 documents the more complicated algorithms used to compute directions, edges, and
connections.

1.1 The Xy-pic implementation

This section briefly discusses the various aspects of the present Xy-pic kernel implementation of which
the user should be aware.

1.1.1 Loading Xy-pic

Xy-pic is careful to set up its own environment in order to function with a large variety of formats.
For most formats a single line with the command

\input xy

in the preamble of a document file should load the kernel (see ‘integration with standard formats’
below for variations possible with certain formats, in particular ITEX [10]).

The rest of this section describes things you need to consider if you need to use Xy-pic together
with other macro packages, style options, or formats. The less your environment deviates from plain
TEX the easier it should be.

File header: Here is what actually happens in the header of xy.doc. It contains the copyright
message, protection against loading the file more than once, and then bootstrap code to handle
category codes and the DOCMODE format—we explain each separately below:

1 %% $Id: xy.doc,v 3.35 2013/10/06 01:14:17 krisrose Exp $

2 hoh

3 %% Basic Xy-pictures: Xy-pic bootstrap and kernel macros.

4 %t Copyright (c) 1991-2011 Kristoffer H. Rose <krisrose@tug.org>

5 hh

6 % This file is part of the Xy-pic package for graphs and diagrams in TeX.
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CHAPTER 1. KERNEL: XY.DOC

%% Copyright (c) 1991-2011 Kristoffer H. Rose <krisrose@tug.org>

hoto

%% The Xy-pic package is free software; you can redistribute it and/or modify
%% it under the terms of the GNU General Public License as published by the
%% Free Software Foundation; either version 2 of the License, or (at your

%% option) any later version.

hoto

%% The Xy-pic package is distributed in the hope that it will be useful, but
%% WITHOUT ANY WARRANTY; without even the implied warranty of MERCHANTABILITY
%% or FITNESS FOR A PARTICULAR PURPOSE. See the GNU General Public License
%% for more details.

hto

%% You should have received a copy of the GNU General Public License along

%% with this package; if not, see http://www.gnu.org/licenses/.

hoto

\ifx\xyloaded\undefined\else\message{not reloaded}\endinput\fi
\let\xyloaded=\relax

% NOTE: Apart from the actual macros (as also found in xy.tex), this file
% contains both the Xy-pic kernel reference manual and TeXnical documentation.
% See xyrefer.man and xysource.man for how to typeset this information.

\message{Bootstrap\string’ing\string:}

{\catcode96 12\catcode‘\#6\catcode‘\.12\catcode‘\:12\catcode‘\’12\catcode‘\011
\ifx\xywarnifdefined\undefined\else \immediate\writel6{}%
\immediate\writel6{Xy-pic Warning: \string\xywarnifdefined\space redefined.}%
\immediate\writel16{}\fi

\gdef\xywarnifdefined#1{\ifx#1\undefined\else \immediate\writel6{}/
\immediate\writel6{Xy-pic Warning: ‘\string#1’ redefined.}}
\immediate\writel6{}\fi}

\xywarnifdefined\xydef@ \gdef\xydef@#1{\xywarnifdefined#1\gdef#1}
\xywarnifdefined\xylet@ \gdef\xylet@#1{\xywarnifdefined#1\global\let#1}
\xywarnifdefined\xynew@

\gdef\xynew@#1#2{\xywarnifdefined#2\csname new#1\endcsname#2}}

\message{catcodes\string,}

\xywarnifdefined\xyuncatcodes

\xywarnifdefined\xyreuncatcodes \def\xyreuncatcodes{\edef\xyuncatcodes{’
\catcode92 0 \catcodel23 1 \catcodel25 2 \catcode37 14

\catcode 9 \the\catcode 9 \catcodelO \the\catcodel0 \catcodel2 \the\catcodel2
\catcode35 \the\catcode35 \catcode36 \the\catcode36 \catcode38 \the\catcode38
\catcode43 \the\catcode43 \catcode45 \the\catcode45 \catcode46 \the\catcoded6
\catcoded47 \the\catcoded7

\catcode60 \the\catcode60 \catcode61l \the\catcodeb6l \catcode62 \the\catcode62
\catcode64 \the\catcode64 \catcode96 \the\catcode96

\newlinechar \the\newlinechar \endlinechar \the\endlinechar }}
\xyreuncatcodes

\xywarnifdefined\xycatcodes \def\xycatcodes{}
\catcode 9 10
\catcode 35 6 \catcode 36 3 \catcode 38 4
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60 \catcode 43 12 \catcode 45 12 \catcode 46 12 \catcode 47 12
61 \catcode 60 12 \catcode 61 12 \catcode 62 12
62 \catcode 64 11 \catcode 96 12 }

64 \xycatcodes
66 \message{docmode,}

6s {\catcode‘\|0 \xywarnifdefined|DOCMODE
6o \gdef |DOCMODE#1{\ifx (#1\relax \xycatcodes \expandafter\ignorespaces
70 \else \skipspecials@ \expandafter\docm@\fi}}

72 \xywarnifdefined\skipspecials@

73 \gdef\skipspecials@{’,

72 \catcode‘\\12 \catcode‘\{12 \catcode‘\}12 \catcode‘\#12 \catcode‘\%12
75 \catcode‘\""L12 \endlinechar‘\~"J }%

77 \catcode‘\/=12 \lccode‘\/‘\\%

78 \lccode ‘\D‘\D \lccode‘\0‘\0 \lccode‘\C‘\C \lccode‘\M‘\M \lccode‘\E‘\E
79 \lowercase{%

so \xywarnifdefined\docm@ \gdef\docm@{\docm@i}},

s1  \xywarnifdefined\docm@i \gdef\docm@i#1~~J{\docm@ii#1/DOCMODE\docm@iii},
s2 \xywarnifdefined\docm@ii

s3 \gdef\docm@ii#1/DOCMODE{\def\next@{#1}\futurelet\next\docm@iii}j,

s4 \xywarnifdefined\docm@iii \gdef\docm@iii#1\docm@iii{%

s5 \ifx\next\docm@iii \let\next\next@ \docecho@ \let\next@\docm@

s6  \else\ifx\next@\empty \let\next@\docfinish@

s7 \else \edef\next@{\noexpand\docm@iv\next@/DOCMODE#1\noexpand\docm@iv}/,
ss  \fi\fi \next@}}

8o \xywarnifdefined\docm@iv

90 \gdef\docm@iv#1/DOCMODE\docm@iv{\def\next{#1}\docecho®@ \docm@}}/

92 \xywarnifdefined\docecho@ \global\let\docecho®@\relax
93 \xywarnifdefined\docfinish@ \gdef\docfinish@{\xyuncatcodes|DOCMODE\next}}

Privacy: Xy-pic will warn about control sequences it redefines—thus you can be sure that there
are no conflicts between Xy-pic-defined control sequences, those of your format, and other macros,
provided you load Xy~pic last and get no warning messages like

¢...7 redefined.

Xy-pic Warning:
In general the Xy-pic kernel will check all control sequences it redefines ezcept that (1) generic tempo-
raries like \next are not checked, (2) predefined font identifiers (see §1.1.3) are assumed intentionally
preloaded, and (3) some of the more exotic control sequence names used internally (like @{-}) are
only checked to be different from \relax.
This is handled by \xywarnifdefined—after we have ensured that it is unique itself’. \xydef @,
\xylet @, and \xynew@{(type)} are abbreviations used to this end throughout Xy-pic instead of \let,
\def, and the \new(type) commands.

!This may seem paranoid but in fact many inconvieniences in the TEX world stem from the fact that somebody
copied somebody elses definition of, say, \xywarnifdefined, modified it, and then used it in something that somehow
got distributed! The ‘flat name space’ problem remains TEX largest problem as a programming language in this TEX
hackers opinion.
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Next some auxilliaries: \xydefcsname@ is similar to \xydef@ except that it builds the control
sequence with \csname ... \endcsname which means that it is \relax when undefined—there is thus
no way to prevent redefinition of control sequences bound to \relax (.

200 \xydef@\xydefcsname@#1{\DN@{#1}\DNii@##1{Y%

200 \ifx ##1\relax\else \xywarning@{\string‘\string##1\string’ redefined}\fi
202 \def##1},

203 \expandafter\nextii@\csname\codeof\next@\endcsname}

\xyletcsnamecsname@ is to \let one weird control sequence be the same as another using several
\expandafters:

210 \xydef@\xyletcsnamecsname@#1#2{\def\1{#1}\def\2{#2}\DNe##1##2{/,

211 \ifx ##1\relax\else \xywarning@{‘\string##1\string’ redefined}\fi

212 \let##1=##21}7,

213 \expandafter\expandafter\expandafter\next@

214 \expandafter\csname\expandafter\codeof\expandafter\1\expandafter\endcsname
215 \csname\codeof\2\endcsname}

Finally \codeof: a useful hack used to allow any characters in control sequences: \codeof(cs)
expands to the characters of the control sequence (cs) as a string of ‘other’ characters, i.e., all of
category 12 and with a |12 after every control sequence. The (cs) must be a macro or it blows up.

225 \xywarnifdefined\codeof

226 \xywarnifdefined\codeof@

227 {\catcode‘\:=12 ¥ to ensure that all of :-> and <-: are other :-)
228 \gdef\codeof#1{\expandafter\codeof@\meaning#1<-:3}

220 \gdef\codeof@#1:->#2<-:{#2}}

Category codes: The situation is complicated by the flexibility of TEX’s input format. The culprit
is the ‘category code’ concept of TEX (cf. [6, p.37]): when loaded Xy-pic requires the characters ,\{}/%
(the first is a space) to have their standard meaning and all other printable characters to have the same
category as when Xy~pic will be used—in particular this means that (1) you should surround the loading
of Xy-pic with \makeatother ... \makeatletter when loading it from within a IATEX package, and
that (2) Xy=pic should be loaded after files that change category codes like the german. sty that makes
" active. Some styles require that you reset the catcodes for every diagram, e.g., with french.sty
you should use the command \english before every \xymatrix.

We define \xyuncatcodes to restore the current catcodes, and \xycatcodes to install our own.

Here is an exact list of the category codes which Xy-pic requires (all standard in plain TEX):

character(s) \ { } CR TAB SP AZaz 0-9 %
category code 0 1 2 ) 10 11 12 14

Furthermore none of the remaining printable ASCII characters
P#$&’ O*, /5717 _“ |~

may be of category 0, 1, 2, 9, 14, or 15, because all should be tokens allowed in the replacement text
of a \def—this also means that they may not be active characters defined to be “\outer”!

All other catcodes needed are established using \xycatcodes defined above—this is the reason the
macros must be loaded at a time where the category codes are stable (otherwise it will make them
stable!).
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Internally Xy-pic enforces the following category codes:

character # $ & ? + - . < = > @ ¢
ASCII code 35 36 38 39 43 45 46 60 61 62 64 96
category code 6 3 4 12 12 12 12 12 12 12 11 12

abbreviation HASH DOLL AND RQ PLUS DASH DOT LT EQ GT AT LQ

with special control sequences named \add(abbreviation)@ that take an argument and expand to it
followed by the original character token, i.e., many tests throughout the program look like \addDOT®@
\ifx \next ...

292

293

294

295

296

297

298

299

300

301

302

303

305

306

308

309

310

311

313

315

316

317

318

\xywarnifdefined\addAT®@
\xywarnifdefined\addHASHQ
\xywarnifdefined\addDOLL®
\xywarnifdefined\addAND@
\xywarnifdefined\addRQ@
\xywarnifdefined\addPLUS@
\xywarnifdefined\addDASH®@
\xywarnifdefined\addDOTQ@
\xywarnifdefined\addLT@
\xywarnifdefined\addEQQ
\xywarnifdefined\addGT@
\xywarnifdefined\addLQ@

\xydef@\xymakeADDO#1#2 #3 {\ifnum\catcode#3=6 \def#1##1{##1#2#2}J,
\else \def#i##t1{##1#2}\fi}

\xydef@\xyrecat@{\xymakeADD@\addAT@}
\xydef@\xyrecat{\xyrecat@}
\xydef@\xyresetcatcodes{\def\xyrecat{\xyrecat@}\xyreuncatcodes
\input xyrecat \relax \xyuncatcodes}

\xyuncatcodes \xyresetcatcodes \xycatcodes

\xydef@\testAND@{{\aftergroup\ifx
\addAND@\ifx\next\addFalse@\else\addTrue@\fi}}

\xydef@\addFalse@{\aftergroup\iffalse}

\xydef@\addTrue@{\aftergroup\iftrue}

However, it is possible to ‘repair’ the problem in case any of the characters #$&’+-.<=>¢ change
category code:

\xyresetcatcodes

will load the file xyrecat.tex (version 3.7) to do it.

%% $Id: xyrecat.doc,v 3.7 2011/03/14 20:14:00 krisrose Exp $

Dot

%% Xy-pic ‘‘Reset Category Codes’’ utility.

%% Copyright (c) 1994-1996 Kristoffer H. Rose <krisrose@tug.org>
It

%% This file is part of the Xy-pic package for graphs and diagrams in TeX.
%% See the companion README and INSTALL files for further information.
%% Copyright (c) 1991-2011 Kristoffer H. Rose <krisrose@tug.org>
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o hh

10 %% The Xy-pic package is free software; you can redistribute it and/or modify
11 %A it under the terms of the GNU General Public License as published by the
12 %% Free Software Foundation; either version 2 of the License, or (at your

13 %k option) any later version.

4 hh

15 %% The Xy-pic package is distributed in the hope that it will be useful, but
16 %% WITHOUT ANY WARRANTY; without even the implied warranty of MERCHANTABILITY
17 %k or FITNESS FOR A PARTICULAR PURPOSE. See the GNU General Public License
18 %% for more details.

19 hh

20 %% You should have received a copy of the GNU General Public License along

21 %% with this package; if not, see http://www.gnu.org/licenses/.

22 hh

Header: The command is defined in xy.doc: the purpose of this file is to be reloadable such that
the characters can be reread by TEX with fresh catcodes.

The code redefines the special \add. .. @ control sequences used for parsing of just those characters,
assuming \next is defined correctly before loading it:

50 \xyuncatcodes
52 \xyrecat @ 64 \catcode 64 11

54 \xymakeADD@\addHASHQ # 35
55 \xymakeADD@\addDOLL® $ 36
56 \xymakeADD@\addANDQ@ & 38
57 \xymakeADD@\addRQ@ > 39
53 \xymakeADD@\addPLUS@ + 43

59 \xymakeADD@\addDASH® - 45
60 \xymakeADD@\addDOTQ . 46
61 \xymakeADDQ\addLT® < 60
62 \xymakeADD@\addEQ®@ = 61
63 \xymakeADD@\addGT®@ > 62
62 \xymakeADD@\addLQ®@ ¢ 96

66 \endinput

es % $Log: xyrecat.doc,v $

69 7% Revision 3.7 2011/03/14 20:14:00 krisrose
70 % Preparing for release 3.8.6.

nh

72 % Revision 3.6 2010/06/10 18:45:50 krisrose
73 % Reference to GPL by URL.

74 %

75 % Revision 3.5 2010/04/26 01:45:23 krisrose
76 % First proper integration of xypdf into Xy-pic "make dist".
7 h

7s % Revision 3.4 2010/04/16 06:06:52 krisrose
79 % Preparing for a new release...

80 %

st % Revision 3.3 1996/12/19 03:31:56 krisrose
s2 % Maintenance release
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83 %

s« % Revision 3.1 1995/09/05 20:31:32 kris
s5s % Releasing!

s6

s7 % Revision 3.0 1995/07/07 20:14:21 kris
ss % Major release w/new User’s Guide!

89 %

9 % Revision 2.13 1995/07/04 15:11:17 kris
91 % Ready to release v37

92 %

93 % NEW file to go in version 3!

The last block of the Xy=pic header bootstraps the “DOCMODE format” used in .doc variants of
Xy-pic macro files in order to keep documentation and macros together in a literal programming style
(this is redundant in the xy.tex macro file where all instances of DOCMODE have been eliminated (see
chapter §D.3.2 for how this is accomplished) but it is included anyway since users may load options
still in DOCMODE format). The details of DOCMODE are described in xydoc.sty, a special KTEX package
used to typeset Xy-pic documentation; please read it if you intend to write Xy-pic options.

Integration with standard formats This is handled by the xyidioms.tex file and the integration
as a WTEX [10] package by xy.sty.
We input xyidioms.tex from the kernel:

320 \input xyidioms

xyidioms.doc: This included file provides some common idioms whose definition depends on the
used format such that Xy=pic can use predefined dimension registers etc. and yet still be independent
of the format under which it is used. The current version (3.7) handles plain TEX (version 2 and 3 [6]),
AMS-TEX (version 2.0 and 2.1 [18]), BTEX (version 2.09 [9] and 2¢ [10]), AAS-BTEX (version 1.0,
1.1 [2], and 1.2), and eplain (version 2.6 [3]).

1 %% $Id: xyidioms.doc,v 3.7 2011/03/14 20:14:00 krisrose Exp $

2 hoh

3 %% Format-dependent idioms for Xy-pic.

4 %k Copyright (c) 1991-1997 Kristoffer H. Rose <krisrose@tug.org>

5 hoh

6 %% This file is part of the Xy-pic package for graphs and diagrams in TeX.

7 %% See the companion README and INSTALL files for further information.

s %% Copyright (c) 1991-2011 Kristoffer H. Rose <krisrose@tug.org>

o hh

10 %% The Xy-pic package is free software; you can redistribute it and/or modify
11 %% it under the terms of the GNU General Public License as published by the
12 %% Free Software Foundation; either version 2 of the Licemnse, or (at your

13 %% option) any later version.

14 hh

15 %% The Xy-pic package is distributed in the hope that it will be useful, but
16 %% WITHOUT ANY WARRANTY; without even the implied warranty of MERCHANTABILITY
17 %% or FITNESS FOR A PARTICULAR PURPOSE. See the GNU General Public License

2The ‘v2’ feature introduces some name conflicts, in order to maintain compatibility with earlier versions of Xy-pic.
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18 %k for more details.

19 hh

20 %% You should have received a copy of the GNU General Public License along
21 %% with this package; if not, see http://www.gnu.org/licenses/.

22 hh

23 \ifx\xyidiomsloaded\empty \message{not reloaded}\endinput \fi

24 \let\xyidiomsloaded=\empty

Header: This is a separate file so that we can abort the definitions easily using \endinput.

Scratch registers: All the formats currently treated allow the use of the following plain TEX scratch
register conventions (cf. [6, p.346])

e \count@ is available as a local scratch counter register.

e \dimen@, \dimen®@i, \dimen@ii, \dimen3 to \dimen9, and \dimen255 are available as scratch
dimension registers.

e \skip@, \skipl to \skip9, and \skip255 are available as scratch skip registers.
e \toks@ and \toksl to \toks9 are available as scratch token lists.
e \boxz®@ and \box1 to \box9 are available as scratch box registers.

with the constraint that \global should never (always) be used when assigning to number 0, 2, 4, 6,
8, and 255 (1, 3, 5, 7, and 9).

Xy-specific scratch registers: We first give new names to dimension registers 4, 6, and 8, since
none of the formats do that: \A@, \B@, and \R@ are specific to Xy-pic and will be referred to as A, B,
and R in comments.

sa  \xywarnifdefined\A@ \dimendef\AQ=4
s5  \xywarnifdefined\B@ \dimendef\BQ=6
s6 \xywarnifdefined\R@ \dimendef\RO=8

Some shared scratch registers are defined last.

Idioms: First check that \undefined is indeed undefined...or rather: the same as an extremely
unlikely control sequence that we are making up:

97 \ifx\undefined\AveryUNLIKELYc@ntr@l1SEQUENCEQ@\else
os \errmessage{Xy-pic Error: \string\undefined\space defined.}\fi

These idioms are so common they are just conditionally defined:

104 \ifx\undefined\literal@ \def\literal@#1{#1}\fi

105 \ifx\undefined\eat®@ \def\eat@#1{}\fi
107 \xydef@\xyFN@{\futurelet\next} % Now private because of AMS-LaTeX change.
108 \ifx\undefined\DN@ \def\DN@{\def\next@}\fi

109 \ifx\undefined\DNii@ \def\DNii@{\def\nextii@}\fi

111 \ifx\undefined\setboxz@h\def\setboxz@h{\setbox\z@\hbox}\fi
112 \ifx\undefined\wdz@ \def\wdz@{\wd\z@}\fi
113 \ifx\undefined\boxz@ \def\boxz@{\box\z@}\fi

115 \ifx\undefined\We@ \def\W@{\immediate\writel6 }\fi
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117 \ifx\undefined\space@ \def\space@.{\futurelet\space@\relax}\space@. \fi
119 \ifx\undefined\notempty \def\notempty#1{T\if @#1Q@F\else T\fil}\fi

Delayed setup: This is used when it is advantageous to delay loading of something until after
the preamble, i.e., after all options, etc., have been loaded. This is particularly true for nested
\xywithoption uses that will otherwise be executed repeatedly. Currently properly supported with
BTEX 22 and the amsppt style of ApS-TEX.

131 \xydef@\xysetup@dummy#1{\xyuncatcodes#1}
132 \xywarnifdefined\xysetup@@

134 \ifx\AtEndDocument\undefined

135 \expandafter\ifx\csname amsppt.sty\endcsname\relax

136 \let\xysetup@@=\xysetup@dummy

137 \else

138 \def\xysetup@o#1{y,

139 \expandafter\def\expandafter\topmatter\expandafter{\topmatter
140 #1\xyuncatcodes}}\fi

141 \else

142 \def\xysetup@@#1{\AtBeginDocument{#1\xyuncatcodes}}

143 \fi

15 \ifx\xysetup@@\xysetup@dummy\else
146 \xysetup@@{\let\xysetup@0=\xysetup@dummy \xyuncatcodes}\fi

Similarly, the following provides a place to insert ‘trailing messages’ if the format supports it;
otherwise it just throws away the argument (useful for repeating the most important warnings).

154 \xywarnifdefined\xyclosedown@@

156 \ifx\AtEndDocument\undefined \let\xyclosedown®@=\eat®
157 \else \def\xyclosedown@@#1{\AtEndDocument{#1}}\fi

This may be useful to hook into specialised mechanisms for including \special material on the
page.
164 \xylet@\xy@begindvi=\literal®

For example, ITEX 22 (post Dec '94) defines an \AtBeginDvi macro to allow zero-sized material
to be placed at the beginning of each shipped-out page. Among other uses, this allows such material

not to be discarded, when on a page containing only floats. This is used by Xy-pic in connection with
the POSTSCRIPT header dictionary xyps-ps.doc.

174 \ifx\undefined\AtBeginDvi\else
175 \AtBeginDocument{\let\xy@begindvi=\AtBeginDvi}
176 \AtBeginDvi{\global\let\xy@begindvi=\literal@}\fi

Shared scratch registers: Everything else in this file is also done by ApMS-TEX so we exit here
when using that format after renaming their \toks@@ to \toks@ii...

186 \ifx\amstexloaded@\relax
187 \xylet@\toks@ii=\toks@@ \endinput \fi

Thus the job of allocating scratch registers is simple except for counters where we only have one
so we use IATEX scratch counters when available and otherwise allocate two new ones:

195 \ifx\@tempcnta\undefined
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196
197

198

200

201

207
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\xynew@{count}\count@@
\xynew@{count}\count@Q
\else
\xylet@\count@@=\@tempcnta
\xylet@\count@@@=\@tempcntb
\fi

Finally the second scratch token register not available with INTEX.
\ifx\undefined\toks@ii \toksdef\toks@ii=2 \fi

End & log: That’s all.

215

217

218

219

220

221

222

223

224
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229
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240
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243

244

245

246

247

248

249

250

251

252

\endinput

% $Log: xyidioms.doc,v $
% Revision 3.7 2011/03/14 20:14:00 krisrose
% Preparing for release 3.8.6.

% Revision 3.6 2010/06/10 18:45:50 krisrose
% Reference to GPL by URL.

% Revision 3.5 2010/04/16 06:06:52 krisrose
% Preparing for a new release...

% Revision 3.4 1997/05/18 01:14:25 krisrose
% Essential bugfixes.

% Revision 3.3 1996/12/19 03:31:56 krisrose
% Maintenance release

% Revision 3.1 1995/09/05 20:31:32 kris
% Releasing!

% Revision 3.0 1995/07/07 20:14:21 kris
% Major release w/new User’s Guide!

% Revision 2.13 1995/07/04 15:11:17 kris
% Ready to release v37

% Revision 2.12 1994/10/25 11:34:25 kris
% Interim release just before v3 [works with AMS-LaTeX 1.2]...

% Revision 2.11 1994/07/05 10:37:32 kris
% Third 3beta release [bug fixes].

% Experimental graph feature included (for ECCT-94 presentation) .

% Revision 2.9 1994/06/09 15:02:49 kris
% Release 3beta.

% Revision 2.8 1994/04/08 04:30:00 kris
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253 % Second (bug fix) 3alpha release.

254 %

255 % Revision 2.7 1994/03/08 02:06:01 kris

256/ Release 3alpha.

257 %

258 % Revision 2.6.9.1 1994/03/07 04:22:46 kris

259 % Last internal 3alpha and pre-2.7 release.

260 /b

261 % Now contains scratch register allocations.

262 % Cleaned of AMS-TeX special macros.

263 /% Renamed from xyamstex.doc to xyidioms.doc for version 2.7.
264 %

265 /% Revision 2.4 1992/01/22 02:15:10 Kkris

266 % \\ works with AMS-LaTeX: don’t use \Let@ [Werner Struckmann/Darrel Hankerson]
267 % Made redefinition of \text conditional.

268 %

269 % Revision 2.3 1992/01/10 21:43:09 kris

270 % Fixed AMS-LaTeX name clash problems.

A

272 % Revision 2.2 1992/01/09 04:05:40 kris

273 % Patched to fix problem with \text and support AMS-LaTeX.
274 %

275 % Revision 2.1 1992/01/02 14:55:27 kris

276 %, Release version.

277 %

278 % Revision 1.3 1991/12/17 04:51:16 kris

279 % Version distributed with ‘final draft’ on Usenet.

xy.sty: If you use IXTEX then this file makes it possible to load Xy~pic as a ‘package’ using the
ITEX 2¢ [10] \usepackage command:

\usepackage [(option),...] {xy}

where the (option)s will be interpreted as if passed to \xyoption (cf. §1.7).

The only exceptions to this are the options having the same names as those driver package options
of chapter 4, which appear in cf. [4, table 11.2, p.317] or the IATEX 2¢ graphics bundle. These will
automatically invoke any backend extension required to best emulate the IATEX 2¢ behaviour. (This
means that, e.g., [dvips] and [textures] can be used as options to the \documentclass command,
with the normal effect.)

The file also works as a IXTEX 2.09 [9] ‘style option’ although you will then have to load options
with the \xyoption mechanism described in §1.7.

Here is the raw source of xy.sty.

v %h $Id: xy.sty,v 3.10 2011/03/14 20:14:00 krisrose Exp $

2 hh

3 %h ‘‘Xy-pic as LaTeX 2.09 style option and LaTeX 2e package’’.

14 %% Copyright (c) 1993-1996 Kristoffer H. Rose <krisrose@tug.org>
5 b

6 %%k This file is part of the Xy-pic package for graphs and diagrams in TeX.
7 %% See the companion README and INSTALL files for further information.
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s %k Copyright (c) 1991-2011 Kristoffer H. Rose <krisrose@tug.org>

o Toh

10 %% The Xy-pic package is free software; you can redistribute it and/or modify
11 %% it under the terms of the GNU General Public License as published by the
12 %k Free Software Foundation; either version 2 of the License, or (at your

13 %% option) any later version.

1 b

15 %% The Xy-pic package is distributed in the hope that it will be useful, but
16 %% WITHOUT ANY WARRANTY; without even the implied warranty of MERCHANTABILITY
17 %k or FITNESS FOR A PARTICULAR PURPOSE. See the GNU General Public License
18 %k for more details.

19 hh

20 %% You should have received a copy of the GNU General Public License along

21 %% with this package; if not, see http://www.gnu.org/licenses/.

23 % Load Xy-pic with catcode of @ set as it will be in user text:
24 \count255=\the\catcode‘\@ {\catcode‘\@=11 \xdef\xystycatcode{\the\count255}}
25 \makeatletter

27 % REPAIR bug of the 2e version of AMS-LaTeX where \makeatother is broken...
25 \ifx\@ifpackageloaded\undefined \makeatother
20 \else \@ifpackageloaded{amstex}{\catcode‘\@=\active}{\makeatother}\fi

31 \input xy

33 % That is all unless this is called as a LaTeX2e ‘native mode’ package. Is
32 % there an official way to check this? Anyway, this seems to work:

35 \makeatletter

36 \ifx\if@compatibility\undefined \catcode ‘\@=\xystycatcode \endinput \fi

3s 7% Ensure that we are *really* running LaTeX2e...!
30 \NeedsTeXFormat{LaTeX2e}

41 % So we can check for pdfTeX.
12 \RequirePackage{ifpdf}

42 % This file provides the current version of Xy-pic!
15 \edef\next{/,
46 \noexpand\ProvidesPackage{xy}[\xydate\space Xy-pic version \xyversion]}\next

1s % Recognise some standard LaTeX2e class options (cf. old ‘LaTeX Companion’ p.317):
19 \DeclareOption{cmactex}{\xyoption{dvips}} % Thomas Kiffe’s CMacTeX uses dvips

5o \DeclareOption{dvips}{\xyoption{dvips}\xyoption{ps}}

51 \DeclareOption{dvitops}{\xyoption{dvitops}\xyoption{psl}}

52 \DeclareOption{emtex}{\xyoption{emtex}}

53 \DeclareOption{ln}{\xywarning@{‘ln’ DVI driver not yet fully supported}}

54 \DeclareOption{oztex}{\xyoption{oztex}}

55 \DeclareOption{textures}{\xyoption{textures}}

56 \DeclareOption{xdvi}{\xyoption{xdvil}}

5s % Recognise standard aliases for the pdf option.
5o \DeclareOption{pdftex}{\xyoption{pdf}}

60 \DeclareOption{dvipdfm}{\xyoption{pdf}}

61 \DeclareOption{dvipdfmx}{\xyoption{pdf}}

63 7% This is special.
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\DeclareOption{colour}{\xyoption{color}} % :-)

% This (obsolete) cmtip style option should be activated after loading:

\DeclareOption{cmtip}{\xyoption{cmtip}\UseComputerModernTips}

% Pass the desired tip size if defined
\DeclareOption{10pt}{\xywithoption{tips}{\def\tipsize@e{10}}}
\DeclareOption{1l1ipt}{\xywithoption{tips}{\def\tipsize@@{11}}}
\DeclareOption{12pt}{\xywithoption{tips}{\def\tipsize@e{12}}}

% Other options are just loaded.
\DeclareOption*{\edef\next{\noexpand\xyoption{\CurrentOption}}\next}

% Reinstall catcode of @...
\catcode ‘\@=\xystycatcode

% ...and process the optiomns.
\ProcessOptions\relax

% Now, if no backend is loaded but we can generate PDF, do.

\ifpdf\makeatletter
\ifx\xydriversloaded@@\xydriversloaded@none
\makeatother\xyoption{pdf}\fi\fi

% That’s all.
\endinput

% $Log: xy.sty,v $
% Revision 3.10 2011/03/14 20:14:00 krisrose
% Preparing for release 3.8.6.

% Revision 3.9 2010/06/10 18:45:49 krisrose
% Reference to GPL by URL.

% Revision 3.8 2010/04/28 07:14:30 krisrose
% New Xy-pic home page installed.

% Revision 3.7 2010/04/26 01:45:23 krisrose
% First proper integration of xypdf into Xy-pic "make dist".

% Revision 3.6 2010/04/25 21:48:06 krisrose
% First proper integration of xypdf into Xy-pic "make dist".

% Revision 3.5 2010/04/20 20:36:43 krisrose
% Documentation updates.

% Revision 3.4 2010/04/16 06:06:52 krisrose
% Preparing for a new release...

% Revision 3.3 1996/12/19 03:31:56 krisrose
% Maintenance release

% Revision 3.1 1995/09/05 20:31:32 kris
% Releasing!

13
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119 % Revision 3.0 1995/07/07 20:14:21 kris
120 % Major release w/new User’s Guide!

121 %

122 % Revision 2.13 1995/07/04 15:11:17 kris
123 % Ready to release v37

124 %

125 % Revision 2.12 1994/10/25 11:34:25 kris
126 % Interim release just before v3 [works with AMS-LaTeX 1.2]...
127 %

128 % Revision 2.9 1994/06/09 14:59:19 kris
120 % Release 3beta.

130 %

131 % Revision 2.8 1994/04/08 04:30:00 kris
132 % Second (bug fix) 3alpha release.

134 /, Revision 2.7 1994/03/08 02:06:01 kris
135 % Release 3alpha.

136 %

137 % New for version 2.7.

1.1.2 Logo, version, and messages

Loading Xy~pic prints a banner containing the version and author of the kernel; small progress messages
are printed when each major division of the kernel has been loaded. Any options loaded will announce
themself in a similar fashion.

Of these, \stripRCS is a very useful hack for extracting the first component of an RCS $...$
keyword value.

a1 \xydef@\stripRCS$#1${\stripRCS@#1: Q@ ©QQ}

112 \xydef@\stripRCSQ#1: #2@ #300C{%

3 \ifx @#2\string?\else\ifx :#2\else\stripRCSQ@#2\fi\fi}
114 \xydef@\stripRCSQG#1 #2: @{#1}

116 \xydef@\xyversion{3.8.9} % Must be in sync with *VERSION in Makefile.

4135 \edef\next{\stripRCS$Date: 2013/10/06 01:14:17 $3}
419 \xylet@\xydate=\next

421 \xydef@\Xygreet@{’

420 \W@{}Y%

423 \W@{ Xy-pic version \xyversion\space<\xydate>1}%

424 \W@{ Copyright (c) 1991-2013 by Kristoffer H. Rose <krisrose@tug.org> and othersl}
425 \W@{ Xy-pic is free software: see the User\string’s Guide for details.}’

126 \WQ{}}

427 \XygreetQ@

128 \expandafter\everyjob\expandafter{\the\everyjob\Xygreet@}

=

4

=

130 \message{Loading kernel:}

If you refer to Xy-pic in your written text (please do © ) then you can use the command \Xy-pic to
typeset the “Xy-pic” logo. The version of the kernel is typeset by \xyversion and the release date by
\xydate (as found in the banner). By the way, the Xy~pic name? originates from the fact that the first

3No description of a TEX program is complete without an explanation of its name.
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version was little more than support for (x,y) coordinates in a configurable coordinate system where
the main idea was that all operations could be specified in a manner independent of the orientation
of the coordinates. This property has been maintained except that now the package allows explicit
absolute orientation as well.

119 \xydef@\Xy@{\leavevmode

450 \hbox{\kern-.lem X\kern-.3em\lower.4ex\hbox{Y\kern-.15em}}}
451 \ifx\undefined\DeclareRobustCommand\let\Xy=\Xy@

452 \else\DeclareRobustCommand {\Xy}F{\Xy@}+\fi

Messages that start with “Xy-pic Warning” are indications that something needs your attention;
an “Xy-pic Error” will stop TEX because Xy-pic does not know how to proceed.

We use the input line number if available and rudimentary help in the form of a reference to the
manual if no specific help string is given. \newlinechar is set locally to ~~J while writing such that
messages of several lines can be written.

160 \message{messages;}

471 \xywarnifdefined\thelineno®

472 \ifx\inputlineno\undefined \edef\thelineno@{\string?}

a3 \else \def\thelineno@{\the\inputlineno}\fi

472 \xydef@\xytracelineno@{ \string[\jobname:\thelineno@\string]}

476 \xydef@\xywarning@#1{{\newlinechar=10 Y%
arr \We{}\We{Xy-pic Warning: #1\xytracelineno®.}\W@{}}}

a9 \xydef@\xyerror@#1#2{\if\inxy@\xy@{ERROR #1}{}\fi

aso {\def\2{#2}\newlinechar=10 %

as1 \ifx\2\empty \errhelp{See the Xy-pic manual for further information.2}%
as2 \else \errhelp{#2}\fi

483 \errmessage{Xy-pic error: #1}}}

Finally one that I hope will never get expanded &

180 \xydef@\xybug@#1{{\newlinechar=10 %

490 \errhelp{This is a bug in Xy-pic and should not happen!~"~J%

491 If it did then please send a bug report with the offending Xy-pic code”"~J%
492 to the author of Xy-pic, krisrose@tug.org.l}%

193 \errmessage{Xy-pic BUG: #1 -- notify krisrose@tug.org.}}}

1.1.3 Fonts

The Xy-pic kernel implementation makes its drawings using five specially designed fonts:

Font Characters Default
\xydashfont dashes xydash10
\xyatipfont | arrow tips, upper half | xyatip10
\xybtipfont | arrow tips, lower half | xybtip10
\xybsqlfont | quarter circles for xybsql10
hooks and squiggles

L . .
3 circle segments xycircl0

\xycircfont

The first four contain variations of characters in a large number of directions, the last contains 1/8
circle segments.
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Note: The default fonts are not part of the Xy-pic kernel specification: they just set a standard for
what drawing capabilities should at least be required by an Xy-pic implementation. Implementations
exploiting capabilitites of particular output devices are in use. Hence the fonts are only loaded by
X-pic if the control sequence names are undefined—this is used to preload them at different sizes or
prevent them from being loaded at all.

To be more precise, Xy-pic requires \xydashfont to be a semidirectional font as METAFONT will
generate with the driver file xyd2.mf—this is very important because the italic corrections of the
characters in this particular font are used to approximate trigonometric computations, so if you re-
place \xydashfont be sure to replace it with another semidirectional font! Similarly, the three fonts
\xyatipfont, \xybtipfont, and \xybsqlfont should be directional as METAFONT will generate with
the driver file xyd .mf.

Finally, \xycircfont should contain 1/8 circle segments of various radii as described in xycirc10.mf.

The following code loads the fonts unless it was already loaded and defines some associated dimen-
sions for \xydashfont and \xybsqlfont: for each of these f we define fy as the length of a unit in
the current direction (used when juxtaposing for connections), fj as the height of the unit (used for
several parallel connections), and f,, as the ‘line width’ of the unit (to know how to interface to rules).

557 \message{fonts;}

550 \xydef@\xyfont@#1{\ifx#1\undefined \DN@{\global\font#1}\expandafter\next®
s60 \else \xywarning@{Using previously loaded \string#l\space font}\fi}

562 \xyfont@\xydashfont=xydash10

563 \xydef@\xydashl@{\fontdimen6\xydashfont}
564 \xydef@\xydashh@{\fontdimen5\xydashfont}
565 \xydef@\xydashw@{\fontdimen8\xydashfont}

567 \xyfont@\xyatipfont=xyatip10
s6s \xyfont@\xybtipfont=xybtipl0

570 \xyfont@\xybsqlfont=xybsqll0

511 \xydef@\xybsqll@{\fontdimen6\xybsqlfont}
572 \xydef@\xybsqlh@{\fontdimen5\xybsqlfont}
573 \xydef@\xybsqlw@{\fontdimen8\xybsqlfont}

575 \xyfont@\xycircfont=xycirc10

1.1.4 Allocations

One final thing that you must be aware of is that Xy-pic allocates a significant number of dimension
registers and some counters, token registers, and box registers, in order to represent the state and
do computations. The current kernel allocates 4 counters, 28 dimensions, 2 box registers, 4 token
registers, 1 read channel, and 1 write channel (when running under I¥TEX; some other formats use
slightly more because standard generic temporaries are used). Options may allocate further registers
(currently loading everything loads 6 dimen-, 3 toks-, 1 box-, and 9 count-registers in addition to the
kernel ones).

s0s \message{allocations:}

See §1.1.1 for scratch register allocations.

Picture state: These realise the picture state as described in §1.2.5: ¢, p, the base, and the picture
size:

600 \message{state,}
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\xynew@{dimen}\X@c
\xynew@{dimen}\Y@c
\xynew@{dimen}\U@c
\xynew@{dimen}\D@c
\xynew@{dimen}\L@c
\xynew@{dimen}\R@c
\xynew@{toks}\Edge@c

\xynew@{dimen}\X@p
\xynew@{dimen}\Y@p
\xynew@{dimen}\U@p
\xynew@{dimen}\D@p
\xynew@{dimen}\L@p
\xynew@{dimen}\R@p
\xynew@{toks}\Edge@p

\xynew@{dimen}\X@origin \XQorigin=\z@
\xynew@{dimen}\Y@origin \X@origin=\z@
\xynew@{dimen}\X@xbase \XOxbase=1mm
\xynew@{dimen}\Y@xbase \Y@xbase=\zQ
\xynew@{dimen}\X@ybase \XQybase=\z0@
\xynew@{dimen}\Y@ybase \Y@ybase=1mm

\xynew@{dimen}\X@min
\xynew@{dimen}\Y@min
\xynew@{dimen}\X@max
\xynew@{dimen}\Y@max

Drop and connect: \lastobjectbox@ stores the most recently dropped object.

646

\xynew@{box}\lastobjectbox@

\zerodotbox@ is of zero size with a ‘dot’ in the form of a rule the width and height as the line

width of the line font; \zz @ is ‘almost-zero-check’. To Do: overshoot the size a bit as the dots
appear very small.

655

656

657

658

660

661

663

\xynew@{box}\zerodotbox@
\setbox\zerodotbox@=\hbox{\dimen@=.5\xydashw@

\kern-\dimen@ \vrule width\xydashw@ height\dimen®@ depth\dimen®@}
\wd\zerodotbox@=\z@ \ht\zerodotbox@=\z@ \dp\zerodotbox@=\zQ

\xynew@{dimen}\almostz@ \almostz@=50sp
\xydef@\zz@#1{\ifdim#1<\z@-\fi#1<\almostz@\relax}

\xynew@{if }\iftmp®@

Direction state: The direction state is rather complicated and described in detail in §1.8.1.

672

674

675

676

677

679

\message{direction,}

\xynew@{dimen}\de@X
\xynew@{dimen}\d@Y
\xydef@\sdOX{}
\xydef@\sd@Y{}

\xynew@{count}\K@ \K@=1024
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6s0 \xynew@{count}\KK@ \KK@=32

6s2 \xynew@{count}\Direction
683 \xynew@{dimen}\K@dXdY
64 \xynew@{dimen}\K@dYdX

es6 \xydef@\cosDirection{}
6s7 \xydef@\sinDirection{}

680 \xywarnifdefined\DirectionChar
600 \xywarnifdefined\SemiDirectionChar

Miscellaneous: Finally some generic allocations used in the following:

698 \xynew@{read}\xyread@ % for ‘safe input’

699 \xynew@{write}\xywrite@ % for ‘saving’ to .xyc file
701 \xynew@{count}\cspQ@ % for ‘control stack pointer’
702 \xynew@{dimen}\quotPTK®@ % for ‘fractions’

The required temporaries are defined by xyidioms.tex.

1.1.5 Utility macros

Finally we define some utility macros.

716 \message{utility macros;?}

Simple queue: Just appending to the \toks @ list.
725 \xydef@\addtotoks@#1{\toks@=\expandafter{\the\toks@#1}}

Safe input: Check that file is available before input. Tries the alternate extension .doc in case the
.tex file is not there. The second is the lowest level function used when the desired files cannot be
preloaded and do not exist in .doc form.

736 \xydef@\xyinputorelse@#1#2{J

737 \expandafter\let\expandafter\next@\csname#lloaded\endcsname
738 \ifx\next@\empty \else

739 \DN@{\xyinputorelse@@{#1}{\xyinputorelse@@{#1.doc}{#2}}}%
740 \fi \next@}

722 \xydef@\xyinputorelse@@#1#2{\openin\xyread@=#1 7
73 \ifeof\xyread@ \DN@{#2}\else \DN@{\closein\xyread@\input#1 }\fi \next@}

Continuation stack: This is used to ‘enter’ a new context and ‘leave’ to the previous context. It
works as a stack defining a control sequence for each level, thus using a counter as the stack pointer.
Defines the following

\csp@ ‘Continuation Stack Pointer’

\enter@{(code)} Enter new block with (code) expanded as continu-
ation

\nter@{(code)} Enter new block with (code) as continuation

\dontleave® Execute continuation without leaving block

\unenter@ Leave block without executing its continuation
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\leaveQ® Leave block (execute its continuation)

So \enter@{}\leave@ is a noop and \leave@ is the same as \dontleave@\unenter@.
766 \global\csp@=\zQ

76s \xydef@\enter@#1{\global\advance\csp@\@ne
769 \expandafter\xdef\csname cs@\number\csp@\endcsname{#1}\ignorespaces?}

771 \xydef@\nter@#1{\globalladvance\csp@\@ne
772 \expandafter\gdef\csname cs@\number\csp@\endcsname{#1}\ignorespaces}

774 \xydef@\dontleave@{\csname cs@\number\csp@\endcsname}
776 \xydef@\unenter@{\global\advance\csp@\m@ne}

773 \xydef@\leave@{\expandafter\unenter@\csname cs@\number\csp@\endcsname}

Fractions: Below we often use a factor on the form of a quotient A/B. Here is a hack to get it; it
is not very precise but suffices for our needs.

\quotient® (cs) {A} {B} Defines (cs) to expand (immediately) to the factor
corresponding to A/B; A, B must be dimensions
where |A| < \maxdimen/KK and |B| > KK

\quotient@@ (cs) {A} {B} Same, but uses 8KK for KK.

Notes: (1) If \c is a count register, then {1\c} is a legal dimension. (2) Really computes

((A x [KK[)/(B/ [KK[)) x (1pt/ [K])

and then defines (cs) to expand to the resulting pt value. This means that results are only reasonable
for |A] < \maxdimen/KK and |B| > KK.

sos \quotPTK@=\p@ \divide\quotPTK@\KG@

o \xylet@\quotsign@@=\empty

sio \xywarnifdefined\removePT®@

s11 {\catcode‘p=12 \catcode‘t=12 \gdef\removePT@#1pt{#1}}

s13 \xydef@\quotient@#1#2#3{\A0=#2\relax \B@=#3\relax

s14  \ifdim\A@<\z@\def\quotsign@@{-}\else\def\quotsign@@{+}\fi

s15 \ifdim\quotsign@Q\A@<15pt \multiply\A@\K@

s16  \else\ifdim\quotsign@@\AG<511pt \multiply\A@\KKQ

817 \advance\B@\ifdim\B@<\z@-\fi 16sp \divide\B@\KKQ

818 \else

819 \advance\B@\ifdim\BO@<\z@-\fi 512sp \divide\B@\K@

s20 \fi\fi

s21 \ifdim\ifdim\B@<\z@-\fi\B@<\quotPTK@ \xywarning@{division overflowl}’
s22  \else \advance\A@.5\B@ \divide\A@\B@ \fi

s23  \multiply\A@\quotPTK@ \edef#1{\expandafter\removePT@\the\AQ}}

s25 \xydef@\quotient@O#1#2#3{\A0=#2\relax \BO=#3\relax \multiply\A@\KK@

s26  \advance\B@\ifdim\B@<\z@-\fi 128sp \divide\B@\KK@ \divide\B@ 8

s27 \1fdim\B@=\zQ@\else \advance\A@.5\B@ \divide\A@\BQ \fi

s2s \B@=.125\quotPTK@ \multiply\A@\B@ \edef#1{\expandafter\removePT@\the\AQC}}

8

o

-

N
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Loops: Xy-pic uses its own \loop@ to avoid interference with plain \loop.

837 \xydef@\loop@#1\repeat@{\def\body@{#1}\iterate@}\xylet@\repeat@=\fi
sss \xydef@\iterate@{\body@\expandafter\iterate@\else\fi}

Execution: All execution of Xy~commands should be ‘indirect’, i.e., execute
\xy@{(source) }{ (internal commands)}

where the (internal commands) directly do the desired operation(s). This is used for tracing and
can be used to separate parsing and execution by changing \xy@; \oxy@ is kept stable such that
\let\xy@=\oxy@ will reestablish a sane state; it should only be changed with \change@oxy®@ to make
this easy to verify.

855 \xydef@\xyinitial@#1#2{\DNo{#11}/
856 \xyerror@{command used out of context: \codeof\next@}{}}

sss \xylet@\xy@=\xyinitial@
859 \xylet@\oxy@=\xy@

s61 \xydef@\change@oxy@#1{\let\oxy@=#1\relax
s62 % \WO{*0XYQ:=\meaning\oxy@}%
863 F

This is also used to check whether an Xy-picture is already active; use as \if\inxy®@. .. \else...\fi:
s70 \xydef@\inxy@{T\ifx\xy@\xyinitial@ F\else T\fi}

The final execution command is a trick used to put bits of the user’s input inside the \next@ scratch
macro with the user’s catcodes intact: \xy@0ix@{...} is the same as \xy@@{\global\toks9={...}}
except for the category codes used for the ....

ss0 \xydef@\xyxy@0ix@{\begingroup
ss1  \xyuncatcodes\afterassignment\endgroup\global\toks9=}

This to save some tokens — maybe not worth it:
ss7 \xydef@\xy0Q{\xy@{}}
Finally this to establish a sane state — only use within a group!

3 \xydef@\plainxy@{\let\xy@=\xyxy@ \change@oxy@\xy@ \let\xyQ@0ix@=\xyxy0Qix@}

8

©o

To Do: Clean up all uses of these such that (source) is always that and only that. Define a
method for ‘inner’ aka ‘implied’ (source) that doesn’t really count in that it is a consequence of some
other source. ..

1.2 Picture basics

The basic concepts involved when constructing Xy-pictures are positions and objects, and how they
combine to form the state used by the graphic engine.
The general structure of an Xy-picture is as follows:

\xy (pos) (decor) \endxy

builds a box with an Xy-picture (IWTEX users may substitute \begin{xy} ... \end{xy} if they prefer).
(pos) and (decor) are components of the special ‘graphic language’ which Xy-pictures are specified
in. We explain the language components in general terms in this § and in more depth in the following

§8.

The code for the \xy...\endxy command is presented last in this section.
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1.2.1 Positions

All positions may be written <X ,Y > where X is the TEX dimension distance right and Y the distance
up from the zero position 0 of the Xy-picture (0 has coordinates <Omm,Omm>, of course). The zero
position of the Xy-picture determines the box produced by the \xy...\endxy command together with
the four parameters Xmin, Xmax, Ymin, and Ypax set such that all the objects in the picture are
‘contained’ in the following rectangle:

Ym ax

Xrnin 0 Xrnax

TEX reference point
Ymin

where the distances follow the “up and right > 0” principle, e.g., the indicated TEX reference point
has coordinates <Xy ,0pt> within the Xy=picture. The zero position does not have to be contained
in the picture, but Xnin < Xmax A Ymin < Ymax always holds. The possible positions are described in
detail in §1.3.

When an Xy-picture is entered in math mode then the reference point becomes the “vcenter”
instead, i.e., we use the point <X, ,-\the\fontdimen22> as reference point.

1.2.2 Objects

The simplest form of putting things into the picture is to ‘drop’ an object at a position. An object is
like a TEX box except that it has a general Fdge around its reference point—in particular this has the
extents (i.e., it is always contained within) the dimensions L, R, U, and D away from the reference
point in each of the four directions left, right, up, and down. Objects are encoded in TEX boxes using
the convention that the TEX reference point of an object is at its left edge, thus shifted <—L,0pt>
from the center—so a TEX box may be said to be a rectangular object with L. = Opt. Here is an
example:

U
[ SRR JREoY R
D

TEX reference point

The object shown has a rectangle edge but others are available even though the kernel only supports
rectangle and circle edges. It is also possible to use entire Xy-pictures as objects with a rectangle edge,
0 as the reference point, L = —Xnin, B = Xmaxs D = —Ymin, and U = Yax. The commands for
objects are described in §1.4.

1.2.3 Connections

Besides having the ability to be dropped at a position in a picture, all objects may be used to connect
the two current objects of the state, i.e., p and c. For most objects this is done by ‘filling’ the straight
line between the centers with as many copies as will fit between the objects:

. I/B%:‘Lﬁ. R
oy

The ways the various objects connect are described along with the objects.
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1.2.4 Decorations

When the \xy command reaches something that can not be interpreted as a continuation of the
position being read, then it is expected to be a decoration, i.e., in a restricted set of TEX commands
which add to pictures. Most such commands are provided by the various user options (cf. §1.7)—only
a few are provided within the kernel to facilitate programming of such options (and user macros) as
described in §1.5.

1.2.5 The Xy~pic state

Finally we summarise the user-accessible parts of the Xy~picture state of two positions together with
the last object associated with each: the previous, p, is the position <X,,, Y,,> with the object L,, R,,
D,, Uy, Edgey,, and the current, c, is the position <X,., Y.> with the object L., R., D., U., Edge..

Furthermore, Xy-pic has a configurable cartesian coordinate system described by an origin position
<Xorigin » Yorigin> and two base vectors <Xgpase » Yabase> and <Xypese , Yypase> accessed by the usual
notation using parentheses:

(x,y) = < Xorigm + 2 X Xypase + Y X Xybase s
Yom’gin + 2 X Yypase + Y X bease >

This is explained in full when we show how to set the base in note 1.3d of §1.3.

Finally typesetting a connection will setup a “placement state” for referring to positions on the
connection that is accessed through a special ? position construction; this is also discussed in detail
in §1.3.

The Xy-pic state consists of all these parameters together. They are initialised to zero except for
Xibase = bease = 1lmm.

The edges are are available to the programmer as token lists; see §1.8.2 for details.

Procedure: \xy ... \endxy builds an object from an Xy-pic (pos) (decor) sequence as follows:
(L1115) \xy starts the \hbox to contain the Xy-picture, (11116) starts an inner box to be resized ap-
propriately later, sets \xy@ to just execute immediately, and makes a fresh scope for global internal
names, and (1.111s) initialises the Xy-pic state (setting the size to a ridiculously large negative value),
and finally passes control to the (pos) parser.

Some care is taken to ‘lift’ the diagram a bit to ‘vcenter’ it when in math mode, and \mathsurround
is set to zero to make changes into math mode safe.

1i0s \message{pictures: \string\xy,}

1110 \xydef@\xy{\ifmmode\expandafter\xymath@\else\expandafter\xynomath@\fi}
1111 \xydef@\xymath@{\hbox\bgroup \dimen®@=\the\fontdimen22\textfont\tw@ \xyinside@}
1112 \xydef@\xynomath@{\hbox\bgroup \dimen@=\z@ \xyinside@}

1114 \xydef@\xyinside@{’

1115 \saveXyStyle@ \aftergroup\xycheck@end

1116 \setboxz@h\bgroup

1117 \plainxy@

1118 \X@c=\z@ \Y@c=\z@ \czeroEdge®

119 \X@p=\z@ \YOp=\z@ \UCp=\z@ \DOp=\z@ \L@p=\z@ \R@p=\z@ \Edge@p={\zeroEdgel}’,
1120 \X@min=\hsize \XOmax=-\hsize \Y@min=\hsize \YOmax=-\hsize

1121 \mathsurround=\z@

1122 \expandafter\PO0S\everyxyQQ}

1124 \xydef@\czeroEdge@{\UQGc=\z@ \D@c=\UQ@c \L@c=\UG@c \RQc=\UQ@c \Edge@c={\zeroEdgel}}



1.3. POSITIONS 23

1126 \xydefO\xyxyQ#1#2{#2}

1128 \xywarnifdefined\everyxy
1120 \expandafter\def\addEQ@\everyxy#1{\def\everyxy@0{#1}\ignorespaces}

1131 \xylet@\everyxy@@=\empty

When finished \endxy does a \relax to disable any parser still active and (11145) resets the size
of the generated box to zero if no (unhidden) objects were inserted, and (1.1149) defines a command to
end both the temporary and the ‘proper’ box and set its size correctly—this uses \edef to expand
the required dimensions used within the temporary box before leaving the two groups (namely the
temporary box and the ‘proper’ box).

1143 \xydef@\endxy{\if\inxy@\else\xyerror@{Unexpected \string\endxy}{}\fi
1144 \relax

1145 \dimen@=\Y@max \advance\dimen@-\Y@min

1146 \ifdim\dimen@<\z@ \dimen@=\z@ \Y@min=\z@ \Y@max=\z@ \fi

1147 \dimen@=\X@max \advance\dimen@-\X@min

1148 \ifdim\dimen@<\z@ \dimen0=\z@ \X@min=\z@ \XCmax=\z@ \fi

1149 \edef\tmp@{\egroup

1150 \setboxz@h{\kern-\the\X@min\boxz@}%

1151 \ht\z@=\the\Y@max \dp\z@=-\the\YOmin \wdz@=\the\dimen®@
1152 \noexpand\maybeunraise@ \raise\dimen®@\boxz®@

1153 \noexpand\recoverXyStyle@ \egroup \noexpand\xyQend

1154 \U@c=\the\Y@max \D@c=-\the\YOmin \L@c=-\the\X@min \ROc=\the\X@Gmax}\tmp@}

1156 \xydef@\maybeunraise@{\if\inxy@\else \dimen®@ii=\dp\z@
157 \ifdim\dimen@ii<\z@ \advance\dimen@\dimen®@ii \fi\fi}

If an \xy is not properly closed by an \endxy then the error message is produced. This happens
if (a) too many \xys or (b) too many \endxys or (c) if there is the correct number of each but the
grouping becomes unbalanced due to a misplaced } or \egroup.

1166 \xydef@\xycheck@end{\xyFN@\xycheckQ@end@}

1167 \xydef@\xycheck@end@{\ifx\next\xy@end\DNO\xy@end{}\else\DNO{\xyQ@end}\fi\next@}
1168 \xydef@\xyQend{%

1160 \xyerror@{An \string\xy\space environment is not closed correctly.l}%

7o {I expected \string\endxy. You probably have an umatched {} grouping.}}

It is possible to insert an ‘initial’ piece of (pos) (decor) at the start of every Xy-picture with the
declaration

\everyxy={ (text) }

This will act as if the (text) was typed literally right after each \xy command, parsing the actual
contents as if it follows this — thus it is recommended that (text) has the form (pos), such that users
can continue with (pos) (decor).

1.3 Positions

1196 \message{positions,}

A (pos)ition is a way of specifying locations as well as dropping objects at them and decorating
them—in fact any aspect of the Xy=pic state can be changed by a (pos) but most will just change the
coordinates and/or shape of c.

All possible positions are shown in figure 1.1 with explanatory notes below.
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Syntax Action
(pos) —  {coord) ¢ + (coord)
| (pos) + (coord) + (pos) + (coord)!-3a
| (pos) - (coord) + (pos) — (coord)!-3a
| (pos) ! (coord) + (pos) then skew!- 3b ¢ by (coord)
| (pos) . (coord) + (pos) but also covering!-3¢ (coord)
| (pos) , (coord) < (pos) then ¢ «+ (coord)
| (pos) ; (coord) + (pos), swap p and ¢, ¢ < (coord)
| (pos) : (coord) + (pos), set basel-34, ¢ + (coord)
| (pos) :: (coord) + (pos), ybase < ¢ — origin, ¢ < (coord)
| (pos) * (object) + (pos), dropt 3t (object)
| (pos) ** (object) + (pos), connect!-38 using (object)
| (pos) 7 (place)  (pos), ¢ + (place)!-3h
| (pos) @ (stacking) + (pos), do (stacking)1-3°
| (pos) = (saving) + (pos), do (saving)!-3P
(coord) —» (vector) <pos> is (vector) with zero size
| (empty) | c reuse last ¢ (do nothing)
P p
| x|y axis intersection!-3¥ with pe
| s(digit) | s{(number)}  stack!3° position (digit) or (number) below the top
| "(id)" restore what was saved!-3P as (id) earlier
| { (pos) (decor) } the ¢ resulting from interpreting the group!-3!
(vector) — 0 7Z€ero
| < (dimen) , (dimen) > absolute
| < (dimen) > absolute with equal dimensions
| ( (factor) , (factor) ) in current base!-3d
| a ( (number) ) angle in current base!-3¢
| (corner) from reference point to (corner) of ¢
| (corner) ( (factor) ) The (corner) multiplied with (factor)
|/ (direction) (dimen) / vector (dimen) in (direction)!-3™
(cornery — L|R|D|U offset 132 to left, right, down, up side
| CL|CR|CD|CU|C offset 132 to center of side, true center
| LD |RD | LU | RU offset131 to actual left/down, ... corner
| E|P offset132 to nearest /proportional edge point to p
| A vertical offset!32 to math axis
(place) ~ — < (place) | > (place) shavel 32 (0) /(1) to edge of p/c, f + 0/1
| ( (factor) ) (place) [« (factor)
| (slide) pick placel3D and apply (slide)
| ! {(pos)} (slide) intercept!3] with line setup by (pos) and apply
(slide)
(slide) — / (dimen) / slide!3! (dimen) further along connection
| (empty) no slide

Figure 1.1: (pos)itions.
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Exercise 1.1: Which of the positions 0, <Opt,0pt>, <Opt>, (0,0), and /0pt/ is different from the
others? (p-575)

Parsing: First the \POS and \afterP0S (decor)ations, and similar \afterCOORD and \afterVECTORorEMPTY
ones. They handle parsing of (pos), (coord), and (vector); parsing of (corner) and (place) is presented
along with note 1.3n and 1.3h explaining them.

1372 \xydef@\POS{\afterPOS{}}

1374 \xydef@\afterP0S#1{},

1375 \DN@##1{\def\afterP0S@{\def\afterPOSC{##1}#13}}/
1376 \expandafter\next@\expandafter{\afterP0SQ}},

1377 \afterCOORD{\xyFN@\P0OS@}}

1379 \xylet@\afterP0SC=\empty

1381 \xydef@\afterCOORD#1{%

132 \DN@##1{\def\afterCOORD@{\def\afterCOORDO{##1}#1}}7

1383 \expandafter\next@\expandafter{\afterCOORD@}

1384 \afterVECTORorEMPTY{\xyQ@@\czeroEdge@ \afterCOORD@}{\xyFN@\COORDQ}}

1386 \xylet@\afterCOORDO=\empty

1388 \xydef@\afterVECTORorEMPTY#1#2{Y

1359 \DNO##1{\def\afterVECTOR@{\def\afterVECTORO{##1}/,
1390  \1fVECTORempty@\DN@{#2}\else\DN@{#1}\fi \next@}}}
1391 \expandafter\next@\expandafter{\afterVECTORQ}/,

1392 \xyFN@\VECTOR@}

1394 \xynew@{if}\ifVECTORemptyQ
1395 \xylet@\afterVECTORO=\empty

The \afterVECTORorEMPTY command is special in that it takes two arguments: the ‘continuation’
if a (vector) was found and the continuation if (empty) was found (this is not applicable to the other
two since (empty) is a legal (coord) and thus also a legal (pos)).

Next we proceed with the actual parsing primitives: \COORD@, \P0S@, and \VECTOR@. These are
bound to \xyCOORD@, \xyP0S@, and \xyVECTORQ@ in order to be extendable, e.g., the matrix option
extends (coord) to support the [row, column] format by redefining \COORD@ to first test for this new
format and then call \xyCOORD@.

The parsing commands above are set up such that they all first call the \VECTOR@ command.
(coord) and (pos) parsing then proceeds with calling the \COORD@ if there was no (vector). (pos)
parsing then calls \POS@ to continue the (pos) (in both cases).

First (vector)s:

1419 \xydef@\xyVECTOR@{Y,

1420 \ifx \space@\next \expandafter\DN@\space{\xyFN@\VECTOR@},gobble spaces
1421 \else \ifcat A\noexpand\next \let\next@=\VECTORQletter

122 \else \let\next@=\VECTOR@other \fi\fi \next@}

1424 \xylet@\VECTORQ=\xyVECTORQ

All letters used for (vector)s are uppercase (corner)s except for a used for angles (where the main
code is in note 1.3e); this is also where we introduce the auxiliary \notrelaxorelse@ that takes two
control sequences and expands the first unless it is relax in which case it expands the second:

1434 \def\notrelaxorelse@#1#2{\ifx#1\relax \expandafter#2\else\expandafter#1\fi}
1436 \xydef@\VECTOR@letter{%
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1437 \ifx a\next \expandafter\VECTOR@a \else \expandafter\CORNER@ \fi}

1439 \xydef@\VECTORQa a(#1){\xy@{a(#1)}{\vfromcartesianangle@{#1}1}/,
1440 \VECTORempty@false \afterVECTORQ}

The (corner) trick is to do nothing when there is nothing and initialise both X and Y in all other
cases.

1447 \xydef@\CORNERQ{’

1aas \xy@{}{\AO@=-.5\L@c \advance\A@.5\R@c \B@=-.5\D@c \advance\B@.5\UQc
1449 \let\nextii@=\zeroit@}},

1450 \VECTORempty@true\CORNERQi}

1452 \xydef@\zeroit@#1{#1=\z0}

1454 \xydef@\CORNERQi{%

1455 \ifx D\next \DN@ D{\xy@{D}{\Y@c=-\D@c \nextii@\X@c \B@=\YQ@c}\CORNERQiil}},
1456 \else\ifx U\next \DN@ U{\xy@{U}{\Y@c= \U@c \nextii@\X@c \B@=\YQ@c}\CORNER@iil}},
1457 \else\ifx L\next \DN@ L{\xy@{L}{\X@c=-\L@c \nextii@\Y@c \A@=\XQ@c}\CORNERQiil}},
1455 \else\ifx R\next \DN@ R{\xy@{R}{\X@c= \R@c \nextii@\Y@c \A@=\X@c}\CORNERQii}},
159 \else\ifx C\next \DN@ C{\xy@{C}{\X@c= \A@ \Y@c= \B@}\CORNER@iil}7

1460 \else\ifx E\next \DN@ E{\xy@{E}{’

1461 \A@=\X@c \BO=\YQc \the\Edge@c\z@ \advance\X@c-\AQ@ \advance\Y@c-\B@}/

1462 \CORNERQ@iil}%

1463 \else\ifx P\next \DN@ P{\xy@{P}{’

1464 \A@=\X@c \B@=\Y@c \the\Edge@c\thr@@ \advance\XQ@c-\AQ \advance\YQc-\BQ}}
1465 \CORNER@ii}%

1466 \else\ifx (\next %)

uer  \DN@(##1) {\xy@{ (##1) }{\XCc=##1\X0c \YQ@c=##1\Y0c}\afterVECTORQ}/,

1es  \else\ifx A\next \DN@ A{\xy@{A}{\Y@c=\fontdimen22\textfont\tw@ \nextii@\X@c \B@=\YQc}\CORNERQii
1469 \else\ifx V\next \DN@ V{\xy@{V}{\nextii@\X@c \Y@c=\U@p}\CORNER@ii}}

1470 \else\ifx H\next \DN@ H{\xy@{H}{\nextii@\Y@c \X@c=\R@p}\CORNERQ@iil}%

1471 \else \let\next@=\afterVECTORG

w72 \EINFINFINFINFINFINFINEINEiINfi\fi \next@}

1474 \xydef@\CORNERQii{\xyQ@@{\let\nextii@=\eat@}}
1475 \VECTORempty@false \xyFNO@\CORNERQi}

\CORNER@i recognises the ((factor)) also; this does no harm as it was never called if the first
character was a (.
The remaining (vector) forms just set X and Y.

1484 \xydef @\VECTORQother{%

1485 \addLT@\ifx \next

use  \addGT@{\addLT@\DNe##1}{\xye{<##1>}{\vfromabsolute@{##1}}%
1487 \VECTORempty@false\afterVECTORQ}%

14ss \else\ifx (\next %)

1489 \DN@({\xyFN@\VECTOR@other@open})

1490 \else\ifx /\next %/

o1 \DN@/##1/{\xy0@ix@{{##1}}

1492 \xy@{/##1/}{\expandafter\vfromslide@\the\toks9 1}/

1493 \VECTORempty@false\afterVECTORQ}

1494 \else\ifx O\next

1495 \DN@ 0{\xy@{0}{\X@c=\z@ \Y@c=\z@}\VECTORempty@false\afterVECTORA}/,
1406 \else
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197 \DN@{\VECTORempty@true\afterVECTORQ}/,
1408 \fi\fi\fi\fi \next@}

Hack: escape out in case of the special (* introducer...picked up by the (coord) parser, then.

1505 \xydef@\VECTORQother@open{,

1506 \ifx *\next \DNQ@{\VECTORempty@true \xyFN@\afterVECTORQ(}%)

1507 \else

1508 \DN@##1) {\xy@{ (##1) H\vfromcartesian@{##1}}\VECTORempty@false\afterVECTORQ}’
1509 \fi \next@}

Next (coord)inates that are not (vector)s

1515 \Xydef@\xyCOORD(Q{%

1516 \ifx \space@\next \expandafter\DN@\space{\xyFN@\COORD@}},gobble spaces
1517 \else \ifcat A\noexpand\next \let\next@=\xyCOORD@letter

1518 \else \let\next@=\xyCOORD@other \fi\fi \next@}

1520 \xylet@\COORD@=\xyCOORD@

1522 \xydef@\xyCOORD@letter{’,

1523 \ifx c\next

1524 \DN@ c{\xy@{c}{}\afterCOORD@}Y

1525 \else\ifx p\next

1526 \DN@ p{\xy@{p}\cfromp@ \afterCOORD@}’

1527 \else\ifx x\next

1528 \DN@ x{\xy@{x}{\R@c=\X@xbase \UQc=\Y@xbase \intersect@}\afterCOORDQ}/,
1520 \else\ifx y\next

1530 \DN@ y{\xy@{y}{\RQ@c=\X@ybase \U@c=\YQ@ybase \intersect@}\afterCOORD@}’
1531 \else\ifx s\next

1532 \DN@ s##1{\xye{s{##1}}{\cfroms@{##1}}\afterCOORDA}%

1533 \else \let\next@=\afterCOORD@ \fi\fi\fi\fi\fi \next@}

1535 \xydef@\xyCOORD@other{’

1536 \ifx "\next %"

1537 \DN@"##1"{\xye{"##1"}{\cfromide{##1}}\afterCOORDA}%

1538 \else\ifx \bgroup\next

1530 \DN@##1{\xye{{##1}}{\enter@{\pfromthep@\basefromthebase@}1}%

1540 \silencexy@ \POS##1\relax \unsilencexy@ \xy@@\leave@ \afterCOORD@}
1541 \else\ifx (\next %)

1542 \DN@({\xyFN@\xyCOORD@other@open}%)

1543 \else \let\next@=\afterCOORDQ@ \fi\fi\fi \next@}

1545 \xynew@{if}\ifsilentxy®@

1547 \xydef@\silencexy@{’

1548 \ifsilentxy@ \nter@{}J

1549 \else \nter@{\silentxy@false \let\xy@=\unsilent@@xy@}

1550 \silentxy@true \let\unsilent@@xy@=\xy@ \def\xyO##1##2{\unsilent@OxyQ{}{##2}}%
1551 \fi}

1553 \xydef@\unsilencexy@{\leave@}

1555 \xydef@\xyCOORD@other@open{%
1556 \ifx *\next
1557 \DN@x*##1x) {\xy@{ (*}{\enter@{\pfromthep@\basefromthebase@}}%
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1558 \POS##1\relax \xy@{*)}\leave@ \afterCOORD@}}
1559 \else \DN@{\xyFN@\afterCOORD®(1}%)
1560 \fi \next@}

Finally (pos) parsing after (coord) (possibly (vector)) is interpreted:

1567 \xydef@\xyP0S@{%

1568 \ifx \space@\next \expandafter\DN@\space{\xyFN@\P0SQ}/gobble spaces
1560 \else\addPLUS@\ifx \next

1570 \addPLUS@\DN@{\xy@+{\enter@\cplusthec@}

1571 \afterCOORD{\xy@@\leave@ \xyFN@\POS@}1}’

1572 \else\addDASHO\ifx \next

1573 \addDASH@\DN@{\xy@-{\enter@\cplusthec®@},

1574 \afterCOORD{\xy@@{\X@c=-\X@c \YO@c=-\YQ@c\leave@}\xyFN@\POS@}1}%
1575 \else\ifx !\next

1576~ \DN@ !{\xy@!{\enter@\cskewthec@}\afterCOORD{\xy@@\leave@ \xyFN@\P0SQ}}%
1577 \else\addDOT@\ifx \next

1578 \addDOT@\DN@{\xy@.{\enter@\cmergethec@}\afterCOORD{\xy@@\leave@ \xyFN@\P0OSQ}1}%
1579 \else\ifx ,\next

1580 \DN@ ,{\xy@,{\comma®@}\afterCOORD{\xyFN@\POS®@}}%

1531 \else\ifx ;\next

1582 \DN@ ;{\xy@;{\swap@}\afterCOORD{\xyFN@\POS@}}%

1583 \else\ifx :\next

158a  \DN@ :{\xyFN@\P0S@colon},

1585 \else\addEQ@\ifx \next

1586 \addEQ@\DN@{\xyFN@\saveid@}/,

1587 \else\ifx *\next

1588 \DN@ *{\xyFN@\POS@star}

1589 \else\ifx 7\next

1590 \DN@ ?{\xy@7{}\afterPLACE{\xyFN@\P0S@}}’

1501 \else \addAT@\ifx \next

1502 \addAT@\DN@{\xyFN@\STACKQ}7%

1503 \else

1594 \let\next@=\afterP0SQ

1595 \EINFINFINFIN£INfINFIN£INFi\fi\fi\fi \next@}

1597 \xylet@\comma@@=\relax
1599 \xylet@\POS@=\xyP0S@

\comma®@@ is a hook used to change the operation of ,, e.g., when reading a stack setup where it
means ‘push’.

The final functions serve only to distinguish between the single character :/* and dual character
: 1 /** operators:

1600 \xydef@\P0OS@colon{\DNii@{\afterCOORD{\xyFN@\POSQ}}%

1610 \ifx :\next \xy@{::}{\setbase@@\X@c\YO@c}\DN@:{\nextii®@}%

1611 \else \xy@:{\setbase@\X@p\YO@p\XQ@c\YQ@c}\let\next@=\nextii@ \fi
1612 \next@}

1614 \xydef@\P0SO@star{%

1615 \ifx *\next

1616 \DNO@*##1##{\nextii0{##1}}/

1617 \DNii@##1##2{\xyQoix@{{##1}{##2}}/,
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1618 \xy@{**##1{##2}}{\expandafter\connect@\the\toks9 }\xyFN@\P0OS@}’
1619 \else

1620 \DNO##1##{\nextiiQ{##13}}%

1621 \DNii@##1##2{\xy0Qix@{{##1}{##2}}),

w22 \xy@{x##1{##2}}{\expandafter\drop@\the\toks9 }\xyFN@\P0OS@}

1623 \fi

1624 \next@}

Simple actions: Next follow the simplest actions; the complicated ones are explained along with
their notes below.

1635 \xydef@\cfromp@{\X@c=\X@p \Y@c=\Y@p \UQc=\UGp \D@c=\D@p \L@c=\L@p \R@c=\RG@p
1636 \Edge@c=\expandafter{\the\Edge@pl}}

1638 \xydef@\pfromc@{\X@p=\X@c \Y@p=\Y@c \U@p=\U@c \D@p=\D@c \L@p=\L@c \R@p=\RQc
1630 \Edge@p=\expandafter{\the\EdgeQc}}

1621 \xydef@\swapdimen@#1#2{\dimen@=#1\relax #1=#2\relax #2=\dimen@}
1643 \xynew@{toks}\swaptoks0e

1625 \xydef@\swap@{\swapdimen@\X@c\XCp \swapdimen@\Y@c\YQ@p
1646 \swapdimen@\UQc\UQp\swapdimen@\D@c\DCp \swapdimen@\L@c\LOp\swapdimen@\RQc\RQp
1627 \Swaptoks@0=\Edge@c \Edge@c=\Edge@p \Edge@p=\swaptoks@@}

Next the parsing of coordinate pairs in <>:
1653 \xydef@\vfromabsolute@#1{\vfromabsoluteQ@#1,Q}

1655 \xydef@\vfromabsolute@@#1,#20{\XQc=#1\relax
1656 \DN@{#2}\ifx\next@\empty \YQ@c=\X@c

1657 \else \DNO##1,{\YQ@c=##1}\next@#2\relax \fi
1658 /» \advance\XQc 1sp \advance\Y@c 1sp %HACK

1659 }

The next group of commands are used to store on the control stack with the \enter@ command,
so they expand to something useful:

1666 \xydef@\cfromthec@{\X@c=\the\X@c \Y@c=\the\YQc
1667 \U@c=\the\U@c \D@c=\the\D@c \LOc=\the\L@c \RQc=\the\R@c
166s \Edge@c={\expandafter\noexpand\the\EdgeQcl}}

1670 \xydef@\cfromthep@{\X@c=\the\X0p \YQc=\the\Y@p
1671 \UQc=\the\U@p \D@c=\the\D@p \L@c=\the\LO@p \R@c=\the\RQp
1672 \Edge@c={\expandafter\noexpand\the\Edge@p}}

1674 \xydef@\pfromthep@{\X@p=\the\X@p \Y@p=\the\YQp
1675 \UO@p=\the\U@p \D@p=\the\D@p \L@p=\the\LOp \R@p=\the\RQp
1676 \Edge@p={\expandafter\noexpand\the\Edge@pl}}

1678 \xydef@\pfromthec@{\X@p=\the\X@c \Y@p=\the\Y@c
1679 \UOp=\the\UGc \D@p=\the\D@c \L@p=\the\LOc \RG@p=\the\RQOc
160 \Edge@p={\expandafter\noexpand\the\Edge@c}}
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Notes

1.3a. When doing arithmetic with + and - then the resulting current object inherits the size of the
(coord), i.e., the right argument—this will be zero if the (coord) is a (vector).

Exercise 1.2: How do you set ¢ to an object the same size as the saved object "ob" but moved
<X,Y>? (p.575)

1700 \xydef@\cplusthec@{\advance\X@c\the\X@c \advance\Y@c\the\YQc}

1.3b. Skewing using ! just means that the reference point of ¢ is moved with as little change to the
shape of the object as possible, i.e., the edge of ¢ will remain in the same location except that it
will grow larger to avoid moving the reference point outside c.

Exercise 1.3: What does the (pos) ... !R-L do? (p.575) Bug: The result of ! is always a
rectangle currently.

Procedure: ! moves the center of ¢ by a temporarily read ¢’ and then readjusts the extents:
D. = Y +Y.—min(Y' - D Y'+Y,) = max(Y,+ D’,0)
U = max(Y+U, Y 4+Y,)— (Y +Y.) = max(U -Y,0)
Yo = Y'+Y,
L. = X'+X.—min(X' - L' X"+ X,) = max(X.+ L, 0)
R, = max(X'+ R, X'+ X.)— (X'+X.) = max(R —X,,0)
X, = X' +X,

1723 \xydef@\cskewthec@{y
1742 \noexpand\cskew@{\the\Y@c}{\the\X@c}{\the\Dec}{\the\UCc}{\the\Lec}{\the\RCc}}

1746 \xydef@\cskew@#1#2#3#4#5#6{%

1747 \D@c=#3\advance\D@c \Y@c \ifdim\D@c<\z@ \D@c=\z@ \fi
1748 \UQ@c=#4\advance\UQ@c-\YQc \ifdim\U@c<\z@ \UGc=\z@ \fi
1729 \advance\YQc#1Y,

1750 \L@c=#5\advance\L@c \X@c \ifdim\L@c<\z@ \L@c=\z@ \fi
1751 \R@c=#6\advance\R@c-\X0@c \ifdim\R@c<\z@ \R@c=\z@ \fi
1752 \advance\XQc#2Y,

1753 \Edge@c={\rectangleEdge}}

“under-

1.3c. A (pos) covers another if it is a rectangle with size sufficiently large that the other is
neath”. The . operation “extends” a (pos) to cover an additional one—the reference point of ¢ is

not moved but the shape is changed to a rectangle such that the entire p object is covered.

Bug: non-rectangular objects are first “translated” into a rectangle by using a diagonal through
the object as the diagonal of the rectangle.

Procedure: . takes a temporary object ¢’ and adjusts the extents of ¢ such that it is covered.
L. = X' —min(X'—L.,,X—-L) = max(L.,, A+ L)
R, = max(X'+ R, X+ R)— X" = max(R.,,—A+ R)
D, = Y —min(Y'-D.,Y —-D) = max(D. B+ D)
U == max(Y+U,Y+U)-Y = max(U,,—B+7U)
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with <A, B> = <X’'— X ,Y’—Y>. First method 2 of the object is used to convert it into a rectangle.

1788 \xydef@\cmergethec@{/
1789 \noexpand\cmerge@{\the\YQ@c}{\the\X@c}{\the\D@c}{\the\UQc}{\the\L@c}{\the\RC@c}}

1791 \xydef@\cmerge@#1#2#3#4#5#6{\the\EdgeQc4),

1792 \A@=#2\advance\A@-\X@c \BO=#1\advance\B@-\Y@c

1793 \dimen@=#5\advance\L@c \A@ \ifdim\L@c<\dimen@ \LOc=\dimen@ \fi
1794 \dimen@=#6\advance\R@c-\A@ \ifdim\R@c<\dimen@ \R@c=\dimen@ \fi
1795 \dimen@=#3\advance\D@c \B@ \ifdim\D@c<\dimen® \D@c=\dimen@ \fi
1796 \dimen@=#4\advance\UQc-\B@ \ifdim\U@c<\dimen®@ \UQc=\dimen@ \fi
1797 \advance\X@c\A@ \advance\Y@c\B@}

1.3d. The operations : and :: set the base used for (coord)inates having the form (x,y). The :
operation will set <Xorigin» Yorigin> t0 D, <Xgpase» Yabase> to ¢ — origin, and <X ypase » Yybase> tO
<—Yibase s Xabase> (this ensures that it is a usual square coordinate system). The :: operation
may then be used afterwards to make nonsqare bases by just setting ybase to ¢ — origin. Here are
two examples: firstly 0;<1cm,Ocm>: sets the coordinate system

ybase X (1,1)

. zbase
origin
while <1cm, .5cm>;<2cm,1.5cm>:<1cm,lcm>:: defines
ybase X 1,0
before zbase
R \ybjwy/
AN
origin

where in each case the o is at 0, the base vectors have been drawn and the x is at (1,1).

When working with cartesian coordinates these three special (factor)s are particularly useful:

\halfroottwo 0.70710678 ~ %\/5
\partroottwo  0.29289322 ~ 1 — %ﬂ
\halfrootthree 0.86602540 ~ 1/3

More can be defined using \def (or \newcommand in IXTEX).

1855 \xydef@\halfroottwo{.70710678}
1856 \xydef@\partroottwo{.29289322}
1857 \xydef@\halfrootthree{.8660254}

Procedure: The code chosen by the parsing is very simple; the only tricky bit is to ensure that
\basefromthebase@ always expands to set the current base.

1869 \xydef@\vfromcartesian@#1{\vfromcartesian@@#1@}

1871 \xydef@\vfromcartesian@@#1,#20{%
1572 \XQ@c=\XQ@origin \advance\XQ@c#1\X@xbase \advance\X@c#2\XQybase
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1873 \Y@c=\YQorigin \advance\YQc#1\YQ@xbase \advance\Y@c#2\Y@ybase}

1875 \xydef@\setbase@#1#2#3#4{/

1876 \XQorigin=#1\relax \YQorigin=#2\relax

1877 \X@xbase=#3\relax \advance\X@xbase-\XQorigin
1878 \Y@xbase=#4\relax \advance\Y@xbase-\YQorigin
1879 \X@ybase=-\Y@xbase \YQ@ybase=\X@xbase}

1881 \xydef@\setbase@0#1#2{%
1382 \X@ybase=#1\relax \advance\X@ybase-\XQorigin
1883 \YOybase=#2\relax \advance\Y@ybase-\YQorigin}

1885 \xydef@\basefromthebase@{\XCorigin=\the\XQorigin \YQorigin=\the\YQorigin
1886 \X@xbase=\the\X@xbase \Y0xbase=\the\Y@xbase
1587 \X@ybase=\the\XQ@ybase \YQ@ybase=\the\YQ@ybasel}

1.3e. An angle o in Xy-pic is the same as the coordinate pair ( cos «, sin @) where a must be an integer
interpreted as a number of degrees. Thus the (vector) a(0) is the same as (1,0) and a(90) as
(0,1), etc.

The translation involves several steps: (1.1962) Normalise the argument to be within [0° : 360°].
(11965) Flip angle around z-axis and then y-axis to ensure it is in the first quadrant, i.e., within
[0° : 90°[. (r1970) Flip around diagonal to ensure angle within [0° : 45°[. (i1973) Find values
¢ < a < 9 from the table in figure 1.2 (using recursive table lookup — at most 3 tests needed).
(1.2030) build vector (x,y) interpolated between the sin/cos values for ¢ and v using the formula
¢

(cos @ + k(cost — cos @), sing + k(siny — sin¢g)) , where k = %

(1.2041) build the chosen vector.

1961 \xydef@\vfromcartesianangle@#1{\enter@\basefromthebase@ \RQ=#1\p@
1962 \B@=360\pQ@

1963 \loop@ \ifdim\R@<\z@ \advance\R@\BQ \repeat®@

1964 \loop@ \ifdim\R@>\B@ \advance\RQ@-\B@ \repeat@

1965 \ifdim\R@<.5\B@\else \RO@=-\R@ \advance\RG\B@

166 \XQybase=-\XQybase \Y@ybase=-\Y@ybase \fi

1967 \B©=180\p©

1968  \ifdim\R@<.5\B@\else \RO@=-\R@ \advance\RG@\BQ

1969  \X@xbase=-\X0xbase \Y@xbase=-\Y0@xbase \fi

1970 \B@=90\pQ@

1971 \1fdim\R@<.5\B@ \let\nextiii@=\literalQ®

1972 \else \RQ@=-\RQ@ \advance\R@\BQ@ \def\nextiii@##1,##20{##2 ##10}\f1i
1973 \dimen@=\z@ \DN@{1,0@}%

1974 \dimen@ii=45\p@ \DNii@{.70710678,.707106780}%

1975 \chooseangleinterval®

1976 {\chooseangleinterval®

1977 {\chooseangleinterval®

1978 {\chooseangleinterval@

1979 {\chooseangleinterval@

1980 {3}%

1981 {4.090909}{.99677570, .08023846Q}%

1982 {33%
1983 {63{.99452190, .104528460}%
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Vectors for angles in [0° : 45°]: contains all angles required to typeset fractions up to {5 x 27

)

1
16

33

X 2T,

and i x 21 exactly, and two extra low ones to ensure that all gaps are less than 5° and the precision
of all sine/cosines better than Tloo‘

« (cos a, sin ) fractions of 27 flipped fractions of 27
0 (1, 0) " DD R 610 8 100 8 1201
4.090909 | (.99677570, .08023846) — -

6 (.99452190, .10452846) — -

8.181818 | (.98982144, .14231484) 2 2

10 (.98480775, .17364818) z 2
12.857143 | (.97492791, .22252093) 2 5

15 (.96592583, .25881905) =

16.363636 | (.95949297, .28173256) £ 2

18 (.95105652, .30901699) 313 3355

20 (93969262, .34202014) s 3

22.5 (.92387953, .38268343) =

24.545455 | (.90963200, .41541501) 2 Z
25.714286 | (.90096887, .43388374) 1 3

30 (:86602540, .5) 51306 00120 8 100 12 6% T3 6012000 130 12
32.727273 | (.84125353, .54064082) & 19

36 (.80901699, .58778525) .2, 5 242
38.571429 | (.78183148, .62348980) 3 i

40 (.76604444, .64278761) 5 8
40.909091 | (75574957, .65486073) L =

45 (.70710678, .70710678) $,3,81 —

Figure 1.2: Computing angle vectors
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1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030
2031

2032
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{\chooseangleinterval®@
{}%
{8.181818}{.98982144, .142314840}7
{333%
{103}{.98480775, . 173648180}
{\chooseangleinterval@®
{}%
{12.857143}{.97492791, .222520930},
{3334
{153}{.96592583, . 258819050}
{\chooseangleinterval@
{\chooseangleinterval®@
{}%
{16.363636}{.95949297, .281732560},
{33}%
{18}{.95105652, .30901699€}%
{\chooseangleinterval@
{}%
{203}{.93969262, . 342020140},
{333}%
{22.5}{.92387953, .3826834301}7%
{\chooseangleinterval®
{\chooseangleinterval®
{\chooseangleinterval@®

{3%
{24.545455}{.90963200, .41541501@}%
{33%
{25.714286}{.90096887, .43388374@}%
{33%

{30}{.86602540, .5@}%
{\chooseangleinterval@
{\chooseangleinterval@®
{}%
{32.727273}{.84125353, . 540640820},
{33%
{363}{.80901699, .587785250}%
{\chooseangleinterval@
{\chooseangleinterval@
{}%
{38.571429}{.78183148, .62348980@},
{3}%
{40.909091}{.75574957, .65486073@},
{\chooseangleinterval@
{}%
{40}{.76604444,.642787610},
{33333}
\A@=\R@ \advance\AQ@-\dimen@
\ifdim\ifdim\A@<\z@-\fi\A@<.01\p@ \edef\next@{\expandafter\nextiii@\next@},
\else \B@=\dimen@ii \advance\B@-\R@
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2034

2035

2036

2037

2038
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2051

2052

2054

2056

2057

2058

2059

2060

2061
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\ifdim\A@<\B@ \dimen®@=\toradians@\AQ@

\edef\next@{\next@ \expandafter\removePT@\the\dimen@ @1}
\else \dimen@=-\toradians@\BQ

\edef\next@{\nextii@ \expandafter\removePT@\the\dimen®@ @1}%
\fi

\expandafter\interpolatepoint@\next@
\edef\next@{\expandafter\nextiii@\next@}/
\fi
\expandafter\vfromcartesian@@\next@
\leave@}

\xydef@\chooseangleinterval@#1#2#3#4{/,

\Be=#2\p@ \def\next{#31}/

\ifdim\RO@<\B@ \dimen@ii=\B@ \let\nextii®@=\next #1%

\else \dimen@=\B@ \let\next@=\next \ifdim\B@<\R@ #4\fi\fi}

\xydef@\interpolateinterval@#1,#20#3,#40{J,

\AQ=#1\p@ \dimen@=#3\p@ \advance\dimen@-\A@ \advance\A@\next\dimen®
\B@=#2\p@ \dimen@=#4\p@ \advance\dimen@-\B@ \advance\B@\next\dimen@
\edef\next@{\expandafter\removePT@\the\AQ, \expandafter\removePT@\the\B@ @}}

\xydef@\toradians@{0.01745329}

\xydef@\interpolatepoint@#1,#20#30{/,

\A@=#1\p@ \dimen@ii=#3\A@ \dimen@ii=-.5\dimen@ii \advance\A@#3\dimen@ii
\dimen@=-#2\p@ \advance\AQ@#3\dimen@

\B@=#2\p@ \dimen@ii=#3\B@ \dimen@ii=-.5\dimen@ii \advance\B@#3\dimen@ii
\dimen@=#1\p@ \advance\B@#3\dimen®
\edef\next@{\expandafter\removePT@\the\AQ, \expandafter\removePT@\the\BQ@ @}}

Figure 1.3 shows all directions.

1.3f. To drop an (object) at ¢ with * means to actually physically typeset it in the picture with

2110

2111

2112

2113

2114

2115

2116

2117

2118

2119

2120

reference position at c—how this is done depends on the (object) in question and is described in
detail in §1.4. The intuition with a drop is that it typesets something at <X.,Y.> and sets the
edge of ¢ accordingly.

Procedure: (1.2110) sets up the direction to allow for directionals and builds the requested (object)
in the (global) \lastobjectbox@ box, (12112) adjust the picture size unless it is a hidden object,
setting \dimen@ = X. — L, and (1.211s) drop the object in the picture at the right point by setting
box0 and using the \Drop@@ method.

\xydef@\drop@#1#2{
\global\setbox\lastobjectbox@=\object#1{#2}%
\ifHidden@ \dimen@=\X0c \advance\dimen@-\L@c \else
\dimen@=\Y@c \advance\dimen®@ \UQc \ifdim\Y@max<\dimen®@ \Y@max=\dimen@ \fi
\dimen@=\Y@c \advance\dimen@®@-\D@c \ifdim\dimen@<\Y@min \Y@min=\dimen@ \fi
\dimen@=\X@c \advance\dimen® \R@c \ifdim\X@max<\dimen® \X@max=\dimen@ \fi
\dimen@=\X0@c \advance\dimen®@-\L@c \ifdim\dimen@<\X@min \X@min=\dimen®@ \fi
\fi
\ifInvisible@\else
\setboxz@h{\kern\dimen@ \raise\Y@c\box\lastobjectbox@}%
\ht\z@=\z@ \dp\z@=\z@ \wd\z@=\z@ {\Drop@@}\fi}
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Figure 1.3: All directions.

Note: All typesetting into a picture should use or emulate \drop@!

1.3g. The connect operation ** will first compute a number of internal parameters describing the
direction from p to ¢ and then typesets a connection filled with copies of the (object) as illustrated
in §1.2.3. The exact details of the connection depend on the actual (object) and are described in
general in §1.4. The intuition with a connection is that it typesets something connecting p and ¢
and sets the ? (pos) operator up accordingly.

Procedure: Set up the direction to allow for directional objects, then save ¢, build the (object) in
\lastobjectbox@, restore ¢, and perform the \Connect@®@ method to connect using \lastobjectbox@.

2146 \xydef@\connect@#1#2{\setupDirection@ \enter@{\cfromthec@}%
2147 \global\setbox\lastobjectbox@=\object#1{#2}\leave@
2145 \Connect@@}

2150 \xydef@\preconnect@#1#2{\setupDirection@ \enter@{\cfromthec@}y
2151 \global\setbox\lastobjectbox@=\object#1{#2}\1leave@ \connectStore®
2152 \ifInvisible@ \Connect@@ \else \Invisible@true\Connect@@\Invisible@false \fi}

The \preconnect command is for internal use by arrow ... it makes use of the following;:

2159 \xynew@{box}\connectobjectbox@@

2160 \xylet@\connectDrop@@=\empty

2161 \xylet@\connectpreXY@style@=\empty
2162 \xylet@\connectpostXY@style@=\empty
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2164 \xylet@\connectRest@@=\empty

2166 \xydef@\connectStore@{%

2167 \global\setbox\connectobjectbox@@=\copy\lastobjectbox@

2168 \let\connectDrop@@=\DropQ@

2160 \let\connectpreXY@style@ =\preXYQstyle®@

2170 \let\connectpostXY@style@=\postXY@style®@

2171 \xdef\connectRest@@{%

2172 \def\noexpand\Upness@{\Upness@}

2173 \def\noexpand\Leftness@{\Leftness@}/,

2174 \1fInvisible@ \noexpand\Invisible@true \else \noexpand\Invisible@false \fi
2175 \1fHidden®@ \noexpand\Hidden@true \else \noexpand\Hidden@false \fil}}

2177 \xydef@\connectRestore@{’,

2178 \ifvbox\connectobjectbox@@

2179 \setbox\lastobjectbox@=\copy\voidb@x

2180 \else

2151 \global\setbox\lastobjectbox@=\copy\connectobjectbox@@
2182 \fi

2153 \let\Drop@@=\connectDropQ@

2184 \globalllet\preXY@style@ =\connectpreXY@style@

2185 \global\let\postXY@style®@=\connectpostXY@style@

2186 \connectRest@@}

See note ‘define (shape)’ for the use of \preXY@style@ and \postXY@style®@ to apply special
(style)s, specified via (object-modifier)s; being saved here by \connectStore@ as \connectpreXY@style@
and \connectpostXY@style@ to be reset by \connectRestoreQ.

1.3h. Using ? will “pick a place” along the most recent connection typeset with **. What exactly
this means is determined by the object that was used for the connection and by the modifiers
described in general terms here.

The “shave” modifiers in a (place), < and >, change the default (factor), f, and how it is used, by
‘moving’ the positions that correspond to (0) and (1) (respectively): These are initially set equal
to p and ¢, but shaving will move them to the point on the edge of p and ¢ where the connection
“leaves/enters” them, and change the default f as indicated. When one end has already been
shaved thus then subsequent shaves will correspond to sliding the appropriate position(s) a TEX
\jot (usually equal to 3pt) further towards the other end of the connection (and past it). Finally
the pick action will pick the position located the fraction f of the way from (0) to (1) where
f =0.5if it was not set (by <, >, or explicitly).

All this is probably best illustrated with some examples: each ® in figure 1.4 is typeset by a
sequence of the form p; ¢ **@{.} ?(place) *{\oplus} where we indicate the ?(place) in each case.
(We also give examples of (slide)s.)

Procedure: The code for parsing (place) is the following. To get first <> to move to edge and
the remaining to move a \jot we have both initial and continuing versions for each, the idea being
that the second and following go to the edge of a small temporary object with radius \jot.

Note: This parser tests the new parsing principle that \xy@ should always be called as \xy@{
source H target }!

2280 \xydef@\afterPLACE#1{%
2251 \DN@##1{\def\afterPLACE@{\xy@0\leave@ \def\afterPLACEQ{##1}#1}})
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Figure 1.4: Example (place)s

2282 \expandafter\next@\expandafter{\afterPLACEQ}/,

2283 \def\PLACEf@{{.5}}/

2284 \xy@@{\enter@{\pfromthep@}J

2085 \Creset@@ \def\PLACEf@{{.5}}%

2286  \let\PLACEedgep@@=\PLACEedgep@ \let\PLACEedgec@0=\PLACEedgec®@}
2287 \XyFN@\PLACE@}

2289 \Xydef@\PLACEf o{}

2291 \xydef@\PLACEedgep@@{}
2202 \xydef@\PLACEedgec@@{}

2204 \xydef@\PLACEedgep@{\Cshavep@@ \def\PLACEedgep@@{\Cslidep@@\jot}}
2295 \xydef@\PLACEedgec@{\Cshavec@@ \def\PLACEedgec@@{\Cslidec@@{-\jot}}}

2297 \xylet@\afterPLACE@=\empty

2299 \Xydef@\PLACE@{%

2300 \ifx \space@\next \expandafter\DN@\space{\xyFNQ\PLACE@}/gobble spaces
2301 \else\addLT@\ifx \next

2302 \addLT@\DN@{\addLT@\xy@{\def\PLACEf@{{0}}\PLACEedgep@@}\xyFNQ@\PLACE®Q}
2303 \else\addGT@\ifx \next

2300 \addGT@\DN@{\addGTe\xy@{\def\PLACEfe{{1}}\PLACEedgec@@}\xyFNC\PLACEQ}Y,
2305 \else\ifx (\next %)

2306 \DNQ@(##1) {\def\PLACEf@{{##1}\xy@{ (##1) }{\def\PLACEf@{{##1}}}\xyFN@\PLACEQ}’
2307 \else\ifx !\next

230s  \DN@!{\xyFN@\PLACEQintercept}/

2300 \else

2310 \DN@{\xy@@{\expandafter\Calong@@\PLACEf@ \czeroEdge@}\PLACEQQ}Y,

2311 \fi\fi\fi\fi\fi \next@}

2313 \xydef@\PLACE@intercept{%

2314 \ifx \space@\next \expandafter\DN@\space{\xyFN@\PLACE@interceptl}/gobble spaces
2315 \else\ifx \bgroup\next

2316 \DNO##1{\xy@{!{##1}}{}\PLACE@intercept@{##13}1}/,

2317 \else\ifx (\next %)

2315 \DN@(*##1%) {\xy@{! (x##1x) }{}\PLACEQ@intercept@{##1}1}/,

2319 \else \DN@{\xyerror@{{<pos>} expected after ! in <place>}{}1}%
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2320 \fi\fi\fi \next@}

2322 \xydefQ\PLACEQ@intercept@#1{J,

2323 \xyQ@@{\enter@{\pfromthep@\basefromthebase@}\begingrouplty,

2324 \xyQ@Qix@{#1}\xy@@{\plainxy@ \expandafter\POS\the\toks9\relax
2325 \edef\next@{\endgroup

2326 \X@c =\the\X@c \Y@c=\the\Y@c \XCp=\the\XCp \Y@p=\the\YOp}%
2327 \next@ \Cintercept@@ \leave®@}/

2328 \PLACEQ@Q@}

2330 \xydef@\PLACEQQ{Y

2331 \ifx \space@\next \expandafter\DN@\space{\xyFN@\PLACE@Q}/gobble spaces
2332 \else\ifx /\next \DNO/##1/{\xy@{/##1/}{\Cslidec@o{##1}}\afterPLACEQ}Y
2333 \else \let\next@=\afterPLACEQ

2334 \fi\fi \next@}

1.3i. A (slide) will move the position a dimension further along the connection at the picked position.
For straight connections (the only ones kernel Xy-pic provides) this is the same as adding a vector
in the tangent direction, i.e., ?.../A/ is the same as 7...+/A/.

1.3j. This special (place) finds the point where the last connection intercepts with the line from p to
c as setup by the (pos), thus usually this will have the form !{(coord);(coord)}*, for example,
Bug: Only works for straight arrows at present.

\xy <lcm,Ocm>:

(0,0) *=0{+}="+"
(2,1)*%=0{\times}="*" **e{.} ,
(1,0)%+{A} ; (2,2)%+{B} **+0{-}
?r{m+";"x"} x{\bullet}

\endxy

will typeset

+ A

1.3k. The positions denoted by the azis intersection (coord)inates x and y are the points where the
line through p and c intersects with each axis. The following figure illustrates this:

ybase  zbase .;'X
\/ 'OC
origin . op

y

Exercise 1.4: Given predefined points A, B, C, and D (stored as objects "A", "B", "C", and
"D"), write a (coord) specification that will return the point where the lines AB and C'D cross

4The braces can be replaced by (...%) once, i.e., there can be no other braces nested inside it.
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(the point marked with a large circle here):

(p.575)

Procedure: We solve the following equation in a, b:
origin + a X <R.,U.>=c—b X (¢ —p)
and then set
<X.,Ye>:=<X.,Y.>—bx (c—p) with zerosize D.,U,, L., R.:=0,0,0,0.

The code uses ¢ = (X, Ye, D¢, Ue, L, R.) and A, B as temporaries and computes:

dX,dY> = <X, Y>—-<X,,Y,>
<A,B> = <X, Y>-— <Xorigm,Yorigin>
R dX R A
<D.,L.> = < Uay B >
<Xe,Ye> = <X(,Ye>— (LC/DC) X <dX,dY>

where we really do D := (R/pt)dY — (U/pt)dX and similarly for L.

2456 \xydef@\intersect@{

2457 \d@X=\X@c \advance\d@X-\X@p \d@Y=\Y@c \advance\d@Y-\Y@p

2458 \A@=\XQc \advance\A@-\X@origin \B@=\Y@c \advance\B@-\YQorigin
2159 \edef\next@{\expandafter\removePT@\the\RQc}/,

2260 \edef\nextii@{\expandafter\removePT@\the\UQc}Y,

2161  \D@c=\next@\d@Y \advance\D@c-\nextii@\d@X \divide\D@c\KK®@

2462 \L@c=\next@\BQ@ \advance\LOc-\nextii@\A@ \divide\LO@c\KKQ

2463 \1fdim\D@c=\z@\zeroDivide@\else \quotient@\next@\LOc\DOc \fi
2164 \advance\XQ@c-\next@\d@X \advance\Y@c-\next@\deY

2465 \czeroEdge@}

When there is no intersection point a wrong answer is returned, accompanied by a warning message.
This behaviour can be altered by assigning a different value to the hook: \zeroDivide@. This
macro must store a number in \nexta@.

2474 \xydef@\zeroDivide@@{\zeroDivide@message{\intersect@}{treated as 0}\DN@{0}}
2475 \xydef@\zeroDivide@message#1#2{\xywarning@{division by O in \string#l, #2}}
2476 \xylet@\zeroDivide@=\zeroDivide@@

2478 \xydef@\zeroDivideLimit@@{\ifdim\L@c=\z@ \DN@{0}%

2479 \else\ifdim\L@c<\z@\DN@{-\zeroDivide@Limit}

21480 \else\DN@{\zeroDivide@Limit}\fi\fi

2181 \zeroDivideOmessage{\intersect@}{replaced by \zeroDivide@Limit}}
2452 \xydef@\zeroDivideLimit@#1{\edef\zeroDivide@Limit{#1}%

2483 \let\zeroDivide@=\zeroDivideLimit@@}

2484 \xylet@\zeroDivideLimit=\zeroDivideLimit@
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By specifying \zeroDivideLimit{(num)} the user can locally establish that § = sgn(z)(num),
whenever such a division by zero would otherwise occur in an intersection calculation.

1.31. A (pos) (decor) grouped in {}-braces® is interpreted in a local scope in the sense that any p and

base built within it are forgotten afterwards, leaving only the ¢ as the result of the (coord). Note:
Only p and base are restored — it is not a TEX group.

Exercise 1.5: What effect is achieved by using the (coord)inate “{;}”? (p.575)
The code is inside \POS@.

1.3m. The vector /Z/, where Z is a (dimen)sion, is the same as the vector <Z cos «, Z sin a> where
« is the angle of the last direction set by a connection (i.e., with **) or subsequent placement (7)
position.

2520 \xydef@\vfromslide@#1{\enter@\DirectionfromtheDirection@ \begingroup
2521 \plainxy@\afterDIRECTIONorEMPTY\vfromslide@i\vfromslide®@i#1@}

2523 \xydef@\vfromslide@i#1Q@{\DNG@{#11}%

2524 \edef\next{\endgroup

2525 \ifx\next@\empty \dimen®=.5pc \else \dimen@=#1\relax \fi
2526  \X@c=\cosDirection\dimen®@ \Y@c=\sinDirection\dimen@}\next
2527 \leave@}

It is possible to give a (direction) as described in the next section (figure 1.5, note 1.41 in particular)
that will then be used to set the value of a. It is also possible to omit the (dimen) in which case
it is set to a default value of .5pc.

1.3n. A (corner) is an offset from the current <X.,Y.> position to a specific position on the edge of
the ¢ object (the two-letter ones may be given in any combination):

w U guc
i / RU
Tl A
%% G <—R

E ~
P Ip i bC RD

The ‘edge point’ E lies on the edge along the line from p to the centre of the object, in contrast
to the ‘proportional’ point P which is also a point on the edge but computed in such a way that
the object looks as much ‘away from p’ as possible. The A point vector is special: it is equal to
<0pt,\fontdimen22\textfont2> and useful for recentering entries.

Finally, a following (f) suffix will multiply the offset vector by the (factor) f.
Exercise 1.6: What is the difference between the (pos)itions c?< and c+E? (p.576)
Exercise 1.7: What does this typeset?

\xy *=<3cm,lcm>\txt{Box}*\frm{-}
ITIR(.5) *\frm{..}*{\bullet} \endxy

5One can use (*...*) instead also here.
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Hint: \frm is defined by the frame extension and just typesets a frame of the kind indicated by
the argument. (p-576)

Bug: Currently only the single-letter corners (L, R, D, U, C, E, and P) will work for any shape—the
others silently assume that the shape is rectangular.

1.30. The stack is a special construction useful for storing a sequence of (pos)itions that are accessible
using the special (coord)inates sn, where n is either a single digit or a positive integer in {}s: s0
is always the ‘top’ element of the stack and if the stack has depth d then the ‘bottom’ element of
the stack has number s{d — 1}. The stack is said to be ‘empty’ when the depth is 0 and then it
is an error to access any of the sn or ‘pop’ which means remove the top element, shifting what is
in s1 to s0, s2 to s1, etc. Similarly, ‘push ¢’ means to shift sO to si, etc., and then insert the ¢
as the new s0.

The stack is manipulated as follows:

@(stacking) Action

@+(coord) push (coord)

@-(coord) ¢ < (coord) then pop
@=(coord) load stack with (coord)
@@(coord) do (coord) for ¢ + stack
Qi initialise

o( enter new frame

@) leave current frame

To ‘load stack’, means to load the entire stack with the positions set by (coord) within which ,
means ‘push c’.

To ‘do (coord) for all stack elements’ means to set ¢ to each element of the stack in turn, from the
bottom and up, and for each interpret the (coord). Thus the first interpretation has ¢ set to the
bottom element of the stack and the last has ¢ set to s0. If the stack is empty, the (coord) is not
interpreted at all.

These two operations can be combined to repeat a particular (coord) for several points, like this:

\xy
©@={(0,-10),(10,3),(20,-5)} @e{+{P}}
\endxy

will typeset

P
P

Finally, the stack can be forcibly cleared using @i, however, this is rarely needed because of @(,
which saves the stack as it is, and then clears it, such when it has been used (and is empty), and
@) is issued, then it is restored as it was at the time of the @(.

Exercise 1.8: How would you change the example above to connect the points as shown below?
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(p.576)

First the stack top and bottom, both initially —1:

2682 \xydef@\s@bot{-1}
2683 \xydef@\s@top{-1}

Next the function to set ¢ < sn, i.e., test that bot < n + bot < top and then run the associated
stack element.

2600 \xydef@\cfroms@#1{\tests@{#1}\runs@\outofranges@}

2602 \xydef@\testsO#1#2#3{\DNC{#3}/,

2603 \count@=\sQ@top \advance\count@-#1\relax

2604 \ifnum\count@>\s@bot\relax \ifnum\count@>\s@top\else\DNO{#2}\fi\fi
2605 \next@}

2607 \xydef@\runs@{\csname S@\the\count@\endcsname}

2600 \xydef@\outofranges@{\count@=\s@top \advance\count@-\s@bot
2700 \xyerror@{stack index out of range (should be 0..\the\count@)}{}}

Finally the actual code to do the stack operations: it depends on the ‘code’ passed after @; spaces
are not allowed:

2707 \xydef@\STACK@{%

2708 \addPLUS@\ifx\next

2709 \addPLUS@\DN@{\xy@{@+}{}\afterCOORD{\xy@@\spushc@ \xyFN@\P0S@}1}’,
2710 \else\addDASH@\ifx\next

o711 \addDASH@\DN@{\xy@{@-}{}\afterCOORD{\xy@@\spop@ \xyFN@\P0OS@}}7
2712 \else \ifx i\next \DN@ i{\xy@{@i}\sinit@ \xyFN@\P0OSQ@}%

213 \else \ifx (\next \DN@ ({\xye@{@(}\senter@ \xyFN@\POS@}’

2714 \else \ifx )\next \DN@ ){\xy@{@) }\sleave@ \xyFN@\P0S@}/

2715 \else\addEQ@\ifx\next \addEQ@\DN@{\STACK®@load}’

2716 \else\addAT@\ifx\next \addAT@\DN@{\xy@{@@}{}\smap@}’

2717 \else \DNO@##1{\xyerror@{illegal stack command ##1}{}\afterCOORD{\xyFN@\P0OS@}}%
2718 \FI\fI\fi\fi\fi\fi\fi \next@}

2720 \xydef@\STACK@load{\xye{@=}{Y%

2721 \1f\sempty@\else \xywarning@{loading on top of non-empty stack}\sinit@ \fi
o722 \let\comma®@=\spushc@}’

2723 \afterCOORD{\xy@@{\spushc@ \let\comma@@=\relax}\xyFN@\POS@}}

2725 \xydef@\spushc@{’,
2726 \count@=\s@top \advance\count@\@ne \edef\s@top{\the\count@}/,
2727 \expandafter\edef\csname S@\s@top\endcsname{\cfromthec@}}

2720 \xydef@\spushid@#1{\DNii@{#1}\edef\nextii@{\codeof\nextii@l}y,

2730 \expandafter\let\expandafter\next@\csname Q@\nextii@\endcsname

2731 \ifx\next@\relax \xyerror@{<pos> \string"\nextii@\string" not defined}{}’
2732 \else

2733 \count@=\s@top \advance\count@\@ne \edef\s@top{\the\count@}y

2734 \DNii@##1{\expandafter\def\csname S@\s@top\endcsname{##1}1}/,

2735 \expandafter\nextii@\expandafter{\next@}%

2736 \fi}

2738 \xydef@\idfroms@#1#2{%
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2730 \tests@{#2}{\DNe{\idfromxy@{#1}}%

2740 \expandafter\expandafter\expandafter\next®@

2741 \expandafter\expandafter\expandafter{\csname S@\the\count@\endcsnamel}y,
2742 }\outofranges@}

2744 \xydef@\spop@{\count@=\s@top
2725 \ifnum\count@>\s@bot \advance\count@\m@ne \edef\s@top{\the\count@l}},
2746 \else \xyerror@{nothing to pop from stack}{}\fi}

2748 \xydef@\sinit@{\edef\s@top{\s@bot}}

2750 \xydef@\senter@{’,

2751 \count@=\s@top \advance\count@\@ne

2752 \expandafter\edef\csname S@\the\count@\endcsname{\s@botl}%
2753 \edef\s@bot{\the\count@}\edef\s@top{\the\count@}}

2755 \xydef@\sleave@{’,

2756 \ifnum\s@bot=\s@top\else \xywarning@{leaving non-empty stack}\sinit@ \fi
2757 \ifnum\s@bot>\m@ne \edef\s@bot{\csname SO@\s@top\endcsnamely,

2758 \count@=\s@top \advance\count@\m@ne \edef\s@top{\the\count@},

2750 \edef\sbot{\the\count@}\fi}

2761 \xydef@\sempty@{\ifnum\s@top=\s@bot TT\else TF\fi}

ot

\smap@ maps a (coord) over a stack:

2767 \xydef@\xytotoks@#1#2{\addtotoks@{#2}}
2768 \xydef@\xytotoks@O@toksix@#1{\addtotoks@{\toks9={#1}}}

2770 \xydef@\smap@{’

2771 \begingroup \toks@={}\let\xy@=\xytotoks@ \change@oxy@\xy®@
2772 \1let\xy@@ix@=\xytotoks@Qtoksix@

2773 \afterCOORD{\expandafter\endgroup

2774 \expandafter\smapxy0@\expandafter{\the\toks@}\xyFNO\P0OSQ}}

2776 \xydef@\smapxyQ@@#1{\xy00{\edef\smapp@@{\s@bot}\smapxy@i{#1}}}
2778 \xylet@\smapp@@=\empty

2780 \xydef@\smapxyQ@i#1{J,

2781 \ifnum\smapp@@<\s@top

2782 \count@=\smapp@Q@ \advance\count@\@ne \edef\smapp@C{\the\count@}y,
2783 \DN@{\csname S@\smapp@@\endcsname #1\relax \smapxy@i{#1}1}/

2784 \else \let\next@=\relax

2785 \fi \next@}

1.3p. It is possible to define new (coord)inates on the form "(id)" by saving the current ¢ using the

..="(id)" (pos)ition form. Subsequent uses of "(id)" will then reestablish the ¢ at the time of the
saving.

Using a "(id)" that was never defined is an error, however, saving into a name that was previously

defined just replaces the definition without warning, i.e., "(id)" always refers to the last thing
saved with that (id).

However, many other things can be ‘saved’: in general =(saving) has either of the forms

=:"(id)" "(id)" restores current base
=(coord)"(1d)" "(1d)" reinterprets (coor
d)"(id id i d
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=@" (id)" @="(id)" reloads this stack

The first form defines "(id)" to be a macro that restores the current base.

The second does not depend on the state at the time of definition at all; it is a macro definition.
You can pass parameters to such a macro by letting it use coordinates named "1", "2", etc., and
then use ="1", ="2" etc., just before every use of it to set the actual values of these. Note: it is
not possible to use a (coord) of the form "(id)" directly: write it as {"(id)"}.

Exercise 1.9: Write a macro "dbl" to double the size of the current c object, e.g., changing it
from the dotted to the dashed outline in this figure:

(p.576)

The final form defines a special kind of macro that should only be used after the @= stack operation:
the entire current stack is saved such that the stack operation @="(id)" will reload it.

Note: There is no distinction between the ‘name spaces’ of (id)s used for saved coordinates and
other things.

This parser distinguishes between the cases:

\xydef@\saveid@{/
\ifx \space@\next \expandafter\DN@\space{\xyFN@\saveid@}/,gobble spaces
\else \ifx "\next\DN@"##1"{\xy@{="##1"}{\idfromc@{##1}}\xyFN@\P0S@Q}/,
\else \ifx :\next\DNQ:##1"##2"{\xy0{=:"##2"}{\idfrombase@{##2}}\xyFN@\POSQ}/,
\else\addAT@\ifx\next
\addAT@\DN@"##1"{\xye{=0"##1"}{\idfromstack@{##1}}\xyFNO\P0OSQ}7
\else \ifx s\next
\DNQ@ s##1"##2"{\xyQ{=s##1"##2"}H{\idfromso{##2}{##1}}\xyFNe\P0SQ}%
\else\addEQ@\ifx\next \let\saveid@COORD@@=\saveid@COORDii
\addEQ@\DNe{\xyFN@\saveid@COORD}%
\else \let\saveid@COORD@G=\saveid@COORDi \let\next@=\saveid@COORD
\fi\fi\fi\fi\fi\fi \next@}

\xylet@\saveid@COORD@@=\relax

Here is the code for saving/restoring a position and a base.

\xydef@\idfromc@#1{\DNe{#1}%
\expandafter\edef\csname Q@\codeof\next@\endcsname{\cfromthec@}}

\xydef@\idfrombase@#1{\DNO{#1}/,
\expandafter\edef\csname Q@\codeof\next@\endcsname{\basefromthebase@}}

\xydef@\idfromstack@#1{%
\toks@={\if\sempty@\else
\xywarning@{loading on top of non-empty stack}\sinit@ \fil}}
\count@=\s@bot \advance\count@\@ne
\ifnum\count@>\s@top\else
\loop@
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2883 \expandafter\let\expandafter\next@\csname S@\the\count@\endcsname

2884 \expandafter\addtotoks@\expandafter{\next@}%

2885 \ifnum\count@<\s@top \advance\count@\@ne \addtotoks@{\spushc@}\repeat®
2886 \fi

2ss7  \DN@{#1}\edef\next@##1{J,

2sss  \def\expandafter\noexpand\csname Q@\codeof\next@\endcsname{##1}}/,

2839 \expandafter\next@\expandafter{\the\toks@}}

2891 \xydef@\saveid@COORD{%

2802 \begingroup \toks@={}\let\xy@=\xytotoks@ \change@oxy@\xy®@

2803 \let\xy@@ix@=\xytotoks@Qtoksix@

2804 \afterCOORD{\expandafter\saveid@COORDi\expandafter{\the\toks@}}}

2806 \xydef@\saveid@COORDi#1#2"#3"{\endgroup \xy@@{\idfromxy@{#3}{#1}}\xyFN@\POS@}
2897 \xydef@\saveid@COORDii#1#2"#3"{\endgroup \xy@@{\idfromcxy@{#3}{#1}}\xyFN@\P0OSQ}

2800 \xydef@\idfromxy@#1#2{\DNQ{#11}/
2000 \expandafter\def\csname Q@\codeof\next@\endcsname{#2}}

2002 \xydef@\idfromcxy@#1#2{\DNQ{#1}/
2003 \expandafter\edef\csname Q@\codeof\next@\endcsname{\cfromthec@#2}}

2005 \xydef@\cfromid@#1{\DNii@{#1}\edef\nextii@{\codeof\nextii@}y

2006 \expandafter\let\expandafter\next@\csname Q@\nextii@\endcsname

2007 \1fx\next@\relax \xyerror@{<pos> \string"\nextii@\string" not defined}{}%
200s \else \expandafter\next@\fi}

1.4 Objects

2023 \message{objects,}

Objects are the entities that are manipulated with the * and ** (pos) operations above to actually
get some output in Xy-pictures. As for (pos)itions the operations are interpreted strictly from left to
right, however, the actual object is built before all the (modifier)s take effect. The syntax of objects
is given in figure 1.5 with references to the notes below.

Remark: It is never allowed to include braces {} inside (modifier)s! In case you wish to do
something that requires {...} then check in this manual whether you can use (*...*) instead. If not
then you will have to use a different construction.

We first discuss the parser and then summarise the required methods. The entry point to use
of objects is \object described in note 1.4c. This should always be used because it initialises the
token list and redefines \xy@ to be \addtotoks@ such that we can use (pos) parser routines within
the (object)!

Parsing: The (object) parser \OBJECT@ will first parse the (modifier)s, storing the action of each in
sequence on the \toks@ token list. When there are no more modifiers we insert \objectbox if we have
reached the { otherwise we just assume that the rest of the (object) is some kind of box construction.

Note: The (modifier) actions doing shifts are implemented by having an independent vector for
the shift: <R,,Up,> always contains the vector from the current to the original TEX reference point;
furthermore the initial L, is saved as L, such that we can retrieve the original (Xy-pic) reference point
again. Modifying the p values is safe because all actual changes are done in a local scope after the
entire (object) is parsed and we have built the object box (in \OBJECT@®).

The (modifier)s changing the direction are executed while parsing to make sure that the direction
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4d

Syntax Action
(object) — (modifier) (object) apply (modifier) to (object)
| (objectbox) build (objectbox) then apply its (modifier)s
(objectbox) — { (text) } build default!42 object
| (library object) | @(dir) use (library object) or (dir)ectional (see §1.6)
| (TEX box) { (text) } build box'4P object with (text) using the given
(TEX box) command, e.g., \hbox
| \object (object) wrap up the (object) as a finished object box!-4¢
| \composite { (composite) } build composite object box!-4d
| \xybox { (pos) (decor) } package entire Xy-picture as object!-4¢
(modifier) — ! (vector) (object) has its reference point shifted!4f by
(vector)
| ! (object) has the original reference point reinstated
| (add op) (size) change (object) sizel48
| h | i (object) is hiddenl-4R invisible!-41
| [ (shape) ] (object) is given the specified (shape)!-4
| [= (shape) ] define (shape)l4% to reestablish current object
style
| (direction) set current direction for this (object)
(add op) —+ | =] =] =] -= grow, shrink, set, grow to, shrink to
(size) — (empty) default sizel-48
| (vector) size as sides of rectangle covering the (vector)
(direction) — (diag) (diag)onal direction!-4!
| v (vector) direction! 4! of (vector)
| g{ (pos) (decor) } direction!#! from p to c after (pos) (decor)
| (direction) : (vector) vector relative to (direction)l-4m
| (direction) _ | (direction) =~ 90° clockwise/anticlockwise to (direction)!-4m
(diag) — (empty) last used direction (not necessarily diagonall'41)
| 1|r|d|u left, right, down, up diagonal®-4!
| 1d|rd|lu|ru left/down, ... diagonall-4!
(composite) — (object) first object is required
|

(composite) * (object)

add (object) to composite object box!:

Figure 1.5: (object)s.
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used when building the (object) is right, and restored in the right sequence while evaluating the
(modifier)s afterwards.

3085 \xydef@\OBJECT@{Y

sos6 \1ifx \space@\next \expandafter\DN@\space{\xyFN@\OBJECT@}’gobble spaces
s0s7 \else\ifcat A\noexpand\next \let\next@=\0BJECTQletter

soss  \else \let\next@=\OBJECT@other \fi\fi \next@}

3090 \xydef@\OBJECT@letter{%

3091 \ifx i\next \DN@ i{\addtotoks@\Invisible@true \xyFN@\OBJECTQ},

3002 \else\ifx h\next\DN@ h{\addtotoks@\Hidden@true \xyFN@\OBJECT®}

3003 \else\ifx o\next\DN@ o{\xywarning@{Obsolete o modifier used}\0OBJECT@shape{ol}}’
3004 \else\ifx x\next\DN@ x{\xywarning@{Obsolete x modifier used}\OBJECT@shape{}}%
3005 \else\ifx @\next\DN@ Q##1##{),

3096 %

3007 \xywarning@{Impossible @ (letter) should not be here!!}

3098 %

s000  \OBJECT@@{\dir##1}}

sto0 \else \let\next@=\0BJECT@direction

stor \fi\fi\fi\fi\fi \next@}

3103 \xydef@\OBJECT@other{’,

3104 \ifx !\next \DN@!{\OBJECT@shift}%

3105 \else\addPLUS@\ifx \next \DN@{\OBJECT@changel}%

sto6  \else\addDASH@\ifx \next \DN@{\OBJECT@changel}’

3107 \else\addEQ@\ifx \next \DN@{\OBJECT®@setl}%

3108 \else\ifx [\next %]

sto0  \DN@[##1]{\xy@{ [##1]}{\OBJECT@shape{##1}}}%

3110 \else\ifx ~\next \let\next@=\0BJECT@direction

3111 \else\ifx _\next \let\next©@=\0BJECT@direction

3112 \else\ifx :\next \let\next@=\0BJECT@direction

3113 \else\ifx 7\next

siia - \DN@ ?7{\xywarning@{\string? modifier used}\xyFN@\OBJECT@direction}/,
3115 \else\ifx (\next %)

siie  \let\next@=\0BJECT@direction

3117 \else\addAT@\ifx\next \addATQ@\DN@##1##{\OBJECTQQ{\dir##1}}"
siis \else \DNO##1##{\0OBJECTQQ{##1}}%

sr19 \FINFINFINLINFINLINLINfi\fi\fi\fi \next@}

\OBJECT@@ is where we actually build the box by first 13137 saving the previous edge in case it is
needed, then 13135 setting the defaults (including temporarily resetting \xy@ to execute in case any
\xy@s are used internally), 13143 building the object box (which might change them) using \objectbox
if no other command specified and setting the D, U, L, R dimensions as required using the \Leftness®@
and \Upness@ methods, and finally 13147 setting up the R, U, dimensions (as discussed above) and
applying the (modifier)s stored in \toks@ and dumping the modified box.

3134 \xydef@\prevEdge@@{\zeroEdge}

Smﬁ\XydefQ\OBJECT@@#l#Q{%

s137  \expandafter\def\expandafter\prevEdge@0\expandafter{\the\Edge@c}
s13s  \expandafter\Edge@c\expandafter{\objectEdge}

3139 \Invisible@false\Hidden@false

310 \def\Leftness@{.5}\def\Upness@{.5}%
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3142

3143

3144

3145

3146

3147

3148

3149

3150

3151

OBJECTS

\gdef\preXY@style@{}\gdef\postXY@style@{}%
\def\Drop@@{\styledboxz@}\def\Connect@@{\straight@\relaxl}¥%
\DNe{#1}\ifx\next@\empty \DNiie{#2}

\ifx\nextii@\empty \DN@{\hbox\bgroup\no@}\else \let\next@=\objectbox \fi\fi
\setbox\z@=\next@{#2}\LOc=\Leftness@\wdz@ \RQc=\wdz@ \advance\R@c-\L@c
\D@c=\dp\z@ \advance\D@c\ht\z@ \UQc=\Upness@\D@c \advance\D@c-\UGc
\R@p=\z@ \L@p=\L@c \UCp=\UCc \advance\U@p-\ht\z@ \D@p=-\U@p
\the\toks@\toks@={}\setboxz@h{\kern\ROGp \raise\UGp\boxz@}%

\checkZeroEdge®@
\dimen@=\LOc \advance\dimen@\RGc \wdz@=\dimen@ \ht\z0=\UGc \dp\z@=\D@c \boxz@
\OBJECT®@x}

3m3\xydef@\adjustLR©{%

3154

3155

3156

3157

\ifdim\zz@\wdz@ \LO@c=\z@ \R@c=\z@ \dimen@=\Leftness@\pQ
\ifdim\dimen@<\z@ \L@c=\dimen@ \R@c=-\L@c

\else\ifdim\dimen@>\p@ \LO@c=\dimen®@ \advance\LO@c-\p@ \R@c=-\L@c \fi\fi
\else \L@c=\Leftness@\wdz@ \R@c=\wdz@ \advance\R@c-\L@c \fi}

3150 \xydef@\adjustUDO@{\dimen@=\ht\z@ \advance\dimen@\dp\z@

3160

3161

3162

3163

3165

3166

3167

3168

3169

3170

3171

\ifdim\zz@\dimen@ \UQc=\z@ \D@c=\z@ \dimen@=\Upness@\p@
\ifdim\dimen@<\z@ \UQc=\dimen@ \D@c=-\LQc

\else\ifdim\dimen@>\p@ \UG@c=\dimen®@ \advance\UQc-\p@ \D@c=-\L@c \fi\fi
\else \D@c=\dimen@ \U@c=\Upness@\dimen@ \advance\D@c-\UQc \fi}

\def\checkZeroEdge®@{’,

\expandafter\DN@\expandafter{\the\Edge@c}\def\nextii@{\zeroEdgel}’

\ifx\next@\nextii@\Edge@c={\rectangleEdge}\fi

\DNe{}\def\nextii@{}%

\ifdim\zz@\LOc \ifdim\zz@\R@c \ifdim\zz@\UGc \ifdim\zz@\DG@c
\DN@{\Edge@c={\zeroEdge}}\fi\fi\fi\fi

\next@}

As an optimisation \OBJECT®@ sets the edge type of all zero-sized objects to \zeroEdge.

49

\OBJECT@x cleans up the object by ensuring that it defines all the required methods: Essentially it

terminates the box with the sequence “} \def\Drop@@{. ..} \def\Connect@@{...} \D@c=... \UQc=...

\L@c=... \R@c=...
each ...

\Invisible@...\Hidden®@... \def\Leftness@{...} \def\Upness@{...}” where
is set to the method defined within the object creation environment (started with \hbox{ in

\OBJECT®@Q or possibly elsewhere). We use rather heavy expansion hacking with \toks@ to create the
sequence so please look the other way... O

3189 \xydef@\OBJECT@x{\toks@={\egroup\def\Drop@al}y

3190

3191

3192

3193

3194

3195

3196

3197

Methods:

\expandafter\addtotoks@\expandafter{\expandafter{\Drop@@}\def\Connect@®@},
\expandafter\addtotoks@\expandafter{\expandafter{\Connect@@}}
\edef\tmp@{\D@c=\the\DOc \U@c=\the\UQ@c \LOc=\the\L@c \R@c=\the\R@c
\Edge@c={\expandafter\noexpand\the\Edge@cl}/,
\ifInvisible@\noexpand\Invisible@true\else\noexpand\Invisible@false\fi
\ifHidden@\noexpand\Hidden@true\else\noexpand\Hidden@false\fi
\def\noexpand\Leftness@{\Leftness@}\def\noexpand\Upness@{\Upness@}}/,
\expandafter\addtotoks@\expandafter{\tmp@}\the\toksa@}

set up by all objects:

In addition to the “current object properties” for ¢ (cf. 1.2.5) the following methods are
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\Invisible@true or \Invisible@false whether object is invisiblel-41

\Hidden@true or \Hidden@false whether object is hidden!-4l
\def\Leftness@{(factor)} the desired L/(L + R)

\def \Upness@{(factor)} the desired U/(D + U)

\def\Drope@e{...} code that outputs the object, assuming \boxz@ is

of zero size and has the object displaced <X ,Y>

inside—usually just \def’d to \styledboxz®@
\def\Connect@e{...} code that builds a connection from p to ¢, assuming

\lastobjectbox@ contains the object

It is important to \def and not \let the last four methods since the TEXnique used in \OBJECT@x
(and elsewhere) of passing them to surrounding scopes depends on it. The \Connect@®@ method should
in turn setup several submethods as described in detail in 1.8.3.

Suitable defaults are set up by \OBJECT@@ above which is why any box generating command can
be used to construct objects as explained in note 1.4a below.

Here are the declarations:

3232 \xynew@{if}\ifInvisible®
3233 \xynew@{if}\ifHidden®@

3235 \xydef@\Leftness@{}
3236 \xydef@\Upness@{}

3238 \xydef@\Drop@@{\styledboxz@}
3230 \xydef@\Connect@@{}

Notes

1.4a. An (object) is built using \objectbox {(text)}. \objectbox is initially defined as

\def\objectbox#1{%
\hbox{$\objectstyle{#1}$}}
\let\objectstyle=\textstyle

but may be redefined by options or the user. The (text) should thus be in the mode required by
the \objectbox command—with the default \objectbox shown above it should be in math mode.

Actually it is

3266 \xydef@\objectbox#1{\hbox{$\m@th\objectstyle{#1}$}}
3267 \Xxylet@\objectstyle=\textstyle

1.4b. An (object) built from a TEX box with dimensions w x (h + d) will have L. = R. = w/2,
U. = D. = (h + d)/2, thus initially be equipped with the adjustment !C (see note 1.4f). In
particular: in order to get the reference point on the (center of) the base line of the original
(TEX box) then you should use the (modifier) !; to get the reference point identical to the TEX
reference point use the modifier ! !L.

TEXnical remark: Any macro that expands to something that starts with a (box) may be used as
a (TEX box) here.
This is done by the parsing above.
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1.4c. Takes an object and constructs it, building a box; it is then processed according to the preceeding
modifiers. This form makes it possible to use any (object) as a TEX box (even outside of Xy=pictures)
because a finished object is always also a box.

This macro is the main entry point to the (object) parser. It furthermore initialises the modifier
list and the previous object edge.

3303 \xydef@\object{\hbox\bgroup\resetStyle@\object@}

3305 \xydef@\object@{’
3306 \edef\next@{={\DirectionfromtheDirection®@}}\expandafter\toks@\next@
3307 \plainxy@ \xyFN@\OBJECT@}

The initial value of \toks@ (modifier) list is explained in note 1.4l below.

1.4d. Several (object)s can be combined into a single object using the special command \composite
with a list of the desired objects separated with *s as the argument. The resulting box (and
object) is the least rectangle enclosing all the included objects.

First we collect all the objects smash on top of each other in box0 while we maintain the maximal
extents in (DULR),. Then we reset box0 to contain the same but with the right spacing around.

3320 \xydef@\composite#1#{\hbox\bgroup\composite@{#1}}

3331 \xydef@\composite@#1#2{}

3332 \DN@{#1}\ifx\next@\empty\else\xywarning@{no variants of

3333 \string\composite\space allowed}\fi

3334 \global\setbox9=\hbox\bgroup

3335 \D@p=-\maxdimen \U@p=-\maxdimen \L@p=-\maxdimen \R@p=-\maxdimen
szs6  \XyFN@\composite@i#2@}

3338 \xydef@\composite@i{’

3330 \ifx \space@\next \expandafter\DN@\space{\xyFN@\composite@il}Jgobble spaces
33s0 \else\ifx *\next \DN@ *{\xyFN@\composite®@il}%

s3a1 \else\ifx @\next \DN@ @{\composite@xl}%

3za2  \xyerror@{<composite> object expected}{}\czeroEdge@

3303 \else \DN@{\composite@ii}\fi\fi\fi \next@}

3345 \xydef@\composite@ii#1#{\composite@iii{#1}}

3347 \xydef@\composite@iii#1#2{%

3348 \setbox\z@=\object#1{#2}/

3340 \ifInvisible@ \setboxz@h{}\else

3350  \setboxz@h{\kern-\LOc \boxz@}\ht\z0=\z@ \dp\z0=\z@ \wd\z@=\z@ {\Drop@@}\fi
3351 \ifHidden®@\else

ss2  \ifdim\U@p<\UGc \U@p=\U@c \fi \ifdim\D@p<\D@c \DEp=\Dec \fi

3353 \ifdim\R@p<\RQ@c \RE@p=\R@c \fi \ifdim\L@p<\L@c \L@p=\L@c \fi

3354 \fi

3355 \xyFN@\composite@iv}

3357 \xydef@\composite@iv{’

ssss \ifx \space@\next \expandafter\DN@\space{\xyFN@\composite@ivl}/gobble spaces
3359 \else \ifx @\next \DN@ @{\composite@x}/,

3360 \else \let\next@=\composite@i \fi\fi \next@}

3362 \xydef@\composite@x{),
3363 \edef\tmp@{\egroup
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ssea \D@c=\the\DOp \U@c=\the\UQ@p \L@c=\the\L@p \RQc=\the\RC@pl}\tmpQ
3365 \setboxz@h{\kern\LOc\box9}\ht\z0@=\UCGc \dp\z@=\D@c

sse6  \dimen@=\LQc \advance\dimen@\RQc \wdz@=\dimen@

3367 \Edge@c={\rectangleEdge}\computeLeftUpness@ \boxz@

336s \OBJECT@x}

3370 \xydef@\computeLeftUpness@{’

3371 \dimen@=\L@c \advance\dimen®@\RQc

3372 \ifdim\zz@\dimen@ \def\Connect@@{\straight@{\dottedSpread@\jot}}%
ssr3  \ifdim\zz@\L@c\else

3374 \DN@{\zeroEdge}\expandafter\DNii@\expandafter{\the\EdgeQcl}

3375 \ifx\next@\nextii@\Edge@c={\rectangleEdge}\fi\fi

3376 \else \quotient@\Leftness@\L@c\dimen@ \fi

3377 \dimen@=\U@c \advance\dimen@\D@c

3378 \1fdim\zz@\dimen@ \def\Connect@@{\straight@{\dottedSpread@\jotl}}%
3379 \ifdim\zz@\UQc\else

3380 \DN@{\zeroEdge}\expandafter\DNii@\expandafter{\the\EdgeQc}/,

3381 \ifx\next@\nextii@\Edge@c={\rectangleEdge}\fi\fi

33s2 \else \quotient@\Upness@\UGc\dimen® \fi}

1.4e. Take an entire Xy~picture and wrap it up as a box as described in §1.2.1. Makes nesting of
Xy-pictures possible: the inner picture will have its own zero point which will be its reference point
in the outer picture when it is placed there.

This is simple exploiting the fact that \endxy actually sets up the extents of the ‘object’:
3a00 \xydef@\xybox#1{\xy#1\endxy \Edge@c={\rectangleEdge}\computelLeftUpness@}

1.4f. An object is shifted a (vector) by moving the point inside it which will be used as the reference
point. This effectively pushes the object the same amount in the opposite direction.

Shifting uses the special value of R, and U, used while evalutaing the (modifier)s. The fact that
shifts like !C refer to the initial object’s size means that we should parse the (vector) such that its
actions happen at modification time. . .hence \xytotoks@ is used to delay execution.

3120 \xydef@\OBJECT@shift{%

3121 \let\xy@=\xytotoks@ \afterVECTORorEMPTY

sa22  {\OBJECT@shift®@}

3a23  {\addtotoks@{\X@c=-\L@c \advance\X@c\R@p \advance\X@c\L@p \Y@c=\UQ@pl}/
3424 \OBJECT@shift@}}

3426 \xydef@\OBJECT@shift@{%

3127 \addtotoks@{\advance\UGp-\Y@c

sa2s  \advance\L@c\X@c \advance\R@c-\X@c \advance\D@c\YQc \advance\UQc-\Y@c
3120 \computeLeftUpness@}%

330 \let\xy@=\oxy@ \xyFN@\OBJECT@}

Exercise 1.10: What is the difference between the (pos)itions O*{a}!DR and 0x!DR{a}? (p.576)

1.4g. A (size) is a pair <WW,H> of the width and height of a rectangle. When given as a (vector)
these are just the vector coordinates, i.e., the (vector) starts in the lower left corner and ends in
the upper right corner. The possible (add op)erations that can be performed are described in the
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following table.

(add op) | description

+ grow

- shrink

= set to

+= grow to at least

-= shrink to at most

In each case the (vector) may be omitted which invokes the “default size” for the particular (add
op):

(add op) | default
+ +<2 X objectmargin>
- -<2 X objectmargin>
= =<objectwidth , objectheight>
+= +=<max (L. + R¢, D, + U.)>
-= -=<min(L. + R¢, D, + U.)>

The defaults for the first three are set with the commands

\objectmargin (add op) {(dimen)}
\objectwidth (add op) {(dimen)}
\objectheight (add op) {(dimen)}

where (add op) is interpreted in the same way as above.

3194 \xylet@\objectmargin@=\jot
3105 \xylet@\objectwidth@=\zQ
3496 \xylet@\objectheight@=\z@

3198 \xydef@\objectmargin{\afterADDOP{\Addop@@\objectmargin@}}
3100 \xydef@\objectwidth{\afterADDOP{\Addop@@\objectwidth@}}
3500 \xydef@\objectheight{\afterADDOP{\Addop@@\objectheight@}}

The defaults for +=/-= are such that the resulting object will be the smallest containing/largest
contained square.

Exercise 1.11: How are the objects typeset by the (pos)itions “*+UR{\sum}” and “*+DL{\sum}”
enlarged? (p.576)

Bug: Currently changing the size of a circular object is buggy—it is changed as if it is a rectangle
and then the change to the R parameter affects the circle. This should be fixed probably by a
generalisation of the o shape to be ovals or ellipses with horizontal/vertical axes.

The three cases distinguished by the parsing above are handled similarly: they insert the parsed/default
vector into X,Y in the modifications and then perform the operation at that time using the
\xytotoks@ trick described in note 1.4f:

3532 \xydef@\OBJECT@change{’,

3533 \afterADDOP{Y

3534 \addEQ@\ifx \next

3535 \addtotoks@{\X@c=\D@c \advance\X@c\U@c \Y@c=\L@c \advance\Y@c\R@c}/
3536 \else

3537 \addtotoks@{\X@c=\objectmargin@ \advance\X@c\X@c \Y@c=\X@c}/,

3538 \fi
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3530 \let\xy@=\xytotoks@
3540  \afterVECTORorEMPTY\OBJECT@change@\OBJECT@change@}}

3512 \xydef@\OBJECT@set{%

3543 \afterADDOP{Y

3542 \let\xy@=\xytotoks@ \afterVECTORorEMPTY\OBJECT@change@

ssas {\addtotoks@{\X@c=\objectwidth@ \YQc=\objectheight@}\0OBJECTQ@change@}}}

The real work is done by the following command: a hack using expansion tricks to make use of
the \Addop@@ known now on the values in X,Y at modification time.

3553 \xydef@\OBJECT@change@{’

3554 \addtotoks@{\advance\RQc\L@c \advance\R@p-\LOc \let\tmp@=\RQ@c}%
3555 \expandafter\addtotoks@\expandafter{\Addop@@\tmp@\X@c\RAc=\tmp@
3556 \L@c=\Leftness@\RQ@c \advance\ROp\L@c \advance\R@c-\LOc}%

3557 \addtotoks@{\advance\DOc\UQc \let\tmp@=\DQc}

3558 \expandafter\addtotoks@\expandafter{\Addop@0\tmp@\YQ@c\DAc=\tmp@
3550 \U@c=\Upness@\D@c \advance\D@c-\UGcl}%

3560 \let\xy@=\oxy@ \xyFN@\OBJECTG@}

It is clearly crucial that \Addop@@ expands to its action immediately! Also note that enlarging
changes the initial box offset in the horizontal direction only, i.e., ).

Finally the code to interpret an (add op) used above: This simply parses it and creates a macro
\Addop@@ that takes a control sequence and a parameter (dimen) as arguments, and expands
directly to commands that perform the (add op) of the (dimen) on the control sequence:

(add op) | effect of \Addop®@@ cs D

+ cs<—cs+ D

- cs+—cs—D

= cs <+ D

e s if D<ecs
cs if D> cs

_ s D ifD>cs
cs if D <ecs

Furthermore \afterADDOP leaves the \next token set to = in the last three cases only (this is used
to determine the right default value in the size changes above).

The \afterADDOP macro is relatively simple because (add op)s don’t nest:
s601 \xydef@\afterADDOP#1{\def\afterADDOP@{#1}\xyFN@\ADDOPQ}
3603 \xylet@\afterADDOPO@=\empty

3605 \xydef@\ADDOPQ{%

ss06 \ifx \space@\next \expandafter\DN@\space{\xyFNO@\ADDOP@}%gobble spaces
s0r  \else\addPLUS@\ifx \next \addPLUS@\DN@{\xyFN@\ADDOPGplus}’

ssos \else\addDASH@\ifx \next \addDASH@\DN@{\xyFN@\ADDOP@minusl}%

3600 \else\addEQ@\ifx \next

3610 \addEQ@\DN@{\def\Addop@@{\Addop@0+=}\afterADDOPQ}Y

3611 \else

3612 \DN@{\def\Addop©@@{\Addop@0O+=}\afterADDOPQ}’

3613 \fi\fi\fi\fi \next@}

3&5\Xydef@\ADDUP@pluS{%
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3616 \addEQ@\ifx \next

s617  \addEQ@\DN@{\def\Addop@@{\Addop@0+<}\afterADDOP®@},
3618 \else

3619 \DN@{\def\Addop@@{\Addop@l+=}\afterADDOPQ}Y

3620 \fi \next@}

3622 \xydef@\ADDOP@minus{%

3623 \addEQ@\ifx \next

3624  \addEQ@\DN@{\def\Addop@@{\Addop@0+>}\afterADDOPQ}%
3625 \else

s626  \DN@{\def\Addop@@{\Addop@1-=}\afterADDOP®@}/,

3627 \fi \next@}

The work is done by the general \Addop@ {f} {£+3} {<} {cs} D that defines

cs otherwise

CS:{fxcs:I:D if =((f X es £ D) > D)

and also leaves the dimension in \dimen@.

so11 \xydef@\AddopQ#1#2#3#4#5{Y

3612 \dimen@=#4\relax \edef#4{\the\dimen®@},

3643 \dimen@=#1\dimen@ \advance\dimen@#2#5\relax %\advance\dimen@ 1sp %HACK
3644 \1fdim\dimen@#3#4\else \edef#4{\the\dimen@}\fi

3645 \ifx\xyQ@\xyinitial@\else \DN@##1{\xyQ@{\edef#4{##1}\checkZeroEdgeQ}}/
3646 \expandafter\next@\expandafter{#4}\fi}

1.4h. A hidden object will be typeset but hidden from Xy-pic in that it won’t affect the size of the
entire picture as discussed in §1.2.1.

This is handled by the \ifHidden@ conditional allocated with the methods.

1.4i. An invisible object will be treated completely normal except that it won’t be typeset, i.e., Xy=pic
will behave as if it was.
This is handled by the \ifInvisible® conditional allocated with the methods.

1.4j. Setting the shape of an object forces the shape of its edge to be as indicated. The kernel provides
three shapes that change the edge, namely [.], [1, and [o], corresponding to the outlines

, and

X

=~
x-S

=y

where the x denotes the point of the reference position in the object (the first is a point). Ex-
tensions can provide more shapes, however, all shapes set the extent dimensions L, R, D, and

U.
The default shape for objects is []1 and for plain coordinates it is [.].
3708 \xydef@\objectEdge{\rectangleEdge}
Furthermore the (shape)s [r], [1], [ul, and [d], are defined for convenience to adjust the object
to the indicated side by setting the reference point such that the reference point is the same

distance from the opposite of the indicated edge and the two neighbour edges but never closer
to the indicated side than the opposite edge, e.g., the object [r]\hbox{Wide text} has reference



56 CHAPTER 1. KERNEL: XY.DOC

point at the x in f¥ide textl but the object [d]\hbox{Wide text} has reference point at the x in
Widetextl Finally, [c] puts the reference point at the center.

3723 \xydefcsname@{shape [r]}{\advance\U@p\D@c \centerobject®

3724 \ifdim\L@c>\D@c

3725 \advance\R@c\LOc \L@c=.5\UGc \advance\L@c.5\D@c \advance\R@c-\L@c \fi
3726 \advance\U@p-\DQc}

3727 \xydefcsname@{shape [1]}{\advance\U@p\DOc \centerobject@

3728 \ifdim\L@c>\D@c

a720  \advance\L@c\R@c \R@c=.5\UGc \advance\R@c.5\D@c \advance\L@c-\R@c \fi
s730 \advance\U@p-\D@c}

3731 \xydefcsname@{shape [u]}{\advance\U@p\D@c \centerobject®

srs2 \ifdim\D@c>\L@c

sr33 \advance\U@c\D@c \D@c=.5\L@c \advance\D@c.5\RQ@c \advance\U@c-\D@c \fi
s73¢  \advance\U@p-\DQc}

3735 \xydefcsname@{shape [d]}{\advance\U@p\D@c \centerobject®

aras \ifdim\D@c>\L@c

arar \advance\D@c\U@c \U@c=.5\L@c \advance\U@c.5\R@c \advance\D@c-\UQc \fi
sr3s \advance\U@p-\D@c}

3739 \xydefcsname@{shape [c]}{\advance\U@p\D@c \centerobject@ \advance\U@p-\DAc}

a7a1 \xydef@\centerobject@{’,
3742 \advance\D@c\U@c \D@c=.5\D@c \U@c=\D@c \advance\L@c\R@c \L@c=.5\L@c \R@c=\L@c}

Note: Extensions can add new (shape) object (modifier)s which are then called (style)s. These
will always be either of the form [(keyword)] or [(character) (argument)]. Some of these (style)s
do other things than set the edge of the object.

A “simple shape” is just a control sequence \shape [(shape)] setting the appropriate edge. When
such a [(shape)] modifier is encountered then we expand this control sequence onto the modifier
queue, unless a control sequence \style [(shape)] exists: then that is expected to do it (and
whatever else is required).

3759 \xydef@\OBJECT@shape#1{\DN@{shape [#1]}%

s7e0 \expandafter\let\expandafter\nextii@\csname\codeof\next@\endcsname
s7e1  \ifx\nextii@\relax\DN@{style [#1]1}%

srze2  \expandafter\let\expandafter\nextii@\csname\codeof\next@\endcsname
3763 \ifx\nextii@\relax \DN@{\OBJECT@shapei [#1]}%

s7ze4  \else\DN@{\nextii@\xyFN@\OBJECT@}\fi

3765 \else \expandafter\addtotoks@\expandafter{\nextii@},

ares  \DN@{\xyFN@\OBJECT®}Y

3767 \fi \next@}

3769 \xydefcsname@{shape []}{\the\Edge@c5\relaxl}¥

sr70 \xydefcsname@{shape [Outer]}{\the\Edge@c5\relax}

3771 \xydefcsname@{shape [Inner]}{\the\Edge@c4\relax}y,

3772 \xydefcsname@{shape [0]3}{\Edge@c={\circleEdge}\the\Edge@c5\relax
3773 \Edge@c={\circleEdge}\def\prevEdge@@{\circleEdge}}

774 \xydefcsname@{shape [.]}{\czeroEdge@}

Add more simple shapes by defining more commands like these and proceed with coding the
\...Edge command as described in §1.8.2.

Alternatively it is a “complex shape” of which none are defined in the kernel but some options like
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more variation. .. It is characterised by its first token and the rest of the contents of the [1s is the
argument (remember: no {}[]1 characters!); it is searched for as control sequence \ [(shape). . .]
overridden in the same way by \*stylechar@(shape)@.

\def\OBJECT@shapei [#1#2] {\DN@{shape [#1...]1}%
\expandafter\let\expandafter\next\csname\codeof\next@\endcsname
\ifx\next\relax\DN@{*stylechar@#1@3}/,

\expandafter\let\expandafter\next\csname\codeof\next@\endcsname
\ifx\next\relax\DNii@{shape [#1#2]1}%
\xywarning@{illegal [<shape>] ignored: \codeof\nextii@\space not defined},
\DN@{\xyFN@\OBJECT®@}’,

\else), Delete this: \expandafter\addtotoks@\expandafter{\next{#2}}/,
\DN@{\next{#2}\xyFN@\OBJECT@}

\fi

\else

\expandafter\addtotoks@\expandafter{\next{#2}}\DN@{\next{#2}\xyFN@\OBJECT®@}
\fi \next@}

Bug: The above is messy!

1.4k. While typesetting an object, some of the properties are considered part of the ‘current object

style’. Initially this means nothing but some of the (style)s defined by extensions have this status,
e.g., colours [red], [blue] say, using the xycolor extension, or varying the width of lines using
xyline. Such styles are processed left-to-right; for example,

* [red] [green] [=NEW] [blue] {A}

will typeset a blue A and define [NEW] to set the colour to green (all provided that xycolor has
been loaded, of course).

The method of requesting a special effect is via the (shape) modifiers. However the code required
for implementation is quite different. In particular it must allow for the different ways in which
the (driver) may implement the \specials required to activate, and turn off, the effect. Another
difficulty is that the (style) applies also to nested sub-parts of any (object). This means that the
code cannot be wholly delayed until after the (object) has been constructed.

Usually some value has to be stored, so as to be accessible to sub-parts, though the \special
commands cannot be fully constructed until the (object) is completely known and ready to be
\Drop@@ or \Connect@@’ed.

Finally, the overhead in using \special commands can be quite high with some dvi-drivers.
Thus it is not best that every (style) request generate a \special command; indeed two \special
commands, since each style-change also requires a command to revert to the previous style, after
the change is no longer applicable.

Thus, as with (shape)s, all the style-change requests are stored until the (object) is ready to be
\Drop@@’ed. This also helps with getting the sequencing correct when later requests compound
on, or override, earlier requests.

When the (style) requests are processed, after the (object) has been constructed, information of the
form (control-word){(data)} is added to a global list called \preXY@style@. Similar information
is added to another global list \postXY@style®, for the purpose of reverting the style parameters,
within the (driver)-file, to their previous values prior to the current (object).
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Both lists are initially (empty) at the start of an (object). The contents of these lists are processed
when the macros \xypre@Style@@ and \xypost@Style@@ are encountered in the expansion of
\styledboxz@.

\xydef@\preXY@style@{}
\xydef@\postXY@style@{}

\xydef@\resetStyle@{\gdef\preXY0style@{}\gdef\postXY0style@{}}

The (data) contains the code needed to implement the requested style-change, with the particular
(driver) being used.

The (control-word) is a macro whose expansion could be fixed, or could depend upon what other
style-change requests are made for this (object). Its purpose is to decide whether or not the (data)
is actually required. If so, it is added to the token-list \styletoks@ for later use.

Whether the (control-word){(data)} tokens are prepended or appended to the global lists de-
pends upon the nature of the style-change requested. For example, with * [red] [green] (object)
the information \(set-color){(green)} could be appended to \preXY@style®, with \(revert-to-
color){(red)} prepended to \postXY@style®@. Then the dvi-output would set the color to (red)
then (green) and restore it first to (red) then (black).

To Do: A more sophisticated implementation could instead prepend \(set-color){(green)} to
\preXY@style@ and append \(revert-to-color){(red)} to \postXY@style@. Now the first \(set-
color) encountered adds its (data) to \styletoks@ then rebinds \(set-color) to \eat®, to ignore
subsequent occurrences. Similarly \(revert-to-color) is rebound so that only the is restoration to
(black) is retained.

This latter strategy is preferred when the overhead for a \special command is high, within the
(driver)’s output. Indeed the POSTSCRIPT back-end is even more efficient. Since POSTSCRIPT is
itself a programming language, the (data) can be just the POSTSCRIPT code. A single \special
command is sufficient to accommodate all the style-changes for an individual (object). This is
achieved by rebinding \xydoprestyles@@ and \xydopoststyles@@ to include the (data) within
an appropriately prepared \special command.

\xynew@{toks}{\styletoks@}
\xydef@\addtostyletoks@#1{}
\expandafter\styletoks@\expandafter{\the\styletoks@#1}}

The (data) to be used is collected in the token-list \styletoks@. If this is (empty) for an
(object) then the style processing is skipped completely. For safety, in case multiple occurences
of \xypre@Style®@ have somehow slipped into the token stream, these and \xypost@Style@@ are
bound to \relax until the (object) is finished. Indeed \xypost@Style®@@ is always bound to
\relax unless \styletoks@ is non-empty

\xydef@\styledboxz@{/,
b
%\WG{STYLED BOX:1}%
%\We{: PRE={\meaning\xypre@Style@@}}%
b

\xypre@Style@@
A
%{\expandafter\DN@\expandafter{\the\styletoks@}\W@{: STYLTOKS={\codeof\next@}}}/
b

\boxz@
b
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3920 %5\W@{: POST={\meaning\xypost@Style@Q}}Y%

3930 %

3031 \Xypost@StyleQ@Q}

3933 \xydef@\xypre@Style@{\styletoks@={}\saveXyStyle@\preXY@style@
3934 \expandafter\DN@\expandafter{\the\styletoks@l}/,

3035 \ifx\next@\empty \DN@{\let\xypre@Style@@=\relax

3936 \let\xypost@Style@@=\relax \xypre@skipStyle@},

3937 \else

3938 \let\xypre@Style@@=\relax \let\xypost@Style@@=\xypost@Style@
3930 \DN@{\expandafter\xydoprestyles@\expandafter{\the\styletoks@}}/
3920 \fi \next@ }

3912 \xydef@\xypost@Style@{\styletoks@={}\postXY@styleQ
3943 \expandafter\xydopoststyles@\expandafter{\the\styletoks@}%
3044 \let\xypost@Style@@=\relax \let\xypre@Style@@=\xypre@Style@ }

3046 \xydef@\xypre@skipStyle@#1\xypost@Style@@{#1\relax
3947 \let\xypre@Style@@=\xypre@Style@ }

3919 \xydef@\xydoprestyles@@{\literal@}

3950 \xydef@\xydopoststyles@@{\literal@}

3951 \xylet@\xydoprestyles@=\xydoprestyles@Q
3952 \xylet@\xydopoststyles@=\xydopoststylesQ@

Some extensions use the following macros to add style (data) to the global macros. Here code is
added sequentially to \preXY@style@ so that it is acted upon in the order of occurrence (FIFO)
of the (shape) modifiers. Code is added to \postXY@style@ in reverse order (LIFO), so that each
addition to \preXY@style@ can be closed off, if necessary, in correctly nested sequence.

3963 \xydef@\modXYstyle@{’,

3964 \1fx\xy@style@\empty\resetStyle@\fi \checkXyStyle@
3965 \expandafter\expandafter\expandafter\DN@

sse6  \expandafter\expandafter\expandafter{\preXYstyle@@},
3967 \ifx\next@\empty\else\DN@{\modXYstyle@@}\fi \next@ }

3960 \xydef@\modXYstyle@@{’

soro  \DN@##1{\expandafter\def\expandafter\tmp@\expandafter{##1}}J

sor1  \expandafter\next@\expandafter{\preStyle@@l}/,

sor2  \DN@##1{\expandafter\gdef\expandafter\preXY@style@\expandafter{’
so73  \preXY@style@ ##1}}\expandafter\next@\expandafter{\tmp@l}/,

3012 \DN@##1{\expandafter\def\expandafter\tmp@\expandafter{##1}}/

so7s  \expandafter\next@\expandafter{\postStyle@@}’

3076 \DNO##1{\expandafter\gdef\expandafter\postXYO@style@\expandafter{%
3977 \tmp@ ##1}}\expandafter\next@\expandafter{\postXY@style@}}

3979 \xydef@\xyQ@style@{}

3980 \xydef@\checkXyStyle@{\ifx\xy@style@\empty\resetStyle@\fi
3981 \let\xy@style@=\relax}

The \preStyle@ and \postStyle@ temporarily hold style (data). The macro \preXYstyle®@@ is
used to check whether there is any (data) to process. Normally this is just an alias for \preStyle@®@,
but some back-ends may use the two control-names differently.

3900 \xydef@\preStyle@e{}



60 CHAPTER 1. KERNEL: XY.DOC

3001 \xydef@\postStyle@a{}
3992 \xydef@\preXYstyle@@{\relax}

3994 \xydef@\loadxystyle@{’
3995 \let\xypre@Style@0=\xypre@Style@ \def\preXYstyle@@{\preStyle@@}}

3997 \loadxystyle@

Initially styles are activated but can be suppressed using \Unloadstyle®.

1004 \xydef@\Unloadstyle@{/
1005 \let\xypre@Style@@=\relax \let\xypost@Style@@=\relax
s006 \def\preXYstyle@@{\relax}}

Global macros are used, so that the same styles can be reused by successive objects without having
to re-interpret (shape) modifiers, as described next.

Saving styles: Once specified for an (object), the collection of (style)s can be assigned a name,
using [=(word)]. Then [(word)] becomes a new (style), suitable for use with the same or other
(objects)s. Use a single (word) built from ordinary letters. If [(word)] already had meaning the
new definition will still be imposed, but the following type of warning will be issued:

Xy-pic Warning: Redefining style [(word)]

The latter warning will appear if the definition occurs within an \xymatrix. This is perfectly
normal, being a consequence of the way that the matrix code is handled. Similarly the message
may appear several times if the style definition is made within an \ar.

The following illustrates how to avoid these messages by defining the style without typesetting
anything.

\setbox0=\hbox{%
\xy\drop [OrangeRed] [=A] {}\endxy}

Note 1: The current colour is regarded as part of the style for this purpose.

Note 2: Such namings are global in scope. They are intended to allow a consistent style to be
easily maintained between various pictures and diagrams within the same document.

1050 \xydefcsname@{shape [=...]}#1{\checkXyStyle@ \addtotoks@{\xynamestyle@{#1}}}

1052 \xydef@\xynamestyle@#1{\checkXyStyle®

1053 \expandafter\DNii@\expandafter{\csname shape [#1]\endcsnamel}

1052 \expandafter\ifx\nextii@\relax %/\\xywarning@{Defining new style [#1]}}
1055 \else\xywarning@{Redefining style [#1]}\fi

1056 \expandafter\xynamestyle@0\csname shape [#1]\endcsname }

1058 \xydef@\xynamestyle@@#1{},

1059 \expandafter\def\expandafter\tmp@\expandafter{\preXY@style@}’
1060 \DN@##1{\def\tmp@{\checkXyStyle@\gdef\preXY@styleC{##1}}}%
1061 \expandafter\next@\expandafter{\preXY@style@}/

a062  \DN@##1{\expandafter\gdef\expandafter#l\expandafter{\tmp@

1063 \gdef\postXYO@style@{##1}}1}7

1064 \expandafter\next@\expandafter{\postXY@style@}\DN@{}}

If the same (style) is intended for several (object)s occurring in succession, the [|*] (modifier) can
be used on the later (object)s. This only works when [|*] precedes any other (style) modifiers; it
is local in scope, recovering the last (style)s used at the same level of TEX grouping.
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1074 \xydef@\prevXypreStyle@e{}
1075 \xydef@\prevXypostStyle@o{}

1077 \xydef@\saveXyStyle@{\expandafter

107s \def\expandafter\prevXypreStyle@@\expandafter{\preXY@style@}%
1079 \expandafter\def\expandafter\prevXypostStyle@@\expandafter{’,
4080  \postXY@style@}}

1082 \xydef@\recoverXyStyle@{\expandafter

1083 \gdef\expandafter\preXY@style@\expandafter{\prevXypreStyle0@}y,
1084 \expandafter\gdef\expandafter\postXY@style@\expandafter{’

1085  \prevXypostStyle@Q@}}

Defining new effects Allow new effects to be declared and a default action provided. The
name is constructed from #1 and the action to be taken is passed as #2. If #3 is non-empty then
overwrite any existing definition for a control sequence of the same name.

1008 \xydef@\newxystyle#1#2#3{J,

1099 \DN@{#3}\ifx\next@\empty

a0 \xydefcsname@{shape [#1]}{\csname xyshape@#1@\endcsname},
1101 \else \expandafter\def\csname shape [#1]\endcsname{’,

1102 \csname xyshape@#1@\endcsname}\fi

4103 \DN@{#2}\ifx\next@\empty

4104 \expandafter\def\csname xyshape@#1@\endcsname{’

4105 \xyundefinedStyle@{#1}{}0@}%

4106 \else \expandafter\def\csname xyshape@#1@\endcsname{#2}\fi}

1108 \xydef@\xyundefinedStylee#1#200{Y
1100 \xywarning@{style #1 not defined, nothing to apply}}

Support for a new (style) takes the following form, in which \thestyle®@ expands to the cur-
rent value of the (style) information to be maintained. If this is kept in a (count) or (dimen)
register, named \xystyle@ say, then replace \thestyle@ by \the\style@. (However due to the
large number of (dimen)s already allocated, it is preferable to keep a text form of the value in
\thestyle@.)

\xyshape@stylechange@{\modifystyle@{<how>}}
\xydef@\modifystyle@#1{\checkXyStyle@
\edef\prevstyle@{\thestyle@}\modifystyle@a{#1}%
\let\prestyle@=\prestyle@@ \let\poststyle@=\poststyleQQ
\applystyle@\prestyle@{\thestyle@}\poststyle@{\prevstyle@}}
\xydef@\resetstyle@o#1{\def\thestyle@{#1}\outputstyle@{#1}}
\xydef@\outputstyle@#i{\transformstyle@{#1}%
\expandafter\stylespecial@\expandafter{\next@}}
\xylet@\transformstyle@@=\DNG@
\xylet@\transformstyle@=\transformstyle@@

In the above the macros \modifystyle@@ and \stylespecial@ are adapted to the particular
(style) information, see below. Typically (how) is actual TEX code and \modifystyle@@ is simply
\literal@ to execute this code. Typesetting is done by \stylespecial@#1 which is typically of
the form \special{(key) #1}.

The \transformstyle@ is required in case a dvi-(driver) needs information in a form that is dif-
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ferent to how Xy-pic maintains it in \thestyle®@. A (driver) file should define \(driver)@style@@ to
perform the transformation and place its result in \next@. Install this macro using \let\transformstyle®@=\(driver)
within the (driver) installation macro.

Next we discuss \applystyle®; which uses \prestyle®, \prestyle@@, \poststyle@ and \poststyleQa.
There are two strategies here, affecting how much information is placed into the dvi-file, indicated

by the alternative expansions given above. The appropriateness for a given style must be decided

by the author of the style-option.

Suppose several modifications are made to a particular style parameter. We must build a list of
commands \prestyle@{(value)}, to be executed later, which will recover the required value. Also
we build a list of commands \poststyle@{(value)} to reset to the previous value.

In most cases it is only the result of the modifications that need be placed into the dvi-file. Since
we do not know how many, if any, more modifications follow we could store each new result after
the previous, so that its effect will override the previous value. This is building a FIFO list for the
\prestyle@ commands, with a FILO list for the \poststyle@ commands:

1172 \xydef@\applyFIFOstyle@#1#2#3#4{\bgroup

a3 \styletoks@={\egroup\gdef\preXY@style@}/

w174 \expandafter\toks@\expandafter{\preXY@style®@}’,

4175 \expandafter\addtotoks@\expandafter{\expandafter#1l\expandafter{#23}}/
w176 \expandafter\addtostyletoks@\expandafter{\expandafter{\the\toks@l}}
a7 \gdef\postXY@style@l}/,

a1i7s \expandafter\toks@\expandafter{\expandafter#3\expandafter{#4}}J

a7 \expandafter\addtotoks@\expandafter{\postXY@style@},

a1s0  \expandafter\addtostyletoks@\expandafter{\expandafter{\the\toks@}}/,
4131 \the\styletoks@ }

Use this via: \applyLIFOstyle@\prestyle@{\thestyle@}\poststyle@{\prevstyle@}.
With this method each modification places two entries into the dvi-file; there is no need for separate
\prestyle@ and \prestyle@@ macros.

Perhaps a more efficient strategy is to build a LIFO list for the \prestyle@ commands. This
way the required value is encountered first. This first instance should then cancel all subsequent
instances of \prestyle@. This is where the need comes for a \prestyle@@. Accompanying this is a
FIFO list for the \poststyle@ commands, with a corresponding \poststyle@@ to kill subsequent
instances:

4200 \xydef@\applyLIFOstyle@#1#2#3#4{\bgroup

4200 \styletoks@={\egroup\gdef\preXY@style@l}y

4202 \expandafter\toks@\expandafter{\expandafter#l\expandafter{#2}}/

4203 \expandafter\addtotoks@\expandafter{\preXY@style@}J

1204 \expandafter\addtostyletoks@\expandafter{\expandafter{\the\toks@}
4205 \gdef\postXY@style@l}}

1206 \expandafter\toks@\expandafter{\postXY@style@}’

1207 \expandafter\addtotoks@\expandafter{\expandafter#3\expandafter{#4}}J
1208  \expandafter\addtostyletoks@\expandafter{\expandafter{\the\toks@}}/
1200 \the\styletoks@ }

Use this via: \applyLIFOstyle@\prestyle@{\thestyle@}\poststyle@{\prevstyle@}.
The advantage here is that only two pieces of data need be output to the dvi-file, no matter how
many modifications are requested.
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1.41. Setting the current direction is simply pretending for the typesetting of the object (and the
following (modifier)s) that some connection set it — the (empty) case just inherits the previous
direction.

The code just calls the general (direction) parser below:

1233 \xydef@\OBJECT@direction{\afterDIRECTIONorEMPTY{’

a23¢ \edef\next@{{\DirectionfromtheDirection@}}\expandafter\addtotoks@\next@
4235 \xyFN@\OBJECT@}%

1236 {\xyFN@\OBJECT@}}

Here is the (direction) parser: first the parts parsing the (diag) part then the parts parsing the
(trailer) part:

4243 \xydef@\afterDIRECTIONorEMPTY#1#2{

1244 \DN@##1{\def\afterDIRECTION@{\def\afterDIRECTIONQ{##1}%
4205 \1fDIRECTIONempty@\DN@{#2}\else\DNC{#1}\fi \next@}}%
1216 \expandafter\next@\expandafter{\afterDIRECTION@}

4247 \xyFNO\DIRECTIONG}

4249 \xylet@\afterDIRECTION@=\empty
4250 \xynew@{if}\ifDIRECTIONempty®@

4252 \xydef@\DIRECTIONG{Y

4253 \ifx \space@\next \expandafter\DN@\space{\xyFN@\DIRECTION®@}},gobble spaces
12514 \else\ifx v\next \DN@ v{\DIRECTIONGv}/,

4255 \else\ifx \bgroup\next \let\next@=\DIRECTION@group

a256 \else\ifx (\next \DN@({\xyFN@\DIRECTIONQopenl}?))

4257 \else

4258 \DN@{\count@=8 Y

4259 \afterDIAG{\ifnum\count@=8 \DN@{\DIRECTIONempty@true \xyFN@\DIRECTION®@il}}
4260 \else \DN@{\xy@@{\dimen®=\xydashl@}\Directionfromdiag@}\fi \next@}}%

4261 \fi\fi\fi\fi \next@}

4263 \xydef@\DIRECTION@open{’

a26a \1fx *\next \DN@x##1*){\DIRECTIONG@group{##1}1}/

1265 \else \DN@{\xyerror@{(* <pos> *) expected}{} \xyFN@\DIRECTION®@i}%
1266 \fi \next@}

Diagonal directions. It is particularly easy to set (diag)onal directions:

u
ul = 1u ur = ru
dl =1d dr = rd

d
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More to the point, (diag)onals are stored internally as

Expanding \afterDIAG{(stuff)}(diag) will result in \count@ being set to the (diag) code (not
changed in case the (diag) is (empty)) before expanding (stuff).

307 \def\afterDIAG#1{\def\afterDIAG@{#1}\xyFN@\DIAGQ}

4300 \xydef@\DIAGQ{%

4310 \ifx d\next \DN@ d{\count@=1 \xyFN@\DIAGQQl}’

4311 \else\ifx r\next \DN@ r{\count@=3 \xyFN@\DIAGQQ}Y
1312 \else\ifx u\next \DN@ u{\count@=5 \xyFN@\DIAG@Q}Y
4313 \else\ifx 1\next \DN@ 1{\count@=7 \xyFN@\DIAGQQ}Y
1314 \else \let\next@=\afterDIAGQ

4315 \fi\fi\fi\fi \next@}

4317 \xydef@\DIAGQQ@{\ifcase\count@ \or

4318 %\count@=1 3 5 7

4319 \DIAG@@Q@ 10r2\or\or \DIAG@@@ d2u4\or\or \DIAG@@Q@ r4l6\or\or \DIAG@QQ@ u6d0
1320 \else\xybug@{impossible <diag> number}\fi

4321 \next@}

1323 \xydefO\DIAGOOQ# 1 #2#3#4{%

4324 \ifx #1\next \count@=#2\DNe#1{\afterDIAGQ}J,

4325 \else \ifx #3\next \count@=#4\DN@#3{\afterDIAG@}}
1326 \else \let\next@=\afterDIAG@ \fi\fi}

The action in case of a (diag) is simply to pick the right direction setup routine according to the
encoding, getting the (diag) from \count@ and the length of the d vector from \dimena@:

334 \xydef@\Directionfromdiag@{\ifcase\count®@

4335 \xy@0{\d1Direction@\dimen®@}

azs6  \or \xy@@{\dDirection@\dimen®@},

4337 \or \xy@@{\drDirection@\dimen®@},

4338 \or \xy@@{\rDirection@\dimen@l}}

4339 \or \xy@@{\urDirection@\dimen®@}/,

4340 \or \xy@@{\uDirection@\dimen@}/,

a3a1 \or \xy@@{\ulDirection@\dimen®@}/,

a3a2 \or \xy@@{\1lDirection@\dimen@}},

4343 \or % 8 is legal and means change nothing
1314 \else\xybug@{impossible <diag>}\fi

1315 \DIRECTIONempty@false \xyFN@\DIRECTIONQi}

Vector directions. Alternatively v(vector) sets the direction as if the connection from 0 to the
(vector) had been typeset except that the origin is assumed zero such that directions v(z,y) mean
the natural thing, i.e., is the direction of the connection from (0,0) to (x,y).
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The action for a v reads a (vector) and sets the direction accordingly using some expansion hackery
to propagate it out. The origin is cleared locally to make v(x,y) behave as it should.

4366 \xydef@\DIRECTION@v{%

1367 \xy@{v}{\enter@{\cfromthec@ \XQ@origin=\the\X@origin \Y@origin=\the\Y@origin
4368 \X@p=\the\XCp \Y@p=\the\Y@pl/,

1369 \X@origin=\z@ \YQorigin=\z@}},

4370 \afterVECTORorEMPTY

asm1 {\xy@e{\X@p=\z@ \YOp=\z@ \setupDirection@ \leave®@}},

72 \DIRECTIONempty@false \xyFN@\DIRECTION®Qi}Y

w13 {\xy@@\leave®@ \xyerror@{<vector> expected after v}{}/

st \DIRECTIONempty@false \xyFNO\DIRECTIONQi}}

Complex direction. In case the direction is not as simple, you can construct { (pos) (decor) }
that sets up p and c such that pc has the desired direction. Note: that you must use the (*...*)
form if this is to appear in an object (modifier)!

The code for this is rather like the one for (vector)s.

4301 \xydef @\DIRECTIONQgroup#1{%

4392 \xy0@@{\begingroup}\xy@Qix@{#1}\xy@0{\plainxy@\expandafter\POS\the\toks9\relax
4303 \setupDirection@\edef\next@{\endgroup \DirectionfromtheDirection@}\next@l}y,
4394 \DIRECTIONempty@false \xyFN@\DIRECTION®@i}

Exercise 1.12: What effect is achieved by using (modifier)s v/1pc/ and v/-1pc/? (p.576)

1.4m. Once the initial direction is established as either the last one or an absolute one then the
remainder of the (direction) is interpreted.

Adding a single ~ or _ denotes the result of rotating the default direction a right angle in the
positive and negative direction, i.e., anti-/clockwise, respectively. Note: Do not use =~ but only
__ to reverse the direction!

A trailing : (vector) is like v(vector) but uses the (direction) to set up a standard square base such
that : (0,1) and :(0,-1) mean the same as :a(90) and :a(-90) and as "~ and _, respectively.

4424 \xydef Q\DIRECTION®i{Y%

425 \ifx "\mnext \DN@ ~{\xy@~{\aboveDirection®@\xydashl@},

4426 \DIRECTIONempty@false \xyFN@\DIRECTION®@i}%

aa27 \else\ifx _\next \DN@ _{\xy@_{\belowDirection®@\xydashl@}},

s2s  \DIRECTIONempty@false \xyFNG@\DIRECTION®i}Y

1120 \else\ifx :\next \DN@ :{J%

aa30  \xy©@{:}{\enter@{\cfromthec@ \basefromthebase@ \X@p=\the\X@p \Y@p=\the\Y@pl}%
1431 \XQorigin=\z@ \YQorigin=\zQ

4432 \X@xbase=\cosDirection\xydashl@ \Y@xbase=\sinDirection\xydashl@
133 \XQybase=-\Y@xbase \Y@ybase=\X@xbasel}

4132 \afterVECTORorEMPTY

4435 {\xy0e{\X@p=\z@ \YOp=\z@ \setupDirection®@ \leave@l}%

4436 \DIRECTIONempty@false \xyFN@\DIRECTION®@i}Y

4437 {\xy@@\leave@ \xyerror@{<vector> expected after :}{}J

1438 \DIRECTIONempty@false \xyFNO@\DIRECTION@il}}%

139 \else
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Syntax Action
(decor) — (command) (decor) either there is a command. ..
| (empty) ...or there isn’t.
(command) — \save (pos) save statel-92, then do (pos)
| \restore restore statel-?? saved by matcing \save
| \POS (pos) interpret (pos)
| \afterP0S { (decor) } (pos) interpret (pos) and then perform (decor)
| \drop (object) drop (object) as the (pos) * operation
| \connect (object) connect with (object) as the (pos) ** operation
| \relax do nothing
| (TEX commands) any TEX commands!-®P and user-defined macros

that neither generates output (watch out for stray
spaces!), nor changes the grouping, may be used
\xyverbose | \xytracing | \xyquiet tracing!->® commands
\xyignore {(pos) (decor)?} ignore!-*d Xyzcode
\xycompile {(pos) (decor)} compile!-9¢ to file (prefix)(no).xyc
\xycompileto{(name)}{(pos)(decor)} compilel-%¢ to file (name).xyc

Figure 1.6: (decor)ations.

4420  \let\next@=\afterDIRECTION®
a4a1 \fi\fi\fi \next@}

Exercise 1.13: What effect is achieved by using (modifier)s v/1pc/:(1,0) and v/-1pc/__7
(p.576)

1.5 Decorations

164 \message{decorations;}

(Decor)ations are actual TEX macros that decorate the current picture in manners that depend on
the state. They are allowed after the (pos)ition either of the outer \xy...\endxy or inside {...}. The
possibilities are given in figure 1.6 with notes below.

Most options add to the available (decor), in particular the v2 option loads many more since Xy-pic
versions prior to 2.7 provided most features as (decor).

Simple decorations: \P0S and \afterP0S have already been defined; the following are just simple
applications of previously defined commands:

asa1 \xydef@\drop#1#{\DNe##1{\xy0eixe{{#1}{##1}3}%
w52 \xy@{\drop#1{##1}}{\expandafter\drop@\the\toks9 }\ignorespaces}\next@}

4514 \xydef@\connect#1#{\DNO##1{\xyQQixQ{{#1-{##1}}%
4545 \xy@{\connect#1{##1}}{\expandafter\connect@\the\toks9 }\ignorespaces}\next@}

4517 \xydef@\preconnect#1#{\DNO##1{\xyCQix@{{#1}{##1}}7
4518 \xy@{\connect#1{##1}}{\expandafter\preconnect@\the\toks9 }\ignorespaces}\next@}
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Notes

1.5a. Saving and restoring allows ‘excursions’ where lots of things are added to the picture without

4586

affecting the resulting Xy~pic state, i.e., ¢, p, and base, and without requiring matching {}s. The
independence of {} is particularly useful in conjunction with the \afterP0S command, for example,
the definition

\def\ToP0S{\save\afterP0S{/
\POS**{}7>%@2{>}**@{-}\restore};p,}

will cause the code \ToPOS(pos) to construct a double-shafted arrow from the current object to
the (pos) (computed relative to it) such that \xy *{A} \ToPOS +<10mm,2mm>\endxy will typeset
the picture 4— .

Note: Saving this way in fact uses the same state as the {} ‘grouping’, so the code p;, {p2\save},
... {f\restore} will have ¢ = p; both at the ... and at the end!

\xydef@\save{\relax\saveC}

4587 \xydef@\saveC{\xy@\save\save@ \POS}

4589

4591

\xydef@\save@{\enter@{\cfromthec® \pfromthep@ \basefromthebase@}}
\xydef@\restore{\xy0\restore\leave@ \ignorespaces}

1.5b. One very tempting kind of TEX commands to perform as (decor) is arithmetic operations on

the Xy-pic state. This will work in simple Xy~pictures as described here but be warned: it is not
portable because all Xy-pic execution is indirect, and this is used by several options in nontrivial
ways. Check the TgX-nical documentation [17] for details about this!

Macros that expand to (decor) will always do the same, though.

TEX hackers like the author may enjoy changing the Xy-pic state directly using (decor) of the form
\xy@{(id)}{(code)}. ..

1.5¢c. \xyecho will turn on echoing of all interpreted Xy-pic (pos) characters. Bug: Not completely

4629

4630

4632

4633

4635

4636

implemented yet. \xyverbose will switch on a tracing of all Xy-pic commands executed, with line
numbers. \xytracing traces even more: the entire Xy-pic state is printed after each modification.
\xyquiet restores default quiet operation.

The trick is to replace the \xy@ command such that it calls the ‘normal’ one between writing out
a trace message and the state.

\xydef@\xyecho{/

\xy@\xyecho{\let\xy@=\xyecho@ \message{\string\xyecho}}\P0OS}
\xydef@\xyecho@#1#2{{\def\1{#1}\ifx\1\empty\else\message{\codeof\1}\fi}},
\oxy@{#1}{#2}}

\xydef@\xyverbose{’,
\xy@\xyverbose{\let\xy0@=\xyverbose@

a637 \W@{Xy: \string\xyverbose\xytracelineno@}}\POS}

4639

4640

4641

4643

\xydef@\xyverbose@#1#2{/
{\def\1{#13\ifx\1\empty\else\WO@{Xy: \codeof\1l\xytracelineno@}\fil}%
\oxy©@{#1}{#2}}

\xydef@\xytracing{¥%

a614 \xy@\xytracing{\let\xy0=\xytracing@
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4645

4647

4648

4650
4651
4652
4653
4654
4655

4656

4658
4659
4660
4661
4662

4663

4665
4666

4667

4669

CHAPTER 1. KERNEL: XY.DOC

\We{Xy TRACE: \string\xytracing\xytracelineno@}\xystatus@:}\POS}

\xydef@\xytracing@#1#2{{\def\1{#1}\def\2{#2}%
\W@{Xy TRACE: \codeof\1l {\codeof\2}\xytracelineno@}}\oxy@{#1}{#2}\xystatus@:}

\xydef@\xystatus@#1{\xystatusQ@cp{#1}%
\We{#1 d=<\the\doX,\the\deoy>
Direction=\the\Direction=\string(\cosDirection,\sinDirection\string)}/,
\We{#1 base=<\the\X@origin,\the\YQ@origin>+j,
<\the\X@xbase, \the\Y@xbase>x+<\the\X@ybase, \the\Y@ybase>y}%
\We{#1 min/max=<\the\X@min,\the\YOmin>/<\the\X@max, \the\YOmax>
S=\the\csp@}}

\xydef@\xystatus@cp#1{/,

\We{#1 c=<\the\X@c,\the\Y@c> \expandafter\string\the\EdgeQc
\string[\the\L@c+\the\RQc,\the\D@c+\the\UQc\string]
\ifInvisible@ I\fi\ifHidden@ H\fil}}

\We{#1 p=<\the\X@p,\the\Y@p> \expandafter\string\the\Edge@p
\string[\the\L@p+\the\R@p, \the\D@p+\the\U@p\string] }}

\xydef@\xystatus@c#1{Y
\We{#1<\the\X@c, \the\Y0c> \expandafter\string\the\Edge@c
\string[\the\L@c+\the\RQc, \the\D@c+\the\UQc\string] }}

\xydef@\xyquiet{\xyQ@\xyquiet{\let\xy0@=\oxy@}}

1.5d. Ignoring means that the (pos) (decor) is still parsed the usual way but nothing is typeset and

4685

4687

4689

the Xy=-pic state is not changed.

We ignore in a group to ensure that nothing done inside ‘leaks’ to the outside.
\xydef@\xyignore#1{\xy@\xyignore{\xyignore@{#1}}\ignorespaces}
\xydef@\xyignore@#1{{\let\xy@=\xyeat@ \change@oxy@\xy@ \POS#1\relax}}
\xydef@\xyeat@#1#2{}

1.5e. It is possible to save an intermediate form of commands that generate parts of an Xy-picture

to a file such that subsequent typesetting of those parts is significantly faster: this is called
compiling. The produced file contains code to check that the compiled code still corresponds to
the same (pos)(decor) as well as efficient Xy-code to redo it; if the (pos)(decor) has changed then
the compilation is redone.

There are two ways to use this. The direct is to invent a (name) for each diagram and then embrace
it in \xycompileto{(name)}|{...} — this dumps the compiled code into the file (name).xyc.

When many diagrams are compiled then it is easier to add \xycompile{. ..} around the (pos)(decor)
to be compiled. This will assign file names numbered consecutively with a (prefix) which is initially
the expansion of \ jobname- but may be set with

\CompilePrefix{(prefix)}

This has the disadvantage, however, that if additional compiled Xy-pictures are inserted then all
subsequent pictures will have to be recompiled. One particular situation is provided, though: when
used within constructions that typeset their contents more than once (such as most ApMS-IMTEX
equation constructs) then the declaration

\CompileFixPoint{(id)}
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can be used inside the environment to fix the counter to have the same value at every passage.

It is done by just writing all \xy@-commands to the file. The file establishes the correct input
mode through use of the appropriate commands itself.

ara1 \xydef@\xycompile@@{\jobname-}
4712 \xydef@\xycompileno@@{0}

4742 \xydef@\CompilePrefix#1{},
4745 \def\xycompile@@{#1}\xdef\xycompile@@{\codeof\xycompile@@l}}
4746 \xdef\xycompileno@@{0}}

4718 \xydef@\xycompile{%

4729 \count@=\xycompileno@®@ \advance\count@\@ne

ars0  \xdef\xycompileno@@{\ifnum10>\count@ O\fi \the\count®@}%

ar51 \edef\next{\noexpand\xycompileto{\xycompile@@\xycompileno®@@}}\next}

4753 \xylet@\compilename@@=\empty
4754 \xylet@\xyrecompile@@=\relax

4756 \xydef@\xycompileto#1#2{%

ars7 \1f\inxy@ \DN@{\xy@@{\nter@{}}}%

arss \else \DN@{\xy \xy@@{\nter@{\endxy}}}\fi \next@

4159 \ifxysaving@ \xyerror@{Compilations can not be nested}{}\fi
a760 \DN@{#1}\edef\compilename@@{\codeof\next@}\DNii@{#2}%

are1  \def\xyrecompile@@{recompiling TRUNCATED},

a6z \expandafter\xyinputorelse@@\expandafter{\compilename@@.xyc}%
a76s {\def\xyrecompile@@{compiling to}}%

a76a  \ifx\xyrecompile@@\relax \else \expandafter\xyrecompile@ \fi
4765 \xy@@\leave®@ \ignorespaces}

Recompilation is done by just writing all \xy@-commands to the file. The file establishes the
correct input mode and terminates itself; after it has been finished it is simply reread to actually
get the drawing done in the document.

772 \xydef@\xyrecompile@{’

a7 \message{(\xyrecompile@@\space\string‘\compilename®@.xyc\string’}%
arre \DN@{\immediate\openout\xywrite@=}\expandafter\next@\compilename@Q.xyc
arr7 \immediate\write\xywrite@{’

arrs - \string\xycompiled{\compilename@@}%

4779 {\the\year/\the\month/\the\day\string:\the\time\xytracelineno@}/,
arso {Xy-pic \xyversion}\xycomment@}7,

471 \immediate\write\xywrite@{{\codeof\nextii@}\relax}%

ars2 {\xysaving@ \expandafter\POS\nextii@ \relax}/,

4783 \immediate\write\xywrite@{\string\xyendcompiled}’

4734 \immediate\closeout\xywrite@ \message{done)}’

ars5 \expandafter\input\compilename®@.xyc

4186 \outlines@@\writeoutline@\writeoutline@}

a7ss \xydef@\xysaving@{\let\xy0@=\xysave@ \change@oxy@\xyQ
arso \let\xy@Q@ix@=\xysave@Q@toksix@ \xysaving@true}

4791 \xynew@{if}\ifxysaving@ \xysaving@false

4703 \xydef@\xysave@#1#2{{\DNC{{#1}{#2}}/
a794  \immediate\write\xywrite@{\string\xy@\codeof\next@\xycomment@}}}
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4796

4797

4799

4800

4815
4816
4817
4818
4819
4820
4821
4822

4823

4825

4831
4832
4833
4834

4835

4870

4871
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\xydef@\xysave@0toksix@#1{{\DNO{{#1}}%
\immediate\write\xywrite@{\string\xy@@ix@\codeof\next@\relax}}}

\xywarnifdefined\xycomment@
{\catcode‘\%=12 \catcode‘\ (=1 \catcode‘\)=2 \gdef\xycomment@ (%)}

Hack1: The \ifxysaving@ can never be locally switched off! Anyway it is used to allow a gross
hack avoiding building a queue in the matrix option that will generate too long lines!!

Hack2: \xysave@@toksix@ is not doing the catcode jive because it can never be invoked while
loading a file (knock, knock © ).

The initial command in all .xyc files check that this is the right file and that neither the version
of Xy-pic nor the user’s code has changed:

\xydef@\xycompiled#1#2#3#4{\DNQ{#1}\edef\next@{\codeof\next@}
\ifx\next@\compilename@@\else
\xywarning@{This file does not contain the result of
\string\xycompileto{\compilename@@}{...}""J%
but of \string\xycompileto{\next@}}\fi
\edef\next{Xy-pic \xyversion}\DN@{#3}\ifx\next\next@
\DN@{#4}\ifx\next@\nextii@ \xycatcodes \outlines@@\relax\readoutline®
\else \def\xyrecompile@@{recompiling tol}\endinput \fi
\else \def\xyrecompile@@{Xy-pic version change - recompiling}\endinput \fi}

\xydef@\xyendcompiled{\let\xyrecompile@@=\relax \xyuncatcodes\endinput}

Finally the fix-point thing.

\xydef@\CompileFixPoint#1{}
\expandafter\ifx\csname#1FIX@0\endcsname\relax
\expandafter\xdef\csname#1FIX00\endcsname{\xycompileno@@}
\else
\xdef\xycompileno@@{\csname#1FIX@Q\endcsname}\fi}

Finally, when many ‘administrative typesetting runs’ are needed, e.g., readjusting KTEX cross
references and such, then it may be an advantage to not typeset any Xy-pictures at all during
the intermediate runs. This is supported by the following declarations which for each compilation
creates a special file with the extension .xyd containing just the size of the picture:

\MakeOutlines
\OnlyOutlines
\ShowOutlines
\NoOutlines

The first does no more. The second uses the file to typesets a dotted frame of the appropriate
size instead of the picture (unless the picture has changed and is recompiled, then it is typeset as
always and the .xyd file is recreated for subsequent runs). The third shows the outlines as dotted
rectangles. The last switches outline processing completely off.

The implementation is all handled by \outlines@@ which is called at strategic places in the
compilation macros above. It just expands to nothing when the state is ‘No’, the first argument
when it is ‘Make’, and the second when it is ‘Only’.

\xydef@\outlines@no#1#2{}
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as72 \xydef@\outlines@make#1#2{#1}
as73 \xydef@\outlinesQonly#1#2{#2}

4875 \xylet@\outlines@@=\outlines@no
4876 \xylet@\writeoutline@@=\relax
as77 \xylet@\readoutline@@=\relax

1879 \xydef@\MakeOutlines{\let\outlines@@=\outlines@make}

831 \xydef@\OnlyOutlines{\xywarning@{Compiled pictures only shown as outlinesl}
ass2 \let\outlines@@=\outlines@only}

ass4 \xydef@\ShowOutlines{\let\readoutline@@=\typesetoutline@}
ass6 \xydef@\NoOutlines{\let\outlines@@=\outlines@no}

asss \xydef@\writeoutline@{’,

4ss0  \DN@{\immediate\openout\xywrite@=}\expandafter\next@\compilename®@@.xyd
aso0  \immediate\write\xywrite@{\xycomment@\space\compilename@@.xyd}

491 \immediate\write\xywrite@{%

492 \string\XOmin=\the\X@min \string\X@max=\the\X@max

4803 \string\Y@min=\the\Y@min \string\Y@max=\the\Y@max \string\relaxl}

4894 \writeoutline@Q@

405 \immediate\closeout\xywrite@}

4s97 \xynew@{if}\ifoutlineread®

1809 \xydef@\readoutline@{\outlineread®@true

4900 \expandafter\xyinputorelse@@\expandafter{\compilename@@.xyd}%

1901 {\def\xyrecompile@@{outline missing - recompiling to}\outlineread@falsel},
4902 \ifoutlineread®@ \readoutline®@@

1903 \writeoutline®@\expandafter\xyendcompiled\fi}

1905 \xydef@\typesetoutline@{’,

1906 \xyQ@@{\czeroEdge@ \UCp=\z@ \DOp=\z@ \L@p=\z@ \R@p=\z@ \Edge@p={\zeroEdgel’
a907  \X@p=\X@min \Y@p=\Y@min \X@c=\X@min \Y@c=\Y@max \connect@\dir{.}%

1908 \X@p=\X@c \YO@p=\Y@c \X@c=\X@max \Y@c=\YO@max \connect@\dir{.}},

1900 \X@p=\X@c \Y@p=\Y@c \X@c=\X@max \Y@c=\Y@min \connect@\dir{.}J

4910 \X@p=\X@c \YO@p=\Y@c \X@c=\XOmin \YO@c=\Y@min \connect@\dir{.l}}}

1.6 Kernel object library

1925 \message{kernel objects:}

In this section we present the library objects provided with the kernel language—several options add
more library objects. They fall into three types: Most of the kernel objects (including all those usually
used with ** to build connections) are directionals, described in §1.6.1. The remaining kernel library
objects are circles of §1.6.2 and text of §1.6.3.

1.6.1 Directionals

1943 \message{directionals,}
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The kernel provides a selection of directionals: objects that depend on the current direction. They all
take the form

\dir(dir)

to typeset a particular (dir)ectional object. All have the structure

(dir) — (variant){(main)}

with (variant) being (empty) or one of the characters ~_23 and (main) some mnemonic code.

We will classify the directionals primarily intended for building connections as connectors and
those primarily intended for placement at connection ends or as markers as tips.

Figure 1.7 shows all the (dir)ectionals defined by the kernel with notes below; each (main) type
has a line showing the available (variant)s. Notice that only some variants exist for each (dir)—when
a nonexisting variant of a (dir) is requested then the (empty) variant is used silently. Each is shown
in either of the two forms available in each direction as applicable: connecting a () to a O (typeset by
*x\dir(dir)) and as a tip at the end of a dotted connection of the same variant (i.e., typeset by the
(pos) **\dir(variant){.} 7> *\dir(dir)).

As a special case an entire (object) is allowed as a (dir) by starting it with a *: \dir* is equivalent
to \object.

Setup: \dir starts an (object) and passes control to a ‘finisher’ named \dir(variant){(main)} oth-
erwise to the one corresponding to an (empty) (variant). The kernel ones described here have in
common that they make use of the generic \straight@ defined in §1.8.3.

5045 \xydef@\dir{\hbox\bgroup\xyFNe\dir@i}

5047 \xydef@\dir@i{\ifx *\next \DN@*{\resetStyle@\object@}%
so4s  \else \let\next@=\dir@ii \fi \next@}

s0s0 \xydef@\dir@ii#1#{\dire{#1}}

sos2 \xydef@\dir@#1#2{\DNe{dir#1{#2}}Y

5053 \expandafter\let\expandafter\next\csname\codeof\next@\endcsname
sosa  \ifx\next\relax \DN@{dir{#2}}%

5055  \expandafter\let\expandafter\next\csname\codeof\next@\endcsname
5056  \ifx\next\relax \DN@{\dir#1{#2}})

5057 \xyerror@{illegal <dir>: \codeof\next@\space not defined}{}/
5058 \let\next=\no@ \fi\fi \next}

Notes

1.6a. You may use \dir{} for a “dummy” directional object (in fact this is used automatically by
**{}). This is useful for a uniform treatment of connections, e.g., making the ? (pos) able to find
a point on the straight line from p to ¢ without actually typesetting anything.

Uses an empty droppping, the \no@@ connection. All the variants are defined for optimisation
reasons and it is also named \dir{ } to allow spurious spaces:

s0s0 \xydefcsname@{dir{}}{\no@}

5082 \xyletcsnamecsname@{dirO{}}{dir{}}
s0s3 \xyletcsnamecsname@{dir1{}}{dir{}}
5084 \xyletcsnamecsname@{dir " {}}{dir{}}
5085 \xyletcsnamecsname@{dir_{}}{dir{}}
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Dummyl'Ga

\dir{}

Plain connectors!-6P

\dir{-} Q/D \dir2{-} O/j \dir3{-} %{j

\dir{.} o U \dir2{.} OD \dir3{.} o gl

\dir{~} CY//D \dir2{"} Mj \dir3{~} M{Jf#{j

\dir{--} o ] \dir2{--} o A \dir3{--} e 2=

o S A \gireey — A \aira(- o™ ]

Plain tips!-6¢
\dir{>} 7 \dir{>} — \dir.{>} - \dir2{>} 7 \dir3{>} >
\dir{<} \dir~{<} 7 \dir_{<} \dir2{<} < \dir3{<} &
\dir{|} VoN\dir~{l} Yo\dir {1} Vo\dir2{l} \o\dir3{l} \
\dir{(} Co\dir{Q © \dir_{¢ ¢
\dir{)} > \dir~{)} > \dir 0} >
\dir~{‘} S o\dir_{‘} ‘
\dir~{’} © o \dir_{’} >
Constructed tipsl'6d

\dir{>>} #  \dir~{>>} = \dir_{>>} ~  \dir2{>>} > \dir3{>>} >
\dir{<<} “\dir-{<<} < \dir_{<<} =~ \dir2{<<} 4 \Qir3{<<} %
\dir{| |} VoN\dir~{l 1} Vo\air {11} woNdir2{l 1y N \airs{l I} A
\dir{|-} v \dir~{I-} “ \dir_{I-} T \dir2{|-} ¥ \dir3{|-} ®
\dir{>|?} A \dir{>>|} 7 \dir{l<} ¥o\dir{|<<} ¥ \dir{*} .
\dir{+} * \dir{x} * \dir{/2} o \dir{//} I \dir{o} °

Figure 1.7: Kernel library (dir)ectionals
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s0s6 \xyletcsnamecsname@{dir2{}}{dir{}}
5087 \xyletcsnamecsname@{dir3{}}{dir{}}

5089 \xyletcsnamecsname@{dir{ }}{dir{}}

5001 \xydef@\no@{\egroup \czeroEdge@ %\Invisible@false \Hidden@false %%%/AHACK?
5092 \def\Leftness@{.5}\def\Upness@{.5}/,
5003 \def\Drop@@{\setbox\z@=\copy\voidb@x}\def\Connect@@{\no@@}}

1.6b. The plain connectors group contains basic directionals that lend themself to simple connections.

The bulk of the code is in fact in the description of these. First each of the three types—Ilines,
dots, and squiggles—then the code for doubling and tripling.

Lines: A single \dir{-} object is a dash in the current direction: build box with character C' of
the semidirectional \xydashfont; use the characters natural width w and construct a height/depth
from d = |sin(\Direction)| em (where lem is the dash length, c¢f. xydash10.mf) as follows:

C L R D U flipif

0...30 0 w 0 d dY <0
31...63 0 w d 0 dY >0
64...95 0 w d 0 dX <0
96...127 0 w 0 d dX <0

where flip means shift the box opposite vertically and horizontally, i.e., (L, R, D,U) := (R, L,U, D),
and then lower the box D — U.

Procedure: (15142) Compute d, (15143) set D, U, and flip condition, (1.5147) build box to get w, L, R,
(15149) dump box that is flipped if condition holds, and (1s1ss) finally setup the required parameters
properly.

5135 \xydefcsname@{dir1{-}}{\1line@}

5136 \xydefcsname@{dir2{-}}{\1line@ \double@\xydashh@}

5137 \xydefcsname@{dir3{-}}{\1ine@ \triple@\xydashh@}

5138 \xyletcsnamecsname@{dir0{-}}{dir{}}

5139 \xyletcsnamecsname@{dir{-}}{dir1{-}}

5140 \xyletcsnamecsname@{dir{=}}{dir2{-}}

5142 \xydef@\1line@{\dimen@=\sd@Y\sinDirection\xydashl@

5143 \ifnum\SemiDirectionChar<31 \D@c=\z@ \U@c=\dimen@ \DN@{\d@Y<\z@}}

514 \else\ifnum\SemiDirectionChar<64 \D@c=\dimen@ \UQc=\z@ \DN@{\z@<\d@Y}}
5145, \else\ifnum\SemiDirectionChar<96 \D@c=\dimen@ \U@c=\z@ \DN@{\d@X<\z@}}
5146 \else \D@c=\z@ \UGc=\dimen® \DN@{\d@X<\z@}\fi\fi\fi

5147 \setboxz@h{\1line@@}\ht\z@=\UCc \dp\z@=\DCc

s1as \L@c=\z@ \RQ@c=\wdz®@

5149 \ifdim\next@ \dimen@=\R@c \RQc=\L@c \L@c=\dimen@

5150 \dimen@=\U@c \U@c=\D@c \D@c=\dimen@ \advance\dimen®@-\U@c

5151 \lower\dimen®@\boxz@
5152 \else \boxz@ \fi
5153 %

5154 o \ifnum\SemiDirectionChar=31\relax
5155 o \WO@{LINE@(\the\SemiDirectionChar): WH=<\the\L@c+\the\R@c, \the\D@c+\the\UGc>;
5156 Jh d=<\the\d@X, \the\d@Y>}\fi

5157 %
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5158 \edef\tmp@{\egroup \U@c=\the\UGc \DQc=\the\D@c \LOc=\the\L@c \RQ@c=\the\RQ@c}/
5150 \tmp@

si60 \Edge@c={\rectangleEdgel}}%k%%\Invisible@false\Hidden@false

5161 \ifdim\z@<\U@c \def\Upness@{1}\else \def\Upness@{O}\fi

si62 \1fdim\z@<\L@c \def\Leftness@{1}\else \def\Leftness@{0}\fi

5163 \def\Drop@@{\styledboxz@}\def\Connect@@{\so0lid@}}

5165 \xydef@\1line@C{{\xydashfont\SemiDirectionChar\/}}

Bug: \line@ should allow the size of the object to be changed after typesetting—this should
make \Connect@®@ do dashing. Hm.

As mentioned above a dash will ‘Connect’ to make lines by using rules when strictly horizontal or
vertical. This is controlled by enabling or disabling the test \if justhvtest@ discussed below.

5176 \xydef@\solid@{’
5177
5178 % \WQ{SOLID}\xystatus@:%

5179 %

510 \checkXy@rules@\solidhrule@\solidvrule@{\straight@\solidSpread@}}

s182 \xydef@\checkXyQrules@#1#2#3{%

5183 \dimen@=\Y@c \advance\dimen@-\Y@p

518 \if justhvtest@.05pt>\ifdim\dimen@<\z@-\fi\dimen@ \DN@{#1}%
5155 \else \dimen@=\X@c \advance\dimen@-\X@p

5186 \if justhvtest®@.05pt>\ifdim\dimen@<\z@-\fi\dimen®@ \DN@{#2}/,
5187 \else \DN@{#3}\fi\fi \next@}

Finally, we give the algorithm for ‘spreading’ the dashes along a solid line: just add an extra dash
so they always overlap (see §1.8.3 for a proper defintion of the requirements to spreading).

5196 \xydef@\solidSpread@{\ifnum\z@<\count@®@ \advance\count@@\@ne \fi}
By default Xy=pic will typeset horizontal and vertical \dir{-} connections using TEX rules. Un-

fortunately rules is the feature of the DVI format most commonly handled wrong by DVI drivers.
Therefore Xy-pic provides the (decor)ations

\NoRules
\UseRules

that will switch the use of such off and on.
They simply redefine the conditional used to select typesetting with rules in \s01id@ above:
5222 \xylet@\if justhvtest@=\ifdim
5224 \xydef@\NoRules{\let\if justhvtest@=\iffalse}
5225 \xydef@\UseRules{\let\if justhvtest@=\ifdim}
The actual typesetting essentially means calling \drop@ to box with a rule of the appropriate
length and with line width set to that of \xydashfont (as stored in \xydashw@).

5233 \xydef@\solidvrule@{\no@@ \solidvrule®@typeset \ifHidden®@\else\noinsert@\fi
5234 \solidvrule@pre}

5236 \xydef@\solidvrule@pre{’
5237 Jo

5238 % \W@{VRULE SETUP}Y,
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5239 %

5240 \def\Cbreak@e{’

5241 %

5242 % \W@{VRULE Cbreak}/,

5243 %

5244  \connectRestore@ \swap@\lastbreak@@\swapQ@

5245 \solidvrule@typeset \edef\lastbreak@@{\cfromthec@}\Creset@@}/,
5246 \def\Clast@®e{%

5247 %

5248 /o \WOQ{VRULE Clast}Y

5249 %\1let\Clast@@=\undefined

5250 %

5251 \connectRestore@ \Creset@@\swap@\lastbreak@@\swap®

5252 \solidvrule@typeset \Creset@@ \edef\lastbreak@@{\cfromthep@l}}

5253 }

5255 \xydef@\solidvrule@typeset{’

5256 %

5257 % \WG@{VRULE TYPESET}\xystatusQcp:%

5258 %

5259 \ifInvisible@ \let\next@=\relax \else \let\next@=\solidvrule@typeset@ \fi
5200 \checkoverlap@@ \next@}

5262 \xydef@\solidvrule@typeset@{{}

5263 /o

5264 \advance\X@c\X@p \X@c=.5\X@c \X@p=\X@c

5265 \advance\X@c-.5\xydashw@ \advance\X@p.5\xydashw@

5266 %

5267 \1fdim\Y@c<\Y@p \advance\Y@c\UQc \advance\Y@p-\D@p

526 \else \swapdimen@\Y@c\Y@p \advance\YQc\UQp \advance\Y@p-\D@c \fi
5269 %

5270 \Droprule@}}

5272 \xydef@\solidhrule@{\no@@ \solidhrule@typeset \ifHidden@\else\noinsert@\fi
5273 \solidhrule@pre}

5275 \xydef@\solidhrule@pre{’

5276 Y

5277 % \WQ{HRULE SETUP}/,

5278 Jb

5279 \def\Cbreak@@{%

5280 /b

5281 % \WO{HRULE Cbreak}V

5282 %

5283 \connectRestore@ \swap@\lastbreak@@\swap@

5284 \solidhrule@typeset \edef\lastbreak@@{\cfromthec@}\CresetQQ},
5285 \def\Clast@@{%

5286 %

5287 o \WOQ{HRULE Clastl}Y%

5288 %\let\Clast@@=\undefined

5289 /b

5200 \connectRestore@ \Creset@@\swap@\lastbreak@@\swap®
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5201 \solidhrule@typeset \Creset@@ \edef\lastbreak@@{\cfromthep@l}}

5292 }

5204 \xydef@\solidhrule@typeset{’,

5295 %

5296 % \WG{HRULE TYPESET}\xystatusQcp:%

5297 %

5208 \ifInvisible@ \let\next@=\relax \else \let\next@=\solidhrule@typeset@ \fi
5200 \checkoverlap@@ \next@}

5301 \xydef@\solidhrule@typeset@{{’

5302 \1fdim\X@c<\X@p \advance\X@c\RG@c \advance\X@p-\LGp

5303 \else \swapdimen@\X@c\X@p \advance\X@c\R@p \advance\X@p-\L@c \fi
5304 \advance\Y@c\Y@p \Y@c=.5\Y@c \Y@p=\YQ@c

5305 \advance\YQc-.5\xydashw@ \advance\Y@p.5\xydashw@

5306 \Droprule@}}

\Droprule@ puts the actual ink on the page: with lower left corner at ¢ and upper right corner
at p.

5313 \xydef@\Droprule@{\advance\X@p-\XQc

5314 fh

5315 % \W@{: kern\the\X@c\space width\the\X@p\space depth-\the\Y@c\space
5316 7 height\the\Y@pl}%

5317 %

5318 \setboxz@h{\kern\X@c \vrule width\X@p depth-\Y@c height\Y@pl}/
5319 \ht\z0=\z@ \wd\z@=\z@ \dp\z@=\z@ \Drop@@}

Dots: \dir{.} creates a very boring dot when used as an (object), but interesting dotted lines
when used to connect. \zerodot should expand to a zero-sized box with a dot (initialised to use
\zerodotbox@); the (object) is built using \pointlike®@ (text) (spread-dimen) that we will use
again later.

5331 \xydef@\zerodot{\copy\zerodotbox®@}

5333 \xydefcsname@{diri{.}}{\point@}

5334 \xydefcsname@{dir2{.}}{\point@ \double@\xydashh@}
5335 \xydefcsname@{dir3{.}}{\point@ \triple@\xydashh@}
5336 \xyletcsnamecsname@{dir0{.}}{dir{}}

5337 \xyletcsnamecsname@{dir{.}}{dir1{.}}

5338 \xyletcsnamecsname@{dir{:}}{dir2{.}3}

5310 \xydef@\point@{\pointlike@\zerodot\p@}

5342 \xydef@\pointlike@#1#2{%

5343 \setboxz@h{#1}\wdz@=\z@ \ht\z0=\z@ \dp\z0=\z@ \boxz@\egroup

5314 f» \Invisible@false \Hidden@false

s3a5 \def\Leftness@{.5}\def\Upness@{.5}\ctipEdge@

5346 \def\Drop@@{\styledboxz@}\def\Connect@@{\straight@{\dottedSpread@{#2}}}}

This is reflected by the rather complicated spreading routine: ‘Dotting’ is the art of putting
zero-sized objects together with equal distance independent of the chosen direction. So we must
recompute the number of segments N (likely to be very big or —1) with trigonometry; using radius
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for the individual dots this becomes

1.5376 A := |cos \Direction| X radius

B := |sin \Direction| X radius
15379 if A+ B > |\d@X| + |\d@Y| then N =0 and exit
1.5384 <A,B>:=2 x<A,B>

Filler := (box with the original filler centered...)
15387 <\d@X, \dQY> := <\d@X,\deY> + <\sd@X x A4,\sdeY x B>
<X,Y>:=<X,Y>+<\sdeX x A/2,\sd@Y x B/2>
15389 NN 1= Uf ‘\d@X’ > |\d@Y| then |\d©X| /Aelse |\d@Y‘ /BJ +1

as realised below:

5376 \xydef@\dottedSpread@#1{%\setupDirection@

5377 \dimen@=#1\relax \DN@{\A@=2\AQ@ \B@=2\B@ \dottedSpread@il}%
sars \A@=\sd@X\cosDirection\dimen@ \B@=\sd@Y\sinDirection\dimen®@
5379 \dimen@=\A@ \advance\dimen®@\B@

saso  \dimen@ii=\sd@X\d@X \advance\dimen@ii\sd@Y\deY

5381 \ifdim\dimen@>\dimen@ii \DN@{\count@@=\z@}\fi

5382 \next@}

5384 \xydef@\dottedSpread@i{%\setupDirection®@

5335 \global\setbox8=\hbox to\A@{\hss

s3s6  \kern.5\A@\box\lastobjectbox@\kern.5\A@\hss}\dp8=.5\BQ@ \ht8=.5\B@
s3s7  \advance\d@X\sd@X\A@ \advance\d@Y\sd@Y\B®@

sass  \advance\X@c\sd@X.5\A@ \advance\Y@c\sd@Y.5\B@

s3s0  \1ifdim\sd@Y\d@Y<\sd@X\d@X \dimen®@=\sd@X\deX

5300  \1fdim\zz@\A@\else \divide\dimen®@\A@ \fi \count@@=\dimen®

531 \else \dimen@=\sd@Y\deY

5302 \ifdim\zz@\B@\else \divide\dimen@\B@ \fi \count@@=\dimen®@

533 \fi \advance\count@@\@ne}

A particular aspect of this is that we have to enlarge and recenter the actual box used for the
typesetting (\lastobjectbox@).

Squiggles: These are just a lot of box maneuvering using the directional characters of \xybsqlfont
(see xybsql10.mf for details):

5406 \xydefcsname@{dir1{~}}{\squiggle@}

5407 \xydefcsname@{dir2{~}}{\squiggle@ \double@\xybsqlh@}
s408 \xydefcsname@{dir3{~}}{\squiggle@ \triple@\xybsqlh@}
5400 \xyletcsnamecsname@{dirO{ " }}{dir{}}

s410 \xyletcsnamecsname@{dir{ " }}{dir1{"}}

sa12 \xydef@\squiggle@{\xybsqlfont

5413 \dimen@=\sd@X\cosDirection\xybsqll@ \advance\dimen@.1\p@
sa14  \dimen@ii=\sd@Y\sinDirection\xybsqll@

5415 \kern\dimen@\squiggle@@

5416 \edef\tmp@{\egroup \UQc=\the\dimen@ii \L@c=\the\dimen@}\tmp®@
5417 \wdz@=2\L@c \RQ@c=\L@c \ht\z@=\U@c \D@c=\U@c \dp\z@=\UQc

sa1s \Edge@c={\rectangleEdgel}’,

5419 /o \Invisible@false \Hidden@false

sa20 \def\Leftness@{.5}\def\Upness@{.5}%
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5421 \def\Drop@@{\styledboxz@}\def\Connect@@{\straight@\squiggledSpread@}}

5123 \xydef@\squiggle@@{\DirectionChar \count@=\DirectionChar
s424 \advance\count@-64 \ifnum\count@<\z@ \advance\count@128 \fi \char\count@}

The interesting bit is that they spread by not spreading, i.e., by centering between the endpoints—
this means

X =X —d/2,dX == dX —d where d = \sd@X(|dX| — N x A+ .1pt)
Y :=Y —d/2,dY :=dY —d where d =\sd@Y(|dY| — N x B+ .1pt)

5439 \xydef@\squiggledSpread@{’

5440 \dimen@=\d@X \advance\dimen®@-\sd@X\count@@\A@ \advance\dimen@\sdeX.3\pe
5441 \advance\X@c-.5\dimen@ \advance\d@X-\dimen®@

5442 \dimen@=\d@Y \advance\dimen@-\sd@Y\count@@\B@ \advance\dimen®@\sd@Y.3\pe@
5443 \advance\Y@c-.5\dimen@ \advance\d@Y-\dimen@}

Double and triple directionals: As can be seen by the last two columns, these (and most of
the other connectors) also exist in double and triple versions with a 2 or a 3 prepended to the name.
For convenience \dir{=} and \dir{:} are synonyms for \dir2{-} and \dir2{.3}, respectively;
similarly \dir{==} is a synonym for \dir2{--3}.

This is very simple, really: \double@ and \triple@ do the work by redefining the \Drop@@ method
to do its job twice and thrice. To Do: should probably extend any already defined \Drop@®@
method?

5465 fo\xydef@\double@#1{\edef\Drop@@{\dimen@=#1\relax

5466 /o \dimen@=.5\dimen®@ \A@=-\sinDirection\dimen@ \B@=\cosDirection\dimen®@

5467 % \setbox2=\hbox{\kern\A@\raise\B@\copy\z@}\dp2=\z@ \ht2=\z@ \wd2=\z@ \box2 %
si6s /o \setbox2=\hbox{\kern-\A@\raise-\B@\boxz0@}\dp2=\z@ \ht2=\z@ \wd2=\z@ \box2 }}

5470 fo\xydef@\triple@#1{\edef\Drop@@{\dimen@=#1\relax

5471 % \A@=-\sinDirection\dimen@ \B@=\cosDirection\dimen@

sa72 o \setbox2=\hbox{\kern\AQ\raise\BO@\copy\z0@}\dp2=\z@ \ht2=\z@ \wd2=\z@ \box2 7
5473 % \setbox2=\hbox{\kern-\A@\raise-\B@\copy\z@}\dp2=\z@ \ht2=\z@ \wd2=\z@ \box2
5474 o \dp\z@=\z@ \ht\z0=\z@ \wdz0=\zQ@ \boxz@}}

s476 \xydef@\double@#1{\edef\Drop@@{\dimen®=#1\relax

5477 \dimen@=.5\dimen@ \A@=-\sinDirection\dimen® \B@=\cosDirection\dimen®@
5478 \setboxz@h{\setbox2=\hbox{\kern\A@\raise\B@\copy\z@}/

5479 \dp2=\z@ \ht2=\z@ \wd2=\z@ \box2 %

5480 \setbox2=\hbox{\kern-\A@\raise-\B@ \noexpand\boxz@}J

5481 \dp2=\z@ \ht2=\z@ \wd2=\z@ \box2 }%

sas2 - \ht\z@=\z@ \dp\z@=\z@ \wd\z@=\z@ \noexpand\styledboxz@}}

5484 \xydef@\triple@#1{\edef\Drop@@{\dimen@=#1\relax

5485 \A@=-\sinDirection\dimen@ \BO@=\cosDirection\dimen®

5486 \setboxz@h{\setbox2=\hbox{\kern\A@\raise\B@\copy\z@}},
5487 \dp2=\z@ \ht2=\z@ \wd2=\z@ \box2 %

5488 \setbox2=\hbox{\kern-\A@\raise-\B@\copy\z@}%

5489 \dp2=\z@ \ht2=\z@ \wd2=\z@ \box2 %

5490 \dp\z@=\z@ \ht\z0@=\z@ \wdz0=\z@ \noexpand\boxz@}%

sa01  \ht\z@=\z@ \dp\z@=\z@ \wd\z@=\z@ \noexpand\styledboxz@}}



80 CHAPTER 1. KERNEL: XY.DOC

Dashing directionals: First traditional dashing;:

5501 \xydefcsname@{dir1{--}}{\dash@}

5502 \xydefcsname@{dir2{--}}{\dash@ \double@\xydashh@}
s503 \xydefcsname@{dir3{--}}{\dash@ \triple@\xydashh@}
5504 \xyletcsnamecsname@{dirO{--}}{dir{}}

5505 \xyletcsnamecsname@{dir{--}}{dir1{--}}

5506 \xyletcsnamecsname@{dir{==}}{dir2{--}}

5508 \xydef@\dash@{\1line@ \wdz@=2\wdz@ \ht\z@=2\ht\z@ \dp\z0=2\dp\zQ
5500 \multiply\D@c\tw@ \multiply\U@c\tw@ \multiply\L@c\tw@ \multiply\R@c\tw@
5510 \def\Connect@@{\straight@\dashedSpread@}}

Since the dashes should reach the endpoints we do this:

if N>0then N:=N+1

dX :=dX + d/2 where d = \sdeXA
dY :=dY + d/2 where d = \sd@YB
if dX >0 then X :=X+ A/2

Y =Y + \sdevA/2

5524 \xydef@\dashedSpread@{\ifnum\z@<\count@@ \advance\count@@\@ne \fi
5525 \advance\d@X\sd@X.5\A@ \advance\d@Y\sd@Y.5\B@
s526 \ifdim\z@<\d@X \advance\X@c.5\A@ \fi \advance\Y@c\sd@Y.5\B@}

Dashed dashing of squiggled lines are simpler since squiggles are symmetric:

5533 \xydefcsname@{dir1{~~"}}{\dashsquiggle@}

5534 \xydefcsname@{dir2{~"}}{\dashsquiggle@ \double@\xybsqlhQ}
5535 \xydefcsname@{dir3{~"}}{\dashsquiggle®@ \triple@\xybsqlh@}
5536 \xyletcsnamecsname@{dirO{~~}}{dir{}}

5537 \xyletcsnamecsname@{dir{~"}}{dir1{~"}}

5530 \xydef@\dashsquiggle@{\squiggle®

550 \multiply\D@c\tw@ \multiply\U@c\tw@ \multiply\L@c\tw@ \multiply\R@c\tw@
5511 \dimen@=\LOc \advance\dimen@\R@c \wdz@=\dimen@ \ht\z@=\UGc \dp\z@=\D@c
5512 \def\Connect@@{\straight@\dashsquiggledSpread@}}

The spreading of squiggles is similarly simpler: we just shave 1/4 squiggle size of each end of the
conection in order to eliminate the blank space at both ends:

5550 \xydef@\dashsquiggledSpread@{\ifnum\z@<\count@@ \advance\count@0\@ne \fi
5551 \advance\X@c.5\A0@ \advance\d@X.5\A@ \advance\Y@c.25\B@ \advance\d@Y.5\B@}

Finally “dashed dotting” synonyms:

5557 \Xxyletcsnamecsname@{diri{..}}{dir{.}}
5558 \xyletcsnamecsname@{dir2{..}}{dir2{.}}
5550 \xyletcsnamecsname@{dir3{..}}{dir3{.}}
5560 \xyletcsnamecsname@{dir{..}}{dir1{.}}
5561 \xyletcsnamecsname@{dir{::}}{dir2{.}}

1.6c. The group of plain tips contains basic objects that are useful as markers and arrowheads making
connections, so each is shown at the end of a dotted connection of the appropriate kind.
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They may also be used as connectors and will build dotted connections. e.g., **@{>} typesets

7777

Exercise 1.14: Typeset the following two +s and a tilted square:

P
+

Hint: the dash created by \dir{-} has the length 5pt (here). (p.576)
5605 \xylet@\ctipEdge®@=\czeroEdge®

To Do: Change tips to have a tiny size of 2sp which may be taken as an indication that it is a
tip (this can be used by some features, e.g., ‘arrow’).

Arrow heads: The ones intended for single connections are just characters from \xyatipfont
and \xybtipfont.

s61s \xydefcsname@{dir1{>}}{\tip@}

s619 \xydefcsname@{dir~{>}}{\atip@}

s620 \xydefcsname@{dir_{>}}{\btip@}

5621 \xyletcsnamecsname@{dirO{>}}{dir{}}
s622 \xyletcsnamecsname@{dir{>}}{dir1{>}}

5624 \xydefcsname@{dir1{<}}{\reverseDirection@\tip@}
5625 \xydefcsname@{dir"{<}}{\reverseDirection@\btip@}
s626 \xydefcsname@{dir_{<}}{\reverseDirection@\atip@}
5627 \xyletcsnamecsname@{dirO{<}}{dir{}}

s628 \xyletcsnamecsname@{dir{<}}{dir1{<}}

s630 \xydef@\tip@{\tip@x\tip@Q}
5631 \xydef@\atip@{\tip@x\atip@Q@}
s032 \xydef@\btip@{\tip@x\btipee}

s634 \xydef@\tipO@x#1{#1\egroup

5635 \CtipEdge@ %\Invisible@false \Hidden@false

5636 \def\Leftness@{.5}\def\Upness@{.5}/

5637 \def\Drop@@{\styledboxz@}\def\Connect@@{\straight@{\dottedSpread@\jot}}}

s630 \xydef@\tip@@{\atip@@\btipQQ}
5640 \xydef@\atip@@{\xyatipfont\DirectionChar}
5641 \xydef@\btip@@{\xybtipfont\DirectionChar}

Double and triple tips are realised by taking the two halfs and ‘wringing them apart’; as the naming
indicates they are meant to be put at the end of 2- and 3-connections. This is currently done the
slightly hacky (but efficient) way of adding directly to \DirectionChar; maybe this should be
using \vDirection@?

5651 \xydefcsname@{dir2{>}}{\Tip@}
s652 \xydefcsname@{dir2{<}}{\reverseDirection@\Tip@}

s654 \xydef@\Tip@{\kern2.5pt \vrule height2.5pt depth2.5pt width\z@
5655 \Tip@@ \kern2.5pt \egroup
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5656 \UQ@c=2.5pt \D@c=2.5pt \L@c=2.5pt \R@c=2.5pt \Edge@c={\circleEdge}%

5657 o \Invisible@false \Hidden@false

s65s \def\Leftness@{.5}\def\Upness@{.5}/,

5650 \def\Drop@@{\styledboxz@}\def\Connect@0{\straight@{\dottedSpread@\jot}}}

5661 \xydef@\Tip@@{\count@=\DirectionChar

se62  \advance\count@-4 \ifnum\count@<\z@ \advance\count@128 \fi
5663 \xyatipfont\char\count@

se6a  \advance\count@ 8 \ifnum127<\count@ \advance\count@-128 \fi
s665 \xybtipfont\char\count@}

5667 \xydefcsname@{dir3{>}}{\Ttip@}
s66s \xydefcsname@{dir3{<}}{\composite@{}{: (-1,0)\dir3{>}}}

s670 \xydef@\Ttip@{\kern3.2pt \vrule height3.2pt depth3.2pt width\z@

se71 \Ttip@@ \kern3.2pt \egroup

se2 \UQ@c=3.2pt \D@c=3.2pt \L@c=3.2pt \R@c=3.2pt \Edge@c={\circleEdgel’

5673 /o \Invisible@false \Hidden@false

se74 \def\Leftness@{.5}\def\Upness@{.5}/

5675 \def\Drop@@{\styledboxz@}\def\Connect@@{\straight@{\dottedSpread@\jot}}}

s677 \xydef@\Ttip@e{’

s67s  \setboxz@h\bgroup\reverseDirection@\line@ \wdz@=\z@ \ht\z@=\z@ \dp\z0=\z@
s670  \kern-\L@c \boxz@ \kern\L@c

s6s0 {\vDirection@(1,-.31)\xydashl@ \xyatipfont\char\DirectionChar}

sest {\vDirection@(1,+.31)\xydashl@ \xybtipfont\char\DirectionChar}}

Stopper: \dir{|} makes a ‘stopper’ using just the appropriate \xydashfont character rotated
90° and centered; the ~ and _ variants are just shifted appropriately and two are used to make
the 2 and 3 variants longer.

5692 \xydefcsname@{dirl{|}}{\stopper@}

5603 \xydefcsname@{dir~{|}}{\aboveDirection@\xydashl@

5604 \shiftdir@\line@\z@ \pointlike@{}\xydashh@}

5695 \xydefcsname@{dir_{|}}{\belowDirection@\xydashl@

5606 \shiftdir@\1line@\z@ \pointlike@{}\xydashh@}

5697 \xydefcsname@{dir2{|}}{\stopper@ \double@\xydashh@}
s608 \xydefcsname@{dir3{|}}{\stopper@ \double@{2\xydashh@}}

s700 \xyletcsnamecsname@{dir0{|}}{dir{}}
5701 \xyletcsnamecsname@{dir{|}}{dir1{|}}

5703 \xydef@\stopper@{\tip@x\stoppera@}

5705 \xydef@\stopper@0{\setboxz@h{\count@=\SemiDirectionChar \advance\count@64
5706 \ifnum127<\count@ \advance\count@-128 \fi \xydashfont\char\count@\/}%

5707 \setboxz@h{\kern-.5\wdz@ \dimen@=\sd@Y\cosDirection\xydashl@

s7os \ifnum\SemiDirectionChar=95 \dimen@=\sd@X\sd@Y¥\dimen@ \fi

5700 \raise.5\dimen@\boxz@}%

5710 \wdz@=\z@ \ht\z@=\z@ \dp\z@=\z@ \boxz@}

Hooks: These are halfcircles opening towards or opposite \Direction and fastened by their
center or either endpoint. Build by lots of box manipulation with the \xybsqlfont quarter
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circles...®

5720 \xydefcsname@{dir1{ (}}{\hook@}
s721 \xydefcsname@{dir~{(}}{\ahook@}
s722 \xydefcsname@{dir_{(}}{\bhook@}
5723 \xyletcsnamecsname@{dirO{ (}}{dir{}}
s724 \xyletcsnamecsname@{dir{ (}}{dir1{(}}

s726 \xydefcsname@{dir1{) }}{\reverseDirection@\hook@}
5727 \xydefcsname@{dir~{) }}{\reverseDirection@\bhook@}
s72s \xydefcsname@{dir_{)}}{\reverseDirection@\ahook@}
5729 \xyletcsnamecsname@{dir0{) }}{dir{}}
s730 \xyletcsnamecsname@{dir{) }}{dir1{)}}

5732 \xydef@\hook@{\tip@x\hook@@}

5733 \xydef@\hook@@{\setboxz@h{\xybsqlfont

573 \vDirection@(1,-1){.707107\xybsqll@}%

5735 \hbox{\DirectionChar

5736 \kern-\d@Y\raise\d@X\hbox{\count@=\DirectionChar \advance\count@-32 Y
5737 \ifnum\count@<\z@ \advance\count@128 \fi \char\count@}}}%

s73s. \wdz@=\zQ@ \ht\z0=\zQ@ \dp\z@=\zQ@ \boxz@}

5740 \xydef@\ahook@{\tip@x\ahook@@}

5741 \xydef@\ahook@@{\setboxz@h{\xybsqlfont

5742 \vDirection@(1,-1){.707107\xybsqll@}\kern-\deX

5743 \lower\d@Y\hbox{\DirectionChar

5744 \kern-\d@Y\raise\d@X\hbox{\count@=\DirectionChar \advance\count@-32 Y
5745 \ifnum\count@<\z@ \advance\count@128 \fi \char\count®@}}}/

5746 \wdz@=\z@ \ht\z@=\z@ \dp\z@=\z@ \boxz@}

5748 \xydef@\bhook@{\tip@x\bhook@a}

5749 \xydef@\bhook@@{\setboxz@h{\xybsqlfont

5750  \vDirection@(-1,-1){.707107\xybsqll@}\DirectionChar

5751 \kern\d@X\raise\d@Y\hbox{\count@=\DirectionChar \advance\count@-96 7
5752 \ifnum\count@<\z@ \advance\count@128 \fi \char\count@}}J,

5753 \wdz@=\z@ \ht\z0=\z@ \dp\z@=\zQ@ \boxz@}

83

Quarter turns: These are quarter circles fastened by their start or end point in \Direction.
Build by box manipulation of the \xybsqlfont quarter circles. The intention is that the ¢’

directionals are half the corresponding () directional.

5764 \xydefcsname@{dir"{’}}{\reverseDirection@\bturn@}
5765 \xydefcsname@{dir_{’}}{\reverseDirection@\aturn@}

5767 \xydefcsname@{dir~{‘}}{\aturn@}
s76s \xydefcsname@{dir_{‘}}{\bturn@}

s770 \xydef@\aturn@{\tip@x\aturnoe}

5771 \xydef@\aturn@@{\setboxz@h{\xybsqlfont

s772 \vDirection@(1,-1){.707107\xybsqll@}\kern-\deX
5773 \lower\d@Y\hbox{\DirectionCharl}}%

s77a \wdz@=\z@ \ht\z0=\z@ \dp\z@=\zQ@ \boxz@}

5776 \xydef@\bturn@{\tip@x\bturnoe}
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5777 \xydef@\bturn@@{\setboxz@h{\xybsqlfont
s77s - \vDirection@(-1,-1){.707107\xybsqll@}\DirectionCharl}
s77o \wdz@=\z@ \ht\z@=\zQ@ \dp\z@=\z@ \boxzQ}

1.6d. These tips are combinations of the plain tips provided for convenience (and optimised for effi-
ciency). New ones can be constructed using \composite and by declarations of the form

\newdir (dir) {{composite)}

which defines \dir(dir) as the (composite) (see note 1.4d for the details).
\newdir is simple:

5805 \xydef@\newdir#1#{\newdir@{#1}}

5807 \xydef@\newdir@#1#2#3{\xydefcsname@{dir#1{#2}}{\composite@{}{#3}}}

Then the somewhat more efficient \shiftdir@ used internally for moving a tip in the current
direction—it does so by making a local hbox within which the argument tip is constructed and
subsequently shifted and made of zero size. Use as

\shiftdir@(tip@)(dimen) (tip@)

where (tip@) means a tip command without the leading \hbox{.

5820 \xydef@\shiftdir@#1#2{/

5521 \setbox\z@=\hbox\bgroup#1\relax

5822 \setboxz@h{\dimen@ii=#2\relax

ss23  \dimen®@=-\cosDirection\dimen®@ii \advance\dimen@-\L@c
ss24  \kern\dimen@ \lower\sinDirection\dimen@ii\boxz@}}
525 \wdz@\z@ \ht\z0=\z@ \dp\z@=\z@ \boxz@}

Then the tips, with the \tipjot@ hook allowing changing the spacing of tips used for single lines.
5832 \xylet@\tipjot@=\jot

5834 \xydefcsname@{dir1{>>}}{\shiftdir@\tip@\tipjot@ \tip@}

5835 \xydefcsname@{dir"{>>}}{\shiftdir@\atip@\tipjot@ \atip®@}

5836 \xydefcsname@{dir_{>>}}{\shiftdir@\btip@\tipjot@ \btip@}

5837 \xydefcsname@{dir2{>>}}{\composite@{}{h!/\tipjot@/\dir2{>}*\dir2{>}}}
5338 \xydefcsname@{dir3{>>}}{\composite@{}{h!/\tipjot@/\dir3{>}*\dir3{>}}}
5839 \xyletcsnamecsname@{dir0{>>}}{dir{}}

5810 \xyletcsnamecsname@{dir{>>}}{dir1{>>}}

5842 \xydefcsname@{diri{<<}}{\reverseDirection@ \shiftdir@\tip@\tipjot@ \tip@}
ssa3 \xydefcsname@{dir~{<<}}{\reverseDirection@ \shiftdir@\btip@\tipjot@ \btip@}
ss1a \xydefcsname@{dir_{<<}}{\reverseDirection®@ \shiftdir@\atip@\tipjot@ \atip@}
ssa5 \xydefcsname@{dir2{<<}}{\composite@{}{h!/-\tipjot@/\dir2{<}*\dir2{<}}}

5346 \xydefcsname@{dir3{<<}}{\composite@{}{h!/-\tipjot@/\dir3{<}*\dir3{<}}}

5847 \xyletcsnamecsname@{dir0{<<}}{dir{}}

s5s4s \xyletcsnamecsname@{dir{<<}}{dir1{<<}}

ss50 \xydefcsname@{diri{| |}}{\shiftdir@\stopper@\xydashh@ \shiftdir@\stopper@\zaQ
5851 \pointlike@{}\jot}

ss52 \xydefcsname@{dir~{| |}}{\shiftdir@{\aboveDirection@\xydashl@\line@}\xydashh@
ss53 \shiftdir@{\aboveDirection®@\xydashl@\line@}\z@ \pointlike@{}\jot}
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ss54 \xydefcsname@{dir_{||}}{\shiftdir@{\belowDirection@\xydashl@\line@}\xydashh@
5855 \shiftdir@{\belowDirection@\xydashl@\1ine@}\z@ \pointlike@{}\jot}

5356 \xydefcsname@{dir2{| |}}{\shiftdir@\stopper@\xydashh@ \shiftdir@\stopper@\z@
557 \pointlike@{}\jot \double@\xydashh@}

5358 \xydefcsname@{dir3{| |}}{\shiftdir@\stopper@\xydashh@ \shiftdir@\stopper@\z@
5859 \pointlike@{}\jot \double®@{2\xydashh@}}

ss60 \xyletcsnamecsname@{dir0{| |}}{dir{}}

5861 \xyletcsnamecsname@{dir{| | }}{dirl1{l |}}

5863 \xydefcsname@{dir1{>|}}{\shiftdir@\stopper@\z@ \tip@}

ss64 \xydefcsname@{dir2{>|}}{\composite@{}{\dir2{>}*\dir2{|}}2}
ss65 \xydefcsname@{dir3{>|}}{\composite@{}{\dir3{>}*\dir3{|}}?}
5366 \xyletcsnamecsname@{dir0{>|}}{dir{}}

5867 \xyletcsnamecsname@{dir{>|}}{dir1{>|}}

5869 \xydefcsname@{dir1{>>|}}{\shiftdir@\stopper@\z@ \shiftdir@\tip@\tipjot@ \tip@}
ss70 \xydefcsname@{dir2{>>|}}{\composite@{}{h!/\tipjot@/\dir2{>}F+x\dir2{>}*+\dir2{|}}}
ss71 \xydefcsname@{dir3{>>|}}{\composite@{}{h!/\tipjot@/\dir3{>}*\dir3{>}*\dir3{|}}}
ss72 \xyletcsnamecsname@{dirO{>>|}}{dir{}}

5373 \xyletcsnamecsname@{dir{>>|}}{dir1{>>|}}

5875 \xydefcsname@{dirl{|<}}{\reverseDirection@ \shiftdir@\stopper@\z@ \tip@}
ss76 \xydefcsname@{dir2{|<}}{\reverseDirection@ \shiftdir@\stopper@\z@ \Tip@}
ss77 \xydefcsname@{dir3{|<}}{\reverseDirection@ \shiftdir@\stopper@\z@ \Ttip@}
5878 \xyletcsnamecsname@{dirO{|<}}{dir{}}

ss70 \xyletcsnamecsname@{dir{|<}}{dir1{|<}}

sss1 \xydefcsname@{dir1{|<<}}{\reverseDirection®@

5832 \shiftdir@\stopper@\z@ \shiftdir@\tip@\tipjot@ \tip@}
ss83 \xydefcsname@{dir2{|<<}}{%

sssa \composite@{}{h!/-\tipjot@/\dir2{<}*\dir2{<}*\dir2{|}}}
sss5 \xydefcsname@{dir3{|<<}}{J

sss6  \composite@{}{h!/-\tipjot@/\dir3{<}*\dir3{<}*\dir3{|}}}
5887 \xyletcsnamecsname@{dirO{|<<}}{dir{}}

ssss \xyletcsnamecsname@{dir{|<<}}{diri{|<<}}

ss00 \xydefcsname@{dir1{|-}}{\shiftdir@\stoppere\ze

5391 \shiftdir@\line@\z@ \pointlike@{}\jot}

ss02 \xydefcsname@{dir~{|-}}{\shiftdir@{\aboveDirection@\xydashl@ \1line@}\zQ
5393 \shiftdir@\line@\z@ \pointlike@{}\jot}

5304 \xydefcsname@{dir_{|-}}{\shiftdir@{\belowDirection@\xydashl@ \line@}\z@
5805 \shiftdir@\1line@\z@ \pointlike@{}\jot}

5806 \xydefcsname@{dir2{|-}}{\shiftdir@\stopper@\zQ

5307 \shiftdir@\line@\z@ \pointlike@{}\jot \double@\xydashh@}

ss0s \xydefcsname@{dir3{|-}}{\shiftdir@\stoppere\z@

5309 \shiftdir@\line@\z@ \pointlike®@{}\jot \triple@\xydashh@}

5900 \xyletcsnamecsname@{dirO{ |-} {dir{}}

s901 \xyletcsnamecsname@{dir{|-}}{dir1{|-}}

s002 \xyletcsnamecsname@{dir{|=}}{dir2{|-}}

5904 \xydefcsname@{dir{+}}{%
5005 \DNQ@##1{\composite@{}{##10\dir{|}*x!C##10\dir{-}}}\addEQ@\next@}
5006 \xyletcsnamecsname@{dirO{+}}{dir{}}
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s008 \xydefcsname@{dir{x}}{\vDirection@(1,1)\jot
5000 \DN@##1{\composite@{}{##10\dir{|}*!C##10\dir{-}}}\addEQ@\next@}
s910 \xyletcsnamecsname@{dir0{x}}{dir{}}

s912 \xydefcsname@{dir{/}}{\vDirection@(1,-.3)\jot \stopper@}
5013 \xyletcsnamecsname@{dir0{/}}Hdir{}}

s015 \xydefcsname@{dir{//}}{\vDirection@(1,-.3)\jot
59016 \shiftdir@\stopper@\xydashh@ \stopper@}
5017 \xyletcsnamecsname@{dir0{//}}{dir{}}

s019 \xydefcsname@{dir{*}}{\solidpoint@}

5920 \xydef@\solidpoint@{’

5921 \pointlike®@{\kern-1.8pt\lowerl.8pt\hbox{$\scriptstyle\bullet$}}\jot}
5922 \xyletcsnamecsname@{dirO{*}}{dir{}}

5924 \xydefcsname@{dir{o}}{\hollowpoint®@}

5925 \xydef@\hollowpoint@{%

5926 \pointlike@{\kern-1.8pt\lowerl.8pt\hbox{$\scriptstyle\circ$}}\jot}
5927 \xyletcsnamecsname@{dirO{o}}{dir{}}

Syntax Action
\cir (radius) { (cir) } (cir)cle segment with (radius)
(radius) —  (empty) use R, as the radius
| (vector) use X of the (vector) as radius
{cir) —  (empty) full circle of (radius)
] (diag) (orient) (diag)  partial circle from first (diag)onal through to the

second (diag)onal in the (orient)ation

anticlockwise

(orient) — —
| clockwise

Figure 1.8: (cir)cles.

1.6.2 Circle segments

s0s2 \message{circles,}

Circle (object)s are round and typeset a segment of the circle centered at the reference point. The
syntax of circles is described in figure 1.8 with explanations below.

The \cir command is the hub: it parses the optional (radius) (to \R@, default from R.) and
{{cir)}, bailing out with a \zerodot if the radius is to small:

5906 \xydef@\cir#1#{\hbox\bgroup
5007 \afterVECTORorEMPTY{\xy@@{\R@=\XQc}\cir@}{\xy@@{\R@=\RQ@c}\cir@}#1@}

5009 \xydef@\cir@#1e#2{7

6000 \DN@{#1}\ifx\next@\empty\else \xyerror@{illegal circle <radius>: must be
6001 <vector> or <empty>}{}\fi

6002 \afterCIRorDIAG{\xyFN@\cir@cir}{\xyFN@\cir@diagl}#2Q}
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The code to actually typeset the (cir) just parsed starts by checking that the (cir) was immediately
followed by the @ we put there in \cir:

6010 \xydef@\cir@cir{y

6011 \ifx \space@\next \expandafter\DN@\space{\xyFN@\cir@cirl})gobble spaces
6012 \else \ifx @\next \DN@ @{\cir@il}%

6013 \else \xyerror@{illegal <cir>: must have form <diag><orient><diag> or
6014 <empty>}{}%

eo15 \fi\fi \next@}

Similarly when an (empty) one was given—the parser will recognise this as a (diag) but we hack
that here:

022 \xydef@\cir@diag{’

6023 \DN@{\xyerror@{illegal <cir>: must have form <diag><orient><diag> or

6024 <empty>}F{}1}%

6025 \ifx @\next \ifnum\count@=8 Y

6026 \DN@ @{\def\CIRin@@{0}\def\CIRorient@@{\CIRfull@}\def\CIRout@@{7}\cir@i}},
6027 \fi\fi \next@}

...and then use the constructed methods to build it:

6033 \xydef@\cir@i{%

6034 \ifnum\CIRin@0=8 \xyerror@{incomplete <cir> specification}{’

6035 The <cir> you specified as <diag><orient><diag> is not sufficiently specific.}’
6036  \def\CIRin@@{O}\fi

6037 \1fdim\RO<.5\p@ \RO@=\z@ \zerodot

6o3s \else \CIRorient@@ \cirbuild@ \fi

6039 \L@c=\R@ \R@c=\R@ \D@c=\RQ@ \U@c=\R@ \def\Leftness@{.5}\def\Upness@{.5}%

6010 \def\Drop@@{\styledboxz@}\def\Connect@@{\straight@\relax}y,

6041 \Edge@c={\circleEdge}\OBJECT@Ox}

Parsing: The \afterCIRorDIAG parser handles the parsing: it either

e parses the (cir) and sets in, orient, and out, and passes control to the first argument continuation,
or

e parses the single (diag) specified, store it in \count@ (as 8 if an (empty) one given), and pass
control to the second continuation argument,

where the (diag) internal representation number of note 1.41 of is used. An (empty) circle is treated
as an (empty) diagonal; specifying an (empty) first (diag) of a (cir) is equivalent to using the value of
the in method at call time.

The parser is very simple, setting methods stored in the usual @@-terminated control sequences (To
Do: Rename all non-method control sequences that end in @@...to use @(romannumeral) suffixes. .. ):

6074 \Xydef@\CIRin@@{B}
6075 \xydef@\CIRout©@@{3}
6076 \xylet@\CIRorient@0=\empty

6o7s \xydef@\afterCIRorDIAG#1#2{\def\afterCIRC{#1}\def\afterCIRDIAGO{#2}\xyFNO\CIRQ}

6080 \xylet@\afterCIRO=\empty
6081 \xylet@\afterCIRDIAGO=\empty

6083 \xydef@\CIR@{\count@=8 \afterDIAG{\edef\CIRin@@{\the\count@}\xyFNO\CIRQQ}}
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60s5 \xydef@\CIRQQ{%

e0s6 \ifx \space@\next \expandafter\DN@\space{\xyFN@\CIRQQ}%gobble spaces
e0s7 \else\ifx ~\next

c0ss  \DN@ ~{\def\CIRorient@@{\CIRacw@}/,

6089 \afterDIAG{\edef\CIRout@@{\the\count@}\afterCIRQ}}%
6000 \else\ifx _\next

6091  \DN@_{\def\CIRorient@@{\CIRcw@}’

6092 \afterDIAG{\edef\CIRout@@{\the\count@}\afterCIR@}1}%
6003 \else

6004  \DN@{\def\CIRorient@@{\relax}\afterCIRDIAGQ},

6005 \fi\fi\fi \next@}

The default is to generate a full circle with the specified radius, e.g.,

\xy*\cir<dpt>{}\endxy typesets “O
\XY*{M}*\Cir{}\ende — 44@77

All the other circle segments are subsets of this and have the shape that the full circle outlines.
Finally we present the orient methods. They use these ‘internal methods’ to actually draw the
circles

6121 \xylet@\CIRtest@@=\relax
6122 \xydef@\CIR1l0o@@{0}
6123 \xydef@\CIRhi@@{0}

Below we call them lo, hi, and test; the first two are coded as described in note 1.41 and the last
takes two arguments: a dimension and something to do if the test succeeds. \count@@ and \count®@
should be set to in and out internally as well in case \cirbuild®@ and friends below should be used.

The dummy orient used for simple circles is the simplest:

6135 \xydef@\CIRfull@{\def\CIRtestQQ@##1##2{##2}}

The kernel \cirbuild@ builds the actual (object) using characters from the \xycircfont assumed
coded like xycirc10.mf: \cirrestrict@@ choses a group and adjusts the radius \R@ to fit it exactly.
The group is multiplied by 8 to get the group character offset [\count@|.

6145 \xydef@\cirbuild@{\cirrestrict@@ \multiply\count@8 Y%
6146 \circhar@0\circhar@7\kern\dimen@
6147 \circhar@1\circhar@6\kern\dimen@
6148 \circhar@2\circhar@5\kern\dimen@
6140 \circhar@3\circhar@4\kern\dimen®@}

6151 \xydef@\circhar@#1{%
6152 \setboxz@h{\circhar@@{#1}}\dimen@=\wdz@ \wdz@=\z@ \ht\z0=\RQ \dp\z@=\R@
61535 \CIRtest@@#1{\styledboxz@}\setbox\z0=\copy\voidb@x}

6155 \xydef@\circhar@@#1{{\xycircfont \advance\count@#1\relax \char\count@}}

\cirrestrict@@ computes the group g [\count@)| of circle segments to use from the radius r [\R@]
using the formula (the reverse of the one in xycirc10.mf)

| —1 if Ipt <r < 8pt

1pt
= 21'%13 +3 if 8pt <r < 16pt
4I§t + 7 if 16pt <r < 32pt

15 if 32pt <r
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(where we know from \cir@i that 7 > ipt), and then adjusts the radius to be exactly the one chosen
through the use of group g using the formula in xycirc10.mf...this is necessary because of the
restriction on tfm files that they can only have 15 different nonzero heights and depths. Subsequent
calls to \cirrestrict@@ should compute the same values.

617s \xydef@\cirrestrict@@{\begingroup \dimen@=\RQ

6179 \setboxz@h{\xycircfont\char\z@\char\@ne}\A0=\wdzQ

6180 \ifdim\RO<8\A@ \count@=\dimen®@ \divide\count@\A@ \advance\count@\mOne

6181 \else\ifdim\R@<16\A@ \count@=\dimen®

6182 \dimen@=2\A@ \divide\count@\dimen®@ \advance\count®@3 %

613 \else\ifdim\RG<32\AQ@ \count@=\dimen®

6184  \dimen@=4\AQ@ \divide\count@\dimen@ \advance\count®@7 %

6155 \else \count@=15 \fi\fi\fi

61s6  \RO=\AQ

6187 \ifnum\count@<8 \multiply\R@\count@ \advance\RG\AQ

61ss  \else\ifnum\count@<12 \multiply\R@\count@ \multiply\RO\tw@ \advance\RQ-6\AQ
6139 \else\ifnum\count@<16 \multiply\R@\count@ \multiply\R@ 4 \advance\R@-28\AQ
6190 \else \multiply\R@ 32 \fi\fi\fi

6191 \edef\@tmp{\endgroup \R@=\the\R@ \count@=\the\count@}\Qtmp}

Partial circle segments with (orient)ation are the part of the full circle that starts with a tangent
vector in the direction of the first (diag)onal (see note 1.41) and ends with a tangent vector in the
direction of the other (diag)onal after a clockwise (for _) or anticlockwise (for ~) turn, e.g.,

\xy*\cir<4pt>{1°r}\endxy typesets “C”

\xy*\cir<4pt>{1l_r}\endxy — “
\xy*\cir<4pt>{dl~u}\endxy — “ 7
\xy*\cir<4pt>{dl_u}\endxy — « »
\xy*+{M}*\cir{dr_ur}\endxy _— CAry

If the same (diag) is given twice then nothing is typeset, e.g.,
\xy*\cir<dpt>{u~ul}\endxy typesets * 7
Special care is taken to setup the (diag)onal defaults:
e After ~ the default is the diagonal 90° anticlockwise from the one before the .

o After _ the default is the diagonal 90° clockwise from the one before the _.
The (diag) before ~ or _ is required for \cir (objects).

Exercise 1.15: Typeset the following shaded circle with radius 5pt:

O
(p.577)

These two macros implement the defaults and setup of lo and hi for anticlockwise and clockwise
segments. Here is what they set:

(cir) lo hi test(s)
di17do,d1 <do |di—sgl do—gl|lo<sAs<h
di1"dy,di >dy | dy—g1 di—gl|s<loVhi<s
di_do,d1 <dg | dy+83 do+g3|s<loVhi<s
di_do,d1 > ds | do+83 di+g3|lo<sANs<hi
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where +g and —g are + and — modulo 8; d; and do are in \count@@ and \count®, respectively.

6283 \xydef@\CIRacw@{\count@@=\CIRin@@ \count@=\CIRout@Q

6284 \ifnum\count@=8 \count@=\count@@

6285 \ifnum\count@<6 \advance\count@\tw@ \else \advance\count@-6 \fi \fi
6286 \ifnum\count@@<\@ne \advance\count@@7 \else \advance\count@@\m@ne \fi
6287 \ifnum\count@<\@ne \advance\count@7 \else \advance\count@\m@ne \fi
6288 \ifnum\count@@>\count@ \let\CIRtest@@=\CIRtest@outside

6280  \edef\CIR1o@@{\the\count@}\edef\CIRhi@@{\the\count@®@}Y

6200 \else \let\CIRtest@@=\CIRtest@inside

62901  \edef\CIR1lo@@{\the\count@@}\edef\CIRhi@@{\the\count®@}Y

6202 \fil}

6204 \xydef@\CIRcw@{\count@@=\CIRin@@ \count@=\CIRout®@Q

6295 \ifnum\count@=8 \count@=\count@@

6206 \ifnum\count@>\@ne \advance\count@-\tw@ \else \advance\count@6 \fi \fi
6207 \ifnum\count@@<5 \advance\count@@\thr@@ \else \advance\count@@-5 \fi
6208 \ifnum\count@<5 \advance\count@\thr@@ \else \advance\count@-5 \fi

6200 \ifnum\count@@<\count@ \let\CIRtest@@=\CIRtest@outside

6300 \edef\CIR1lo@e{\the\count@@}\edef\CIRhi@Q@{\the\count@}’,

6301 \else \let\CIRtest@@=\CIRtest@inside

6302 \edef\CIR1lo@@{\the\count@}\edef\CIRhi@@{\the\count@@}’,

6303 \fil}

6305 \xydef@\CIRtest@inside#1#2{\let\next@=\relax
6306 \ifnum\CIR1lo@@>#1\else \ifnum#1<\CIRhi@@\DN@{#2}\fi\fi \next@}

6308 \xydef@\CIRtestQoutside#1#2{\let\next@=\relax
6300 \ifnum\CIR1o@@>#1\DN@{#2}\else \ifnum#1<\CIRhi@@\else\DNO@{#2}\fi\fi \next@}

1.6.3 Text

6319 \message{text;?}

Text in pictures is supported through the (object) construction

\txt (width) (style) {(text)}

that builds an object containing (text) typeset to (width) using (style); in (text) \\ can be used as an
explicit line break; all lines will be centered. (style) should either be a font command or some other
stuff to do for each line of the (text) and (width) should be either <(dimen)> or (empty).

The code just parses the (width) defaulting it to <\maxdimen> which is recognised as ‘free form’.

6311 \xydef@\txt{\hbox\bgroup \xyFN@\txt@}

6343 \Xydef@\txt@{%
6314 \addLT@\ifx\next \addGT@{\addLT@\DNO##1}{\AC=##1\txt@i}
6345 \else \DN@{\A@=\maxdimen \txt@i}\fi \next@}

6347 \Xydef@\txt@i#l#{%

6318 \setboxz@h{#1\mathstrut}\dimen@=\ht\z@ \advance\dimen@\dp\zQ

6319 \baselineskip=1.1\dimen@ \lineskip=.2\dimen@ \lineskiplimit=\lineskip
6350 \def\txtline@O##1{\txtline@{#1}{##1}}\objectO\txt@ii}

6352 \xylet@\txtline@0=\eat®
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6353 \xydef@\txtline@#1#2{\relax\setboxzO@h{#1{\ignorespaces #2\unskip}}/
6354 \1fdim\A@<\wdz@ \setboxz@h{\hsize=\AQ

6355 \leftskip=0pt plus4em \rightskip=\leftskip

6356 \parfillskip=0Opt \parindent=0pt %

6357 \spaceskip=.3333em \xspaceskip=.5em %

6358 \pretolerance=9999 \tolerance=9999 ¥

6359 \hyphenpenalty=9999 \exhyphenpenalty=9999

6360 \vbox{#1\noindent\ignorespaces #2\unskip}}’%

6361 \else\ifdim\A@<\maxdimen\setboxz@h to\AG{\hfil\boxz@\hfil}\fi\fi
6362 \boxz@}

6364 \xydef@\txt@ii#1{\vbox{/
6365 \let\\=\cr
6366 \tabskip=\z@skip \halign{\relax\hfil\txtline@@{##}\hfil\cr\leavevmode#1\crcr}}}

1.7 Xy-pic options

3

Note: ITEX 2¢ users should also consult the paragraph on “xy.sty” in §1.1.1.

1.7.1 Loading

Xy-pic is provided with a growing number of options supporting specialised drawing tasks as well as
exotic output devices with special graphic features. These should all be loaded using this uniform
interface in order to ensure that the Xy-pic environment is properly set up while reading the option.

\xyoption { (option) }
\xyrequire { (option) }

\xyoption will cause the loading of an Xy-pic option file which can have one of several names. These are
tried in sequence: xy(option).tex, xy(option).doc, xy(short).tex, and xy(short).doc, where (short)
is (option) truncated to 6 (six) characters to conform with the TWG-TDS [19].

\xyrequire is the same except it is ignored if an option with the same name is already present
(thus does not check the version etc.).

110 \message{options;}
6412 \xylet@\xyoption@@=\relax

6414 \xydef@\xyoption#1{\DN@{#1}\edef\next@{\codeof\next@}%

6415 \csname xyeveryrequest@\next@ @\endcsname

6416 \xyinputorelse@{xy#1}{\xyoption@truncated#1000Q0QRQQAQ,#10}%

6217 \def\xyoption@@{#1}\edef\xyoption@@{\codeof\xyoption@a@}

611z \expandafter\let\expandafter\next@\csname xy\xyoption@@ version\endcsname
6419 \expandafter\let\csname xy\xyoption@@ loaded\endcsname=\next@

6420 \runxywith@ \ignorespaces}

6122 \xydef@\xyoptionQ@truncated#1#2#3#4#5#6#70#8,#90{7,

6123 \DNO@{#7}\ifx\next@\empty \DNO##1##2{##2}\else\let\next@=\xyinputorelse@ \fi
6424 \next@{xy#1#2#3#4#5#6}%

6a25  {\DN@{#1#2#3#4#5#6}\edef\next@{\codeof\next@}y,

6426 \xyerror@{No ‘\next@’ optionl}{’

6127 Your \xyoption{#9} request could not be granted: the required~"JJ

6428 Tile ‘xy#9.tex’ could not be located. Please make sure that it is~"J%
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6420 properly installed before continuing.}}}

6431 \xydef@\xyrequire#1{\DNO@{#1}\edef\next@{\codeof\next@}/,

6432 \Csname xyeveryrequest@\next@ @\endcsname

6133 \expandafter\let\expandafter\next@\csname xy\codeof\next@ loaded\endcsname
632 \ifx \next@\relax \DN@{\xyoption{#1}}\else \DN@{\ignorespaces}\fi \next@}

Sometimes some declarations of an option or header file or whatever only makes sense after some
particular other option is loaded. In that case the code should be wrapped in the special command

\xywithoption { (option) } { (code) }

which indicates that if the (option) is already loaded then (code) should be executed now, otherwise
it should be saved and if (option) ever gets loaded then (code) should be executed afterwards. Note:
The (code) should allow more than one execution; it is saved with the catcodes at the time of the
\xywithoption command.

6453 \xylet@\xywith@0=\empty
6455 \xydef@\runxywith@{\let\xywithdo@@=\xywithtest@ \xywith@@}

6157 \xydef@\xywithoption#1#2{\DN@{#1}\edef\next@{\codeof\next@}%

6155 \expandafter\let\expandafter\nextii@\csname xy\next@ loaded\endcsname
6159 \ifx \nextii@\relax

ea60  \expandafter\def\expandafter\xywith@@\expandafter{\xywithQQ

6461 \xywithdo@o{#1}{#2}1}/

6162 \else \expandafter\xywithrun@\expandafter{\next@}{#2}\fi}

6164 \xydef@\xywithtest@#1#2{\DNO{#1}\edef\next@{\codeof\next@}%
6465 \ifx\next@\xyoption@@ \expandafter\xywithrun@\expandafter{\next@}{#2}\fi}

6167 \xydef@\xywithrun@#1#2{\csname xyeverywithoption@#1@\endcsname #2}

Finally, it is possible to declare (code) as some commands to be executed before every actual execu-
tion of \xywithoption{(option)}{...}, and similarly (code) to be executed before every \xyoption{(option)}
and \xyrequire{(option)} (collectively called ‘requests’):

\xyeverywithoption { (option) } { (code) }
\xyeveryrequest { (option) } { (code) }

This is most often used by an option to activate some hook every time it is requested itself.
These last two use the usual expansion trickery to define or append to the control sequences named
\xyeveryrequest@(option)@ and \xyeverywithoption@(option)@ used in the definitions above.

6193 \xydef@\xyeveryQ#1#2#3{\DNO{#2}\edef\next@{\codeof\next@}’

6194 \expandafter\ifx\csname xyevery#1@\next@ @\endcsname\relax

6195  \expandafter\let\csname xyevery#10\next@ @\endcsname=\empty \fi
61906 \DNii@##1{\expandafter\def\expandafter##l\expandafter{##1#3}1}/
607 \expandafter\nextii@\csname xyevery#1@\next@ @\endcsname}

6109 \xydef@\xyeveryrequest{\xyevery@{requestl}}

6500 \xydef@\xyeverywithoption{\xyevery@{withoption}}

1.7.2 Option file format

Option files must have the following structure:
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%% (identification)
%% (copyright, etc.)

\ifx\xyloaded\undefined \input xy \fi

\xyprovide{(option)}{(name)}{(version)}%
{({author)}{(email) }{(address)}

(body of the option)
\xyendinput

The 6 arguments to \xyprovide should contain the following:

(option) Option load name as used in the \xyoption command. This should be safe and distinguish-
able for any operating system and is thus limited to characters chosen among the lowercase
letters (a—z), digits (0-9), and dash (=), and all options should be uniquely identifiable by the
first 6 (six) characters only.

(name) Descriptive name for the option.

(version) Identification of the version of the option.

(author) The name(s) of the author(s).

(email) The electronic mail address(es) of the author(s) or the affiliation if no email is available.
(address) The postal address(es) of the author(s).

This information is used not only to print a nice banner but also to (1) silently skip loading if the
same version was preloaded and (2) print an error message if a different version was preloaded.

The \xyprovide command checks that the option is not already loaded and that the loaded version
is the same as the preloaded one by checking the existence and contents of the macro \xy(option)loaded.
Finally it calls \xycatcodes such that the option internals are loaded in ‘TEX programming mode’.
\xyendinput undoes this.

6568 \xydef@\xyprovide#1#2#3#4#5#6{/,

6560 \def\xyoption@@{#1}\edef\xyoption@@{\codeof\xyoption@@}\edef\next@{#3}/
es70 \message{ Xy-pic option: #2 v.\next@}/

6571 \expandafter\let\expandafter\nextii@\csname xy\xyoption@@ loaded\endcsname
6572 \1fx \next@\nextii@ \message{not reloaded}\endinput

6573 \else

6574 \ifx \nextii@\relax\else \xyerror@{Option ‘\xyoption@Q’ version mismatch}{%
6575 You previously loaded, or the format has preloaded, a different version~"J%
6576 0of this option. Just continue to try to load this version instead (and~"J%
6577 be prepared for a lot of warnings about redefinitions) .}V

o578 \fi

6579 \expandafter\let\csname xy\xyoption@@ version\endcsname=\next@

ess0  \expandafter\let\expandafter\xyenddocmode@\csname DOCMODE\endcsname

6581 \expandafter\let\csname DOCMODE\endcsname\xyprovidedocmode®@

6582 \xycatcodes

6583 \fi \ignorespaces}

6585 \xydef@\xyendinput{\expandafter\let\csname DOCMODE\endcsname=\xyenddocmode®
6536 \message{loaded}\xyuncatcodes\endinput}
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The above is futher complicated because an option may loaded in its DOCMODE form (ending in
.doc). So we make sure that the mode that skips documentation, defined in the xy.tex file header,
is active now.

6595 \expandafter\xylet@\expandafter\xyprovidedocmode@\csname DOCMODE\endcsname
6596 \xylet@\xyenddocmode@=\relax

The ‘dummy’ option described in §3.2 is a minimal option using the above features. It uses the
special DOCMODE format to include its own documentation for this document (like all official Xy=-pic
options) but this is not a requirement.

1.7.3 Driver options

The (driver) options described in chapter 4 require special attention because each driver can support
several extension options, and it is sometimes desirable to change (driver) or even mix the support
provided by several.

A (driver) option is loaded as other options with \xyoption{(driver)} (or through IWTEX 2¢ class
or package options as described in §1.1.1). The special thing about a (driver) is that loading it simply
declares the name of it, establishes what extensions it will support, and selects it temporarily. Thus
the special capabilities of the driver will only be exploited in the produced DVI file if some of these
extensions are also loaded and if the driver is still selected when output is produced. Generally, the
order in which the options are loaded is immaterial. (Known exceptions affect only internal processing
and are not visible to the user in terms of language and expected output.) In particular one driver
can be preloaded in a format and a different one used for a particular document.

The following declarations control this:

\UseSingleDriver forces one driver only
\MultipleDrivers allows multiple drivers
\xyReloadDrivers resets driver information

The first command restores the default behaviour: that ony one (driver) is allowed, i.e., each loading
of a (driver) option cancels the previous. The second allows consecutive loading of drivers such that
when loading a (driver) only the extensions actually supported are selected, leaving other extensions
supported by previously selected drivers untouched. Beware that this can be used to create DVI files
that cannot be processed by any actual DVI driver program!

The last command is sometimes required to reset the Xy-pic (driver) information to a sane state,
for example, after having applied one of the other two in the middle of a document, or when using
simple formats like plain TEX that do not have a clearly distinguished preamble.

Driver database. The main structure, the list of ‘loaded’ and ‘selected’ (driver)s (ordered by age),
is implemented as traditional TEX ‘\do-lists’ (applications of \do{(driver)} to each element).

6665 \xydef@\xydriversloaded@none{\do{unload}}
6666 \xylet@\xydriversloaded@@=\xydriversloaded@none
6667 \Xxylet@\xydriversselected@@=\empty

This is used to provide entry points into a secondary structure that lists for each (driver) the
extensions supported by that driver. As should be apparent from the above, only the unload (driver)
is present initially: it represents the implementation technique used for the extension when no (driver)
is selected. Every extension must add an entry which reestablishes the default implementation of the
extension:

5The kernel support described here is based on the (now defunct) xydriver include file by Ross Moore.
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6679 \xylet@\xydriver@unload@support@0=\empty

All (driver)s will have a similar structure named \xydriver@(driver)@support@@ which contains
the extensions supported by that particular (driver): the ‘signature’ of each driver as \doii-list with
two arguments (hence the ii © ): the extension and the command to install the (driver)-extension
combination.

The two selection principles differ significantly. When only a single (driver) is selectable then all
extensions need to be unloaded before the selection. When multiple (driver)s are allowed then only
the added support needs to be executed.

6695 \xydef@\selectdriver@#1{\DNQ@{#1}\edef\next@{\codeof\next@}},
6606 \expandafter\selectdriver@@\expandafter{\next@}}

6608 \xydef@\selectdriver@single#1{\xysetup@@{\def\xydriversselected@@{\do{#1}}%
6699 \xyLoadDrivers@}\let\selectdriver@@=\changedriver@single}

6701 \xydef@\changedriver@single#1{\xysetup@@{\def\xydriversselected@@{\do{#1}}/
6702 \xyReloadDrivers@}}

6704 \xydef@\selectdriver@multiple#1{\expandafter\xysetup@@\expandafter{y,
6705 \expandafter\def\expandafter\xydriversselected@@\expandafter{’

6706  \xydriversselected@@ \do{#11}}/,

6707 \let\do=\activatedriver@ \xydriversselected@@}}

6700 \xydef@\UseSingleDriver{\let\selectdriver@@=\selectdriver@single}
6710 \xydef@\MultipleDrivers{\let\selectdriver@@=\selectdriver@multiple}

6712 \xydef@\xyLoadDrivers@{\let\do=\activatedriver@ \xydriversselected@@}
6713 \xydef@\xyReloadDrivers@{\activatedriver@{unload}\xyLoadDrivers@}
6714 \xylet@\xyReloadDrivers=\xyReloadDrivers@

6716 \xydef@\activatedriver@#1{/
6717 \let\doii=\activatedriversupport@ \csname xydriver@#1@support@@\endcsname}

6719 \xydef@\activatedriversupport@#1#2{J
6720 \expandafter\ifx\csname xy#lloaded\endcsname\relax\DN@{}/
6721 \else\DNO{#2}\fi \next@}

6723 \UseSingleDriver

Finally we define the following to get complete independence of load sequence: at every loading of
an extension option known to be supported, we run through the list of presently selected drivers to
activate any support for it, using the following:

6732 \xydef@\xyselectoptionsupport@{\let\do=\activatedriver@ \xydriversselected@@}

As the above suggests it sometimes makes sense to load (driver)s in the actual textual part of
a document, however, it is recommended that only drivers also loaded in the preamble are reloaded
later, and that \xyReloadDrivers is used when there is doubt about the state of affairs. In case
of confusion the special command \xyShowDrivers will list all the presently supported and selected
driver-extension pairs to the TEX log.

6746 \xydef@\xyShowDrivers{{\W@{Loaded:}\let\do=\doShow \xydriversloaded@@
6747 \let\next@=\empty

678 \def\do##1{\ifx\next@\empty \DN@{##1}/

6749 \else \expandafter\DN@\expandafter{\next@, ##1}\fil}/

6750  \xydriversselected@@\W@{Selected: \next@.l}}}

6752 \def\doShow#1{\let\next@=\empty
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o753 \def\doii##1##2{\ifx\next@\empty \DNO{##1}%

6754 \else \expandafter\DN@\expandafter{\next@, ##1}\fi}},
6755 \csname xydriver@#1@support@@\endcsname

6756 \W@{ <driver> #1 supports \next@.}}

Driver internals. A (driver) option files must have the following structure:

%% (identification)

%k (copyright, etc.)

\ifx\xyloaded\undefined \input xy \fi

\xyprovide{(option)}{(name)}{(version)}’
{(author)}{(email) }{(address)}

\newdriver{’,
\xyaddsupport{(extension)}{cs)

}
(body of the (driver) option)
\xyendinput

There should be an \xyaddsupport command for each supported (extension) which specicifies the
(cs) (control sequence) with which the indicated support is activated.

The \newdriver command first establishes the ‘support’ list for the (driver) (running the argu-
ment), then adds the (driver) to the ‘loaded’ list, and finally selects it now and for every subsequent
request of this (driver) option.

It is important that the (cs) that activates each driver/extension combination only does rebinding
of hooks. In order to see what hooks are available for an extension, look for declarations of the form

\xyaddunsupport {(extension)} (cs)

and see what rebindings that (cs) does: those are the hokks. because they are the ones that will be
safely reestablished! This should be adherede to because both activation and deactivation (cs)s may
be executed many times.

The procedure is as follows: (1es20) add the driver and clear its support control sequence unless it
is already defined, (1.6s26) execute the support commands, and (1es27) setup to select it after loading.

e6s19 \xydef@\newdriver#1{/

6820 \def\nextiii@##1{

6s21  \expandafter\def\expandafter\xydriversloaded@@

6822 \expandafter{\xydriversloaded@@\do{##1}}%

6823 \expandafter\let\csname xydriver@\xyoption@@ @support@@\endcsname=\emptyl}/,
6s2a  \def\do##1{\DNii@{##1}\ifx\xyoption@@\nextii@ \let\nextiii@=\eat@ \fil}%
es25 \xydriversloaded@@ \expandafter\nextiii@\expandafter{\xyoption@e}j,

6s26 #1l\relax

6827 \DN@##l{\waithoption{##l}{

6828 \selectdriver@{##1}\xyeveryrequest{##1}{\selectdriver@{##1}}}}/

6s20 \expandafter\next@\expandafter{\xyoption@@}\ignorespaces}

The support commands merely add to the support \do-lists which in turn (1ess¢) adds \doii{(extension)}{..

to the \xydriver@(driver)@support@@ control sequence and adds a check for when to apply it every
time that (extension) is requested!

-}
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6s30 \xydef@\xyaddsupport{\expandafter\xyadddriversupport@\expandafter{\xyoption@@}}
6s10 \xydef@\xyaddunsupport{\xyadddriversupport@{unload}}

6s12 \xydef@\xyadddriversupport@#1#2#3{/

6sa3  \DNii@{#1}\edef\nextii@{\codeof\nextii@}J

6s4a  \def\nextiii@{#2}\edef\nextiii@{\codeof\nextiii@}},

6845 %

6846 % CHECK that the <driver> is loaded!

osa7 \def\next{\xybug@{<driver> \nextii@\space not loaded}}%

6sas \def\do##1{\DNO{##1}\edef\next@{\codeof\next@l}y,

6819 \ifx\next@\nextii@ \let\next=\relax \fil}\xydriversloaded@@ \next
6850 Jh

6s51 /o CHECK that the specified <extension> is not already supported!
6852 \def\next{\xybug@{<driver> \nextii@\space already supports \nextiii@}}}
6853 \def\doii##1##2{\DNO{##1}\edef\next@{\codeof\next@}%

ess4  \ifx\next@\nextiii@ \let\next=\relax \fi}\xydriversloaded@@ \next
6855 %

ess6  \DNQ@##1##2{\ifx##1\relax \let##1=\empty \fi

ess7  \expandafter\def\expandafter##l\expandafter{##1\doii{##2}{#3}}}/
esss \expandafter\expandafter\expandafter\next@

659 \expandafter\expandafter\csname xydriver@\nextii@ @support@@\endcsname
6860 \expandafter{\nextiii@}%

6s61  \DN@##1{\expandafter\xyeverywithoption\expandafter{\nextiii@}{%
es62  \xytestforsupport@{##1}}}%

6s63 \expandafter\next@\expandafter{\nextii@}\xydriversloaded@@

6s64 \ignorespaces}

es66 \xydef@\xytestforsupport@#1{\def\do##1{\DNO{##1}\DNii@{#1}%
6s67 \ifx\next@\nextii@ \expandafter\xyselectoptionsupport@ \fil}}

Driver related messages. Most extensions will print a warning when a capability is used which
is not supported by the presently loaded (driver). Such messages are only printed once, however, (for
some formats they are repeated at the end). Similarly, when the support of an extension that exploits
a particular (driver) is used a warning message will be issued that the DVI file is not portable.

This is implemented by defining a control sequence for each such warning and repeat it at the end.
Warnings should be issued using one of

\xyununsupportwarning@ {(extension)} {(message)}
\xyunsupportwarning@ {(driver)} {(extension)}

6393 \xynew@{if}\ifunsupportwarnings®

6395 \xydef@\xyunsupportwarning@#1#2{{Y

6so6 \DN@{#1}\edef\next@{\codeof\next@}

6s97 \expandafter\ifx\csname xywarn@unload®@\next@ @\endcsname\relax

6sos  \expandafter\gdef\csname xywarn@unload@\next@ @\endcsname{}’

6899 \ifunsupportwarnings@ \xyclosedown@@\xyunsupportwarnings@@ \fi
6900 \global\unsupportwarnings@true

6901 \expandafter\gdef\expandafter\xyunsupportwarnings@@\expandafter{’
6902 \xyunsupportwarnings@@ \We{ #2.}1}/

6003 \WQ{}%



98 CHAPTER 1. KERNEL: XY.DOC

6004 \WO{Xy-pic Warning: ‘\next@’ reproduction is NOT EXACT\xytracelinenoQ:}%
6905 \WQ{ #2.1}7

6006 \WQ{}%

6907 \fil}}

6909 \xydef@\xyunsupportwarnings@a{\wWe{}%
6910 \W@{Xy-pic Warning: The produced DVI file is NOT EXACT:}}

6912 \xynew@{if}\ifsupportwarnings@

o914 \xydef@\xysupportwarning@#1#2{{%

6915 \DN@{#1}\edef\next@{\codeof\next@}\DNii@{#2}\edef\nextii@{\codeof\nextii@l}y,
6016 \expandafter\ifx\csname xywarn@\next@ Q@\nextii@ @\endcsname\relax

6917 \expandafter\gdef\csname xywarn@\next@ @\nextii@ @\endcsname{}},

6918 \ifsupportwarnings@ \xyclosedown@@\xysupportwarnings@@ \fi

6919  \global\supportwarnings@true

6920 \expandafter\gdef\expandafter\xysupportwarnings@@\expandafter{’,

6921 \xysupportwarnings@@ \driverextensioncomplain@{#1}{#2}}/

6922 \w@{}%

6923 \W@{Xy-pic Warning: The produced DVI file is NOT PORTABLE\xytracelineno@:1}%
6924 \driverextensioncomplain@{#1}{#2}}

6025 \WQ{}%

6926 \fil}}

6928 \xydef@\xysupportwarnings@o{y
6920 \W@{Xy-pic Warning: The produced DVI file is NOT PORTABLE:}}

6931 \xydef@\driverextensioncomplain@#1#2{J

6032 \DN@{#1}\edef\next@{\codeof\next@}\DNii@{#2}\edef\nextii@{\codeof\nextii@}},
6933 \W@{ It contains <driver> ‘\next@’ \string\special s for the ‘\nextii@’

6934 extension.}}

Backwards compatibility. . .
6910 \xydef@\dvimessage@#1#2{\xysupportwarning@{#1}{#2}}

6912 \xynew@{if}\ifxydrivernoloads®@
6913 \xydef@\xydrivernoload@#1{\xyerror@{Could not load xy#1l.tex}{}%
6944 \xydrivernoloads@true}

6916 \xydef@\xydriverfail@#1i{\xyerror@{Sorry, #1 not supported.}{}}
6918 \xydef@\xyunload@#1{\xywarning@{Unloading #1.}}

1.8 Algorithms

This section presents the more complicated algorithms used in Xy-pic.

1.8.1 Directions

6963 \message{algorithms: directions,}

The direction state is described by the following parameters:

Direction ‘angle’ of the direction on | —4K . ..4K] unit square
dX,dY the vector ¢ — p
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sdX,sdY sign of dX and dY

\KedXdY,\KedYdX quotients K % and K % (as dimensions in sp)
DirectionChar,SemiDirectionChar \chardefs for directional and semidirectional fonts
cosDirection,sinDirection factors in the range | —1...1] corresponding to cos

and sin of Direction

where the “] — 4K ...4K] unit square” has the following angles:

3K
9K T 4K

—K <~ —> 3K

OJ/ZK
K

where the intermediate K angle in each interval correspond to equidistant points on the unit square.
Thus only for n € {—3,2,1,0,1,2,3,4} the angle of direction n x K is exactly n x 45° — 135° (0° being
the direction straight right).

As usual \DirectionfromtheDirection®@ expands to code setting the current direction.

7o0s \xydef@\DirectionfromtheDirection@{\noexpand\Direction=\the\Direction
7009 \noexpand\d@X=\the\d@X \noexpand\d@Y=\the\daY

7010 \def\noexpand\sd@X{\sd@X}\def \noexpand\sd@Y{\sd@Y}%

7011 \noexpand\K@dXdY=\the\K@dXdY \noexpand\K@dYdX=\the\K@dYdX

7012 \chardef\noexpand\DirectionChar=\the\DirectionChar

7013 \chardef\noexpand\SemiDirectionChar=\the\SemiDirectionChar

7014 \def\noexpand\cosDirection{\cosDirection}},

7015 \def\noexpand\sinDirection{\sinDirection},

7016 \noexpand\resetupDirection®@}

The actual direction computation is done using \setupDirection@.

Procedure: Is really not so complicated. [.7035] dX and dY are computed from ¢ — p and we skip
if the current setting is based on these (this is stored in the internal \Directiontest®@ method);
[170ss] if the direction is one of the principal ones then proceed with an optimised special case for
those; otherwise proceed with the generic code.

7032 \xydef@\Directiontest@o#1#2{#2}

7034 \xydef@\setupDirection@{%
7035 \d@X=\XQ@c\advance\d@X-\X@p \d@Y=\Y@c\advance\d@Y-\Y@p
7036 \Directiontest@@\relax\setupDirection@i}

7038 \xydef@\setupDirection@i{\DN@{\setupDirection@ii}

7030 \ifdim\d@X=\d@Y

roa0  \ifdim\zz@\d@Y \DN@{}%

7oa1  \else\ifdim\d@X<\z@ \DN@{\dlDirection@{-1.4142\deX}}%

7oa2  \else \DN@{\urDirection@{1.4142\d@X}}\fi\fi

7043 \else\ifdim\d@X<\deyY

7044 \ifdim\zz@\d@X \DN@{\uDirection@\d@Y},

7oas  \else\ifdim\zz@\d@Y \DN@{\1Direction@{-\d@X}}%

7oa6  \else\ifdim-\d@X=\d@Y \DN@{\ulDirection®@{-1.4142\deX}}\fi\fi\fi
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7047 \else

\ifdim\zz@\d@X \DN@{\dDirection®@{-\d@Y}}%

\else\ifdim\zz@\d@Y \DN@{\rDirection@\d@X}}
\else\ifdim\d@X=-\d@Y \DN@{\drDirection@{1.4142\deX}}\fi\fi\fi

\fi\fi \next@}

7048
7049
7050

7051

The procedures for the special (diag)onal cases are summarised in this table:

(diag)onal | Direction | cos(Direction), sin(Direction) | sign(dX,dY) | Char Semi
d1 0 —\/3 —y/% . 127 127
d K 0, -1 +,— 15 31
dr 2K e +,— 31 63
r 3K 1, 0 +,+ 47 95
ur 1K NEE +,+ 63 127
u 3K 0, 1 +,+ 79 31
ul 9K -3 /3 —+ 95 63
1 K “1, 0 —+ 11 95
In each case the argument is used as the unit circle, i.e., non-zero of dX and dY, and <K % K %> =

KK x <dX,dY>...

7079 \xydef@\d1lDirection@{\Direction=\z@

7080

7081

7082

\def\cosDirection{-.7071}\def\sinDirection{-.7071}\def\sd@X{-}\def\sd@Y{-}%
\chardef\DirectionChar=127\relax\chardef\SemiDirectionChar=127\relax

\K@dXdY=1\K@ \K@dYdX=1\K@ \fixedDirection®@}

7084 \xydef@\dDirection@{\Direction=\K@
\def\cosDirection{0}\def\sinDirection{-1}\def\sd@Y{-}%\def\sd@X{+}
\edef\sd0X{\ifdim\X@c<\X@p-\else+\fi}},
\chardef\DirectionChar=15\relax\chardef\SemiDirectionChar=31\relax
\K@dXdY=\z@ \K@dYdX=\KK@\K@ \fixedDirection®@}

7085

7086

7087

7088

7000 \xydef@\drDirection@{\dimen@ii=2\K@ \Direction=\dimen@ii

7091

7092

7093

\def\cosDirection{+.7071}\def\sinDirection{-.7071}\def\sd@X{+}\def\sdeY{-}%

\chardef\DirectionChar=31\relax\chardef\SemiDirectionChar=63\relax
\K@dXdY=-1\K@ \K@dYdX=-1\K@ \fixedDirection@}

7005 \xydef@\rDirection@{\dimen@ii=3\K@ \Direction=\dimen@ii
\def\cosDirection{+1}\def\sinDirection{0}\def\sd@X{+}%\def\sdeY{+}%
7007 \edef\sd@Y{\ifdim\Y@c<\Y@p-\else+\fil}},
\chardef\DirectionChar=47\relax\chardef\SemiDirectionChar=95\relax
\K@dXdY=\KK@\K@ \K@dYdX=\z@ \fixedDirection@}

7096

7098

7099

7101 \xydef@\urDirection@{\dimen@ii=4\K@ \Direction=\dimen@ii

7102

7103

7104

\def\cosDirection{+.7071}\def\sinDirection{+.7071}\def\sd@X{+}\def\sdeY{+}%

\chardef\DirectionChar=63\relax\chardef\SemiDirectionChar=127\relax
\K@dXdY=1\K@ \K@dYdX=1\Ke@ \fixedDirection@}

7106 \xydef@\uDirection@{\dimen@ii=-3\K@ \Direction=\dimen@ii
\def\cosDirection{0}\def\sinDirection{+1}\def\sd@Y{+}%\def\sd@X{+}
\edef\sd@X{\ifdim\X@c<\X@p-\else+\fi}},
\chardef\DirectionChar=79\relax\chardef\SemiDirectionChar=31\relax
\K@dXdY=\z@ \K@dYdX=\KK@\K@ \fixedDirection®@}

7107

7108

7109

7110
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7112 \xydef@\ulDirection@{\dimen@ii=-2\K@ \Direction=\dimen@ii

7113

7114

7115

\def\cosDirection{-.7071}\def\sinDirection{+.7071}\def\sd@X{-}\def\sdeY{+}/
\chardef\DirectionChar=95\relax\chardef\SemiDirectionChar=63\relax
\K@dXdY=-1\K@ \K@dYdX=-1\K@ \fixedDirection@}

7117 \xydef@\1Direction@{\Direction=-\K@

7118

7119

7120

7121

\def\cosDirection{-1}\def\sinDirection{0}\def\sd@X{-}%\def\sd@Y{+}%
\edef\sd@Y{\ifdim\Y@c<\Y@p-\else+\fi}},
\chardef\DirectionChar=111\relax\chardef\SemiDirectionChar=95\relax
\K@dXdY=\KK@\K@ \K@dYdX=\z@ \fixedDirection@}

7123 \xydef@\fixedDirection@#1{\dimen@ii=#1\relax

7124

7125

\d@X=\cosDirection\dimen@ii \d@Y=\sinDirection\dimen@ii
\resetupDirection®@}

Here is the procedure for the generic code.

1.7182

1.7199

1.7205

1.7233

1.7240

1.7218

Make sign variables and slopes: sdX := sign(dX), sdY := sign(dY), K% = sdX x sdY X
[|KK x dX|/|dY /KK|]|, and K% = sdX x sdY x ||KK x dY|/|dX/KK]|]|, where the some-
what exotic computation method is used to ensure that the ‘native’ floor function provided by
TEX \divide can be used (it only acts predictably for positive numbers), that overflow is avoided
even for large dX, dY, and that it is reasonable to use the convention of \quotient@ that divi-
sion by zero is like multiplying with one. .. Also takes care not to multiply too big dimensions
with each other.

If-K < K% < K then the direction is mostly up or down: if dY < 0 [down, 1.7200]: Direction :=
—K% + 1K; else [up, 17202]: Direction := —K% - 3K.

If -K <K % < K then direction is mostly left or right: if dX < 0 [left, 17206]: Direction :=
K% — K; else [right, 1.7208]: Direction := K% + 3K.

Compute character codes for direction and semidirection fonts. [1.7234]: DirectionChar := (8K +
Direction + K/32) div (K/16) — 1; while DirectionChar > 127 : DirectionChar— := 128. [i.7237]:
SemiDirectionChar = (8K + Direction + K/64) div (K/32) — 1; while SemiDirectionChar >
127 . SemiDirectionChar— := 128. In both cases the 8K are added to ensure that TEX will
round down. Hack: The 16, \KK@, and 64 in these lines are really K /64, K/32, and K/16...

Build cosDirection and sinDirection from appropriate characters in the \xydashfont. [i7240]:
cosDirection := wd(\xydashfontSemiDirectionChar). [i7212] C := SemiDirectionChar — 64, if
C < 0: C:=C + 128, sinDirection := wd(\xydashfont().

Register this dX,dY for next time.

7151 \xydef@\setupDirection@ii{%

7182

7183

7184

7185

\ifdim\d@X<\z@ \def\sd@X{-}\else \def\sd@X{+}\fi
\ifdim\d@Y<\z@ \def\sd@Y{-}\else \def\sd@Y{+}\fi
\K@dXdY=\sd@X\doX \ifdim\K@dXdY<500pt \multiply\K@dXdY\KK@ \fi
\dimen@=\sd@Y\d@Y

7186 J, \advance\dimen®@.5\KK@ \divide\dimen@\KK®@

7187

7188

7189

7190

\advance\dimen@\ifdim\dimen@<\z@-\fi.5\KK@ \divide\dimen®@\KK@
\ifdim\dimen@=\z0\else %\count@=\dimen®@ \divide\count@\twe@
\advance\K@dXdY by.5\dimen@\relax \divide\K@dXdY\dimen®

\fi \K@dXdY=\sd@X\sd@Y\K@dXdY
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7191 \K@dYdX=\sd@Y\d@Y \ifdim\K@dYdX<500pt \multiply\K@dYdX\KK@ \fi
7192 \dimen®@=\sd@X\d@X

7193 % \advance\dimen@.5\KK@ \divide\dimen@\KK@

7194  \advance\dimen@\ifdim\dimen®@<\z@-\fi.5\KK@ \divide\dimen®@\KK®@
7195 \ifdim\dimen@=\z@\else %\count@=\dimen@ \divide\count@\tw@

7196 \advance\K@dYdX by.5\dimen@\relax \divide\K@dYdX\dimen@

7197 \fi \K@dYdX=\sd@X\sd@Y\K@dYdX

7108 \Direction=\maxdimen

7199 \ifnum\K@dXdY<-\K@ \else \ifnum\K@<\K@dXdY \else

7200 \ifdim \d@Y<\z@

7201 \Direction=\K@ \advance\Direction-\K@dXdY
7202 \else
7203 \Direction=\K@ \multiply\Direction-\thr@@ \advance\Direction-\K@dXdY

7204 \fi\fi\fi
7205 \ifnum-\KO@<\K@AYdX \ifnum\K@dYdX<\K@
7206 \ifdim \deXx<\ze@

7207 \Direction=-\K@ \advance\Direction\K@dYdX
7208 \else
7209 \Direction=\K@ \multiply\Direction\thr@@ \advance\Direction\K@dYdX

7210 \fi\fi\fi

7211 \ifnum\Direction=\maxdimen

7212 \Direction=\K@dYdX \advance\Direction-\K@dXdY

7213 \advance\Direction\ifnum\Direction<\z@-\fi\@ne \divide\Direction\tw@
7214 \ifnum\K@dXdY<\z@ \advance\Direction\K@ \advance\Direction\K®@

7215 \else \advance\Direction-\K@ \advance\Direction-\K@ \fi

7216 \fi

7217 \imposeDirection@i

7218 \resetupDirection@

7219 }

7221 \xydef@\imposeDirection@{\count@@=\Direction

7222 \loop@\ifnum\count@@>4096 \advance\count@@-8192 \repeat@
7223 \loop@\ifnum\count@@<-4096 \advance\count@@8192 \repeat@
7224 \def\sd@X{+}\ifnum\count@0<\K@ \relax

7225 \ifnum\count@@>-3072 \def\sd@X{-}\fi\fi

7226 \def\sd@Y{+}\ifnum\count@@<3072 \relax

7227 \ifnum\count@@>-\K@ \relax\def\sd@Y{-}\fi\fi

7228 \imposeDirection@i

7220 \d@X=\cosDirection\xydashl@ \d@Y=\sinDirection\xydashl®
7230 \resetupDirection@}

7232 \xydef@\imposeDirection@i{%

7233 \count@@=\K@ \multiply\count@@ by8 \advance\count@@\Direction

7234 \count@=\count@@ \advance\count@\KK@ \divide\count@64 \advance\count@\m@ne
7235 \loop@\ifnum127<\count@ \advance\count@-128 \repeat@

7236 \chardef\DirectionChar\count@

7237 \advance\count@@16 \divide\count@®@\KK@ \advance\count@@\m@ne

7238 \loop@\ifnum127<\count@@ \advance\count@@-128 \repeat®

7230 \chardef\SemiDirectionChar\count@@

7240 \setbox8=\hbox{\xydashfont\SemiDirectionChar\/}%

7221 \quotient@@\cosDirection{\sd@X\wd8}\xydashl@
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7222 \setbox8=\hbox{\xydashfont\count@=\SemiDirectionChar\advance\count@-64
7243 \ifnum\count@<\z@ \advance\count@128 \fi \char\count@\/}%
7244 \quotient@@\sinDirection{\sd@Y\wd8}\xydashl@}

7246 \xydef@\getxyDirection@#1{\xy0@@\bgroup\xy0@Q@ix@{#1}J
7247 \xyQ@@{\expandafter\POS\the\toks9\relax\setupDirection@
7228 \edef\next@{\egroup \Direction=\the\Direction}\next@ \imposeDirection@ }}

Finally some special cases used by the (direction)s and directional library objects. All manipulate
the Direction dependent parameters and then call \resetupDirection®@: \reverseDirection reverses
it; \above- and \belowDirection@ are for ~ and _, and \vDirection@(z,y){L} is for : (x,y), i.e.,
computes a new direction as the vector

<X -—xxcosaxL—yx(—sina)x L,Y —zxsinaxL—yxcosax L>

where « is the previous direction angle.

7264 \xydef@\reverseDirection@{’

7265 \d@X=-\d@X \d@Y=-\doY

7266 \ifdim\d@X<\z@ \def\sd@X{-}\else \def\sd@X{+}\fi

7267 \ifdim\d@Y<\z@ \def\sd@Y{-}\else \def\sd@Y{+}\fi

7268 \dimen@=4\K@ \ifnum\Direction<\z@ \advance\Direction\dimen®@

7260 \else \advance\Direction-\dimen@ \fi

7270 \count@=\DirectionChar \ifnum\count@<64 \advance\count@64 9

7271 \else \advance\count@-64 \fi \chardef\DirectionChar=\count@
7272 \edef\cosDirection{\if-\cosDirection\else-\cosDirection\fil}},
7273 \edef\sinDirection{\if-\sinDirection\else-\sinDirection\fil}}
7274 \resetupDirection@}

7276 \xydef@\aboveDirection@#1{%

7277 \dimen@=\d@X \d@X=-\dQY \d@Y=\dimen®@

7278 \dimen@=\K@dXdY \K@dXdY=-\K@dYdX \K@dYdX=-\dimen®@

7279 \ifdim\d@X<\z@ \def\sd@X{-}\else \def\sdOX{+}\fi

7280 \ifdim\d@Y<\z@ \def\sd@Y{-}\else \def\sd@Y{+}\fi

7281 \dimen@=2\K@ \ifdim 1\Direction<\dimen®@\else \dimen@=-6\K@ \fi
7282 \advance\Direction\dimen@

7283 \count@=\DirectionChar \ifnum\count@<96 \advance\count@32 Y

7281 \else \advance\count@-96 \fi \chardef\DirectionChar=\count@

7285 \count@=\SemiDirectionChar \ifnum\count@<64 \advance\count@64 Y
7286 \else \advance\count@-64 \fi \chardef\SemiDirectionChar=\count@
7287 \let\tmp@=\cosDirection

7288 \edef\cosDirection{\if-\sinDirection\else-\sinDirection\fil}%

7289 \let\sinDirection=\tmpQ

7200 \dimen@=#1\relax \d@X=\cosDirection\dimen@ \d@Y=\sinDirection\dimen®@
7291 \resetupDirection@}

7203 \xydef@\belowDirection@#1{}

7294 \dimen@=\d@X \d@X=\d@Y \d@Y=-\dimen®@

7205  \dimen@=\K@dXdY \K@dXdY=-\K@dYdX \K@dYdX=-\dimen®

7206 \ifdim\d@X<\z@ \def\sd@X{-}\else \def\sd@X{+}\fi

7207 \ifdim\d@Y<\z@ \def\sd@Y¥{-}\else \def\sd@Y{+}\fi

7298 \dimen@=-2\K@\ifdim 1\Direction<\dimen@\dimen@=6\K@\fi

7200 \advance\Direction\dimen®

7300 \count@=\DirectionChar \ifnum\count@<32 \advance\count@96 Y
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7301 \else \advance\count@-32 \fi \chardef\DirectionChar=\count®@

7302 \count@=\SemiDirectionChar \ifnum\count@<64 \advance\count@64 %

7303 \else \advance\count@-64 \fi \chardef\SemiDirectionChar=\count@

7304 \let\tmp@=\sinDirection

7305 \edef\sinDirection{\if-\cosDirection\else-\cosDirection\fil}}

7306 \let\cosDirection=\tmpQ

7307 \dimen@=#1\relax \d@X=\cosDirection\dimen@ \d@Y=\sinDirection\dimen®@
7308 \resetupDirection@}

7310 \xydef@\vDirection®@ (#1,#2)#3{\dimen@ii=#3\relax

7311 \dimen@=#1\dimen@ii \dimen@ii=#2\dimen@ii

7312 \d@X=\cosDirection\dimen@ \advance\d@X-\sinDirection\dimen@ii
7313 \d@Y=\sinDirection\dimen®@ \advance\d@Y \cosDirection\dimen@ii
7312 \X@p=\XQ@c \advance\X@p-\d@X \Y@p=\Y@c \advance\Y@p-\d@Y

7315 \setupDirection@\ignorespaces}

The above all make use of the following; use them also when the direction state is known to
be correct: \resetDirection@ should be called when p and/or ¢ are moved along the line pe,
\resetupDirerection when the entire direction state is changed in a consistent manner.

7325 \xydef@\resetDirection@{%

7326 \d@X=\XQ@c\advance\d@X-\X@p \d@Y=\Y@c\advance\d@Y-\Y@p
7327 \let\next@=\resetupDirection@

7328 \1fdim\sd@X\d@X<\z@ \let\next@=\setupDirection@i \fi
7320 \1fdim\sd@Y¥\d@Y<\z@ \let\next@=\setupDirection@i \fi
7330 \next@}

7332 \xydef@\resetupDirection@{’

7333 \edef\Directiontest@@##1##2{\noexpand\DNQ{##21}/,

733¢  \noexpand\ifdim\noexpand\d@X=\the\d@X\relax

7335 \noexpand\ifdim\noexpand\d@Y=\the\d@Y\relax \noexpand\DN@{##11}}
7336 \noexpand\fi\noexpand\fi \noexpand\next@}}

7338 \xydef@\unsetupDirection@{\def\DirectiontestQQ##1##2{##2}}
Finally the initial direction: up!

7324 \uDirection@\xydashl@

1.8.2 Edges

An FEdge is a token list describing the edge of an object. It must have the form {(expandable token)
(unexpandable tokens)}. To find the edge of an object then first make it the current object and then
do

\the\Edge@c(code)

where (code) determines what should be done:

0 c is changed to be equal to the point on the edge intersecting with the line segment from p (for
E (corner), also this was the v2.6 behaviour).
Note: This should not change any of A, B, or any component of the state except X, and Y.!

1 Test whether the center of p, i.e., <X,,Y,>, is ‘inside’ the ¢ object (or on the edge). Sets the
test \ifInside®@ accordingly.
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2 Set \dimen@ to the distance from the center to the edge towards p (as set with code 0).

Note: This is only positive in the direction towards p (thus negative-sized circles and rectangles
make it negative).

3 ¢ is changed to be equal to the point on the edge furthest in the direction towards p (for P
(corner)).

Note: This should not change any of A, B, or any component of the state except X, and Y.!

4 Replace ¢ with rectangle with corners where the line from p intersects with the edge of ¢ (thus
this is the inner rectangle with corners as the current direction dictates).

5 Replace ¢ with smallest rectangle that encloses the current object completely.

(if this reminds the reader of a ‘dictionary’ as used by class-oriented programming languages then
they probably share this author’s regret that TEX does not have type classes © ).

7207 \message{edges,}

7409 \xynew@{if}\ifInside@

Points: The simplest shape is none at all — a point.

7217 \xydef@\zeroEdge#1{/,
rais \ifcase#1l\relax \or \Inside@false \or \dimen@=\zQ
7419 \or \else \Edge@c={\rectangleEdge}\fi}

Circles and Ellipses: Next we define round things, with several special cases for the individual
variants described below: centered circular, centered elliptical, and general elliptical. The only ‘in-
telligent’ choice is for the ‘Under’ method where the object is forced to be a centered variant before
applying either the circular or elliptical version.

7431 \xydef@\circleEdge#1{\ifcase#1\expandafter\circleEdge®@

7432 \or \expandafter\circleUnder@ \or \dimen®@=\R@c

7233 \or \expandafter\circleProp@ \or \expandafter\circleInner®
7434 \else \expandafter\circleOuter@ \fi}

7436 \xydef@\circleEdge@{\DN@{\ellipseEdge@}%

7237 \ifdim\RQ@c=\L@c\relax \ifdim\U@c=\DQ@c\relax
7438 \ifdim\R@c=\U@c\DN@{\circlecentredEdge@}’
7439 \else\DN@{\ellipsecentredEdge@}\fi

ras0 \fi\fi \next@}

7422 \xydef@\circleProp@{\DN@{\reverseDirection@\ellipseEdge@}/
7243 \ifdim\R@c=\L@c\relax \ifdim\U@c=\D@c\relax

7442 \1fdim\RQc=\UQc\DN@{\reverseDirection@\circlecentredEdge@}},
7245 \else\DN@{\reverseDirection@\ellipsecentredEdge@}\fi

7226 \fi\fi \next@}

7448 \xydef@\circleUnder@{\Inside@false
7249 \1fdim\X@p=\X@c \relax \ifdim\Y@p=\Y@c \Inside@true \fi \fi
7250 \ifInside@ \else \expandafter \circleCentre@ \fi}

7452 \xydef@\circleCentre@{{’

7453 \ifdim\LO@c=\RQ@c \relax\else
7454  \dimen@=\R@c\advance\dimen@-\LOc \divide\dimen@\tw®
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755 \advance\X@c\dimen®@ \advance\R@c-\dimen®@ \fi

7256 \d@X=\X@c \advance\d@X-\X@p \d@X=\ifdim\d@X<\z@-\fi\deX
7257 \1fdim\U@c=\D@c\relax \else

7ass  \dimen@=\U@c\advance\dimen@-\D@c \divide\dimen®@\tw@

7259 \advance\Y@c\dimen@ \advance\U@c-\dimen@ \fi

7260 \d@Y=\YQ@c \advance\d@Y-\Y@p \d@Y=\ifdim\d@Y<\z@-\fi\deY
761 \DN@{}\ifdim\d@X>\R@c \relax \else \ifdim\d@Y>\U@c \relax
7a62  \else \ifdim\U@c=\R@c \DN@{\circlecentredUnder®@}},

7263 \else \DN@{\ellipsecentredUnder@}\fi

7464 \fi\fi \next@}}

7266 \xydef@\circleInner@{\DN@{\ellipseInner®@}},
7467 \ifdim\R@c=\L@c\relax \ifdim\U@c=\D@c\relax
7a6s  \ifdim\R@c=\UQc\DN@{\circlecentredInner@}y,
7469  \else\DN@{\ellipsecentredInner@}\fi

raro \fi\fi \next@}

7472 \xydef@\circleOuter@{\DN@{\ellipseOuter@}y
7a73 \ifdim\RQ@c=\L@c\relax \ifdim\U@c=\D@c\relax
7474 \ifdim\RQ@c=\UQc\DN@{\circlecentredOuter@l}y
7475 \else\DN@{\ellipsecentredOuter@}\fi

rare  \fi\fi \next@}

True circles, centered: Code 0 moves <X.,Y.> to the point <X, — R, X cosa, Y, — R X sin a>
where « is the current direction angle, code 1 tests whether the p center is located between those
two points., code 2 just returns the radius, code 3 is as code 0 and code 4 is the only nontrivial one,
replacing with the inner symmetric rectangle with corner at the point of code 0.

7488 \xydef@\circlecentredEdge@{’
7480 \dimen@=-\cosDirection\RQ@c \advance\X@c\dimen®
7400 \dimen@=-\sinDirection\R@c \advance\Y@c\dimen®@}

7492 \xydef@\circlecentredUnder@{’,

7203 \loop\ifdim\R@c>100\p@ \circlescale®@ \repeat

7200 \edef\tmp@{\expandafter\removePT@\the\RQc}\dimen®@=\tmp@\RQAc

7205 \edef\tmp@{\expandafter\removePT@\the\d@X}\advance\dimen@-\tmp@\deX
7406 \edef\tmp@{\expandafter\removePTO\the\d@Y}\advance\dimen@-\tmp@\doY
7407 \ifdim\dimen@>\z@ \aftergroup\Inside@true \fi}

7499 ok \xydef@\circlescale@{\divide\R@c\KK@ \divide\d@X\KK@ \divide\d@Y\KK@ }
7500 \xydef@\circlescale@{\divide\ROc\KK@ \divide\dO@X\KK@ \divide\d@Y\KKQ }
7502 \xydef@\circlecentredInner@{’

7503  \L@c=\sd@X\cosDirection\R@c \D@c=\sd@Y\sinDirection\R@c
7504 \R@c=\L@c \UQ@c=\D@c \Edge@c={\rectangleEdgel}}

7506 \xydef@\circlecentredOuter@{’
7507 \L@c=\R@c \D@c=\R@c \U@c=\D@c \Edge@c={\rectangleEdge}}

Ellipsis, centered: When c is at the centre of an elliptical object, first rescale the axes to make
the object circular. Rescale dX and dY appropriately, reset the direction and move to the edge as
previously. Then scale back to the original shape, adjusting X, and Y, appropriately.

7517 \xydef@\ellipsecentredEdge@{\bgroup \X@p=\X@c \Y@p=\Y@c
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7518 \1fdim\U@c>\R@c

7519 \X@c=\cosDirection\U@c \Y@c=\sinDirection\UG@c

7520 \quotient@\tmp@\UQc\RAc \X@c=\tmp@\X@c \RQc=\UGc

7521 \else

722 \XQ@c=\cosDirection\R@c \Y@c=\sinDirection\R@c

7523 \quotient@\tmp@\RQc\UGc \Y@c=\tmp@\Y@c

7524 \fi

7525 \advance\XQ@c\X@p \advance\Y@c\Y@p

7526 \setupDirection@ \X@c=\X@p \YQc=\Y@p \circlecentredEdge@
727 \d@X=\X@c \advance\d@X-\X@p \d@Y=\YQ@c \advance\d@Y-\Y@p
7528 \1fdim\U@c>\L@c \quotient@\tmp@\LEc\UGc \d@X=\tmp@\deX
7520 \else \quotient@\tmp@\U@c\R@c \dQY =\tmp@\deY \fi

7530 \XQ@c=\X@p \advance\X@c\d@X \YQc=\Y@p \advance\Y@c\daY
7531 \edef\next@{\egroup \X@c=\the\X@c \YQ@c=\the\Y@c}\next@ 1}

7533 \xydef@\ellipsecentredUnder@{’,

7530 \1fdim\R@c>64\p@ \circlescale@ \divide\UQc\KK®@

7535 \else \1fdim\UQc>64\p@ \circlescale@ \divide\UQ@c\KK@ \fi\fi
7536 \edef\tmp@{\expandafter\removePTO\the\RQc}\dQ@Y=\tmp@\d@Y
7537 \edef\tmp@{\expandafter\removePT@\the\UQc}\d@X=\tmp@\deX
7538 \R@c=\tmp@\R@c \circlecentredUnder®@ }

For elliptical objects the Outer-rectangle retains all the extents, so just change the edge-type.
7545 \xydef@\ellipsecentredOuter@{\Edge@c={\rectangleEdge}}

For elliptical objects the Inner-rectangle needs to be calculated for each direction. This is done by
first finding the edge, using \ellipseEdge@ or \ellipsecentredEdge@ when appropriate.

7554 \xydef@\ellipsecentredInner@{’,

7555 \bgroup \X@p=\X@c \Y@p=\Y@c \ellipsecentredEdge@

7556 /» \advance\X0c-\X@p \L@c=\ifdim\X@c<\z@-\fi\Lec

7557 \advance\X@c-\X@p \L@c=\ifdim\X@c<\z@-\fi\X@c

7558 /» \advance\YQc-\Y@p \D@c=\ifdim\Y@c<\z@-\fi\D@c

7559 \advance\YQ@c-\Y@p \D@c=\ifdim\YQc<\z@-\fi\YQc

7560 \edef\next@{\egroup \L@c=\the\LO@c \D@c=\the\DQc}\next@
761 \R@c=\L@c \UQ@c=\D@c \Edge@c={\rectangleEdgel}}

Non-centered variants: The code for the more general \ellipseEdge® uses a Newton iteration
to solve a quadratic equation.

First locate the actual centre of the ellipse and the lengths of the major axis ¢ and minor axis
b. Let (x,y) denote the displacement of the required edge point from the centre of the ellipse, so
that i—; + ‘z—; = 1. Now let (dz,dy) be the displacement from the centre to the reference point; then
x =dzx + scosf and y = dy + ssinf where s is the distance to (z,y) in the required direction 6. We
must find the value of s, presumed to satisfy s > 0.

If a < b we search for a root of

f<s) = (d~:1:+§cosﬂ>2+<d~y+§%sin9)2
f/<3) = 2(d~x+20059)00s9—|—2(d~y+§%sin9)%Sin@

where dz = dz/a and dy = dy/b. By choosing a starting value sy = 2a + 2b the Newton-iteration

converges rapidly to the correct root, provided b > 0. If a > b then we solve a similar quadratic in .
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To Do: The case of a = 0 or b = 0, so that the ellipse degenerates to a line segment, should be
trapped earlier. Such an object would be more easily handled as a degenerate case of a rectangle.

To Do: In the case when the reference point lies outside the ellipse the Newton iteration is not
guaranteed to converge. A simple test — s growing rather than decreasing in size — detects possible
converge problems and exits the iteration. The following message is issued ...

Xy-pic warning: poor convergence.

Often, particularly when the reference point is on or near the edge of the ellipse, an acceptable
approximation to the edge has been found anyway.

7614 \xydef@\ellipseEdge@{\bgroup

7615 \AQ@=\RQ@c \B@=\UG@c

7616 \1fdim\R@c=\L@c \d0X=\z@

7617 \else \d@X=.5\R@c \advance\d@X-.5\L@c

761 \advance\AQ@\L@c \divide\A@\tw@ \fi

7619 \ifdim\U@c=\D@c \d@Y=\z@

7620 \else \d@Y=.5\UGc \advance\d@Y-.5\D@c

7621 \advance\B@\D@c \divide\B@\tw@ \fi

7622 \bgroup

7623 \LOc=\AQ@ \UQc=\BQ

7624 \R@p=\U@c \advance\R@p\L@c \multiply\R@p\tw@

7625 \ifdim\B@<\A@ \quotient@\tmp@\U@Gc\L@c \RQc=\tmp@\p@ \DAc=\p@
7626 \quotient@\tmp@\R@p\L@c \RGp=\tmp@\p@

7627 \else

7628 \ifdim\A@<\B@ \quotient@\tmp@\LE@c\UGc \DOc=\tmp@\p@ \RAc=\pQ
7629 \quotient@\tmp@\RCp\UGc \RQp=\tmp@\p@

7630  \else

7631 \R@c=\p@ \D@c=\p@ \quotient@\tmp@\RCp\UGc \RAp=\tmp@\p@

7632 \fi\fi

7633 \quotient@\sdO@X\d@X\LOc \d@X=\sd@X\p@

7630 \quotient@\sd@Y\deY\UQc \d@Y=\sd@Y\p@

7635 \1loop

7636 \bgroup \UQ@p=-\p@ \DOp=\zQ

7637 \ifdim\R@c<\p@

7638 \edef\tmp@{\expandafter\removePT@\the\R@c}\dimen@=\tmp@\RCp
7639 \advance\d@X\cosDirection\dimen®

7640 \else \advance\d@X\cosDirection\R@p \fi

7641 \edef\sd0X{\expandafter\removePT@\the\d@X}/

7642 \advance\U@p\sd@X\deX

7643 \ifdim\RQc<\pQ

7644 \edef\tmp@{\expandafter\removePT@\the\RGc}\dimen@=\tmp@\deX
7645 \advance\D@p\cosDirection\dimen®@

7646 \else \advance\D@p\cosDirection\d@X \fi

7647 %

7648 \ifdim\D@c<\p@

7649 \edef\tmp@{\expandafter\removePT@\the\D@c}\dimen@=\tmp@\RCp
7650 \advance\d@Y\sinDirection\dimen®

7651 \else \advance\d@Y\sinDirection\R@p \fi
7652 \edef\sd@Y{\expandafter\removePT@\the\d@Y}/
7653 \advance\U@p\sd@Y\daY
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7654 \ifdim\D@c<\p@

7655 \edef\tmp@{\expandafter\removePT@\the\DO@c}\dimen®@=\tmp@\dQY
7656 \advance\D@p\sinDirection\dimen®@

7657 \else \advance\D@p\sinDirection\d@Y \fi

7658 \multiply\D@p\tw@

7659 \dimen@=\ifdim\UGp<\z@-\fi\UGp

7660 \ifdim\dimen@<.01\p@ \UGp=\z@

7661 \else

7662 \quotient@\tmp@\UGp\DCp \UQp=\tmp@\p@

7663 \ifdim\U@p<\z@\xywarning@{poor convergencel}\UCp=\z@
7664 \else \advance\R@p-\U@p \UQp=\ifdim\U@p<\z@-\fi\U@p
7665 \fi \fi

7666 \edef\next@{\egroup \RO@p=\the\R@p \U@p=\the\UGp \D@p=\the\DOpl}\next@
7667 \ifdim\U@p>\z@ \repeat

7e6s  \edef\next@{\egroup \dimen®@=\the\R@p}\next@

7660 \edef\tmp@{\expandafter\removePT@\the\dimen@}J,

7670 \1fdim\B@<\A@ \dimen®=\tmp@\B@ \else \dimen@=\tmp@\A@ \fi

7671 \dimen@=-\dimen@

7oz \advance\X@c\cosDirection\dimen@

7673 \advance\Y@c\sinDirection\dimen@

7672 \edef\next@{\egroup \X@c=\the\X@c \YO@c=\the\YQc}\next@ }J,

The ‘Under’ procedure is identical to the centered version.
760 \xydef@\ellipseOuter@{\Edge@c={\rectangleEdge}}

76s2 \xydef@\ellipseInner@{’,

7683 \bgroup \X@p=\XG@c \Y@p=\Y@c \ellipseEdge@

7634 \d@X=\XQ@c\advance\d@X-\X@p

7685 \1fdim\d@X>\z@ \R©p=\d@x \L©p=\R©p

7es6  \ifdim\L@c=\R@c\else\advance\L@p\LOc \advance\LOp-\R@c \fi
7es7 \else \L@p=-\d@X \R@p=\L@p

7ess  \ifdim\L@c=\R@c \else\advance\R@p\R@c \advance\R@p-\L@c \fi
7639 \fi

7690 \d@Y=\YQ@c\advance\d@Y-\Y@p

7601 \1fdim\d@Y>\z@ \U@p=\d@Y \D@p=\UQp

7692 \1fdim\D@c=\UQc\else\advance\D@p\DOc \advance\D@p-\UQc \fi
7603 o \else \D@p=-\d@X \R@p=\D@p

7604 \else \D@p=-\d@Y \UGp=\D@p % <<K<LLLL========
7695 \ifdim\D@c=\UQ@c\else\advance\UCp\UGc \advance\U@p-\D@c \fi
7606 \fi

7697 \edef\next@{\egroup
7698 \L@c=\the\LE@p \D@c=\the\DOp \RGc=\the\R@p \UGc=\the\U@pl}%
7699 \next@ \Edge@c={\rectangleEdgel}}

Rectangles:
Rectangles intersection is slightly more complicated and handled separately for the horizontal and
vertical case.

7708 \xydef@\rectangleEdge#1{\ifcase#l\expandafter\rectangleEdge®
7709 \or \expandafter\rectangleUnder@ \or \expandafter\rectangleDist@
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7710 \or \expandafter\rectangleProp@ %%%\or \expandafter\rectangleInner@ BUG!
7711 \else \relax \fi}

Bug: no ‘Inner’ for rectangles!

17 % \rectangleEdge®

7718 T Sets <X,Y> to the intersection of a line from <X-dX,Y-dY> to <X,Y>
7719 Y and the rectangle from <X-L,Y-D> to <X+R,Y+U>:

7720 %

7721 th %la dY¥<0, dX<0: X := X + min{R, Ux|dX/d4dY|},

7722 Jh Y := Y + min{U, Rx|dY/dX|};

7723 % b dy<0, dX=0: Y :=Y + U;

7724 %, c dy<0, dX>0: X := X - min{L, Ux|dX/dYl},

7725 to Y :=Y + min{U, Lx[|dY/dX|};

7726 %

7727 % %2a dY=0, dX<O0: X :=X + R;

7728 Y b dY=0, dX=0: ;

7729 T c dY=0, dX>0: X :=X-1;

7730 %

7731 %3a dY>0, dX<0: X := X + min{R, Dx|dX/dYl},

7732 % Y :=Y - min{D, Rx[dY/dX|};

7733 T b dY>0, dX=0: Y :=Y - D;

7734 % c dy>0, dX>0: X := X - min{L, Dx|dX/dYl|},

7735 Y :=Y - min{D, L*|dY/dXI|};

7736 o

7737 %4 \resetupDirection@ to register that even though dX,dY changed all
7738 Direction parameters are is still valid!

7739 %

7740 % NOTE: d=0 really means |d| < .05pt.

7741 %

7742 \xydef@\rectangleEdge@{’

7743 \1fdim\d@Y<-.05\p@ \rectangleEdgeQi Al
7742 \else\ifdim\d@Y<.05\p@ \rectangleEdge@ii %2

7745 \else \rectangleEdge@iii\fi\fi
7126 \resetupDirection@}

77as \xydef@\rectangleEdge@i{%

7740 \1fdim\d@X<-.05\p@

7750 \settomin@\X@c+\R@c\U@c\d@X\d@Y \settomin@\Y@c+\U@c\RA@c\d@Y\d@X%la

7751 \else\ifdim\d@X<.05\p@ \advance\Y@c\UQc %1b
7752 \else \settomin@\X@c-\LOc\UGc\d@X\d@Y \settomin®@\Y@c+\UGc\L@c\deY\deX %lc
7753 \fi\fi}

7755 \xydef@\rectangleEdge@ii{

7756 \1fdim\d@X<-.05\p@ \advance\X@c\R@c h2a
7757 \else\ifdim\d@X<.05\p@ %2b
7758 \else \advance\X@c-\L@c %2c

7750 \fi\fil}

7761 \xydef@\rectangleEdge@iii{}

7762 \1fdim\d@X<-.05\p@

7763 \settomin@\X@c+\R@c\DOc\d@X\d@Y \settomin®@\Y@c-\D@c\ROc\d@Y\deX%3a

7764 \else\ifdim\d@X<.05\p@ \advance\Y@c-\D@c %3b
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7765 \else \settomin@\X@c-\L@c\D@c\d@X\d@Y \settomin®@\Y@c-\D@c\L@c\deY\deX %3c
7re6  \fi\fi}

7768 \xydef@\settomin@#1#2#3#4#5#6{,

760, Perform d := #2 min{#3, #4x|#5/#6|}; #1 := #1+d ...

7770 \edef\nextii@{\AG@=\the\AQ@ \B@=\the\BO@}\quotient@\next@{#5}{#6}\nextii@

7771 \dimen@=\sd@X\sd@Y\nextQ@#4\relax

777z \ifdim#3<\dimen@ \dimen@=#3\fi \advance#1#2\dimen®@}

Checking that p is under is simpler: Normally it is not but if ¢ = p or (—L. < X, — X, < R, and
—D. <Y, —-Y, <U,.) then it is.

770 \xydef@\rectangleUnder@{\Inside@false

7781 \ifdim\X@p=\X@c \ifdim\YOp=\YOc \Inside@true \fi\fi
77s2 \ifInside@ \else

7783 \dimen@=\X@p \advance\dimen®@-\XQ@c

77sa \ifdim \dimen®@>-\L@c \relax \ifdim\dimen@<\R@c

7785 \dimen@=\Y@p \advance\dimen@-\YG@c

7786 \ifdim \dimen@>-\D@c \relax \ifdim\dimen®@<\UQc
7787 \Inside@true

riss \Ei\fi\fi\fi\fi }

Calculating the width is like computing the edge point, just simpler: (1.779s) Set A to the horizontal
and B to the vertical distance applicable; if either is zero (or close) use the other unmodified . (1.7s07) If
both nonzero use min(A/ cos «, B/ sin ) where « is the current angle.

7798 \xydef@\rectangleDist@{\let\next@=\rectangleDist@i

7799 \ifdim\d@X<-.05\p@ \dimen®=\R@c

7s00  \else\ifdim\d@X<.05\p@ \dimen®@=\z@ \DN@{\dimen®@=\dimen®iil}y
7801 \else \dimen@=\L@c \fi\fi

7802 \1fdim\d@Y<-.05\p@ \dimen®@ii=\U®@c

7503 \else\ifdim\d@Y¥<.05\p@ \DN@{}’

704 \else \dimen@ii=\D@c \fi\fi

7805 \next@}

7s07 \xydef@\rectangleDist@i{

7s0s  \begingroup \quotient@\next\p@{\sd@X\cosDirection\p@}%
7500 \edef\next{\endgroup \dimen@=\next\dimen@}\next

7810 \begingroup \quotient@\next\p@{\sd@Y\sinDirection\p@}%
7511 \edef\next{\endgroup \dimen@ii=\the\dimen@iil}\next
7812 \ifdim\dimen@ii<\dimen®@ \dimen®@=\dimen®@ii \fi}

Setting ¢ to the ‘proportional edge point’ is straight out of v2.6’s \setlabel@@ macro. ..
7819 /o First rotate to opposite direction.

7821 /o Then compute Leftf,Upf [\next@,\nextii@]:

7822 Jo 0, (D-2K) /2K for 2K < D <= 4K [right]
7823 Jh (2K-D)/2K,0 for 0 <D <= 2K [down]
7824 Y 1,-D/2K for -2K < D <=0 [left]
7825 (D+4K) /2K, 1 for -4K < D <= -2K [up]

7s27 /%, Finally set <X,Y> to
7828 o < X - L + Leftfx(R+L) , Y + U - Upfx(D+U) >

7830 \xydef@\rectangleProp@{’
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7831 \enter@{\A@=\the\A@ \B@=\the\B@ \DirectionfromtheDirection@}
7832 \reverseDirection@

7833 \dimen@=1\Direction \count@=\K@ \multiply\count@\tw@

7834 \ifnum \Direction>\count@

7835 \DN@{0}%

736 \advance\dimen@-2\K@ \quotient@\nextii@{\dimen®@}{2\K®@}/

7837 \else\ifnum \Direction>\zQ@

738 \dimen@=-\dimen@ \advance\dimen@2\K@ \quotient@\next@{\dimen®@}{2\K@}/
7830 \DNii@{0}%

78a0 \else\ifnum \Direction>-\count@

7sa1  \DN@{11}%

7842 \quotient@\nextii@{-\dimen@}{2\Ke}Y%

7843 \else

744 \advance\dimen@4\K@ \quotient@\next@{\dimen@}{2\KQ}J

7aas  \DNii@{1}%

7sa6 \Fi\fi\fi

7aa7  \advance\X@c-\L@c \dimen@=\L@c \advance\dimen@\R@c

7sas  \ifdim\dimen@=\z@ \advance\X@c 2\LOc \else \advance\X@c\next@\dimen@ \fi
7aa0 \advance\Y@c+\U@c \dimen@=\D@c \advance\dimen®@\U@c

7850 \ifdim\dimen®@=\z@ \advance\YQc-2\UQc \advance\YQc\Upness@\UQc
7851 \else \advance\Y@c-\nextii@\dimen@ \fi

7852 \leave@}

1.8.3 Connections

7862 \message{connections;}

Connections describe how a particular (object) may be used to connect p to ¢. The following param-
eters and methods are defined by any connection; they should be used in the indicated sequence:

\Invisible®@®@, \Hidden@®, and \Drop@@: as for (object).

\Creset@@: (Re)set the connection parameters to allow use of the following to move to a point on
the connection (this is what the interpretation of (pos) ? does first). All effects obtained by the
following methods are undone: \Creset@®@ reestablishes the state to what it was just after the
\Connect@@ every time.

\Cshavep@@ or \Cshavec@@: Change p or ¢ to a zero-sized object at the start or finish of the connec-
tion (the first < and > (place) components).

\Calong@@{(factor)}: Move ¢ to point the (factor) along the connection and set the direction param-
eters as a tangent to it in this point (the ((factor)) (place) component).

\Cslidep@@{(dimen)} or \Cslidec®@{(dimen)}: Move p or ¢ the (dimen)sion further in the current
direction. Can be used both before and after the \Calong@@ method (these handle subsequent
< and > as well as the /(slide)/ (place) component).

\Cintercept@@: Set c to a zerosized object at the point where the connection crosses the straight line
from p to ¢ (the '{...} (place) component).

\Cbreak@@ and \Clast@®@: These support typesetting of the connection in several ‘subsegments’ as
used by the arrow option. The idea is the following, using the internal lastbreak and nextbreak
positions:
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1. \Connect®@ sets lastbreak := p and nextbreak := c

113

2. The commands \Cslidec®@, \Cslidep@@, and \Cintercept@@, set nextbreak logically to

the position that is obtained by the manipulation.

3. \Cbreak@@ retypesets the connection except only the piece from lastbreak to the current ¢
object, which must be at on top of nextbreak, is typeset. Afterwords it sets lastbreak :=

nextbreak and nextbreak := ¢ (where c is the original ¢ of the connection).

4. The command \Clast®@@ typesets from lastbreak and the remainder of the connection, and

resets lastbreak := p and nextbreak := c.

Notice that it is not necessary for nextbreak to actually exist, in fact in the kernel it is just an alias

for ¢ at the time \Cbreak®@@ is called.

These are the defaults for basic Xy-pictures that only has straight connections hence the macros

all starting with \no...are rather simple — in particular they just merge with zerosized objects at
locations cutoff locations (this was inherited from the broken arrow code © ).

7936 \xydef@\Creset@@{}

7937 \xydef@\Cshavep@@{\noCshavep@d}

7938 \xydef@\Cshavec@@{\noCshavec@@}

7939 \xydef@\Cslidep@@{\noCslidep@@}

7940 \xydef@\Cslidec@@{\noCslidec@@}

7941 \xydef@\Calong@@{\noCalong@@}

7942 \xydef@\Cintercept@@{\noCintercept@@}
7943 \xydef@\Cbreak@@{\noCbreak@@}

7944 \xydef@\Clast@@{\noClast@@}

7946 \xylet@\lastbreak@@=\empty

7948 \xydef@\noCshavep@@{\setupDirection@

7949 \enter@{\cfromthec@ \DirectionfromtheDirection®@},
7950 \reverseDirection@ \cfromp@ \the\Edge@c\z@

7951 \pfromc@ \leave® \resetDirection@}

7953 \xydef@\noCshavec@@{\setupDirection@ \the\Edge@c\z@ \resetDirection@}

7955 \xydef@\noCslidep@@#1{\dimen@=#1\relax
7956 \advance\X@p\cosDirection\dimen@ \advance\Y@p\sinDirection\dimen®@
7957 \resetDirection@}

7950 \Xxydef@\noCslidec@@#1{\dimen@=#1\relax
7960 \advance\X@c\cosDirection\dimen@ \advance\Y@c\sinDirection\dimen®@
7961 \resetDirection@}

7963 \xydef@\noCalong@o#1{%
7960 \d@X=#1\d@X \dQY=#1\d@Y \X@c=\X@p \YQc=\Y@p \advance\X@c\d@X \advance\Y@c\d@Y
7965 \resetupDirection@}

Next the intercept method that just uses \intersect@.

7971 \xydef@\noCintercept@@{\enter@{\pfromthep@}y

7972 \begingroup\Creset@@ \edef\tmp@{\endgroup

7973 \XQorigin=\the\X@p \Y@origin=\the\YOp \R@c=\the\d@X \U@c=\the\d@Y}\tmp®
7974 \loop@\dimen@=\ifdim\RO@c<\z@-\fi\R@c \advance\dimen@\ifdim\UGc<\z@-\fi\UQGc
7975 \ifdim\dimen®>10\p@ \advance\R@c \ifdim\RQ@c<\z@-\fi 16sp \divide\RQc\KK®@
7976 \advance\U@c \ifdim\U@c<\z@-\fi 16sp \divide\U@c\KKQ@ \repeat®

7977 \intersect@ \leave®@}

the
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And finally the dummy ‘break’ method which of course does nothing except the required shifting.

7984 \xydef@\noCbreak@@{\edef\lastbreak@@{\cfromthec@}}
7985 \xydef@\noClast@@{\Creset@@ \edef\lastbreak@@{\cfromthep@}}

The kernel only defines one kind of connection which is used by default: ‘filling’ many copies of
the connect object on the straight line from p to c.

First the ‘dummy’ connection type no used for (object)s where it doesn’t really make sense to
‘connect’, and used to provide defaults for easy operations:

7997 \xydef@\no@@{\setupDirection@ \edef\lastbreak@@{\cfromthep@}y

790s \enter@{\cfromthec@\pfromthep@\DirectionfromtheDirection@l}/,

7999 \edef\Creset@0{\cfromthec@ \pfromthep@ \DirectionfromtheDirection@}Y
sooo  \edef\next@{{\sd@X}{\sd@Y}}\expandafter\straightcheckoverlap@\next@
soor  \setupDirection@ \the\EdgeQc\z@

so02  \swap@\reverseDirection@\the\Edge@c\z@\swap@\reverseDirection@

so0s  \resetDirection@

sooa  \edef\Cshavep@@{\DirectionfromtheDirection®

8005 \pfromthep@\noexpand\resetDirection@}

soos  \edef\Cshavec@@{\DirectionfromtheDirection@

8007 \cfromthec@\noexpand\resetDirection®@},

soos \leave@

soos  \def\Cslidep@@{\noCslidep@@}\def\Cslidec@@{\noCslidec@@},

soto  \def\Calong@@{\noCalong@@}\def\Cintercept@@{\noCintercept@@}y

sor1  \def\Cbreak@0{\noCbreak@@}\def\Clast@@{\noClast@@}\noinsert@}

s013 \xydef@\noinsert@{\ifHidden®@\else

sota  \ifdim\YQ@c>\Y@max \Y@max=\Y@c \fi \ifdim\Y@p>\Y@max \YOmax=\Y@p \fi
so15  \ifdim\Y@c<\Y@min \Y@min=\Y@c \fi \ifdim\Y@p<\Y@min \Y@min=\Y@p \fi
sore  \ifdim\X@c>\X@max \X@max=\X@c \fi \ifdim\XOp>\X@max \X@max=\X@p \fi
so17  \ifdim\X@c<\X@min \X@min=\X@c \fi \ifdim\X@p<\X@min \X@min=\X@p \fi
sois \fi}

Next ‘straight’ connections that use the following special parameters to customises how to repeat
a ‘filler’ object as many times as needed to draw the connection:

\lastobjectbox@: box to fill with; assumed to be ‘trimmed’ to have only the size needed for the filler;
size is w x (h + d)).

The method is called as \straight@{(spread)} where (spread) is a macro to expand after the number
of fillers N (in \count@@) is known and with A = w and B = d+ h but before any filling is done. May
change N as well as dX,dY, X,Y,w,d, h in order to affect the filling.

Procedure: [usos7] setup direction parameters, clear the break state, and define the \Creset@@
macro to reestablish this initial state; [1.sos0] build macro to discover if the edges of the objects overlap
(it edges were removed); [1.soss] move both p, ¢ to the edges of the objects. .. and define the \Cshave*@@
macros accordingly; [isoss] choose either to ignore the connection if requested or there is overlap
between the objects of choose either vbox or hbox version (see below). .. ; and [1so74] build \Calong@e,
\Cbreak@@, and \Clast@@ macros, and reset pc.

Note: Assumes that the direction is not tampered with between Creset is defined and used. . .

8054 \xydef@\Spread@@{}
s0s5 \xydef@\checkoverlap@e{}

s0s7 \xydef@\straight@#1{\setupDirection@ \def\Spread@o{#11}%
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8058

8059

8060

8061

8062

8063

8064

8065

8066

8067

8068

8069

8070
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\edef\Creset@@{\cfromthec@ \pfromthep@ \DirectionfromtheDirection®@}
\edef\lastbreak@@{\cfromthep@}y,
\edef\next@{{\sd@X}{\sd@Y}}\expandafter\straightcheckoverlap@\next®@
\setupDirection®@ \the\Edge®@c\z@
\swap@\reverseDirection@\the\Edge@c\z@\swap@\reverseDirection@
\resetDirection@

\edef\Cshavep@@{\DirectionfromtheDirection@
\pfromthep@\noexpand\resetDirection@},
\edef\Cshavec@@{\DirectionfromtheDirection®@
\cfromthec@\noexpand\resetDirection@},

\noinsert®@

\straight@typeset
\def\Cbreak@@{\straightCbreak@}\def\Clast@@{\straightClast@}},

sor1 % \DN@{\solidSpread@}\ifx\next@\Spread@@

8072 %

\checkXy@rules@\solidhrule@pre\solidvrule@pre\relax

gor3 o \fi

8074

8075

8076

\def\Cslidep@@{\noCslidep@@}\def\Cslidec@@{\noCslidec@®@}
\def\Calong@@{\noCalong@@}\def\Cintercept@@{\noCintercept@@}’,
\Creset@@}

sors \xydef@\straightcheckoverlap@#1#2{\def\checkoverlap@@{’

8079

8080

\ifdim#1\X@p>#1\X@c \let\next@=\relax \fi
\ifdim#2\Y@p>#2\Y@c \let\next@=\relax \fil}}

s0s2 \xydef@\straight@typeset{%

8083

8084

8085

8086

8087

8088

\ifInvisible@ \let\next@=\relax

\else\ifdim 1\Direction<-2\K@ \DN@{\straightv@}}
\else\ifdim 1\Direction<\z@ \DN@{\straighth@}}
\else\ifdim 1\Direction<2\K@ \DN@{\straightv@}},
\else \DN@{\straighth@}%
\fi\fi\fi\fi \checkoverlap@@ \next@}

The methods \straightCbreak@ and \straightClast®@ implement the break method parametrised

on the ‘typeset’ primitive which is usually \straight@typeset which is a simplified version of \straight@
that does not initialise. This relies on the connection being straight: the Cbreak@@ method executes
p, ¢ := p.lastbreak, c. nextbreak and Clast@@ executes p,c := p.lastbreak,c, where in both cases the
[Inner] modifier is applied just before the merging to make sure the edge is respected by the merged
object.

s102 \xylet@\nextbreak@0=\empty

si04 \xydef@\straightCbreak@{\connectRestore®

8105

8106

8107

8108

8109

8110

8111

8112

\edef\nextbreak@@{\cfromthec@l}},

\Creset@@ \swap@ \the\Edge@c4\enter@{\cmergethec@}\lastbreak@@ \leave®
\swap@ \the\Edge@c4\enter@{\cmergethec@}\nextbreak@@ \leave@
\setupDirection®@

\the\Edge@c\z@

\swap@ \reverseDirection@ \the\Edge@c\z@ \swap@ \reverseDirection@
\resetDirection®@ \noinsert@ \straight@typeset

\Creset@@ \let\lastbreak@@=\nextbreak@@}

s114 \xydef@\straightClast@{\connectRestore@

8115

\Creset@@ \swap@ \the\Edge@c4\enter@{\cmergethec@}\lastbreak@@ \leaveQ
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s116  \sSwapQ@

s117  \setupDirection@

suis \the\EdgeQc\z@

s119  \swap@\reverseDirection@ \the\Edge@c\z@ \swap@\reverseDirection@
si20 \resetDirection@ \noinsert@ \straight@typeset

s121 \Creset@@ \edef\lastbreak@@{\cfromthep@}}

Now for the typesetting — to summarise: these are parametrised on direction parameters and use
X,Y: endpoint of connection (‘Direction end’). dX,dY: connection distance (‘Direction vector’).
\Leftness@ of (object). \lastobjectbox@ to fill with; assumed to be ‘trimmed’. \Spread@@ to
expand to modify the default spreading used. \Drop@@ to expand to actually typeset the finished
connection when it is in box0! Note: Must make box0 void to avoid ‘box leaks’.

Two variants exist: one for mostly horisontal and one for mostly vertical filling. We detail the
‘mostly horisontal’ one:

[Ls160] start box; [1sie2] compute initial adjustment (X right and Y up) and A := w, B := h + d,
N = |(]|dX|/A), and run user supplied Spread; [isies] adjust first filler position horizontally: if
dX > 0 then X := X — w; [1s167] adjust first filler vertically: Y :=Y — sdX x L x (dY /dX) x w where
L =ifdX > Othen(1 — Leftness)elseLe ftness; [1si71] recompute the move dimensions (A right and B
up): A= —sdX(|dX|—w)/(N —1), B :=sdY |sdX(w) x dY /dX —dY| /(N — 1), and set the filler
box to have w := A; [Ls177] output first filler adjusted X,Y and the following N — 1 each A further
right and raised B more than the previous; and finally end object with usual bravour!

s160 \xydef@\straighth@{\setbox\z@=\hbox{

si61  \setbox8=\copy\lastobjectbox@

si62  \A@=\wd8\relax \B@=\dp8\relax \advance\B@\ht8\relax

si63  \ifdim \A@=\zQ@ \count@@=\m@ne

si6a  \else \dimen@=\sd@X\d@X \divide\dimen@\A@ \count@@=\dimen®@ \fi
s16s  \Spread@e@

g6 \ifdim\d@X>\z@ \advance\X@c-\wd8\relax\fi

s1e7  \dimen@=-\sd@X\wd8\relax

stes  \multiply\dimen@\K@dYdX \divide\dimen®@\K@

gi60  \ifdim\d@X>\z@ \advance\Y@c\dimen®@ \advance\Y@c-\Leftness@\dimen®@
giro  \else \advance\Y@c\Leftness@\dimen@ \fi

s1i71  \dimen@=\wd8\relax \A@=\sd@X\d@X \advance\A@-\dimen®

sir2 \B@=\sd0X\dimen@ \multiply\B@\K@dYdX \divide\B@\K®@

s1i73  \advance\B@-\d@Y \B@=\sd@Y\BQ@

si7a  \count@=\count@@ \advance\count@\m@ne

g175  \ifnum\z@<\count@ \divide\A@\count@ \divide\B@\count@ \fi
size  \AQ@=-\sd@X\A@ \B@=\sdQY\BQ@ \wd8=\A@

g7 \kern\X@c \count@=\z@

sizs \loop@\ifnum\count@<\count@@ \advance\count@\@ne

8179 \raise\Y@c\copy8\relax \advance\YQ@c\B@ \repeat@}%

siso \ht\z@=\z@ \wd\z@=\z@ \dp\z@=\z@ {\Drop@@}}

The mosly vertical is analogous. Bug: \dimen®@ holds the unadjusted h + d throughout — somehow
it works anyway!

sis7 \xydef@\straightv@{\setbox\z@=\vtop{%

siss  \setbox8=\copy\lastobjectbox@

siso  \A@=\wd8\relax \B@=\dp8\relax \advance\B@\ht8\relax

si90  \ifdim \B@=\z@ \count@@=\m@ne

si91  \else \dimen@=\sd@Y\d@Y \divide\dimen@\B@ \count@@=\dimen@ \fi
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8192

8193

8194

8195

8196

8197

8198

8199

8200

8201

8202

8203

8204

8205

8206

8207

8208

8209

8210

\Spread@a@

\dimen@=\dp8\relax \advance\dimen@\ht8\relax
\B@=\sd@Y\d@Y \advance\B@-\dimen®

\A@=\sd@Y¥\dimen@ \multiply\A@\K@dXdY \divide\A@\K@ \advance\A@-\d@X

\AQ@=\sd@X\AQ@ \count@=\count@@ \advance\count@\m@ne

\ifnum\z@<\count@ \divide\B@\count@ \divide\A@\count@ \fi

\B@=\sd@Y\B@ \AQ@=\sd@X\A@ \ht8=\B@ \dp8=\z@

\ifdim\deY<\z@

\advance\Y@c\dimen®@ \advance\Y@c\Upness@\B@

\else

\advance\dimen@\Upness@\B@ \advance\Y@c-\dimen@ \advance\YQc\B®@

\fi
\advance\YQc\B@

\ifdim\d@X<\z@ \else \advance\XQ@c-\wd8\relax \fi

\null \kern-\Y@c \count@=\z@

\loop@\ifnum\count@<\count@@ \advance\count@\@ne

\nointerlineskip \moveright\X@c\copy8\relax \advance\X@c\AQ

\repeat@}

End & log

Xy-pic ends with a message saying so.

\ht\z0@=\z@ \wd\z@=\z@ \dp\z@=\z@ {\Drop@@}}

8222 \message{ Xy-pic loaded}\xyuncatcodes \endinput

Xy-pic is maintained using the RCS “Revision Control System” by Walther F. Tichy. The following
is the revision history since the first release to Usenet.

8230 o
8231 7
8232 Jh
8233
8234 Jh
8235 o
8236 Jo
8237 o
8238 o
8239 o
8240 7
8241 Jp
8242 7
8243 Jh
8244 Jh
8245 Jo
8246 o
8247 Jh
8248 Jh
8249 7
8250 o

8251 %

$Log: xy.doc,v $

Revision 3.35 2013/10/06 01:14:

Backpatch for 3.8.9...

Revision 3.34 2013/08/26 03:56:

Typo in documentation of saving

Revision 3.33 2012/05/24 00:30:

Release 3.8.8 with xyframes fix

Revision 3.32 2011/08/28 22:19:

Font fix (stroke to outline) by

Revision 3.31 2011/05/27 04:51:

Ready to release.

Revision 3.30 2011/04/24 02:56:

Latest from Daniel.

Revision 3.29 2011/03/31 06:10:
!B changed to !V (and !H added).

17 krisrose
11 krisrose
fixed.

38 krisrose
by Norbert Preining.

06 krisrose
Daniel.
17 krisrose

34 krisrose

57 krisrose
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s252 4 Revision 3.28 2011/03/31 06:04:02 krisrose
s253 /o Introduced !B vector that extracts original baseline offset.
8254 %

s255 o, Revision 3.27 2011/03/14 20:17:33 krisrose
8256 /o Include version synchronization comment.

8257 b

8258 o Revision 3.26 2011/03/14 20:14:00 krisrose
8250 /o Preparing for release 3.8.6.

8260 %

8261 o Revision 3.25 2011/02/11 04:16:21 krisrose
8262 o Preparing release 3.8.5 with Daniel’s latest xypdf.
8263 %

s264 /o Revision 3.24 2010/10/11 21:19:57 krisrose
s265 /» Bumped date for 3.8.4.

8266 %

s267 /o Revision 3.23 2010/07/27 09:49:34 krisrose
s26s /o Started xyling (and address updates).

8269 %

s270 % Revision 3.22 2010/07/26 11:21:02 krisrose
s271 % 3.8.3 version oopses

8272 Th

s273 % Revision 3.21 2010/06/17 22:39:25 krisrose
s274 f, First 3.8.2 with fixed PFB font map name and version...
8275 %

s276 o Revision 3.20 2010/06/10 18:45:49 krisrose
s277 , Reference to GPL by URL.

8278 %

8279 % Revision 3.19 2010/06/10 15:08:35 krisrose
s280 /o Slight reorganization of release.

3281 Jh

s2s2 o Revision 3.18 2010/06/07 04:24:46 krisrose
8283 /4 Fresh date for release fix.

8284 %

s285 o Revision 3.17 2010/06/03 05:05:10 krisrose
s286 /o Oops: fix date.

8287 %

s2ss /o, Revision 3.16 2010/05/21 04:58:33 krisrose
s289 o Document A vector.

8200

8201 %o Revision 3.15 2010/05/21 04:36:29 krisrose
8202 %y Experimental version with Alex’s xymatrix adjustment modifiers as default.
8293 %

8204 /%, Revision 3.14 2010/05/06 03:48:04 krisrose
8205 /o Fixed missing references.

8296 %

s207 %o Revision 3.13 2010/04/28 07:14:30 krisrose
s208 /o New Xy-pic home page installed.

8299 %

8300 /o Revision 3.12 2010/04/26 05:56:57 krisrose
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8301 7
8302 Jh
8303 7
8304 Jh
8305 7
8306 7
8307
8308 7
8309 7
8310
8311 th
8312
8313
8314
8315 7%
8316 Jh
8317 o
8318
8319
8320 7
8321
8322 Th
8323
8324 Jh
8325
8326 Jh
8327
8328 )
8329 7%
8330
8331 th
8332
8333 Jh
8334 Jh
8335 7
8336 Jh
8337
8338 Jh
8339 /o
8340 7
8341
8342 th
8343
8344 Th
8345
8346 7
8347
8348 Jh

8349 %

Link fixes in progress...

Revision 3.11 2010/04/20 20:36:43 krisrose

Documentation updates.

Revision 3.10 2010/04/16 06:58:06 krisrose

Version fixed by hand.

Revision 3.9 2010/04/16 06:06:51 krisrose

Preparing for a new relea

Revision 3.8 2010/04/13
01d xydiff patches applie

Revision 3.7 1999/02/16
Interim release (Y&Y font

Revision 3.6 1998/03/06
Releasing (with Y&Y fonts

Revision 3.5 1997/05/28
Fixed missing breaks bug.

Revision 3.4 1997/05/18
Essential bugfixes.

Revision 3.3 1996/12/19
Maintenance release

Revision 3.2 1995/09/19
Bug fix release.

Revision 3.1 1995/09/05
Releasing!

Se...

08:44:
d.

15:12:
S now

01:28:

).

13:05:

01:14:

03:31:

32 krisrose

50 krisrose

free).

05 krisrose

01 krisrose

25 krisrose

56 krisrose

18:22:27 kris

20:31:32 kris

Revision 3.0 1995/07/07 20:14:21 kris
Major release w/new User’s Guide!

Revision 2.14 1995/07/05 22:20:09 kris

Buglets. ..

Revision 2.13 1995/07/04
Ready to release v37

Revision 2.12 1994/10/25

Interim release just before v3 [works with AMS-LaTeX 1.2]...

Revision 2.11 1994/07/05

15:11:17 kris

11:55:12 kris

10:37:32 kris
Third 3beta release [bug fixes].
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8350 /o Experimental graph feature included (for ECCT-94 presentation).
8351 %

s352 o Revision 2.10 1994/06/15 12:55:07 kris

8353 o, Second 3beta release: bug fixes.

8354 %

8355 /o Revision 2.9 1994/06/09 14:59:19 kris

8356 /o Release 3beta.

8357 Th

8358 o Revision 2.8 1994/04/11 09:31:09 kris

8350 o Second (bug fix) 3alpha release [corrected].

8360 %

ss61 % Revision 2.7 1994/03/08 02:06:01 kris

s362 o Release 3alpha.

8363 %

s364 , Revision 2.6.9.1 1994/03/07 04:22:46 kris

8365 /o Last internal 3alpha and pre-2.7 release.

8366 %

s367 /o MAJOR REWRITE and REORGANISATION:

8368 o File xypic.doc split into separate files: xy.doc for ‘kernel’ and other
8369 /o £iles with the ‘extensions’ and ‘features’.

8370 % Documented in special DOCMODE LaTeX-based format supported by xydoc.sty.

8371 %

s372 /o Revision 2.6.1.1 1992/07/01 07:08:24 kris
8373 » Send to EuroTeX ’92...

8374 %

8375 o Revision 2.6 1992/06/24 01:23:34 kris

8376 /o Added hooks using font xyqcl0.

8377 /o Added new POSitions: * and !.

s37s %o Added triple lines \Ssolid and \Ddashed.

8379 b

s3s0 /o Revision 2.5 1992/02/24 03:30:54 kris

8381 o Fixed bugs in \Direction calculation logic...

sss2 /o Added (FACTOR) to \rotate to allow arbitrary rotation.

8383 o ¢ intermediate points now accept an optional /RADIUS argument.

s3s4 /o Added \Tip with wide tip.

sss5 /» [See ChangeLog for further details].

8386 %

sss7 /o Revision 2.4 1992/01/22 02:15:10 kris

s3ss o Fixed bugs [with thanks]:

8330 o No spurious arrow heads with LaTeX: \pit now undefined [Werner Struckmann]
8300 % \So0lid works: sets \Density [Dave Bowen]

8391 % Short diagonal lines work...major rewrite of \connectv@ [Eric Domenjoud]
8392 Th

8393 /, Revision 2.3 1992/01/13 23:28:12 kris

s394 o Swapped definitions of \ddtoX and \uutoX [found by Nico Verwer].

8395 /o Diagonal lines were wrong [Eric Domenjoud].

8396 %

8307 4 Revision 2.2 1992/01/09 04:05:40 kris

8398 % Still problems with rules in frames and horizontal/vertical \solids. Grrr.
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8399 %
8400 /o Revision 2.1 1992/01/02 14:54:07 kris
s401 /» Release version.

8402 %
8103 /o Revision 1.40 1991/12/17 04:53:23 kris
8404 /o Version distributed as ‘final draft’ on Usenet.
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Chapter 2

Extensions

This chapter describes the options that provide extensions to the kernel, i.e., support facilities that
are not obtainably using the kernel. Most such features are only approximated, relying on a driver for
the implementation.

2.1 Curve and Spline extension

Vers. 3.12 by Ross Moore (ross.moore@mg.edu.au)

This option provides Xy~pic with the ability to typeset spline curves by constructing curved connections
using arbitrary directional objects and by encircling objects similarly. Warning: Using curves can be
quite a strain on TEX’s memory; you should therefore limit the length and number of curves used on
a single page. Memory use is less when combined with a backend capable of producing its own curves;
e.g., the POSTSCRIPT backend).

Header:

1 %% $Id: xycurve.doc,v 3.12 2011/03/14 20:14:00 krisrose Exp $

2 b

3 % Xy-pic ‘‘Curves and Splines’’ extension.

4+ %k Copyright (c) 1993-1997 Ross Moore <ross.moore@mq.edu.au>

5 hh

6 %%t This file is part of the Xy-pic package for graphs and diagrams in TeX.

7 %/ See the companion README and INSTALL files for further information.

s %k Copyright (c) 1991-2011 Kristoffer H. Rose <krisrose@tug.org>

o hh

10 %k The Xy-pic package is free software; you can redistribute it and/or modify
11 %A it under the terms of the GNU General Public License as published by the
12 %% Free Software Foundation; either version 2 of the License, or (at your

13 % option) any later version.

4 hoh

15 %% The Xy-pic package is distributed in the hope that it will be useful, but
16 %% WITHOUT ANY WARRANTY; without even the implied warranty of MERCHANTABILITY
17 %k or FITNESS FOR A PARTICULAR PURPOSE. See the GNU General Public License
18 %% for more details.

19 hh

20 %% You should have received a copy of the GNU General Public License along
21 %% with this package; if not, see http://www.gnu.org/licenses/.

123
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22 hh
23 \ifx\xyloaded\undefined \input xy \fi

25 \xyprovide{curve}{Curve and Spline extension}{\stripRCS$Revision: 3.12 $}%
26 {Ross Moore}{ross.moore@mq.edu.aul’,
27 {Mathematics Department, Macquarie University, NSW~2109, Australia}

2.1.1 Curved connections

48 \message{curve,}

Simple ways to specify curves in Xy-pic are as follows:

*x*x\crv{(poslist)} curved connection
*xx\crvs{(dir)}  get (poslist) from the stack
\curve{(poslist)} as a (decor)ation

in which (poslist) is a list of valid (pos)itions. The decoration form \curve is just an abbreviation
for \connect\crv. As usual, the current p and ¢ are used as the start and finish of the connection,
respectively. Within (poslist) the (pos)itions are separated by &. A full description of the syntax for
\crv is given in figure 2.1.

We need a counter to track the number of control points, (i.e. the number of (pos)s in (poslist))
and provide a macro to read it. Also a token list which will store the vital information for later use,
to allow curved connections to work properly.

83 \xynew@{count}\crv@cnt@
sa  \xydef@\xynumctrlpts@{\the\crv@cnt@}
85 \xynew@{toks}\crvpts@

If (poslist) is empty a straight connection is computed. When the length of (poslist) is one or
two then the curve is uniquely determined as a single-segment Bézier quadratic or cubic spline. The
tangents at p and c are along the lines connecting with the adjacent control point. With three or more
(pos)itions a cubic B-spline construction is used. Bézier cubic segments are calculated from the given
control points.

101 \xydef@\setcurve@{),

102 \edef\xysplineparams@{%

103 \expandafter\noexpand\csname params@\endcsnamel},
104 \edef\xysplineedges@{’,

105 \expandafter\noexpand\csname edges@\endcsnamel
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s \edef\xycrvcnte{’

107 \expandafter\noexpand\csname crvcnt@\endcsnamely
10s  \expandafter\edef\xycrvcnt@{\number\crv@cnt@l}y,
109 \ifcase\crv@cnt@

110 \expandafter\xycvxhull@\or

111 \expandafter\xyquadbezier@\or

112 \expandafter\xycubicbezier@\or

113 \expandafter\xybspline@iiilor

114 \expandafter\xybspline@iv\else

115 \expandafter\xybspline@

116 \fi}

The previous picture was typeset using:

\xy (0,20)*+{A}; (60,0)*+{B}

sx\crv{}

*x\crv{(30,30)}

*x\crv{(20,40)&(40,40)}
*x+\crv{(10,20)&(30,20)&(50,-20)&(60,-10)}
\endxy

except for the labels, which denote the number of entries in the (poslist). (Extending this code to
include the labels is set below as an exercise).
The 7-operator of §1.3 (note 1.3h) is used to find arbitrary (place)s along a curve in the usual way.

Exercise 2.1: Extend the code given for the curves in the previous picture so as to add the labels
giving the number of control points. (p.577)

Using 7 will set the current direction to be tangential at that (place), and one can (slide) specified
distances along the curve from a found (place) using the ?.../(dimen)/ notation:

P

Exercise 2.2: Suggest code to produce something like the above picture; the spline curve is the
same as in the previous picture. Hints: The line is 140pt long and touches 0.28 of the way from A to
B and the z is 0.65 of the way from A to B. (p-577)

The positions in (poslist) specify control points which determine the initial and final directions of
the curve—leaving p and arriving at c—and how the curve behaves in between, using standard spline
constructions. In general, control points need not lie upon the actual curve.

A natural spline parameter varies in the interval [0, 1] monotonically along the curve from p to
c. This is used to specify (place)s along the curve, however there is no easy relation to arc-length.
Generally the parameter varies more rapidly where the curvature is greatest. The following diagram
illustrates this effect for a cubic spline of two segments (3 control points).
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Exercise 2.3: Write code to produce a picture such as the one above. (Hint: Save the locations of
places along the curve for later use with straight connections.) (p.577)
To have the same (pos) occuring as a multiple control point simply use a delimiter, which leaves
the (pos) unchanged. Thus \curve{(pos)&} uses a cubic spline, whereas \curve{(pos)} is quadratic.
Repeating the same control point three times in succession results in straight segments to that
control point. Using the default styles this is an expensive way to get straight lines, but it allows for
extra effects with other styles.

Curve Objects: At present the syntax is supported for using a \curve object only as a decoration,
constructed from a \crv object used as a connection.

255 \xydef@\curve{\connect\crv}

The more general \crv object currently works as a connection. In future this object-type will be
extended to allow closed curves as the boundaries of objects.

263 \xydef@\crv#1#{\hbox \bgroup \crvresetbreaks@ \initshape@
264 \def\pure@crv{\crv@saveStyles@}\crve{#1}}

266 \xydef@\crvo#1#2{%

267 \DN@{#1}\ifx\empty\next®@

26s  \DN@{\def\afterCURVEaction@{}\parsecurve@\xycurve0@}y,
269 \else\DN@{\parseCURVE®Q#1\parsecurve@\curveSTYLEQ}\fi
270 \next@ #2\@endcurve\endcrv@ }

22 \xydef@\curveSTYLE@{\xycurve@@}), default style

273 \xydef@\afterCURVEaction@{}} default after-curve action
272 \xydef@\@endcurve{}%

275 \xydef@\endcrv@@{\endcrve@\P0S}/,

6 \xydef@\pure@crv{\relax}

2

3

The \@endcurve inserted here ensures that subsequent parsing with \checkendcurve@ (see below)
will terminate cleanly.

The \crvs object has restricted functionality with choice of styles and is always used for curves
only. It has a single braced argument which can be used to set curve styles. Its main use is for re-
typesetting different portions of the same curve, for example the subsegments of a curved arrow/path
segment.

This is done by first examinining \bstartPLACE®@. If \relax or undefined, then the curve is set
using \@crv@ to decide the style. If \bstartPLACE® is \empty then the curve is fully processed as
a connection but nothing is actually typeset; this is used by curved arrows where the curve is first
set as “invisible” before breaks and labels are processed. When \bstartPLACE®@ contains a number,
normally within the range 0 to 1, this is interpreted as a (place) along a curved connection that has
already been established. No typesetting may occur before this (place).
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In this case the control point information is discarded since the curve can be recovered using
\splinereset@. The current p and ¢ are no longer the endpoints of the curve but are (pos)itions
along the curve between which the typesetting should occur. The value of \bstartPLACEQ is typically
a (place) along the curve which is within the (pos) at p. It is used to help locate the edge of this (pos)
where typesetting should commence. Similarly \bendPLACE@ is typically a (place) along the curve
which is within the (pos) at c.

313 \xywarnifdefined\crv@normaltemplate

314 \xywarnifdefined\crv@othertemplate

315 \xywarnifdefined\crv@specialtemplate@®@

316 {\xyuncatcodes \catcode‘\@=11 \catcode‘\#=6

317 \gdef\crvOnormaltemplate#1{{}{ " **#1\xyQ@0@crvaddstack@}}

s1s  \gdef\crv@othertemplate#l{{}{"*=<2\jot>{}"**#1\xy@0@crvaddstack@}}
319 \gdef\crv@specialtemplate@@#1{{}{ " **\dir{#1}\xy@@crvaddstack@}}
320 }

322 \xydef@\crvs#1#{\hbox \bgroup \def\pure@crv{\relax}\crvsQ{#1}}J
323 \xydef@\crvi#i1#{\hbox \bgroup \def\pure@crv{\relax}\invisbreaks@ \crvs@{#1}1}J,

325 \xydef@\crvs@#1{\DNe{\initshape@ \Qcrve{#1}}J

326 \def\crv@defaultshape{-1}%

327 \ifx\bstartPLACE@\relax \else

328 \ifx\bstartPLACE@\empty \Invisible@true \else

320 \splinetrace@{bstartPLACEQ@=\bstartPLACEQ@, bendPLACEQ@=\bendPLACEQ}%
330 \DN@{\let\xy@@crvaddstack@=\xy@@samecurve@

331 \let\saveshape@=\savesameQ®
332 \let\savectrlptsnum@=\relax
333 \let\startxycurve@=\recovercurve®

334 \crv@cnt@=\xycrvptsnum@\relax \Qcrve{#1}1}/
335 \fi \fi \next@ }

339 \xydef@\xy@@samecurve@{\xyFN@\checkendcurve@}

320 \xydef@\savesame®@{\egroup }

3a1 \xydef@\recovercurve@{’

322 \crv@cnt@=\xycrvptsnum@ \splinereset@ \recovercv@end

343 \ifx\bendPLACE@\relax \def\bendPLACEQ@{1}\fi

344 \1fdim\zz@\RQc \ifdim\zz@\L@c \ifdim\zz@\DQc \ifdim\zz@\UQc
345 \Edge@c={\zeroEdge}\fi\fi\fi\fi

ss6  \edef\cv@end{\cfromthec@}\edef\cv@start{\cfromthep@}}

sas \xydef@\recovercv@end{\count@=\ptsnum@\relax\advance\count@\@ne
320 \edef\tmp@{\the\count@}\csname cv@\tmp@\endcsnamely,

351 \xydef@\crvSTYLE@Q{}
352 \expandafter\xydef@\expandafter\crv@defaultshape\expandafter{\addDASHO{}}
353 \xydef@\crv@noobject{\Invisible@true}

355 \xydef@\Q@crvO#1#2{\DNC{#1#2}J,

356 \ifx\next@\empty \edef\next@{\crv@defaultshapel’

357 \ifx\bstartPLACE@\empty \xdef\crvSTYLE@Q{{\crv@defaultshape}}\fi
55 \else

350 \ifx\bstartPLACE@\empty \gdef\crvSTYLEGQ{#1{#2}}\fi

se0 \fi
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se1  \ifx\next@\empty \crv@noobject \DN@{\crve@{}{\xy@@crvaddstack@}l}/,
362 \else\def\tmp@{-}\ifx\next@\tmp@ \DN@{\crve@{}{\xy@@crvaddstack®@}}%
363 \else\def\tmp@{=}\ifx\next@\tmpQ

s3sa  \DN@{\expandafter\crv@\crv@normaltemplate{\dir{=}}1}%
365 \else\def\tmp@{2-}\ifx\next@\tmpQ

ss6  \DN@{\expandafter\crv@\crv@normaltemplate{\dir{2.3}}}%
367 \else\def\tmp@{3-}\ifx\next@\tmp@

ses  \DN@{\expandafter\crv@\crv@normaltemplate{\dir{3.}}}%
360 \else\def\tmp@{--}\ifx\next@\tmp@

370 \DN@{\expandafter\crv@\crv@specialtemplate@{--}}%

s11 \else\def\tmp@{==}\ifx\next@\tmpQ

sr2 \DN@{\expandafter\crv@\crv@normaltemplate{\dir2{--}}}%
a3 \else\def\tmp@{2--}\ifx\next@\tmpQ®

sra  \DN@{\expandafter\crv@\crv@normaltemplate{\dir2{--}}}%
375 \else\def\tmp@{3--}\ifx\next@\tmpQ

srs  \DN@{\expandafter\crv@\crv@normaltemplate{\dir3{--}}}%
377 \else\def\tmp@{.}\ifx\next@\tmp®@

s7zs  \DN@{\expandafter\crv@\crv@specialtemplate®@{.2}}%

s7o \else\def\tmp@{:}\ifx\next@\tmp®@

ss0  \DN@{\expandafter\crv@\crv@normaltemplate{\dir{:}}}%
ss1 \else\def\tmp@{2.}\ifx\next@\tmp@

ss2  \DN@{\expandafter\crv@\crv@normaltemplate{\dir{:}}}%
ss3  \else\def\tmp@{..}\ifx\next@\tmpQ

3sa  \DN@{\expandafter\crv@\crv@specialtemplate@{.}}%

385 \else

ss6  \DN@{\expandafter\crv@\crv@othertemplate{\dir#1{#2}}}/
ss7  \FINFINLINLINFINFINFINFIN£iI\fi\fi\fi\fi \next@}

359 \xylet@\crv@specialtemplate@=\crv@specialtemplate@Q
300 \xydef@\crv@special#1{}

Bug: this should use a \Step@@ method to get the spacing for dotting; this will eliminate the need
for templates. ..

Parsing: Two separate parsers are required: one for \curve. . ., the other for the contents of {...}.

Set \curveSTYLE® to be the default of \xycurve®@@ then examine the following tokens to see if this
must be changed.

Set \curveSTYLEQ to be the default of \xycurve@@ then examine the following tokens to see if this
must be changed.

Procedure: If the first token of #1 (from \crv@) is ~ then a letter should follow, determining how
to set the style. If instead it is an active control sequence then issue a warning message, but let it do
its thing anyway. However \parsecurve@ is a normal thing to encounter, so no warning is required.
Currently a single letter without the ~ will be recognised, but two-letter combinations definitely need
the ~.

197 \xydef@\parseCURVE@{\def\curveSTYLE@{\xycurve@@}\def\afterCURVEaction@{}/
198 \xyFN@\parseCURVE@GQ}

199 \xydef@\parseCURVEQGQ{Y

so00 \ifx\space@\next\expandafter\DN@\space{\xyFN@\parseCURVEQQ}/, gobble spaces
so0  \else\ifx ~\next \DN@ ~{\xy@~{}\xyFN@\setcurveSTYLEQQ}/,

502 \else\ifx\parsecurve@\next\DN@{1}%

©o
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Syntax Action
\curve(modifier){(curve-object) (poslist)} construct curved connection
(modifier) — (empty) zero or more modifiers possible; default is ~C
|  ~(curve-option) (modifier) set (curve-option)
(curve-option) — p|P |1 |L|c|C show only21d control points (p=points), joined by
lines (1=lines), or curve only (c=curve)
| pc|pC|Pc|PC show control points?1f and curve?-1¢
| 1lc|1C|Lc|LC show lines joiningZ18 control points and curve2-1¢
| cC plot curve twice, with and without specified for-
matting
(curve-object) — (empty) use the appropriate default style
| “*(object) (curve-object) specify the “drop” object?12 and maybe more?-1¢
|  ~*x*(object) (curve-object) specify “connect” object?1P and maybe more2-1¢
(poslist) — (empty) | (pos) (delim) (poslist) list of positions for control points
| ~@ | ~@ (delim) (poslist) add the current stack?-11 to the control points
(delim) — & allowable delimiter

Figure 2.1: Syntax for curves.

503 \else\ifcat\active\noexpand\next\DN@{\xyactive@Warning}y,

so4  \else\ifcat a\noexpand\next\DNO##1{\xytilde@Warning\setcurveSTYLEQ{##1}J,
505  \xyFN@\parseCURVEQQ}

506 \else\DNO{I\fi\fi\fi\fi\fi \next@ }J

Options are normally specified using ~. Sometimes this can be safely omitted; if such a case is
encountered then a warning message is issued advising to use ~. This nicety may be removed in future
versions.

515 \xydef@\xyactive@Warning{\xywarning@{expandable control sequences should
516 not be here, results are unpredictable in diagrams.l}}% (2)
517 \xydef@\xytilde@Warning{Please use ~ to set curve style.}} (3a)

Examine the next token to see if it determines a curve style. Currently only p, 1 and c are
recognised, along with the uppercase variants P, L and C. When one of these letters is encountered,
set \curveSTYLE®@ and keep examining tokens with \setafterCURVEaction®@.

527 \xydef@\setcurveSTYLEQ#1{\xyFN@\setcurveSTYLEQ@#1}
528 \xydef@\setcurveSTYLEGQ{Y

520 \ifx\next p\def\curveSTYLE@{\xyc@trlpts@@}/

530 \DN@ p{\xyFN@\setafterCURVEaction@}%

531 \else\ifx\next P\def\curveSTYLE@{\xyc@trlpts@}/
532 \DN@ P{\xyFN@\setafterCURVEaction@}%

533 \else\ifx\next 1\def\curveSTYLEG{\xyc@vxhull@@}7
534 \DN@ 1{\xyFN@\setafterCURVEaction@}%

535 \else\ifx\next L\def\curveSTYLE@{\xyc@vxhull@}}
536 \DN@ L{\xyFN@\setafterCURVEaction@}

537 \else\ifx\next c\def\curveSTYLEQ@{\xycurve@@}’
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538 \DN@ c{\xyFN@\setafterCURVEaction@}%

53 \else\ifx\next C\def\curveSTYLEQ@{\xycurve@@}’

540 \DN@ C{\xyFN@\setafterCURVEaction®@}%

541 \else \DN@##1{\xywarning@{unknown curve style ##1}\xyFN@\parseCURVEQQ}Y
sa2 \fi\fi\fi\fi\fi\fi \next@ }

\setafterCURVEaction®@ examines tokens to see if a 2-letter combination is being specified; e.g.
pc, 1C, etc. Alternatively another ~ can set a new specification.

550 \xydef@\setafterCURVEaction@{’

551 \ifx\next \DN@~{\xyFN@\setcurveSTYLEQQ}

552 \else\ifcat a\noexpand\next\DN@{\setafterCURVEaction@@}}
553 \else\DN@{\xyFN@\parseCURVEQQ}/

ssa \fi\fi \next@}

S

Currently the only 2-letter specifications have either ¢ or C as the 2nd letter.

561 \xydef@\setafterCURVEaction@@{%

se2  \ifx\next c\DN@ c{%

563 \def\afterCURVEaction®@{\noexpand\endcurve\noexpand\xy@curve@}y
564 \xyFN@\parseCURVE@GQ 1}7

s65 \else\ifx\next C\DN@ C{%

s66  \def\afterCURVEaction@{\noexpand\endcurve\noexpand\xy@curve@®@}y,
567 \xyFN@\parseCURVE@GQ 1}7%

s6s  \else \DNO##1{\xywarning@{unknown after-curve action ##11}}

569 \xyFN@\parseCURVEQQ }%

s7o \fi\fi \next@ }

When \parsecurve@ is encountered, this signifies the end of this part of the parsing. The only
active control sequence that should be encountered legitimately here is \@endcurve, which signifies
that the (poslist) is empty and default styles are required. Otherwise assume we the subsequent
tokens are from #2 of \crve. Control passes to \xycurve@@ to prepare for reading the (crv-object)s
and (poslist).

5 \xydef@\parsecurve@{\xyFN@\parsecurve@@}

6 \xydef@\parsecurve@@{’,

557 \1fx\space@\next\expandafter\DN@\space{\xyFN@\parsecurve@@}y,
sss \else\ifx\next\@endcurve\DN@\@endcurve{\checkafterCURVE@}
589 \else\ifcat\active\noexpand\next\DN@{\relax}/

500 \else\DN@{\xycurve@@}\fi\fi\fi\next@}Y

5

o0

5

[©9

594 \xydef@\xycurve@{\begingroup\afterCURVE{\setcurve@\endgroup}\crvobjects@
595 \startxycurve@\xycrvmods@}

596 \xydef@\xycurve@@{\afterCURVE{\setcurve@}\crvobjects@\startxycurve@
597 \xycrvmods@}

508 \xydef@\xyQcurve@{\xyCcurve@0@{\splinedefaulttol@\crvobjects@}}

590 \xydef@\xyQcurve@0{\xyQ@curve@@@{\resetcrvobjects@}}

600 \xydef@\xy@curve@@@#1{\ifx\cv@start\relax

601 \DN@{\xywarning@{There is no curve to plotl}}.

602 \else\DN@{\begingroup\afterCURVE{\setcurve@\endgroup}#1\cv@end}/,
603 \fi \next@ }

60a \xydef@\crvobjects@{\def\xycrvdrop@{}\def\xycrvconn@{}}

605 \xydef@\resetcrvobjects@{\crvobjects@}
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These were originally provided for sophisticated-user access. They are otherwise undocumented
and may be removed.

612 \xylet@\savecurve=\xycurve@Q
613 \xylet@\samecurve=\xyQcurve@

\xy@crvmods@ handles reading the (curve-object)s, i.e. the “drop” object and the “connect” object.

Procedure:e3a Get next token.iess Is it a ~7 1630 If not, exit. 1614 If s0, is it followed by a *7 1646 If
not, issue a message and go back to 1e34. Otherwise, 1651 is there a second *7 1652 If not then read and
store the “drop” object, 1660 €lse, read and store the “connect” object. When finished, in either case,
Less look for further specifications. 1.6s6 An empty “drop” object is not allowed, so this actually gives
the default of \zerodot.

631 \xydef@\xycrvmods@{\xyFN@\xyQcrvmodsQ@}

636 \xydef@\xy@crvmods@{Y

637 \ifx\space®@\next\expandafter\DN@\space{\xyFN@\xy@crvmods@})gobble spaces
635 \else\ifx\next ~\DN@ ~{\xyFN@\xy@crvmods@@}

630 \else\DN@{\xy@crvmods@EG}\fi\fi \next@}

610 \xydef@\xy@crvmods@QeQ{\xyFN@\checkendcurve@}’

642 \xydef@\xy@crvmods@a{y

643 \ifx\space@\next\expandafter\DN@\space{\xyFNO\xyQ@crvmods@@}/gobble spaces
62« \else\ifx\next *\DN@ *{\xyFN@\xy@Qcrvmods@}

615 \else\addAT@\ifx\next\addAT@\DN@{\xyFN@\xy@@crvaddstack}’

646 \else\DN@{\xywarning@{badly-formed curve option}\xyFN@\xy@crvmods@}

6a7  \fi\fi\fi \next®@}}

619 \xydef@\xy@@crvmods@{’

650 \ifx\space@\next\expandafter\DN@\space{\xyFN@\xyQ@@crvmods@}Jgobble spaces
651 \else\ifx\next *\DN@ *{\xyFN@\xy@@crvmods@@}

652 \else\DNO{\xyO@crvOmods@@}\fi\fi \next@}

654 \xydef@\xyQ@crvOmods@@#1#{\DNO##1{\xy@crvmodsQCO{#1}{##1}}\next@l}/,
655 \xydef@\xyQ@crvmods@QQ#1#2{%

656  \DN@{#1#2}\ifx\next@\empty \def\xycrvdrop@{ #1{\zerodotl}}

657 \else \def\xycrvdrop@{ #1{#2}}\fi

658 \xyFN@\xy@crvmods@ }

660 \xydef@\xy@@crvmodsQ@Q#1#{\DNO##1{\xyC@crvmods@Q@{#1}{##1}}\next@}
661 \xydef@\xyQ@@crvmodsQ@Q@#1#2{\def\xycrvconn@{ #1{#2}}\xyFN@\xyQ@crvmods@ }%

Parsing of the (poslist) is quite simple, recognising few special tokens:

e \endcurve and \endxy terminate reading of control points.
e & \\ and \relax delimit (pos)itions

e anything else is treated as a (pos), being handled by the \POS@ parser.

679 \xydef@\checkendcurve@{’,

6so  \ifx\space@\next\expandafter\DN@\space{\xyFN@\checkendcurve@}ygobble spaces
es1  \else\ifx\next\endcurve\DN@\endcurve{\clearsearchflag@\endxycurve@}’

6s2  \else\ifx\next\@endcurve\DN@\Qendcurve{\checkafterCURVEQ}Y

6s3  \else\ifx\next\xy@@crvaddstack@\DNG{}%

es1  \else\ifx\next\endxy\DN@{\clearsearchflag@\sloppyendcrv@l}
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6s5 % \else\addAND@\ifx\next\addAND@\DN@{\clearsearchflag@\searchnextpt@}/
6s6 \else\testAND@\iffalse \DN@##1{\clearsearchflag@\searchnextpt@}}

es7  \else\ifx “\next\DN@ ~{\xyFN@\checkcrvtilde@}%

ess \else\ifx\next\relax\DN@\relax{\clearsearchflag@\searchnextpt@l}/,

eso  \else\ifx\next\\\DN@\\{\clearsearchflag@\searchnextpt@}/

690 \else\ifx\searchflag@\relax

691 \DN@{\setsearchflag@\searchnextpt@}%

692 \else\DNO##1{\flagwarn@{##1}}\fi

603 \fI\FfI\fi\fi\fi\fi\fi\fi\fi \nexte@ }

1 \xydef@\searchnextpt@{\afterP0S{\xy@@\addtocrv@ \xyFN@\checkendcurve®@}}

6!

©o

There could be a problem in that an invalid token would cause an infinite loop, passing back
and forth between \checkendcurve@ and \P0S@. This is avoided by setting a flag \setsearchflag®
when the \POS@ parser is called, not following a valid delimiter. Encountering a valid delimiter clears
the flag. If \checkendcurve@ is called with the flag set, a warning message is issued and the token
is skipped; the flag remains set. Processing continues, but it is possible that the wrong number of
positions will be read; presumably there is some kind of error that needs to be fixed anyway.

700 \xydef@\checkafterCURVEQ{/,
710 \edef\tmp@{\noexpand\xyFN@\noexpand\checkendcurve@ %
711 \afterCURVEaction@\noexpand\endcurve}\tmp@ }

3 \xylet@\searchflag@=\relax

714 \xydef@\setsearchflag@{\let\searchflag@=0}

715 \xydef@\clearsearchflag@{\let\searchflag@=\relax}

716 \xydef@\flagwarn@#1{},

717 \ifx\next\@endcurve\DN@{\xyFN@\checkendcurve@\endcurvel}y,

718 \else\setsearchflag@\DN@{\xyFN@\checkendcurve@},

719 \xywarning@{skipping invalid token \string#l\space in curvel},
720 \fi \next@ }

7

iy

iy

It is possible for the final \endcurve to be omitted, but only when the next token is \endxy. A
warning message is written to the log file, protesting against this sloppy TEX-ing.©

728 \xydef@\sloppyendcrve{’,
720 \xywarning@{Please use \string\endcurve\space to end the curve.l}\endxycurve@}

Creation of the \crv is completed when \endcrv@ is encountered. At this point the usual meth-
ods \Drop@@ and \Connect@@ are defined. Extra information is retained, using \saveshape@ and
\savecrvparams@ for the benefit of methods which treat the curve as a connection.

721 \xydef@\endcrv@{\saveshape@ %\def\Upness@{0}/,

722 \Edge@c={\splineEdge}\Invisible@false\Hidden@false
743 \edef\Drop@@{\noexpand\ifInvisible@ \setbox\z@=\copy\voidb@x
744 \noexpand\else

745 \noexpand\wdz@=\z@

746 \noexpand\ht\z@=\z@ \noexpand\dp\z0=\z@

747 \noexpand\splineDrop@

728 \noexpand\fi 1}/

749 %

750 \edef\Connect@0{%

751 \noexpand\setbox\z@=\noexpand\box\lastobjectbox@
752 \noexpand\wdz@=\zQ

753 \noexpand\ht\z@=\z@ \noexpand\dp\z@=\z@
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74 \expandafter\noexpand\pure@crv

755 \noexpand\ifInvisible@ \noexpand\crv@saveStyles@ \noexpand\else
756 \noexpand\crv@getStyles@\noexpand\styledboxz@ \noexpand\fi

757

758 \noexpand\ifHidden@\noexpand\else

759 \noexpand\ifx\noexpand\COORD@\noexpand\xymatrixCOORD@ \noexpand\else
760 \noexpand\X@min=\the\X@min \noexpand\X@max=\the\XOmax

761 \noexpand\Y@min=\the\YO@min \noexpand\Y@max=\the\YO@max

762 \noexpand\fi \noexpand\fi

763 \savecrvparams@ \noexpand\crvconnect®@ %\noexpand\initbreaks@

764 Yh

765 \wdz@=\z@

766 \ht\z@=\z@ \dp\z0@=\zQ@ }

The control names \crvXY@pre®@ and \crvXY@post@ are used to transfer style information passed
with \preconnect@ to subsegments.

773 \xydef@\crvXY@pre@{}
774 \xydef@\crvXY@post@{}

776 \xydef@\crv@saveStyles@{\def\xy@style@{}/
777 \expandafter\def\expandafter\crvXYOpre@\expandafter{\preXY0style@l}/
778 \expandafter\def\expandafter\crvXY@post@\expandafter{\postXY@style@}}

750 \xydef@\crvOgetStyles@{\def\xy0style@{}/
751 \gdef\preXY@style@{\crvXYQpre@}\gdef\postXY@style@{\crvXY@post@}}

The values of \X@min, \X@max, etc. are used to compute the extents \L@c, \R@c, etc. of the object.
This information must be maintained after the group is closed, unless the “hidden” attribute is required
or we are inside a matrix construction.

In calculating the size of the box containing the curve \X@min, \X@max, etc. are initialised to
describe the minimum rectangle enclosing p and c¢. At the same time we save the current scope.

794 \xydef@\initshape@{\savescope®
795 \1fdim\X@c>\XCp \X@min=\X@p \XOmax=\X@c \else \X@max=\X@p \X@min=\X@c \fi
796  \ifdim\Y@c>\Y@p \YOmin=\Y@p \Y@max=\Y@c \else \Y@max=\Y@p \Y@min=\Y@c \fi }

\saveshape is used to pass necessary information up one level of grouping.

s03 \xydef@\saveshape@{\savectrlptsnum@

soa  \R@c=\X@max \advance\RQ@c-\X@c \L@c=\X@c \advance\LOc-\X@min

sos  \U@c=\Y@max \advance\UQc-\Y@c \D@c=\Y@c \advance\D@c-\Y@min

sos  \edef\tmp@{\egroup \U@c=\the\UQc \D@c=\the\D@c \L@c=\the\L@c \RQc=\the\RQc

sor  \noexpand\ifdim\noexpand\X@min>\the\X@min\noexpand\XOmin=\the\XOmin\noexpand\fi
sos  \noexpand\ifdim\noexpand\Y@min>\the\Y@min\noexpand\YO@min=\the\YO@min\noexpand\fi
soo  \noexpand\ifdim\noexpand\X@max<\the\X@max\noexpand\XOmax=\the\XOmax\noexpand\fi
si0  \noexpand\ifdim\noexpand\Y@max<\the\YOmax\noexpand\Y@max=\the\YOmax\noexpand\fi
si1 \savecrvparams@ \def\noexpand\pure@crv{\expandafter\noexpand\pure@crv}}y

812 \tmp@ }

8

s

4 \xydef@\savecrvparams@{\crvpts@={\the\crvpts@}’
s15  \noexpand\def\noexpand\crvconnect@{\expandafter\noexpand\crvconnect@}}%

s21 \xydef@\splineEdge{\rectangleEdge}

To Do: This can be improved. For example, trace along the spline until an appropriate point is
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found. There may be more than one such point, so extra criteria may be required.

Notes

2.1a. The “drop” object is set once, then “dropped” many times at appropriately spaced places along
the curve. If directional, the direction from p to ¢ is used. Default behaviour is to have tiny dots
spaced sufficiently closely as to give the appearance of a smooth curve. Specifying a larger size for
the “drop” object is a way of getting a dotted curve (see the example in the next note).

2.1b. The “connect” object is also dropped at each place along the curve. However, if non-empty, this
object uses the tangent direction at each place. This allows a directional object to be specified,
whose orientation will always match the tangent. To adjust the spacing of such objects, use an
empty “drop” object of non-zero size as shown here:

AA B

AN -7
x> s s> > 7

\xy (0,0)*+{A}; (50,-10)*+{B}

*x*\crv{ *=<4pt>{.} (10,10)&(20,0)&(40,15)}
**x\crv{ " *=<8pt>{}~*x!/-5pt/\dir{>}(10,-20)
&(40,-15)} \endxy

When there is no “connect” object then the tangent calculations are not carried out, resulting in
a saving of time and memory; this is the default behaviour.

2.1c. The “drop” and “connect” objects can be specified as many times as desired. Only the last
specification of each type will actually have any effect. (This makes it easy to experiment with
different styles.)

2.1d. Complicated diagrams having several spline curves can take quite a long time to process and
may use a lot of TEX’s memory. A convenient device, especially while developing a picture, is to
show only the location of the control points or to join the control points with lines, as a stylized
approximation to the spline curve. The (curve-option)s “p and ~1 are provided for this purpose.
Uppercase versions “P and “L do the same thing but use any (curve-object)s that may be specified,
whereas the lowercase versions use plain defaults: small cross for “p, straight line for “1. Similarly
~C and ~c set the spline curve using any specified (curve-option)s or as a (default) plain curve.

2.1e. Use of "p, 71, etc. is extended to enable both the curve and the control points to be easily shown
in the same picture. Mixing upper- and lower-case specifies whether the (curve-option)s are to be
applied to the spline curve or the (lines joining) control points. See the examples accompanying
the next two notes.

2.1f. By default the control points are marked with a small cross, specified by *\dir{x}. The “con-
nect” object is ignored completely.
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was typeset by ...

\xy (0,0)*+{A}; (50,-10)*+{B}
*x*%\crv pC{ " *=<\jot>{.}(10,-10)&(20,15)
&(40,15)} \endxy

2.1g. With lines connecting control points the default “drop” object is empty, while the “connect”
object is \dir{-} for simple straight lines. If non-empty, the “drop” object is placed at each
control point. The “connect” object may be used to specify a fancy line style.

was typeset by ...

\xy (0,0)*+{A}; (50,-10)*+{B}
*x*\crv Lc{"**\dir{--}"*{\oplus}
(20,20)&(35,15)} \endxy

2.1h. When a stack of (pos)itions has been established using the @i and @+ commands, these positions
can be used and are appended to the (poslist).

939 \xydef@\xy@@crvaddstack{’,

os0  \ifx\next ~\xywarning@{there should be a poslist here, \string~@ ignoredl}
oa1  \DN@{\xyQ@crvmods@}Y

022 \else\DN@{\xy@Qcrvaddstack@}\fi \next@}

oa4a \xydef@\xy@@crvaddstack@{\smapxy@@\addtocrv@ \xyFN@\checkendcurve@}

946 \xydef@\checkcrvtilde@{’

947 \addAT@\ifx\next\addAT@\DN@{\xy@Qcrvaddstack@}/,
oas  \else\xywarning@{invalid token after ~, ignoredl}/
oa9  \DN@##1{\xyFN@\checkendcurve@},

950 \fi \next@ }

Spline Methods FEach \curve has to set the sliding abilities. This is done by a call to \crvconnect@®@
which gives values to the methods \Creset®@, \Cshavep@, etc. These values depend on the style of
the curve itself.

967 \xydef@\crvconnect@@{y,
o6s  \def\Creset@@{\crvreset@}},
969 \def\Cshavep@@{\crvshavep@l}y,
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or0  \def\Cshavec@@{\crvshavec@}/,

o1 \def\Cslidep@@{\crvslidep@}%

or2  \def\Cslidec@@{\crvslidec@}/

or3  \def\Calong@@{\crvalong@}’

ora  \def\Cintercept@@{\crvintercept@}
975 \def\Cbreak@@{\crvbreak®@}/,

o76  \def\Clast@@{\crvlast@}y,

o7 }

When straight lines are required ...

9s3 \xydef@\straitconnect@{\crvconnect@@
982  \let\crvreset@=\straitreset®

95 \let\crvshavep@=\straitshavep@

986  \let\crvshavec@=\straitshavec@

9s7  \let\crvslidep@=\straitslidep@

oss  \let\crvslidec@=\straitslidec@

989 \let\crvalong@=\straitalong®

990  \let\crvintercept@=\straitintercept®
991 \let\crvbreak@=\straitbreak®

992 \let\crvlast@=\straitlast@

993 }

These are the actual methods used for a sequence of straight segments.

999 \xydef@\straitreset@{\the\crvptse@

100 \edef\xycrvptsnum@{\csname ptsnum@\endcsnamel}

1001 \def\segmentnum@{0}}

1002 \xydef@\straitslidep@{\setupDirection@ii \noCslidep@@ }
1003 \xydef@\straitslidec@{\setupDirection@ii \noCslidec@@ }

1005 \xydef@\straitshavep@{’

1006 \expandafter\ifnum\xycrvptsnum@>\z@
1007 \def\segmentnum@{0}’

1008 \csname cv@l\endcsname

1009 \resetDirection@ \setupDirection®@ii
110 \fi \noCshavep@@ }

1012 \xydef@\straitshavec@{’

1013 \expandafter\ifnum\xycrvptsnum@>\z@

1014 \expandafter\count@@\xycrvptsnum@\relax

1015 \bgroup \csname cv@\number\count@@\endcsname

1016 \edef\tmp@{\egroup \X@p=\the\X@c \Y@p=\the\Y@c}\tmp@
1017 \edef\segmentnum@{\xycrvptsnum@}

1018 \resetDirection@ \setupDirection@ii

1019 \fi \noCshavec@@ }

1021 \xydef@\straitalong@#1{/

1022 \ifdim#1\p@<\z@

1023 \xywarning@{parameter value #1 is negative, using 03}/

1024 \cfromp@ \def\PLACEf@{{0}}%

1025 \else

1026 \dimen@=#1\p@ \count@=\dimen@ \divide\count@\pQ

1027 \expandafter\count@@\xycrvptsnum@\relax \advance\count@@\@ne
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1028 \advance\dimen®@\segmentnum@\p@

1020 \advance\count@\segmentnum@\relax

1030 \def\segmentnum@{0}%

1031 \ifnum\count®@@<\count®@

1032 \xywarning@{parameter value #1 too large, using \the\count@@}%
1033 \count@=\count@@ \advance\count@\m@ne \edef\PLACEf@{{1}}%

1034 \else

1035 \advance\dimen®@-\count@\p@

1036 \ifdim\zz@\dimen@\ifnum\count@>\z@

1037 \advance\count@\m@ne \advance\dimen@\p@ \fi\fi

1038 \edef\PLACEf@{{\expandafter\removePT@\the\dimen@}}7,
1039 \fi

1040 \ifnum\count@=\z@\else \bgroup

1041 \csname cv@\number\count@\endcsname

1042 \edef\tmp@{\egroup \XOp=\the\X@c \Y@p=\the\YQc}\tmp@
1043 \fi

104« \advance\count@\@ne

1045 \1fnum\count@<\count@@

1046 \splinetrace@{find place \the\dimen®@\space along straight segment
1047 \the\count@}

1048 \csname cv@\number\count@\endcsname

1049 \fi

1050 \d@X=\X@c \advance\d@X-\X@p \d@Y=\YQ@c \advance\d@Y-\Y@p

151 \fi \expandafter\noCalong@@\PLACEf@ \czeroEdge@ }

1055 \xydef@\straitintercept@{\noCintercept@@}
1056 \xydef@\straitbreak@{\straightCbreak@Q@}
1057 \xydef@\straitlast@{\straightClast@@}

When curved segments are required ...

1063 \xydef@\splineconnect@{%

1064 \let\crvreset@=\splinereset@

1065 \let\crvshavep@=\splineshavep®@

1066 \let\crvshavec@=\splineshavec®@

167 \let\crvslidep@=\splineslidep®@

16s  \let\crvslidec@=\splineslidec®

169 \let\crvalong@=\splinealong@

170 \let\crvintercept@=\splineintercept®@
1071 \let\crvbreak@=\splinebreak®

1072 \let\crvlast@=\splinelast@

1073 }

These are the actual methods.
Reset the spline parameters:

\xycrvptsnum@: expands to a control sequence, whose name incorporates the correct scoping level,
giving the number of control points.

\the\crvpts@: reads the control point locations and other information from a token list.

\xysplineparams@: set to a control sequence name, incorporating the correct scoping level, which
will allow access to the Bezier control points for each spline segment, when required.



138 CHAPTER 2. EXTENSIONS

\xysplineedges@: set to a control sequence name, incorporating the correct scoping level, which gives
the spline parameters of the edges of objects at p and c;

\segmentnum@: reset to 0.
\splinecorrect@p and \splinecorrect@c: reset to 0 until changed by a \Cshavep@ or \Cshavec@.

\splinelength@: reset to 0 until changed by a \Cshavep@, \Cshavec@ or \Calong®; this is needed by
\Cshavep@ and \Cshavec@ to quickly locate where to slide from, especially when it is necessary
to slide across more than a single spline segment.

\splineplace@: reset to .5.

1100 \xydef@\splinereset@{\the\crvptsa@

1110 \edef\xycrvptsnum@{\csname ptsnum@\endcsnamel},

1111 \edef\xysplineparams@{’

1112 \expandafter\noexpand\csname params@\endcsnamel}’,

1113 \edef\xysplineedges@{’

1114 \expandafter\noexpand\csname edges@\endcsnamel

1115 \def\segmentnum@{1}\def\splinecorrect@p{0}\def\splinecorrect@c{0}/
1116 \splinelength@=\z@ \def\splineplace@f{.5}},

1117 }

Shaving to the appropriate edge. This is simply a matter of reading the stored edge information
and storing the appropriate value in \splinecorrect®@p or \splinecorrect@c. The difficult part is
to construct the correct control sequence name and then to extract the correct part of the text in its
expansion.

1128 \xydef@\splineshavep@{\begingroup

1120  \edef\xysplineedges@{’

1130 \expandafter\noexpand\csname edges@\endcsnamel

131 \expandafter\expandafter\expandafter\getsplineedges@safe\xysplineedges@ @QY%
1132 \edef\tmp@{\noexpand\removePT@\the\dimen5}/,

1133 \edef\tmp@{\endgroup

1134 \noexpand\def\noexpand\splinecorrect@p{\tmp@}}\tmp@

1135 \setupDirection@ii }

1137 \xydef@\splineshavec@{\begingroup

1138 \edef\xysplineedges@{’

1130 \expandafter\noexpand\csname edges@\endcsnamel’

1140 \expandafter\expandafter\expandafter\getsplineedges@safe\xysplineedges@ Q@Y%
1141 \dimen@=-\dimen7\relax \advance\dimen®@\p@

1142 %% \getcrvsegsnum@ \advance\dimen@\count@\p@

1143 \edef\tmp@{\noexpand\removePT@\the\dimen@}}\WA{**shave**x<\tmp@>*x**}j,

1144 \edef\tmp@{\endgroup

1145 \noexpand\def\noexpand\splinecorrect@c{\tmp@}}\tmp@

1146 \setupDirection@ii }

1148 \xydef@\splineslidep@#1{\enter@{\pfromthep@}y
149 \begingroup \splinealong@@{0}{#1}+\splineslidep@@@
150 \setupDirection@ii \leave@ }%

1152 \xydef@\splineslidep@@@{Y%
153 \d@X=\dimen5 \d@Y=\dimen7 \edef\tmp@{\postfind@}\tmp@ \dimen@=\splineval@
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11514 \expandafter\count@\xycrvptsnum@\relax

1155 \ifnum\count@>\tw@ \advance\count@\m@ne

1156 \advance\dimen®@\segmentnum@\p@ \advance\dimen@-\p@

1157 \fi

1158 \edef\tmp@{\endgroup \endgroup

159 \noexpand\def\noexpand\xysplineval@{\the\splineval@}y,

1160 \noexpand\def\noexpand\splinecorrect@p{\expandafter\removePT@\the\dimen@}%
1161 \splinetrace@{slide = \the\splinelength®}),

1162 \X@c=\dimen@i \YQc=\dimen3 Y something may be wrong here!!
1163 \d@X=\the\d@X \d@Y=\the\deY %

1164 \noexpand\def\noexpand\segmentnum@{\segmentnum@}}\tmp@ }

1166 \xydef@\splineslidec@#1{\enter@{\pfromthep@}’

1167 \begingroup

116s  \expandafter\splinealong@@\PLACEf@{#1}+\splineslidec@@®@
1169  \setupDirection@ii \leave@ }

u71 \xydef@\splineslidec@@@{’

1172 \d@X=\dimen5 \d@Y=\dimen7 \edef\tmp@{\postfind@}\tmp@ \dimen®@=\splineval®

1173 \expandafter\count@\xycrvptsnum@\relax

1172 \ifnum\count@>\tw@ \advance\count@\m@ne

1175 \advance\dimen@\segmentnum@\p@ \advance\dimen®@-\p@

1176 \dimen@=-\dimen@ \advance\dimen@\count@\p@

1177 \else \dimen@=-\dimen@ \advance\dimen@\p@ \fi %\WO@{**slidex*<\the\dimen@>**x1}}
1178 %% sSplinecorrect@c is probably wrong here!!

1179 \edef\tmp@{\endgroup \endgroup

1150 \noexpand\def\noexpand\xysplineval@{\the\splineval@}/

11s1  \noexpand\def\noexpand\splinecorrect@c{\expandafter\removePT@\the\dimen@3}%
1152 \splinetrace@{slide = \the\splinelength®@; correct@c=\noexpand\splinecorrect@c}
1183 \X@c=\dimen@i \YQc=\dimen3 %

1184 \d@X=\the\deX \d@Y=\the\daoy %

1185 \noexpand\def\noexpand\segmentnum@{\segmentnum@}}\tmp@ }

1187 \xydef@\checkslidemore@#1{%

185 \dimen@ii=-#1\relax\ifdim\dimen@ii<\z@\multiply\dimen®@ii\m@ne\fi

1189 \dimen®@=-\splinelength@ \advance\dimen@\dimen@iilrelax

1190 \ifdim\dimen@<\z@\dimen@ii=-\dimen@\else\dimen@ii=\dimen@\fi

1191 \ifdim\dimen®@ii<.2\p@\DN@{\splineslidec@@ \leave®@}}%%% 7

192 \else \splinetrace@{not found yet, \the\dimen@iilspace still to gol}%
1193 \dimen@ii=#1\relax\ifdim\dimen@ii<\z@\multiply\dimen@\m@ne\fi

1194 \DN@{\expandafter\splineslidemore@\expandafter{\the\dimen@}}\fi

1195 \next@}y

1197 \xydef@\splineslidemore@#1{%

1108 \expandafter\count@\segmentnum@\relax

1190 \ifdim#1<\z@\advance\count@\m@ne\dimen®=\p@

1200 \else\advance\count@\@ne\dimen®@=\z@\fi

1200 \ifnum\count@<\@ne

1202 \expandafter\splinesegment@\expandafter{\segmentnum@}y

1203 \DN@{\xywarning@{cannot slide beyond start of curvely

1204 \spline@find{\z@}{\z@}{}\splineslidec@@ \leave® }%%%k 7

1205 \else \expandafter\count@@\xycrvptsnum@\relax\advance\count@@\m@ne
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1206 \expandafter\ifnum\count@@<\count@\relax

1207 \expandafter\splinesegment@\expandafter{\segmentnum@}y
1208  \DN@{\xywarning@{cannot slide beyond end of curvel}

1200 \spline@find{\p@}{\z@}{}\splineslidec@@ \leave@ }%%%%% 7

1210 \else
1211 \edef\segmentnum@{\the\count@}y
1212 \expandafter\splinesegment@\expandafter{\segmentnum@}y

1213 \splinetrace@{sliding onto segment \segmentnum®@},

1214 \expandafter\spline@find\expandafter{\the\dimen@}{#1}{}%
1215 \DN@{\checkslidemore@{#1}}/,

1216 \fi\fi \next@ }

1218 \xydef@\splineslidec@e{},

1219 \dimen@=\splineval@ \advance\dimen@\segmentnum@\p@\advance\dimen@-\p@

1220 \edef\tmp@{\endgroup

1221 \noexpand\def\noexpand\xysplineval@{\the\dimen®@}

1222 \splinetrace@{slide = \the\splinelength®}),

1223 \XQ@c=\the\dimen@i \YO@c=\the\dimen3 \d@X=\the\dimen5 \d@Y=\the\dimen7 \postfind@
1224 \noexpand\def\noexpand\segmentnum@{\segmentnum@}}\tmp@

1225 \setupDirection@ii}

The method \splinealong@#1 finds places along the curve, when #1 is given as a factor, normally
between 0 and 1. The location of the edges of the objects at p and c are stored in \splinecorrect@p
and \splinecorrect@c. These are the places found if the factor is either 0 or 1. If an edge is non-zero
then it is actually possible to move to points inside that edge by specifying a factor less than 0 or
greater than 1.

1237 \xydef@\splinealong@#1{\def\postfind@{}\splinealong@@{#1}\z0+

1235 \splineslidec@@

1230 \dimen@=\xysplineval@\relax

1240 \count@=\xycrvptsnum@\relax \ifnum\count@>\@ne \advance\count@\m@ne\fi
1241 \ifnum\count@>\@ne \dimen@nth\count@\dimen@

122 \fi \edef\bthisPLACE@{\expandafter\removePT@\the\dimen®@}%

1243 \splinetrace@{bthisPLACE@=\bthisPLACE@}}’

The parameter #2 in \splinealong@@#1#2#3 allows for a subsequent slide through a given (dimen)
along the curve, from the place specifed by the factor in #1.

The information supplied in #1 must be converted to the segment number and parameter value of
the specified point. These will be calculated and stored temporarily in \count®@ and dimen@ before the
values are passed respectively to \splinesegment@ which chooses the segment, and \spline@find to
locate the point on this segment.

To do the calculation, first we correct for the parameter values of the edges of the objects at the
end-points, which are stored in \splinecorrect@p and \splinecorrect@c. If the resulting number
x is not an integer then \count@ is set to 1 + |x| while \dimen®@ becomes (x — |z|)\p@. If x is an
integer: x = 0 gives \count@=1 and \dimen®@=\z@, otherwise \count@ = z and \dimen®@=\pQ.

1264 \xydef@\splinealong@@#1#2#3{/

1265 \edef\tmp@{#1}\relax \dimen@ii\tmp®@\p@

1266 % \getcrvsegsnum@

1267 %% \dimen@=-\count@\p@

1268 \dimen@=-\p®@

1260 \expandafter\advance\expandafter\dimen@\splinecorrect@p\p@
1270 \expandafter\advance\expandafter\dimen@\splinecorrect@c\p®@
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1271

1272

1273

1274 \splinetrace@{actual:\the\dimen®; f:\the\dimen@ii; p:\splinecorrect@p,

1275

1276

1277

1278

1279

1280

1281

1282

1283

CURVE AND SPLINE EXTENSION

\edef\tmp@{#1}\relax \dimen@=-\tmp@\dimen@ \relax
\expandafter\advance\expandafter\dimen@\splinecorrect@p\p®@
\getcrvsegsnum@ \multiply \dimen@ by\count@\relax

\count@=\dimen@ \divide\count@\p@ \DN@{\relax}
\def\tmp@{\relax}\ifx\next@\tmp®@
\expandafter\ifnum\xycrvptsnum@<\count®@
\xywarning@{parameter value #1 too largel}’
\DNii@{\relax}\DN@{\begingroupl}¥
\else
\edef\xysplineval@{\the\dimen®@}%
\advance\dimen@-\count@\p@
\ifdim\dimen@=\z0@

1284 \splinetrace@{find knot point \the\count@}}

1285

1286

\ifnum\count@=\z@ \count@=\@ne \else \dimen@=\p@ \fi
\else \advance\count@\@ne

1287 \splinetrace@{find point \the\dimen®@\space on spline segment \the\count@},

1288

1289

1290

1291

1292

1293

1294

1295

1296

1297

1298

1299

1300

1301

1302

1303

1304

1305

1306

1307

\fi

\edef\segmentnum@{\the\count®@},
\edef\next@{\begingroup\noexpand\splinesegment@{\the\count@}1}%

\edef\nextii@{}
\noexpand\spline@find{\the\dimen@}{#2}{}\noexpand\checksplinefind@{#2}}/

\ifx>#3\relax

\edef\nextii@{%
\noexpand\spline@find{\the\dimen@}{#2}#3\noexpand\checksplinefind@{#2}}%

\else\ifx-#3\relax \ifdim\dimen@>\z@\relax \ifdim\dimen@<\p@
\dimen@=-\dimen@ \advance\dimen@\p@
\edef\nextii@{\noexpand\splinereverseQ@
\noexpand\spline@find{\the\dimen@}{#2}{}\noexpand\checksplinefind@{#2}}/
\fi\fi

\else\ifx<#3\relax \ifdim\dimen@>\z@\relax \ifdim\dimen®@<\pQ@
\dimen@=-\dimen®@ \advance\dimen@\p@
\edef\nextii@{\noexpand\splinereverseQ@
\noexpand\spline@find{\the\dimen@}{#2}#3\noexpand\checksplinefind@{#2}}%
\fi\fi

\fi\fi\fi

\fi\fi \expandafter\next@\nextii@ }

continue sliding along the next segment.

1314 \xydef@\checksplinefind@#1{%

1315

1316

1317

1318

1319

1320

1321

1322

1323

\dimen@ii=#1\relax \dimen@=\splinelength®

\ifdim\dimen@ii=\z@\DN@{}%

\else
\ifdim\dimen@ii<\z@\advance\dimen@\dimen®@ii
\else\advance\dimen@-\dimen@ii\fi
\ifdim\dimen@<\z@\multiply\dimen@\m@ne\fi

\ifdim\dimen@<.2\p@\DN@{}%

\else
\count@=\segmentnum@\relax

141

c:\splinecorrect@c}’

This macro checks whether the required sliding has been carried out, or whether it is necessary to
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1324 \ifdim\dimen@ii<\z@\advance\dimen@ii\splinelength®@

1325 \ifnum\count@>\@ne\advance\count@\m@ne

1326 \edef\next@{\noexpand\splinesegment@{\the\count@}y,

1327 \noexpand\spline@f ind\p@{\the\dimen@ii}{1}/

1328 \noexpand\checksplinefind@{\the\dimen@ii}}’,

1329 \else

1330 \xywarning@{cannot slide \the\dimen@iilspace before startl}y
1331 \DN@{\splinesegment@\@ne \spline@find\z@\z@{}}\fi

1332 \else\advance\dimen@ii-\splinelength@

1333 \count@@=\numcontrolpts

1334 \ifnum\count@<\count@@ \advance\count@\@ne

1335 \edef\next@{\noexpand\splinesegment@{\the\count@}y

1336 \noexpand\spline@find\z@{\the\dimen@ii}{}},

1337 \noexpand\checksplinefind@{\the\dimen@ii}}’,

1338 \else

1339 \xywarning@{cannot slide \the\dimen@ii\space beyond end}/
1340 \DN@{\splinesegment@{\the\count@@}\spline@find\p@\z@{}}\fi
1341 \fi

1342 \fi\fi \next@ }

Breaks Typesetting breaks in curves is quite involved. The \bstartPLACE®@ and \bendPLACEQ are
used to hold parameter values for the positions of the beginning and end of a segment, respectively,
when known. The default values of \relax indicate that these values need to be found, usually from
the start- and end-edges of the curve. The value of \empty for \bstartPLACEQ® is used initially with
a new curved connection, to set up all its parameters — no typesetting takes place. This is used by
curved arrows to set up the connection before places can be found for any breaks.

1360 \xydef@\resetbreakse{’
1361 \let\bstartPLACEQ@=\relax \let\bthisPLACE®=\empty
1362 \let\bendPLACE@=\relax \let\bprevPLACE@=\relax}

1364 \xydef@\invisbreaks@{\resetbreaks@ \let\bstartPLACEQ=\empty}
1365 \xydef@\crvresetbreaks@{\resetbreaks@ \let\bstartPLACE@=\relax }

1367 \xydef@\initbreaks@{\xy@0{\ifx\bstartPLACE@\relax

1368 \def\bstartPLACEQ@{0}\def\bendPLACE@{1}\else

1360 \ifx\bstartPLACEQ@\empty\def\bstartPLACEQ@{0}\def\bendPLACEQ{1},
1370 \fi\fi}}

1372 \xydef@\lastbreaks@{\ifx\bprevPLACE@\relax \def\bstartPLACEQ{0}/
1373 \else \expandafter \bprevPLACEG@ \fi
1374 \let\bprevPLACE@\relax \let\bendPLACE®@\relax}

1376 \xylet@\bstartPLACE@\relax
1377 \xylet@\bendPLACE@\relax
1378 \xylet@\bprevPLACEQ\relax
1379 \xydef@\bthisPLACE@{1}

These are called in the actual setting of curved sub-segments.

1385 \xydef@\splinebreake{’
1386 \splinetrace@{***new break*** this:\bthisPLACEQ@ }%
1387 \1fx\bthisPLACE@\empty\def\bendPLACEQ{1},
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1383 \else\edef\bendPLACE@{\bthisPLACEQ@}\let\bthisPLACEQ\empty\fi

1389 %\xystatus@{BR1}%

1390 \ifx\bprevPLACE@\relax\def\bstartPLACE@{O}\else\expandafter\bprevPLACEQ\fi
1391 \edef\bprevPLACE@{\def\noexpand\bstartPLACEC{\bendPLACEQ}\pfromthec®@}%
1392 \splinetrace@{splineBREAK: \bstartPLACEQ@ <> \bendPLACE@},

1393 % \xystatus@{BR}/

1304 \edef\cv@brend{\cfromthec@}’

1395 \edef\cv@brstart{\cfromthep@}’

1306 \expandafter\connect\expandafter\crvs\crvSTYLEQQ{}’ ? optimise

1397 \let\cv@brend=\relax

13908 \let\cv@brstart=\relax

1390 \splinetrace@{**break donex*}y

1400 }

1402 \xydef@\splinelast@{\splinereset@ \lastbreaks@ %\splinetracing
1403 \splinetrace@{splineLAST}

1404 %\xystatus@{LA}/

105 \edef\cv@brend{\cfromthec@}y,

1406 \edef\cv@brstart{\cfromthep@}’

1407 \expandafter\connect\expandafter\crvs\crvSTYLEQQ{}} 7 optimise
140s  \let\cv@brend=\relax

1409 \let\cv@brstart=\relax

1410 \splinetrace@{**last donex*}J,

1411 \resetbreaks@}

Intersection with a curved connection Just as the intersection of two lines (1.3j) can be found,
so can the intersection of a straight line with a curved connection, or the intersection of a curve with
a straight connection.

C B B

A A
D D

\xy*+{A}="A";p+/rbpc/+(0,15) *+{B}="B"
,p+<1pc,3pc>*+{C}="C"
,"A"+<4pc,-1pc>*+{D}="D",{\ar@/_/"C"}
»7H{"A"; "B"xx@{-} }*++{\oplus}

\endxy \quad \xy
*+{A}="A";p+/rbpc/+(0,15) *+{B}="B",
,p+<ipc,3pc>*+{C}="C"

,"A"+<4pc, ~1pc>*+{D}="D", "A" ; "B"+*0{-}
,71{"D",{\are/_/"C"}}*++{\oplus}
\endxy

When the line separates the end-points of a curve an intersection can always be found. If there is
more than one then that occurring earliest along the curve is the one found.

Presume the end-points of the spline segment are at (X),Y,) and (X,,Y.) with (L,,Up) and
(Rp, Dp) as two points on the line. Then the macro \xysidesofinterval® returns 3 pieces of infor-
mation.
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e \next expands to 2 characters, each from {+, —,0} indicating which side of, or on, the line lies
either end-point;

e \this@ expands to either + or — indicating which end is closer to the line, returning + if
equi-distant;

e \howclose@ contains a non-negative (num) indicating the distance to the nearest end-point.

1455 \xydef@\splineNointercept@{\enter@{\pfromthep@l}y

1456 \begingroup \splinereset@ \csname cv@0\endcsname \swapQ@

157 \count@=\ptsnum@ \advance\count@\@ne \csname cv@\the\count@\endcsname
1ss  \edef\tmp@{\endgroup \XQorigin=\the\X@p \Y@origin=\the\YQp
1459 \R@c=\the\d@X \UQc=\the\d@Y}\tmp®

1460 \loop@

1461 \dimen@=\ifdim\R@c<\z@-\fi\R@c

1462 \advance\dimen@ \ifdim\U@c<\z@-\fi\UQc

1463 \ifdim\dimen®@>10\p®@

1464 \advance\R@c \ifdim\R@c<\z@-\fi 16sp \divide\RG@c\KKQ@

1465 \advance\U@c \ifdim\U@c<\z@-\fi 16sp \divide\UQ@c\KKQ@

1466 \repeat@

1467 \intersect@ \leave@}

1469 \xydef@\splineintercept@{\Hidden@true\Invisible@true\splineintercept@i}

1471 \xydef@\splineintercept@i{\enter@{\pfromthep@}\begingroup

1472 \R@p=\X@c \L@p=\X@p \d@X=\R@p \advance\d@X-\L@p

1473 \D@p=\Y@c \U@p=\Y@p \d@Y=\D@p \advance\d@Y-\U@p

1474 \dimen@nth\KKQ@\deX \edef\sd@X{\expandafter\removePT@\the\dQX}%
1475 \dimen@nth\KKO@\dQY \edef\sd@Y{\expandafter\removePT@\the\d@Y}’,
1476 \dimen@=\sd@Y\L@p \advance\dimen@-\sd@X\U@p

1477 \edef\sideOffset@{\the\dimen@}\def\closestseg@{1}/

1478 \let\crvconnect@@=\relax \crvconnect@

1479 \let\spline@end=\splinef@end

1so  \def\spline@start{\bgroup \def\prevnext@{+-1}%

1481 \def\splinerec@{\let\splinerec@=\splineIrec@ \splineinterceptTest@}/
1432 \def\splinedecast@{\let\splinedecast@=\splinedecast@@

1483 \def\splineadvance®@{\splineIadvance@@}\splinedecast@@al}y

1484 \def\splineadvance@{\intercepthull@}}

uss % \def\splinepoint@{\splineIpt@@}Y

1s6  \global\let\splinepoint=\splineIpt@@

147 \globalllet\splinegoal@=\splinef@pt

14ss \global\let\splinefinish@=\splinefinish@@}%

1489 \begingroup \splineIsegment®

1490 \splinesetparams@ \splined@@ \def\postfind@{}\splinelIplace®
1491 \setupDirection@ii \leave@ }

1494 \xydef@\splineIplace®@{’

1495 \d@X=\dimen5 \d@Y=\dimen7 \dimen@=\splineval®

1496 \expandafter\count@\xycrvptsnum@\relax

1497 \ifnum\count@>\tw@ \advance\count@\m@ne %\advance\count@\m@ne
1408 \advance\dimen@\segmentnum@\p@ \advance\dimen@-\p@

1499 \dimen@nth\count@\dimen@ % \divide\dimen®@\count®
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100 \fi \edef\tmp@{\endgroup \endgroup

1501 \def\noexpand\PLACEf@{{\expandafter\removePT@\the\dimen®@}1}%
1502 \X@c=\dimen@i \Y@c=\dimen3 %

1503 \d@X=\the\d@X \d@Y=\the\d@Y }\tmp®@

1504 \splinetrace@{PLACE = \PLACEf@: (\the\X@c, \the\YQc)}%

1505 \expandafter\edef\expandafter\bthisPLACE@\PLACEf®

1506 }
1508 \xydef@\splineIrec@{\splineinterceptTest@ }

1510 \xydef@\squineIpt@{\edef\tmp@{\endgroup

1511 \def\noexpand\prevnext@{\next}\begingroup}\tmp@ }

1512 \xydef@\squineladvance@{\edef\tmp@{\endgroup

1513 \def\noexpand\prevnext@{\next}\def\noexpand\howclose@{\howclose@}1}%
1514 \tmp@ \splineadvance@@\begingroup}

1516 \xydef@\cubicIpt@{\edef\tmp@{\endgroup

1517 \def\noexpand\prevnext@{\next}\begingroup}\tmp@

1518 \xydef@\cubicIadvance@{\edef\tmp@{\egroup

1519 \def\noexpand\prevnext@{\next}\def\noexpand\howclose@{\howclose@}}/
1520 \tmp@ \splineadvance®@@\bgroupl}

1522 \xydef@\splineIsegment@{\DN@{\splinesegment@\@nel

1523 \ifx\splinesegment@\squinesegment@\else

1524 \ifx\splinesegment@\cubicsegment@\else\DN@{\findIsegment@}/,
1525 \fi\fi\next@}

1527 \xydef@\findIsegment@{\expandafter\count@\xycrvptsnum@ \count@@\z@
1528 \loop@ \advance\count@@\@ne \bgroup

1520 \expandafter\splinesegment@\expandafter{\the\count@®@}y,

1530 \xysidesofinterval®

1531 \findIsegment@i \repeat@

1532 \expandafter\dimen@\prevhowclose@ \relax

1533 \ifdim\dimen@=\z@ \edef\closestseg@{\the\count@@}\fi

1530 \expandafter\splinesegment@\expandafter{\closestseg@}}

1536 \xydef@\findIsegment@i{’
1537 \expandafter\ifx\next \expandafter\findIsegment@ii
1538 \else\expandafter\findIsegment@x\fi \next@ }

1540 \xydef@\findIsegment@ii{\expandafter\count@\xycrvptsnum@ \relax
1541 \advance\count@\m@ne \ifnum\count@>\segmentnum@\relax
1542 \expandafter\findIsegment@y\else\expandafter\findIsegment@x\fi}

1544 \xydef@\findIsegment@x{’,

1525 \edef\next@{\egroup\def\noexpand\next{\nextl}/,

1546 \def\noexpand\prevhowclose@{\prevhowclose@}/,

15a7  \def\noexpand\closestseg@{\closestseg@}\noexpand\iffalse}}

150 \xydef@\findIsegmentQy{’

1550 \edef\next@{\egroup\def\noexpand\next{\nextl}/,

1551 \def\noexpand\prevhowclose@{\prevhowclose®@}/

1552 \def\noexpand\closestseg@{\closestseg@}\noexpand\iftruel}}

1554 \xydef@\xysidesofinterval@{\bgroup
1555 \LOp=\sd@X\Y@p \advance\LOp-\sd@Y\X@p \advance\L@p\sideOffset@

145
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1556 \U@p=\sd@X\YQc \advance\U@p-\sd@Y\X@c \advance\UCp\sideOffset@

1557 \def\this@{}\ifdim\LOp>\almostz@ \ifdim\U@p>\almostz@ \def\next{++}\else
155 \1fdim\U@p<-\almostz@ \def\next{+-}\else\def\next{+0}\def\this@{-}\fi\fi
1550 \else\ifdim\LOp<-\almostz@ \ifdim\U@p>\almostz@ \def\next{-+}\else

1se0  \1fdim\U@p<-\almostz@ \def\next{--}\else\def\next{-0}\def\this@{+}\fi\fi
1561 \else \ifdim\U@p>\almostz@ \def\next{O+}\else

1562 \ifdim\U@p<-\almostz@ \def\next{O-}\else\def\next{00}\def\this@{+}\fi\fi
1563 \fi\fi

1564 \ifx\this@\empty

1565 \L@p=\ifdim\Lep<\z@-\fi\Lep \Uep=\ifdim\Uep<\z@-\fi\Uep

1566 \ifdim\L@p<\UQp \edef\howclose@{\the\LOp}\def\this@{-1}%

1567 \else \edef\howclose@{\the\U@pl}\def\this@{+}\fi

156s  \else\def\howclose@{0.Opt}\fi

1569 \splinetrace@{\next:\this@:\howclose@; \the\splineval®@:Y

1570 (\the\X@p, \the\Y@p) ; (\the\X@c, \the\YQc) }/

1571 \ifdim\howclose®@<\prevhowclose®@\relax

1572 \edef\tmp@{\egroup\def\noexpand\this@{\this@}\def\noexpand\next{\next}/
1573 \def\noexpand\howclose@{\howclose@}\def\noexpand\prevhowclose@{\howclose®},
1574 \def\noexpand\closestseg@{\segmentnum@}}y,

1575 \splinetrace@{closest yet: \howclose@, in segment \segmentnum@},

1576 \else

1577 \edef\tmp@{\egroup\def\noexpand\this@{\this@}\def\noexpand\next{\next}’
1578 \def\noexpand\howclose@{\howclose@}}%

1579 \fi \tmp@ }

1581 \xydef@\splineinterceptTest@{’

1552 \xysidesofinterval@ \DN@{\splineadvance@}}

1583 \DNii@{0.Opt}\ifx\howclose@\nextii@ \DN@{\splineclosest@l}}
1584 \else\expandafter\ifx\next \expandafter\ifx\prevnext@

1585 \ifx\next\prevnext@\else\DN@{\X@c=\X0p \YQc=\Y@p

1586 \splinefinishf@}\fi\fi

1587 \else \DN@{\splinedecast@}\fi\fi

1588 {\splinefar@false \splinenear@\X@p\X@c\Y@p\Y@c

1589 \ifsplinefar@ \aftergroup\next@

1590  \else\aftergroup\splineclosestQ@

1591 \splinetrace@{too close: (\the\X@p,\the\Y@p)::(\the\X@c,\the\YQc)}’
1502 \fil}}

1504 \xydef@\splineclosest@{’\global\advance\splineval®@-.5\splinedepth®
1505 \expandafter\ifx\this@-\relax

1596 \X@c=\X@p \YQc=\Y@p \globalladvance\splineval@-\splinedepth®

1597 \fi \splinefinishf@ 1}%

When the line misses the convex hull of the curve’s control points it is still possible to get the
point of closest approach.

1604 \xydef@\squinetestcvxhull@{\begingroup

1605 \splinetrace@{hull: closest in segment \closestseg®@l}/

1606 \expandafter\splinesegment@\ifx\undefined\closestseg@\@ne\else\closestseg\fi
1607 \X@c=\L@c \Y@c=\UQc \xysidesofinterval®

160s \expandafter\ifx\next \expandafter\splineoutsidehull@@

1600 \else \expandafter\splineinsidehull@\fi}
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1611 \xydef@\cubictestcvxhull@{\begingroup

1612 \expandafter\splinesegment@\ifx\undefined\closestseg@\@ne\else\closestseg@\fi
1613 \X@c=\L@c \Y@c=\UQc \xysidesofinterval@

1614 \expandafter\ifx\next \expandafter\cubictestcvxhull@i

1615 \else \expandafter\splineinsidehull@\fi}

1617 \xydef@\cubictestcvxhull@i{)\begingroup

1613 \X@c=\R@c \Y@c=\D@c \xysidesofinterval®

1619 \expandafter\ifx\next \expandafter\splineoutsidehull®@Q@
1620 \else \expandafter\splineinsidehull@\fi}

1623 \xydef@\xysidesofhull@{\bgroup

1624 \LOp=\sd@X\Y@p \advance\LOp-\sd@Y\XOp \advance\L@p\sideOffset@
1625 \UQ@p=\sd@X\Y@c \advance\U@p-\sd@Y\X@c \advance\U@p\sideOffset@
1626 \L@p=\1ifdim\LOp<\z@-\fi\Lep \UCp=\ifdim\Uep<\z@-\fi\Uep

1627 \1fdim\L@p<\U@p \edef\howclose@{\the\L@p}\def\this@{-}%

1625 \else \edef\howclose@{\the\U@pl}\def\this@{+}\fi

1629 \ifx\splinedecast@\squinedecast@ \D@c=\UQc \R@c=\L@c \fi

1630 \L@p=\sd@X\UQc \advance\L@p-\sd@Y\L@c \advance\L@p\sideOffset@
1631 \L@p=\1fdim\L@p<\z@-\fi\L@p

1632 \expandafter\if\this@-%

1633 \ifdim\L@p<\prevhowclose@ \def\next{-+}\else \def\next{--}\fi
1634 \else

1635 \ifdim\L@p<\howclose@ \def\next{-+}\else

1636 \U@p=\sd@X\D@c \advance\U@p-\sd@Y\RGc \advance\U@p\sideOffset®
1637 \U@p=\ifdim\U@p<\Z©-\fi\U@p

1638 \ifdim\U@p<\howclose@ \def\next{+-}\else \def\next{++}\fi

1630 \fi\fi

1640 \edef\tmp@{\egroup\def\noexpand\this@{\this@}\def\noexpand\next{\nextl}%
1641 \def\noexpand\howclose@{\howclose@}}\tmp@ }

This is for straight connections intercepting with a curve. It requires a redefinition of \PLACE@intercept@
to recognise that the intercept is with a curved connection.

1640 \def\PLACE@intercept@#1{}

1650 \xy@@{\enter@{\pfromthep@\basefromthebase@}\begingroup}t
1651 \xy@Q@ix@{#1}\xy@@{\plainxy@ \def\Creset@@{}%

1652 \expandafter\POS\the\toks9\relax

1653 \DNii@{\crvreset@}\ifx\nextii@\Creset@@ \edef\next@{\endgroup
1654 \def\noexpand\xyinterceptpts@{\the\crvpts@}y,

1655 \X@c =\the\X@c \Y@c=\the\YQc \X@p=\the\X@p \Y@p=\the\Y@p
1656 \noexpand\CCintercept@@ 1}

1657 \else \edef\next@{\endgroup

1658 \X@c =\the\X@c \Y@c=\the\YQc \X@p=\the\X@p \Y@p=\the\Y@p
1659 \noexpand\Cintercept@@ 1}%

1660  \fi \next@ \leave®}),

1661 \PLACEQQ}

1663 \xydef@\CCintercept@@{\splineSintercept®@}

1664 \xydef@\splineSintercept@{\enter@{\pfromthep@}\begingroup

1665  \Creset@@ \edef\connect@pts{\cfromthec@ \pfromthep@}’

1666 \xyinterceptpts@ \splinereset@ \connect@pts \splineintercept®
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1667 \edef\next@{\endgroup \cfromthec@ \DirectionfromtheDirection@ }J
166s  \next@ \let\xyinterceptpts@=\empty \leave@}

To Do: If both connections are curves, only the line joining the end-points of the first connection
is used. Find a way to do better than this.

If the line does not separate the end-points then there may be no intersection with the curve.
If there is one then either the line is tangential or necessarily there will also be at least one other
intersection. A message

perhaps no curve intersection, or many.

is written to the log-file, but a search for an intersection will still be performed and a “sensible” place
found on the curve. In the usual case of a single quadratic or cubic segment, the place nearest the
line is found and the tangent direction is established.

The following examples show this, and show how to get the place on the line nearest to the curve.

B B

A A
C C

\xy *+{A}="A";p+/rb5pc/+(0,15)*+{B}="B",
,p-<.5pc,2pc>*+{C}="C","A"+<6pc,-.5pc>
,¥+{D}="D","A" ,{\ar@/_25pt/"B"}
,21{"C"; "D"*+x@{-}}*\dir{x}="E"
,+/_2pc/="F";"E"x*xe{-},?!{"C";"D"}
,*{\otimes}\endxy\qquad\xy
*+{A}="A";p+/rbpc/+(0,15)*+{B}="B",
,p-<.5pc,2pc>*+{C}="C"
,"A"+<Tpc, . 5pc>*+{D}="D" , "A"
,{\ar@/_40pt/"B"},7!{"C"; "D"**x@{-}}
,*{\otimes}\endxy

The warning message, that no intersection may exist, always occurs inside a grouping so it can
safely switch itself off for deeper levels.

1711 \xydef@\nointerceptwarning@{\let\nointerceptwarning@=\relax
1712 \xywarning@{perhaps no curve intersection, or many. }}

1714 \xydef@\intercepthull@{\nointerceptwarning®
1715 \expandafter\def\expandafter\prevnext@\expandafter{\next}’%
1716 \splinetestcvxhull@}

When the line meets the convex hull of the current control points, then a closer point exists inside
the current portion of the curve. We must “decast” to find it, after storing the closest value known
so far, within \prevhowclose@.

1725 \xydef@\splinetestcvxhull@{\begingroup

1726 \X@c=\L@c \YQ@c=\UQc \splinetrace@{hull:}\xysidesofinterval@
1727 \expandafter\ifx\next \expandafter\splineoutsidehull@@

128 \else \expandafter\splineinsidehull@\fi}

1730 \xydef@\splineinsidehull@{\edef\tmp@{\endgroup
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1731 \def\noexpand\howcvxclose@{\howclose@}/,
1732 \noexpand\interceptinsidehull@}\tmp@ }

1734 \xydef@\interceptinsidehull@{\edef\prevhowclose@{\howclose@}}
1735 \splinedecast@@ }

If the line does not cross into the convex hull, then we use the distance from the control points
to determine whether or not there can be a closer point. The value of \prevhowclose@ indicates the
best so far, while \howcvxclose®@ temporarily holds the distance to the closest control point. When
this is nearer then there will be a closer point on the curve.

1746 {\xdef\next{\the\maxdimen}}
1747 \xylet@\prevhowclose@=\next

1729 \xydef@\splineoutsidehull@{\edef\tmp@{\endgroup
1750 \def\noexpand\howcvxclose@{\howclose@},
1751 \noexpand\interceptoutsidehull@}\tmp@}
1752 \xylet@\splineoutsidehul1l@@=\splineoutsidehull®

1754 % \xydef@\interceptoutsidehull@{\dimen@=\howcvxclose®@ \relax

1755 /» \ifdim\dimen@<\howclose@ \relax

1756 % \ifdim\howclose@<\prevhowclose@\relax \edef\prevhowclose@{\howclose@}\fi
1757 % \DN@{\begingroup\splinedecast@@ \endgroupl’,

1758 % \else\ifdim\howclose@>\prevhowclose@ \relax \DN@{\splineHadvance@}7
1750 % \else \DN@{\splineHadvance@ }\fi\fi \next@ }

1760 \xydef@\interceptoutsidehull@{\dimen@=\howcvxclose@ \relax

1761 % \global\splineval@=\z@

1762 \splinetrace@{0UTSIDE HULL: \the\dimen® : (\howclose®) (\prevhowclose®)1}%
1763 \let\splinedecast@=\splinedecast@@

1764 \let\splinerec@\splineHnearQtest

1765 \let\splineadvance@\splineIadvance®@®

1766 \splinedecast@@ }

176s \xydef@\splineHnear@test{’

1769 \xysidesofhull@ \DN@{\splinedecast®@}/

1770 \ifdim\howclose@<\prevhowclose@\edef\howclose@{\prevhowclose@}\fi
1771 \expandafter\if\this@-%

1772 \expandafter\ifx\next\DN@{\splineclosest@}\fi

1773 \else

1774 \expandafter\ifx\next\DN@{\splineadvance@}\fi

1775 \fi

1776 {\splinefar@false \splinenear@\X@p\X@c\Y@p\Y@c

1777 \ifsplinefar@ \aftergroup\next@

1778 \else\aftergroup\splineclosest@

1779 \splinetrace@{too close: (\the\X@p,\the\Y@p):: (\the\X@c,\the\YCc)1}/
17so \fil}}

For cubic segments it is necessary to look at both control-points off the curve and compare their
distances; hence the use of \prevhowcvxclose@, initially set to \maxdimen.

1788 \xydef@\cubicoutsidehull@{\edef\tmp@{\endgroup

1789 \def\noexpand\howcvxclose@{\howclose@}}\tmp®@

1790 \edef\prevhowcvxclose@{\howcvxclose@}\begingroup

1791 \X@p=\R@c \Y@p=\D@c \splinetrace@{hullii:}\xysidesofinterval@
192 \expandafter\ifx\next \expandafter\cubicoutsidehull@i
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1793 \else \expandafter\cubicinsidehull@\fi}

1795 \xydef@\cubicinsidehull@{\edef\tmp@{\endgroup
1796 \def\noexpand\howclose@{\howclose@}}\tmpQ@
1797 \cubicoutsidehull@ii }

1799 \xydef@\cubicoutsidehull@i{\edef\tmp@{\endgroup

1800 \def\noexpand\howcvxclose@{\howclose®@}}\tmp®@

1801 \dimen@=\prevhowcvxclose@\relax

1802 \ifdim\dimen@<\howcvxclose® \relax

1803 \edef\howcvxclose@{\the\dimen@}\expandafter\interceptoutsidehull®@
1804 \else \expandafter\cubicoutsidehull@iil\fi }

1806 \xydef@\cubicoutsidehull@ii{%

1507 \def\splineadvance@{\splineadvance®@@l}
1s0s \def\splinepoint\endgroup{\endgroup
1309 % \global\let\splinepoint=\splinepoint@
1810 \globalllet\splinepoint=\relax

1511 \def\splineadvance@{\intercepthull@}}%
1812 \splinedecast@@ 1},

This macro \splineHadvance@ is used at the end of a \splinedecast@ in order to pass information
from out of a subsegment, to help decide whether there is any point in further searching.

1820 \xydef@\splineHadvance@{\futurelet\next@\splineHadvance®@i}
1821 \xydef@\splineHadvance@i{\ifx\next@\endgroup
1322 \expandafter\splineHadvance@x\else\expandafter\splineclosest@\fi}

1524 \xydef@\splineHadvance@x{\edef\tmp@{\endgroup

1825 \def\noexpand\prevhowclose@{\prevhowclose®@}/

1826 \def\noexpand\prevnext@{\next}\def\noexpand\howcvxclose@{\howclose@}1}%
1827 \tmp@ \dimen@=\prevhowclose@ \relax

128 \ifdim\dimen@<\howclose®@ \relax \DN@{\splineclosest@\begingroupl}’%

1820 \else\ifdim\howcvxclose@=\dimen@\DN@{\splineclosest@\begingroup}’

1830 \else\DN@{\splineadvance@@\begingroup}\fi\fi \next@ }

Miscellaneous features The command \clearcurve was originally provided to discard the curve
information, and return to the graphics state before the curve was read, if this is ever found to be
necessary. This will probably be removed.

1842 \xydef@\xyclearcrv@{\cv@end\cv@restore\loop@

1843 \expandafter\let\csname cv@\number\crv@cnt@\endcsname\relax

1844 \ifnum\crv@cnt@>0\advance\crv@cnt@\m@ne\repeat@

1845 \let\cv@start=\relax \let\cv@end=\relax \let\cv@restore=\relax \POS}
1846 \xylet@\clearcurve=\xyclearcrv@

To Do: Define an \extendcurve as a (postcurve) which allows the curve to be continued smoothly
past the endpoint c.

A macro can be used within the modifier, to provide different labels at each control point. For
example. . .



2.1. CURVE AND SPLINE EXTENSION 151

\newcount\cptlabel\global\cptlabel=0
\def\nextcptlabel{\global\advance\cptlabel 1 %
\number\cptlabel}

\xy (0,0)*+{A}; (50,-10)*+{B}
**x\crv~"Pc{"*{\nextcptlabel}(10,-10)
&(20,15)&(30,-15)&(40,15)} \endxy

Two control sequences are provided to access the control points. Firstly \numcontrolpts returns
the number of them, while \xycontrolpt(num) sets ¢ to be the particular control point. Here (num)
must be a single digit, grouped integer e.g. {-15} or count register containing a numerical value. If
larger than \numcontrolpts then ¢ becomes the end-point of the curve, while if zero it becomes the
starting point. A negative value sets both p and ¢ to be the starting point, whereas other values leave
p unchanged.

1880 \xylet@\numcontrolpts=\xynumctrlpts@

1882 \xydef@\xycontrolpt@#1{{/

1383 \ifnum#1<\z@\aftergroup\cv@restore\aftergroup\cv@start

1884 \else

1855 \expandafter\count@\xycrvptsnum@\relax \advance\count@\@ne
1886 \ifnum#i1>\count@ \ifx\cv@end\relax

1887 \expandafter\aftergroup\csname cv@\number#1\endcsname

1888 \else\aftergroup\cv@end\fi

139 \else

1890 \expandafter\ifx\csname cv@\number#1\endcsname\relax
1891 \ifnum#i=\z@\aftergroup\cv@start\else\aftergroup\cv@end\fi
1892 \else\expandafter\aftergroup\csname cv@\number#1\endcsname

103 \Fi\fi\fil}}J;
1894 \xylet@\xycontrolpt=\xycontrolpt®@

Storing control point locations: Upon starting to read the control points for a curve, first set the
counter \crv@cnt@ to be zero. Store the position of p and ¢ and the current base in control sequences
\cv@start, \cv@end and \cv@restore for later retrieval and to reinstate the current graphics state.
\cv@start is a little more complicated in order to retain the existing value of p.

1909 \xydef@\startxycurve@e{\crvlcnt@=\z0

1910 \edef\cv@start{\cfromthep@}y

1911 \ifdim\zz@\R@c \ifdim\zz@\LOc \ifdim\zz@\D@c \ifdim\zz@\UQc
1912 \Edge@c={\zeroEdge}\fi\fi\fi\fi

1913 \edef\cv@end{\cfromthec@}%

1914 \edef\cvO@restore{\pfromthep@\basefromthebase@}?}

1915 \xylet@\startxycurve@=\startxycurve@@

1917 \xylet@\cv@start=\relax
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1918 \xylet@\cv@end=\relax

1919 \xylet@\cv@restore=\relax

1020 \xydef@\readxycurve@{\startxycurve@\xycrvmods@}
1921 \xylet@\readxycurve=\readxycurve@

The position of each control point is stored as the expansion of a control sequence whose name
encodes its place within the (poslist). Expanding this control sequence sets ¢ to be the appropriate
position.

1930 \xydef@\addtocrv@{\advance\crv@cnt@\@ne

1931 \edef\tmp@{%

1932 \expandafter\noexpand\csname cv@\number\crv@cnt@\endcsnamel,
1933 \expandafter\edef\tmp@{\cfromthec@}%

1034 \edef\tmp@{\noexpand\addtocrvpts@{\noexpand\def

1935 \expandafter\noexpand\tmp@{\X@c=\the\X@c \Y@c=\the\Y@c }}}\tmp@
1936 \edef\xycrvptsnum@{\the\crv@cnt@}y

1937 }

1946 \xydef@\xycrvdrop@{ {\zerodotl}}
1947 \xydef@\xycrvconn@{}

1949 \xydef@\xyc@trlpts@{\def\xycrvdrop@{ \dir{x}}\def\xycrvconn@{}’
1950 \afterCURVE{\savecrvobjects@\xyctrlpts@}\readxycurve®@}

1951 \xydef@\xycQ@trlpts@e{’

1952 \afterCURVE{\savecrvobjects@\def\xycrvdrop@{ \dir{xl}}%

1953 \def\xycrvconn@{}\xyctrlpts@}\readxycurve@}

1954 \xydef@\xycOvxhull@{\def\xycrvdrop@{ {}}%

1955 \edef\xycrvconn@{ \noexpand\dir{\addDASH@{}}}%

1956 \afterCURVE{\savecrvobjects@\xycvxhull@}\readxycurve@}

1957 \xydef@\xyc@vxhullea{%

1958 \afterCURVE{\savecrvobjects@\def\xycrvdrope{ {}}/

1950 \edef\xycrvconn@{ \noexpand\dir{\addDASH@{}}}\xycvxhull@}\readxycurve@}
1960 \xylet@\controlpts=\xyc@trlptse@

1961 \xylet@\convexhull=\xyc@vxhull@

1962 \xydef@\savecrvobjects@{\bgroup

1963 \expandafter\toks@\expandafter{\xycrvdrop@}/

1964 \expandafter\toks@ii\expandafter{\xycrvconn@l}y

1965 \edef\tmp@{\egroup\noexpand\def\noexpand\resetcrvobjects{%
1966 \noexpand\def\noexpand\xycrvdrop@{\the\toks@}/,

1967 \noexpand\def\noexpand\xycrvconn@{\the\toks@ii}%

196s  +F\tmp@}

Alternate curve styles: There is the potential to do many other things here, by using \afterCURVE,
once the list of control points has been read.

1977 \xydef@\afterCURVE#1{\def\afterCURVEQ{#1}}

1978 \xydef@\endxycurve@{\cv@end\savectrlptsnum@

1979 \expandafter\def\csname params@\endcsname{\the\crvpts@}’
1980 \cv@restore\afterCURVE@\POS}

1981 \xylet@\endcurve=\endxycurve@

In fact this is essentially how \controlpts and \convexhull were interfaced before extensions
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were added to change styles.

\def\controlpts{\afterCURVE{\xyctrlpts}’
\readxycurve}

\def\convexhull{\afterCURVE{\xycvxhull}’
\readxycurve}

The real work is done by \xyctrlpts and \xycvxhull. At the point when these macros are expanded
the graphics state has the restored p and c¢ to their original values, i.e. the end-points of the curve.

\controlpts: This macro visits in order each of the control points dropping the requisite object. The
connection style is not used and the direction does not change. For a loop-counter we use \count®@@@.

2010 \xydef@\xyctrlpts@{\cv@end \cv@restore

2011 \def\crvconnect@{\straitconnect®},

2012 \ifnum\crv@cnt@>\zQ

2013 \count@@@=\Cne \DNO@{\loop@\xycontrolpt@{\count@0@}\relax
2014 \expandafter\xycvxhulldrop@\xycrvdrop@

2015 \ifnum\crv@cnt@>\count@@@\advance\count@@@\One\repeat®
2016  \cv@end \cv@restore }J

2017 \else\DN@{\relax}\fi \next@ }

2018 \xylet@\xyctrlpts=\xyctrlpts@

The token list \crvpts@ stores the following information: current scope , location of p and c,
number of control points \crv@cnt@ and their locations. It does this by storing \defs for control
sequence names, depending on the scope, which expand to this information. Thus by executing
\the\crvpts@ at the right level, the information is conveniently recovered via control sequences which
do not conflict with anything else, and whose names can be reconstructed.

2031 \xydef@\addtocrvpts@#1{\crvpts@=\expandafter{\the\crvptsQ#1i}}

2035 \xydef@\savescope@{\crvpts@={}Y

2036 \edef\tmp@{\expandafter\noexpand\csname cv@0\endcsnamel}y
2037 \edef\tmp@{\noexpand\addtocrvpts@{\noexpand\def

2038 \expandafter\noexpand\tmp@{\X@c=\the\XCp \Y@c=\the\YCpl}}}%
2030 \tmp@ }

2041 \xydef@\savectrlptsnum@{’,

2042 \advance\crv@cnt@\Cne \edef\tmp@{%

2043 \expandafter\noexpand\csname cv@\number\crv@cnt@\endcsnamely
2044 \edef\tmp@{\noexpand\addtocrvpts@{\noexpand\def

2045 \expandafter\noexpand\tmp@{\X@c=\the\X@c \YO@c=\the\YOc}}}\tmp®
2046 \advance\crv@cnt@\m@ne

20e7  \edef\tmp@{\expandafter\noexpand\csname ptsnum@\endcsnamel}y,

2048 \edef\tmp@{\noexpand\addtocrvptse{’,

2019  \noexpand\def\expandafter\noexpand\tmp@{\number\crv@cnt®@}}1}%
2050 \tmp@ }

Convex Hull: This macro visits in order each of the control points dropping the requisite object.
With the previous as p and the current one as ¢, a connection is set in the requisite style. For a
loop-counter we use \count®@@a@.

Use a group {\expandafter\POS\xycrvconn®@} else the \loop@ gets upset. This does not affect
the size of the Xy-picture, since the dropped objects are not similarly shrouded.
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Also used for the trivial case where there are no control points, hence a straight line between p
and c is what is requested.

2069 \xydef@\xycvxhull@{\cv@end \cvQ@restore

2070 \addtocrvpts@{\def\crvconnect@{\straitconnect@}}/,

2011 \def\crvconnect@{\straitconnect@}%

2072 \ifnum\crv@cnt@>\zQ

2073 \count@@@=\Cne\relax \DN@{\loop@\xycontrolpt@{\count@@@}\relax
2074 \expandafter\xycvxhulldrop@\xycrvdrop@

2075 {\expandafter\connect\xycrvconn@{}}\pfromc@

2076 \ifnum\crv@cnt@>\count@@@\relax \advance\count@@@\@ne\repeat@
2077 \cv@end 1}

2073 \else

2079 \ifx\empty\xycrvconn®@

2080 \edef\xycrvconn@{\noexpand!C\noexpand\dir{\addDASHE{}}}\fi
2081 \DN@{\relax}\fi \next@

2082 {{\expandafter\connect\xycrvconn@{}}1}/

2083 \cv@end \cv@restore }

2084 \xylet@\xycvxhull=\xycvxhull@

2086 \xydef@\xycvxhulldrop@#1#{\drope{#1}}

Spline constructions The control sequence \xysplineparams@ provides a way to access a control
sequence name that is unique to the current Xy-pic scope. This control sequence will be used to store
the parameters which determine the spline curve. Similarly \xysplineedges@ will be used to store
the parameter values and lengths (along the squine) to the locations where the spline crosses the edge
of the objects at the ends p and c.

2105 \xydef@\savespline@{’,

2106 \splinetrace@{savespline@:}

2107 % \edef\endspline®@{\endgroup

2108 \edef\endspline@{\endgroup

2100 \savesplineparams@ \savesplinerefs@

2110 \X@min=\the\X@min\relax \X@max=\the\X@max\relax
2111 \Y@min=\the\Y@min\relax \Y@max=\the\Y@max\relax
2112 \ifInvisible@\noexpand\Invisible@true

2113 \else\noexpand\Invisible@false\fi

2114 }\endspline@

2115 \edef\tmp@{\noexpand\addtocrvpts@{\savesplineparams@}}\tmp@
2116 \xycontrolpt@\z@ \cv@end }

2118 \xydef@\savesplineparams@{’
2119 \noexpand\def\expandafter\noexpand\xysplineedges@{\xysplineedges@}}

2121 \xydef@\savesplinerefs@{’%

2122 \noexpand\def\noexpand\xysplineparams@{y
2123 \expandafter\noexpand\xysplineparams@}
2124 \noexpand\def\noexpand\xysplineedges@{%
2125 \expandafter\noexpand\xysplineedges@}/,

2126 }

One new box register is required, for the object used to actually set the curve, ...
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2135 \xynew@{box}\splinebox®@
. and 4 dimen registers ...
2141 \xynew@{dimen}\splineval®
. which is for tracking the natural spline parametrization;
2146 \xynew@{dimen}\splinedeptha@
. which is for tracking he depth of the recursive algorithms;
2151 \xynew@{dimen}\splinetol®
. which contains the tolerance for the spline, (this can probably be shifted to an ordinary macro);
2157 \xynew@{dimen}\splinelength®@

. which accumulates a measure of the length along a spline curve. (Currently this is not being
used, as most things can be done satisfactorily using the spline parametrization only.)

Some new conditionals are also required. These are for testing whether successive places on the
squine are sufficiently close together, and whether the objects should be placed or not.

2160 \xynew@{if}\ifsplinefara@
2170 \xynew@{if}\ifsplineplot@ % to plot points or not

Provide some tracing ability, for debugging.

2176 \xydef@\splinetracing{\let\splinetrace@=\We}
2177 \xydef@\splineignore@#1{}
2178 \xylet@\splinetrace@=\splineignore@

The parameters for the current section of the spline are stored indirectly in \xysplineparams@,
while information concerning the places where the spline crosses the edges of objects at p and c is
stored indirectly in \xysplineedges. A control sequence \readsplineparams@ is used to extract this
information. Each spline type must provide a \getsplineparams@ which puts the information into
easily usable form.

2192 \xydef@\readsplineparams@{’
2193 \expandafter\expandafter\expandafter\getsplineparams@\xysplineparams@
2194 \expandafter\expandafter\expandafter\getsplineedges@safe\xysplineedges@ QQ}

2196 \xydef@\getsplineedges@safe#10Q{\DNC{#11}7
2197 \ifx\next@\empty \DN@{\getsplineedges®@.Opt;0.0pt,0.0pt;0.0pt,}%
2108 \else \DN@{\getsplineedges@safe@#1Q@}\fi \next@}

2200 \xydef@\getsplineedges@safe@#l;#2,#300{\DNC{#3}/

2201 \splinetrace@{getsplineedges@safel},

2202 \ifx\next@\empty \DN@{\getsplineedges@#1;#2,0.0pt;0.0pt,}%
2203 \else \DN@{\getsplineedges@#1;#2,#3}\fi \next@}

The edge locations are stored as x.y where x + 1 = spline-segment number and y or 1 — y =
parameter value of the start, resp. finish, in the segment x + 1.

2212 \xydef@\getsplineedges@#1; #2,#3;#4,{%

2213 \global\dimen@i=#1\global\dimenb=#2\relax

2214 \dimen@=#3\multiply\dimen@\m@ne \advance\dimen@\splinelength®
2215 \global\dimen3=\dimen®

2216 \dimen@=#4\relax

2217 \ifdim\dimen@>\p@ \xywarning@{edge out-of-range: \the\dimen@}/
2218 \count@=\dimen@ \divide\count@\p®@
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2219 \advance\dimen@-\count@\p@ \multiply\dimen@\m@ne
2220 \advance\dimen@ \count@\p@ \advance\dimen®@\p®@
2221 \splinetrace@{\the\dimen®@}Y

2222 \else

2223 \multiply\dimen®@\m@ne \advance\dimen®@\p@

2224 \fi

2225 \global\dimen7=\dimen®@ }

Sometimes TEX will run short of memory when many curves are used without a backend with special
support for curves. In that case the following commands, that obey normal TEX groupings, may be
helpful:

\SloppyCurves
\splinetolerance{(dimen)}

allow adjustment of the tolerance used to typeset curves. The first sets tolerance to .8pt, after which
\splinetolerance{Opt} resets to the original default of fine curves.
Some useful methods for accurate division by integers.

2250 \xydef@\dimen@half{),
2251 \advance\dimen®@ \ifdim\dimen@<\z@-\fi 1sp \divide\dimen@\tw@}

2253 \xydef@\halve@dimen#1{\dimen@=#1\relax \dimen@half #1=\dimen®@}

2255 \xydef@\dimen@nth#1#2{\dimen@=#2\relax \dimen@ii=#1sp %
2256 \advance\dimen@ \ifdim\dimen@<\z@-\fi.5\dimen@ii
2257 \divide\dimen@ by#1\relax #2=\dimen®@}

Before constructing the curve we first examine the “drop” object, setting it in an \xybox. The

size of this object determines the spacing of objects placed along the curve, via the tolerance of the
spline. This determines the maximum separation of places at which objects will be dropped; i.e. when
two adjacent places would be separated by more than this amount, the spline algorithm constructs
another place on the curve intermediate between these two.
Note: Alter the spline tolerance by adjusting the size of the “drop” object. In particular, a dotted
line can be achieved by setting an empty object with non-zero size. If the size is zero then the default
tolerance is used. Initially this is .4pt; it may be altered using \splinetolerance(dimen), where
(dimen) must be greater than zero, else the initial tolerance is reset.

2278 \xydef@\splinetolerance@#1{\dimen@=#1\relax
2279 \ifdim\dimen@>\zQ@ \splinetol@=\dimen®@
2280 \else\splinetol@=.4\p@\fi}

2282 \xylet@\splinedefaulttol@=\relax

2284 \xydef@\splinetolerance#1{\splinetolerance@{#1}/
2285 \edef\splinedefaulttol@{\splinetol@=\the\splinetol®@}}

2287 \splinetolerance\zQ@
2280 \xydef@\SloppyCurves{\splinetolerance{.8\p@}}

2201 \xydef@\xylowtolerance@{\splinedefaulttol@
2202 \ifdim\splinetol@<\p@ \divide\splinetol@\tw@ \fi}

Similarly examine the “connect” object. If none has been specified then there is no need to calculate
the tangent direction at each place along the curve. This saves on both time and memory requirement.
Procedure: (1) If \xycrvdrop@ is empty, define \splinedrop@ to expand to \copy\zerodotbox@,
thus creating a curve constructed from small dots. Otherwise (2a) set the \splinebox@ with the spec-
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ified object and (2b) use \copy\splinebox@ as the expansion of \splinedrop@. (3) Set \splinetol@
to be v/2x maximum of width and height+depth of the box.

If \xycrvconn@ is empty (4) then \splineconn@ is set to \relax. (5) Otherwise it is necessary to
reset the direction at each place along the curve before dropping the object specified by \xycrvconn@.

2315 \xywarnifdefined\splinedrop@

2316 \xydef@\setstdsplinedrop@{’

2317 \setbox\splinebox@=\hbox\bgroup

2318 \setboxz@h{\expandafter\object\xycrvdrope{}1}/

2319 \splinedefaulttol@ \dimen@=\wd\z@ \dimen@ii=\ht\z@ \advance\dimen@ii\dp\z@
2320 \ifdim\dimen@ii>\dimen@ \dimen@=\dimen@ii \fi \dimen@=1.4142\dimen@

2321 \ifdim\dimen®@>\splinetol@ \splinetol@=\dimen®@\else\dimen@=\splinetol@\fi
2322 \dimen@=.5\wd\z@

2323 \ht\z0=\z0@ \dp\z0=\z@ \wd\z0@=\z@ \kern-\dimen@ \Drop@@ \kern\dimen®@

2324 \edef\tmp@{\egroup \splinetol@=\the\splinetol@

2325 \ifInvisible@\noexpand\Invisible@true

2326 \else\noexpand\Invisible@false\fi}\tmp®@

2327 \edef\splinedefaulttol@{\splinetol@=\the\splinetol@}%

2328 \def\splinedrop@{\copy\splinebox@\splineextra®@@}}

2330 \xywarnifdefined\splineconn@

2331 \xydef@\stdsplineconn@{{\setsplinedir@ % %(5)

2332 \setboxz@h\bgroup\expandafter\object\xycrvconn@{}%

2333 \edef\tmp@{\egroup\L@c=\the\L@c \RQ@c=\the\R@c \DQ@c=\the\D@c \UQc=\the\UCc
2334 \noexpand\def\noexpand\Drop@@}\expandafter\tmp@\expandafter{\Drop@a}y
2335 \setboxz@h{\kern-\L@c \boxz@}}

2336 \ht\z0=\z@ \dp\z@=\z@ \wd\z@=\z@ \Drop@@l}}

2338 \xydef@\setcrvobjects@{\setstdsplinedrop@ \def\splineconn@{\stdsplineconn@}}
2339 \xylet@\splineextra@@=\relax

2343 \xydef@\splinenear@#1#2#3#4{{\deX=#1\advance\d@X-#2}

2344 \1fdim\d@X<\z@ \d@X=-\deX\fi

2345 \ifdim\splinetol@<\d@X \aftergroup\splinefar@true

2346 \else \d@Y=#3\advance\dOY-#4\ifdim\d@Y¥<\z@ \d@Y=-\de@Y\fi

2347 \ifdim\splinetol@<\d@Y\aftergroup\splinefar@true

2348 \else \xydist@\deX\deoyY

2349 \ifdim\splinetol@<\dimen@ \aftergroup\splinefar@true

2350 \else

2351 \ifdim\dimen@<.1\splinetol@\aftergroup\splinetooclose@\fi
2352 \fi\fi\fil}}

2354 \xydef@\splineadvance@@{\globalladvance\splineval@\splinedepth@}

This stops objects being placed too close together along the spline. It is necessary at the beginning
of a segment with a non-zero edge. Otherwise, with a large \splinetolerance@, the accuracy of the
place-finding mechanism results in being so deep in the tree that objects placed at every level on the
way up would be much too close.

2364 \xydef@\splinetooclose@{\aftergroup\aftergroup\aftergroup\splinetooclose@@}
2365 \xydef@\splinetooclose@@{\def\splineplotpt@{\relax}}

Each place along the curve is tested according to a \splinetest®@ Normally this is for visibility
according to the extent of the objects at the end-points of the curve. When an edge is crossed then
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the \splinecontinue routine is called to decide how the behaviour may change e.g. whether the
recursion should continue or exit to the top of the existing tree.

2376 \xydef@\splinepoint@e{%
2377 \splinetrace@{P@: (\the\X@c,\the\YQc) : : \the\splineval®@;\the\splinedepth@}},
237s  {\splinetest@\ifsplineplot@\relax\else\aftergroup\splinecontinue\fil}}

2330 \xydef@\splinepoint@{%
2381 {\splinetest@\ifsplineplot@\aftergroup\splinecontinue\fi}}
2382 \xylet@\splinepoint=\splinepoint®@

2384 \xydef@\splinecontinue@{%

2385 \global\let\splinepoint=\splinepoint@@

2386 \global\let\splinecontinue=\splinecontinue®@@}
2387 \xydef@\splinecontinue@@{’

2388 \global\let\splinepoint=\splinepoint®@

2389 \globall\let\splinecontinue=\relax}

2300 \xylet@\splinecontinue=\splinecontinue®

Points where segments join lie at the top of the recursive tree. They are tested directly against
the objects at the endpoints, in order to decide whether or not they are visible.

2399 \xydef@\splineknotpoint@{{\X0p=\X0c \YOp=\Y@c \cv@start

2200 \the\Edge@c\@ne \ifInside@\else\aftergroup\splineknotpoint@@\fil}}J
2401 \xydef@\splineknotpoint@@{{\X@p=\X0c \Y@p=\Y@c \cv@end

2402 \the\Edge@c\@ne \ifInside@\else \aftergroup\splinepoint\fi}}%

2404 \xylet@\firstsplinepoint@=\splineknotpoint@
2405 \xylet@\lastsplinepoint@= \splineknotpoint@

This routine is used to find where the spline crosses the edges of the objects at p and c¢. First
(1) we set up the tests which will determine when the edge has been crossed. Then commence the
scan. (2)

2416 \xydef@\splined@@e{’,

2417 \splinetrace@{finding end typesl}%

2418 \splinetrace@{bstartPLACE®@: \bstartPLACE®@; bendPLACEQ@:\bendPLACEQ}Y
2419 \DN@{\splinescan@}\ifx\bstartPLACE@\empty

2420 \ifx\bendPLACE@\relax\def\bendPLACE@{1}\fi

2221 \else\ifx\bstartPLACEQ\relax

2422 \else\ifx\bstartPLACE@\undefined

2423 \else

2424 \DN@{\splinescanbreak@}\ifx\bendPLACE@\relax\def\bendPLACEQ{1}\fi
2425 \DNii@{0}\ifx\bstartPLACE@\nextii@

2426 \DNii@{1}\ifx\bendPLACE®@\nextii@\DN@{}Y
2427 Y, \else\DNii®@{0.0}\ifx\bendPLACE@\nextii@\DN@{}\fi
2428 \fi\fi % use the saved values

2420  \fi\fi\fi \next@ }% %(2)

2431 \xydef@\splineStarttest@{{\X@p=\X0c \Y@p=\Y@c \cv@start \the\Edge@c\Cne

2432 \ifInside@\aftergroup\splineplot@false\else\aftergroup\splineplot@true\fi}}’
2433 \xydef@\splineEndtest@{{\X@p=\X@c \Y@p=\Y@c \cv@end \the\Edge@c\@ne

243 \1fInside@\aftergroup\splineplot@false\else\aftergroup\splineplot@true\fi}}’

2436 \xydef@\splineBreakStarttest@{{\X0@p=\X@c \Y@p=\Y@c \cv@brstart \the\Edge@c\Gne
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2437 \ifInside@\aftergroup\splineplot@false\else\aftergroup\splineplot@true\fi}}y

2439 \xydef@\splineBreakEndtest@{{\X@p=\X@c \Y@p=\Y@c \cv@brend \the\Edge@c\@ne
2440 \1fInside@\aftergroup\splineplot@false\else\aftergroup\splineplot@true\fi}}’
2421 % \ifInside@\aftergroup\splineplot@true\else\aftergroup\splineplot@false\fi}}J,

2443 \xylet@\splineStarttest=\splineStarttest@
2444 \xylet@\splineEndtest=\splineEndtestQ@

2446 \xydef@\splineSlowStarttest{{\X@p=\X@c \YQ@p=\Y@c \cv@start \the\Edge@c\Gne

2147 \ifInside@\aftergroup\splineplot@maybe@@\else\aftergroup\splineplot@true\fi}}V
2445 \xydef@\splineSlowEndtest{{\X@p=\X@c \Y@p=\Y@c \cv@end \the\Edge@c\Gne

2120 \ifInside@\aftergroup\splineplot@maybe@@\else\aftergroup\splineplot@true\fi}}V
2450 \xydef@\splineplot@maybe{\splineplot@falsel}’

2451 \xylet@\splineplot@maybe@@=\splineplot@maybe

(3) Start a new group and bind some macros appropriate to finding the starting edge. (4) start
the spline algorithm, using a small tolerance. (5) Close the group, thus removing the bindings of (3).
(6) Record the information, which has been stored globally. (7) Do the same for the ending edge.
(8) Clear the global information. After this, set the curve as usual. (9)

2464 \xydef@\splinescan@{\bgroup/

2165 \expandafter\def\xysplineedges@{\z@;\z0,\z@;\z@,}%

2466 \bgroup \cv@start

2167 \expandafter\DN@\expandafter{\the\Edge@c}\DNii@{\zeroEdgel}/
2468 \ifx\next@\nextii@ \gdef\splineedges@{\z@;\z@,}%

2460  \else\aftergroup\splinestartScan@\fi

2470 \egroup \relax

2471 \bgroup \cv@end

21472 \expandafter\DN@\expandafter{\the\Edge@c}\DNii@{\zeroEdge}’
2473 \ifx\next@\nextii@

2474 \getcrvsegsnum@ \edef\segmentnum@{\the\count®@}

2475 \splineval@=\z@ \splineRecordEndValue®

2476 \else\aftergroup\splineendScan®@\fi

2477 \egroup \egroup

247s  \expandafter\testsplineedges@\splineedges@; ,QQ%

2479 \expandafter\edef\xysplineedges@{\splineedges@}/, %(6)

2150 \global\let\splineedges@=\relax % %(8)

2481 \splinetrace@{edge params: \xysplineedges@}}/

2433 \xydef@\testsplineedges@#l;#2,#3;#4,#500{)

2484 \DN@{#5}\ifx\next@\empty

2485 \DNii@{#4}\ifx\nextii@\empty

2486 \xynoedgespline@{end}\def\splineedges@{#1;#2,\z0;\z0, }\fi

2487 \DNii@{#2}\ifx\nextii@\empty

2488 \xynoedgespline@{start}\def\splineedges@{\z0;\z0,\z0;\z0, }\fi

2489 \fi }

2490 \xydef@\xynoedgespline@#1{\xywarning@{#1 edge of spline not found}}’

2192 \xydef@\splinestartScan@{\bgroup % %(3)

2493 \Splinetrace@{scan for start}/

2194 \global\let\splineadvance@=\splineadvance@@ %(3)
2405 \let\spline@start=\splinefindStart@ %(3)

21906 \let\spline@end=\spline@end@@  %(3)
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\let\splinefinish@=\splinefinish@@
\let\splinewhich=\relax
\global\splinelength@=\z@

% \let\splinerec@=\splineSrec®
\def\splinerec@{\let\splinerec@=\splineSrec@ \splinedecast@@}/
\edef\splineedges@{}%
\expandafter\let\xysplineedges@\relax

% \bgroup

\xylowtolerance@ \splined@@
\ifx\splineedges@\empty\expandafter\splineslowScan@\fi
\ifx\splineedges@\relax\expandafter\splinenostart@\fi
\egroup }% %(4)

\xydef@\splineslowScan®@{’
\let\splineStarttest=\splineSlowStarttest
\let\splinescanStarttest=\relax
\def\splinerec@{\let\splinerec@=\splineSrec@ \splinedecast@@}},
\splined@@ }

\xydef@\splineslowEnd@{/
\global\let\splineEndtest=\splineSlowEndtest
\let\splinescanEndtest=\relax
\def\splinerec@{\let\splinerec@=\splineErec@® \splinedecast@@}
\splined@@ }

\xydef@\splinenostart@{%
\def\segmentnum@{1}\splinelength@=\z@ \splineval@=\zQ
\xynoedgespline@{start}\splineRecordValue@ }

\xydef@\splineendScan@{\bgroup % %(3)<--——=————--
\bgroup % %(7)

\splinetrace@{scan for end}’
\global\let\splineadvance@=\splineadvance@@
\let\spline@start=\splinefindEnd@
\let\spline@end=\spline@end@@
\let\splinefinish@=\splinefinish@®
\let\splinewhich=\relax
\global\splinelength@=\z0@

% \let\splinerec®@=\splineErec®
\global\let\splineEndtest=\splineEndtestQ
\def\splinerec@{\let\splinerec@=\splineErec@ \splinedecast®@@},
\expandafter\def\expandafter\prevedges@\expandafter{\splineedges@}/,
\xylowtolerance@ \splined@@
\ifx\splineedges@\prevedges@\expandafter\splineslowScan@\fi
\egroup \egroup}

\xydef@\splinescanbreak@{y
\splinetrace@{SCANBREAK}
\gdef\breakedges@{}/,
\DN@{0}\ifx\next@\bstartPLACE®
\DN@{\bgroup \def\tmpQ####1;####2 ,####3; ####4,{),
\global\splineval@=####2\relax}/,
\expandafter\expandafter\expandafter\tmp@\xysplineedges@
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2550 \def\segmentnum@{1}\splineRecordBreakValue@ \egroupl}

2551 \else

2552 \bgroup \cv@start

2553 \expandafter\DN@\expandafter{\the\Edge@c}\DNii@{\zeroEdge}’
2554 \ifx\next@\nextii@ \aftergroup\splinezerostart

2555 \else\aftergroup\splinewidestart\fi

2556 \egroup

2557 \fi \next@

2558 \DN@{1}\ifx\next@\bendPLACEQ

2550 \DN@{\bgroup \def\tmpO####1; ####2, ####3; ####4 , {J,

2560 \global\splineval@=####4\relax}t’

2561 \expandafter\expandafter\expandafter\tmp@\xysplineedges@
2562 ho/e  \Multiply\splineval@\m@ne \advance\splineval@\pQ@

2563 %/  \def\segmentnum@{1}

2564 \getcrvsegsnum@ \edef\segmentnum@{\the\count@l}y,

2565 \global\multiply\splineval@\count@

2566  \splineRecordEndBreakValue@ \egroupl}’

2567 \else

2568 \bgroup \cv@end

2569 \expandafter\DN@\expandafter{\the\Edge@c}\DNii@{\zeroEdgel}’
2570 \ifx\next@\nextii@ \aftergroup\splinezeroend

2571 \else\aftergroup\splinewideend\fi

2572 \egroup

2573 \fi \next@

2574 \expandafter\def\expandafter

2575 \xybreakedges@\expandafter{\breakedges@}/), %(6)

2576 \global\let\breakedges@=\relax % %(8)

2577 \splinetrace@{break params: \xybreakedgesQ@::\bstartPLACEQ--\bendPLACEQ}/
2578 \expandafter\let\xysplineedges@\xybreakedges@ }

2580 \xydef@\getcrvsegsnum@{y, sets \count®
2581 \count@=\ptsnum@\relax \ifnum\count@>\@ne\advance\count@\m@ne\fi}

2583 \xydef@\splinezerostart{\DN@{\bgroup
2584 \splinetrace@{splinezerostart:}/

2585 \dimen@=\bstartPLACEQ\pQ@

2586 \global\splineval@=\dimen®

2587 \splineRecordBreakValue@ \egroup }}

2580 \xydef@\splinezeroend{\DN@{\bgroup

2500 \Splinetrace@{splinezeroend:}/

2501 \dimen@=\bendPLACEQ\pQ@

2502 \multiply\dimen@\m@ne \advance\dimen@\p@

2503 \def\segmentnum@{0}\global\splineval@=\dimen®@
2594  \splineRecordEndBreakValue@ \egroup }}

2596 \xydef@\splinewidestart{\DN@{\bgroup

2507 \splinetrace@{scan for startl}}

2508 \let\splinefbcontinue@=\breakstartcontinue@
25909 \let\splinef@pt=\splinef@breakpt

2600 \let\splinef@end=\break@start

2600 \edef\tmpO@{{\bstartPLACEQ@}}%

161
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2602 \expandafter\splinealong@@\tmp@\z@>\endgroup\egroup }}

2604 \xydef@\splinewideend{\DN@{\bgroup

2605 \splinetrace@{scan for wide endl}}

2606 \let\splinefbcontinue@=\breakendcontinue®

2607 \let\splinef@pt=\splinef@breakpt

260s  \let\splinef@end=\break@end

2600  \edef\tmp@{{\bendPLACE®}}’

2610  \expandafter\splinealong@@\tmp@\z@<\endgroup\egroup }}

2613 \xydef@\splineSrec@{{%

2614 \splinetrace@{v=\the\splineval@ + d=\the\splinedepth@ :
2615 (\the\X@p,\the\Y@p) ; (\the\X@c, \the\YQc) :Srec 1}/

2616 \splineStarttest

2617 \ifsplineplot®

2618 \1fdim\splinedepth@<.0001\p@ \aftergroup\splinefinisha@
2619 \global\advance\splineval@ .5\splinedepth®@

2620 \else\aftergroup\splinedecast@@ \fi

2621 \else \aftergroup\splineadvance@ \fi}}

2623 \xydef@\splinefindStart@@{\bgroup \bgroup

2624 \expandafter\expandafter\expandafter\getsplineparams@\xysplineparams@
2625 \global\let\splineadvance@=\splineadvance@@

2626 \globall\let\splinepoint=\relax

2627 \let\splinegoal@=\splineRecordValue@ \global\dimen5=\z@

262s {\XQ@c=\X@p \Y@c=\Y@p \splinescanStarttest })% first test initial point.

2629 }

2631 \xydef@\splinefindStarte{y

2632 \expandafter\crv@cnt@\xycrvptsnum@\relax

2633 \ifnum\crv@cnt@>\two

263 \crv@cnt@=\@ne \splineplot@false \splinesegment@{\crv@cnt@l}
2635 {\splineStarttest %% test end of segment.

2636 \ifsplineplot@\aftergroup\splineplot@true\fil}y,
2637 \1fsplineplot@ \else \searchforStartsegment@ \fi
2633 \splinesegment@{\crv@cnt@}Y

2630 \Splinetrace@{start is in segment \segmentnum@}y,
2610 \else \splinesegment@\@ne \fi

2641 \splineplot@false \splinefindStart@@

2642 }

This finds the first spline segment whose endpoint is beyond the edge of the object.
2649 \xydef@\searchforStartsegment@{\splineplot@true\loop@

2650 \advance\crv@cnt@\Gne

2651 \expandafter\count@\xycrvptsnum@\relax

2652 \ifnum\count@=\crv@cnt@\expandafter\splineplot@false
2653 \else

2654 \splinesegment@{\crv@cnt@}{\splineStarttest

2655 \ifsplineplot@\aftergroup\splineplot@false

2656 \else\aftergroup\splineplot@true\fi }J

2657 \fi \ifsplineplot@\repeat®

2658 }
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Finding the end is similar, but the spline is searched in reverse order.

2661 \xydef@\splinefindEnd@@{\bgroup \bgroup

2665 \expandafter\expandafter\expandafter\getsplineparams@\xysplineparams@
2666 \Splinetrace@{params:\xysplineparams@}%

2667 \splinereverse@@

266s \Splinetrace@{params:\xysplineparams@}/

2660 \globall\let\splineadvance@=\splineadvance@@

2670 \global\let\splinepoint=\splinescanEndtest

2671 \let\splinegoal@=\splineRecordEndValue@ \global\dimen5=\z®@

2672 {\X@c=\X@p \Y@c=\Y@p \splinescanEndtest 1}, first test initial point.

2673 }

2675 \xydef@\splinereverse@@{\splinereverse@@@}
2676 \xydef@\splinereverse@0@{y

2677 \def\postspline@{\d@X=-\d@X \dQY=-\d@Y}%
267s  \dimen@ii=\X@c \XQ@c=\X@p \X@p=\dimen@ii
2679 \dimen@ii=\Y@c \YQ@c=\Y@p \Y@p=\dimen@ii
26s0  \global\dimen5=-\dimenb\relax

26s1  \global\advance\dimen5\splinelength@ }
2682 \xydef@\postspline@{}

2684 \xydef@\splineErec@{{%

26s5 \dimen@=\splineval@ \advance\dimen®@\splinedepth®@ %

2636 \Splinetrace@{ER (\the\X@p,\the\Y@p) ; (\the\X@c,\the\YQc);;;
2637 \the\dimen®@, \the\splinedepth@}y,

26ss \splineEndtest

2689 \ifsplineplot®

2600 \ifdim\splinedepth@<.0001\p@ \aftergroup\splinefinisha@
2691 % \global\advance\splineval@ .5\splinedepth@

2602 \else\aftergroup\splinedecast@@ \fi

2603 \else \aftergroup\splineadvance@ \fil}}

2695 \xydef@\splinefindEnd@{’

2696 \expandafter\crv@cnt@\xycrvptsnum@\relax

2697 \ifnum\crv@cnt@>\tw@

2608 \advance\crv@cnt@\m@ne

2699 \splineplot@false \splinesegment@{\crv@cnt@l}y,
2700 {\X@c=\X@p \Y@c=\Y@p \splineEndtest %), test end of segment.
2701 \ifsplineplot@\aftergroup\splineplot@true\fi }J
2702 \ifsplineplot@

2703 \else \searchforEndsegment@ \fi

2704 \splinesegment@{\crv@cnt@}%

2705 \splinetrace@{end is in segment: \segmentnum@ }%
2706 \else \splinesegment@\@ne \fi

2707 \splineplot@false\splinefindEnd@@

2708 }

2709 \xydef@\searchforEndsegment@{\splineplot@true\loop@
2710 \advance\crv@cnt@\m@ne

2711 \ifnum\crv@cnt@=\z@\expandafter\splineplot@false
2712 \else

2713 \splinesegment@{\crv@cnt@}{\X@c=\X@p \Y@c=\YQ@p \splineEndtest
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2714 \ifsplineplot@\aftergroup\splineplot@false
2715 \else\aftergroup\splineplot@true\fil}y
2716 \fi \ifsplineplot@\repeat®

2717

These are the tests, to determine when the edge-point has been found.

2723 \xydef@\splinescanStarttest{%

2724 \splinetrace@{SST (\the\X@c,\the\Y@c); \the\splinelength@, \the\splineval®@}’
2725 {\splineplot@false\splineStarttest

2726 \ifsplineplot@\expandafter\splinefinish@\fil}}

2728 \xydef@\splinescanEndtest{’

2720 \splinetrace@{SET (\the\XQc,\the\Y@c); \the\splinelength@, \the\splineval@}}
2730 {\splineplot@false\splineEndtest

2731 \ifsplineplot@\expandafter\splinefinish@\fil}}

2735 \xydef@\splineBrec@{{%

2736 \dimen@=\splineval@ \advance\dimen®@\splinedepth®@ %

2737 \splinetrace@{BR (\the\X@p,\the\Y@p) ; (\the\X@c,\the\YQc);;;
2738 \the\dimen®@, \the\splinedepth@}y,

2739 \splineEndtest

2740 \ifsplineplot@ \aftergroup\splineadvance@ \else

2741 \ifdim\splinedepth@<.0001\p@ \aftergroup\splinefinisha@
2742 % \globalladvance\splineval@ .5\splinedepth@

2123 \else\aftergroup\splinedecast@@ \fi \fi}}

2725 \xydef@\splineBSrec@{{%

2746 \splinetrace@{SR (\the\X@p,\the\Y@p); (\the\X@c,\the\YQc);;;
2727 \the\dimen@, \the\splinedepth@: SR}

2748 \splineStarttest

2729 \ifsplineplot®@

2750 \ifdim\splinedepth®@<.0001\p@ \aftergroup\splinefinish®@
2751 \global\advance\splineval@ .5\splinedepth®@

2752 \else \advance\splineval@\splinedepth®

2753 \splinetest@ \advance\splineval@-\splinedepth@

2754 \ifsplineplot@\aftergroup\splineadvance®

2755 \else\aftergroup\splinedecast@@\fi

2756 \fi

2757 \else

2755 \global\advance\splineval@\splinedepth®@

2759 \aftergroup\splinefinish@ \fi }}

2761 \xydef@\splineBErec@{{%

2762 \dimen@=\splineval@ \advance\dimen®@\splinedepth®@ %

2763 \Splinetrace@{BE (\the\X@p,\the\Y@p); (\the\X@c,\the\YQc);;;
2764 \the\dimen@, \the\splinedepth@}/,

2765 \splineEndtest

2766 \ifsplineplot®

2767 \1fdim\splinedepth@<.0001\p@ \aftergroup\splinefinisha@
2768 \global\advance\splineval@ .5\splinedepth@

2769 \else \advance\splineval@\splinedepth@

2770 \splinetest@ \advance\splineval@-\splinedepth@
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2771 \ifsplineplot@\aftergroup\splineadvance®

2772 \else\aftergroup\splinedecast@@\fi

2773 \fi

o774 \else

2775 \ifdim\splinedepth@<\p@ \globalladvance\splineval@\splinedepth@ \fi
2776 \aftergroup\splinefinish@ \fi }}

277s \xydef@\splinef@breakpt#1{/ gobbles |\splinecancell|

2779 \ifdim\splineval@>\zQ@

2780 \splinetrace@{found: val=\the\splineval@; (\the\X@c,\the\YQ@c)1}%
2781 \else

2782 \splinetrace@{found: val=\the\splineval@; (\the\X®@p,\the\YCp)1}’
2783 \fi \splinefbcontinue@ }

2785 \xydef@\splinef@pt@0{%

2rs6  \ifdim\splineval@>\z@

2787 \splinetrace@{found: val=\the\splineval@;c: (\the\XQc,\the\Y@c)}/
2788 \global\dimen@i=\X@c \global\dimen3=\YQc

2789 \else

2790 \splinetrace@{found: val=\the\splineval®;p: (\the\X@p,\the\YQp)1}’
2791 \fi

2792 \setsplinedir@ \global\dimen5=\d@X \global\dimen7=\dQY

2793 \global\splineval@=\splineval®

o794 \aftergroup\splinefocus@ }

2796 \xydef@\findbreakwarning@#1{}

2797 \xywarning@{#1 of break not found: bSTART=\bstartPLACE@, bEND=\bendPLACEQ@}’
2708 \DN@{#1}\def\DNii@{start}\ifx\next@\nextii@\splineRecordBreakValue®@

2799 \else\splineRecordEndBreakValue@\fi\egroup}’

2801 \xydef@\breakstartcontinue@{\bgroup \cv@start

2802 % \xystatus@{SS}’

2503 \expandafter\DN@\expandafter{\the\Edge@c}\DNii@{\zeroEdge}/
2804 \1fx\next@\nextii@ \aftergroup\breakstartfound®

2805 \else \aftergroup\breakstartcontinue@i\fi \egroup 1}/

2507 \xydef@\breakstartcontinue@i{’

2s0s \splinetrace@{move to start edge, from (\the\X@c,\the\Y@c): val=\the\splineval@ }%
2809 , \globalllet\splinetest@=\splineStarttest

2810 \globall\let\splineEndtest=\splineBreakStarttest@

2511 \global\let\splinetest@=\splineBreakStarttest@

2812 /o \globalllet\splinerec@=\splineSrec®

2813 \gdef\splinerec@{\global\let\splinerec@=\splineSrec@ \splinedecast@@},
2514 \global\let\splinepoint=\relax

2815 \globalllet\spline@end=\checkfoundSbreak@

2s16 /o \global\let\splinegoal@=\splineRecordBreakValue®

2817 \globalllet\splinegoal@=\splineRecordSBreakValue@

2818 \global\let\splinefinish@=\splinefinish@@ }

2820 \xydef@\breakstartfound@{’,

2821 \splinetrace@{found start edge, at (\the\X@c,\the\YQc): val=\the\splineval@ }J
2522 \global\let\splinetest@=\splineStarttest

2523 \gdef\splinerec@{\splinegoal@ \globalllet\splinerec@=\splinefinish®@ }J,
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2524 \global\let\splinepoint=\relax

2825 \globalllet\spline@end=\relax %\checkfoundSbreak@
2526 \global\let\splinegoal@=\splineRecordBreakValue®@
2527 \globalllet\splinefinish@=\splinefinish@@

2828 }

2830 \xydef@\checkfoundSbreak@{’
2831 \ifnum\xycrvptsnum@<\thr@@\DN@{\findbreakwarning@{startl}}/,
2832 \else\DN@{\searchBreakSsegment@}\fi \next@ }%

2834 \xydef@\searchBreakSsegment@{’

2835 \crv@cnt@=\segmentnum@ \DN@{}\count@=\crv@cnt®@

2836 \DNii@{}\ifnum\splineval@=\z@ \ifnum\crv@cnt@=\0ne
2837 \ifnum\xycrvptsnum@=\@ne\count@=\z@\DNii@{\egroup}\fi
2833 \else \DN@{\egroup}\fi

2830 \else \ifnum\splineval@=\m@ne

2840 \else \advance\crv@cnt@\@ne \fi \fi

2841 \ifnum\crv@cnt@=\xycrvptsnum@\relax

2842 \ifnum\xycrvptsnum@>\tw@ \DNii@{\egroup}\fi

2843 \DN@{\expandafter\splineRecordBreakValue®@\nextii@}},
os1a  \else

2845 \DN@{\splinesegment@{\crv@cnt@}\splinesetparams@
2846 \splined@@ \egroupl}ti

2847 \fi \next@ }

2849 \xydef@\checkfoundEbreak@{’
2850  \ifnum\xycrvptsnum@<\thr@@\DN@{\findbreakwarning@{end}}%
2851 \else\DN@{\searchBreakEsegment@}\fi \next@ }%

2853 \xydef@\searchBreakEsegment@{’

2854 \crv@cnt@=\segmentnum@ \DN@{}\count@=\crv@cnt@

2855 \DNii@{}\ifnum\splineval@=\z@ \ifnum\crv@cnt@=\0ne

2856 \ifnum\xycrvptsnum@=\@ne\count@=\z@\DNii@{\egroup}\fi
2857 \else\DN@{\egroup}\fi

2858 \else \advance\crv@cnt@\m@ne \fi

2859 \ifnum\count@=\z@

2860 4 \ifnum\crv@cnt@=\zQ

2861 \ifnum\xycrvptsnum@>\tw@ \splineval@=\m@ne\pQ

2862 \DNii@{\egroup}\fi

263 \DN@{\expandafter\splineRecordEndBreakValue®@\nextii@}\else
2864 \DN@{\splinesegment@{\crv@cnt@}\splinereverseQ@

2865 \readsplineparams@ \splined@@ \egroupl}’%

2566 \fi \next@ }

2s6s \xydef@\break@start{\egroup \egroup

2860 \splinetrace@{scan for startl}’

2870 \globall\let\splineadvance@=\splineadvance@@ %(3)
2871 \let\spline@start=\splinefindBStart@ 7%(3)

272 \let\spline@end=\egroup

2873 \let\splinefinish@=\splinefinish@@

2872 \let\splinewhich=\relax

2875 \global\let\splineadvance@=\splineadvance@@

2876 \global\let\splinepoint=\relax
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2877
2878
2879
2880

2881

2883 \
2884 fh

2885

2887 \

2sss  \edef\tmp@{\X@p = \the\X@c \YOp=\the\Y@c}\cv@end\tmp@ % <--- irrelevant 7

2889
0,

2890 %

2891

2892

2894 \

CURVE AND SPLINE EXTENSION

\let\splinegoal@=\splineRecordBreakValue®
\global\dimen5=\z@ \globallsplinelength@=\z@
\let\splinerec@=\splineSrec®@
\def\breakedges@{}’

\bgroup \bgroup \splined@@ }

xydef@\splinefindBStart@{\bgroup
\global\splineval@=\z@ \globall\splinedepth@=.5\p@}
\global\splineval@=\z@ \splinedepth@=.5\p@}

xydef@\breakendcontinue@{\bgroup

\expandafter\DN@\expandafter{\the\Edge@c}\DNii@{\zeroEdgel}%
\xystatus@{EE},

\ifx\next@\nextii@ \aftergroup\breakendfound@
\else\aftergroup\breakendcontinue@i\fi \egroup 1}/

xydef@\breakendcontinue®@i{%
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2895 \Splinetrace@{move to end edge, from (\the\X@c,\the\Y@c): val=\the\splineval@ 1}%

2896 %
2897
2898
2899
2900
2901
2902 %
2903
2904

2905

2007 \
2908 \
2909 %
2910 %
2011 %
2012 %

2913

2915 \
2916
2917
2918
2919

2920

2022 \

2023 \splinetrace@{found end edge, at (\the\X@c,\the\Y@c): val=\the\splineval® }%

2924

2925

2926

2927

2928

2929

\global\let\splinetest@=\splineEndtest
\global\let\splineEndtest=\splineBreakEndtest@
\globalllet\splinetest@=\splineBreakEndtest@
\gdef\splinerec@{\global\let\splinerec@=\splineErec@\splinedecast@@}
\globalllet\splinepoint=\relax
\global\let\spline@end=\checkfoundEbreak®

\global\let\splinegoal@=\splineRecordEndBreakValue@
\global\let\splinegoal@=\splineRecordEBreakValue®
\global\let\splinefinish@=\splinefinish@@

\splinerec@ }

xydef@\splineRecordEBreakValue@{’\getcrvsegsnum@
splinetrace@{\the\count@\space segments, \the\splineval@}}
\ifnum\segmentnum@>\z@ \dimen@=\segmentnum@\p@ \else \dimen@=\p@\fi
\advance\dimen@-\splineval@\relax
\ifnum\count@>\@ne \divide\dimen®@\count@\fi
\global\splineval@=\dimen®
\splineRecordEndBreakValue@ }

xydef@\splineRecordSBreakValue@{\getcrvsegsnum@
\dimen@=\splineval@®
\advance\dimen@\segmentnum@\p@ \advance\dimen@-\p@
\dimen@nth\count@\dimen@
\global\splineval@=\dimen@ \def\segmentnum@{1}%
\splineRecordBreakValue@ }

xydef@\breakendfound@{%

\global\let\splinetest@=\splineEndtest

\gdef\splinerec@{\splinegoal@ \globall\let\splinerec@=\splinefinish@},
\globalllet\splinepoint=\relax

\global\let\spline@end=\relax %\checkfoundEbreak®
\global\let\splinegoal®@=\splineRecordEndBreakValue®
\global\let\splinefinish@=\splinefinish@@ }
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2032 \xydef@\break@end{\egroup \egroup

2033 \global\let\splineadvance@=\splineadvance@®@
2031 \let\spline@start=\splinefindBEnd@

2035 \let\spline®@end=\egroup

2036 \let\splinefinish@=\splinefinish@@

2037 \let\splinewhich=\relax

2038 \global\let\splineadvance®@=\splineadvance@®
2039 \global\let\splinegoal@=\splineRecordEndBreakValue®
2040 \global\splinelength@=\zQ

2041 \let\splinerec@=\splineErec@

2042 \globalllet\splineEndtest=\splineEndtest@
2043 \bgroup \splined@@ }

2045 \xydef@\splinefindBEnd@{\bgroup\bgroup
2046 \splinereverse@ \readsplineparams@
2047 \global\splineval@=\z@ }

This appends the new information to that currently stored in the control sequence referenced by
\xysplineparams@. It is temporarily stored globally in \splineparams@, to be later transferred to
(the c.s. referenced by) \xysplineparams@ when at the appropriate level of groupingl.

2057 \xydef@\splineRecordValue®@{’,

2058 \i1fx\unknown\segmentnum@\relax

2059 \else

2060  \getcrvsegsnum@

2061 \dimen@=\splineval@ \advance\dimen@ \segmentnum@\p@

2962 \advance\dimen@-\p@ \dimen@nth\count@\dimen@

2063 \global\splineval@=\dimen@

2064 \fi

2065 \xdef\splineedges@{\splineedges@\the\splinelength@;\the\splineval@,}%
2066 \splinetrace@{found edge: \splineedges@}}

206s \xydef@\splineRecordEndValue@{’

2060 \ifx\unknown\segmentnum@\relax

2970 \else

2071 \getcrvsegsnum@

2072 \dimen@=\splineval@ \advance\dimen@ \count®@\p@

20973 \advance\dimen@-\segmentnum@\p@ \dimen@nth\count@\dimen®

2074 \global\splineval@=\dimen@

2075 \fi

2076 \xdef\splineedges@{\splineedges@\the\splinelength@;\the\splineval@,}%
2077 \splinetrace@{found edge: \splineedges@}}

2079 \xydef@\splineRecordBreakValue®@{%

2080 \ifx\unknown\segmentnum@\relax

2081 \else\expandafter\advance\expandafter\splineval@\segmentnum@\p@

2082 \count@=\segmentnum@\relax

2083 \ifnum\count@>0 \advance\splineval@-\p@ \fi\fi

2084 % \ifx\breakedges@\relax\relax\else\ifx\breakedges@\empty\else

2085 o \ifdim\splineval@<\p@\ifdim\splineval@>\z@

2986 o \expandafter\testbreakedges@\breakedges@ @}

2087 o \Fi\fi\fi\fi

208s \xdef\breakedges@{\breakedges@\the\splinelength®@;\the\splineval@,}}
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2089 \global\let\spline@end=\egroup
2000 \splinetrace@{found break edge: \breakedges@}}

2002 \xydef@\splineRecordEndBreakValue®@{%

2003 \ifx\unknown\segmentnum@\relax

2004 \else\count@=\segmentnum@\relax \ifnum\count@=\zQ

2005 \else \getcrvsegsnum@

2996 \count@@=\count@ \advance\count@@C-\segmentnum@\relax

2097 \dimen@=\splineval@ \advance\dimen@ \count@@\p@

2098 \dimen@nth\count@\dimen®

2999 \global\splineval@=\dimen®

3000 \fi\fi

3001 % \multiply\splineval@\m@ne \advance\splineval@\pQ@ % <---------- (N
soo2 \ifdim\splineval@<\z@ \relax\splineval@=\z@ \fi

3003 \ifx\breakedges@\relax\relax\else\ifx\breakedges@\empty\else

so04  \ifdim\splineval@<\p@\relax \ifdim\splineval@>\z@

3005 \expandafter\testbreakedges@\breakedges@ @,

soos  \fi\fi\fi\fi

3007 \xdef\breakedges@{\breakedges@\the\splinelength®;\the\splinevala@,l}/,
3008 \global\let\spline@end=\egroup

3000 \splinetrace@{found break edge: \breakedges®@}}

3011 \xydef@\testbreakedges@#1;#2,#30{\bgroup \dimen@=#2\relax

3012 \advance\dimen@\splineval@ \advance\dimen®@-\pQ@

3013 \splinetrace@{testbreak: #1;#2,#3@ \the\splineval@::\the\dimen®@}/,
3014 \DN@{\egroup}\ifdim\dimen@>\z@

3015 \edef\next@{\egroup\def\noexpand\breakedges@{#1;1pt,#3}}%

3016 \else\ifdim\zz@\dimen®

so17  \edef\next@{\egroup\def\noexpand\breakedges@{#1;1pt,#3}}/

sots \fi \fi \next@ }

3020 \xydef@\splineRecordBreakEValue{%

3021 \ifdim\splineval@>\z@

3022 \splineval@=-\splineval@ \advance\splineval@\p@ \fi
3023 \splineRecordBreakValue@ }7

Use the following distance approximation:

) dX + .5dY/dXdY if dY/dXdY < (V2 —1) x dX
WU\ 220x 4 V2ay axdy i (V2 - 1) x dX < dY/dXdY < dX
4 4

and similarly, interchanging dY and dX when dY > dX.
V2~ 1.41422, (v/2)/2 =~ 0.70711, (v/2)/4 =~ 0.353555, 3(1/2)/4 ~ 1.060665

3044 \xydef@\xydist@#1#2{\ifdim#1>#2\relax

3045 \quotient@@\tmp@#2#1\expandafter\dimen@ii\tmp@#2\relax
3046 \ifdim\dimen@ii>.41422#1\relax

3047 \dimen@=1.060665#1\advance\dimen@ .353555\dimen@ii\relax
3048 \else \dimen@=#1\advance\dimen@.5\dimen@ii\fi

3049 \else

3050 \quotient@@\tmp@#1#2\expandafter\dimen@ii\tmp@#1\relax
3051 \ifdim\dimen@ii>.41422#2\relax

3052 \dimen@=1.060665#2\advance\dimen@ .353555\dimen@ii\relax
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3053 \else \dimen@=#2\advance\dimen®@.5\dimen@ii\fi
3054 \fil}

3058 \xydef@\splineDadvance@{\splineadvance@@

3050  \expandafter\splineDadvance@@\splineDadvance@@@}

3060 \xydef@\splineDadvance@Q#1#2#3#4{Y

so61  {\d@X=#1\advance\d@X-#2\ifdim\d@X<\z@ \d@X=-\d@X\fi

so2  \dQY=#3\advance\dOY-#4\ifdim\d@¥<\z@ \dQ@Y=-\deY\fi

3063 \xydist@\deX\deY

3064 \global\advance\splinelength@\dimen®

3065 \splinetrace@{d=(\the\d@X,\the\d@Y): v=\the\splineval@: 1l=\the\splinelength®}%
3066 }}

3070 \xydef@\spline@end@{\lastsplinepoint@ \egroup \egroup
sor1 \ht\z@=\z@ \dp\z@=\z@ \wdz@=\zQ@ \boxz@}%

3072 \gdef\splinetest@{\splineplot@true}

3073 \xydef@\spline@end@@{\egroup \egroupt

...value for \splinerec@ for the fast find...

s0s0 \xydef@\splinefrec@{{%

3081 \advance\splineval@\splinedepth®

3082 \splinetrace@{F: (\the\X@p, \the\Y0p) ; (\the\X@c,\the\YQc);;
3083 \the\splineval@;\the\splinedepth@}/,

3084 \ifdim\dimen5=\splineval@ \aftergroup\splinefinishf@
305 \else \dimen®@=\dimen5\advance\dimen@-\splineval®

sos6 \ifdim\dimen@<\z@ \dimen@=-\dimen@ \fi

3087 \ifdim\dimen@<.0001\p@ \aftergroup\splinefinishf@
soss  \else

3089 \ifdim\dimen5<\splineval@\aftergroup\splinedecast@@
3090 \else \aftergroup\splineadvance®

soor \fi\fi\fi}}

3003 \xydef@\splinefinishf@{\global\advance\splineval@\splinedepth@
3094 \splinefinish@},

The macro \spline@find#1#2 attempts to finds a specific point on a single spline segment. #1 is
the parameter value, in the range [0,1] on that segment; #2 is a (dimen) denoting how much further
to slide along the segment. It really only checks whether #2 has a negative value before passing the
information to \spline@@find#1#2, which does the actual search.

If #2 is negative then the spline segment is searched in the reverse direction, starting at its endpoint.
This is done by reversing the order of the control points, hence the parameter value found as x implies
that we really want 1 —z on the un-reversed segment. Similarly the resulting vaules for \d@X and \d@Y
must be negated. The instructions to do this are loaded into a macro \postfind@ which is expanded
once the search has been completed. For an unreversed segment \postfind@ expands to {7}.

3114 \xydef@\spline@f ind#1#2#3{%

3115 \splinetrace@{spline@find #1 #2 #3}J

3116 \readsplineparams®@

a1z \global\let\splinefinish@=\splinefinish@@
sns \global\let\splinegoal@=\splinef@pt

si19 \globalllet\splinepoint=\relax

3120 \dimen@=#1\relax\dimen@ii=#2\relax
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si21 \ifdim\dimen@ii=\z@ \def\postfinde{}}
3122 \else\def\postfind@{}%
3123 \ifdim\dimen@ii<\z@ \splinereverse@

3124 \readsplineparams®@
3125 \splinetrace@{reverse orientation: (\the\X@p,\the\Y@p), (\the\X@c,\the\YCc)1}/
3126 \dimen@=#1\relax\dimen®@ii=#2\relax

3127 \multiply\dimen@\m@ne \advance\dimen@\p@ \multiply\dimen@ii\m@ne

3128 \def\postfind@{\d@X=-\the\d@X \d@Y=-\the\d@Y \noexpand\reversesplineval@}y,
3120 \fi\fi

s130 \expandafter\splinetrace@\expandafter{\xysplineparams@}7

3131 \edef\next@{\noexpand\spline@@find{\the\dimen@}{\the\dimen®@ii}{#3}}%

3132 \next@ }

3134 \xydef@\reversesplineval@{\splineval@=-\splineval@ \advance\splineval@\p@ }

3140 \xydef@\spline@@find#1#2#3{/

3141 \splinetrace@{spline@0find #1 #2 #31}/

sz \let\splinerec@=\splinefrec®

sis \global\let\splineadvance@=\splineadvance@@
3144 \dimenb5=#1\relax

315 \ifdim #2=\z@\relax

3146 \ifdim #1=\z@\relax \bgroup

3147 \let\splined@@=\spline@Cknot

3148 \global\splineval@=\m@ne\p@

3149 \else\ifdim #1=\p@\relax \bgroup

3150 \let\splined@@=\spline@Cknot

3151 \global\splineval@=\zQ

3152 \else

3153 \global\splineval@=\z@

3154 \global\let\splineadvance@=\splineadvance@@

3155 \DN@{#3}\ifx\next@\empty \setsplinetest@\splineval@>{#1}{}%
3156 {{\ifdim\splineval@=\dimen5\aftergroup\splineplot@false\fil}}/
3157 \else\DNii@{>}\ifx\next@\nextii®

3158 \setsplineundertest@\splineval@>{#1}{}{}/

3159 \let\splinerec@=\splineBSreca@

3160 \else\DNii@{<}\ifx\next@\nextii@

3161 \setsplineundertest@\splineval@>{#1}{}{}%

3162 \let\splinerec@=\splineBErecQ@

3163 \else\xywarning@{unknown find-mode: #3}\fi\fi\fi

3164 \fi\fi

365 \else

3166 \global\splineval@=\z@
3167 \def\splineslidetest@@{%

3168 \setsplinetest@\splinelength@<{#2}{}{}}%
3169 \let\splinefinish@=\splinefcontinue@
a0 \fi

si11 \let\spline@end=\splinef@end

sir2 \let\splinepoint@=\relax

3173 \splinelength@=\z@

sira  \def\spline@start{\bgroup\xylowtolerance@l}/

171
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sirs  \splined@@ }

3177 \xydef@\spline@@knot{%

3178 \let\setsplinedir@=\setsplineknotdir@
3179 \splinesetparams@\spline@start

3180 % \global\splinedepth@=\p@

311 \splinedepth@=\p@

312 \global\dimen@i=\X@p \globall\dimen3=\Y@p
3183 \splinefinishf@ \spline@end \egroup }

s1s5 \xydef@\splinefcontinue®@{’,

316 \splinetrace@{sliding... from (\the\X@c,\the\YQ@c): val=\the\splineval®@ }J
a1s7  \globall\let\splinerec@=\splinerec@@

siss  \global\splinelength@=\z@

3189 \global\splineval@=\splineval®

s190 \globalllet\splinepoint=\splinefindtest@

3191 \global\let\splinegoal@=\splinef@pt

3192 \global\let\splineadvance@=\splineDadvance®

3103 \global\let\splinefinish@=\splinefinish@®

3194 \splineslidetest@@

3195 }

3197 \xydef@\splinefindtest@{),

sios \splinetrace@{SFT (\the\X@c,\the\Y@c); \the\splinelength@, \the\splineval@}}
3199 {\splineplot@false\splinetest®

3200 \ifsplineplot@\expandafter\splinefinishf@\fi}}

3202 \def\setsplineundertest@#1#2#3#4#5{J

3203 \splinetrace@{setsplineundertest@: #1,#2,#3,#4,#5,}%
3204 \DNii@{\gdef\splinetest@}},

3205 \DN@##1\next{\def\tmp@{{\splineplot@false

3206 \ifdim#1#2##1\relax #4\else\splineplot@true#5\fi }}}%
3207 \next@#3\relax\next

3208 \expandafter\nextii@\tmp@ }

3210 \xydef@\splinef@end{\edef\tmp@{\egroup\splinelength@=\the\splinelength@}\tmp@}
3211 \xydef@\splinef@pt{%

3212 \ifdim\splineval@>\z@

3213 \splinetrace@{found: val=\the\splineval@;c: (\the\X@c,\the\YQc)?l}’
3214 \global\dimen@i=\X@c \global\dimen3=\YG@c

3215 \else

3216 \splinetrace@{found: val=\the\splineval@;p: (\the\X@p,\the\Y@p) 1}’
3217 \fi

3218 \setsplinedir@ \globalldimen5=\d@X \global\dimen7=\doY

3219 \global\splineval@=\splineval@

s220 \aftergroup\splinefocus@ }

3224 \def\setsplinetestQ#1#2#3#4#5{),

3225 \DNii@{\gdef\splinetest@}

s226  \DNO##1\next{\def\tmp@{{\splineplot@false \ifdim#1#2##1\relax
a2or  #4\else\splineplot@true#5\fi}}}%

3228 \next@#3\relax\next

3220 \expandafter\nextii@\tmp@ }7%
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3235 \xydef@\splinefocus@{’
3236 \d@X=\dimenb\relax \d@Y=\dimen7\relax \setsplinedir@ }

3238 \xydef@\splinesegment@#1{}

There are some extra hooks.

3246 \xydef@\xyprecurve@{}
3247 \xydef@\xypostcurve@{}

3251 \xydef@\splineset@{’

3252 \splinetrace@{splineset@:1}/,

3253 \1fx\bstartPLACEQ@\empty %\splinetrace@{invisible curvel}

3254 \DN@{\xyprecurve@

3255 \edef\tmp@{\egroup \X@max=\the\X@max \X@min=\the\X@min

3256 \Y@max=\the\Y@max \YOmin=\the\Y@min}\tmp@ \xypostcurve@ }J
3257 \else

s25s  \DN@{\xyprecurve@ \xysplinespecialcases@

3259 \edef\tmp@{\egroup \XOmax=\the\XCmax \XOmin=\the\XOmin

3260 \Y@max=\the\Y@max \Y@min=\the\Y@min}\tmp@ \xypostcurve@ 1}
3261 \fi

3262 \next@ }

For the actual setting, provide hooks which will allow alternative back-ends to be used in the
special cases.

3260 \xydef@\xysplinespecialcases@{/,

s270  \ifx\empty\xycrvdrop@

s2r1 \ifx\empty\xycrvconn@ \DN@{\splinesolid@}J

s2r2 - \else \DN@{ \dir{-}}\ifx\next@\xycrvconn@ \DN@{\splinesolid@}}

s2r3 \else \DN@{ \dir 2{-}}\ifx\next@\xycrvconn@ \DN@{\splinedoubled®@}%
s2ra \else \DN@{ \dir{=}}\ifx\next@\xycrvconn@ \DN@{\splineribboned@}%
3275 \else \DN@{ \dir {2.}}\ifx\next@\xycrvconn@ \DN@{\splinedoubled@}/
s276  \else \DN@{ \dir 3{-}}\ifx\next@\xycrvconn@ \DN@{\splinetrebled@}}
s2r7 \else \DN@{ \dir {3.}}\ifx\next@\xycrvconn@ \DN@{\splinetrebled@}/
s2rs \else \DN@{ \dir{--}}\ifx\next@\xycrvconn@ \DN@{\splinedashed@}},
s279  \else \DN@{ \dir{.}}\ifx\next@\xycrvconn@ \DN@{\splinedotted@l}},
s2s0  \else \DN@{ \dir{:}}\ifx\next@\xycrvconn@ \DN@{\splinedbldotted@},
s2s1  \else \ifdim\splinetol@>\z@ \else \splinedefaulttol@ \fi

3282 \DN@{\splineset@OI\fi\fi\fi\fi\fi\fi\fi\fi\fi\fi

3283 \else

3284 \DN@{\splineset@@}%

3285 \fi \ifInvisible@\DN@{}\fi \next@ }

The special cases are handled just like the normal case except However the control sequence names
provide a place for rebinding to accomodate alternative back-ends.

3203 \xydef@\splinesolid@{\setbox\splinebox@=\zerodot \def\xycrvdrop@{ 1}/
3204 \def\xycrvconn@{}\splineset@@}

3296 \xydef@\splinedoubled@{\splinedefaulttol@\def\xycrvdrop@{ }\def\splinedrop@{}%
3207 \def\xycrvconn@{!C\dir2{.}}\splineset@@}

3200 \xydef@\splineribboned@{\splinedefaulttol@\def\xycrvdrop@{ }\def\splinedrop@{}/
3z00 \def\xycrvconn@{!C\dir{:}}\splineset@Q}
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3302 \xydef@\splinetrebled@{\splinedefaulttol@\def\xycrvdrop@{ }\def\splinedrop@{}/,
3303 \def\xycrvconn@{!C\dir3{.}}\splineset@@}

3305 \xydef@\splinedashed@{\splinetol@=1.5pc \def\xycrvdrop@{ }%+=<10pt>[o]l{}}%
s306 \def\splinedrop@{}\edef\xycrvconn@{\noexpand!C\noexpand\dir{\addDASH@{}}}’
3307 \splineset@@}

3300 \xydef@\splinedotted@{\setbox\splinebox@=\zerodot \def\xycrvdrop@{ }%
3310 \splinetol@=1.5\jot \def\xycrvconn@{}\splineset@e}

3312 \xydef@\splinedbldotted@{\def\xycrvdrop@{ }\def\splinedrop@{}’
3313 \splinetol@=1.5\jot \def\xycrvconn@{!C\dir{:}}\splineset@@}

This establishes the test appropriate to actually setting the spline curve. Global definitions are
used. This may not always be necessary!!

Bug: the 7.5pt below should be the \Step@@ method to be included.

3324 \xydef@\splineset@0{’

3325 \readsplineparams@

3326 \1fx\xycrvdrop@\empty \splinetol@=7.5\p@

ss27 \def\splinedefaulttol@{\splinetol@=7.5\p@}\def\splinedrop@{}%
s32s \else\edef\splinedefaulttol@{\splinetol@=\the\splinetol@}\fi
3320 \ifx\xycrvconn@\empty \def\splineconn@{}\fi

3330 \splinetrace@{set the curve: >\the\dimen5, <\the\dimen7}}

3331 \global\let\splineadvance@=\splineadvance®@

3332 \let\splinerec@=\splineTrec@

3333 \def\splineStarttest{\splinetest®@})

333¢  \global\let\splinepoint=\relax %6

3335 \let\spline@start=\spline@start@

3336 \let\spline@end=\spline®@end®@ %5

3337 \1fdim\dimen7=\p@

3338 \gdef\splinecontinue{\splinesetting@

3339 \global\let\splinetest@=\splineplot@truel}%

3320 \else

s3a1 \ifdim\dimen7=\tw@\p@

3312 % \ifdim\bendPLACE@\p@=\z@ \emptyspline@ \else

3343 \ifdim\bendPLACE@\p@=\p@ %\emptyspline®

3344 \fi %%\fi

3345 \else

3346 \xdef\splinecontinue{\noexpand\setsplinetest@

3347 \splineval@>{\the\dimen7}{\noexpand\splinebreakcancel@}{}%
ssas  \noexpand\splinesetting@ 1}/

33a9 \fi\fi

s350 \ifdim\dimen7>\z@ \DN@{\splinesetting@\splinecontinuel}’

3351 \ifdim\zz@{\dimen5}/,

3352 \else

3353 \edef\next@{\noexpand\setsplinetest®@

3354 \splineval@<{\the\dimen5}{}7%

3355 {\noexpand\expandafter\noexpand\splinecontinue}ly,
3356 \noexpand\splinesetting@ 1}

3357 \fi

3358 \else\DN@{\dimen5=\p@}\fi % ifdim\dimen7=\zQ
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3350 \next@
3360 %
3361 \ifdim\dimen5=\p@\DN@{}\else\DNQ@{\splined@@}\fi \next@

3362 )

3364 \xydef@\emptyspline@{\xywarning@{empty curve subsegmentl}y

3365 \splinetrace@{bstartPLACE@=\bstartPLACEQ, bendPLACE@=\bendPLACEG,
3366 empty segmentl},

3367 \gdef\splinecontinue{\splinesetting®@

3368 \global\let\splinetest@=\splineplot@false

3369 \global\dimen5=\z@ }3}

\splineTrec@ is the initial value for \splinerec®@ when a spline is being set. It descends the tree
of places on the spline (1) until the required parameter value is found (2a) or is sufficiently close (2b).
At this point call \splinesetting@ and \splinecontinue to setup, and proceed with, the actual
type-setting.

3379 \xydef@\splineTrec@{{%

33s0 \advance\splineval@\splinedepth®@ % (1)
3381 \ifdim\dimen5=\splineval@ % (2a)
332 \aftergroup\splinecontinue % (3)

3383 \else \dimen@=\dimen5\advance\dimen@-\splineval®@

3384 \ifdim\dimen@<\z@ \dimen@=-\dimen@ \fi

3355 \1fdim\dimen@<.001\p@ % possibly too high ? % (2b)
3386 \aftergroup\splinecontinue % (3)

3387 \else

s3ss  \ifdim\dimen5<\splineval@\aftergroup\splinedecast@@ % (1)
3389 \else \aftergroup\splineadvance® % (L)
sso0 \fi\fi\fi}}

Setting the curve uses the current \splinerec@@ and sets \splinepoint to \splineplotpt@ to
cause objects to be typeset. This must be done via a \gdef rather than a \globalllet since it is
sometimes necessary to omit the object when it would be too close, see \splinetooclose@.

3100 %\xydef@\splinesetting@{\xyFN@\splinesetting@@}
3101 \xydef@\splinesetting@{\splinesetting@@}

3103 \xydef@\splinesetting@@{’

3404 \splinetrace@{splinesetting@@:1}/

3205 \ifdim\splinedepth@=\z@ \splinedepth@=\p@ \fi

3a06 \ifdim\splinedepth@=\pQ@

ss07  \def\splinerec@{\global\let\splinerec@=\splinerec@@\splinedecast@@},
3a08 \else \globalllet\splinerec@=\splinerec@@ \fi

3109 \gdef\splinepoint{\splineplotpt@}}

This handles, for each point of the curve, whether to place an (object) or horizontal glue.

sa16 \xydef@\splineplotpt@{{\global\advance\dimen@i-\X@c

3a17 \splinetest@ \DN@{\splineglue®@}\ifsplineplot®@

3218 % \splineStarttest@ \ifsplineplotQ@

3419 % \splineEndtest@ \ifsplineplot®

3420 \DN@{\dosplineplotpt@}/,

3421 % \fi\fi

sa22 \fi \next@ \global\dimen@i=\X@c \globall\dimen3=\YQc }}
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3124 \xydef@\splineglue@{\hglue-\dimen®@i
3425 \splinetrace@{N: (\the\X@c,\the\YQc) ; ; \the\dimen®@i;\the\dimen3},
3426 ,\the\splinelength@, \the\splineval@,\the\splinedepth@}}

312 \xydef@\dosplineplotpt@{\ifdim\dimen@i<\z@

3429 \raise\Y@c\hbox to-\dimen@i{\hfill\splinedrop@}/,

330  \else \kern-\dimen@i\raise\Y@c\hbox{\splinedrop@}\fi

3431 \ifx\splineconn@\relax\else\raise\Y@c\hbox{%

3432 \setboxz@h{\splineconn@}\Drop@@}\fi

3433 \splinetrace®@{P: (\the\X@c,\the\Y@c);;\the\dimen®@i;\the\dimen3
3434 ,\the\splinelength@,\the\splineval@,\the\splinedepth@}}

These handle the “cleaning up” after a point on the curve has been located.
3440 \xydef@\splinefinish@@{\postspline@ \splinegoal@ \splinecancel@ }

3442 \xydef@\splinecancel@{%

3143 \globalllet\splinerec@=\relax

3444 \global\let\splinepoint=\relax

3145 \globalllet\splinecontinue=\relax
3446 % \global\let\splinedecast@@=\relax
saa7 \global\let\splinedecast@=\relax

3448}

3as0 \xydef@\splinebreakcancel@{\bsplinecancel®@ \splinecancel@}
3451 \xydef@\bsplinecancel@{\gdef\lastbspline@{\leave@\leave®@}’,
aas2  \global\let\middlebspline@=\lastbspline@ }

3154 \xydef@\splinegoal@{\ifdim\splineval@>\z@

aa55  \global\dimen@i=\X@c \global\dimen3=\Y@c \fi

3456 \global\splineval@=\splineval@ \global\splinelength@=\splinelength®
3457 /o \SetsplineTangent@ }

3458 \splinesetdir@ }

3160 \xylet@\splinefinish@\splinefinish@@
3461 \xylet@\splinewhich\splineDwhich®@

3463 \xydef@\squinewhich@{’

364 \ifdim\dimen5>\squinelength % \X@c=\L@c \Y@c=\DQc

3465 \d@X=\X0c \d@Y=\Y@c \advance\d@X-\L@c \advance\d@Y-\U@c

sas66 \advance\squineval-\squinedepth

sa67 \else \X@c=\X@p \Y@c=\Y@p \advance\squineval-\squinedepth
sa6s  \d@X=\L@c \d@Y=\UGc \advance\d@X-\X@p \advance\d@Y-\Y@p \fi
3a60  \d@X=-\d@X \d@Y=-\d@Y %%% hack which works.

saro \squinefinish}

sa71 \xydef@\squineDwhich@{%

sar2 \ifdim\dimen5>\squinelength % \X@c=\LOc \Y@c=\D@c

sars \d@X=\X@c \d@Y=\Y@c \advance\d@X-\L@c \advance\d@Y-\UQc

sara \else \XQ@c=\X@p \YQ@c=\Y@p \advance\squineval-\squinedepth
sars \d@X=\L@c \d@Y=\UGc \advance\d@X-\X@p \advance\d@Y-\Y@p \fi
sare  \d@X=-\d@X \d@Y=-\dQY %%% hack which works.

3477 \squinefinish}
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Bézier quadratic splines — squines

3187 \xydef@\xyquadbezier@{’

sas8  \global\let\splinerec@=\relax

sis9  \addtocrvpts@{\def\crvconnect@{\squineconnect@}}/

3490  \xyquadmethods@ \let\splinesegment@=\squinesegment®

3191 \begingroup\setcrvobjects@ \xysplineparams@ \splined@Q@
sa02  \bgroup \setupsquine@ \squined@ \splineset@ \savespline@ }

3404 \xydef@\xyquadmethods@{’

s195  \def\crvconnect@{\squineconnect@}y

sa06  \def\splinereverse@@{\splinereverse@Q@}/
3197 \let\getsplineparams@=\getsquineparams®@
sa08  \let\spline@start@=\squine@start@

3199 \let\splinedecast@@=\squinedecast@

3500 \let\splinerec@@=\squinerec@

3500 \let\splined@@=\squined®@a@

3502 \let\splineIpt@@=\squineIpt®

3503 \let\splineIadvance@@=\squineIadvance®
3504 \let\splineinfo®@=\squineinfo®

3505  \let\setsplinedir@=\setsquinedir@

3506 \let\splinetestcvxhull@=\squinetestcvxhull@
3507 \let\setsplineknotdir@=\setsquineknotdir@
3508 \let\splinereverse@=\squinereverse®

3500 \let\splineDadvance@@@=\squineDadvance@@@
3510 \let\splinesetparams@=\squinesetparams®@
3511 \let\splineplot@maybe@@=\squineplot@maybe

3512 }

3514 \xydef@\squineconnect@{\splineconnect@ \crvconnect@@
3515 \let\splinesegment@=\squinesegment@ }%

3517 \xydef@\squinesegment@#1{\xyquadmethods@ \def\segmentnum@{1}}
3518 \setupsquine@ \squined@ }

Use the registers \A@ and \B@ to store the coordinates of the single control point. The whole curve
lies within the convex polygon with vertices at p, (p + a)/2, (¢ + a)/2 and ¢ where a denotes the
control point. Set \X@max, \X@min, \Y@max and \Y@min to be the extremes of the coordinates of these
4 points. There may not actually be any point on the curve achieving these extremes, but certainly
we get pretty close.

3533 \xydef@\setupsquine@{’,

353 \xycontrolpt@\z@ \X@p=\X@c \Y@p=\YQc

3535 \xycontrolpt@\@ne \AQ@=\XQc \B@=\YG@c

3536 \xycontrolpt@\tw@

3537 \ifdim \A@>\XGmax

3538 \dimen@=\XOp\advance\dimen@\A@ \dimenGhalf
3539 \ifdim \dimen@>\X@max \X@max=\dimen® \fi
3520  \dimen@=\X@c\advance\dimen@\AQ@ \dimen@half
3541 \ifdim \dimen@>\X@max \X@max=\dimen® \fi
3542 \else \ifdim \A@<\XO@min

3543 \dimen@=\XQ@p\advance\dimen@\AQ@ \dimen@half
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3544 \ifdim \dimen@<\X@min \X@min=\dimen@ \fi
3545 \dimen@=\X@c\advance\dimen@\A@ \dimen@half
3546 \ifdim \dimen@>\X@min \X@min=\dimen@ \fi
3sa7 \fi\fi

3548 \ifdim \B@>\Y@max

3520  \dimen@=\Y@p\advance\dimen@\B@ \dimenGhalf
3550 \ifdim \dimen@>\Y@max \Y@max=\dimen@ \fi
3551 \dimen@=\Y@c\advance\dimen@\B@ \dimen@half
3552 \ifdim \dimen@>\Y@max \Y@max=\dimen@ \fi
3553 \else \ifdim \B@<\Y@min

355« \dimen@=\Y@p\advance\dimen@\B@ \dimen@half
3555 \ifdim \dimen@<\Y@min \Y@min=\dimen@ \fi
3556 \dimen@=\Y@c\advance\dimen@\B@ \dimen@half
3557 \ifdim \dimen@>\Y@min \Y@min=\dimen@ \fi
3558 \fi\fi }

The algorithm used for computing coordinates of points on quadratic Bézier splines is essentially
that used by D. E. Knuth in the picmac.tex macros! (aka gpxmac.tex). It is a recursive de Casteljau
algorithm of the “divide and conquer” type. (In Knuth’s macros these types of curves were given the
name “squines”. This explains some of the control sequence names used here.)

The differences from Knuth’s algorithm are simply to allow more of the available information to
be used at points along the spline. In particular the tangent direction can be calculated and tests can
be performed to decide when to break out of the algorithm, rather than letting it run its full course.

3578 \xydef@\squinedecast@{\halve@dimen\splinedepth@ %\divide\splinedepth@\tw@
3579 \R@c=\L@c \advance\L@c\X@p \halve@dimen\L@Oc %\divide\L@c\twQ@

3580 \advance\RQ@c\X@c \halve@dimen\R@c %\divide\R@c\tw0@
3581 \A@=\L@c \advance\A@\R@c \halve@dimen\A®@ %\divide\AC\tw@
3582 \D@c=\U@c \advance\UQc\Y@p \halve@dimen\UQc »\divide\UQc\tw@
3583 \advance\D@c\Y@c \halve@dimen\D@c %\divide\D@c\tw@
3534 \B@=\UQc \advance\B@\DOc \halve@dimen\B@ %\divide\B@\tw@

3535 \begingroup \X@c=\AQ@ \Y@c=\B@ \splinerec@ \endgroup
sss6 \begingroup \X@c=\A@ \Y@c=\B@ \splinepoint \endgroup
3587 \X@p=\A@ \L@c=\R@c \Y@p=\B@ \UQc=\D@c \splinerec@}

3580 \xydef@\squinerec@{{\splinefar@false \splinenear@\X@p\X@c\Y@p\Y@c
3500 \ifsplinefar@ \aftergroup\squinedecast®
3501 \else \aftergroup\splineadvance@ \fi}}

3503 \xydef@\squineDadvance@@@{\X@p\L@c\YCp\DCc}

3505 \xydef@\squineplot@maybe{{\X@p=\Lec \Y@p=\UGc \cv@start \the\Edge@c\One
3506 \ifInside@\aftergroup\splineplot@false\else\aftergroup\splineplot@true\fi}}

The tangent direction is computed from the displacement to the “recursive” control point.

3605 \xydef@\setsquinedir@{%

ss0s  \d@X=\X@c \advance\d@X-\L@c \d@Y=\Y@c \advance\d@Y-\UGc

3607 \dimen@=\ifdim\d@X<\z@-\fi\d@X \ifdim\dimen@<.02\pQ@

ssos  \dimen@=\ifdim\d@Y<\z@-\fi\d@Y \ifdim\dimen®@<.02\p@

3609 \d@X=\XQ@c \advance\d@X-\X@p \d@Y=\Y@c \advance\d@Y-\Y@p \fi\fi
3610 \ifdim\X@c=\X@p \ifdim\YQ@c=\Y@p

"http: //www-cs-faculty.stanford.edu/~uno/papers/picmac.tex.gz.
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s611  \d@X=\L@c \advance\d@X-\X@p \d@Y=\UQc \advance\d@Y-\Y@p \fi\fi
3612 \setupDirection@ii }

3614 \xydef@\setsquineknotdir@{’
3615 \1fdim\zz@\splineval@ \expandafter \setsquinezerodir@
3616 \else\expandafter \setsquinedir@ \fi }

3618 \xydef@\setsquinezerodir@{’

3619 \d@X=\L@c \advance\d@X-\X@p \d@Y=\UGc \advance\d@Y-\Y@p
3620 \ifdim\zz@\dOX \ifdim\zz@\de@Y

3621 \d@X=\X@c \advance\d@X-\X@p \d@Y=\Y@c \advance\d@Y-\Y@p
3622 \fi\fi \setupDirection@ii }

We need a way to access the information in \splineparams.

3628 \xydef@\getsquineparams@#1,#2,#3,#4 ,#5,#6,#7,{/

3620 \Splinelength@=#1\relax\X@p=#2\relax\Y0p=#3\relax

3630 \A@=#4\relax\B@=#5\relax\XQc=#6\relax\Y0@c=#7\relax

3631 F

3632 \xydef@\squineinfo@{’

3633 \expandafter\removePT@\the\X@c\space

3634 \expandafter\removePT@\the\Y@c\space

3635 \expandafter\removePT@\the\A@\space

3636 \expandafter\removePT@\the\B@\space

3637 \expandafter\removePT@\the\X@p\space

3638 \expandafter\removePT@\the\YOp\space

3630 \expandafter\removePT@\the\dimen5\space\space

3610 \expandafter\removePT@\the\dimen7\space

3641 Y

3642 \xydef@\squinereverse@{\readsplineparams®@

3643 \expandafter\edef\xysplineparams@{\the\splinelength®,%
ssaa \the\X@c,\the\Y@c,\the\A@, \the\B@, \the\X0p, \the\YeCp, }}%

Start the picture by (1) setting a box, as usual. (2) Initialize global variables; these must be global
since they are used to store information which must be preserved outside the grouping which is vital
to the recursive nature of the algorithm. (3) Move horizontally to the starting point at p. (4) Begin
by handling the starting point; ¢.e. decide whether it is to be plotted or not.

3658 \xydef@\squine@start@{\setboxz@h\bgroup %  %(1)

3659 \global\splinelength@=\z@ \global\dimen@i=\z@ \global\dimen3=\z@ 7% %(2)
see0 \kern\X@p % %(3)

3661 {\squinesetparams@ \X@c=\XOp \Y@c=\Y@p \firstsplinepoint@ % %(4)

3662 F\bgroup }

3664 \xydef@\squinesetparams@{/,
3665 \global\dimen@i=\X@p \global\dimen3=\Y@p
see6  \L@c=\A@ \UQ@c=\B@ \R@c=\L@c \DQ@c=\UQc 1}%

se6s \xydef@\squined@{’,

sse0 \expandafter\edef\xysplineparams@{’,
s670  \the\z@,\the\X@p,\the\Y0p, \the\AG, \the\B@, \the\XQ@c, \the\YCc, }}

3672 \xydef@\squined@@{%
3673 %o \global\splinedepth@=\p@
3674 \splinedepth@=\pQ@
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3675 \global\splineval@=\z@

3676 \global\dimen@i=\X@p \global\dimen3=\Y@p

3677 \spline@start

sers  \ifx\splinerec@\relax \let\splinerec@=\squinerec@\fi
se7o \L@c=\AQ@ \UQc=\B@ \R@c=\L@c \D@c=\U@c

s6s0 \Splinerec@ \spline@end }

Bézier cubic splines

3600 \xydef@\xycubicbeziere{y,

3691 \addtocrvpts@{\def\crvconnect@{\cubicconnect@}}%

3692 \xycubicmethods@ \let\splinesegment@=\cubicsegment®

3693 \begingroup \setcrvobjects@ \xysplineparams@ \splined@@@
3604 \bgroup \setupcubic@ \cubiced@ \splineset@ \savespline@ }

3696 \xydef@\xycubicmethods@{’

se07  \def\crvconnect@{\cubicconnect@},

ssos  \def\splinereverse@@{\cubicreverse@@}y,

3699 \let\getsplineparams@=\getcubicparams®@

3700 \let\spline@start@=\cubic@start@

3701 \let\splinedecast@@=\cubicdecastQ@

3702 \let\splinerec®@@=\cubicrec@

3703 \let\splined@@=\cubiced@@

3704 \let\splineIpt@@=\cubicIpt@

3705 \let\splineIadvance@@=\cubicIadvance@

3706 \let\splineoutsidehull@@=\cubicoutsidehull®
3707 \let\splinetestcvxhull@=\cubictestcvxhull@
s70s  \let\splineinfo®@=\cubicinfo®

3709 \let\setsplinedir@=\setcubicdir®@

s710 \let\setsplineknotdir@=\setcubicknotdir®@
s7i1 \let\splinereverse@=\cubicreverse®@

s7i2 \let\splineDadvance@@@=\cubicDadvance@@@
a3 \let\splinesetparams@=\cubicsetparams@

sia \let\splineplot@maybe®@@=\cubicplot@maybe

3715}

s717 \xydef@\cubicconnect@{\splineconnect@ \crvconnect@@
sris \let\splinesegment@=\cubicsegment@ }%

3720 \xydef@\cubicsegment@#1{\xycubicmethods@ \def\segmentnum@{1}y
3721 \setupcubic@ \cubiced@ }

Use the registers \A@, \B@, \dimen3 and \dimen5 to store coordinates of the two control points,
denoted [ and r say. The whole curve lies within the convex polygon p, (p +1)/2, (¢ + r)/2 and ¢
where the vertices are not necessarily in this order. Set \X@max, \X@min, \Y@max and \Y@min to be
the extremes of the coordinates of these 4 points. There may not actually be any point on the curve
achieving these extremes, but certainly we get pretty close.

ar36 \xydef@\setupcubic@{),

a737 \xycontrolpt@\z@ \X@p=\X@c \Y@p=\YQc

s73s \xycontrolpt@\@ne \AQ@=\X@c \B@=\YG@c

3730 \xycontrolpt@\tw@ \global\dimen3=\X@c \globalldimen5=\YQc
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3740 \xycontrolpt@\threa@
3741 \adjustmaxmin@ }

3743 \xydef@\adjustmaxmin@{%

s7as \ifdim \A@>\X@max \dimen@=\A@ \advance\dimen@\X@p \dimen@half

3745 \ifdim\dimen@>\X@max \X@max=\dimen@ \fi \else

sras \ifdim \A@<\X@min \dimen@=\A@ \advance\dimen@\X@p \dimen@half

3747 \ifdim\dimen@<\X@min \X@min=\dimen@ \fi \fi\fi

s7as \ifdim \B@>\Y@max \dimen@=\B@ \advance\dimen@\Y@p \dimen@half

3749 \ifdim\dimen@>\Y@max \Y@max=\dimen@ \fi \else

a7s0  \ifdim \B@<\Y@min \dimen@=\B@ \advance\dimen@\YQp \dimen@half

3751 \ifdim\dimen@<\Y@min \Y@min=\dimen@ \fi \fi\fi

3752

3753 \ifdim \dimen3>\X@max \dimen@=\dimen3\advance\dimen@\X@c \dimen@half
3754 \ifdim\dimen@>\X@max \X@max=\dimen@ \fi \else

3755 \ifdim \dimen3<\X@min \dimen@=\dimen3\advance\dimen®@\X@c \dimen@half
3756 \ifdim\dimen@<\X@min \X@min=\dimen@ \fi \fi\fi

3rzs7 - \ifdim \dimen5>\Y@max \dimen@=\dimen5\advance\dimen®@\Y@c \dimen@half
3758 \ifdim\dimen@>\Y@max \Y@max=\dimen@ \fi \else

3750 \ifdim \dimen5<\Y@min \dimen®@=\dimen5\advance\dimen@\Y@c \dimen@half
3760 \ifdim\dimen@<\Y@min \Y@min=\dimen@ \fi \fi\fi

3761 /b

a6z \dimen@=\A@ \advance\dimen®@\dimen3 \dimen@half

3763 \ifdim\dimen@>\X@max \X@max=\dimen®

3764 \else \ifdim\dimen@<\X@min \X@min=\dimen@ \fi\fi

3765 \dimen@=\B@ \advance\dimen@\dimen5 \dimen@half

srze6  \ifdim\dimen@>\Y@max \Y@max=\dimen®

3767 \else \ifdim\dimen@<\Y@min \Y@min=\dimen@ \fi\fi

3768 }
The recursive algorithm for cubic Bézier splines is similar to the quadratic one. Now there are two

“recursive” control points to be calculated upon each subdivision.
On the p-side:

Pp = D

b = (p+1)/2

rp = (p+2+71)/4

¢p = (p+3l+3r+c)/8

while on the c-side

pe = (p+3l+3r+c¢)/8
le = (I+2r+c)/4

re = (r+ce)/2

e = ¢

Notice that ¢, = p. and that the tangents match there.
3794 \xydef@\cubicdecast@{\halve@dimen\splinedepth@ %\divide\splinedepth@\tw@
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s7os  \A@=\L@c \advance\A@\RQc \halve@dimen\A®@ %\divide\AG\tw@
3796 \advance\R@c\X@c \halve@dimen\RQc %\divide\R@c\tw@
a7o7 \B@=\U@c \advance\B@\D@c \halve@dimen\B@ %\divide\B@\tw@
3798 \advance\D@c\Y@c \halve@dimen\D@c %\divide\D@c\tw@
3799 \advance\L@c\X@p \halve@dimen\L@c s\divide\L@c\tw@
sso0 \advance\U@c\Y@p \halve@dimen\U@c %\divide\UGc\tw@

3s01  \begingroup

3s02  \X@c=\R@c \advance\X@c\L@c \halve@dimen\X@c %\divide\X@c\tw@
3803 \advance\X@c\A@ \halve@dimen\X@c %\divide\X@c\twQ@
3s04  \Y@c=\D@c \advance\Y@c\U@c \halve@dimen\Y@c %\divide\Y@c\tw@

3s0s  \advance\YQ@c\B@ \halve@dimen\Y@c %\divide\Y@c\tw@
sso6  \R@c=\L@c \advance\R@c\A@ \halve@dimen\R@c %\divide\R@c\tw@
ss07  \D@c=\U@c \advance\D@c\BQ@ \halve@dimen\D@c  %\divide\DQ@c\twQ@
ssos  \bgroup \splinerec@

3800 \egroup \splinepoint \endgroup

ssio0 \X@p=\L@c \advance\XOp\RQ@c \halve@dimen\X@p %\divide\X@p\twQ
3s11 \advance\X@p\A@ \halve@dimen\X@p %\divide\X@p\tw@
ss12 \L@c=\RQc \advance\LOc\AQ@ \halve@dimen\L@c %\divide\L@c\tw@
3813 \Y@p=\UQ@c \advance\Y@p\D@c \halve@dimen\YOp %\divide\Y@p\tw®@
ss14 \advance\Y@p\B@ \halve@dimen\YQ@p %\divide\Y@p\twa@
3s15  \U@c=\D@c \advance\U@c\B@ \halve@dimen\U@c %\divide\UGc\tw@

ss16 \splinerec@ }

3s18 \xydef@\cubicrec@{{\splinefar@false \splinenear@\X@p\X@c\Y@p\Y@c
ss19 \ifsplinefar@ \aftergroup\cubicdecast@
ss20 \else \aftergroup\splineadvance@ \fi}}

3s22 \xydef@\cubicDadvance@@@{\X0p\X@c\Y@p\YQc}

3s24 \xydef@\cubicplot@maybe{{\XO@p=\Lec \Y@p=\UQc \cv@start \the\EdgeQc\@ne

ss2s \ifInside@\aftergroup\cubicplot@maybeiilelse\aftergroup\splineplot@true\fi}}
3s26 \xydef@\cubicplot@maybeii{{\X@p=\RO@c \Y@p=\D@c \cv@start \the\Edge@c\@ne

ss27 \ifInside@\aftergroup\splineplot@false\else\aftergroup\splineplot@true\fi}}

3831 \xydef@\cubiced@@{%

3s32 %, \global\splinedepth@=\p@

3833 \splinedepth@=\p@

3834 \global\splineval@=\z@

3835 \spline@start

3s36  \global\dimen@i=\X@p \global\dimen3=\YQp
3837 \splinerec@ \spline@end }

The tangent direction is computed from the displacement to the “recursive” control point.

3s16 \xydef@\setcubicdire{’,
ssa7 \ifdim\splinedepth@<.001\p@\DN@{\cubiccoarsedir@}y,
ssss \else\DN@{\cubicfinedir@}\fi \next@ }

3ss0 \xydef@\cubicfinedir@{%

3851 \d@X=\XQ@c \advance\d@X-\R@c \d@Y=\Y@c \advance\d@Y-\D@c
3852 \1fdim\zz@\d@X \ifdim\zz@\deQY

3853 \d@X=\XQ@c \advance\d@X-\L@c \d@Y=\Y@c \advance\d@Y-\U@c
3854 \ifdim\zz@\dOX \ifdim\zz@\deY

3855 \d@X=\XQc \advance\d@X-\X@p \d@Y=\Y@c \advance\d@Y-\Y@p



2.1. CURVE AND SPLINE EXTENSION 183

3ss6 \fi\fi \fi\fi

sss7 % \ifdim\X@c=\X@p \ifdim\Y@c=\Yep

ssss o \d@X=\L@c \d@Y=\UGc \advance\d@X-\X@p \advance\d@Y-\Y@p

3859 % \ifdim\d@X=\z@ \ifdim\d@Y=\z@

3860 7 \d@X=\R@c \d@Y=\D@c \advance\d@X-\X@p \advance\d@Y-\Y@p

ss61 fh  \fi\fi

362 /o \fi\fi

3s63 \sSetupDirection@ii

3864 \splinetrace@{dir: (\the\d@X,\the\d@Y),\the\Direction; depth:\the\splinedepth@}y,

3865 F

3se7 \xydef@\cubiccoarsedir@{’

sses  \d@X=\X@c \advance\d@X-\X@p \d@Y=\Y@c \advance\d@Y-\Y@p \setupDirection®@ii

369 \global\dimen5=\d@X \global\dimen7=\d@Y

3s70 \splinetrace@{dir: (\the\d@X,\the\d@Y),\the\Direction; depth:\the\splinedepth@}y

3871 }

3s73 \xydef@\setcubicknotdir@{’
3s7a \ifdim\zz@\splineval@ \DN@{\setcubiczerodir@}y,
ss7s \else \DN@{\cubicfinedir@}\fi \next@ }

ss77 \xydef@\setcubiczerodir@{y,

ss7s \d@X=\LOc \advance\d@X-\X@p \d@Y=\UQc \advance\d@Y-\Y@p

3879 \ifdim\zz@\d@X \ifdim\zz@\deY

3880 \d@X=\R@c \advance\d@X-\X@p \d@Y=\D@c \advance\d@Y-\Y@p
3881 \ifdim\zz@\d@X \ifdim\zz@\deY

3882 \d@X=\X@c \advance\d@X-\X@p \d@Y=\Y@c \advance\d@Y-\Y@p
sss3 \fi\fi \fi\fi \setupDirection@ii }

We need a way to access the information in \splineparams.

3sso \xydef@\getcubicparams@#1,#2,#3,#4 ,#5,#6,#7 ,#8,#9,{%

3s00 \sSplinelength@=#1\relax\XQ@p=#2\relax\Y@p=#3\relax\LOc=#4\relax
sso1  \UQ@c=#5\relax\R@c=#6\relax\D@c=#7\relax\XQc=#8\relax\YQ@c=#9\relax
3802 1

3803 \xydef@\cubicinfo@{%

3s04 \expandafter\removePT@\the\XCp\space

3805 \expandafter\removePT@\the\YCp\space

3s06 \expandafter\removePT@\the\LC8c\space

3897 \expandafter\removePT@\the\UGc\space

3s0s \expandafter\removePT@\the\RQc\space

3890 \expandafter\removePT@\the\D@c\space

3000 \expandafter\removePT@\the\X@c\space

3901 \expandafter\removePT@\the\Y@c\space

3002 \expandafter\removePT@\the\dimen5\space\space

3903 \expandafter\removePT@\the\dimen7\space

3904 }%

3905 \xydef@\cubicreverse@{\readsplineparams@

3906 \expandafter\edef\xysplineparams@{\the\splinelength®,%

s9or  \the\X@c,\the\Y@c,\the\RQc, \the\D@c, \the\L@c, \the\UQGc, \the\X@p, \the\YQp, }}%
3908 \xydef@\cubicreverse@e{y,

3900 \splinereverseQQQ

3910 \dimen@ii=\LOc \L@c=\R@c \RQc=\dimen@ii
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39011 \dimen@ii=\U@c \U@c=\D@c \D@c=\dimen®@ii }

Start the picture by (1) setting a box, as usual. (2) Initialize global variables; these must be global
since they are used to store information which must be preserved outside the grouping which is vital
to the recursive nature of the algorithm. (3) Move horizontally to the starting point at p. (4) Begin
by handling the starting point; i.e. decide whether it is to be plotted or not.

3925 \xydef@\cubic@start@{\setboxz@h\bgroup % %(1)

3026 \global\splinelength@=\z@ \global\dimen@i=\z@ \global\dimen3=\z@ % %(2)
3927 \kern\X@p % %(3)

3928 {\cubicsetparams@ \X@c=\X@p \Y@c=\Y@p \R@c=\X@c \D@c=\Y@c

3920 \firstsplinepoint@ }\bgroup

3930 } % %(4)

3932 \xydef@\cubicsetparams@{’,
3033 \expandafter\expandafter\expandafter\getsplineparams@\xysplineparams@
3934 \global\dimen@i=\X@p \globall\dimen3=\Y@p }

3938 \xydef@\cubiced@{’

3930 \expandafter\edef\xysplineparams@{\the\z@,\the\X0p, \the\YCp

3040 , \the\A@, \the\B@, \the\dimen3, \the\dimen5, \the\X@c, \the\Yec, }7
3941 %

B-splines

The cases of 3 and 4 control points have some special simplifying features.

3951 \xydef@\xybspline@iii{}

3955 \addtocrvpts@{\def\crvconnect@{\bsplineiiiconnect®@}}7
3056 \def\crvconnect@{\bsplineiiiconnect@}\xybsplinemethods@
3957 \let\splinesegment@=\bsplinesegment@iii

39058 \begingroup\setcrvobjects@ \dobspline@ \savespline@ }
3950 \xydef@\bsplineiiiconnect@{\splineconnect@ \crvconnect@®@
3960 \let\splinesegment@=\bsplinesegment@iii }%

3962 \xydef@\xybspline@iv{’

3963 \addtocrvpts@{\def\crvconnect@{\bsplineivconnect@}}/,
3964 \def\crvconnect@{\bsplineivconnect@}\xybsplinemethods®@
3965  \let\splinesegment@=\bsplinesegment@iv

3966  \begingroup\setcrvobjects@ \dobspline@ \savespline@ }
3067 \xydef@\bsplineivconnect@{\splineconnect@ \crvconnect@@
3968 \let\splinesegment@=\bsplinesegment@iv }J

Now for the general case of > 5 control points.

3972 \xydef@\xybspline@{’

3975 \splinetrace@{B-spline with \numcontrolpts\space control points.}%
sore  \addtocrvpts@{\def\crvconnect@{\bsplineconnect@}}%

3977 \def\crvconnect@{\bsplineconnect@}\xybsplinemethods@

sors  \let\splinesegment@=\bsplinesegment®

3979 \begingroup\setcrvobjects@

30s0 \dobspline@ \savespline@ }

3082 \xydef@\xybsplinemethods@{’,
3983 \def\splinereverse@@{\cubicreverse@@},
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3084 \let\getsplineparams@=\getbsplineparams®@
3985 \let\spline@start@=\cubic@start®@

s0s6  \let\splinedecast@@=\cubicdecast®@

397 \let\splinerec@@=\cubicrec@

3088 % \let\splined@@=\cubiced@@

3989 \let\splineIpt@@=\cubicIpt@

3990  \let\splineIadvance@@=\cubicladvanceQ@
3991 \let\splined@@=\bsplined@@

3992 \let\splineinfo@=\cubicinfo®

39903 \let\setsplinedir@=\setcubicdir@

3994 \let\setsplineknotdir@=\setcubicknotdir®@
3995 \let\splinereverse@=\cubicreverse@

3996  \let\splineDadvance@@@=\cubicDadvance@@@
3997 \let\splinesetparams@=\cubicsetparams@
3908 \globalllet\lastbspline@=\lastbspline@@
3999 \global\let\middlebspline@=\middlebspline®@@
4000 }

4001 \xydef@\bsplined@e{’

1002 % \global\splinedepth@=\p@

1003 \splinedepth@=\p@

1004 \global\splineval@=\z@

4005 \spline@start

1006 \global\dimen@i=\X@p \global\dimen3=\YQp
4007 \splinerec@ \spline@end }

1011 \xydef@\bsplineconnect@{\splineconnect@ \crvconnect@@
1012 \let\splinesegment@=\bsplinesegment@ }%

4014 \xydef@\getbsplineparams@{\getcubicparams@}
1016 \xydef@\dobspline@{\xysplineparams@ \scanbspline@ \firstbspline@ 1}%

Registers \dimen3 and \dimen5 are used globally, since the standard local registers are already
used.

1023 \xydef@\firstbspline@{%

1024  \enter@{\pfromthep@ \cfromthec@}\enter@{\cfromthec@}\bgroup
1025 \def\segmentnum@{1}\xycontrolpt@\z@ \X@p=\X@c \Y@p=\Y@c

1026 \splinetrace@{0: \the\XOp, \the\Y@pl}%

1027 \xycontrolpt@\@ne \A@=\X@c \B@=\YQ@c

4028 \splinetrace@{1: \the\X@c, \the\YQcl}V

1020 \xycontrolpt@\tw@

4030 \splinetrace@{2: \the\X@c, \the\YQcl}V,

4031 \dimen@=\X@c \advance\dimen@\AQ@ \dimen®@half

14032 \global\dimen3=\dimen@

1033 \dimen@=\Y@c \advance\dimen@\B@ \dimen®@half

14034 \global\dimen5=\dimen@

4035 \xycontrolpt@{3}%

1036 \splinetrace@{3: \the\X@c, \the\YQcl}%

1037 \expandafter\count@\xycrvcnt@\relax %%% very important to |\relax|
1038 \ifnum\count@=3\relax

4039 \advance\XQ@c-\AQ@ \dimen@nth4\X@c % \divide\X@c by4
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1040 \advance\X@c\dimen3\relax

4041 \advance\Y@c-\B@ \dimen@nth4\YQc % \divide\Y@c by4
1042 \advance\Y@c\dimen5\relax

4043 \enter@{\X@p=\the\X@c \Y@p=\the\Y@c \crv@cnt@=\One\relax
1044 \noexpand\lastbspline@ }%

4045 \else
4046 \advance\X@c 7\dimen3 \advance\X@c-2\AQ

14047 \dimen@nth6\X@c % \divide\X@c by6\relax

14048 \advance\Y@c 7\dimen5 \advance\YQc-2\B@

14049 \dimen@nth6\Y@c % \divide\Y@c by6\relax

4050 \enter@{\X@p=\the\X@c \Y@p=\the\Y@c \crv@cnt@=\Cne\relax
1051 \noexpand\middlebspline@ }7

1052 \fi \adjustmaxmin@ \czeroEdge@
1053 \bsplined@ \splineset@ \leave@ }

1055 \xydef@\lastbspline@@{\bgroup

1056 \advance\crv@cnt@\@ne \edef\segmentnum@{\the\crv@cnt@l}y

1057 \splinetrace@{<: \the\X@p, \the\Y@pl}/

4058 \advance\crv@cnt@\@ne \xycontrolpt@{\crv@cnt@}%

1059 \global\dimen3=\X@c \globall\dimen5=\Y@c

1060 \splinetrace@{\the\crv@cnt@: \the\X@c, \the\YQc}/

4061 \advance\crv@cnt@\m@ne \xycontrolpt@{\crv@cnt@}}

1062 \splinetrace@{\the\crv@cnt@: \the\X@c, \the\YQc}}

4063 \A@=\X@c \advance\A@\dimen3 \halve@dimen\A@ % \divide\AQ\twQ@
1064 \B@=\Y@c \advance\B@\dimen5 \halve@dimen\B@ % \divide\B@\tw@
1065 \adjustmaxmin@ \leave@ \relax \cv@end % <------—---—--—-

066 \splinetrace@{>: \the\X@c, \the\Y@c}}

1067 \bsplined@ \splineset@ \leave@ 1},

106s \xylet@\lastbspline@=\lastbspline@@

1070 \xydef@\middlebspline@@{’,

1071 \advance\crv@cnt@\@ne \edef\segmentnum@{\the\crv@cnt@l}y
1072 \splinetrace@{<: \the\X@p, \the\Y@pl}/

1073 \bgroup

4074 \xycontrolpt@{\crv@cnt@}\A0=2\X0@c \BO=2\Y@c

1075 \splinetrace@{\the\crv@cnt@: \the\X@c, \the\YQc}/

14076 \advance\crv@cnt@\@ne \xycontrolpt@{\crv@cnt@}

4077 \splinetrace@{\the\crv@cnt@: \the\X@c, \the\YQ@c}’

4078 \advance\A@\X@c \dimen@nth3\A@ 7% \divide\AQ@ by3

1079 \advance\B@\Y@c \dimen@nth3\B@ % \divide\B@ by3\relax
4080 \advance\X@c\AQ@ \halve@dimen\X@c % \divide\X@c\twe@

1081 \advance\Y@c\B@ \halve@dimen\YQc % \divide\Y@c\tw@

14082 \global\dimen3=\X@c \globall\dimen5=\Y@c

1083 \advance\crv@cnt@\@ne \xycontrolpt@{\crv@cnt@}y
1084 \splinetrace@{\the\crv@cnt@: \the\X@c, \the\YQc}/
1085 \expandafter\count@\xycrvcnt@\relax

1086 \ifnum\crv@cnt@<\count@\relax

4087 \advance\X@c 7\dimen3\advance\X0@c-2\AQ

1088 \dimen@nth6\X@c % \divide\X@c by6\relax

4089 \advance\Y@c 7\dimen5\advance\Y@c-2\B@

4090 \dimen@nth6\Y@c % \divide\Y@c by6\relax
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4091
4092
4093
4094
4095
4096
4097
4098
4099
4100

s101 \
4105 \

4109 \
4110

4111

4113 \
4114
4115 \
4116
4117
4118
4119
4120
4121
4122
4123
4124
4125
4126
4127 \
4128

4129

1131 \xydef@\adjustbsplineedges@{\bgroup % dimen5 and dimen7 are NOT global here

4132 \
4133

4134 %
4135 Th
4136 Jh
4137 T

4138 \

4130 \splinetrace@{segment \segmentnum@:<\the\dimen5,\the\dimen7>:\xysplineedges@}%

4140 %
4141 %
4142 %
1143 T
4144 %

4145

CURVE AND SPLINE EXTENSION

\enter@{\X@p=\the\X@c \Y@p=\the\YQc \crv@cnt@=\segmentnum@\relax
\noexpand\middlebspline®@},

\else

\advance\X@c-\A@ \dimen@nth4\X@c I \divide\X@c by4
\advance\X@c \dimen3\relax

\advance\Y@c-\B@ \dimen@nth4\Y@c I \divide\Y@c by4
\advance\Y@c \dimen5\relax

\enter@{\X@p=\the\X@c \Y@p=\the\Y@c \noexpand\lastbspline®},

\fi \adjustmaxmin®@

\bsplined@ \splineset@ \leave@ }

xylet@\middlebspline@=\middlebspline@@

xydef@\scanbspline@{\splined@@Q}

xydef@\bsplined@{\cubiced®@
\expandafter\ifx\xysplineedges@\relax\relax\DN@{}/
\else\DN@{\adjustbsplineedges@}\fi \next@ }

xydef@\adjust@forsegments@{\getcrvsegsnum@
\ifnum\count@>\@ne
splinetrace@{adjust for \the\count@\space segments:
\the\dimen5, \the\dimen7}Y
\multiply\dimen5 by \count@\relax \dimen@=\segmentnum@\pQ
\ifnum\dimen5>\dimen@ \relax\dimen5=\p@
\else \advance\dimen5-\segmentnum@\p@ \advance\dimen5 by\p@ \fi
\ifnum\dimen5<\z@ \relax\dimen5=\z@\relax\fi
\multiply\dimen7 by \count@\relax
\dimen@=\segmentnum@\p@ %\advance\dimen@-\segmentnum@\p@
\ifnum\dimen7<\dimen@ \advance\dimen@-\p@
\ifnum\dimen7>\dimen@ \advance\dimen7-\dimen@
\else \dimen7=\z@ \fi
\else \dimen7=\p@ \fi
splinetrace@{adjusted for \the\count@\space segments:
\the\dimen5, \the\dimen71}
\fi}

splinetrace@{** adjusting edges **1}/

\readsplineparams@ \adjust@forsegments@
\count@@=\dimen7\divide\count@@\p@
\advance\dimen7-\count@@\p@ \advance\count@@\Gne
\count@=\dimen5\divide\count@\p®@
\advance\dimen5-\count@\p@ \advance\count@\@ne

splinetrace@{params:\xysplineparams@}/

\expandafter\ifnum\segmentnum@=\count@

\else
\expandafter\ifnum\segmentnum@<\count@\dimen5=\p@
\else\dimen5=\z@ \fi\fi

\expandafter\ifnum\segmentnum@=\count@@

\multiply\dimen7by\m@ne \advance\dimen7by\p@

187
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146 \else

a1a7 % \expandafter\ifnum\segmentnum@>\count@@\dimen5=\p@\dimen7=\p@

148 % \else\dimen7=\z@ \fi\fi

1149 \expandafter\edef\xysplineedges@{%

4150 \noexpand\z@; \the\dimen5, \noexpand\z@; \the\dimen7, }%

w151 \edef\tmp@{\egroup

w52 \noexpand\def\expandafter\noexpand\xysplineedges@{\xysplineedges@}}
4153 \tmp@ }

These macros select the correct Bézier control points for each segment of the spline. This is needed
for finding places on the constructed curves.

In general there are 5 types of segment: first, second, middle, penultimate, final. The conversion
from B-spline to Bézier is slightly different for each type. For middle segments the Bézier control
points are determined in the following way:

X = %(gxmww)

X2 = %(X(z)JrQX(z‘H))

Xy = é(X(i_1)+4X + X ()
- %(X”*lu?x —2xt )

Xy = é(X(”)+4X(”1 + X (+2)
= é(X@”)Jr?X - 2x}))

4177 \xydef@\bsegment@Q@ii@iii{¥

a17s \xycontrolpt@{\count@@}\global\dimen3=\XQc \global\dimen5=\Y@c
4179 \splinetrace@{\the\count@@: \the\X@c, \the\YQc}},

4180 \advance\count@@\@ne \xycontrolpt@{\count@@}\A@=\XQ@c \BO=\YQc
1181 \advance\A@ by2\dimen3 \dimen@nth3\AQ@ % \divide\A@ by3\relax
4152 \advance\B@ by2\dimen5 \dimen@nth3\B@ % \divide\B@ by3\relax
1183 \dimen@=\dimen3 \advance\dimen®@ by2\X@c

4184 \dimen@nth3\dimen@ % \divide\dimen@\thr@Q

1185 \global\dimen3=\dimen@

4186 \dimen@=\dimen5 \advance\dimen@ by2\Y@c

a1s7  \dimen@nth3\dimen@ % \divide\dimen@\thr@e

4188 \global\dimen5=\dimen®@

1189 \splinetrace@{<: \the\dimen3, \the\dimen5}/,

4100 \splinetrace@{>: \the\A@, \the\B@}}

a191  \advance\count@@\m@ne

4193 \xydef@\bsegment@@i{\bgroup

1104 \advance\count@@\m@ne \xycontrolpt@{\count@@}},

1195 \splinetrace@{\the\count@@: \the\X@c, \the\Y@c}/

1106 \edef\tmp@{\egroup \X@p=\the\XQc \YCp=\the\YQc}\tmp®
4197 \advance\X@p-2\dimen3\advance\X@p by7\AQ

4198 \dimen@nth6\X@p % \divide\X@p by6\relax

4199 \advance\Y@p-2\dimen5\advance\Y@p by7\B@
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4200 \dimen@nth6\YCp % \divide\Y@p by6\relax

4201

4203 \xydef@\bsegment@Qiv{}

a204 \advance\count@@\tw@ \xycontrolpt@{\count@@}j,
1205 \splinetrace@{\the\count@@: \the\X@c, \the\Y@cl}%
1206 \advance\XQc by7\dimen3\advance\X@c-2\A0

4207 \dimen@nth6\X0c % \divide\X@c by6\relax

4208 \advance\Y@c by7\dimen5\advance\YQc-2\B@

4209 \dimen@nth6\YGc % \divide\Y@c by6\relax

1210 \splinetrace@{>>: \the\X@c, \the\Y@c 1}/

4211 }

For the second segment the expression for Xg;) is different. Similarly the expression for XJ(33,3,1 is

altered for the penultimate segment.

0 1 1 2
X = 5 (xWaxg) - xg))
3 1 2 1
X(ijl - 4 (X(3) + 4X(B7371 B X(B£71>

4226 \xydef@\bsegment@@ii@i{\bgroup

4227 \advance\count@@\m@ne \xycontrolpt@{\count@e}},
4228 \splinetrace@{\the\count@@: \the\X0c, \the\YQc}},
a220 \edef\tmp@{\egroup \X@p=\the\XQc \Y@p=\the\YQc}\tmp@
4230 \advance\X@p-\dimen3\advance\X0p by4\AQ

4231 \dimen@nth4\X@p % \divide\X@p by4\relax

1232 \advance\Y@p-\dimen5\advance\Y@p by4\B@

4233 \dimen@nth4\Y@p % \divide\Y@p by4\relax

4231 \splinetrace@{<<: \the\X@p, \the\Y@p}/

4235 }

1236 \xydef@\bsegment@QyQiv{%

4237 \advance\count@0\tw@ \xycontrolpt@{\count@@}y,
1238 \splinetrace@{\the\count@@: \the\X@c, \the\Y@cl}/
4239 \advance\X@c by4\dimen3\advance\X0c-\AQ

4240 \dimen@nth4\X@c % \divide\X@c by4\relax

1221 \advance\Y@c by4\dimenb5\advance\YQc-\B@

4242 \dimen@nth4\Y6c % \divide\Y@c by4\relax

4243 }

For the first segment the first three Bézier control points are always determined in the same way:

1
xP=xO x0—x0 x9P - (x5 +x@)

L=

2
1
3+ segments Xg’l) = 6(7Xg1) - 2Xj(911) + X6
1
2 segments Xg’l) = 1(4Xg1) — Xgl) + X))

1259 \xydef@\bsegment@i{}
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4260 \xycontrolpt@\z@ \X@p=\the\X@c \Y@p=\the\YQc

a261 % \1fx\cv@start\relax

4262 % \bgroup\csname cv@0\endcsname

a263 %, \edef\tmp@{\egroup \X@p=\the\X@c \Y@p=\the\YQc}\tmp@
a264 % \else\xycontrolpt@\z@ \X@p=\the\XQc \Y@p=\the\YQc\fi
1265 \splinetrace®@{0: \the\X@p \the\Y@p}J

4266 \xycontrolpt@\@ne

1267 \splinetrace@{1: \the\X@c, \the\Y@c}\A@=\X@c \BG=\YG@c
4268 \xycontrolpt@\twa@

1260  \dimen@=\X@c \advance\dimen@\A@ \dimenGhalf

4270 \global\dimen3=\dimen@

a271 \splinetrace@{2: \the\X@c, \the\YQc}}

4272 \dimen@=\YQ@c \advance\dimen@\B@ \dimen@half

4273 \global\dimen5=\dimen®@ }

1275 \xydef@\bsegment@i@iv{},

4276 \xycontrolpt@{3}},

4277 \splinetrace@{3: \the\X@c, \the\Y@cl}}

4278 \advance\X@c by7\dimen3\advance\XQc-2\AQ
4279 \dimen@nth6\X0c % \divide\X@c by6\relax
14280 \advance\Y@c by7\dimenb5\advance\YQ@c-2\B@
4281 \dimen@nth6\Y0c % \divide\Y@c by6\relax

4282}

The last segment is determined symmetrically from the final four control points:

ng — x(n+2) ng — x(n+1) XJ(B},? _ %(X(%f i X(n))
1
3+ segments ng?,f = 6(X(n—l) _ 2X1(92,3 + 7Xj(312)
1
2 segments XJ(BOQ = ,(X(l) _ Xl(i? + 4X1(91n))

4

1207 \xydef@\bsegment@z{/

1208 \expandafter\count@@\xycrvptsnum@ \advance\count@0\@ne

1200 \xycontrolpt@{\the\count@@}\relax

4300 \splinetrace@{\the\count@@: \the\X@c, \the\YQcl}%

a301  \advance\count@@\m@ne

4302 \bgroup

1303 \xycontrolpt@{\the\count@a@l}y,

1304 \splinetrace@{\the\count@@: \the\X@c, \the\Y@cl}%

4305 \global\dimen3=\XQc \global\dimen5=\Y@c

4306 \advance\count@@\m@ne \xycontrolpt@{\the\count@al}y

4307 \splinetrace@{\the\count@@: \the\X@c, \the\Y@cl}/

1308 \A@=\XQ@c \advance\A@\dimen3 \halve@dimen\A@ % \divide\A@\tw@
4300 \B@=\YQc \advance\B@\dimen5 \halve@dimen\B@ % \divide\B@\tw@
4310 \edef\tmp@{\egroup \AG@=\the\A@ \B@=\the\B@ \count@@=\the\count@@},
4311 \tmp@ }

4313 \xydef@\bsegment@z@i{’
1312 \expandafter\count@@\xycrvptsnum@\relax\advance\count@0-\tw@
4315 \bgroup
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a3t6  \xycontrolpt@{\count@@}\X@p=\the\XCc \YeCp=\the\YQc

4317 \splinetrace@{\the\count@@: \the\X@c, \the\YQcl}%

131 \advance\X@p by7\A@ \advance\X@p-2\dimen3 \dimen@nth6\X@p
4319 \advance\Y@p by7\B@ \advance\Y@p-2\dimen5 \dimen@nth6\YQp
4320 \edef\tmp@{\egroup \X@p=\the\X@p \Y@p=\the\Y@pl}/

4321 \tmp@ }

This is the switching-yard.

4327 \xydef@\bsplinesegment@#1{\xybsplinemethods®@

4328 \count@O=#1\relax

4320 \ifnum\count@@=\0@ne % first segment

4330  \bsegment@i \bsegment@i@iv

a331 \else\ifnum\count@@=\tw@ 7% second segment

4332 \bsegment@@ii@iii \bsegment@@ii@i \bsegment@@iv

a333 % \else\expandafter\count@\xycrvcnt@\advance\count@\m@ne
4332 \else\expandafter\count@\xycrvptsnum@\advance\count@\m@ne
4335 \ifnum\count@@=\count® % last segment

1336 \bsegment@z \bsegment@z@i

4337 \else\advance\count@\m@ne

4333 \ifnum\count@@=\count@ % penult. segment

4339 \bsegment@Q@ii@iii \bsegment@@i \bsegment@QyQiv

a3a0  \else % middle segments

4341 \bsegment@@ii@iii \bsegment@@i \bsegment@@iv

aza2 \FI\fi\fi\fi

1343 \expandafter\def\expandafter\segmentnum@\expandafter{\number#1}y,
4314 \bsplined@ }

Here are the differences for 3 control points.

4350 \xydef@\bsplinesegment@iii#1{\xybsplinemethods®@
4351 \splinetrace@{2 segments; \number#1}/

4352 \count@O=#1\relax

4353 \ifnum\count@@=\@ne \bsegment@i

4354 \xycontrolpt@{3}%

4355 \splinetrace@{3: \the\X@c, \the\Y@c}}

4356 \advance\X@c 4\dimen3\advance\X0c-\AQ

4357 \dimen@nth4\X@c 7% \divide\X@c by4\relax
4358 \advance\Y@c 4\dimen5\advance\YQc-\B@
4359 \dimen@nth4\Y@c % \divide\Y@c by4\relax

1360 \else\ifnum\count@@=\tw@ \bsegment@z

4361 \bgroup\xycontrolpt@{\@nel}y

4362 \splinetrace@{1: \the\X@c, \the\Y@cl}%

4363 \edef\tmp@{\egroup \X@p=\the\X@c \Y@p=\the\YQcl}\tmpa@
w364 \advance\X@p 4\A@ \advance\X@p-\dimen3 7

4365 \dimen@nth4\X@p % \divide\X@p by4\relax
w366 \advance\Y@p 4\B@ \advance\Y@p-\dimen5 %
4367 \dimen@nth4\YO0p ¥ \divide\Y@p by4\relax

azes \fi\fi
4360 \expandafter\def\expandafter\segmentnum@\expandafter{\number#11}y,
4370 \bsplined@ }

Here are the differences for 4 control points.

191
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1376 \xydef@\bsplinesegment@iv#1{\xybsplinemethods@

4377 \splinetrace@{3 segments; \number#1}}

4378 \count@@=#1\relax

4379 \ifnum\count@@=\@ne \bsegment@i \bsegment@iQiv

a3s0  \else\ifnum\count@@=\tw@

4331 \bsegment@@ii@iii \bsegment@@ii@i \bsegment@QyQ@iv
ass2 \else\ifnum\count@@=3\relax

1333 \bsegment@z \bsegment@z@i J\xycontrolpt@{5}/

a38a \fi\fi\fi

4335 \expandafter\def\expandafter\segmentnum@\expandafter{\number#13}y
43s6 \bsplined@ }

2.1.2 Circles and Ellipses

Here we describe the means to a specify circles of arbitrary radius, drawn with arbitrary line styles.
When large-sized objects are used they are regularly spaced around the circle. Similarly ellipses may
be specified, but only those having major/minor axes aligned in the standard directions; spacing of
objects is no longer regular, but is bunched toward the narrower ends.

Such a circle or ellipse is specified using. . .

\xycircle(vector){(style)}

where the components of the (vector) determine the lengths of the axis for the ellipse; thus giving
a circle when equal. The (style) can be any (conn), as in 3.2 that works with curved arrows—many
do. Alternatively (style) can be any (object), which will be placed equally-spaced about the circle at
a separation to snugly fit the (object)s. If (empty) then a solid circle or ellipse is drawn.

To Do: Recognize special (style)s; e.g. . for dotted with \zerodot, = for a doubled circle — alter
the radius, draw two circles; : for double dotted (perhaps use \doubled®@, \tripled@); > and < for
chevrons; any others?

To use any of these special symbols as the (object) for (style) then enclose it within extra braces,
e.g. \xycircle<20pt>{{>}}.

The curves are not truly circular or elliptical, but are approximations given by cubic Bézier seg-
ments. Hence the xycurve feature must be loaded.

1132 \message{circles,}

The circles are constructed from four Bézier cubic curves, one for each quadrant of the circle
or circle. To do this it is sufficient to establish the control points for each cubic segment. This is
straightforward, using the following “magic number”, given a square basis such that the desired circle
is the unit circle, or rectangular basis for which the “unit circle” is the desired circle.

1443 \xydef@\Circmagic@0{0.5517847}
4444 \xylet@\Circmagic=\Circmagic@@
4445 \xydef@\twoPi0{6.2831852}

sas6 \xydef@\fullPio{3.1415926}

427 \xydef@\halfPi@{1.5707963}

This is the magic number, exactly given by %(\/ﬁ — 13), that helps construct the Bézier cubic
curve that best approximates a quadrant of a circle. It does so with remarkable accuracy, differing
by at most .5% of the radius at any angle; the average deviation along the whole quadrant being less
than .13%. The basic (object) defined here is \circle.

4460 \xynew@{dimen}\L@
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w62 \xydef@\xycircle#1#{\hbox\bgroup\afterVECTORorEMPTY{’
4163 \xyQ@Q@{\RO@=\X0@c \LO=\Y@c}\xycircle@}{\xy@@{\RO=\RQc \LO@=\LOc}\xycircle@}#1@}

4165 \xydef@\xycircle@#10#2{%

asc6  \DN@{#1}\ifx\next@\empty\def\onlyQuad@{}\else \count@=#1\relax

467 \ifnum\count@<5 \advance\count@-3\relax

1468 \ifnum\count@<\z@ \advance\count@ 4\relax\fi \edef\onlyQuad@{\the\count@}y,
169 \else\xyerror@{illegal circle <radius>: must be <vector> or <empty>}{}\fi
aaro \fi \xy@@{\def\circleSTYLE@{#2}}\def\circleSTYLEQ{#2}\xycircle@i}

w72 \xydef@\xycircle@i{\hbox{\vbox{\vskip\L@

4273 \hbox to2\R@{\hfill \buildcircle@ \hfill}\vskip\L@ }}%

aa74  \L@c=\R@ \RQ@c=\R@ \D@c=\L@ \UQ@c=\L@ \def\Leftness@{.5}\def\Upness@{.5}/

4475 \def\Drop@@{\styledboxz@}\def\Connect@0{\straight@\relax}\Edge@c={\circleEdgel}%
aa76  \OBJECT@x}

aa7s \xydef@\adjustMinMaxcirc@#1#2{7

4479 \dimen@=\X0@c \advance\dimen@#1\relax\ifdim\dimen@>\X@max \X@max=\dimen®@\fi

4480 \dimen@=\X@c \advance\dimen®@-#1\relax\ifdim\dimen@<\X@min \X@min=\dimen®@\fi
aas1 \dimen@=\YQ@c \advance\dimen@#2\relax\ifdim\dimen@>\Y@max \Y@max=\dimen®@\fi

4482 \dimen@=\Y@c \advance\dimen@-#2\relax\ifdim\dimen@<\Y@min \Y@min=\dimen®@\fi

4483 }

w85 fh\xydef@\buildcircle@{\save®

4as6 %% \cubicCircleControls@@

as7 % \ifx\circleSTYLE@\empty\DN@{\solidcircle@{}}%

ass %, \else \expandafter\DN@\expandafter{\addDASH@{}}\relax

ass0 % \ifx\next@\circleSTYLE@ \DN@{%

1100 % \expandafter\addDASH@\expandafter{\expandafter{\addDASHG{}}}}%
4191 % \else\DN@{\circledobjects@}\fi\fi\next@ \leave@}

1105 \xydef@\cubicCircleControls@@{\X@origin=\z@ \Y@origin=\z@

1196 \X@xbase=\R@ \Y@xbase=\z@ \XQybase=\z@ \YQ@ybase=\LQ

1197 \vfromcartesian@@1l,0@\czeroEdge@\idfromc@{0@c}’

4198 \vfromcartesian@@0,1@\czeroEdge@\idfromc@{1@c}’

4199 \vfromcartesian@@-1,0@\czeroEdge@\idfromc@{2@c}%

4500 \vfromcartesian@@0,-1@\czeroEdge@\idfromc@{3@cl}’%

4501 \vfromcartesian@@1,\Circmagic@@ @\czeroEdge@\idfromc@{1@m}},
as02 \vfromcartesian@@\Circmagic@@, 1@\czeroEdge@\idfromc@{20m}%
4503 \vfromcartesian@@-\Circmagic@@, 1@\czeroEdge@\idfromc@{3@m}/
450 \vfromcartesian@@-1,\Circmagic@@ @\czeroEdge@\idfromc@{4@m}%
4505 \vfromcartesian@@-1,-\Circmagic@@ @\czeroEdge@\idfromc@{5@m}J,
1506 \vfromcartesian@@-\Circmagic®@@,-10@\czeroEdge@\idfromc@{6Cm}%
a5 \vfromcartesian@@\Circmagic@@,-1@\czeroEdge@\idfromc@{70@m}%
4508 \vfromcartesian@@l,-\Circmagic@@ @\czeroEdge@\idfromc@{8Cm}%

4509 }

4511 \xydef@\doCircleQuadrant@Q#1#2{\save@ \ifcase#2\relax
4512 \doCircleQuadrant@@@{0@c}{1@m}{2@m}{1@c}{#1}\or
1513 \doCircleQuadrant@@@{1@c}{30@m}{4@m}{2@c}{#1}\or
1514 \doCircleQuadrant@@@{2@c}{5@m}{6@m}{3ecI{#1}\or
4515 \doCircleQuadrant@@@{3@c}{70m}{8@m}{00@c}{#1}\or
1516 \doCircleQuadrant@@@{0@c}{1@m}{2@m}{1@cI{#1}\or
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1517 \doCircleQuadrant@@@{1@c}{3em}{4em}{20c}{#1}\or
4513 \doCircleQuadrant@@@{2@c}{5@m}{6@m}{3Cc}{#1}\or
a510 \doCircleQuadrant@@@{3@c}{7@m}{86m}{0@c}{#1}\fi \leave@ }

4521 \xydef@\doCircleQuadrant@QQ#1#2#3#4#5{/,

4522 \cfromid@{#1}\pfromc@\senter@

4523 \cfromid@{#2}\spushc@\cfromid@{#3}\spushc@\cfromid@{#43}7

4524 \let\bstartPLACE@=\empty \connect@\crvs{#5}\relax\sinit@\sleaveQ®
4525 \resetbreaks@}

The hook \dosolidcircle@@ is provided so that back-ends may provide an alternative method to
draw the circles/ellipses. Note that the token following \solidcircle@ will be a group representing
the (style) to be used.

4534 \xydef@\dosolidcircle@#1{%

4535 \cubicCircleControls@@

4536 \doCircleQuadrant@@{#1}1 \relax\Clast@®@
4537 \doCircleQuadrant@@{#1}2 \relax\Clast®@®@
4538 \doCircleQuadrant@@{#1}3 \relax\Clast@®@
4530 \doCircleQuadrant@@{#1}4 \relax\Clast@@}/,

4541 \xydef@\solidcircle@{\dosolidcircle@@}
4542 \xylet@\dosolidcircle@@=\dosolidcircle®

This places objects equally spaced around a circle, according to angular position.

Bug: objects are not equally spaced around ellipses constructed this way. To get regular spacing
around ellipses, in terms or arc-length say, is much more difficult, both theoretically and practically.

To Do: the size of the resulting (object) does not take into account the size of the (object) dropped
around the circle.

4556 \xydef@\circledobjects@{\cubicCircleControls@e

1557 \setboxz@h{\expandafter\object\circleSTYLEG{}}/,

4558 \1fdim\L@>\R@ \dimen@ii=\ht\z@ \advance\dimen@ii \dp\z®@

4550 \1fdim\zz@\dimen@ii \dimen@ii=\wdz@\fi

4560 \else \dimen@ii=\wdz@

4561 \ifdim\zz@\dimen@ii \dimen@ii=\ht\z@ \advance\dimen@ii \dp\z@\fi
as62 \fi \ifdim\zz@\dimen@ii \dimen@ii=2\jot\fi

1563 \expandafter\dimen@\ifdim\L@>\R@ \twoPi@\L@\else \twoPi@\RE\fi
4564 \advance\dimen@.5\dimen@ii

4565 \count@0@=\dimen®@ \count@=\dimen@ii \divide\count@@\count@

1566 \edef\numobjects{\the\count@@}\dimen@=4\p@

4567 \dimen@nth\numobjects\dimen@ I \divide\dimen®@\numobjects\relax
1s6s  \edef\circleseparation@{\expandafter\removePT@\the\dimen@}%

4560 \edef\circleplace@{-\circleseparation@}\placeQuadrants@}/,

4571 \xydef@\placeQuadrants@{\DN@{\placeAllQuadrants@l}y

as72 \ifx\onlyQuad@\undefined\else\ifx\onlyQuad@\empty\else

4573 \DN@{\expandafter\placeCircQuadrant@\expandafter{\onlyQuad@}}’
4574 \fi\fi \next@ }J

4575 fh\def\placeQuadrants@{\placeAllQuadrants@}

4577 \xydef@\placeAllQuadrants@{’

4578 \placeCircQuadrant@{1}7,

4579 \advance\dimen®@-\p@\advance\dimen@-\circleseparation@\p@
1580 \edef\circleplace@{\expandafter\removePT@\the\dimen@}
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4582

4583

4584

4585

4586

4587

CURVE AND SPLINE EXTENSION

\placeCircQuadrant@{2}/
\advance\dimen@-\p@\advance\dimen@-\circleseparation@\p®@
\edef\circleplace@{\expandafter\removePT@\the\dimen@}
\placeCircQuadrant@{3}%
\advance\dimen@-\p@\advance\dimen@-\circleseparation@\p@
\edef\circleplace@{\expandafter\removePT@\the\dimen®@}
\placeCircQuadrant@{4}}

4589 \xydef@\placeCircQuadrant@#1{%

4590

4591

4592

4593

4594

4595

4596

\let\bstartPLACE@=\relax \doCircleQuadrant@@{}#1%
\loop®

\expandafter\dimen@\circleplace@\p@
\advance\dimen@\circleseparation®@\p@
\edef\circleplace@{\expandafter\removePT@\the\dimen®@}%
\ifdim\dimen@<\p@ \placeCircObject@

\repeat@

1598 \xydef@\placeCircObject@{\begingroup

4599

4600

4601

\crvconnect@@ \Creset@@ \Invisible@false
\expandafter\splinealong@\expandafter{\circleplace@}/,
\expandafter\drop\circleSTYLE@{}\endgroup }

1603 \xydef@\buildcircle@{\save®
4604 %, \cubicCircleControls@@

4605

4606

4607

4608

4609

4610

4611

4612

4613

4614

4615

4616

4617

4618

4619

4620

4621

4622

4623

4624

4625

4626

4627

4628

4629

4630

4631

\DNii@{\circledobjects@}

\ifx\circleSTYLE@\empty\DNii@{\solidcircle@{}}%

\else \expandafter\DN@\expandafter{\addDASH@G{}}\relax
\ifx\next@\circleSTYLE@ \DNii@{\solidcircle@{}}%

\else \expandafter\DN@\expandafter{\addEQ@{}}%

\ifx\next@\circleSTYLEQ
\expandafter\circletemplate®@\expandafter{\addEQ@{}}{}%

\else \expandafter\DN@\expandafter{\addDASH@ 2}
\ifx\next@\circleSTYLEQ@ \DNii@{\doublecircle@{}}’

\else \expandafter\DN@\expandafter{\addDASH@ 3},
\ifx\next@\circleSTYLE@ \DNii@{\triplecircle@{}}%

\else \expandafter\expandafter\expandafter\DN@\expandafter\expandafter
\expandafter{\expandafter\addDASH@\addDASHC{}}%
\ifx\next@\circleSTYLE@ \DNii@{\dashedcircle®@{}}’

\else \expandafter\expandafter\expandafter\DN@\expandafter\expandafter
\expandafter{\expandafter\addEQ@\addEQ@{}}’

\ifx\next@\circleSTYLE@ \expandafter\expandafter\expandafter
\circletemplate®@\expandafter\expandafter\expandafter{y
\expandafter\addEQ@\addEQ@{}}2%

\else \expandafter\expandafter\expandafter\DN@\expandafter\expandafter
\expandafter{\expandafter\addEQ@\addEQ@2}

\ifx\next@\circleSTYLEQ@ \expandafter\expandafter\expandafter
\circletemplate@\expandafter\expandafter\expandafter{%
\expandafter\addEQ@\addEQ@{}}27

\else \expandafter\expandafter\expandafter\DN@\expandafter\expandafter
\expandafter{\expandafter\addEQ@\addEQ@3}%

\ifx\next@\circleSTYLE@ \expandafter\expandafter\expandafter

195
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1632 \circletemplate@\expandafter\expandafter\expandafter{’
4633 \expandafter\addEQ@\addEQ@{}}3%

1631 \else \expandafter\DN@\expandafter{\addDOT@{}}\relax

4635 \ifx\next@\circleSTYLE@ \DNii@{\dottedcircle@{}}/

1636 \else \expandafter\DN@\expandafter{\addDOT@2}\relax

4637 \ifx\next@\circleSTYLE@ \DNii@{\dbldottedcircle®{}}/,
1633 \else \expandafter\DN@\expandafter{\addDOT@3}\relax

4630 \ifx\next@\circleSTYLE@ \DNii@{\trpldottedcircle@{}}%
4610 \else \DN@{:}\relax

4621 \ifx\next@\circleSTYLE@ \DNii@{\dbldottedcircle®@{}}/,
4642 % \else\DN@{\circledobjects@}%

4643 \FINFINLINFINFINFINFINEINfiNfi\fi\fi\fi \nextii@ \leave@}

1645 \xydef@\circletemplate@#1#2{\def\circleSTYLE@{\dir#2{#13}}}
1646 \xydef@\doublecircle@#1{},

1647 \advance\R@-\p@ \advance\L@-\p@ \solidcircle®@{}%

1648 \advance\R@ 2\p@ \advance\L@ 2\p@ \solidcircle@{}}

1619 \xydef@\triplecircle@#1{},

4650 \advance\R@-2\p@ \advance\L@-2\p@ \solidcircle@{}},

4651 \advance\R@ 2\p@ \advance\L@ 2\p@ \solidcircle@{}’

1652 \advance\R@ 2\p@ \advance\L@ 2\p@ \solidcircle@{}}

654 fh\xydef@\dashedcircle@#1{\expandafter\expandafter\expandafter
4655 % \circletemplate@\expandafter\expandafter\expandafter{’
1656 7 \expandafter\addDASH@\addDASHO@{}}{}\circledobjects@ 1}%

1658 \xydef@\dottedcircle@#1{}

4659 \expandafter\def\expandafter\circleSTYLE@\expandafter{’,
660 %, \expandafter{\addDOT@{}}1}/

1661 \zerodot@ily

1662 \circledobjects@}

1664 \xydef@\dashedcircle@#1{},
1665 \expandafter\def\expandafter\circleSTYLE@\expandafter{\zerodash@il}y,
1666 \circledobjects@}

166s \xydef@\dbldottedcircle@#1{/

s660 \advance\R@-\p@ \advance\L@-\p@ \dottedcircle@{}/
1670 \advance\R@ 2\p@ \advance\L@ 2\p@ \dottedcircle@{}}
4671 \xydef@\trpldottedcircle@{,

w672 \advance\R@-2\p@ \advance\L@-2\p@ \dottedcircle@{}%
a673  \advance\R@ 2\p@ \advance\L@ 2\p@ \dottedcircle@{}%
4674 \advance\R@ 2\p@ \advance\L@ 2\p@ \dottedcircle®@{}}

1676 {\xyuncatcodes \gdef\next{=<.75\jot>{\zerodot}}}
1677 \xylet@\zerodot@i=\next

4679 {\dimen0=2\xydashl@ \xyuncatcodes

a6s0 \expandafter\gdef\expandafter\next\expandafter{\expandafter
s6s1 =\expandafter<\the\dimenO >_\dir{|}}}

682 \xylet@\zerodash@i=\next
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\xy 0;/rbpc/:*\dir{*}

;pr(.5,-.5)*x\dir{*}="c"
,¥xk\dir{-},*+!UL{c},"c"
,¥\xycircle (1, .4){++\dir{<}}
,¥\xycircle(1,1) {++\dir{>}}
,*¥*\xycircle<15pt, 10pt>{}
;*¥\xycircle<10pt>{{.}}
\endxy

1704 {\xyuncatcodes\gdef\next{--}}
4705 \xylet@\dashcorntemp@@=\next
4706 {\xyuncatcodes\gdef\next{.}}
4707 \xylet@\dotcorntemp@@=\next

4709 \xydef@\dotcorner@#1{},

4710

\expandafter\circleCorner@\expandafter{\dotcorntemp@a}{#11}}/

4711 \xydef@\dashcorner@#1{%

4712

\expandafter\circleCorner@\expandafter{\dashcorntemp@@}{#1}3}

a714 \xydef@\circleCorner@#1#2{\setboxz@h\bgroup

4715

4716

4717

4718

4719

4720

4721

4722

\edef\next{#2\relax\R@=\the\R@\relax\LO=\RC 1}V
\expandafter\xycircle@\next Q@{#1}J

\ifcase#2\or \setboxz@h{\lower\R@\boxz@\kern\X@cl}

\or \setboxz@h{\kern-\R@\lower\R@\boxz@\kern\R@\kern\X@cl}%
\or \setboxz@h{\kern-\R@\lower\R@\boxz@\kern\R@\kern\X@c}y
\or \setboxz@h{\lower\R@\boxz@\kern\X@c}\fi

\wdz@=\R@ \ht\z0=\R@ \dp\z@=\R@ \boxz@

}

2.1.3 Quadratic Splines

197

Quadratic Bézier splines, as distinct from cubic Bézier splines, are constructed from parabolic arcs,

using ‘control points’ to determine the tangents where successive arcs are joined.
Various implementations of such curves exist. The one adopted here is consistent with the xfig

drawing utility and TPIC implementations. These have the property of beginning and ending with
straight segments, half the length to the corresponding adjacent control-point. Furthermore the mid-
point between successive control-points lies on the spline, with the line joining the control-points being
tangent there.

Such curves are specified, either as a (decor) or as an (object), using. ..

\gspline{(style)}
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where the start and end of the curve are at p and c respectively. The control-points are taken from
the current stack, see 1.30. If this stack is empty then a straight line is constructed.

The following example compares the quadratic spline with the gentler curving B-spline having the
same control points, using \crvs.

+

C

£

P +

\xy /r1.5pc/:,+<5pc,3pc>*+{P};p
Q(,+(2,2)x{+}0+, +(2,-2)*{+}0+

,+(2,2)x{+}0+, +(2,0)*x+{C}="C"

,*\gspline{},"C",**\crvs{.}

,@i @) \endxy

If the current stack is empty, simply pass everything to \crvs@, as if the request originated from
a \crvs or \ar. Otherwise we must build up the segments of the spline.

arr2 \xydef@\gspline{\hbox\bgroup\crvresetbreaks@ \xy@spline@}

a774 \xydef@\xy@spline@#1#{\if \sempty@ \DN@{\crvs@{}\resetbreaks@}/,
a5 \else\DN@{\xy@spline@i{#1}}\fi \next@ }%

The #1 parameter to \xy@spline@i is to allow alternative implementations; currently it is ignored.
When #1 is indeed empty,

ars3 \xydef@\xyO@spline@i#1#2{\def\splineSTYLE@{#2}/
4784 \DN@{\xy@spline@ii}\DNii@{#11}}
arss \ifx\nextii@\empty\DN@{\xy@spline@iiQ@@}\fi \next@ }

ars7 \xydef@\xy@spline@ii{\save@ \cfromp@\idfromc@{@pl}’,

a1ss \enter@\cplusthec@ \count@@=\s@top\advance\count@@\m@ne
ars9 \cfroms@{\count@@}\leave@

4790 \halve@dimen\X@c % \divide\X@c\tw®@

aro1 \halve@dimen\YQ@c % \divide\Y@c\tw@

a92 \czeroEdge@ \idfromc@{@c}%

4793 \expandafter\doSplineStraight@\expandafter{\splineSTYLEQ}%
4794 \count@=\@ne \edef\next@{\the\count@}},

4795 \1fx\next@\s@top\DN@{\xy@spline@iv}\else\DN@{\xy0Qspline@iii}\fi
a796  \next@ }

4797 \xylet@\xy@spline@ii@@=\xy@spline@ii

4799 \xydef@\xyQ@spline@iii{\crv@cnt@=\s@top
aso0 \loop \advance\crv@cnt@\m@ne \xy@spline®@g \ifnum\crv@cnt@>\One\repeat
4501 \xy@spline@iv}

1803 \xydef@\xy0@spline@g{\cfromid@{@c}\idfromc@{@pl}’

g4 \count@@=\crv@cnt@\cfroms@{\count@e}\idfromc@{Om}’

1805 \enter@\cplusthec@ \count@@=\crv@cnt@ \advance\count@@\m@ne
406 \cfroms@{\count@@}\leave®

as07  \halve@dimen\X@c % \divide\X@c\tw®@

asos  \halve@dimen\YQ@c % \divide\Y@c\tw@

4809 \czeroEdge@\idfromc@{@cl}Y

as10  \expandafter\doSplineSegment@\expandafter{\splineSTYLE@}}
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4812

4813

4814

4815

4816

4817

4818

4819

4821

4822

4823

4824

4826

4827

4828

4829

4831

4832

4833

4835

4836
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\xydef@\xy0@spline@iv{\cfromid@{@c}\idfromc@{@p}’
\cfroms@{\z@}\idfromc@{@m}\leave@ \saveQ
\enter@\cplusthec@ \cfromid@{@m}\leave@

\halve@dimen\X@c 7% \divide\X@c\tw®@

\halve@dimen\YQc % \divide\Y@c\tw@
\czeroEdge@\idfromc@{@c}%
\expandafter\doSplineSegment@\expandafter{\splineSTYLE@}
\xy@spline®@v }

\xydef@\xy@spline@v{\cfromid@{@c}\idfromc@{@p}’

\leave@ \save@ \idfromc@{@cl}/
\expandafter\doSplineStraight@\expandafter{\splineSTYLEQ}
\xy@spline®@x }

\xydef@\xy@spline@x{\leaveQ

\def\Drop@@{\splineDrop@ \resetbreaks@}y,
\def\Connect@@{\straight@\relax\splineConnect@ \resetbreaks@}
\OBJECT®@x}

\xydef@\splineDrop@{\ifInvisible®@\setboxz@h{}/
\else\setboxz@h{\kern-\the\X@c\raise-\the\Y@c\hbox{\styledboxz@}}\fi
\wdz@=\z@ \ht\z0=\z@ \dp\z@=\z@ \boxz@ }

\xydef@\splineConnect@{Y
\ifInvisible@\else\box\lastobjectbox@\fi }%

The initial and final points in a segment are stored as @p and @c respectively. Where needed, the

control is in @m.

4843

4844

4845

4847

4848

4849

\xydef@\doSplineStraight@#1{\begingroup \sinit@
\cfromid@{@p}\pfromc@\cfromid@{@cl}y,
\connect@\crvs{#1}\relax\sleave@\endgroup }

\xydef@\doSplineSegment@#1{\begingroup \sinit®@
\cfromid@{@p}\pfromc@\senter@\cfromid@{@m}\spushc@\cfromid@{@c}y
\connect@\crvs{#1}\relax\sinit@\sleave@\endgroup }

The end & Log

4857

4859

4860

4861

4862

4863

4864

4865

4866

4867

4868

4869

4870

4871

4872

\xyendinput

% $Log: xycurve.doc,v $

% Revision 3.12 2011/03/14 20:14:00 krisrose
% Preparing for release 3.8.6.

A

% Revision 3.11 2010/06/10 18:45:50 krisrose
% Reference to GPL by URL.

h

% Revision 3.10 2010/05/06 17:46:29 krisrose
% Ross Moore’s e-mail address updated.

% Many obsolete files degraded to Historic.

b

% Revision 3.9 2010/05/06 03:48:05 krisrose
% Fixed missing references.

A
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as73 % Revision 3.8 2010/04/16 06:06:52 krisrose
4874 o Preparing for a new release...

4875 %

4876 , Revision 3.7 1999/02/16 15:12:50 krisrose
4877 /y Interim release (Y&Y fonts now free).

4878 Y

4879 » Revision 3.6 1998/03/06 01:28:05 krisrose
1ss0 o Releasing (with Y&Y fonts).

4881 %

4ss2 % Revision 3.4 1997/05/18 01:13:24 ross
4883 o Essential bugfixes.

4884 %

4ss5 o Revision 3.3 1996/12/18 09:01:45 ross
4836 /» major revisions for the new BREAK methods
4837 , spline edge-finding is more robust

asss o spline-breaks fully implemented

4839 , intersections of curve with straight connections implemented
4800 % improved tracings

1801 % adjusted methods for styles

4892 %

4803 o Revision 3.2 1995/09/19 18:20:20 ross
4804 % Bug fix release.

4895 %

4896 o Revision 3.1 1995/09/05 20:36:33 ross
807 /o Release!

4898 %

az00 4 Revision 3.0 1995/07/07 20:13:19 ross
4900 %, Major release w/new User’s Guide!

4901 %

1902 % Revision 2.13 1995/07/05 07:58:43 ross
4903 %, Ready for v3 release?

4904 %

4905 % Revision 2.12 1994/10/25 03:01:14 ross
4906 /, Final 3beta release [bug fixes & AMS-LaTeX fitting].
4907 %

1908 % Revision 2.12 1994/09/05 08:22:11 ross
4909 J, incorporates some speed-ups, extra documentation
4910 %

1911 % Revision 2.11 1994/07/05 09:27:52 ross
4912 , Minor fixes; use 2.11 kernel stack code.
1913 %

4914 , Revision 2.9 1994/06/09 14:50:54 ross
1915 4 Release 3beta.

4916 %

a017  Revision 2.8 1994/04/08 10:36:40 ross
1918 % Second 3alpha release.

4919 %

1920 % Revision 2.7 1994/03/08 02:06:01 kris
1921 , Release 3alpha.
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4922 %
4923 % Revision 2.6.9.1 1994/03/07 04:22:46 ross
4924 4, Last internal 3alpha and pre-2.7 release.

4925 %
4926 %o NEW for version 2.7 inspired by Knuth’s picmac.tex.

2.2 Frame and Bracket extension

Vers. 3.14 by Kristoffer H. Rose (krisrose@tug.org)

The frame extension provides a variety of ways to puts frames in Xy-pictures.

Header:

10

11

12

13

14

15

16

17

18

19

20

21

22

23

25

26

27

%% $Id: xyframe.doc,v 3.14 2012/05/24 00:30:38 krisrose Exp $
o
%% Xy-pic ¢ ‘Frames and Brackets’’ extension.
%% Copyright (c) 1991-1997 Kristoffer H. Rose <krisrose@tug.org>
hto
%% This file is part of the Xy-pic package for graphs and diagrams in TeX.
%% See the companion README and INSTALL files for further information.
%% Copyright (c) 1991-2011 Kristoffer H. Rose <krisrose@tug.org>
hto
%% The Xy-pic package is free software; you can redistribute it and/or modify
%% it under the terms of the GNU General Public License as published by the
%% Free Software Foundation; either version 2 of the License, or (at your
%% option) any later version.
hto
%% The Xy-pic package is distributed in the hope that it will be useful, but
%% WITHOUT ANY WARRANTY; without even the implied warranty of MERCHANTABILITY
%% or FITNESS FOR A PARTICULAR PURPOSE. See the GNU General Public License
%% for more details.
hte
%% You should have received a copy of the GNU General Public License along
%% with this package; if not, see http://www.gnu.org/licenses/.
hh
\ifx\xyloaded\undefined \input xy \fi
\xyprovide{frame}{Frame and Bracket extension}{\stripRCS$Revision: 3.14 $}J
{Kristoffer H. Rose}{krisrose@tug.org}ti
{IBM T.” J.\ Watson Research Center, P.0."Box 704, Yorktown Heights, NY 10598 (USA)}

The frames are Xy-pic (object)s on the form

\frm{ (frame) }

to be used in (pos)itions: Dropping a frame with *. .. \frm{(frame)} will frame the c object; connecting
with *x. . \frm{... (frame)} will frame the result of c.p.
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Xy-pic interface The frames are integrated in Xy-pic as (object)s as follows. They generate a dummy
object, then define the \Drop@@ action to place the requested frame. The \Connect@®@ operation is
defined to place the requested frame around the current and the previous object (using the \cmerge@
command of the kernel).

61 \xydef@\frm{\hbox{}\dimen@=\L@c \advance\dimen@\ROc \wdz@=\dimen@

62 \ht\z@=\UGc \dp\z@=\D@c \dimen@=\UQc \advance\dimen®@\D@c

63 % \ifdim\wdz@=\z@ \def\Leftness@{0}\else \quotient@\Leftness@\LOc\wdz@ \fi

64 % \ifdim\dimen@=\z@ \def\Upness@{0}\else \quotient@\Upness@\UQc\dimen@ \fi

65  \ifdim\wdz@=\z@ \def\Leftness@{.5}\else \quotient@\Leftness@\LO@c\wdz@ \fi

66 \ifdim\dimen@=\z@ \def\Upness@{.5}\else \quotient@\Upness@\U@c\dimen®@ \fi

67 \expandafter\Edge@c\expandafter{\prevEdge@@}\let\frmradius@0=\z@

6s  \def\Drop@e{}%

6o \def\Connect@0{\xy0@{\save@\cmerge@\Y@p\XCp\DOp\UCp\LOp\RCp\Drop@@}\restorel}y
w0 \xyFNO\frm@i}

72 \xylet@\frmradius@@=\z@

72 \xydef@\frm@i{%
75 \addLT@\ifx\next \addGT@{\addLT@\DN@##1}{\def\frmradius@{##1}\xyFNO\frm@i}j
76 \else \DNO##1##{\frm@{##1}}\fi \next@}

The main command is \frm@ which looks up if a custom control sequence is available for the
requested frame or whether the generic ‘curve along the edge’ code should be invoked.

s+ \xydef@\frmO#1#2{\DNii@{frm#1{#2}}/,

s5  \expandafter\let\expandafter\next@\csname\codeof\nextii@\endcsname
ss  \ifx\next@\relax \DNii@{frm{#2}}%

87 \expandafter\let\expandafter\next@\csname\codeof\nextii@\endcsname
88 \ifx\next@\relax \let\next@=\frmOgeneric \fi\fi \next@}

90 \xydef@\frm@generic{\xyerror@{No generic frames yet'!}{}}

This extra command is used to define \Drop@@ for each frame such that \frmradius@Q is available.

o7 \xydef@\frmDrop@#1{%

98 \ifx\frmradius@@\z@ \addtoDrop@@{\let\frmradius@0=\z@ #13}%

99 \else \expandafter\addtoDrop@@\expandafter{’

100 \expandafter\def\expandafter\frmradius@0\expandafter{\frmradius@@}#1}\fi}

102 \xydef@\EdgefromtheEdge@{’,

103 \U@c=\the\UGc \D@c=\the\D@c \LOc=\the\LOc \R@c=\the\RGc

104 \Edge@c={\expandafter\noexpand\the\Edge@cl}}

105 \xydef@\prevEdgefromtheEdge@{’,

106 \U@c=\the\UGc \D@c=\the\D@c \L@c=\the\LOc \RG@c=\the\RQc

107 \noexpand\def\noexpand\prevEdge@@{\expandafter\noexpand\the\Edge@cl}}

109 \xydef@\addtoDrop@@#1{’

110 \expandafter\def\expandafter\Drop@@\expandafter{\Drop@e#1}}
111 \xydef@\addbeforeDrop@@#1{\DNii@{#1}%

12 \expandafter\DN@\expandafter{\expandafter\nextii@\Drop@Qal}}
13 \expandafter\expandafter\expandafter\def

114 \expandafter\expandafter\expandafter\Drop@@

115 \expandafter\expandafter\expandafter{\next@}}

Below we distinguish between ‘ordinary’ frames, ‘brackets’ and ‘fills’; last we present how some
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frames can be added to other objects using object modifier (shape)s.

2.2.1 Frames

Figure 2.2 shows the possible frames and the applicable (modifier)s with reference to the notes below.

Notes
2.2a. The \frm{} frame is a dummy useful for not putting a frame on something, e.g., in macros that
take a (frame) argument.

200 \xydefcsname@{frm{}}{}
205 \xyletcsnamecsname@{frm[]{}}Hfrm{}}
206 \xyletcsnamecsname@{frm[o] {} H{frm{}}

2.2b. Rectangular frames include \frm{.}, \frm{-}, \frm{=}, \frm{--}, \frm{==}, and \frm{o-}.
They all make rectangular frames that essentially trace the border of a rectangle-shaped object.

The (frame)s \frm{-} and \frm{=} allow an optional corner radius that rounds the corners of
the frame with quarter circles of the specified radius. This is not allowed for the other frames—
the \frm{o-} frame always gives rounded corners of the same size as the used dashes (when
\xydashfont is the default one then these are 5pt in radius).

Exercise 2.4: How do you think the author typeset the following?

@

(p.578)
The commands still hack away with rules and stuff. ..

\frm{.} just fills the edges of the object rectangle border with dots using dots as in dotted
connections in the kernel.

250 \xydefcsname@{frm{.}}{\frmDrop@{\let\zerocorner=\framezerodot@a
251 \let\framehfill=\frm@doth@@ \let\framevfill=\frm@dotvo@
252 \framed@@{\frmradius@@}}}

254 \xyletcsnamecsname@{frm[]{.}}{frm{.}}

256 \xydef@\frm@doth@@{\setboxz@h{\kern5\B@\framezerodot@@\kern5\B@}\ht\z0=\BO
257 \dp\z@=\B@\kern5\B0@\xleaders\boxz@\hss\kern5\Ba}

258 \xydef@\frm@dotv@@{\setboxz@h to2\BO@{\hss\framezerodot@@\hss}\ht\z0=5\B@
250 \dp\z@=5\B@\kern5\B@\xleaders\boxz@\vss\kern5\BQ}

261 \xyletcsnamecsname@{frm{..}}{frm{.}}
263 \xylet@\framezerodot@@=\zerodot
The \frm(variant){-} and \frm(variant){=} set a single/double frame that just surrounds the

current object; if a (radius) is given then it should be a <{(dimen)> where the (dimen) will be used
for the corner radius.

The commands for \frm{-} and \frm{=} are quite similar in that they just call \framed@ one
or two times, respectively, with the corner radius and L, R, D,U extents reflecting the size of the
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frame. \framed@ then sets the horizontal and vertical fill commands to generate rules of the right
length, then calls \framed@@ where the real work is done.

\xydefcsname@{frm{-}}{\frmDrop@{\framed@\frmradius@@}}
\xyletcsnamecsname@{frm[J{-}}{frm{-}2}

\xydef@\framed@{\let\zerocorner=\framezerodot@@
\let\framehfill=\frm@solidh@@ \let\framevfill=\frm@solidv@@ \framed@@}

\xylet@\framesetthick@=\relax

\xydef@\frm@solidh@@{\framesetthick@\leaders\hrule height\BQ@ depth\BO\hfill}
\xydef@\frm@solidv@@{\framesetthick@\leaders\vrule width2\B@\vfill}

\xydefcsname@{frm{=}}{\frmDrop@{\framed@\frmradius@@
{\advance\LOc-2\p@ \advance\RQ@c-2\p@ \advance\UQc-2\p@ \advance\DQ@c-2\p@
\dimen@=\frmradiusQQ@
\ifdim\dimen@>2\p@ \advance\dimen@-2\p@ \else \dimen@=\z@\fi
\framed@\dimen@}}}

\xyletcsnamecsname@{frm[]{=}}{frm{=}}

When the line extension is also loaded then we use the line thickness for frames:
\xydef@\framesetthick@line{\B@=.5\xylinethick@}

\xydef@\frm@thickc@@{\hbox{\framesetthick@line
\vrule height.5\B@ depth.5\B@ width\B@}}

\xywithoption{line}{%
\let\framezerodot@@\frm@thickc@@ \let\framesetthick@=\framesetthick@line}

\framed@@ is where we build a box with the sides of the frame displaced appropriately. To
DoGeneralise this to handle any directional!

yA Procedure:

yA %0 setup hrulefill and vrulefill as apropriate...

% %1 Lower R to be less than half of both (U+D) and (L+R).

% %2 Start vbox at (X-L,Y-D) except center overshoot.

% %3 Generate corner C04 at R; w[\A@] := -1/2 width(corner);
% r[\B@] := 1/2 rulewidth; h[\dimen@ii] := U+D+2w;

% %4 Row 1: hbox to W{kern w C04 hrulefill CO3 kern w}.

% %5 Row 2: hbox to W{kern-r vbox to h{vrulefill}

yA hfill vbox to h{vrulefill} kern-r}.

% %6 Row 3: hbox to W{kern w CO1 hrulefill CO2 kern w}.

\xydef@\framed@0#1{\setboxz@h{\RC=#1\relax
\dimen@=\L@c \advance\dimen@\R@c \dimen@ii=\U@c \advance\dimen@ii\D@c %1
\ifdim.5\dimen@<\R@ \R@=.5\dimen@ \fi
\ifdim.5\dimen@ii<\R@ \R@=.5\dimen@ii \fi
\A@=\X@c \advance\A@-\L@c \B@=\YQc \advance\B@-\D@c %2
\ifdim\R@<\p@\else \cirrestrict@@ \fi
\dimen@=2\R@ \advance\dimen@-\L@c \advance\dimen®@-\R@c
\ifdim\dimen@>\z@ \advance\A@-.5\dimen@ \fi
\dimen@=2\R@ \advance\dimen®@-\UQc \advance\dimen®@-\D@c
\ifdim\dimen@>\z@ \advance\B@-.5\dimen@ \fi
\kern\A@ \raise\B@\vbox to \dimen@ii{\framed@body@®@}1}%
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330 \ht\z0=\z@ \dp\z0=\z0@ \wd\z@=\zQ@ \boxzQ}

311 \xydef@\framed@body@{7

342 \advance\dimen@ii.22\p@ \advance\dimen®@-.2\pQ@

313 \setboxz@h{\corn@@4\RQ}\A@=-.5\wdz@ \BQ@=.5\xydashw@ %3
324 \dimen@=\L@c \advance\dimen@\R@c \advance\dimen®@-.2\p@

345 \setboxz@h to\dimen@{\kern\AQ@ \boxz@ \framehfill\corn@@3\R@\kern\AQ}%4

sa6  \advance\dimen@ii-\dp\z@ \kern-\ht\z@ \nointerlineskip\boxz@

sa7 \dimen@=\L@c \advance\dimen@\R@c \advance\dimen@-.2\p®@

3as \setboxz@h to\dimen@{\kern\A@\corn@@1\R@\framehfill\corn@82\RO\kern\AQ}%6
340 \advance\dimen@ii-\ht\z@

350 \dimen@=\L@c \advance\dimen@\RQc \advance\dimen@.2\p@

351 \nointerlineskip\hbox to\dimen@{% %5
352 \setbox\z@=\vbox to\dimen@ii{\framevfill}\kern-.5\wdz@\copy\z@

353 \hss \copy\z@\kern-.5\wdz@ }%

354 \nointerlineskip\boxz@ \vss \kern\z@}

356 \xylet@\framed@body@@=\framed@body®@
358 \xylet@\zerocorner=\framezerodot@@

se0 \xydef@\solidcorner@#1#2{\hbox\bgroup \R@=#2\relax

361 \ifdim\R@<\p@ \zerocorner

se2  \else \cirrestrict@@ \multiply\count@8 Y%

363 \setboxz@h{\corn0x@0{#1}}\dimen@=\wdz@

364 \ifcase#1\or \ht\z0=\z@ \kern\dimen@ \raise\dimen®@\boxz@
365 \or \ht\z@=\z@ \raise\dimen®@\boxz@ \kern\dimen®

se6  \or \dp\z@=\z@ \lower\dimen®@\boxz@ \kern\dimen@

367 \or \dp\z@=\z@ \kern\dimen@ \lower\dimen®@\boxz@ \fi

s36s  \vrule height\dimen@ depth\dimen®@ width\z@\fi

369 \edef\tmp@{\egroup \U@c=\the\dimen@}\tmp@ \D@c=\UGc \L@c=\U@c \RQ@c=\UQc
370 \Edge@c={\circleEdgel}\ignorespaces}

372 \xydef@\corn@x@#1{\ifcase#1\or
373 \circhar@@\z@ \circhar@@\@ne\or\circhar@@\tw@ \circhar@@3\or
374 \circhar@@5\circhar@@4\or\circhar@@7\circhar@@6\fi}

376 \Xxylet@\corn@x@@=\corn@xQ

378 \xydef@\corn@0{\DN@{\solidcorner@}y
379 \ifx\framehfill\frm@doth@@ \DN@{\let\cirrestrict@@=\relax

380 \let\corn@x@@=\dotcorner@@ \let\zerodot=\framezerodot@®@

381 \solidcorner@ 1}Y%

382 \else\ifx\framehfill\frm@dashh@@ \DN@{\let\cirrestrict@@=\relax
383 \let\corn@x@0@=\dashcorner@@ \let\zerodot=\framezerodot®@®

384 \solidcorner@ 1}

385 \fi\fi \next@}

3s7 \xydef@\dotcorner@@#1{\zerocorner}
3ss \xydef@\dashcorner@@#1{\zerocorner}

o \xywithoption{curve}{%
301 \let\dotcorner@@=\dotcorner@ \let\dashcorner@@=\dashcorner@}

3

<o

The dashed frames ‘dash’ with the dash used for dashed lines.
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\xydefcsname@{frm{--}}{/
\frmDrop@{\let\zerocorner=\framezerodot@@
\let\framehfill=\frm@dashh@@ \let\framevfill=\frm@dashveQ
\framed@@\frmradius@@}}

\xyletcsnamecsname@{frm[]{--}}{frm{--}}

\xydef@\frm@dashh@@{\setboxz@h{\dashhfillchar}/
\ht\z0@=\B@ \dp\z@=\B@ \wdz@=2\xydashl@
\copy\z@ \xleaders\copy\z@\hss \boxz@\kern-\xydashl@}
\xydef@\frm@dashv@@{\setboxz@h to2\B@{\hss\dashvfillchar\hss}\ht\z@=\z0
\dp\z@=2\xydashl@ \nointerlineskip\copy\z@ \xleaders\copy\z@\vss
\nointerlineskip\boxz@\kern-\xydashl@}%

\xydef@\dashhfillchar{{\rDirection@\xydashl@ \1line@@}}
\xydef@\dashvfillchar{{\dDirection@\xydashl@ \line®@}}

Bug: Setting the corner-radius to less than 10pt has no effect when using \frm{o-}; instead a
default size of .8\xydashl@ is used.

\xydefcsname@{frm{o-}}{Y%

\ifdim\frmradius@@<2\xydashl@\relax \dimen@=.8\xydashl®@
\expandafter\def\expandafter\frmradius@@\expandafter{\the\dimen@}\fi
\frmDrop@{\let\zerocorner=\framezerodot®@@
\let\framehfill=\frm@rddashh@@ \let\framevfill=\frmO@rddashv@e@
\framed@0\frmradius@@}}/,

\xydef@\frm@rddashh@@{\setboxz@h{\kern\xydashl@\dashhfillcharl}y,
\ht\z@=\B@ \dp\z@=\B@ \copy\z@ \xleaders\copy\z@\hss \boxz@ \kern\xydashl@}
\xydef@\frmO@rddashv@@{\ifdim\dimen@ii<2\xydashl@\else
\setbox\z@=\vbox to2\xydashl@{\hbox to2\B@{\hss\dashvfillchar\hss}\vss}’
\kern\xydashl@ \copy\z@ \xleaders\copy\z@\vss
{\ifdim\dimen@ii<2\xydashl@\else\aftergroup\boxz@\fi}\fi}

2.2c. The frame \frm{,} puts a shade, built from rules, into the picture beneath the (assumed rect-
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angular) object, thereby giving the illusion of ‘lifting’ it; \frm<(dimen)>{,} makes this shade
(dimen) deep.

\frm{-,} combines a \frm{-} with a \frm{,}.

A black rule is just that, a shade is two rules placed under and left of the rectangular object
outline.

\xydefcsname@{frm{,}}{%
\ifx\frmradius@@\z@ \shaded@{1l.2\p@}\else \shaded@\frmradius@@ \fi}

\xydef@\shaded@#1{\frmDrop@{\RC=#1\relax
{\advance\X@c\R@ \advance\Y@c-\D@c \U@c=\z@ \D@c=\RQ@ \blacked@}Y
{\advance\X@c\R@c \advance\Y@c-\R@ \L@c=\z@ \R@c=\R@ \blacked@}}}

\xydefcsname@{frm{-,}}{\addtoDropee{\drop\frm{-}\drop\frm{,}}}

\xydef@\blacked@{\setboxz@h{Y
\A@=\X@c \advance\A@-\L@c \dimen@=\L@c \advance\dimen®\R@c
\B@=\Y0@c \advance\B@-\D@c \dimen@ii=\Y@c \advance\dimen®@ii\U@c
\advance\A@-.5\xydashw@

% \advance\BO@-\xydashw@ \advance\dimen@ii-.5\xydashw@
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a6 \kern\AQ@ \blacked@@ }%
465 \ht\z@=\z@ \dp\z@=\z@ \wd\z@=\zQ@ \boxz@}

467 \xydef@\bblacked@{\setboxz@h{%

a6s  \dimen@=\LOc \advance\dimen@\R@c \BO@=-\D@c \dimen@ii=\UQc
469 \kern-\L@c \blacked@@ \kern-\dimen@ \kern\L@cl}

a0 \ht\z@=\z@ \dp\z@=\z@ \wd\z@=\z@ \boxz@}

a2 \xydef@\blacked@@{\vrule width\dimen@ depth-\B@ height\dimen@ii}
The \blacked option is subsumed within a more general \filled; see below.

2.2d. Circles done with \frm{o} have radius as (R + L)/2 and with \frm<(dimen)>{o} have radius
as the (dimen); \frm{oo} makes a double circle with the outermost circle being the same as that

of \frm{o?}.

Exercise 2.5: What is the difference between *\cir{} and *\frm{o}? (p.578)

195 \xydefcsname@{frm{o}}{%

196 \ifx\frmradius@@\z@

497 \frmDrop@{\dimen®=.5\L@c \advance\dimen®@.5\R@c

198 \let\framehfill=\frm@so0lidh@@ \let\framevfill=\frm@solidv@@
499 \circled@\dimen@}%

500 \else

500 \frmDrop@{\let\framehfill=\frm@solidh@@

502 \let\framevfill=\frm@solidv@@ \circled@\frmradius@@}Y

s03  \fi}

s05 \xydefcsname@{frm{oo}}{%

506  \ifx\frmradius@@\z@

507 \frmDrop@{\dimen@=.5\L@c \advance\dimen®@.5\R@c

508 \let\framehfill=\frm@solidh@@ \let\framevfill=\frm@solidvea@
509 {\circled@\dimen@}\advance\dimen@-2.1\p@ \circled@\dimen®@}%
510 \else

511 \frmDrop@{\dimen@=\frmradius@@

512 \let\framehfill=\frm@solidh@@ \let\framevfill=\frm@solidvQe
513 {\circled@\dimen@}\advance\dimen@-2.1\p@ \circled@\dimen®@}%,
st \fi}

516 \xydef@\circled@#1{\setboxz@h\bgroup \RO@=#1\relax

517 \setboxz@h{\vbox{\circled@x@Q@}}/

515 \A@=\XQc \advance\AQ@-.5\wd\z@

519 \B@=\Y@c \advance\B@-.5\ht\z@ \advance\B@.5\dp\z@ \advance\B@.2\p@
520  \edef\tmp@{\egroup\dimen@=\the\wdz@}/

521 \kern\A@ \raise\B@\boxz@

522 \tmp@ \divide\dimen@4 \ht\z@=\z@ \dp\z@=\zQ@ \wd\z@=\z@ \boxz@}

524 \xydef@\circled@x@{\hbox{\corn@e4\R@ \corn@@3\Re}},
525 \nointerlineskip\hbox{\corn@@1\R@ \corn@@2\RO}}
526 \xylet@\circled@x@@=\circled@xQ

The code here is repetitive and could be improved. The only purpose of \1let\framehfill=\frm@dashh@@
etc. is to serve as a marker for the required style: solid/dashed/dotted.

53¢ \xydefcsname@{frm{.o}}{%
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\ifx\frmradius@@\z@ \frmDrop@{\let\framehfill=\frm@dotheQ
\dimen@=.5\L@c \advance\dimen®@.5\R@c \circled@\dimen@}},
\else
\frmDrop@{\let\framehfill=\frm@doth@@ \circled@\frmradius@@}
\fi}
\xydefcsname@{frm{-o0}}{/%
\ifx\frmradius@@\z@ \frmDrop@{\let\framehfill=\frm@dashh@®
\dimen@=.5\L@c \advance\dimen@.5\RO@c \circled@\dimen@}%
\else
\frmDrop@{\let\framehfill=\frm@dashh@@ \circled@\frmradius@@}y,
\fi}

2.2e. Ellipses specified using \frm{e} have axis lengths (R + L)/2 and (U + D)/2, while those with
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\frm<(dimen,dimen)>{e} use the given lengths for the axes. \frm{ee} makes a double ellipse with
outermost ellipse being the same as that of \frm{e}.

Without special support to render the ellipses, either via a (driver) or using the arc feature, the
ellipse will be drawn as a circle of radius approximately the average of the major and minor axes.

\xydefcsname@{frm{e}}{\ellipse@whichfrm@\ellipsesolidframed@}
\xydefcsname@{frm{.e}}{\ellipse@whichfrm@\ellipsedotframed@}y,
\xydefcsname@{frm{-e}}{\ellipse@whichfrm@\ellipsedashframed@}y,

\xydefcsname@{frm{ee}}{\ellipse@whichdblfrm@\ellipsesolidframed@}
\xydefcsname@{frm2{.e}}{\ellipse@whichdblfrm@\ellipsedotframed@}’
\xydefcsname@{frm2{-e}}{\ellipse@whichdblfrm@\ellipsedashframed@}y

\xyletcsnamecsname@{frm[o] {-}}{frm{e}}
\xyletcsnamecsname@{frm[o] {=}}{frm{ee}}

5 \xyletcsnamecsname@{frm[o]{.}}{frm{.e}}

\xyletcsnamecsname@{frm[o]{--}}{frm{-e}}

\xydef@\ellipse@whichfrm@#1{%
\ifx\frmradius@@\z@
\frmDrop@{#1\dimen®@=.5\Lec \advance\dimen®.5\RAc
\dimen@ii=.5\U@c \advance\dimen®ii.5\D@c
\edef\next@{\noexpand\ellipsed@{\the\dimen@}{\the\dimen@ii}}\next@ 1}
\else
\frmDrop@{#1\expandafter\ellipsed@i@\frmradius@@, ,@Q}}
\fi}
\xydef@\ellipse@whichdblfrm@#1{%
\ifx\frmradius@@\z®@
\frmDrop@{#1\dimen®@=.5\L@c \advance\dimen@.5\RQc
\dimen@ii=.5\U@c \advance\dimen®@ii.5\D@c
\edef\next@{\noexpand\ellipsed@e@{\the\dimen@}{\the\dimen@ii}}\next@ 1}%
\else
\frmDrop@{#1\expandafter\ellipsed@ei@\frmradius@@, ,@0}%
\fi}
\xydef@\ellipsed@i@#1,#2,#300{\DNii@{, }\DNe{#3}/,
\ifx\next@\nextii®@
\dimen@=#1\relax \dimen@ii=#2\relax
\edef\next@{\noexpand\ellipsed@{\the\dimen@}{\the\dimen®ii}}%
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60 \else \ifx\next@\empty \DN@{#2}%
601 \ifx\next@\empty \DN@{#1}%

602 \dimen@=.5\L0c \advance\dimen@.5\R0c
603 \dimen@ii=.5\U@c \advance\dimen®@ii.5\D@c
604 \edef\next@{\noexpand\ellipsed@{\the\dimen@}{\the\dimen@ii}}’

605  \else \dimen@=#1\relax

606 \edef\next@{\noexpand\ellipsed@{\the\dimen@}{\the\dimen@ii}}%
607 \fi

60s \else\xywarning@{ignoring extra tokens in elliptical frame: #3 }J
609 \dimen@=#1\relax \dimen@ii=#2\relax

610 \edef\next@{\noexpand\ellipsed@{\the\dimen@}{\the\dimen@iil}}’

611 \fi\fi \next@ }

5 \xydef@\ellipsed@ei@#1,#2,#300{\DNii@{,}\DNO{#3}%

614 \ifx\next@\nextii@

615 \dimen@=#1\relax \dimen@ii=#2\relax

616  \edef\next@{\noexpand\ellipsed@e@{\the\dimen@}{\the\dimen®@ii}}V
617 \else \ifx\next@\empty \DNO{#2}%

618 \ifx\next@\empty \DN@{#1}%

619 \dimen@=.5\L@c \advance\dimen®@.5\RQc

620 \dimen@ii=.5\UQc \advance\dimen®ii.5\D@c

621 \edef\next@{\noexpand\ellipsed@e@{\the\dimen®@}{\the\dimen@iil}}%
622 \else

623 \dimen@=#1\relax

624 \edef\next@{\noexpand\ellipsed@e@{\the\dimen@}{\the\dimen@}}7
625 \fi

626 \else\xywarning@{ignoring extra tokens in elliptical frame: #3 }%
627 \dimen@=#1\relax \dimen@ii=#2\relax

628 \edef\next@{\noexpand\ellipsed@e@{\the\dimen@}{\the\dimen@ii}}/,
620 \fi\fi \next@ }

631 \xydef@\ellipsed@e@#1#2{%

632 \dimen@=#1\relax \dimen@ii=#2\relax

633 \edef\next@{\noexpand\ellipsed@{\the\dimen@}{\the\dimen@ii}}\next@

631 \dimen@=#1\relax \dimen@ii=#2\relax

635  \ifdim\dimen@>2\p@ \advance\dimen@-2\p@ \else \dimen@=\z@\fi

636 \1fdim\dimen@ii>2\p@ \advance\dimen@ii-2\p@ \else \dimen@ii=\z@\fi

637 \edef\next@{\noexpand\ellipsed@{\the\dimen@}{\the\dimen@ii}}\next@ 1}/,

639 \xydef@\ellipsed@#1#2{\setboxz@h\bgroup \relax

640 \setboxz@h{\vbox{\ellipsed0x@C{#1}{#2}}}%

641 \A@=\X@c \advance\AQ-.5\wd\z@

642 \B@=\YQc \advance\B@-.5\ht\z@ \advance\B@.5\dp\z@ %\advance\B@.2\p@
613 \edef\tmp@{\egroup\dimen@=\the\wdz@}%

62« \kern\A@ \raise\B@\boxz@

645 \tmp@ \divide\dimen@4 \ht\z@=\z@ \dp\z@=\z@ \wd\z@=\zQ@ \boxzQ}

647 \xydef@\ellipsed@i#1#2{{\R@c=#1\relax\L@c=\RQc
6as  \UQc=#2\relax\D@c=\UQc \ellipsed@{#1}{#2}}}

o \xydef@\ellipsed@x@#1#2{\RO=#1\relax\advance\RO#2\relax
651 \divide\R@\tw@ \circled@x@@ }
652 \xylet@\ellipsed@x@@=\ellipsed@x@
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654 \xydef@\ellipsesolidframed@{’

655 \let\framehfill=\frm@solidh@@ \let\framevfill=\frm@solidv@e@}
656 \xydef@\ellipsedotframed@{’,

657 \let\framehfill=\frm@doth@@ \let\framevfill=\frm@dotvee}

658 \xydef@\ellipsedashframed®@{’

659 \let\framehfill=\frm@dashh@®@ \let\framevfill=\frm@dashv@e@}

To Do: Allow (frame variant)s like those used for directionals, i.e., \frm2{-} should be the same
as \frm{=}. Add \frm{o,} and more brackets.

2.2.2 Brackets

The possible brackets are shown in figure 2.3 with notes below.

Notes

2.2f. Braces are just the standard plain TEX large braces inserted correctly in Xy-pic pictures with the
‘nib’ aligned with the reference point of the object they brace.

Exercise 2.6: How do you think the author typeset the following?

——
B
A
W
(p.578)
They just use the pieces of plain TEX brace delimiters at \Bigg size and those of \overbrace and

\underbrace.

712 \xydefcsname@{frm{\{}}{\addtoDropee{\1braced}}
713 \xydefcsname@{frm{\}}}{\addtoDrop@@{\rbraced}}

715 \xydefcsname@{frm{~\}}}{\addtoDrop@@{\ubraced}}
716 \xydefcsname@{frm{_\}}}{\addtoDropee{\dbraced}}

The horizontal ones mimick the plain TEX ones quite closely:

722 \xydef@\dbraced{\xy@@{\setboxz@h{’

723 \A@=\X@c \advance\A@-\L@c \B@=\Y@c \advance\B@-\D@c

724 \setboxz@h{$\m@th\bracelu$}\dimen@=2\wdz@ \advance\B@-.5\ht\z0
725 \ifdim\R@c<\dimen@ \R@c=\dimen@ \fi

726 \ifdim\L@c<\dimen®@ \advance\A@-\dimen@ \advance\A@\L@c \L@c=\dimen@ \fi
727 \advance\AQ-.25pt %

728 \kern\A@\raise\B@\hbox{’

729 \hbox to\L@c{$\m@th\bracelu\leaders\vrule\hfil\bracerd$}/

730 \kern.5pt %

731 \hbox to\R@c{$\m@th\braceld\leaders\vrule\hfil\braceru$}}}/
732 \ht\z@=\zQ@ \dp\z@=\z@ \wd\z0=\z@ \boxz@}}

734 \xydef@\ubraced{\xy@e{\setboxz@h{¥%
735 \A@=\X@c \advance\A@-\L@c \B@=\Y@c \advance\B@\UQc
736 \setboxz@h{$\m@th\bracelu$}\dimen@=2\wdz@
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737 \ifdim\R@c<\dimen@ \R@c=\dimen®@ \fi

738 \ifdim\L@c<\dimen@ \advance\A@-\dimen@ \advance\A@\L@c \L@c=\dimen®@ \fi
739 \advance\A@-.25pt %

740 \kern\A@\raise\B@\hbox{%

741 \hbox to\L@c{$\m@th\braceld\leaders\vrule\hfil\braceru$}%

742 \kern.5pt %

743 \hbox to\R@c{$\m@th\bracelu\leaders\vrule\hfil\bracerd$}}1}/

72e \ht\z0@=\z@ \dp\z@=\z@ \wd\z@=\z@ \boxz@}}

The inserted extra .5pt at (1) is the authours responsibility. . .

The vertical ones repeat the above for the vertical brace extension characters:

754 {\catcode‘\"=12 ¥

755 \global\mathchardef\braceur="338 Y%
756 \global\mathchardef\braceul="339 Y%
757 \global\mathchardef\bracedr="33A %
758 \global\mathchardef\bracedl="33B Y%
759 \global\mathchardef\bracecl="33C %
760 \global\mathchardef\bracecr="33D %
761 \global\mathchardef\bracec="33E }

763 \xydef@\lbraced{\xy0@{\setboxz@h{}

764 \A@=\X0@c \advance\A@-\L@c \B@=\Y@c \advance\B@-\D@c

765 \setboxz@h{$\m@th\bracecl$}\dimen@ii=\dp\z@ \advance\AQ-.5\wdz@

766 \setboxz@h{$\m@th\bracec$}\dimen@=\dp\zQ

767 \ifdim\U@c<.5\dimen@ \U@c=.5\dimen@ \fi

768 \ifdim\D@c<.5\dimen@ \advance\B@-.5\dimen@ \advance\B@\D@c \D@c=.5\dimen@ \fi
760 \advance\UQc.6\p@ \advance\D@c.6\p@ \advance\B@-.6\p@

770 \kern\A@\raise\B@\vbox{\vbox to\U@c{Y%

(=}

71 \nointerlineskip\hbox{$\m@th\braceur$}

772 \kern-.61\dimen®@ \cleaders\copy\z@\vfil \kern-.4\dimen®
773 \nointerlineskip\hbox{$\m@th\bracecl$}\kern-.5\dimen@ii}}
774 \nointerlineskip\vbox to\D@c{\kern.5\dimen@ii

775 \kern-.4\dimen@ \cleaders\copy\z@\vfil \kern-.61\dimen@
776 \nointerlineskip\hbox{$\m@th\bracedr$}\kern\z@}}}%

777 \ht\z@=\zQ@ \dp\z@=\z@ \wd\z0=\z@ \boxz@}}

779 \xydef@\rbraced{\xy@0{\setboxz@h{

780 \A@=\X@c \advance\A@\R@c \B@=\Y@c \advance\B@-\D@c

781 \setboxz@h{$\mO@th\bracecr$}\dimen@ii=\dp\z@ \advance\AQ-.5\wdz@

72 \setboxz@h{$\mO@th\bracec$}\dimen@=\dp\z@

783 \ifdim\U@c<.5\dimen@ \U@c=.5\dimen@ \fi

784 \1fdim\D@c<.5\dimen@ \advance\B@-.5\dimen@ \advance\B@\D@c \D@c=.5\dimen@ \fi
755 \advance\UQc.6\p@ \advance\D@c.6\p@ \advance\BO-.6\p@

726 \kern\A@\raise\B@\vbox{\vbox to\U@c{}

787 \nointerlineskip\hbox{$\m@th\braceul$}’

788 \kern-.61\dimen@ \cleaders\copy\z@\vfil \kern-.4\dimen@
789 \nointerlineskip\hbox{$\m@th\bracecr$}\kern-.5\dimen@ii}y
790 \nointerlineskip\vbox to\D@c{\kern.5\dimen®@ii

791 \kern-.4\dimen@ \cleaders\copy\z@\vfil \kern-.61\dimen@

792 \nointerlineskip\hbox{$\m@th\bracedl$}\kern\z@}1}1}7
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793 \ht\z@=\z@ \dp\z@=\z@ \wd\z0@=\z@ \boxz@}}
An ad hoc correction to compensate for the ‘undershoot’ of top/bottom segments is added at (1).

2.2g. Parenthesis are like braces except they have no nib and thus do not depend on where the
reference point of ¢ is.

soo \xydefcsname@{frm{(}}{\addtoDrop@@e{\lparenthesized}}
st0 \xydefcsname@{frm{) }}{\addtoDrop@@{\rparenthesized}}

s12 \xydefcsname@{frm{")}}{\addtoDrop@@{\uparenthesized}}
s13 \xydefcsname@{frm{_) }}{\addtoDrop@@{\dparenthesized}}

The horizontal ones repeat the braces only without a nib:

s19 \xydef@\dparenthesized{\xy@@{\setboxz@h{%

820 \A@=\X@c \advance\A@-\L@c \B@=\Y@c \advance\B@-\D@c

821 \setboxz@h{$\m@th\bracelu$}\dimen0@=2\wdz@ \advance\B@-.5\ht\zQ

g22  \ifdim\R@c<\dimen@ \R@c=\dimen@ \fi

823 \ifdim\L@c<\dimen@ \advance\A@-\dimen@ \advance\A@\L@c \L@c=\dimen®@ \fi
s2¢  \dimen@=\L@c \advance\dimen@\R@c

825 \kern\A@\raise\B@\hbox to\dimen@{’

826 $\m@th\bracelu\leaders\vrule\hfil\braceru$}}/,

s27 \ht\z@=\z@ \dp\z@=\z@ \wd\z0=\z@ \boxz@l}}

s20 \xydef@\uparenthesized{\xy0@{\setboxz@h{%

830 \A@=\X@c \advance\A@-\L@c \B@=\Y@c \advance\B@\UGc

831 \setboxz@h{$\m@th\bracelu$}\dimen@=2\wdz@

832 \ifdim\R@c<\dimen@ \R@c=\dimen®@ \fi

833 \ifdim\L@c<\dimen@ \advance\A@-\dimen@ \advance\A@\L@c \L@c=\dimen@ \fi
834 \dimen@=\L@c \advance\dimen®@\R@c

835 \kern\A@\raise\B@\hbox to\dimen®@{’

836 $\m@th\braceld\leaders\vrule\hfil\bracerd$}}%

s37 \ht\z@=\z@ \dp\z@=\z@ \wd\z@=\zQ@ \boxz@}}

The vertical ones are very like braces including the ad hoc correction.

sa4 \xydef@\lparenthesized{\xy@@{\setboxz@h{%

sa5  \A@=\X@c \advance\A@-\L@c \BO@=\Y@c \advance\B@-\D@c

sa6  \setboxz@h{$\mO@th\bracecr$}\dimen@ii=\dp\z@ \advance\AQ-.5\wdz@

sa7 \setboxz@h{$\m@th\bracec$}\dimen@=\dp\z@

848 \ifdim\UQ@c<.5\dimen@ \U@c=.5\dimen@ \fi

sao  \ifdim\D@c<.5\dimen@ \advance\B@-.5\dimen@ \advance\B@\DQc \D@c=.5\dimen@ \fi
sso  \advance\UQc.6\p@ \advance\D@c.6\p@ \advance\B@-.6\p@

s51  \dimen@ii\UQc \advance\dimen@ii\D@c

ss2  \kern\A@\raise\B@\vbox to \dimen@ii{’

853 \nointerlineskip\hbox{$\m@th\braceur$l}’,
854 \kern-.61\dimen@ \cleaders\copy\z@\vfil \kern-.61\dimen®@
855 \nointerlineskip\hbox{$\m@th\bracedr$}\kern\z@}}J

ss6  \ht\z@=\z@ \dp\z@=\z@ \wd\z@=\z@ \boxz@}}

s \xydef@\rparenthesized{\xy@@{\setboxz@h{,

859 \A@=\XQ@c \advance\A@\R@c \B@=\YQc \advance\B@-\D@c

se0  \setboxz@h{$\m@th\bracecr$}\dimen@ii=\dp\z@ \advance\AQ@-.5\wdz@
s61  \setboxz@h{$\m@th\bracec$}\dimen@=\dp\z®@

0
ot
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g2 \ifdim\U@c<.5\dimen@ \U@c=.5\dimen@ \fi

863 \ifdim\D@c<.5\dimen@ \advance\B@-.5\dimen@ \advance\B@\D@c \D@c=.5\dimen@ \fi
se«  \advance\U@c.6\p@ \advance\D@c.6\p@ \advance\B@-.6\p@

865 \dimen@ii\U@c \advance\dimen@ii\D@c

sé6  \kern\A@\raise\B@\vbox to \dimen@ii{’

867 \nointerlineskip\hbox{$\m@th\braceul$}’
868 \kern-.61\dimen@ \cleaders\copy\z@\vfil \kern-.61\dimen@
869 \nointerlineskip\hbox{$\m@th\braced1$}\kern\z@}}/,

s7o  \ht\z@=\z@ \dp\z@=\z@ \wd\z@=\z@ \boxz@}}

Bug: The brackets above require that the computer modern cmex font is loaded in TEX font
position 3.

2.2.3 Filled regions

In addition to the above there is a special frame that “fills” the inside of the current object with ink:
\frm {*} and \frm {*x}; the latter is intended for emphasizing and thus “strokes” the outline, using
the thinnest black line available on the printer or output device; furthermore it moits the actual filling
in case this would obscure further text typeset on top. Some alteration to the shape is possible, using
x\frm<dimen>{*}. Hence rectangular, oval, circular and elliptical shapes can be specified for filling.
The following examples illustrate this in each case:

(object) \frm{*} \frm{**} \frm<6pt>{*}

However, filling non-rectangular shapes will result in a rectangle unless a driver is used that supports
arbitrary filling. With some drivers the above fills will thus all be identical, as rectangular.

When the previous (object) has \rectangleEdge then the shape is either oval or rectangular,
depending on whether a (dimen) has been specified, using the (dimen) as radius for the corners, but
not exceeding half the shorter side-length.

When the current (object) has \circleEdge then the region is elliptical, using the extents R+L and
U+D as the major /minor axes, or circular if a (dimen) is specified. The (dimen) will become the radius
after reducing to a maximum of half the longest side of the enclosing rectangle. With \zeroEdge
presume rectangular, or circular if a (dimen) is supplied.

The default for \frm{**} is to just make a plain frame.

927 \xydefcsname@{frm{*}}{%

928 \expandafter\frmDrop@\expandafter{’,

920  \expandafter\def\expandafter\prevEdge@@\expandafter{\prevEdge@al}
930 \frame@fill@@\frmradius@@}}

932 \xydefcsname@{frm{**}}{/

933 \expandafter\frmDrop@\expandafter{y

93¢ \expandafter\def\expandafter\prevEdge0@\expandafter{\prevEdge@Q}y
935 \frame@emph@@\frmradius@@}}

937 \xydef@\frame@fill@#1{\filled@{#1}\empty}
938 \xydef@\frameQ@emph@#1{\framed@\frmradius@@}

940 \xylet@\frame@fillQ@=\frame@fill@
941 \xylet@\frame@emph@@=\frame@emph®@
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943 \xydef@\filled@#1{\R@=#1\relax

944 \expandafter\DNii@\expandafter{\prevEdgeQQl}
o5 \DN@{\rectangleEdge}\ifx\next@\prevEdgeQQ

oa6  \ifdim\RO@=\z@ \DN@{\filled@Rectangle®},

oa7  \else \DN@{\filled@Oval@}\fi

oas  \else \DN@{\circleEdge}\ifx\next@\prevEdge@®
949 \ifdim\R@=\z@ \DN@{\filled@Ellipse@}%

950 \else \DN@{\restR@max\filled@Circle@}\fi

951 \else

952 \ifdim\R@=\z@ \DN@{\filled@Rectangle®},

953 \else \DN@{\filled@Circle®}\fi

954 \fi\fi \next@}

956 \xydef@\restRCmax{%

957 \dimen@=\L@c\advance\dimen®@\RQc

958 \dimen@ii=\UQc \advance\dimen®@ii\D@c

959 \ifdim\dimen@ii>\dimen@ \dimen®@=\dimen@ii\fi
960 \ifdim\dimen@>\z@ \divide\dimen@\tw®@

961 \ifdim\R@>\dimen@\R@=\dimen@\fi\fi }

The default implementation uses only \bblacked®, in all cases. The distinction between \frm{*}
and \frm{**2} can be ignored.

96s \xylet@\filledRectangle@@=\bblacked@
969 \xylet@\filledCircle@@=\bblacked®
970 \xylet@\filledEllipse@@=\bblacked®
or1 \xylet@\filledOval@@=\bblacked®

Alternative implementations may use these, in which the parameter #1 is the contents of a \vbox
filling to the height, depth and width of the region to be filled.

979 \xydef@\filled@Region@#1#2{\setboxz@h\bgroup

9s0  \setboxz@h{\vbox{#1#2\empty}1}/

9s1  \A@=\X@c \advance\AQ@-.5\wd\z@

os2  \BO@=\YQc \advance\B@-.5\ht\z@ \advance\B@.5\dp\z@

983 \edef\tmp@{\egroup\dimen@=\the\wdz@}%

os«  \kern\A@ \raise\B@\boxz@ \kern-\A@

9s5  \tmp@ \divide\dimen@\tw@ \ht\z0@=\z@ \dp\z@=\z@ \wd\z@=\z@ \styledboxz@}

os7 \xydef@\filled@Rectangle@{\filled@Region@\filledRectangle@Q}
oss \xydef@\filled@Oval@{\filledO@Region@\filledOval@@}

oso \xydef@\filled@Circle@{\filled@Region@\filledCircle@Q}

990 \xydef@\filled@Ellipse@{\filledORegion®@\filledEllipse@@}

2.2.4 Framing as object modifier

In addition, frames may be accessed using the special [F(frame)] object modifier (shape)s that will
add the desired (frame) to the current object. The frame appropriate to the edge of the object will
be chosen (presently either rectangular or elliptical).

If shape modifiers need to be applied to the (frame) alone then they can be included using : as
separator. Thus [F-:red] will make a red frame (provided the color extension is active, of course).
Additionally the variant of frames using <(dimen)> can be accessed by specifying [... :<(dimen)>].

1011 \xydefcsname@{shape [F...]}#1{\xyFN@\FshapeO#1:Q}
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1013 \xylet@\whichframe@@=\empty
1014 \xylet@\whichoptions@@=\empty

1016 \xydef@\Fshape®@#1:{\def\whichframe@@{{#1}}%

1017 \DN@{{}}\ifx\whichframe@@\next@ \def\whichframe@@{{-}}\fi

1018 \expandafter\DN@\expandafter{\the\Edge@c}\DNii@{\circleEdge}\ifx\next@\nextii@
1010 \DN@##1{\def\whichframe@0{ [o]##1}}%

1020 \expandafter\next@\expandafter{\whichframe@a}\fi

1021 \let\whichoptions@@=\empty \xyFN@\Fshape@i}

1023 \xydef@\Fshape@i{%

1024 \ifx @\next \let\next@=\Fshape@x

1025 \else\addLT@\ifx\next \let\next@=\Fshape@iii
1026 \else \let\next@=\Fshape@ii \fi\fi \next@}

1028 \xydef@\Fshape@ii#1:{%
1029 \expandafter\def\expandafter\whichoptions@@\expandafter{\whichoptions@®@ [#1]1}%
1030 \xyFN@\Fshape@i}

1032 \xydefO@\Fshape@iii#l: {\DN@##1{\def\whichframeQQ{#1##1}1}7
1033 \expandafter\next@\expandafter{\whichframe@@}\xyFN@\Fshape@i}

1035 \xydef@\Fshape@x @{%

1036 \edef\next@##1{\noexpand\addbeforeDrop@e{{\EdgefromtheEdge@##1}1}1}/

1037 \DNii@##1##2{\next@{\saveframestyles@{\setbox\z@=\object##2\frm##1,
1038 \xypre@Style@@\Drop@@\xypost@Style@@\restoreframestyles@}}}/

1039 \expandafter\expandafter\expandafter\nextii@

140 \expandafter\expandafter\expandafter{’

1041 \expandafter\whichframe@@\expandafter}\expandafter{\whichoptions@al}}

The following are used to ensure that the current styles, after typesetting, are those of the (object),
rather than the (frame).

1050 \xydef@\saveframestyles@{’
1051 \expandafter\def\expandafter\afterframe@