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A Chinese Meta-Font
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Abstract

METAFONT is Donald E. Knuth’'s system for al-
phabet design. The system allows an entire family
of fonts or “meta-fonts” to be specified precisely
and mathematically so that it can be produced in
different sizes and styles for different raster devices.

We present a new technique for defining Chi-
nese characters hierarchically with METAFONT. We
define METAFONT subroutines for commonly used
portions of strokes and then combine some of these
into routines for drawing complete strokes. Param-
eters describe the skeletons of the strokes and the
stroke routines are carefully designed to transform
themselves appropriately. This allows us to han-
dle all of the basic strokes with only 14 different
routines.

The stroke routines in turn are used to build up
groups of strokes and radicals. Special routines for
positioning control points ensure that the strokes
will join properly in a variety of different styles. The
radical routines are parameterized to allow them to
be placed at different locations in the typeface and
to allow for adjusting their size and shape. Key
points are positioned relative to the bounding box
for the radical, and the special positioning routines
find other points that must be passed to the stroke
routines.

We use this method to design high quality
Song style characters. Global parameters control
the style, and we show how these can be used
to create Song and Long Song from the same
designs. Other settings can produce other familiar
styles or even new styles. We show how it is
possible to create completely different styles, such
as Bold style, merely by substituting different stroke
routines. The global parameters can be used to
augment simple scaling by altering stroke width and
other details to account for changes in size. We can
adjust stroke widths to help even out the overall
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darkness of the characters. We also show how it
is possible to experiment with new ideas such as
adjusting character widths individually.

While many of our characters are based on
existing designs, the stroke routines facilitate the
design of new characters without the need to refer
to detailed drawings. The skeletal parameters
and special positioning routines make it easy to
position the strokes properly. In our previous
paper, in contrast to this, we parameterized the
strokes according to their boundaries and copied
an existing design. The previous approach made
it very difficult to create different styles with the
same METRFONT program.

0. Introduction

Chinese character generation is a very important
part of Chinese language computer systems, and
it is complicated by the number and complexity
of Chinese characters. Even simplified characters
contain an average of about twelve strokes each, and
a good printing system requires all four standard
styles in different sizes, with at least 8,000 characters
in each. The designs can be digitized using optical
scanning, but this is expensive and the resulting
characters must be edited individually.

METAFONT is a system for designing alphabets
for raster devices so that a single mathematical
description can be used for different sizes and styles
of fonts on different devices [1]. While not designed
explicitly for Chinese characters, METAFONT is
a general system with features useful for Chinese
character design.

Knuth’s idea of a “meta-font” is to describe
alphabets parametrically so that one routine can
produce different styles of letters. In [2], Knuth
explains how this can be done for Roman alphabets.
We apply the same concept to Chinese characters,
except that we also describe the radicals and the
strokes parametrically. ~ While there are really
only a few kinds of strokes that are fundamentally
different, similar strokes can vary significantly. We
can therefore produce better strokes with fewer
routines by parameterizing these differences. A
similar type of parameterization also applies to
radicals. We create a complete hierarchy starting
with eight routines for parts of strokes and thirteen
routines for complete strokes. This hierarchical
organization not only simplifies the design process,
it leads to more uniformity in the designs. The
more complicated strokes are formed in the radical
routines by combining the basic strokes, and more
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complicated radicals call routines that draw simple
combinations of strokes. The basic strokes have
special parameters that specify how they are being
joined together so that they can draw the special
features that appear near such joins. There are
also support routines for calculating points used
in the constructions and for positioning certain
combinations of strokes, taking into account style
parameters such as the stroke width.

Designing an entire set of 8,000 characters
would be a rather large project. Instead we
have designed a representative sample of about 140
radicals and 128 characters. Many of the radicals
appear in more than one character, and many more
characters could be formed from these radicals.
This work is an extension of the ideas presented in
[6], which showed how METAFONT could be used
to copy specific Song style designs. Here we also
make use of these designs as well as Bold style and
Long Song style from the same source [5], but we
only use them to get an idea of how the strokes
should be placed and to determine how to set the
parameters to the METAFONT programs so that
they can produce the various styles. The Song and
Bold style designs consist of a carefully chosen set of
about 125 large characters superimposed on graph
paper, and the Long Song designs were taken from
large scale photographs.

The global font parameters that affect size
and style are used mainly in the stroke routines
themselves. For Song style, there are 68 global
parameters that control the slant and aspect ratio,
the stroke widths and amount of taper, the size and
shape of the stroke end features, and various special
properties of certain strokes.

The stroke routines have to be designed care-
fully to work properly for all reasonable settings
of these parameters, and to join together properly
even when stroke widths and shapes change. To
achieve this, we use control points on the skeletons
of the strokes and join strokes by placing the ending
control point of one on the skeleton of the other.
This is simpler and more flexible than the technique
used in [6], where the parameters described the edge
of the stroke. The stroke routines also take fewer
parameters, so that all details except the placement
of the skeleton are controlled by the global font
parameters.

Completely different styles can be produced
from the same radical and character routines by
substituting different stroke routines. It is apparent
from (5] that the stroke skeletons are essentially the

TUGboat, Volume 5 (1984), No. 2

same in Bold style as in Song style, and many of
the differences can be characterized in terms of a
few simple rules that are used by the Bold stroke
routines. The few differences that remain can be
achieved by adding METAFONT conditional state-
ments to key radical routines. There is more work
to be done on how to describe the skeletal differ-
ences between styles, so we only present preliminary
results here.

In section 1 we introduce METAFONT and
LCCD. In section 2 we examine some of the basic
stroke drawing routines to see how the style param-
eters are used. In section 3 we see how to combine
the basic strokes into radicals; and in section 4 we
discuss the choice of style parameters, adjustments
for changing point size, and experiments with new
styles. Appendix 1 presents examples of all the
basic strokes in the Song, Long Song, and Bold
styles. In appendix 2 we show all 128 characters
at 10 and 18 points and in an example of actual
Chinese text. Finally, in appendix 3 we give a
sample of actual METAFONT programs for Chinese
characters.

1. METAFONT and LCCD

METAFONT is an algebraic language with subrou-
tines, variables, equations, conditional statements,
and commands for describing letterforms. Equa-
tions are used in a declarative way to define the
numerical values of variables and the coordinates
of points. METAFONT will solve systems of linear
equations, keeping track of linear constraints be-
tween variables until enough equations are given to
determine their values.

Letterforms are actually created with “draw
commands” that refer to points whose coordinates
have been determined in the above manner. Draw
commands work by moving a discrete “pen” along
a path through the points and turning on all the
pixels covered by the pen. The actual curve used is
a piecewise cubic spline. The section of this spline
between any two points ¢ and j is defined by

z(t) = z; + (3% — 2t3)(z; — 7;)
+7t(1 — 1)%8;5 — st(1 — 1)6;
y(t) = yi + (3t - 2%)(y; — i)
+rt(1— t)26;y — st?(1 - t)5;
for 0 <t <1 where (85, 6;y) and (,z,6;y) are the
direction of the spline at points ¢ and j respectively,
and r and s are additional parameters that METR-

FONT calculates. METAFONT has a rule for
determining the directions (6;5,6;y) at each point,
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but it is possible for the user to give them explicitly,
and this is the approach that works best for Chinese
characters.

All coordinates given in a METAFONT program
are in absolute raster units so that rounding to the
nearest integer corresponds to rounding to the
nearest pixel. This allows a METAFONT program
to make rounding adjustments to help fit the
characters to the raster. When a cubic spline is
rounded to the raster, the curves look much better
if the points where the spline is vertical occur at
integer z-coordinates.

Drawing with a circular pen or “cpen” produces
a constant width line with rounded ends. META-
FONT also has elliptical pens and special pens that
can be an almost arbitrary shape, but the most
general way to draw a shape is to use the “ddraw”
command to specify both sides independently and
have METAFONT fill in between them.

Complex mathematical constructions can be
performed in METAFONT by taking advantage of
subroutines and the ability to solve linear equations.
We use such constructions to define the points and
directions in various subroutines that draw strokes
and other parts of characters. In this way, the
subroutines can have a few parameters that control
what they draw, and there can also be various
global parameters that control overall properties of
the font and allow for differences in point size and
device resolution. A good illustration of this can
be found in [2], where Knuth describes in detail
the constructions and parameterizations used in his
Computer Modern family of typefaces. See also [7].

METAFONT subroutines have two types of pa-
rameters. Index parameters are point numbers from
the calling routine and may be used as point num-
bers in the routine that is being called. Ordinarily,
point numbers have purely local significance, but
in this way, it is possible to use points that are
defined in the calling routine or to define points
for use in the calling routines. It is even possible
to define a point partly in one routine and partly
in another, by giving additional constraints that
allow METAFONT to solve for the coordinates. The
second type of parameters are arbitrary numeric
expressions that should be “known” at the time
of the call. These may be used exactly as in any
programming language.

Tung Yun Mei’'s LCCD system for designing
Chinese characters [4] is based on METAFONT. It
has draw statements, variables, and pens as META-
FONT does, but it does not solve implicit equations,
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and subroutine parameters have a different mean-
ing. LCCD has taken the ability of METRFONT
to do affine transforms and incorporated it into
subroutines. Each subroutine has transformation
parameters that apply to everything it draws, and
the transformations are composed when one sub-
routine calls another. METRAFONT, on the other
hand, applies a global transformation matrix to
each point before actually plotting it.

LCCD makes it very convenient to apply affine
transformations to subroutines, but since subrou-
tines are limited to transformation parameters, it is
difficult to parameterize subroutine results in any
other way. Lack of conditional statements also’
makes complex constructions very difficult.

Another feature of LCCD is that it has another
type of pens called “tear drops,” which are intended
for drawing dot strokes. However, it is difficult
to draw high quality dot strokes of all styles with
these.

2. Stroke Drawing Routines

The routines we have constructed are carefully
parameterized with just enough information to
describe the skeletons of the strokes and how
they are joined to adjacent strokes. Mathematical
constructions are used to adapt the stroke to the
length, orientation, and shape determined by its
parameters and the global font parameters. These
constructions can get very complex, but since a
small number of routines suffice for an entire family
of fonts, the time spent writing and debugging them
is quite small in comparison to the whole project,
even when designing just 128 characters.

The approach suggested in [4] is quite different.
Tung suggests that the strokes should be drawn
as affine transforms of canonical strokes. Despite
its simplicity, this approach has a number of dis-
advantages. If the canonical stroke is rotated or
stretched more than a small amount it acquires
an undesirable shape. Examples in [3] show how
this problem is solved by having many different
versions of each stroke so that it is only necessary
to transform them by small amounts. In [3] there
are 108 different routines for drawing the strokes re-
ferred to here as horizontal strokes, vertical strokes,
pie strokes, dot strokes, triangle strokes, f-strokes,
and j-strokes. (See appendix 1.) In spite of this,
the results obtainable are not as good as with the
new method, where we have just a few routines that
transform themselves properly.
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Figure 1. The pie stroke construction in Song style and in Long Song.

2.1 The Pie Stroke

In Song style, the pie stroke is controlled by three
point parameters. These are points 10, 11, and
12 in figure 1. The stroke goes from point 10 to
point 12, and point 11 gives the initial and final
directions: from point 10 it heads toward point 11
and it approaches point 12 from the direction of
point 11. Notice that the stroke overlaps points
10 and 12 by an amount equal to half the stroke
width. This helps the design transform properly
when stroke width changes. The exact location of
the curve is determined by the sharpness parameter.
This is used to determine a point 7 on the skeleton
and another point 8 giving the tangent there. The
parameter gives the ratio between the distance from
point 11 to point 8 and the distance from point 11
to point 12. Similarly, it also determines point 0
where the tangent line crosses the line between
points 10 and 11. Point 7 is then located so that
the distance between points 7 and 8 divided by
the distance between points 0 and 7 is the same
as the ratio of the 11-12 distance to the 10-11
distance. The purpose of the sharpness parameter
is to control how close the stroke gets to point 11.
The construction for point 7 tends to place it near
point 11 except in extreme cases where this would
not yield a smooth curve.

Since there are other tapering curved strokes
in Song style, most of the pie stroke is drawn by a
separate subroutine. This takes as parameters the

three control points for the stroke, the width near
point 10, a special taper parameter that determines
how the width is changing, the slope of the line
between points 1 and 2, and the size of the flares on
each side of the top part of the stroke. The width
of the narrow portion near point 2 is a global style
parameter so it does not need to be passed as a
parameter. The routine fits a quadratic equation to
the width as a function of distance along the stroke
to the specified widths and taper. The function is
then used to find points on the edge of the stroke.
The equation gives the distance between the pairs
of points 1 and 2, 3 and 4, 5, and 6. The derivative
of the width function determines vanishing points
that give the spline directions at each pair of points.
The vanishing points are too far away to show in the
figure, but they are not hard to calculate. Suppose
point 7 is at distance z from point 10. Then the
distance between points 3 and 4 is w(z) and and
the distance to the vanishing point is —w(z) /v’ ().
The direction of the curve at both points 3 and 4
is toward this vanishing point. There are similar
vanishing points for points 1 and 2 and for points 5
and 6.

The maximum width of a pie stroke is a linear
function of its length, and the coefficients of this
function are style parameters. The taper that is
used for pie strokes is also a global style parameter.
It is chosen to be somewhat less than 1 so that the
rate of taper at the upper end of the stroke is less
than that at the lower end.













































