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The resulting A went into my first typewriter-style font, but I learned
later that such an A was a bit darker than it should be. To solve the
problem, I moved the two diagonal strokes slightly apart, and cut a
“notch” in the interior so as to open the inside a bit.

This is the nice typewriter-style A that I use today. I didn’t learn such
tricks until several years after I started to study type design.



The first collaboration between DEK (seated) and HZ (standing), 14 February
1980. [Stanford News Service photo by Chuck Painter.]
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FIGURE 11. The letter S as defined by (a) Feliciano [19]; (b) Pacioli [43];
(c) Torniello [34]; (d) Palatino [44]; (e) French commission under Jaugeon [24].
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Another example of interdependence appears in Figure 12; again a
series of letters has been drawn with only one parameter of the program
changing. In the upper line I changed the slope at the middle of the S;
in the lower line I changed the weight. In both cases a number of points
changed their position in order to accommodate other changes, because
I defined the positions by formulas instead of using numbers.
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FiGURE 11.

Figure 11 exhibits a similar dependence; I made these three ‘6’s
by varying the position of only one point in the specification (point 6,
which is at the top of the bowl). Many of the other points changed
their position when point 6 moved, because my METAFONT program
specified their positions relative to other points rather than with absolute
coordinates.
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% Sumner Stone’s A for ATypl, cut for METAFONTS84 by Don Knuth

mode_setup;

u := 26/35pt #; % basic unit
cap_height # := 245/35pt #; % height of uppercase
thin# := 22/36pt #; % weight of thin strokes
thick# := 44/36pt #; % weight of thick strokes
tau := 0.4; % typical amount of tapering
gap = 1; % units of stroke separation
cut 1= 15; % degrees of tilt at stroke edge
aspect := 0.85; % vertical / horizontal weight ratio

define_pixels(u);
define_blacker_pixels(thin, thick);

vardef penpos o4 (expr angle,d) = % set pen position
za# = .Dlzap, za#r]; zapr — zaw = (d,0) rotated angle;
enddef’;

vardef stroke (suffix $, $$, Q)(expr lambda, rho, alpha) = % tapered stroke
za = alphalzs, zss]; zar = alpha[zgi, 2381]; zer = alpha(zs,, 255, ];
zay = lambda|zei, 2zal; zar = rho[zar, ze]; % pull in for tapering
labels (@, @I, @r,Ql', Qr');
zgi{za — zs1} - zar {zsst — 231} - - 2ssi{zs31 — 2@} --
Z$$r12@ — 288, } - - Zar {28y — 238, } - - Z3r{2$r — 20} -- Cycle
enddef’;

"The letter A"

beginchar ("A", 13u#, 1.1cap_height#,0);

penpos | (—cut — 45, thin);

penpos o (cut + 25, thick);

penpos 5 (cut + 15, 2/3[thin, thick));

penpos 4 (cut + 15, thick);

penpos 5 (45, aspect * thin);

penpos (135, aspect * thin);

y1 =0; x1; = .5u;

ya = 0; x4, = w — .Du;

y2 = 1.1h; z2 = Hw;

ys = h; z3 = whatever|zz, z4];

ysr = 3/zh; z5 + (gap * u + 5thin,0) = whatever [z1, z3];
yer = 3/7h; ze + (gap * u + .5thick,0) = whatever |22, z4];

fill stroke (3,1, b, sqrt tau, tau * sqrt tau, .6); % left diagonal
unfill z5 -- z4 - - (24 + (thick,0)) -- (22 + (thick,0)) -- cycle; % erase excess
cullit; % normalize after erasing
fill stroke (2,4, a, tau * tau, tau,.45); % right diagonal
fill z5; - - z6; - - 261 -- 25 - - Cycle; % bar line

penlabels(range 1 thru 6); endchar;

end.



302

Appendiz E: Examples

% Routines for the METAFONT logo, as found in The METAFONTbook

% (logol0.mf is a typical parameter file)

mode_setup;

if unknown slant: slant:=0 else: currenttransform:=

identity slanted slant yscaled aspect_ratio fij;

ygap#:=(ht#/13.5u#) *xgap#; %
ho#:=o#; %
leftstemloc#:=2.5u#t+s#; %
barheight#:=.45ht#; )
py#:=.9px#; %

define_pixels(s,u);
define_whole_pixels(xgap);
define_whole_vertical_pixels(ygap);
define_blacker_pixels(px,py);

pickup pencircle xscaled px yscaled py;
logo_pen:=savepen;
define_good_x_pixels(leftstemloc);
define_good_y_pixels(barheight);
define_corrected_pixels(o);
define_horizontal_corrected_pixels(ho);

def beginlogochar (expr code, unit_width) =

beginchar (code,unit_width*u#+2s#,ht#,0) ;
pickup logo_pen enddef;

def super_half(suffix i,j,k) =
draw z.i{0,y.j-y.i}
(.8[x.j,x.1],.8[y.i,y.jD{z.j-z. 1}
. z. j{x.k-x.1i,0}
(.8[x.j,x.k],.8[y.k,y.j1){z.k-z. i}
. z.k{0,y.k-y.j} enddef;

beginlogochar ("M",18);
x1=x2=leftstemloc; x4=xb=w-x1; x3=w-x3;
yl=y5; y2=y4; bot yl=-o;

top y2=h+o; y3=yl+ygap;

draw zl1--z2--z3--z4--25;
labels(1,2,3,4,5); endchar;

beginlogochar ("E",14);
x1=x2=x3=leftstemloc;
x4=x6=w-x1+ho; xb=x4-xgap;

y1=y6; y2=y5; y3=y4;

bot y1=0; top y3=h; y2=barheight;

vertical adjustment
horizontal overshoot
position of left stem
height of bar lines
vertical pen thickness
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draw z6--z1--z3--z4; draw z2--z5;
labels(1,2,3,4,5,6); endchar;

beginlogochar ("T",13);

italcorr ht#xslant + .bu#;

if .bw<>good.x .bw: change_width; fi
1ft xl=-eps; x2=w-x1; x3=x4=.5w;
yl=y2=y3; top yl=h; bot y4=-o;

draw z1--z2; draw z3--z4;
labels(1,2,3,4); endchar;

Appendiz E: Ezamples

beginlogochar ("A",15);

x1=.5w; x2=x4=leftstemloc; x3=x5=w-x2;
top yl=h+o; y2=y3=barheight;

bot y4=bot y5=-o;

draw z4--z2--z3--25; super_half(2,1,3);
labels(1,2,3,4,5); endchar;

beginlogochar ("F",14);
x1=x2=x3=1leftstemloc;

x4=w-x1+ho; x5=x4-xgap;
y2=y5; y3=y4; bot yl=-o;

top y3=h; y2=barheight;

draw z1--z3--z4; draw z2--z5;
labels(1,2,3,4,5); endchar;

beginlogochar ("0",15);

x1=x4=.5w; top yl=h+o; bot y4=-o;
x2=w-x3=good.x(1.5u+s); y2=y3=barheight;
super_half(2,1,3); super_half(2,4,3);
labels(1,2,3,4); endchar;

beginlogochar ("N",15);
x1=x2=leftstemloc; x3=x4=x5=w-x1;
bot yl=bot y4=-o;

top y2=top yb5=h+o; y3=y4+ygap;
draw z1--z2--z3; draw z4--z5;
labels(1,2,3,4,5); endchar;
ligtable "T": "A" kern -.5u#;
ligtable "F": "0" kern -u#;
font_quad:=18u#+2s#;
font_normal_space:=6u#+2s#;
font_normal_stretch:=3u#;
font_normal_shrink:=2u#;

font_identifier:="MFLOGO" if slant<>0: & "SL" fi;

font_coding_scheme:="AEFMNOT only";
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Of course there were bugs in my code. For example, the first few
letters came out looking like this on the initial proofsheets:

METAFONT output 1985.02.28:1504

(I refuse to show you the first form of the letter ‘G’.) But by 4 pm I was
ready to make the first trial setting of text:

TR R UNKT ALERADET, INITIRED X
AR LECTURE LAIT NIGHT, WA
DEITCNED PU N ETASONT?I R Dol N Y-
DER CENERATOR. TREQUICK pRoWN f0 1
JONTEDOTER TRE LA il hURGESoN.



ABCOEFGQHIIWIMNOPQRSTUVWAYL abcDEFQHIIKLMNO
rQRsTUVWXY2 0113456789 ACPTNO4ZNLTOIN 4ot
prevomenes L VSRR =R () ()Y
RED

b fFORKED VEIN BEGAN TO SWELL IN SraDe’s FORE”
HEAD. ... HIs VOICE BECAME FERSUASIVE AGAIN,
‘lisTEN, QUTMAN, WE'VE ABSOLUTELY GOT TO GIVE
THEM A VIGTIM. IHERE'S NO WAY OUT of IT. LeT’s
qIVE THEM THE rUuNg.” He NODDED PLEASANTLY AT
THE bOY IN THE DOORWAY. [2]

PUNK12
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beginpunkchar ("A", 13, 1, 2);
z1 = pp(1.5u, 0); z2 = ((bw, 1.1h); 23 = pp(w — 1.5u, 0);

pd z1; pd z3; draw 21 -- 22 -- 23; % left and right diagonals
24 = pp.3[a1, 22]; 25 = pp.3[zs, 22];

pd z4; pd z5; draw z4 -- zs5; % crossbar
endchar;

beginpunkchar("B", 12, 1, 1);
z1 = pp(2u, 0); 22 = pp(2u, .6h); 23 = pp(2u, h);

pd z1; pd z3; draw 21 -- 23; % stem
z1.5 = pp(w —u, .By2); 225 = pp(w — u, .5[y2, ys]);

draw zs -- 225 -- 23; % upper lobe
draw flex(z2, z1.5, 21); % lower lobe
endchar;

beginpunkchar("C", 13, 1, 2);

z1 = pp(w — 2u, .8h); z2 = pp(.6w, h); z3 = pp(u, .5h);

za = (6w, 0); z5 = (w — 2u, .2h);

pd z1; pd z5; draw 21 .. 22 .. 23 .. 24 .. Z5; % arc
endchar;

beginpunkchar("D", 14, 1, 2);

z1 = pp(2u, 0); 22 = pp(2u, h); 23 = pp(w — u, .6h);

pd z1; pd z2; draw flex(z1, 23, 22); % lobe
draw z; -- 29; % stem
endchar;

beginpunkchar ("E", 12, .5, 1);
z1 = pp(2u, 0); 22 = pp(2u, h); z3 = pp(w — 2.5u, h); z1s = pp(w — 2u, 0);

pd z3; pd z4; draw z4 -- 21 -- 22 -- 23; % stem and arms
z5 = pp(2u, .6h); z6 = pp(w — 3u, .6h);

pd z5; pd zs; draw zs -- z6; % crossbar
endchar;

beginpunkchar ("F", 12, .5, 2);
z1 = pp(2u, 0); 22 = pp(2u, h); 23 = pp(w — 2u, h);

pd z1; pd z3; draw 2z -- 23 -- 23; % stem and arm
z5s = pp(2u, .6h); z6 = pp(w — 3u, .6h); z4 = pp.5[zs, 26] — (0, .1h);

pd z5; pd ze; draw flex(zs, 24, 26); % crossbar
endchar;

beginpunkchar("G", 13, .5, .5);

z1 = pp(w — 2u, .8h); z2 = pp(.6w, h); z3 = pp(u, .5h);

za = pp(.6w, 0); z5 = (w — 2u, 0);

pd z1; draw 21 .. 22 .. 23 .. 24 -~ 25; % arc
z6 = pp(.5[u, x5], .4h); pd ze; pd z5; draw ze -- (pp(zs, ye)) -- 25; % spur
endchar;
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quickly sketched a set of numerals, and raced back to my office. Soon
I had a font of 43 characters— 26 letters, 10 nu-
merals, and 7 punctuation marks. Whew! I was

ready to hand out a sample sheet to everybody
at 7pm, hot off the copy machine.
A year or so later, I was wandering around in I

Boston’s Museum of Fine Arts and I came across
a drawing made by Picasso in 1924 [5]; see the
illustration at the right. This made me wonder if
the PUNK fonts weren’t really sizty years behind
the times, not just ten. But I did find a striking confirmation of the
relevance of at least part of the PUNK design in October 1986, when
I chanced to see the following typography on a billboard in the Paris

Métro(!):
| © MANGEZ 513y
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romanu: ROMAN UPPERCASE

Now we come to program file romanu.mf, whose letters are used in all fonts
except those containing nothing but math symbols. In fact, romanu is used
twice in the caps-and-small-caps fonts.

% Computer Modern Roman upper case:

% These letters were originally coded by D. E. Knuth in November, 1979,

% inspired by the Monotype faces used in The Art of Computer Programming.
% Sans serif designs by Richard Southall were added in April, 1982.

% The programs were revised for the new METAFONT conventions in 1985.

% Character codes “101 through "132 are generated.

cmchar "The letter A";
beginchar ("A", 13u#, cap_height#, 0);
adjust_fit (cap_serif _fit#, cap_serif _fit#);
numeric left_stem, right_stem, outer_jut, alpha;
right_stem = cap_stem — stem_corr;
left_stem = min(cap_hair if hefty: —3stem_corr fi, right_stem);
outer_jut = .8cap_jut; x1 = w — xar = |+ letter_fit + outer_jut + .5u; y1 = ya = 0;
Ty — X1 = T4 — T3; Tar = Ta, + apez_corr; Yo = Y3 = h+ apex_o + apez_oo;
alpha = diag_ratio(2, left_stem, y> — y1, Tar — 1 — apes_corr);
penpos, (alpha * left_stem, 0); penpos,(alpha * left_stem, 0);
penpos;(alpha * right_stem, 0); penpos 4(alpha * right_stem, 0);
20 = whatever(z1,, z2,] = whatever(zs;, za1);
if yo < h — cap_notch_cut: yo := h — cap_notch_cut;

fill zo + .5right{down} ... {z4 — z3}diag_end(3l, 41, 1, 1, 4r, 3r)

-- diag-end(4r, 3r, 1, 1, 21, 11) -- diag-end(2l, 11,1, 1, 1r, 2r){z2 — 21}

... {up}zo + Bleft -- cycle; % left and right diagonals
else: fill 2o -- diag_end(0, 41, 1, 1, 4r, 3r) -- diag-end(4r, 3r, 1, 1, 21, 11)
-- diag-end(2l, 11,1, 1, 1r, 0) -- cycle; fi % left and right diagonals

penpos s (whatever, angle(ze — 21)); zs = whatever[z1, z2];
penposg(whatever, angle(zs — z4)); 26 = whatever[zs, z4); Yo = ys;
if hefty: ys» else: ys fi = 5/12y0;
Ysr — Ysi = Yer — Yoi = cap_band; penstroke zsc -- Zge; % bar line
if serifs: numeric inner_jut; pickup tiny.nib;
prime_points_inside(1, 2); prime_points_inside(4, 3);
if 7t @y, + capjut + Su+1 < Uft x4 — cap_jut: inner_jut = cap_jut;
else: rt xy/, + inner_jut + .5u + 1 = Ift x4 — inner_jut; fi
dish_serif (', 2, a, 1}, outer_jut, b, .6, inner_jut)(dark); % left serif
dish_serif (4, 3, ¢, 1), inner_jut, d, /s, outer_jut); fi % right serif
penlabels(0, 1, 2, 3, 4, 5, 6); endchar;

On the breast of her gown, in fine red cloth,
surrounded with an elaborate embroidery
and fantastic flourishes of gold-thread,
appeared the letter A.

— NATHANIEL HAWTHORNE, The Scarlet Letter (1850)
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romspu: SPECIAL UPPERCASE FOR ROMAN

cmchar "The ligature AE";

beginchar (oct "035", 16u#, cap_height#, 0);

italcorr cap_height# * slant — beak_jut# — 5u#;

adjust_fit (cap_serif _fit#, 0);

numeric left_stem, mid_stem, outer_jut, alpha;

mid_stem = max(tiny.breadth, hround .9[mfudged.hair, mfudged.cap_stem]);

pickup tiny.nib; pos,(mid_stem, 0); pos,(mid_stem, 0);

Ift ©1; = Ift 2 = hround(if monospace or hefty: .55 else: .5 fi w — .75u);

top y1 = h; bot y» = 0;

filldraw stroke zic -- 22¢; % stem

pickup crisp.nib; posg(slab, 90); pos,(mfudged.hair, 0);

top yar = h; x3 = x1; 1t x4y = hround(w — u); y4 = good.y(ysi — beak) — eps;

arm(3, 4, e, beak_darkness, beak_jut); % upper arm and beak

poss(cap-bar, —90); poss(mfudged.hair, 0); x5 = x1;

top ysi: = vround(if hefty: .52 else: .48 fi [y2, y1] + .5cap_bar);

posy(cap_bar, 90); pos,(mfudged.hair, 0);

20 = Z5; Te = T7; Y6 — Y5t = Yo — Y73

if serifs and not(monospace and hefty): rt x¢, = hround(w — 3.65u + .5mfudged.hair);
ye = good.y(ysi + .6beak) + eps; rt xo, = hround(w — .5u);

else: 7t xg, = hround(w — 1.5u); ye¢ = ysi + eps; 1t xo, = hround(w — .75u); fi

arm(5, 6, f, beak_darkness, 0); arm(0, 7, g, beak_darkness, 0); % middle arm and serif

posg(slab if not serifs: + 2stem_corr fi, —90);

posg(mfudged.hair, 0); bot ys, = 0; xs = x2; Yo = good.y(ys: + "sbeak) + eps;

arm(8, 9, h, beak_darkness, 1.5beak _jut); % lower arm and beak

left_stem = if monospace: fudged.hair else: cap_hair fi if hefty: —3stem_corr fi;

outer_jut = 8cap_jut; x11 = L+ letter_fit + outer jut + .5u; y11 = 0;

12 = xy — apez_corr — if monospace: 2 fi u; y1» = h;

alpha = diag_ratio(1, .5left_stem, y12 — y11, T12 — T111);

penpos, (alpha * left_stem, 0); penpos,,(alpha * left_stem, 0);

fill diag-end(121, 111, 1, 1, 11r, 127)

-- diag-end(11r, 12r, 1, 1, 121, 111) - - cycle; % diagonal
Y10 = h — slab; z10 = whatever|[z11, z12];
fill 210 -- (21, y10) -- (1, h) -- 212 -- cycle; % link

penpos 5 (whatever, angle(z2 — 21)); z13 = whatever[z11, z12];
penpos 4 (cap-band, 90); @14 = To; Y13t = Y141} Y13r = Yiar;
if hefty: yiar = .4h; else: y1a = yo; fi
penstroke zise -- Zi4¢; % bar line
if serifs: numeric inner_jut; pickup tiny.nib;
prime_points_inside(11, 12);
if rt xy10, + cap_jut + 5u+ 1 < Ift oy — THeap_jut: inner_jut = cap_jut;
else: rt xyy/, + inner_jut + .5u + 1 = Ift xo; — .THinner_jut; fi

dish_serif (11', 12, i, />, outer_jut, j, .6, inner_jut)(dark); % lower left serif
nodish_serif (1, 2, a, 1/, cap_jut + w1 — x12, b, /3, .Heap_jut); % upper serif
nodish_serif (2, 1, ¢, \fs, .T5inner_jut, d, /s, .5eap_jut); fi % lower middle serif

penlabels(0, 1, 2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14); endchar;
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Christmas Cards 639

FIGURE 13. Red letters on a green grid (at 50% of the original size).

1981: Madonna and Child
Our typographic card of 1981 featured St. Luke’s Christmas story:

* *
*

*
At that time
the emperor, Caesar *
Augustus, ordered a cen-
sus to be taken throughout
the Roman Empire. This first
* census was conducted when Qui-
rinius was the governor of Syria.
Everyone, then, went to register *
himself, each to his own home
*  town. * Joseph went from the *
town of Nazareth in Galilee
south to the town of Bethlehem *
* in Judea, the birthplace of King
David, because he was a descend-
*  ant of David. He went to register
with Mary, who was promised in
marriage to him. Mary was pregnant,
and while they were in Bethlehem, the
time came for her to have her baby. She gave
birth to her first son, wrapped him in cloths and laid
him in a manger—there was no room for them to stay at
the inn. * Some shepherds were in that part of the country

spending the night in the fields, taking care of their flocks.
angel of the Lord appeared to them, and the glory of the Lord shone
over them. They were terribly frightened, but the angel said to them,
“Don’t be afraid! I am here with good news for you, which will bring great joy
to all the people. This very day in David’s town yvour Savior was born—Christ
the Lord! And this is what will prove it to you: you will find a baby wrapped in
* Suddenly a great army of heaven’s angels appeared
“Glory to God n the highest heaven, and

*

An

cloths and lying in a manger’

with the first angel, singing praises to God

peace on earth to those with whom he 1s pleased!” * When the angels went away from
them back into heaven, the shepherds said to each other, “Let’s go to Bethlehem and see
what has happened, as the Lord has told us.” * They hurried off and found Mary and Joseph
and saw the baby lying in the manger. The shepherds told them what the angel had said
about the child. All who heard it were amazed at what the shepherds said. Mary remembered
all these things and thought deeply about them. * Then the shepherds went back, singing
praises to God for all they had heard and seen; it had been just as the angel had told them.
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1985: Adoremus

And a few years later I used typography in yet another way.

Our Christmas card, “Let us adore,” contains a little puzzle for
those of you who like a challenge. Can you determine how many
separate strands of cord have been looped together to make the
knots in the design? For example, the star breaks down into
eight short loops and two longer loops. How many strands are
in “Adoremus”? How many appear in the three kings?




1989: Additional Specialty Fonts

N2y SNy SN Owr Crintman card for 1989 (Figwre 14), amd its ac-
companying newsietter, introduced am experimental typeface called 'JEN',
bamed on my daughiter's hamdwriting. (1989 was The year Thatt | added famey
new Ugature mechamisms o e TEX amd METAFONT systoms, Thereby
mabling fonts such ar Tis.) =l mnling We also spruced Timga wy /4/
usimng amolier new font, HOLLY' for decorative effacits of various Emds.:

|

The LORD ia good:

his love ia wﬂcwﬁ}vg.
F 14.
Ny Ny Ny Ny SOLY < J6N

+ Psalm 136:1
(reduced to 55%).




4 EUROTEX 2012 & 6CM PREPRINT

Figure 2. The glyph of the numeral 0 in xmssdc10.mf
font.

Fig. 2 shows a glyph only made by two contours
which are the result of penpos and penstroke macros.
Of course we could obtain the same result drawing 24
curve sections (12 for the outer contour, 12 for the inner
one) but it should be clear that the METAFONT descrip-
tion is much more straight or, at least, “typographic”.

Things completely change when we consider the
numeral 2:
cmchar "The numeral 2";
beginchar("2",9u#,fig_height#,0);
italcorr fig_height#*slant-.5u#;
adjust_fit(0,0);
numeric arm_thickness, hair_vair;
hair_vair=.25[vair,hair];
arm_thickness=
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Vround(if hefty:slab+2stem_corr
else:.4[stem,cap_stem] fi);
pickup crisp.nib;
pos7 (arm_thickness,-90) ; pos8(hair,0);
bot y7r=0; 1ft x7=hround .9u; rt x8r=hround(w-.9u);
y8=good.y(y71+beak/2)+eps;
arm(7,8,a, .3beak_darkness,beak_jut) ;%arm and beak
pickup fine.nib; pos2(slab,90);
pos3(.4[curve,cap_curve] ,0);
top y2r=h+o; x2=.5(w-.5u);
rt x3r=hround(w-.9u); y3+.5vair=.75h;
if serifs:
numeric bulb_diam;
bulb_diam=hround(flare+2/3(cap_stem-stem)) ;
posO(bulb_diam,180); posi(cap_hair,180);
1ft xlr=hround .9u; y1-.5bulb_diam=2/3h;
(x,y21)=vhatever[z11,z2r];
x21:=x; bulb(2,1,0); % bulb and arc
else: x21:=x21-.25u; posl(flare,angle(-9u,h));
1ft xlr=hround .75u; bot yll=vround .7h;
yir:=good.y yir+eps; x1l:=good.x x11;
filldraw stroke term.e(2,1,left,.9,4);
fi % terminal and arc
pos4(.25[hair_vair,cap_stem] ,0);
posb5(hair_vair,0);
pos6(hair_vair,0);
y5=arm_thickness; y4=.3[y5,y3];
top y6=min(y5,slab,top y71);
1ft x6l=crisp.lft x7;
z41=whatever [2z61, (x31,bot .58h)];
z51l=whatever [261,241] ;
erase fill z41--
261--1ft 2z61--
(1ft x61,y41)--cycle;%erase excess at left
filldraw stroke z2e{right}..tension
atleast .9 and atleast 1
..z3e{down}. .{z5e-z4e}zde--z5e--z6e;%stroke
penlabels(0,1,2,3,4,5,6,7,8);
endchar;

As we can see in fig. 3, there are both a contour and
envelopes of more than a pen; there are intersections
between the contour the envelopes and the pens, and
some curves are outside the glyph (some of these curves
are used to delete unwanted black pixels). There are also
some unexpected straight lines and small curves. The
number of curves looks quite large, which is not what
we desire as we want to obtain the outline depicted in
fig. 4.

Unfortunately, things are even different and it’s
necessary to describe how METAFONT calculates
pen envelopes to go on. This is explained in the
book “METAFONT: The Program” (KNUTH, 1986a)
at the “Polygonal pens” part, chapter 469, that
we briefly quote with a slightly modified nota-
tion:

Given a convex polygon with vertices
W0, W1,...,Wy_1,W, = Wq a in counter-
clockwise order ... (and a curve B(t)) the enve-
lope is obtained if we offset B(t) by wj, when
the curve is travelling in a direction B'(t) ly-
ing between the directions wj, — wj,_; and
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Figure 3. The glyph of the numeral 2 in xmssdc10 font.

We can see envelopes and pens (thick curves) and a
contour (thin curve).

Wk41 — Wg. At times ¢ when the curve di-
rection B/(t) increases past wj 11 — Wy, we
temporarily stop plotting the offset curve and
we insert a straight line from B(¢) + wy, to
B(t) + wWj1; notice that this straight line
is tangent to the to the offset curve. Simi-
larly, when the curve direction decreases past
W), — Wg_1, we stop plotting and insert a
straight line from B(t) +wy, to B(t) + w113
the latter line is actually a “retrograde” step
which will not be part of the final envelope
under the METAFONT s assumptions. The re-
sult of this construction is a continuous path
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Figure 4. An outline of the numeral 2 in xmssdc10.mf
font.

that consist of alternating curves and straight
line segments.

This explains why the number of the curves is large
and why there are small curves, but says nothing about
those circular curves that we can see in fig. 4: META-
FONT indeed converts an elliptical pen into a polygonal
one and then applies the algorithm. The conversion
is accurate enough to guarantee that the envelope is
correctly filled with the right pixels. This is a key point
to understand: METAFONT ’s main task is to produce
the best bitmap of a glyph, not the best outline.

The role of the sensors is to gather as much informa-
tion as possible about pixels, contours, the polygonal
version of the pens, envelopes and their straight lines









