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Two choices:
Compilation:

Application computer produces
bitmayps

Example: METAFONT
| nterpretation:

Printer computer produces
bitmaps

Example: POSTSCRIPT printers, e.q.,
LaserWriter, QM S 800, Linotronic 300
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The way bitmaps work!






Now show this slide at ever smaller sizes!
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First note that at 300 dpi [1118 dpc
An upper case letter of point size 10
(really 8 or 9 points high) isonly

38 dots high

A lower case letter of point size 10
(really 5, 6, or 7 points high) isonly
29 dots high

and stems are often only 2 or 3 dots wide!

For point size 5, half of that!
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FIGURE 4.11 Possible ways to digitize a letter. The ‘h’ in (a) does not have |
features that are integral multiples of the grid. Depending on the intent, var-
ious interpretations of the design are possible, such as those in (b) and (c)
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FIGURE 4.12 Optima, a typeface that is difficult to represent digitally, even
at moderately high resolutions. Designed by Hermann Zapf, Optima is charac-
terized by subtle changes in line width and near-vertical edges.
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In the last analysis, need bitmaps
But given compilation and interpretation,

there are several representations of
fontsthat arein use

Interpretation
bitmapped
outline
stroked

compilation
ABOVE +
equational

Examine closdly
to see problems
and trade-offs
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THE LETTER E.

FIGURE 4.29 Letterform shape can be analyzed and stored as straight lines
and circular arcs. This is an old idea, as demonstrated by this 1535 illustration

by Albrecht Diirer.
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FIGURE 4.27 Hershey fonts are stored as overlappmg strokes. The pen path
and the resulting inked letterform are shown. (Reproduced from [Wolcott

1976].)
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FIGURE 4.28 Character shape stored as a polygonal outline (shown enlarged).



A
FIGURE 4.8 A letterform design expressed as an outl

ine.
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FIGURE 4.31 A graphical interpretation of the shape of Bézier spline
curves.



P

PP

P



3)

FIGURE4.37 Different joins useful in outline specification. Case (1) is a vertex
where two straight lines join. Case (2) joins a straight segment with a curved
one. The tangent may have a discontinuity, depending on the curve. Finally,
Case (3) joins to curves with the constraint that the tangent be continuous.
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FIGURE 4.38 Three possible relationships between two pen paths. In case
(a), the shape of the pen used to draw the lines determines the shape of the

join. Alternatively, the lines can be mitered, as shown in (b). Case (c) shows
the two strokes not interacting at all.



FIGURE 4.33 Inline representation of a character uses a pen path and pen
shape tc encode the way to draw the character.



The quick brown fox jumped over the lazy dog’s back.
The quick brown fox jumped over the lazy dog’s back.
The quick brown fox jumped over the dog’s back.
The quick brown fox jumped over the dog’s back.

(a)

the lazy dog’s back.
the lazy dog’s back.
the lazy dog’s back.
the lazy dog’s back.

FIGURE 4.34 Four fonts
larged in (b).

generated from one inline representation (a), en-



FIG. 3.12 - Un «e » est défini par quelques points de contréle et tangentes.
Voir les figures 3.13 et 3.4

\e{

402 276 moveto % départ point 1
399 380 334 458 226 458 curveto % courbe de 1 a 2
102 458 22 356 22 214 curveto % courbe de 2 a 3
22 95 97 -10 212 -10 curveto % courbe de 3 a 4
312 -10 390 68 421 158 curveto % courbe de 4 a §
405 164 lineto % droite de 5 a 6
374 109 319 57 253 57 curveto % courbe de 6 a 7
140 57 92 181 91 276 curveto % courbe de 7 a 8
closepath % fin contour extérieur
94 308 moveto % départ au point 9

103 372 134 424 204 423 curveto % courbe de 9 a 10
270 423 297 366 300 308 curveto ‘% courbe de 10 a 11
closepath} def % fin contour intérieur

FIG. 3.13 - Programme PostScript donnant la définition du contour du «e »
de la figure 3.12
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FIG. 4.7 - Les points de contréle correspondants des courbes de Bézier sont
obtenus par interpolation linéaire
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FIGURE 4.42  Primitives in Philippe Coueignoux’s Character Simulated De-
sign language. (From Philippe ]. M. Coueignoux, “Generation of Roman
Printed Fonts.” Ph.D. Thesis, June 1975. Reprinted with permission of the
Massachusetts Institute of Technology.)



cmchar "Ampersand",
beginchar("&", 14u#, asc_height#, 0);
italcorr z_height# x slant — serif _fit# — if serifs: .4u# else: 1.5u# fi;
adjust_fit(0, serif _fit#);
pickup tiny.nib; pos,(slab, —90); zo = 4u; bot yar = —o;
if not hefty: (z, y21) = whatever|zar, (w — Su, z_height)]; zo := z; fi
if serifs: pos,(fudged.hair, 0);
7t Zor + jut = hround(w — .9u); top yo = z_height;
pos, (fudged.hair, 0); z1 = whatever|zo, (.6[zo, 2], 0)];
y1 = max(yo — 1.5bracket — .2z_height, 2/3z_height);
filldraw stroke zge --- z1e ... {left}2ae; % short diagonal
else: pickup fine.nib; pos,(.25slab, flare], —15); rt z1, = hround(w — 2u);
Yir = good.y .75[bar _height, x_height]; z1; := good.x T11; Y11 = good.y yui;
top zo11 = (T2, tiny.top yar); bot zp, = (Tar, tiny.bot ya,);
filldraw stroke term.e(2', 1, right, 1, 4); fi % short diagonal and terminal
pickup tiny.nib; numeric slope, theta, reduced _hair;
slope = (h — 2vair — slab)/10.5u: theta = angle(—slope, 1);
reduced _hair = max(tiny.breadth. hround(fudged.hair if hefty: —2stem_corr fi));
lft z3r = hround .75u; x5 = .5[z3,, ze]; Uft 6r = hround .5(w — u);
T3 — Tar = curve — tiny; posg(reduced_hair, 180);
poss(vair, theta); ys = .5h;
ellipse_set(2l, 31, 41, 51); ellipse_set(2r, 3r, 4r, 51);
posq(vair, 270); top yu = h+ 0: z7 = .45[zer, Tsr);
posg(fudged.stem, 30); zg = good.z(zg + 3.5u — Ts): ysr = Ys:
ellipse_set(7l, 61, 5', 51); ‘
filldraw stroke zo.{left} ... zze{up} ... z4e --- 250 ... {up}zee
czrefleft} ... zge{doun}; % bowls
posig(slab, 90); z10 = w — 3.5u; bot y101 = —o;
posg(fudged.stem, angle(zs — z10) — 90);
z9 = .Blzs, z10] + (1.75u, 0) rotated (angle(zs — 210) + 90);
filldraw stroke zs.{down} ... zec{2z10 — 28} ... {Tight}z10e: % long diagonal
if serifs: pickup crisp.nib; pos,, (slab, 90); z10 = z10;
pos,, (fudged.hair, 180); 1t z11; = hround(w — u); y11 = .5bar_height;
filldraw stroke zig/.{right} ... {up}z11e; % terminal
numeric inner _jut; if 7t ze; + .5u < Ift zo; — 1.5jut: inner_jut = 1.5jut;
else: rt z¢; + .5u = lft xo; — inner_jut; fi
dish_serif (0, 1, a, .6, inner_jut, b, .5, jut)(dark); % serif
else: pickup fine.nib; pos,, (slab, 90); z100 = 210;
posy,(Vround .5[slab, flare], 90);
rt 11 = hround(r — letter_fit — u); bot y11, = vround .07bar_height — o;
filldraw stroke term.e(10', 11, right, 1, 4); fi % terminal
penlabels(0, 1, 2, 3,4,5,6,7,8,9,10, 11);: endchar;

(a)

FIGURE 4.43 A METAFONT program that generates a continuum of amper-
sands, depending on the settings of parameters (a). Three possible outputs are
shown in (b). (Donald E. Knuth, Computers and Trypesetting Vol. E, © 1985,
Addison-Wesley Publishing Company, Inc., Reading, MA. Pps. 362 & 363.

Reprinted with permission. )
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ABCDEFGHIIKLMNOPQRSTUVWXYZ  ABCDEFGHIJKLMNOPQRSTUVWXYZ
abcdefghijklmnopgrstuvwxyz  abcdefghijklmnopgrstuvwxyz
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111 1234567890 0123456789 111
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DIGITAL TYPOGRAPHY AT STANFORD
HAMBURGEFONSTIV HAMBURGEFONSTIV

Art Begins Cunningly Disenfranchising Eskimos From Ghastly Horors In Juxtaposed Kashmir Lounges
Meanwhile Neo Pragmatists Quell Rembrandts Stored Temporarily Uptown Vexing Wild
Xebras Yellow Zylophones

(a)

Crapuk pHbaini coBceM OIMH Ha cBoed noake B IonbdeTpume. Bot y&e BOCEMBIECAT YETHIPE OHA OH XOOMI
B MOpe M He NMOAMAal HU OOHON phiGH. IlepBhie COPOK OHER C HUM Obl MalbyMK. . . Maneauky Taxeno Guino
CMOTpETh, KaK CTapUK KamIbiA IeHb BO3BpAamMalicA HM C Y€M, U OH BHIXONMN Ha Geper, ITOGH MOMOYb eMy
OTHECTH IOMOM CHaCTH MM 6arop, rapryH ¥ o6epHYTHIAl BOKPYT MaiTH Mapyc. [Tapyc Gbin Beck B 3anmaTtax
M3 MEWKOBUHN U, CBEPHYTHIM, HAallOMHMHall 3HaMsA HaroloBy pasGHUTOro MoNKa.

--OpHecT XemuHryan, CTAPUK U MOPE

(b)

FIGURE 4.44 Some typeface designs created using METaFoNT. Euler (a), a
Cyrillic face (b), and a version of Helvetica (c). (Samples courtesy of David R.
Siegel (a), and Georgia K. M. Tobin, The Metafoundry™ (b) and (c)).

Once the characteristics of a style of type are
defined in METAFONT's declarative algebraic lan-
guage, certain critical style-pervasive values - stem
and hairline widths, the angle between the y-axis
and the x-axis, and so on - can be varied so that
a stylistically consistent progression from one
typeface to another within the same family can
be achleved. The different styles In this para-
graph were all produced from a single set of let-
ter definitions with four different sets of values
provided at run time to account for the distinc-
tions among the four type styles.

Similarly, once a letter is defined, this parameterization gives enough flex-
ibility so that the same definition can be used to produce a letter at
different point sizes or at different resolutions. The different
point sizes in this paragraph were all produced from a
single set of letter definitions, and not by simple pro-
portional scaling. Rather, each design is drawn by
METAFONT ‘from scratch’ at run time for each
new point size; the designer’s task is to en-
sure that the initial definition is sufficiently
flexible.



User Representation
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FIGURE 4.35 Some examples of font-design tools, categorized by intention-

ality and representation. METAFONT appears twice, indicating that it can be
used both intentionally and extensionally.
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FIGURE 4.36 A bitmap editor screen (Fontastic on the Macintosh computer).



File Edit Windows Uiew Special Effects
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FIGURE 4.40 An outline-editor screen setup (Fontographer on the
Macintosh computer).



2 O 00 ~NO Ol

16

20

24

30

36

60

72

Daniel M. Berry
Daniel M. Berry

Daniel M. Berry
Daniel M. Berry
Daniel M. Berry

Daniel M. Berry
Daniel M. Berry
Daniel M. Berry

Daniel M. Berry
Daniel M. Berry
Daniel M. Berry

Zoom in on the smallest!

Outline


dberry
Typewritten Text
Zoom in on the smallest!

dberry
Typewritten Text
Outline


Daniel M. Berr

12 Daniel M. Berry
16 Daniel M. Berry
o Daniel M. Berry

+ Daniel M. Berry

» Daniel M. Berry
. Daniel M. Berry

, Daniel M. Berry
. Daniel M. Berry
-Daniel M. Berry

Outline


dberry
Typewritten Text
Outline


10

12

16

20

24

30

36

60

72

ooo~NooTNNW0
N

Daniel M. Berry
Daniel M. Berry
Daniel M. Berry

Daniel M. Berry
Daniel M. Berry
Daniel M. Berry

Daniel M. Berry
Daniel M. Berry
Daniel M. Berry

Daniel M. Berry
Daniel M. Berry
Daniel M. Berry

Outline


dberry
Typewritten Text
Outline


16

20

24

30

36

40

60

72

W

ze: Sanmple

g
95555_
5323 ¢ ¢

el Berry
niel M Berry

Daniel M Berry
Daniel M Berry
Daniel M Berry

Daniel M Berry
Daniel M Berry
Daniel M Berry

Daniel M Berry
Daniel M Berry
Dani el M Ber

Used to be Stroke, but now Outline


dberry
Typewritten Text
Used to be Stroke, but now Outline


10

12

16

20

24

30

36

40

60

72

N

::::::::
33333333
77777777
JJJJJJJJ

»)2 INNT

12 INYT
»32 TNMT

12 INIT
’31 DNNT
Y31 DNT

»12 INOYT
Y31 TINNT
’32 TNT

Outline, no hinting


dberry
Typewritten Text
Outline, no hinting


40

60

72

12701
11111111
’’’’’’’’

11111111

"3 HX117
M2 HN°37

M2 HXR737
M2 5X°17
M2 PR3

"2 PR3
M3 58717
M3 5X°17

Outline, no hinting


dberry
Typewritten Text
Outline, no hinting


10

12

16

20

24

30

36

40

60

72

N

11111111
11111111
''''''''
''''''''

M 7NNT
M 7NNIT

N 7NNT
N 7NNT
N 7NT

N 7NT
N 7NNT
N 7NIT

Outline, no hinting


dberry
Typewritten Text
Outline, no hinting


12

16

20

24

30

36

40

60

72

N

77777777

’’’’’’’’

M2 5x117
M2 X717
M2 HX117

M2 OX11T
M2 DX
M2 DXIT

M2 TN
1M1 DX
1M1 DX

Outline, no hinting


dberry
Typewritten Text

dberry
Typewritten Text
Outline, no hinting


12

16

20

24

30

36

40

60

72

2710 DR237T
270 DR2IT

271 HYR217T
270 DR23T
270 DR?IT

712 DR71T
270 DRI
72 DR7?I1T

270 OR? 1T
270 OR? Y
270 OR7 1T

Stroke


dberry
Typewritten Text
Stroke


2}

ze:  Sample

Fz - N

Fz - N

FoT)L - N

gz - N

Foz - N
0 Aty | PERAN) |

2O 00~NO 01N

12 FxTi - N
16 =zl N
20 ST - N

24 5?:-3-—.-} I/ - ‘J\U
30 ﬁ?:—.:]:.} I/ ) "\\U
36 ﬁ“::‘tﬁ} I/ - J\‘:\ ]_)

. FagL - N
AT - N
AT - N))

Bitmapped


dberry
Typewritten Text
Bitmapped


Sizee  Sample

2

5

6

7 L AL F

8 5 JLAE #1

9 FHE JLAEFI

10 #+ e JL AL #

12 # e JLAE #

16 Je JLAE F

20 e JLAE #
21 fe JLAE #

w
o

w
(o3}

40

60

72

F+ e JLAE #
FH e JLAC #

£ e JLAE #
ﬂr fe JLAC #
fe JLAC #

"

Bitmapped


dberry
Typewritten Text

dberry
Typewritten Text
Bitmapped


Daniel M. Berry
Daniel M. Berry

Daniel M. Berry
Daniel M. Berry

Daniel M. Berry

Daniel M. Berry
Daniel M. Berry

Daniel M. Berry

Daniel M.

Berry

Daniel M. Berry

Outline and designed at each size

CS445/CS645/ECE451/SE463 — DANIELBERRY


dberry
Typewritten Text

dberry
Typewritten Text

dberry
Typewritten Text
Outline and designed at each size


Daniel M. Berry
Daniel M. Berry

Daniel M. Berry
Daniel M. Berry

Daniel M. Berry
Danzel M. Berry

Danzel M. Berry
Danziel M. Berry

Daniel M. Berry
Daniel M. Berry

Outline and designed at each size

CS445/CS645/ECE451 /SE463 — DANIELBERRY


dberry
Typewritten Text
Outline and designed at each size


Daniel M. Berry
Daniel M. Berry

Daniel M. Berry
Daniel M. Berry

Daniel M. Berry
Daniel M. Berry

Daniel M. Berry
Daniel M. Berry

Daniel M. Berry
Daniel M. Berry

Outline and designed at each size

CS445/CS645/ECE451 /SE463 — DANIELBERRY


dberry
Typewritten Text
Outline and designed at each size


Daniel M. Berry
Daniel M. Berry

Daniel M. Berry
Daniel M. Berry

Daniel M. Berry
Daniel M. Berry

Daniel M. Berry
Daniel M. Berry

Daniel M. Berry
Daniel M. Berry

Outline and designed at each size

CS445/CS645/ECE451 /SE463 — DANIELBERRY


dberry
Typewritten Text
Outline and designed at each size


Daniel M. Berry
Daniel M. Berry

Daniel M. Berry
Daniel M. Berry

Daniel M. Berry
Daniel M. Berry

Daniel M. Berry
Daniel M. Berry

Daniel M. Berry
Daniel M. Berry

Outline and scaled to each size

CS445/CS645/ECE451/SE463 BANIELBERRY


dberry
Typewritten Text
Outline and scaled to each size


Daniel M. Berry
Daniel M. Berry

Daniel M. Berry
Daniel M. Berry

Daniel M. Berry
Daniel M. Berry

Daniel M. Berry
Daniel M. Berry

Daniel M. Berry
Daniel M. Berry

Outline and scaled to each size

CS445/CS645/ECE451/SE463 BANIELBERRY


dberry
Typewritten Text
Outline and scaled to each size


Daniel M. Berry
Daniel M. Berry

Daniel M. Berry
Daniel M. Berry

Daniel M. Berry
Daniel M. Berry

Daniel M. Berry
Daniel M. Berry

Daniel M. Berry
Daniel M. Berry

Outline and scaled to each size

CS445/CS645/ECE451/SE463 BANIELBERRY


dberry
Typewritten Text
Outline and scaled to each size


Daniel M. Berry
Daniel M. Berry

Daniel M. Berry
Daniel M. Berry

Daniel M. Berry
Daniel M. Berry

Daniel M. Berry
Daniel M. Berry

Daniel M. Berry
Daniel M. Berry

Outline and scaled to each size

CS445/CS645/ECE451/SE463 BANIELBERRY


dberry
Typewritten Text
Outline and scaled to each size


/ChinFontc3Dict 8 dict def

ChinFontc3Dict begin
[FontType 3 def
/[FontMatrix [.8 0 0 .8 0 0] def
/[FontBBox [0 0 1 1] def
/Encoding /encoding load def
/Metrics /metrics load def
/BuildChar /buildchar load def

/CharacterDefs 95 dict def

PS definition of a bitmapped font
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CharacterDefs /CHbO
{ 24 24 true [24 0 0 —24 0 24]
{<
04006007fff00600
6006006006406006
3060061860061c60
060c600600600600
6006006 6ffffffO6
0060060060060060
0c00600c00600c00
6018006018006030
00606003e08000c0
> } imagemask
} put

end

/ChinFontc3 ChinFontc3Dict definefont pop
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%! Hebrew-Frank-Ruehl font

% Copyright 1986 Amiram+Omri

[Hebrew-Frank-RuehlFont 8 dict def Hebrew-Frank—-RuehlFont begin
[FontType 3 def /FontMatrix [.008333 0 0.008333 0 0] def

[FontBBox [-2 -39 65 91] def /CharStrings 112 dict def

CharStrings begin

[alef{ 31 35 moveto

11 58 lineto 9 60 10 62 9 62 curveto 6 62 2 55 2 52 curveto

2 49 4 48 6 46 curveto 14.5 36 lineto 10 32 4 26 4 20 curveto
4141010106 curveto 103464 0 curveto 20 0 lineto
212224226 curveto 22 14 1316 13 26 curveto 13 28 14 31 17 33 curveto
40 4 lineto 42 2 41 0 43 0.2 curveto 46 0 50 5 50 8 curveto
49.8 11 49 12 46 16 curveto 38 26 lineto 34 32 40 40 44 45
curveto 46 42 3.6 123.7 33.7 arcn 50 54 lineto

44 54 6 0 90 arc 38 60 lineto 38 62 2 —90 180 arcn

36 64 34 65 33 62 curveto 30 56 30 47.4 34 47 curveto

40 46 lineto 31 35 lineto }def

Type 3 PS definition of an outline font
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/bet{ 10 62 moveto

10 64 8 65 7.2 62 curveto 4 56 4 46 8 46 curveto 30 46 lineto

38 46 40 14 26 14 curveto 6 14 lineto 2 0 lineto 44 0 lineto 48 14 lineto
34 14 lineto 43 14 48 60 34 60 curveto 12 60 lineto 12 62 2 -90 180 arcn
tdef



[alefqamatz{ 31 35 moveto

11 58 lineto 9 60 10 62 9 62 curveto 6 62 2 55 2 52 curveto
2 49 4 48 6 46 curveto 14.5 36 lineto 10 32 4 26 4 20 curveto
4141010106 curveto 103464 0 curveto 20 0 lineto
212224226 curveto 22 14 1316 13 26 curveto 13 28 14 31 17 33 curveto
40 4 lineto 42 2 41 0 43 0.2 curveto 46 0 50 5 50 8 curveto
49.8 11 49 12 46 16 curveto 38 26 lineto 34 32 40 40 44 45
curveto 46 42 3.6 123.7 33.7 arcn 50 54 lineto

44 54 6 0 90 arc 38 60 lineto 38 62 2 —90 180 arcn

36 64 34 65 33 62 curveto 30 56 30 47.4 34 47 curveto

40 46 lineto 31 35 lineto

10 -9 moveto

40 -9 lineto 40 -15 lineto

28 —15 lineto 28 —-24 lineto

28 -25 29 -26 29.5 -29 curveto

29 -31 27 -33 25 -33 curveto

23 -33 21 -31 20.5 -29 curveto

21 -26 22 -25 22 -24 curveto

22 =15 lineto 10 -15 lineto

10 -9 lineto }def



end

[Encoding 256 array def

0 1 255{Encoding exch /.notdef put}for
dup 81 /alefqamatz put

dup 96 /alef put

dup 97 /bet put

[Metrics 112 dict def Metrics begin
)élefqamatz 52 5 add def

Jalef 52 5 add def
/bet 50 5 add def

end



/BuildChar{ /CharCode exch def

begin Metrics Encoding CharCode get get 0 FontBBox aload pop setcachedevice
%CharStrings Encoding CharCode get get end exec fill }def end

CharStrings Encoding CharCode get get end exec stroke }def end

[Hebrew—-Frank-Ruehl Hebrew-Frank-RuehlFont definefont pop
[Hebrew-Frank-Ruehl findfont 867 scalefont setfont

150 300 moveto
()show showpage
150 300 moveto
(a)show showpage
150 300 moveto
(Q)show showpage

[Hebrew—-Frank—-Ruehl findfont 20 scalefont setfont
150 300 moveto
(‘Q)show showpage
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25 210 moveto (Daniel M. Berry) show

25 420 moveto (Daniel M. Berry) false charpath .5 setlinewidth stroke
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