A T

E

X D VI Driv er F amily

Nelson H.F. Beeb e

Cen ter for Scien tific Computation

220 South Ph ysics Building

Univ ersit y of Utah

Salt Lak e Cit y , UT 84112

USA

T el: (801) 581-5254

EMAIL: Beeb e@Science.Utah.Edu (In ternet)

15 April 1987 — Revision 2.07

Con ten ts

1 In tro duction 1

2 The D VI Driv er Soft w are 2

3 Outline of the D VI Driv ers 4

4 The Grubb y Details 8

4.1 abortrun.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

4.2 actfact.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

4.3 alldone.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

4.4 bitmap.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

4.5 bopact.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

4.6 chargf.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

4.7 charpk.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

4.8 charpxl.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

4.9 clrbmap.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

4.10 clrrow.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

4.11 commands.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

4.12 devinit() . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

4.13 devterm() . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

4.14 dispchar.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

4.15 dumpchar.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

4.16 dvifile.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

4.17 dvihead.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

4.18 dviinit.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

4.19 dviterm.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

4.20 eopact.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

4.21 f20open.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

4.22 fatal.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

4.23 fillrect.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

4.24 findpost.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

4.25 fixpos.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

4.26 fontfile.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

4.27 fontsub.c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

4.28 gblprocs.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

4.29 gblvars.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

4.30 gendefs.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

4.31 getbmap.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

4.32 getbytes.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

4.33 getfntdf.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

4.34 getpgtab.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

4.35 inch.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23

4.36 initglob.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23

4.37 keydef.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24

4.38 keybrd.c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24

4.39 loadchar.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

4.40 loadbmap() . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26

4.41 machdefs.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27

4.42 main.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28

4.43 mak ec har() . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28

4.44 movedown.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28

4.45 moveover.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28

4.46 moveto.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29

4.47 newfon t() . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29

4.48 nosignex.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29

4.49 openfont.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29

4.50 option.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30

4.51 outrow.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

4.52 prtbmap() . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32

4.53 prtpage.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33

4.54 readfont.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

4.55 readgf.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

4.56 readpk.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

4.57 readpost.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

4.58 readpxl.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

4.59 reldfont.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35

4.60 rulepxl.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36

4.61 setchar.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36

4.62 setfntnm.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36

4.63 setrule.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36

4.64 setstr() . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37

4.65 signex.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38

4.66 skgfspec.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38

4.67 skipfont.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38

4.68 skpkspec.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38

4.69 special.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38

4.70 strchr.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40

4.71 strcm2.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41

4.72 strid2.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41

4.73 strrchr.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41

4.74 tctos.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41

4.75 typedefs.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42

4.76 usage.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42

4.77 warning.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42

5 D VI Driv er Device Supp ort 43

5.1 dvialw.c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44

5.2 dvibit.c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48

5.3 dvican.c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50

5.4 dvigd.c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50

5.5 dviimp.c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51

5.6 dvijet.c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51

5.7 dvijep.c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51

5.8 dvil75.c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58

5.9 dvim72.c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58

5.10 dvimac.c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58

5.11 dvimpi.c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58

5.12 dvio72.c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59

5.13 dvioki.c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59

5.14 dviprx.c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60

5.15 dvitos.c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61

6 Setting up the En vironmen t 62

6.1 IBM PC Setup . . . . . . . . . . . . . . . . . . . . . . . . . . 62

6.2 TOPS-20 Setup . . . . . . . . . . . . . . . . . . . . . . . . . . 63

6.3 VMS Setup . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65

7 Building the Driv ers 70

8 Programming Con v en tions 72

9 Implemen tation Problems 76

9.1 TOPS-20 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76

9.2 Unix 4.1BSD . . . . . . . . . . . . . . . . . . . . . . . . . . . 78

9.3 HPUX . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79

9.4 IBM PC Lattice C . . . . . . . . . . . . . . . . . . . . . . . . 79

9.5 IBM PC Wizard C . . . . . . . . . . . . . . . . . . . . . . . . 80

9.6 IBM PC Microsoft C . . . . . . . . . . . . . . . . . . . . . . . 80

10 Implemen tation Efficiency 81

11 Implemen tation Summary 83

1 In tro duction

This do cumen t describ es a family of driv er programs whic h translate the

T

E

X device-indep enden t (D VI) output file to a device-sp ecific file for a par-

ticular output device, suc h as a dot matrix prin ter, a laser prin ter, a CR T

displa y , or a photot yp esetter.

These programs grew out of a D VI driv er for the BBN BitGraph

terminal

1

dev elop ed b y Mark Senn at Purdue Univ ersit y . This w as fur-

ther w ork ed on at the Univ ersit y of W ashington b y Stephen Bec h tolsheim,

Bob Bro wn, Ric hard F uruta, Jim Sc haad, and Rob ert W ells, with con tri-

butions for P ostScript devices b y Neal Holtz at Carleton Univ ersit y . Simon

Barnes of Sc hlum b erger Cam bridge Researc h Ltd., and Robin Rohlicek at

BBN pro vided useful additions to the BBN BitGraph driv er whic h ha v e b een

generalized and incorp orated in V ersion 2.07.

In the win ter of 1986/87, John Sauter adapted one of the dot matrix

driv ers to pro duce dvil75 for the DEC LA75 prin ter. Lon Willett at Utah

adapted a laser prin ter driv er to pro duce dviimp for the Imagen laser prin ter

family .

The transformation to ab out ten other device driv ers, plus the massiv e

co de rearrangemen t for man y new features as w ell as easy iden tification

of host- and device-dep enden t sections, w as carried out at the Univ ersit y

of Utah b y the presen t author. The co de has undergone suc h extensiv e

mo dification that there remains little in common with the original v ersion,

whic h no doubt has spa wned other families of driv ers at v arious institutions.

What mak es this driv er family unique is the author’s commitmen t to its

supp ort on a wide v ariet y of host arc hitectures and op erating systems, and

to its r emaining entir ely in the public domain . Recipien ts are encouraged to

install it, use it, impro v e, and in the spirit of the Emacs comm unit y , return

the impro v emen ts to this author for further distribution. Don Kn uth, Leslie

Lamp ort, and Mik e Spiv ak ha v e giv en us T

E

X and MET AF ONT , L a

T

E

X, and

A

M

S -T

E

X, whic h are enormous con tributions to the w orld of t yp esetting,

and w e should em ulate them in giving a w a y our o wn w ork. Man y of us w ork

at univ ersities and to a large exten t are supp orted b y public educational

1

This fine terminal, whic h is almost unique in ha ving supp ort for v ariable sized do wn-

loaded fon ts, is no longer made b y BBN. It has b een licensed b y BBN to EastMark, Inc.

(240 Smith Street, Lo w ell, MA 01851, T el: (617)453-9150), who ha v e impro v ed the do cu-

men tation and pac k aging and sell it as the GTR01 mo del. Unit list price is ab out $2950

(spring 1986). The screen resolution is 1024 × 780 in a p ortrait orien tation nicely matc hing

the prin ted page.

13 April 1987 V ersion 2.07

2 2 THE D VI DRIVER SOFTW ARE

funding; w e o w e them something bac k. Someone who commercializes these

D VI driv ers is on his o wn; I shall con tin ue to giv e the family a w a y to an y one

who asks for it.

In Jan uary 1986 the a v ailabilit y of the family w as announced on the

TeXHaX bulletin b oard, and rep eated again in the Marc h 1987 issue of the

T

E

X Users Group newsletter, TUGBoat. In the first t w o mon ths after the

announcemen t, ab out 60 copies w ere shipp ed b y mail, and based on file

reference coun ts, a roughly equal n um b er of In ternet ANONYMOUS FTP

retriev als w ere done from sites unkno wn. An electronic mailing list is main-

tained to inform recipien ts of c hanges and up dates.

2 The D VI Driv er Soft w are

T

E

X is written in a subset of ISO Standard “P ASCAL whic h w as c hosen b oth

to enhance its p ortabilit y , and to facilitate translations to other languages.

F or example, it a v oids nested pro cedures, and use of en umeration v ariables.

This author is a w are of at least fiv e

2

translations of T

E

X to C, and one

of MET AF ONT to T al and another to F ortran. The T

E

X soft w are system is

actually written in the W eb language, and translated in to a P ascal program

b y T angle and in to a T

E

X do cumen t b y W ea v e. W eb supp orts c hange files

whic h con tain lo cal mo difications to the source co de, so that all sites can

w ork off a common master source file.

Despite its man y fine features whic h supp ort the dev elopmen t of reliable

and correct soft w are, regrettably , P ascal is completely unsuited for the writ-

ing of D VI driv er programs. The t w o serious omissions in this area are the

lac k of bit op erations, and random-access I/O. The former are critical for

efficien t supp ort of lo w-cost dot matrix prin ters, and the latter for efficien t

access to the man y files whic h the driv er requires.

Niklaus Wirth’s second p opular language, Mo dula-2, remedies b oth these

problems, but is not y et widely-enough a v ailable, and lac ks a standard I/O

library . Because of its strong similarit y to P ascal, it should not b e difficult

to prepare a v ersion of the W eb system to supp ort it.

Ada w ould also b e a go o d p ossibilit y , but compilers again are either not

a v ailable, or to o exp ensiv e in man y en vironmen ts.

2

(1) old T

E

X78 p ort to 16-bit w orkstation; (2) D.R. F uc hs’ MicroT

E

X (a v ailable from

Addison-W esley); (3) N. Naugle and T. Rokic ki at T exas A&M; (4) P . Monardo’s Common

T

E

X at UC Berk eley; (5) P er Bergsten at Chalmers Institute of T ec hnology , G¨ oteb org,

Sw eden.

V ersion 2.07 13 April 1987

Since T

E

X no w runs on man y differen t computer systems, including the

IBM PC and the Apple Macin tosh, there is a need for D VI driv er programs

whic h can b e used on all of them. There is really only one language c hoice,

and that is the C language originally dev elop ed at Bell Lab oratories for the

supp ort of the Unix op erating system. It is ev en more widely a v ailable than

P ascal, and it con tains the necessary supp ort for bit op erations, random I/O,

and hands-on access to files without ha ving the op erating system thro wing

in extra garbage whic h ruins them.

Because C is a “lo w-lev el” high-lev el language, it is close to common

computer arc hitectures, and in most implemen tations, compiles in to reason-

ably efficien t mac hine co de, pro vided some care is tak en at the source lev el.

The ma jor w eaknesses of C are its general lac k of t yp e and b ounds c hec k-

ing, and its lax syn tax whic h allo ws programming errors to b e accepted as

legal co de. Tw o particularly no xious examples of the syn tax problems are

illustrated b y the follo wing program fragmen ts:

for (k = 1; k <= n; ++k);

foo(k); /* foo is called once */

for (k = 1; k <= n; ++k)

foo(k); /* foo is called n times */

The inden tation here implies to the reader that foo() is con trolled b y the

for lo op.

if (avar = bvar); /* this sets avar */

foo(); /* foo is called once */

if (avar = bvar) /* this sets avar */

foo(); /* foo is called if bvar is non-zero */

if (avar == bvar); /* this leaves avar intact */

foo(); /* foo is called once */

if (avar == bvar)

foo(); /* foo is called if avar equals bvar */

The inden tation again implies that foo() is con trolled b y the if statemen t.

Y ou m ust lo ok closely to sp ot the tin y differences whic h giv e the v ery dif-

feren t effects noted in the commen ts.

13 April 1987 V ersion 2.07

4 3 OUTLINE OF THE D VI DRIVERS

Although the coming ANSI C Standard extends the language to supp ort

t yp e c hec king of function argumen ts, arra ys carry no b ounds information

unless the programmer arranges to create comp osite data t yp es or pass di-

mension v ariables, and the ma jorit y of the standard library routines that

ha v e arra y or p oin ter argumen ts simply assume that adequate space is a v ail-

able when they are stored in to.

Tw o v ersions of W eb in C ha v e b een rep orted in TUGBoat,

3 , 4

but I

ha v e not had an opp ortunit y y et to obtain either of them. The extensiv e

v ariable and co de section cross-referencing pro vided automatically b y W eb

are exceedingly useful features, and go o d grounds for Don Kn uth’s calling

W eb programming liter ate pr o gr amming .

5

Without these cross-references,

w e ha v e to mak e do with string searc h utilities lik e the Unix grep program.

F ortunately , the C prepro cessor pro vides most of the facilities that W eb

c hange files do. The fact that all v ersions exist inside the source co de en-

capsulated b y #if . . . #endif sequences is b oth an adv an tage and a dis-

adv an tage. One source file has all implemen tations con tained in it, but it

is rarely p ossible for an implemen tor to completely test all v ersions when

mo difications are made to the v ersion-sp ecific sections.

Nev ertheless, the use of C for this driv er family has pro v ed quite satis-

factory , and dev elopmen t w ork on the DEC TOPS-20 op erating system is

supp orted b y the a v ailabilit y of Ric hard Stallman’s w onderful Emacs from

MIT, and man y of the most useful Unix utilities implemen ted with the

p ortable C compiler and library , PCC-20, p orted to TOPS-20 b y Ja y Lep-

reau, at the Univ ersit y of Utah. In F ebruary , 1987, I installed the K CC-20

compiler whic h is under activ e main tenance and dev elopmen t at SRI-NIC,

and the driv er family has b een implemen ted with it as w ell. It has pro v ed

to b e a fine compiler, and is b eing up dated to conform to the draft ANSI C

Standard.

3 Outline of the D VI Driv ers

The D VI driv ers follo w to some exten t Da vid F uc h’s dvitype program, whic h

defines the standard D VI file format and ho w to pro cess it. In simple terms,

the D VI file is a sequen tial 8-bit b yte command stream pro duced b y T

E

X as it

3

Klaus Gun termann and Joac him Sc hro d, WEB A dapte d to C , TUGBoat 7 , No. 3,

134–137 (1986).

4

Silvio Levy , WEB A dapte d to C, A nother Appr o ach , TUGBoat 8 , No. 1, 12–13 (1987).

5

Computer Journal , 27 , 97-111 (1984)

V ersion 2.07 13 April 1987

bitmap b y dispchar() , or formatted for do wnloading to a more in telligen t

output device, suc h as the BBN BitGraph, P ostScript prin ters, and the

Hewlett-P ac k ard LaserJet Plus.

F or most devices, the c haracter bitmap is quite small, and there w ould

b e no difficult y in storing the full bitmap. Ho w ev er, prin ters of m uc h higher

resolution are lik ely to b ecome a v ailable o v er the next few y ears, while host

computer memories will probably not increase substan tially . F or example, a

10pt c haracter at 2400 dots/inc h w ould require ab out 8 Kb ytes for the en tire

image, but few er than 25 b ytes for a single ro w. A 72pt c haracter, suc h as in

the aminch fon t, w ould need ab out 430 Kb ytes for the image, but only ab out

200 b ytes for a ro w. Since all three fon t formats store c haracter bitmaps in

ro w order, it seemed exp edien t to ha v e chargf() , charpk() , and charpxl()

build up the c haracter description a ro w at a time, calling another routine,

outrow() , eac h time a ro w is completed. They then require no kno wledge

of what is to b e done with the c haracter bitmap, and no duplication of co de

for this is necessary , since it can b e en tirely hidden in outrow() .

The .gf fon t file format pro duced b y the new MET AF ONT is reasonably

complex, sharing m uc h in design with .dvi files. Instead of b eing stored as

a full bitmap, with eac h ro w rounded up to a m ultiple of 32 bits to ac hiev e

w ord alignmen t on 32-bit hosts, as they are in a .pxl file, c haracter bitmaps

in a .gf file are stored in a run-length enco ded form with coun ts of white

and blac k pixels in eac h ro w, and commands to skip rep eated white ro ws.

This giv es a compression of only a few p ercen t for normal size c haracters,

but .gf fon t files for v ery large c haracters ma y b e up to 30% smaller than

the corresp onding .pxl files.

The .pxl file format has a 2K-b yte directory at the end con taining all

necessary c haracter metrics, plus p oin ters to their raster descriptions whic h

are scattered throughout the file. This means that a relativ ely small blo c k

of data is all that is initially required from the file, and random access can

b e later used to retriev e needed c haracter bitmaps. The .gf file also has a

directory at the end, but it con tains only c haracter escap emen ts and widths,

plus p oin ters to enco ded c haracter pac k ets whic h are scattered throughout

the file. The escap emen ts and widths are required for up dating co ordinates

when a c haracter is set, but the offsets of the c haracter bitmap from the

c haracter reference p oin t, whic h are required in clipping decisions when a

c haracter is to b e set, are stored in the c haracter pac k ets. Their a v ailabilit y

is desirable, b ecause off-page c haracters need nev er b e set. This deficiency

is unfortunate, b ecause to retriev e them, it is necessary to read through the

en tire fon t file, causing unnecessary file page mapping. F or man y fon ts used

V ersion 2.07 13 April 1987

4.7 charpk.h 11

in a t ypical T

E

X do cumen t, only a v ery few of the 128 p ossible c haracters in

the file will ev er b e used, so this design fla w in the .gf file format could in

the w orst case almost double the amoun t of fon t file input, compared to use

of .pxl files. Although it w ould b e p ossible to carry a flag for eac h c haracter

indicating whether or not the offsets w ere a v ailable, I decided not to do so,

b ecause this w ould b e needed only for one of the three fon t file formats.

The co de in chargf() follo ws that in GFtoPXL fairly closely , although

some duplication of co de fragmen ts w as p ermitted to a v oid the goto state-

men ts presen t in the latter. Most of the appro ximately 340 lines of co de in

chargf() are part of a large switch statemen t inside a lo op, dispatc hing on

the v alue of the next input b yte.

4.7 charpk.h

As discussed in the preceding section, charpk() is called to handle the

retriev al and deco ding of the raster description of a single c haracter from

the .pk form of a fon t file.

The .pk fon t file format w as defined b y T om Rokic ki, formerly at T exas

A&M Univ ersit y , no w at Stanford Univ ersit y . He has pro vided supp ort

programs GFtoPK , PKtoPX , and PXtoPK for con v erting b et w een the v arious

fon t file formats. Com bined with the Stanford T

E

X Pro ject’s GFtoPXL , only

PXLtoGF or PKtoGF y et need to b e written to allo w going from an y one of

the three fon t file formats to the other.

The .pk format is ev en more complex than the .gf format. Instead

of run-length enco ding c haracter bitmaps b y ro ws, it first recognizes re-

p eated ro ws,

8

then treats the remaining bitmap as a single bitstring to b e

run-length compressed. In addition, run-length coun ts are based on 4-bit

n ybbles, rather than 8-bit b ytes. F or the standard fon ts, the .pk files o ccup y

sligh tly less than half the disk space of the .gf files. This will clearly b e of

imp ortance on small mac hines, particularly p ersonal computers.

The .pk fon t file lac ks a c haracter directory , so to retriev e c haracter

metrics, the en tire fon t file m ust b e mapp ed in from disk. Eac h c haracter

is con tained in a single pac k et, b eginning with its n um b er and metrics,

and follo w ed b y its pac k ed raster enco ding. A stored pac k et length allo ws

skipping o v er the rasters on the first pass b y readpk() as the metrics are

collected.

8

Ab out 37% of the bitmap ro ws in the standard fon ts required b y plain.tex are

rep eated!

13 April 1987 V ersion 2.07

The co de in charpk() follo ws that in PKtoPX fairly closely , although some

duplication of co de fragmen ts w as p ermitted to a v oid the goto statemen ts

presen t in the latter. There are appro ximately 350 lines of co de in charpk() ,

but the pro cessing is more complex than that required in chargf() . Con-

sequen tly , the file charpk.h departs from the con v en tion of one function

p er file, and it con tains three priv ate functions, get_bit() , get_nybble() ,

and pk_packed_num() , plus sev eral priv ate globals kno wn only within this

file. F or historical reasons, the C data t yp e static when used for ob jects

declared outside a function b o dy , really means private to this file , and w e

therefore ha v e in tro duced a prepro cessor sym b ol PRIVATE for this purp ose.

A typedef cannot b e used, b ecause static is a t yp e mo difier , not a pure

data t yp e.

4.8 charpxl.h

charpxl() is quite short—ab out 55 lines. It retriev es a single c haracter

bitmap from a .pxl file, and sends eac h ro w to outrow() for pro cessing.

Since there is no raster deco ding necessary , once argumen t c hec king has

b een done and the fon t file successfully p ositioned to read the c haracter

bitmap, only eigh t lines of co de are needed to do the whole job. Before the

supp ort for .pk and .gf fon t files w as added, this op eration w as p erformed

in a half-dozen differen t functions. No w, it is totally isolated in this one

routine.

4.9 clrbmap.h

clrbmap() has the rather simple job of clearing a bitmap arra y to zero

for those devices, suc h as dot matrix prin ters, whic h actually require one.

Although it is a simple lo op in C, it has to b e done for ev ery page, and

accoun ts for a surprisingly large p ortion of the run time when the driv er

execution is monitored with a program coun ter histogramming utilit y . F or

some mac hines, w e ha v e prepared a more efficien t assem bly language v er-

sion, zerom() , whic h it calls instead. This can tak e adv an tage of basic

hardw are facilities lik e blo c k mo v e to do it as fast as the mac hine is capable

of. F or segmen ted memory bitmaps, where the bitmap is allo cated as a v ec-

tor of p oin ters to raster lines, rather than as one large arra y , sp ecial co de

is required to clear individual raster lines. The prepro cessor sym b ol SEGMEM

iden tifies these co de sections. Details can b e found later in the section on

getbmap() .

V ersion 2.07 13 April 1987

4.10 clrrow.h 13

4.10 clrrow.h

clrrow() is called from chargf() , charpk() , and charpxl() to clear the

global arra y img_row[] b efore collection of eac h c haracter bitmap ro w b e-

gins. Although the co de is a single lo op, it is required frequen tly enough

that it w arran ted encapsulation in a separate function.

4.11 commands.h

This file con tains sym b olic definitions of all of the D VI commands whic h are

required in the driv er program. These are fixed with the freezing of T

E

X,

but no program should ev er con tain magic constan ts where sym b olic names

w ould mak e the co de more readable.

4.12 devinit()

devinit() has the job of carrying out an y startup initializations required

b y the output device for the pro cessing of a single D VI file. It is called from

dvifile() . F or most dot-matrix prin ters, there is little to do, but terminals

and laser prin ters ma y require considerably more.

4.13 devterm()

devterm() is called from dvifile() to p erform an y device termination fol-

lo wing the pro cessing of a single D VI file. Commen ts made ab out devinit()

apply to this function as w ell.

4.14 dispchar.h

dispchar() has the delicate job of pain ting the curren t c haracter on to the

displa y surface. F or do wnloaded fon t devices, this job ma y in v olv e little

more than output of a few command b ytes, once the c haracter rasters ha v e

b een sen t to the device. F or bitmapp ed devices, it is fairly tric ky , since the

c haracter bitmap will rarely b e aligned on a w ord b oundary in the output

bitmap, and the co de m ust b e b oth efficien t, since it is done sev eral thousand

times p er page, and indep enden t of the host computer w ord size. It is further

complicated b y the fact that the righ t shift op erator in C ma y or ma y not

propagate a sign bit; the unsigned in teger t yp e attribute whic h should

suppress this propagation is not a v ailable in all compiler implemen tations.

13 April 1987 V ersion 2.07

The prepro cessor sym b ol ARITHRSHIFT is used to select the appropriate co de

section.

Although the b o dy of this function is less than 60 lines long, it is ab out

the most complex function in the en tire driv er family , and also the one lik ely

to require the most execution time. If co de optimization is w orth while, it

surely will b e here.

F or segmen ted memory mac hines, the bitmap is allo cated as a v ector

of p oin ters to raster lines, rather than as one large arra y . Co de whic h ac-

cesses the bitmap m ust tak e care to not step p oin ters across raster lines.

The BITMAP(y,x) macro otherwise hides the bitmap addressing. Since

dispchar() fills in raster line order an yw a y , there is no p enalt y for this.

F urther details ma y b e found in a later section on getbmap() .

4.15 dumpchar.h

This is a debugging routine used to dump c haracter raster represen tations

to the stderr file. It is not normally required or included in the driv ers.

4.16 dvifile.h

dvifile() is called from main() once for eac h D VI file to b e pro cessed.

It calls dviinit() and devinit() for initializations, readpost() to read

in the D VI p ostam ble, then lo ops calling prtpage() for eac h page to b e

prin ted, and finally calls devterm() and dviterm() for termination c hores.

4.17 dvihead.h

This file is the only non-function header file included directly b y the

dvixxx.c files. It is the rep ository of old revision and dev elopmen t his-

tory of the family (curren t history is stored in 00revhst.txt instead), and

do es nothing more than p ossibly define a debug sym b ol, and then include

machdefs.h and typedefs.h , plus some system header files. The rest are

included in machdefs.h and main.h .

4.18 dviinit.h

dviinit() is called from dvifile() for the initial D VI file pro cessing. After

defining some global v ariables, it do es a simple parse on the D VI file name

sp ecified on the command line to iden tify the file’s directory , if an y , and its

name and extension. The path and name are sa v ed in global v ariables, and

V ersion 2.07 13 April 1987

4.19 dviterm.h 15

a name for the output file is constructed. The D VI file and output file are

op ened, and the magic iden tifying b ytes in the D VI file are read to mak e sure

this is really a prop er D VI file. If it is not, fatal() is called to terminate

the job. Otherwise, con trol returns to its caller.

If op ening of the output and log files fails, then the file path of the D VI

file is discarded, and these files are op ened in the curren t directory . This

allo ws pro cessing of D VI files whic h reside in directories for whic h the user

do es not ha v e write access.

4.19 dviterm.h

dviterm() is called from dvifile() to complete pro cessing of the curren t

D VI file. It closes all op en files and frees all dynamically-allo cated fon t

memory .

4.20 eopact.h

eopact() is called from prtpage() to handle end-of-page action on in terac-

tiv e displa ys. It curren tly supp orts only the BBN BitGraph, but should b e

straigh tforw ard to adapt to new displa ys. It consists of a single command

lo op whic h runs as long as k eyb oard input is a v ailable. All input commands

are pro cessed, but the displa y is not up dated un til there is no more input.

The k eyb oard input supp ort pac k age in keybrd.c supp orts this.

4.21 f20open.h

This section has a little story b ehind it, so in case y ou are in terested, read

the next four paragraphs; otherwise, skip to the last paragraph.

Most mo dern computer arc hitectures are based on memory built up of

8-bit c h unks, called bytes , whic h are then assem bled in to larger units lik e

half wor ds , wor ds , long wor ds , and so on. The 8-bit b yte size is con v enien t

in that it is large enough to con tain b oth the 7-bit ASCI I and ISO c haracter

sets, and the 8-bit EBCDIC, and extended ASCI I and ISO sets.

The DEC-20 arc hitecture dates from the 1960’s when w ord-addressed

memory w as common, and lik e the original IBM 70x and 70xx mac hines, its

w ord size is 36 bits. With early BCD, CDC, and Fieldata 6-bit c haracter

sets, this w as not an unreasonable size, and the fact that six suc h c harac-

ters fit exactly in to a w ord is still with us in F ortran’s six-c haracter name

limits and the size of external names on man y op erating systems. On man y

13 April 1987 V ersion 2.07

of these mac hines, c haracter access required a wkw ard masking and shift-

ing op erations, one exception b eing the Univ ac 1100 mac hines whic h ha v e

quarter-w ord instructions, and therefore use 9-bit ASCI I.

The DEC-20 is un usual in that it supp orts an y b yte size from 1 to 36 bits

with equal ease.

9

Con v en tionally , text files are stored in 7-bit ASCI I, fiv e

p er w ord, lea ving one bit left o v er in the lo w-order p osition of the w ord.

10

When 8-bit b ytes are stored, they could b e pac k ed in groups of six b ytes in

a w ord pair, as Univ ac do es, but on the DEC-20, they are generally placed

in four-b yte groups in the high-order 32 bits of a w ord, with the four lo w-

order bits zero, where they are amenable to efficien t access with the b yte

instructions.

Unfortunately , the standard fopen() function do es not kno w ab out b yte

sizes; it just assumes text b ytes are w an ted and op ens the file in 7-bit mo de.

The D VI file, ho w ev er, has 8-bit b ytes, so on the DEC-20, w e ha v e this

sp ecial v ersion, f20open() , whic h sto ops to a lo w er lev el in the I/O library

to t widdle the righ t flags to get the op en done for 8-bit b ytes.

Nob o dy outside the DEC-20 has to care ab out this routine, b ecause

the prepro cessor sym b ol BINARYOPEN is set automatically in machdefs.h to

either f20open() for the DEC-20, or fopen() for ev ery one else.

4.22 fatal.h

When necessary files cannot b e found or read, or the disk storage fills up,

execution m ust b e terminated. This routine writes out an error message,

resets the terminal c haracteristics if they w ere c hanged, tells the user if a

log file w as created, and then calls abortrun() to terminate the job. The

name of the function issuing the call to fatal() is included as part of the

message.

4.23 fillrect.h

When T

E

X sets a horizon tal or v ertical rule, the output device probably

sim ulates this b y dra wing a blac k solid-filled rectangle. F or t yp esetters,

this ma y b e an a v ailable primitiv e, and so needs only the output of a few

command b ytes. F or most others, w e ha v e to actually fill in bits in the

9

A t DECUS meetings, y ou can see folks w alking around with T-shirts reading “I don’t

care what they sa y , 36 bits are here to sta y”.

10

That bit is normally zero; when it is not, it signifies that the w ord con tains a line

n um b er instead of text.

V ersion 2.07 13 April 1987

4.24 findpost.h 17

bitmap. This job is only marginally easier than the one dispchar() has to

do, and man y of the same commen ts made in that section apply here.

There usually are not a great man y rules to t yp eset in a t ypical do c-

umen t, so efficiency in fillrect() is of little concern. Ho w ev er, the new

Bezier curv e option supp orted b y L a

T

E

X dra ws lots of little rules (e.g. 2

dots b y 2 dots on a laser prin ter), so y ou migh t w an t to giv e it some at-

ten tion. When man y small rules are set lik e this, it migh t b e v aluable to

ha v e sp ecial case co de for them, particular for the dot-matrix prin ter driv ers.

Only this function needs to kno w if y ou do. dvialw , dvican , dviimp , and

dvijep arrange to a v oid sending rule sizes to the device when they ha v e not

c hanged from the last use, and this has help ed to reduce the output v olume

considerably .

F or segmen ted memory mac hines, the bitmap is allo cated as a v ector

of p oin ters to raster lines, rather than as one large arra y . Co de whic h ac-

cesses the bitmap m ust tak e care not to step p oin ters across raster lines.

The BITMAP(y,x) macro otherwise hides the bitmap addressing. Since

fillrect() fills in raster line order an yw a y , there is no p enalt y for this.

More details ab out this will b e found in the later section on getbmap() .

4.24 findpost.h

When T

E

X sets a do cumen t, it do es not kno w un til it gets done where all the

pages are, and what fon ts are needed. Consequen tly , the D VI file stores this

information in a p ostam ble section whic h the D VI driv er probably w an ts

to mak e use of. Because the p ostam ble size is clearly v ariable, in its last

eigh t b ytes, the D VI file has a four-b yte magic n um b er that tells the driv er

that T

E

X actually finished writing the file, and a four-b yte p oin ter to the

b eginning of the p ostam ble. findpost() has the job of reading this little

trailer, v alidating it, exiting via fatal() if it is bad, and otherwise using

the random I/O p ositioning standardly a v ailable in C to set the file p oin ter

at the b eginning of the p ostam ble.

4.25 fixpos.h

T

E

X w orks in tin y units whic h do not matc h an y output device, but still let it

p osition c haracters accurately for ev en the most exacting photot yp esetters.

The fon t designer w orks in device units (dots or pixels), b ecause high

qualit y demands atten tion to device resolution, particularly for the common

lo w- and medium-resolution devices suc h as dot matrix prin ters and laser

13 April 1987 V ersion 2.07

prin ters. The fon t designer sp ecifies c haracter widths in suc h a w a y as to

pro vide for the most pleasing juxtap osition of c haracters in to w ords, and

T

E

X follo ws this sp ecification precisely .

The problem is, T

E

X do es not kno w what the output device resolution

will b e (remem b er that D VI means devic e indep endent ), so it ma y ask for

a c haracter to b e p ositioned at what will probably not b e an exact device

co ordinate. If the driv er just rounds eac h precise T

E

X co ordinate to the

device co ordinate system, the c hances are that c haracters in a w ord ma y

not b e p ositioned relativ e to one another as the fon t designer in tended.

The effect of incorrect rounding can b e glaringly ob vious—a line of 60

asterisks follo w ed b y a line of t w o asterisks separated b y 58 spaces set in

a fixed-width fon t ma y b e off b y as m uc h as one c haracter p osition on a

300-dot/inc h laser prin ter.

Considerable though t has gone in to this problem, and it w as not un til

V ersion 2.06 of dvitype that the folks in the T

E

X pro ject got it righ t (at

least un til w e see an example to the con trary). fixpos() implemen ts the

algorithm directly from dvitype .

4.26 fontfile.h

Although most of the co de in the D VI driv ers is completely p ortable across C

implemen tations, op erating system features lik e file names ob viously are not.

In particular, the driv ers need to b e able to tak e a fon t name, lik e cmr10 ,

and a fon t magnification, sa y 1500 (normal 10pt t yp e on a 300-dot/inc h

laser prin ter), and from them, construct a name of the file con taining the

c haracter raster descriptions. On the DEC-20, this file w ould usually b e

called texfonts:cmr10.1500pxl . Under Unix, it migh t b e /usr/lib/tex-

/fonts/1500/cmr10.pxl . On the IBM PC, it could b e d:\tex\fonts-

\1500\cmr10.pxl .

Three differen t fon t file formats are no w supp orted, and fontfile() has

the job of figuring out just what the file names should b e, and returning a

list of them. F or example, it migh t return for Computer Mo dern 10pt the

names texfonts:cmr10.300pk , texfonts:cmr10.300gf , and texfonts:-

cmr10.1500pxl . Note that the naming con v en tion for .gf and .pk files has

c hanged from that used for .pxl files—standard magnification is no w 200

instead of 1000.

The directory paths supplied are determined b y the prepro cessor sym-

b ol TEXFONTS defined in machdefs.h . In order not to p ermanen tly bind

directory paths in to the compiled programs, the default directory names for

V ersion 2.07 13 April 1987

4.27 fontsub.c 19

these files ma y b e o v erridden at run time b y initglob() with v alues of

en vironmen t v ariables.

4.27 fontsub.c

Sometimes, a D VI file references fon ts whic h are not a v ailable in the re-

quested magnification, or p erhaps ev en in the en tire family . Calling fatal()

if this happ ens is hardly user-friendly—it ma y b e that only one c haracter in

a fift y-page do cumen t b elongs to this missing fon t.

The D VI driv ers therefore offer the user the p ossibilit y of pro viding a file

of fon t substitutions whic h can b e tried in turn un til one is found. If none can

b e, then the driv ers consult a built-in table

11

of standard magnifications to

find the nearest one in the requested family; surely a c haracter from cmr10

at 1440 magnification instead of 1500 magnification is b etter than none at

all! If ev en that fails, then execution con tin ues with the missing c haracter

metrics all assumed to b e zero; with luc k, this will affect only a few lines in

the output.

Presumably , the .tfm file w as a v ailable to T

E

X when it created the D VI

file, so fontsub() could b e extended to try to obtain the information from

that file instead, and p erhaps reco v er. A second p ossibilit y w ould b e to

supply some arbitrary , but reasonable, c haracter width, and just set blank

space for the missing c haracters. Neither of these has y et b een implemen ted.

A message is issued to the log file if a substitution is made according to

the requests in the substitution file, or if a neigh b oring magnification w as

c hosen in the same family , so the user can still find out it happ ened.

The format of the fon t substitution file, and the mec hanism for find-

ing it, has b een c hosen to simplify its use. First of all, an explicit fon t

substitution file can b e sp ecified b y a driv er command-line option at run

time. If this is not done, then the name of the D VI file is used to con-

struct a default name with a differen t extension. F or example, on Unix,

the D VI file /usr/jones/book/hornets.dvi w ould select a substitution file

/usr/jones/book/hornets.sub . This giv es a do cumen t-sp ecific c hoice of

substitution files.

If this one is not found, then a standard name, suc h as texfonts.sub , is

lo ok ed for in the same directory . In our example, this w ould b e /usr/jones-

/book/texfonts.sub . This second c hoice is therefore a directory-sp ecific

11

This table is defined b y gblvars.h . It con tains v alues for devices of resolution 144,

200, and 300 dots/inc h; if the family is extended to higher-resolution devices, this table

should b e extended.

13 April 1987 V ersion 2.07

4.39 loadchar.h 25

pac k age in order to obtain flag definitions and function declarations.

4.39 loadchar.h

As new c haracters are referenced b y the D VI file, the driv er m ust k eep trac k

of them, retrieving c haracter metrics and bitmaps from the fon t files. With

the exception of the main b o dy fon t in a do cumen t, only a few c haracters

from eac h fon t are lik ely to b e used, so it w ould mak e no sense whatev er to

load an en tire fon t in just b ecause one c haracter from it w as used. Instead,

space for c haracter definitions is allo cated dynamically , and a reference coun t

for eac h c haracter is main tained. When space is no longer a v ailable, whic h

is disco v ered when malloc() b egins to return n ull p oin ters, garbage collec-

tion is in order. This is a topic of con tin uing in terest in computer science,

particularly in the Lisp language family .

Da vid F uc hs and Don Kn uth wrote an in teresting Stanford rep ort in

1981 en titled Optimal Pr ep aging and F ont Caching

12

whic h treats the prob-

lem from the p oin t of view of a T

E

X D VI driv er. They p oin t out that in this

case, the job is somewhat easier, b ecause it is p ossible for the driv er to lo ok

ahead to see what c haracters are needed next, rather than using reference

coun ts whic h reflect past history of c haracter usage. One of the surprising

results they found w as that with prop er implemen tation of their algorithm,

relativ ely little storage is actually needed on the output device to k eep it

alw a ys supplied with the needed fon ts.

The sc heme used in our D VI driv ers is more mo dest. No lo ok ahead is

done, so the reference coun ts can b e used to iden tify c haracters, and ev en

en tire fon ts, whic h are candidates for storage reclamation. Actually , most

implemen tations of the driv er family so far ha v e b een on hosts with a large

address space, and w e ha v e b een able to get b y without ev en ha ving to do

garbage collection. Nev ertheless, the reference coun ts are there for use, or

some am bitious implemen tor can go and study Optimal Pr ep aging and F ont

Caching to figure out ho w to do the job righ t.

loadchar.h is the v ersion used for the bitmapp ed output devices; it

retriev es c haracter rasters and lea v es them in a dynamically-allo cated mem-

ory blo c k lo cated b y a p oin ter in the char_entry structure. Priv ate v er-

sions of loadchar() for do wnloaded fon t devices send the rasters directly

to the device, rather than preserving them in memory . In either case,

loadchar() do es not itself actually retriev e the rasters from the fon t file;

12

Later published in A CM T r ansactions on Pr o gr amming L anguages and Systems , 7 ,

No. 1, 62-79 (1985).

13 April 1987 V ersion 2.07

it calls charxx() to do the job. charxx() is declared in the font_entry

structure as

void (*charxx)();

and w as stored in the fon t structure b y readfont() with a statemen t lik e

fontptr->charxx = (void(*)())charpk;

whic h sa v es the address of the function required to read the c haracter rasters.

It is more con v enien t, and more efficien t, to do it this w a y , than to use the

fon t t yp e to index a switch statemen t ev ery time one of these functions

m ust b e called. loadchar() should b e able to call it b y

(void)(*fontptr->charxx)(c,outrow);

since the p oin ter op erator, -> , has higher precedence than the indirection

op erator, * . In fact, Kernighan and Pik e, in their b o ok The Unix Pr o gr am-

ming Envir onment , use precisely this construction on p. 250. They also use

the more complex, but equiv alen t, v arian t

(void)(*(void (*)())(*fontptr->charxx))(c,outrow);

on p. 264. These w ork as exp ected with the Lattice, Microsoft, and Wizard

C compilers on the IBM PC, but on b oth PCC-20 and 4.1BSD cc , these

generate a jump to the w ord c ontaining the address of the function, rather

than to the function itself ! It to ok some exp erimen tation to find that a

w ork around w as p ossible:

void (*charyy)();

...

charyy = fontptr->charxx;

(void)(*charyy)(c,outrow);

This results in correct co de with all compilers used so far for the D VI driv er

family , so loadchar() adopts it as the standard w a y to do things, in the

exp ectation that the bug is lik ely to b e found in other Unix compilers deriv ed

from the P ortable C compiler. I ha v e not had time to dig in to the compiler

sources to trac k do wn the source of the problem.

4.40 loadbmap()

loadbmap() is used to do wnload large c haracters as raster bitmaps, instead

of as do wnloaded fon ts. It is used in those driv ers whic h ha v e a limitation on

do wnloaded fon t sizes. Priv ate definitions exist in dvican.c and dvijep.c .

V ersion 2.07 13 April 1987

4.41 machdefs.h 27

4.41 machdefs.h

This file is included b y dvihead.h , whic h in turn is included b y dvixxx.c .

It con tains almost all of the mac hine-sp ecific definitions; the only other ones

are already brac k eted b y prepro cessor conditional directiv es using sym b ols

defined in this mo dule. Unless y ou are dev eloping a new implemen tation, it

should not b e ne c essary to change mor e than this single file when y ou install

an y one of the dozen or so driv ers in the family .

Commen ts in this file describ e eac h of the flags, and they will not b e

rep eated here. The imp ortan t things to c hange are

• the op erating system flag, curren tly one of OS_PCDOS , OS_TOPS20 ,

OS_UNIX , or OS_VAXVMS ;

• the implemen tation flag, either none at all, or one of ATT , BSD41 ,

BSD42 , HPUX , PCC_20 , KCC_20 , IBM_PC_LATTICE , IBM_PC_MICROSOFT ,

or IBM_PC_WIZARD ;

• the default file pathnames, FONTPATH and SUBPATH ;

• the default en vironmen t v ariables, TEXFONTS and TEXINPUTS .

The last t w o of these are already encapsulated in co de selected b y the cur-

ren t OS_xxxx flag, but they ma y differ from site to site, ev en with the same

op erating system and compilers. In order to minimize the dep endence of

the programs on sp ecific file path names, in most implemen tations, the en-

vironmen t v ariables (logical names in DEC op erating systems) are tested at

run time in initglob() , and an y v alues they ha v e replace the default file

paths. Th us, ev en though a driv er compiled on one IBM PC migh t ha v e

b een built with the assumption that the fon ts are found in the directory d:-

\tex\fonts , it still ma y b e usable on another system where the fon ts ha v e

b een installed in the directory c:\usr\pctex\texfonts . All the user need

do is define the name TEXFONTS b efore running T

E

X:

SET TEXFONTS=C:\USR\PCTEX\TEXFONTS\

Note the final bac kslash— fontfile() will assume it can simply prefix the

definition of TEXFONTS to a file name.

There are sev eral other parameters defined in machdefs.h ; the b est thing

to do is examine eac h of them in turn, and c hange them to suit the lo cal

en vironmen t, b efore compiling an y of the driv ers.

13 April 1987 V ersion 2.07

4.42 main.h

This is the main program for all of the D VI driv ers. It had b ecome large

enough to cause problems with some compilers, so most of the co de has b een

split out in to sev en other functions. It con tains #include ’s for commands.h ,

gendefs.h , gblprocs.h , and gblvars.h , as w ell as for sev eral standard

system header files. F ollo wing this, it defines the BITMAP(y,x) macro for

bitmap addressing

The co de b o dy then c hec ks the argumen t coun t, and calls usage() and

exit() if none are giv en, and then go es on to call initglob() for initial-

ization, option() to pro cess run-time options, dvifile() once for eac h

command-line argumen t whic h is not an option, and finally terminates with

a call to alldone() .

4.43 mak ec har()

F or those dot-matrix prin ters whic h require bitmap enco dings of v ertical

bit columns, it has pro v ed con v enien t to hide the messiness of this in a

separate function, makechar() , whic h is defined in sev eral of the dvixxx.c

files. Because it m ust deal with bits in sev eral raster lines, this function

is sensitiv e to the bitmap represen tation, as discussed in the section on

getbmap() .

4.44 movedown.h

This function is called in resp onse to a v ertical mo v emen t command from

the D VI file. It up dates the curren t v ertical page p osition, v , in T

E

X units,

and computes a new rounded p osition, vv , in device units, using fixpos()

to get it righ t. Efficiency buffs migh t w an t to turn this in to a prepro cessor

macro, since it is used often.

4.45 moveover.h

This function is called in resp onse to a horizon tal mo v emen t command from

the D VI file. It up dates the curren t horizon tal page p osition, h , in T

E

X units,

and computes a new rounded p osition, hh , in device units, using fixpos()

to get it righ t. Lik e movedown() , it is often used, and is a candidate for

macro metamorphosis.

V ersion 2.07 13 April 1987

4.46 moveto.h 29

4.46 moveto.h

This function should really b e a macro; it just records the new curren t p oin t

(in device co ordinates) in the global v ariables ( xcp , ycp ).

4.47 newfon t()

When readgf() , readpk() , and readpxl() ha v e retriev ed necessary fon t

information, they call newfont() , curren tly defined only in dvialw.c ,

dvibit.c , dvican.c , dviimp.c , and dvijep.c . It has the job of outputting

whatev er is necessary to the device to define the use of a new fon t.

4.48 nosignex.h

In the in terests of compactness of the D VI file, when T

E

X writes an in teger,

it usually tries to use the few est n um b er of b ytes p ossible. The in teger ma y

b e a signed or an unsigned v alue. This function collects the next n b ytes

from the file and returns them as a single n -b yte unsigne d in teger v alue,

where n is in 1 . . . 4. nosignex() , lik e its t win signex() , is hea vily used,

and is a go o d candidate for sp ecial lo opless co de and in-line expansion.

4.49 openfont.h

Whenev er a fon t switc h is called for b y the D VI file, it ma y b e necessary to

find and op en a new fon t file; openfont() is called to handle the op eration.

It uses fontfile() to obtain lists of p ossible file names, and if none of these

can b e op ened, it will first ask fontsub() for a p ossible fon t substitution,

and if that to o fails, it will try neigh b oring mem b ers in the magnification

family .

In t ypical T

E

X do cumen ts, fon t switc hing o ccurs often (three times in

this v ery sen tence). On all op erating systems, file op ening is a relativ ely ex-

p ensiv e op eration,

13

and the driv ers therefore tak e care to a v oid unnecessary

op enings.

The n um b er of op en files allo w ed is usually dep enden t on fixed tables in

the op erating system, whic h in practice are m uc h to o small. Y ou ha v e to set

sp ecial parameters in y our config.sys file to get more than the default of

13

On a large univ ersit y IBM mainframe where I did m y graduate w ork, eac h file op ening

cost us $0.50, except at nigh t, when it dropp ed to $0.25. I’m glad those da ys are gone!

I probably sp en t more money doing that, than I did for the IBM PC on whic h I’m no w

writing this do cumen t.

13 April 1987 V ersion 2.07

8 op en files with PC-DOS, and 5 of these are already used b y the op erating

system; 20 is the absolute limit. TOPS-20 allo ws more than 70 op en files

p er pro cess, but PCC-20 follo ws the Unix practice of limiting the n um b er to

20, at least 3 of whic h are in use when the pro cess b egins. Also, buffer space

is required for eac h op en file, and since PCC-20 do es not supp ort TOPS-20

extended addressing, one tends to run out of memory for buffers b efore one

runs out of file handles for new file op enings. K CC-20 p ermits 32 op en files,

and its supp ort for extended addressing eliminates the buffer space problem.

The n um b er of op en files that the driv ers will use is determined b y

the constan t MAXOPEN set in machdefs.h , and the ones curren tly op en are

main tained in a cac he. Eac h op en request for a file in the cac he incremen ts

an op en reference coun t. When the MAXOPEN limit is reac hed, the fon t file

whic h has the lo w est op en reference coun t is closed, but an y c haracters

cac hed from it are retained in memory for further use. The new file is then

op ened and a cac he en try created for it.

The fon t cac he searc h is a simple sequen tial searc h; since MAXOPEN in

practice is quite small (5 to 15), there w ould lik ely b e little b enefit in im-

plemen ting a more sophisticated asso ciativ e cac he table using hashing or

binary searc h. Ho w ev er, it should b e considered if an implemen tation is

made whic h p ermits m uc h larger n um b ers of op en files; all that needs to b e

c hanged is the first for lo op in openfont() . T

E

X is prepared to ha v e up to

64 activ e fon ts, so MAXOPEN could p oten tially b e as large as that.

4.50 option.h

All run-time command-line option parsing is handled b y this function. After

initglob() has done global initializations, option() is called once for eac h

option found in the argv[] arra y passed to main() b y the C run-time library

startup routine. option() is just a big switch statemen t with cases selected

b y the second c haracter of its string argumen t. A bad argumen t results in

a call to usage() follo w ed b y a termination call to fatal() .

All of the v ariables whic h can b e set b y run-time options are global, so

option() only has a single argumen t. New options can b e easily added

merely b y in tro ducing a new global v ariable in gblvars.h , a new case

pair in the switch statemen t in option() , and co de selected b y the option

wherev er else it is required.

The a v ailable options will not b e rep eated here; they are completely

describ ed in dvihead.h , and in the separate help file, dviman.ltx . That

help file also exists in a more useful format, dviman.texinfo , whic h can b e

V ersion 2.07 13 April 1987

4.51 outrow.h 31

con v erted b y Gn u Emacs to a .info file.

The option parsing is simple, in v olving little more than noting the pres-

ence of an argumen t, or collecting its string or in teger v alue, or calling

inch() to con v ert a n um b er follo w ed b y a unit sp ecifier. Similar co de is

presen t in almost all C programs. The one difference here is that option

letter c ase is not signific ant .

In m y view, one of the design fla ws of Unix and C w as to mak e letter

case significan t in names. This means that ev ery n -c haracter iden tifier has

2 n

differen t v arian ts, all pronounced the same. The co de therefore cannot

pass the “telephone test” (dictate y our fa v orite program o v er the telephone

to a friend without excessiv e sp elling of w ords).

14

All user command-line input to the D VI driv ers is letter-case insensitive ,

except p ossibly for file names, whic h m ust conform to the host op erating

system con v en tions. In ternally , compiled-in file names are represen ted in

lo w er case letters, since that w orks for b oth Unix and most case-insensitiv e

op erating systems. The Unix en vironmen t v ariables are in upp er-case, since

that is con v en tional, though not required, in Unix, similar to the common

practice of C programmers of sp ecifying v ariables with lo w er-case names,

and prepro cessor constan ts with upp er-case names.

This practice, inciden tally , is rigor ously adhered to in the D VI driv er

family . When y ou see a name en tirely in upp er-case in the source co de, y ou

can b e sure it is a prepro cessor constan t, and not a v ariable or function

name. The rev erse is also true. No names are sp elled in mixed letter case.

15

4.51 outrow.h

Once a single ro w of a c haracter bitmap has b een retriev ed, deco ded, and

stored in the global arra y img_row[] , outrow() is called from chargf() ,

charpk() , and charpxl() , to prepare it for output. The public v ersion in

outrow.h is used b y most of the family; it merely copies the ro w from its

global storage lo cation to the dynamically-allo cated raster storage for that

c haracter. Priv ate v ersions of outrow() in dvialw.c , dvibit.c , dvican.c ,

14

The situation is not unlik e Japanese, for whic h the 600 or so commonest Kanji (Chi-

nese) c haracters used in written Japanese share only ab out 25 differen t pron unciations,

resulting in the necessit y of sp eak ers writing c haracters in the air or on their palms to

distinguish whic h one is really mean t when the c hoice is not clear from con text. This

homon ymic situation also p oses a problem for phonetic Roman c haracter computer and

w ord pro cessor input sc hemes with orien tal languages; see the Jan uary 1985 issue of IEEE

Computer for sev eral in teresting articles.

15

Except T

E

X, when for lac k of it, y ou ha v e to write it TeX !

13 April 1987 V ersion 2.07

dviimp.c , and dvijep.c , handle the formatting and output of the ro w for

their particular device.

4.52 prtbmap()

This function is not stored in a separate include file, b ecause it is sufficien tly

differen t from device to device to w arran t inclusion inside the dvixxx.c

routines as a priv ate function. Nev ertheless, it is an imp ortan t one, b ecause

it has the job of formatting a completed bitmap for output to the device.

The bitmap cleared b y clrbmap() , and written b y dispchar() , is con-

ceptually a simple rectangular arra y of bits, consecutiv e bits in memory

corresp onding to consecutiv e dots on the output rasters. F or addressing

efficiency, ho w ev er, eac h scanline b egins on a new w ord or b yte b oundary ,

dep ending on the host arc hitecture, and if the host has segmen ted mem-

ory, it ma y b e stored as a separately-allo cated raster lines, as describ ed in

the earlier section on getbmap() . This format allo ws efficien t op eration b y

dispchar() , whic h can do its imp ortan t job oblivious to the p eculiarities of

output device exp ectations.

prtbmap() m ust tak e this rectangular arra y of bits and reformat it for

the output device. F or some devices, lik e the Hewlett-P ac k ard LaserJet,

this is straigh tforw ard —only some escap e sequences at the start and end of

eac h raster line ha v e to b e attac hed, but otherwise, the raster b ytes can b e

dump ed directly to the output file.

The Prin tronix prin ters are almost straigh tforw ard—they w an t horizon-

tal raster lines enco ded six bits p er c haracter; the p eculiarit y is that the

bits m ust b e rev ersed in the b yte! It lo oks lik e some designer got his wires

crossed. This unpleasan tness is most easily handled b y table lo okup, and

that is just what prtbmap() in dviprx.c do es.

Other prin ters are more obno xious—they w an t 6, 7, 8, or 24 bits in a

vertic al column to b e reordered in to consecutiv e b ytes, b ecause then the

prin t head pins can b e matc hed to the input bits and fired or not. F or

those that place few er than 8 bits in a b yte, most do so b y biasing b y 64

or 128, whic h can b e done b y a logical or op eration. The DEC LA family

prin ters use a bias of 63, whic h requires a slo w er addition for eac h output

b yte. Prin ter designers ha v e apparen tly not understo o d that input buffers

of horizon tal raster lines w ould b e so m uc h easier for the user, and also offer

b etter p ossibilities for run-length compression of rasters.

This routine is probably the most tedious to co de in the driv ers, and it

m ust b e redone for eac h new bitmap format. It t ypically requires 50 to 100

V ersion 2.07 13 April 1987

4.53 prtpage.h 33

lines of co de (excluding translation tables). It is a fairly time-consuming

op eration, so the co de go es to some length to b e efficien t, using tric ks lik e

scanning o v er zero w ords in a raster line, trimming empt y top and b ottom

raster lines b efore starting the enco ding, and unrolling inner lo ops. The

co de is also lik ely to b e dep enden t on host w ord size, and for a few lines in

the inner lo ops, p ortabilit y ma y w ell b e sacrificed to efficiency .

Some of the dot matrix prin ters supp ort run-length compression of

rasters, wherein consecutiv e iden tical b ytes are collapsed in to a coun t field

and a single data b yte. This is a little tric ky to get righ t, and is less effec-

tiv e with the v ertical enco dings than it w ould b e with horizon tal enco dings,

but it usually do es reduce the output file size somewhat. The disapp oin ting

feature is that the prin ter is lik ely to run slower , rather than faster, b ecause

of inefficien t deco ding of the compression. If y ou ha v e suc h a prin ter, try it

b oth w a ys b efore y ou decide whic h metho d to use.

4.53 prtpage.h

prtpage() is one of the largest functions in the family . Its job is to t yp eset a

single page selected b y its caller. It has nearly 400 lines of co de, but is really

just a single lo op con taining a gian t switch statemen t whic h selects co de

fragmen ts corresp onding to eac h one of the 256 differen t b yte co des whic h

can b e found in a D VI file. The lo op exits when an end-of-page command

is reac hed.

F or in teractiv e displa ys (e.g. dvibit ), it also calls the end-of-page rou-

tine, eopact() , whenev er k eyb oard input is a v ailable. This p ermits instan t

resp onse of the screen displa y to user commands to rep osition the displa y ,

go to a new page, or c hange the displa y magnification; no time is w asted

finishing the page displa y if it is just going to b e c hanged an yw a y .

F ortunately , the first 128 D VI co des are just ordinary c haracter t yp eset-

ting requests, and another 64 are fon t c hange commands, so 3 / 4 of the cases

can b e handled b y four lines of co de.

Almost all of the D VI driv er run time is sp en t in prtpage() and the

functions it calls, but b ecause its structure is so simple, there is little one

can do to impro v e it, short of in-line expansion of co de for some of the more

commonly-used command co des.

Implemen tation of the Optimal Pr ep aging and F ont Caching algorithm

discussed earlier in the loadchar.h section w ould probably in v olv e con-

v erting this in to a t w o-pass op eration, one to collect commands and fon t

requiremen ts for a single page, cac hing the commands in memory to reduce

13 April 1987 V ersion 2.07

I/O requiremen ts, follo w ed b y a similar lo op to pro cess them, with fon t

preloading happ ening at appropriate times as determined b y the F uc hs-

Kn uth algorithm.

4.54 readfont.h

This function is called b y getfntdf() to read in a single fon t definition

sequence in the D VI file p ostam ble, or the first time a fon t definition is

encoun tered, if preloading has b een suppressed. It initializes the font_entry

structure with parameters from the D VI file, then calls reldfont() to direct

the loading of additional information from the fon t file.

4.55 readgf.h

readgf() is called from readfont() to initialize all fon t parameters for

a .gf fon t file, and retriev e the c haracter metrics. As noted in the earlier

section on chargf() , the en tire file m ust b e read to collect all of the metrics.

F or the sev eral driv ers curren tly supp orting do wnloaded fon ts, newfont()

is called to do whatev er is required to start a new fon t.

4.56 readpk.h

readpk() is called from readfont() to initialize all fon t parameters for a

.pk fon t file, and retriev e the c haracter metrics. Just as for readgf() , the

en tire file m ust b e read to collect all of the metrics, and for the driv ers

curren tly supp orting do wnloaded fon ts, newfont() m ust b e called to do

whatev er is required to start a new fon t.

4.57 readpost.h

This function is called near the start of main() after command-line options

ha v e b een pro cessed. It co ordinates the reading and c hec king of the D VI file

p ostam ble, using function findpost() , calls getfntdf() if fon t preloading

has b een requested, and finally calls getpgtab() to retriev e the do cumen t

page table.

4.58 readpxl.h

readpxl() is called from readfont() to initialize all fon t parameters for a

.pxl fon t file, and retriev e the c haracter metrics. Since these are all a v ailable

V ersion 2.07 13 April 1987

%%BoundingBox: llx lly urx ury

If the P ostScript file cannot b e op ened, or the \special command string

cannot b e recognized, or for relativ e p ositioning, the b ounding b o x cannot

b e determined, a w arning message is issued and the \special command is

ignored.

Otherwise, the section of the P ostScript file b et w een the commen t lines

%begin(plot)

%end(plot)

is copied to the output file surrounded b y

save

% revert to standard 1/72 inch units

300 72 div 300 72 div scale

% if relative positioning

(xcp(in 1/72in)-llx) (ycp(in 1/72in)-ury) translate

...PostScript file contents...

restore

This format nicely supp orts P ostScript output from m y

<

PLOT79

>

graphics system and has receiv ed considerable use lo cally .

As w e get more exp erience with P ostScript, special() will no doubt

b e expanded to supp ort fancier op erations, lik e insertion of MacP ain t and

MacDra w images from the Apple Macin tosh.

Adob e Systems is a w are of this problem of incorp orating P ostScript files

in other P ostScript do cumen ts, and in Decem b er, 1986, published a short

do cumen t Enc apsulate d PostScript File F ormat, EPSF V ersion 1.2 describ-

ing con v en tions for doing this cleanly . F uture c hanges to special() in

dvialw.c should adopt these.

4.70 strchr.h

C is a sparse language, and con tains no built-in functions or I/O facilities.

The in v en tors of C defined an extensiv e set of library functions, but imple-

men tors since ha v e not alw a ys adhered to the original library con v en tions.

Besides in tro ducing new names for the same functions, implemen tors ha v e

sometimes committed the ev en w orse sin of defining the same functions,

but with c hanged function return t yp es. This is certainly a detrimen t to

V ersion 2.07 13 April 1987

4.71 strcm2.h 41

p ortabilit y . The string supp ort functions are one area where significan t dif-

ferences exist. I ha v e therefore c hosen to implemen t some functions whic h

are defined in the coming ANSI Standard C library .

strchr() searc hes a string for a single c haracter, returning a p oin ter to

the first matc hing c haracter, or a n ull p oin ter if the c haracter is not found.

It is p ermissible to searc h for the NUL c haracter whic h terminates the string;

the returned v alue min us the address of the string is the length of the string,

excluding the NUL terminator.

20

4.71 strcm2.h

strcm2() compares t w o strings, ignoring case differences, and returns a

negativ e n um b er if the first is less than the second, zero if they matc h, and

otherwise a p ositiv e n um b er. It is analogous to the usual strcmp() function

whic h do es not ignore case differences. Microsoft C on the IBM PC calls

this function strcmpl() , but this violates our rule of uniqueness in the first

six c haracters of a function name. The Octob er 1986 draft of the prop osed

ANSI C Standard has no equiv alen t function.

4.72 strid2.h

strid2() searc hes for the first o ccurrence of a substring in another string,

returning -1 if it is not found, or else its index 0, 1, . . . if it is found. Letter

case is ignor e d . It is used b y initglob() in the parsing of the FONTLIST

en vironmen t v ariable. The Octob er 1986 draft of the prop osed ANSI C

Standard has no equiv alen t function.

4.73 strrchr.h

strrchr() is the coun terpart to strchr() . It searc hes a string for a single

c haracter, returning a p oin ter to the last matc hing c haracter. It is p ermis-

sible to searc h for the NUL terminator.

4.74 tctos.h

tctos() con v erts a global list of T

E

X page coun ters, tex_counter[] , to

a c haracter string, with coun ters separated b y dots, and trailing zero es

dropp ed. It is used b y the dvixxx.c programs to format them for prin ting.

20

P oin ter subtraction in C is defined to return the n um b er of ob jects b et w een the t w o

addresses, not the n um b er of memory units.

13 April 1987 V ersion 2.07

4.75 typedefs.h

This file is included b y dvihead.h after it includes machdefs.h . As noted

earlier, it con tains typedef declarations for BOOLEAN , BYTE , COORDINATE ,

INT8 , INT16 , INT32 , UNSIGN16 , UNSIGN32 , and void .

If the implemen tation supp orts the void t yp e, then the typedef for it

is suppressed.

The sym b ols TRUE and FALSE are also defined for use with ob jects of

t yp e BOOLEAN .

Dennis Ritc hie’s original definition of C did not clearly indicate whether

unsigned is a distinct in teger t yp e, or a mo difier of the in teger t yp es char ,

short , int , and long . Reasonable compilers implemen t it as a mo difier,

since one can quite reasonably require unsigned v alues in a v ariet y of sizes,

particularly in systems programming and graphics programming, where the

in tegers b eing manipulated are really bit patterns, not n um b ers.

Unfortunately , some compilers ha v e c hosen to mak e unsigned a distinct

t yp e meaning unsigned int ; the Lattice C compiler on the IBM PC is one

suc h example. This complicates programming, and sp ecial atten tion m ust

b e giv en to those parts of the co de whic h use the UNSIGN16 and UNSIGN32

t yp es. The most imp ortan t example is the bitmap arra y used for the dot

matrix prin ter driv ers.

4.76 usage.h

usage is called from main() whenev er dvixxx is in v ok ed without argumen ts,

and from option() in resp onse to a bad argumen t. On the file defined b y

its single argumen t, it displa ys a short message illustrating the exp ected

command line, follo w ed b y a suggestion of where to find detailed do cumen-

tation (set b y the prepro cessor constan t HELPCMD defined in machdefs.h ,

and p ossibly o v erridden at run time b y the en vironmen t v ariable DVIHELP ),

then returns to its caller.

4.77 warning.h

When situations arise whic h w arran t the issuing of a w arning message, suc h

as a fon t substitution p erformed b y fontsub() , warning() is called. If no

log file is op en, it tries to op en one. If this succeeds, the message is written

to the log file, p ossibly adorned b y additional text. The name of the function

issuing the call to warning() is included as part of the message.

V ersion 2.07 13 April 1987

F or example, the TOPS-20 op erating system uses the con v en tion that

text written to the primary output file (terminal, or batc h job log file) whic h

b egins with a p ercen t sign is a w arning, and text whic h b egins with a query

is an error message. The batc h con troller recognizes these and raises an error

flag if a query is written first. These t w o c haracters are usually sufficien tly

rare in text files that they mak e con v enien t searc h targets when one is exam-

ining a log file with a text editor or string searc h utilit y . Consequen tly , when

the sym b ols OS_TOPS20 or OS_VAXVMS are defined, warning() and fatal()

prefix these c haracters to the message.

5 D VI Driv er Device Supp ort

The preceding sections ha v e giv en a comprehensiv e surv ey of the structure

of the D VI driv ers. In the follo wing subsections, w e shall briefly discuss eac h

of the curren tly-supp orted devices, mostly in alphab etical order b y filename.

If y ou in tend to implemen t a driv er for a new device, y ou can profit b y

c ho osing the existing driv er whic h most closely resem bles y our target device,

then mo difying it appropriately . Please send y our implemen tation bac k to

this author for inclusion in the collection.

Y ou can quic kly get an idea of just whic h functions are lik ely to require

mo dification b y using a string searc h utilit y to find pro cessor conditionals

“ #if ” in the source files. A listing will not b e giv en here, b ecause it w ould

b e difficult to k eep up-to-date. Y ou can similarly find op erating system

dep endencies b y searc hing for the string “ OS_ ”, and implemen tation dep en-

dencies b y searc hing for an y of the flags discussed earlier in the section on

machdefs.h .

Unix mak es it easy to com bine programs so that the output of one b e-

comes the input of the other, with b oth running sim ultaneously . Conse-

quen tly , man y Unix programs are designed to read their input from stdin

and write their normal output to stdout , and error messages to stderr .

These three files are automatically op en when a pro cess b egins to execute.

PCC-20 supp orts this mo del as w ell. I therefore had to mak e a design c hoice

of whether the D VI driv ers w ould adopt this mo del or not. In a pure Unix

en vironmen t, this w ould b e quite satisfactory , and conform w ell to the no-

tion of a filter program. Unix users can quite reasonably exp ect to issue a

command lik e

% tex myfile | dvixxx | xxxspool

13 April 1987 V ersion 2.07

to ha v e the file myfile.tex pro cessed b y T

E

X, translated b y dvixxx , and

sp o oled to the output device b y xxxspool , all in one concurren t step.

I c hose not to use this mo del, b ecause on the DEC-20, where all m y

dev elopmen t w ork is done, the output of the dvixxx program ma y not b e a

standard text file. Since PCC-20 supp orts only 7-bit I/O for stdin , stdout ,

and stderr , while the output ma y require an 8-bit file, it is necessary to

create an in termediate disk file. The con v en tion adopted is that the suffix of

the driv er name b ecomes a suffix of the D VI file name. Th us, on the DEC-

20 or under Unix, myfile.tex is transformed b y T

E

X to myfile.dvi , then

b y dvixxx to myfile.dvi-xxx . F or op erating systems whic h do not p ermit

long file extensions, the driv er ma y output it as myfile.xxx . This has

pro v ed to b e a wise c hoice ev en in the 8-bit w orld, where record-structured

file systems lik e V AX VMS conflict with the b yte-stream output of stdout .

5.1 dvialw.c

This driv er for the Apple LaserW riter is the most recen t addition to the

family . It w as dev elop ed starting from the BBN BitGraph driv er, dvibit ,

since this w as the only other driv er with do wnloaded fon t supp ort at the

time.

Adob e P ostScript is a complete programming language designed for the

supp ort of in telligen t prin ter driv ers. Lik e the p opular

21

F orth language,

it is written in rev erse P olish notation, whic h some claim is easier to parse

b ecause op erands can b e simply stac k ed un til an op eration is found, whic h

then p ops its op erands off the stac k, p erforms its job, and places the result,

if an y , bac k on the stac k.

Rev erse P olish notation is certainly not easy to read without extensiv e

practice. F or example, to set a string at a particular page p osition, one

writes

250 300 moveto

(Hello there) show

This example sho ws the main problem with P ostScript — it is v erb ose. The

compact T ektronix v ector format w ould enco de the first command in 5 or

few er c haracters, instead of 14. P erhaps someda y there will b e efficien t P ost-

Script compilers. In the mean time, one can only try to reduce the P ostScript

v olume b y definition of compact macros; dvialw pro duces

21

in some circles

V ersion 2.07 13 April 1987

(Hello there)250 300 S

for the ab o v e. A space after the righ t paren thesis is discarded, and the t w o

command w ords are collapsed in to a single letter.

This v erb osit y drastically reduces the p oten tial p erformance of the Apple

LaserW riter. The Canon prin t engine is capable of prin ting 8 pages p er

min ute, and the Imagen 8/300 whic h uses it to o will output T

E

X at 7 pages

p er min ute. The b est w e ha v e b een able to do on the Apple LaserW riter is

ab out 2 p er min ute, and that represen ts an a v erage serial transmission rate

of ab out 750 c haracters p er second, close to the limit of 960 at the 9600 baud

limit. The prin ter ma y p erhaps run faster with the 29 Kbaud AppleT alk

connection.

P ostScript timing exp erimen ts sho w ed that the Apple LaserW riter p er-

forms ab out one arithmetic op eration p er millisecond, and further exp eri-

men ts rev ealed the fact that the arithmetic conforms to a single-precision

subset of the IEEE floating-p oin t format. This is not surprising, b ecause

Jerome Co onan, one of the principal designers of the IEEE standard, w orks

for Apple and did the soft w are for the floating-p oin t em ulator for the Ap-

ple Macin tosh. The prin ter and the computer b oth use the Motorola 68000

micropro cessor, and neither ha v e floating-p oin t hardw are. Rumors of an

adv ance to the faster 68020 CPU and 68881 hardw are floating-p oin t c hip

with the newly released Enhanced Apple LaserW riter w ere wrong; it only

has more in ternal fon ts and more memory .

I b ough t an Apple LaserW riter in June, 1985, and although I w as able

to prepare a device driv er for m y

<

PLOT79

>

graphics systems and ha v e

it op erational in under a da y , the T

E

X D VI driv er has pro v ed m uc h more

difficult. This is due to t w o reasons. First of all, the do cumen tation and

examples in the PostScript User’s Manual (Septem b er 1984 prin ting) for

do wnloaded fon ts are incorrect; the examples simply do not w ork at all.

Second, the P ostScript V ersion 23.0 in terpreter has t w o serious bugs.

One of these is a flo w-con trol bug whic h is do cumen ted in the Apple

Inside the L aserWriter man ual—the prin ter on o ccasion will send out an

XOFF c haracter to stop host transmission, then nev er send the XON c haracter

to resume it. Ev en tually , the prin ter times out and ab orts the job after

issuing an error message. Initially , this seemed to happ en on almost ev ery

page, and it to ok sev eral w eeks of exp erimen tation during the summer b efore

I w as able to write a transfer program whic h reduced the incidence. In

Decem b er, 1985, I obtained a prop osed fix for this bug from ARP ANET

corresp ondence, and it seems to ha v e help ed, although the problem still

13 April 1987 V ersion 2.07

do es arise.

The second bug has to do with virtual memory managemen t, whic h

comes in to pla y primarily with do wnloaded fon ts, whic h neither the Apple

Macin tosh nor graphics applications mak e use of. A t random in terv als,

the prin ter issues a VM err or message and flushes the job. It is usually

completely irrepro ducible; the same do cumen t will raise the error t wice, and

prin t on the third try . The longer the prin ter has b een running, the slo w er

it seems to get, un til cycling the p o w er reb o ots it. W e ha v e often found it

necessary to do this sev eral times a da y , hardly a satisfactory situation for

a prin ter whic h is exp ected to b e a sp o oled output device.

Because of the flo w con trol bug, and b ecause the prin ter sends bac k all

kinds of messages, suc h as %%[ PrinterErr or: out of p ap er ]%% , it is nec-

essary to ha v e an in telligen t file cop y utilit y for it. Some p eople ha v e gone

to the trouble of handling XON and XOFF c haracters themselv es, establishing

a real-time in terrupt when an XOFF is receiv ed, and then resuming output

either after receipt of an XON , or when the timer in terrupts. My cop y util-

it y , lw78.c , lets the op erating system handle flo w con trol, but carries on a

dialog with the prin ter b efore starting eac h job to mak e sure it is idle. It

p erio dically monitors the prin ter input stream to see if an y message is w ait-

ing, and if so, collects it, deco des it, and attempts to handle the commoner

ones. Status messages do not alw a ys arriv e complete, p erhaps b ecause of

data loss at the serial in terface on the host computer. Consequen tly , the

cop y utilit y cannot just collect t w o p ercen ts and an op en brac k et to start a

message, then gobble c haracters un til a close brac k et and t w o more p ercen ts

terminate it, b ecause this migh t blo c k the pro cess completely . Instead, it

alternates p erio ds of sleep and tests for input data un til ab out ten seconds

ha v e elapsed without receiving a complete message. A t that p oin t, the mes-

sage is assumed to b e garbled and a flag is set whic h causes later input

attempts to flush data un til a new start of message is recognized. This is

clearly nothing but hac k ery; I am not proud of it, and it w asted w eeks of

w ork whic h could ha v e b een m uc h more profitably sp en t.

The P ostScript fon t mec hanism is complex and difficult to understand,

and m uc h b etter do cumen tation and man y examples are badly needed in

the man uals. It cen ters around the idea that in the curren t fon t, for eac h

c haracter there is a collection of n um b ers defining the b ounding b o x and

displacemen t to the next c haracter, plus a pro cedure whic h is in v ok ed to

dra w the c haracter whenev er the c haracter app ears in a Set String command.

This is a p o w erful mec hanism whic h is also fundamen tal to the Emacs text

editor. The c haracter pro cedure is free to utilize the en tire language to

V ersion 2.07 13 April 1987

create a picture at the curren t p oin t. The built-in fon ts use proprietary

outline enco ding mec hanisms whic h pro vide arbitrary scaling. F or T

E

X, w e

just send c haracter bitmaps do wn enco ded as hexadecimal strings.

After all of the w ork on dvialw had b een completed, Addison-W esley

published the PostScript L anguage R efer enc e Manual and the PostScript

L anguage T utorial and Co okb o ok in the spring of 1986. These offer m uc h

impro v ed do cumen tation, and remo v e m y criticisms of that asp ect. The

fon t examples in the T utorial and Co okb o ok no w w ork as adv ertised, and

the problems with the Apple LaserW riter are discussed in App endix D of

the L anguage R efer enc e Manual . These t w o b o oks are essen tial for an y

P ostScript programmer.

T o facilitate a certain amoun t of extensibilit y of the T

E

X P ostScript

driv er, macro references, rather than ra w P ostScript, are written to the out-

put file. The macros are defined in a standard file named dvialw.ps whic h is

searc hed for in the curren t file directory , then in a standard system directory

defined b y the prepro cessor sym b ol TEXINPUTS . Lik e the fon t substitution

file, the definition of this sym b ol ma y b e o v erridden b y the user at run

time, allo wing p ersonal customizations. The standard dvialw.ps file whic h

go es with this driv er is hea vily commen ted to assist customization. The

commen ts, and excess whitespace, are all stripp ed b y function cppsfile()

during the cop y to the b eginning of the output file, so they nev er ha v e to

b e transferred to the prin ter. The driv er is careful nev er to pro duce an y

unnecessary whitespace, in order to reduce the output v olume. Ev en so, on

large do cumen ts, the P ostScript file is usually 4 to 6 times larger than the

D VI file, and on short ones, up to 20 times longer.

dvialw.c supp orts the T

E

X \special command to a limited exten t; see

the section on function special() for details.

While it is in principle p ossible for dvialw.ps to supp ort P ostScript

built-in fon ts, this w ould require preparation of T

E

X fon t metric ( .tfm ) files

for them. T

E

X needs this information to use a fon t. A t presen t, there

is insufficien t fon t metric information a v ailable for the built-in fon ts, and

the c haracter rep ertoire is inadequate for mathematical t yp esetting. Some

mem b ers of the Stanford T

E

X pro ject ha v e b een consulting with Adob e, so

w e ma y hop e that this situation will impro v e.

F or non-T

E

X prin ting on the Apple LaserW riter, w e ha v e used a utilit y

program I wrote, lptops.c , to con v ert line prin ter files to P ostScript. It

has options to access all of the built-in fon ts at arbitrary sizes, as w ell as

supp ort for m ulti-column prin ting, page n um b ering, o v erstriking, margin

setting, m ultiple copies, page outlining, and man ual pap er feed selection.

13 April 1987 V ersion 2.07

The help file, lptops.hlp , describ es these further.

The Enhanced Apple LaserW riter w as announced in F ebruary 1986, at a

list price of $7995. Ordinary LaserW riter’s can b e upgraded to it for ab out

$1000. This new mo del con tains v ersion 38.0 of the P ostScript in terpreter,

and offers sev eral new features:

• man y in ternal p erformance impro v emen ts;

• expanded comm unications options, including baud rates to 57.6 Kbaud

and hardw are flo w con trol; this is imp ortan t for the IBM PC, whic h

without additional soft w are do es not supp ort soft w are flo w con trol;

• sev eral new language features;

• correction of nearly all the kno wn problems in the Apple LaserW riter,

including the flo w-con trol bug;

• new residen t fon ts: Av an tGarde, Bo okman, Helv etica-Narro w, New-

Cen turySc ho olBo ok, P alatino, ZapfChancery , and ZapfDingbats;

• additional memory

One of the imp ortan t p erformance impro v emen ts is the o v erlap of page out-

put with input pro cessing; previously , the P ostScript in terpreter w aited up

to 6 seconds p er page b efore resuming input pro cessing. Initial user exp e-

rience with this prin ter is rep orted to b e quite fa v orable; I p ersonally ha v e

not y et had an y .

Adob e has recen tly made a v ailable accurate fon t metric and ligature in-

formation for the residen t fon ts. Kerning sp ecifications are not y et a v ailable,

but ha v e b een promised. Unfortunately , this information is not a v ailable in

the new P ostScript b o oks, but fon t metric files are distributed with Adob e’s

T ranScript soft w are for Unix systems, and probably also with Pip eline Asso-

ciates’ devps comp eting soft w are. This should mak e it p ossible to augmen t

dvialw to supp ort use of residen t P ostScript fon ts with T

E

X. This will b e

ev en more imp ortan t for the Mergen thaler Linot yp e Linotronic 300, whic h

is the first photot yp esetter to use P ostScript.

5.2 dvibit.c

This driv er is the first in the family , but has undergone the same extensiv e

mo difications as the rest of the mem b ers. It is the only one whic h pro vides a

form of T

E

X preview mec hanism, but w e unfortunately ha v e only one BBN

V ersion 2.07 13 April 1987

5.2 dvibit.c 49

BitGraph terminal on campus, so it has not receiv ed the use I w ould ha v e

lik ed to see. With laser prin ters increasingly a v ailable, the need has declined.

Although the displa y sp eed is satisfactory , the resolution is coarse (1024 ×

768), and small c haracters are often indistinguishable. T

E

X preview ers on

the IBM PC ha v e an ev en more sev ere limitation of half this resolution.

In order to reduce the n um b er of fon ts required, the default size with

Mark Senn’s original v ersion has b een c hanged to 603 magnification. This

is in the standard magnification family for 300-dot/inc h devices (magstep

-5). Since w e ha v e MET AF ONT on the DEC-20, pro duction of arbitrary sizes

for all of the T

E

X fon ts has b een trivial; only disk space requiremen ts limit

our en th usiasm.

In order to write commands to the BitGraph, it is necessary to b e able

to send ASCI I ESC c haracters, and to mak e the displa y easily con trollable,

c haracter-at-a-time input without ec ho is desirable. Under Unix systems,

this is straigh tforw ard—y ou just put the terminal in half-c o oke d or r aw

mo de, and t widdle a couple of ioctl() flags. On the DEC-20, it is quite

p ossible, but somewhat con v oluted, so there are large co de sections under

con trol of the OS_TOPS20 flag. When the driv er exits, care has to b e tak en

to reset the terminal c haracteristics prop erly .

With V ersion 2.07 of the family , a ma jor c hange w as made in dvibit .

Keyb oard input with getc() has b een replaced with a more p o w erful pac k-

age, keybrd.c , describ ed earlier. This pac k age supp orts immediate return

of c haracters as they are t yp ed, and also pro vides a primitiv e for c hec king if

input is a v ailable, without blo c king lik e getc() normally do es. This mak es

it p ossible for the main command lo op in prtpage.h to c hec k for k eyb oard

input b efore pro cessing eac h D VI command, whic h in turn a v oids unneces-

sary screen redispla y , and facilitates rapid skimming through a do cumen t,

as w ell as rapid page rep ositioning.

In addition, the fon t handling mec hanism w as revised with the in tro duc-

tion of reldfont.h , so that unload_fonts() in eopact.h can dynamically

c hange the fon t magnification to supp ort a zo om command.

Dra wing of the command and status windo w is no w done at page b egin-

ning b y bopact.h , and the displa y has b een made larger and more informa-

tiv e.

The size limit at whic h do wnloaded fon ts are abandoned in fa v or of send-

ing large c haracter bitmaps eac h time they are needed has b een substan tially

increased, so that an y reasonable do cumen t and magnification should b e able

to use do wnloaded fon ts exclusiv ely , giving m uc h faster screen displa y .

The displa y no w w orks correctly with b oth blac k and white screen bac k-

13 April 1987 V ersion 2.07

with other prin ter commands whic h the LaserJet someho w (i.e. completely

non-in tuitiv ely) relates to particular fon ts. This is the only w a y fon ts can

b e selected on the regular LaserJet, and it has previously cost me a go o d

deal of frustration, since it is imp ossible to just tell it “giv e me 10pt Courier

b old”. When m y tests at do wnloading a simple c haracter failed, I assumed

that the problem w as with the v alues I had c hosen for all of these attributes,

and I sp en t sev eral hours exp erimen ting with them, eac h time getting blank

output pages.

The problem turned out to b e none of these parameters, and their v alues

are apparen tly arbitrary when one is do wnloading c haracter descriptions.

The Cr e ate F ont command has four 16-bit fields called c el l width , c el l height ,

b aseline p osition , and font height . Since the Downlo ad Char acter command

defines its o wn c haracter metrics, I had arbitrarily giv en these fields zero

v alues. Later exp erimen ts with these rev ealed that font height is arbitrary ,

but the other three m ust b e defined large enough to encompass the biggest

enclosing b o x of an y do wnloaded c haracter. Do wnloaded c haracters with

smaller metrics will prin t, but the larger ones are just discarded without error

indication. The solution therefore w as to ha v e readfont() compute the

requisite v alues for these from the metrics it retriev es from the fon t file, and

output these in the Cr e ate F ont command. I presume that the c el l height and

c el l width parameters are used b y the Plus for in ternal memory allo cation,

although there is no reason wh y it could not do this on receipt of the sizes

sp ecified in the Downlo ad Char acter commands. With sophisticated fon ts

used in t yp esetting, there is no reason whatev er to assume an y commonalit y

of c haracter sizes within a fon t, and neither is there an y reason to store more

than just the minimal bitmap for eac h c haracter.

The Downlo ad Char acter instruction con tains some fixed magic b ytes,

follo w ed b y left offset , top offset , char acter width , char acter height , delta

x , and finally the binary c haracter bitmap as a b yte stream, eac h raster

line b eing rounded up to the next higher b yte b oundary . The left offset is

the distance from the c haracter reference p oin t (the same one T

E

X calls the

c haracter p osition) to the leftmost edge of the c haracter bitmap; this is just

the negativ e of the xoffp parameter in the T

E

X fon t file. The top offset is

the distance from the reference p oin t to the top of the c haracter pattern, and

is iden tical to the yoffp parameter in the fon t file. Although b oth of these

are sp ecified as 16-bit n um b ers in the Downlo ad Char acter instruction, they

are apparen tly stored in ternally as one-b yte signed v alues, b ecause they are

restricted to the range -128 . . . 127. loadchar() enforces these limits when

it issues the do wnload sequence, and readfont() prin ts a w arning message

13 April 1987 V ersion 2.07

when it finds an y c haracter whic h violates this restriction. Ev en tually , suc h

c haracters should b e sen t as an ordinary raster image instead. The delta x

v alue is four times the (p ossibly fractional) dot spacing to the next c haracter

reference p oin t, and therefore is equiv alen t, except for scale and precision, to

the T

E

X tfm c haracter width. A t presen t, no adv an tage is tak en in setstr()

of the higher precision of this spacing parameter; when fixpos() c hanges

the horizon tal p osition, a new string is started.

The LaserJet supp orts landscap e page orien tation as w ell as p ortrait

orien tation, but unlik e P ostScript whic h requires only a v ery simple trans-

formation matrix to get landscap e mo de, on the Plus, fon t definitions m ust

b e completely c hanged, and raster images (including c haracter bitmaps) sen t

with v ertical rasters, since these will b e parallel to the engine scanning di-

rection. This is a considerable incon v enience, with all the complications and

host o v erhead noted earlier in the section on makechar() , so dvijet do es

not y et offer this option.

A final remark should b e made here ab out the compactness of the out-

put file. The Cr e ate F ont and Downlo ad Char acter commands are enco ded

ab out as compactly as could b e exp ected, although supp ort for run-length

enco ding of raster images w ould b e v aluable. Once most of the required

c haracters ha v e b een do wnloaded in the early pages of the do cumen t, the

remainder of the file lo oks something lik e the follo wing, tak en from an actual

test file:

<ESC>*p323x1584Yplicit <--new line

<ESC>*p434Xexcitation

<ESC>*p631Xof

<ESC>*p683Xeac

<ESC>*p740Xh

<ESC>*p782Xquasi-normal

<ESC>*p1035Xmo

<ESC>*p1092Xde.

<ESC>*p1178XP

<ESC>*p1206Xo

<ESC>*p1226Xw

<ESC>*p1255Xer-la

<ESC>*p1335Xw

<ESC>*p1382Xtails

<ESC>*p1477Xpro

<ESC>*p1538Xduced

V ersion 2.07 13 April 1987

<ESC>*p1663Xb

<ESC>*p1686Xy

<ESC>*p1725Xthe

<ESC>*p1802Xv

<ESC>*p1823Xarious

<ESC>*p1949Xsources

<ESC>*p323x1634Yare <--new line

<ESC>*p394Xdiscussed.

<ESC>*p596XIn

<ESC>*p649Xparticular,

Newlines ha v e b een inserted after eac h escap e sequence to mak e them read-

able. Otherwise, the en tire output file is one single stream of 8-bit b ytes.

Note that at the b eginning of eac h new line, mark ed b y the arro ws in the

example, there is a y co ordinate sp ecified, but for the remainder of the line,

only x co ordinates are giv en. When w ords are brok en, it is usually an indica-

tion that fixpos() found a p osition discrepancy , so setstr() b egan a new

output string. It is eviden t that in these cases, and b et w een w ords, there is

a t ypical o v erhead of eigh t extra c haracters. In fact, for this example, there

are 314 total c haracters, of whic h 208 are in escap e sequences, and the other

106 are to b e displa y ed on the t yp eset page. This means that ab out 2 / 3

of the file consists of o v erhead c haracters, and if this prop ortion could b e

reduced, the total sa vings, and sp eed-up in prin ting, w ould b e substan tial.

Some rep ositioning is of course necessary at the start of eac h w ord, and

using relativ e co ordinates w ould reduce eac h sequence b y one c haracter,

giving 16 few er c haracters in this 16-w ord example, whic h is not a large

sa ving.

It w ould therefore app ear v aluable to define some of the curren tly un used

fon t p ositions 193 . . . 255 in eac h fon t as spaces of v arious sizes, then output

the minimal n um b er of these to obtain the required spacing. Since the

in terw ord spacing required is rarely more than 50 dots, or 200 quarter dots in

the units defined for the delta x c haracter parameter, if ten space c haracters

of widths of 1, 2, 4, . . . , 1024 quarter dots w ere defined, then b y simple bit

shifting of the required horizon tal space v alue, w e could output the required

space with probably an a v erage of three, instead of the eigh t c haracters in

the ab o v e example. Care will of course ha v e to b e giv en to getting this

precisely correct, b ecause the danger of relativ e spacing is alw a ys that the

small errors can accum ulate to large ones, while using absolute co ordinates

for eac h w ord will repair small errors made in individual c haracter p ositions.

13 April 1987 V ersion 2.07

5.8 dvil75.c

This driv er is for the DEC LA75 dot matrix prin ter in 144-dot/inc h mo de.

It w as con tributed b y John Sauter, and has not b een tested lo cally .

5.9 dvim72.c

This driv er is for the Apple ImageW riter dot matrix prin ter in 72-dot/inc h

mo de. This prin ter has the same command set as the p opular Epson prin ters,

so the driv er should w ork with b oth. Because these are lo w-cost prin ters,

pap er registration is p o or, and high qualit y cannot b e exp ected. Eac h pass

of the prin t head ma y la y do wn 8 raster lines, but when the next group of

8 is prin ted after scrolling the pap er, a thin white space is commonly seen.

Exp ect times of 2 to 6 min utes p er page.

5.10 dvimac.c

This driv er is for the Apple ImageW riter dot matrix prin ter in 144-dot/inc h

mo de. Except for co de c hanges to double the prin ter bitmap size and to

supp ort the enco ding of the higher resolution, it is iden tical to dvim72 . The

higher resolution is ac hiev ed b y enco ding a 16-bit raster column in to t w o

8-bit b ytes, o dd ro ws in to the first b yte, and ev en in to the second. All o dd

b ytes are then sen t to the prin ter and prin ted, the carriage scrolls the pap er

up one dot, and then the ev en b ytes are sen t and prin ted. This suffers from

ev en w orse registration problems than the 72-dot/inc h mo de, and since it

requires four times the data v olume, it is hardly w orth while. It ma y pro v e

to b e of b etter qualit y with the ImageW riter Plus, but I ha v e not tried it.

5.11 dvimpi.c

dvimpi is the D VI translator for the p ortable MPI Sprin ter dot matrix

prin ter, whic h w as made here in Salt Lak e Cit y . Despite considerable p op-

ularit y , lo w cost, and t yp ewriter-lik e p ortabilit y of the Sprin ter, MPI w en t

out of business in late 1985.

The driv er can b e compiled for either 72- or 144-dot/inc h prin ting, ac-

cording to the prepro cessor v ariable HIRES in dvimpi.c . The bitmap en-

co ding is a 6-bit column p er c haracter, and in 144-dot/inc h mo de, prin ting

tak es four passes with in terv ening half-dot righ t and do wn motions.

V ersion 2.07 13 April 1987

5.12 dvio72.c 59

The Sprin ter has no reset command, so it is not p ossible to restore it to

a guaran teed state on completion.

5.12 dvio72.c

dvio72 is for the Okidata P acemark 2410 dot matrix prin ter at 72 dots/inc h.

Along with the more exp ensiv e Prin tronix prin ters, this is one of the stur-

diest dot matrix prin ters on the mark et, and has b een quite p opular as a

replacemen t for 200 to 600 line/min ute band and drum prin ters.

The bitmap enco ding puts a 7-bit column in to an 8-bit b yte, but no bias

is applied, so all 128 ASCI I b yte v alues are p ossible graphics data. This

p oses a problem discussed in the next paragraph, and necessitates a second

pass b y function outline() through the enco ded bitmap data b efore it can

b e output. There is some problem in getting the prin t head to return to the

same left margin p osition after eac h pass of the heads across the page, so

the driv er sends sev eral carriage-return c haracters at the end of eac h line.

The prin ter has a serious design fla w in that it lac ks a command to reset

to p o w er-on state. This is serious, b ecause it uses ETX to en ter graphics

mo de, ETX STX to exit graphics mo de, and ETX ETX to mean ETX as graphics

data. This means that a single ETX sen t from the host ma y cause it to

en ter graphics mo de, or generate an error if it is already in graphics mo de.

Similarly , an ETX STX will en ter graphics mo de if it is not already in it,

instead of exiting graphics mo de. W e therefore turn on graphics mo de for

eac h line, then turn it off again. That w a y , there ma y b e some remote hop e

of resync hronizing if w e lose an ETX due to line errors along the w a y .

F rom an efficiency standp oin t, it is regrettable that it has no run-length

enco ding of graphics data. The output qualit y and sp eed are otherwise quite

reasonable as medium-cost dot matrix prin ters go.

5.13 dvioki.c

dvioki supp orts the Okidata P acemark 2410 in 144-dot/inc h mo de, but is

otherwise v ery similar to dvio72 . This prin ter do es not require a wkw ard

enco ding of raster lines for high-resolution mo de lik e the Apple ImageW riter

and MPI Sprin ter do, and prin ting is not done b y half-line o v erlap, so the

qualit y is higher. The prin ter tak es care of whatev er bit rearrangemen ts are

necessary; the bitmap is just four times as big.

13 April 1987 V ersion 2.07

5.14 dviprx.c

dviprx is the second mem b er of this family , and has formed the basis for

all the other dot matrix prin ter dev elopmen t. The Prin tronix prin ter family

is one of the sturdiest on the mark et. It has b een em ulated b y C-Itoh, and

remark eted b y man y computer man ufacturers under their o wn names. It

has b een on the mark et for at least ten y ears, and one outside m y do or has

b een in regular use since 1978. List price, dep ending on sp eeds of 200 to

600 lines/min ute, ranges from $3000 to $7000.

Almost all the other dot matrix prin ters on the mark et ha v e a mo ving

head of v ertically-aligned pins whic h impact the ribb on to prin t a dot. One

firing of all the pins in the head prin ts one column of dots, and this op eration

m ust b e rep eated from 72 to 180 times p er inc h, dep ending on the prin ter

resolution, with incremen tal head mo v emen t eac h time. Uniform prin t reg-

istration on successiv e passes is directly related to the cost of the prin ter,

and most of the lo w-cost ones do a p o or job.

The Prin tronix mec hanism has a sh uttle of 44 horizon tal hammer banks

(in the 600 mo del; the n um b er is mo del-dep enden t). Oscillation of the

sh uttle carries eac h hammer bank across only 3 c haracter p ositions to obtain

standard 132 c haracter/line prin ting, with a resolution of 60 dots/inc h. In

graphics mo de, one line of data b ytes with 6 data bits p er c haracter, biased

b y 64, pro duces one raster line. The pap er then mo v es up 1/72 inc h, and

the next raster line is prin ted. Since m uc h less mec hanical mo v emen t is

in v olv ed, sp eed and prin t qualit y are m uc h b etter than with the other t yp es

of prin ters. The primary complain t is that it results in a non-unit asp ect

ratio of 60 / 72 = 5 / 6 whic h T

E

X users m ust put up with. I ha v e not felt

it w orth while to ask MET AF ONT to generate sp ecial fon ts to comp ensate for

this. As noted earlier in the section on prtbmap() , the bit enco ding is

bac kw ards, so a table-lo okup translation of eac h output b yte is necessary .

A mo dification of the Prin tronix mec hanism for 100-dot/inc h prin ting

with unit asp ect ratio w as licensed b y T rilog and mark eted. One mo del

could supp ort color prin ting with a sp ecial m ulticolor ribb on, using three

complete passes o v er the page. Unfortunately , the higher resolution came

with a considerably higher price and sp eed of under 200 lines/min ute, so I

do not b eliev e this w as a great mark et success.

V ersion 2.07 13 April 1987

5.15 dvitos.c 61

5.15 dvitos.c

Sev eral Japanese prin ter companies, including T oshiba, NEC, F ujitsu, and

Epson, and one American compan y , AMT, ha v e dev elop ed 24-pin dot matrix

prin ters capable of 180-dot/inc h prin ting. The imp etus for this came from

the need to supp ort the Japanese Kanji, Katak ana, and Hierogana sym b ol

sets. The JISCI I (Japanese Industrial Standard Co de for Information In ter-

c hange) c haracter set is based on a 128 b y 128 c haracter matrix, con taining

ISO/ASCI I in the first ro w, Greek and Cyrillic in the next ro ws, and ab out

6000 c haracters divided in to t w o lev els according to frequency of use in the

remaining ro ws. Tw o ASCI I c haracters then can effectiv ely represen t one

Japanese c haracter. These c haracters can b e quite complex, but the Japan

Standards Institute has dev elop ed a collection of ab out 10000 c haracters

whic h can all b e represen ted in a 24 b y 24 matrix. This size led to the pin

configuration of these high-resolution dot matrix prin ters.

As a side effect, 180 dots/inc h is a great impro v emen t o v er the resolution

of most other dot matrix prin ters, and pro duces prin t qualit y whic h is not

far from that of daisy-wheel prin ters, but at higher sp eed and with more

v ersatilit y .

These prin ters hit the mark et in late 1983, with the toshiba p- 1351

b eing one of the first. A t that time, electrostatic prin ters w ere still exp ensiv e,

and prin ted on unpleasan t pap er, and laser prin ters cost $20,000 and up.

Although the existence of a new lo w-cost prin t engine with a disp osable

drum cartridge from Canon w as rumored, there w as nothing else on the

mark et of comparable resolution, so I b ough t a P-1351 ab out F ebruary 1984

for $1950 (after academic discoun t).

The Hewlett-P ac k ard LaserJet w as announced only three mon ths later,

and I w as able to get one deliv ered in late No v em b er. It app eared then that

the sup erior sp eed (8 pages/min ute v ersus p erhaps a half-page/min ute),

prin t qualit y , and quietness of the laser prin ter w ould b e attractiv e, and

despite a cost of at least $1500 more, the business comm unit y at least migh t

buy it. The enormous mark et success of lo w-cost laser prin ters has pro v en

this view correct, and the 24-pin prin ters clearly ha v e an extremely limited

mark et life.

Nev ertheless, if y ou happ en to o wn a T oshiba P-1351, dvitos will pro-

duce T

E

X output on it for y ou.

The initial commen ts in dvitos.c giv e some p erformance statistics. A t

180 dots/inc h, a reasonable size page requires o v er 200 Kb ytes for the

bitmap. The P-1351 supp orts run-length enco ding whic h can reduce the

13 April 1987 V ersion 2.07

output v olume somewhat, but in practice, it runs 2 to 3 times slo w er, and

pro duces terrible prin t qualit y due to inaccurate p ositioning of the prin t

head during horizon tal skips. I do not kno w whether this is a mec hanical

problem with m y particular prin ter, or symptomatic of all T oshiba prin ters

in this class.

The bitmap enco ding puts a 24-bit column in to 6 bits eac h of 4 successiv e

b ytes, biased b y 64. Ab out 120 lines of co de are required in prtbmap() to

handle this. The prin ter has the additional restriction that in an y t w o adja-

cen t bit columns, no t w o horizon tally-adjacen t bits can b e set. Rather than

deal with this complication during the enco ding, prtbmap() ignores the rule

and hands eac h b yte stream represen ting 24 raster lines off to outline() ,

whic h mak es a second pass through it, turning off adjacen t bits, b efore send-

ing it to the output file.

Run-length enco ding is selectable b y a run-time option, and is handled b y

outline() in a further 55 lines of co de. The prin ter supp orts only enco ding

of successiv e whitespace, and since at least 12 consecutiv e 24-dot columns

m ust b e white for the enco ding to sa v e space, the c hances of this happ ening

are not large. Horizon tal raster line enco ding of b oth blank and white w ould

do m uc h b etter. The space reduction on t w o test files w as less than 30%,

with prin t times of 1 to 6 min utes p er page.

A t hardly double the cost, laser prin ters giv e m uc h higher qualit y , silen t

prin ting, up to 40 times the sp eed, and t wice the resolution, so these dot-

matrix prin ters do not fare w ell as T

E

X output devices.

6 Setting up the En vironmen t

Someone setting up T

E

X for the first time is lik ely to find it difficult to

get an o v erview of just ho w things should b e set up. A T

E

X distribution

tap e is lik ely to fill ab out 30Mb of disk space with thousands of files in

dozens of directories, and in order for the soft w are to w ork prop erly and

find its w a y around the file system, some naming con v en tions are necessary .

T o illustrate this, the la y out w e use on the IBM PC , TOPS-20, and V AX

VMS, is sk etc hed in the next three subsections.

6.1 IBM PC Setup

On m y IBM PC, I main tain T

E

X and the D VI driv er family on t w o dis-

moun table 10Mb Bernouilli disk cartridges. F or P ersonal T

E

X’s PCT

E

X,

the directory la y out lo oks as follo ws:

V ersion 2.07 13 April 1987

6.2 TOPS-20 Setup 63

D:\PCTEX ! TeX.EXE, LaTeX.EXE, et al

D:\PCTEX\TEXFMTS ! TeX .FMT files

D:\PCTEX\TEXTFMS ! TeX .TFM files

D:\PCTEX\TEXINPUT ! TeX input files

F or MicroT

E

X, the structure is similar, and I c hose to store the fon t files in

its directory tree:

D:\TEX ! TeX.EXE, LaTeX.EXE, et al

D:\TEX\INPUTS ! TeX input files

D:\TEX\FONTS\180 ! *.pk font files

D:\TEX\FONTS\240 ! *.pk font files

...

D:\TEX\FONTS\1548 ! *.pk font files

The D VI family files reside in the directories

D:\DVI

D:\DVI\DOC

The en vironmen t v ariables required b y the D VI family are the ones c hosen

b y default in machdefs.h . They could b e set in a startup file (t ypically

AUTOEXEC.BAT ):

set FONTPATH d:\tex\fonts\

set PATH c:\bin;d:\dvi;d:\pctex

set SUBPATH d:\tex\inputs\

set TEXFONTS d:\tex\fonts\

set TEXINPUTS d:\tex\inputs\

The PC-DOS PATH v ariable should include all the directories that con tain

executable programs y ou require. Although y ou can cop y programs in to a

common directory , I find it preferable to k eep them in the directories where

they originate, and just ha v e a long PATH searc h list.

If y ou use dvialw , its macro file, dvialw.ps , should b e copied in to the

directory defined b y the TEXINPUTS v ariable.

6.2 TOPS-20 Setup

The main T

E

X directory structure is iden tical to that main tained b y the

Stanford T

E

X Pro ject, but w e ha v e n umerous additional lo cal directories.

13 April 1987 V ersion 2.07

In SYSTEM:n-m-CONFIG.CMD (where system-wide logical names are con-

v en tionally defined, and n and m are ma jor and minor Monitor release n um-

b ers), w e ha v e

define DVISPOOL: tex:nospool.exe !Dummy .DVI file spooler

define TEX: aps:<tex> ! *.EXE files for TeX,

! TeXware and DVI drivers

define TEXFORMATS: aps:<tex.formats> ! TeX and LaTeX *.FMT files

define TEXFONTS: aps:<tex.cm>,- ! CM fonts in .TFM and .PK form

scrtch:<tex.pxl>,- ! AM fonts in .PXL form

scrtch:<tex.fonts> ! AM*.TFM files

define TEXINPUTS: aps:<tex.inputs>,-

aps:<tex.latex>,-

aps:<tex.amstex>

define TEXSPOOL: tex:nospool.exe !Dummy .DVI file spooler

Users can individually redefine TEXSPOOL: to b e TEX:DVIxxx.EXE for

their preferred D VI file translator, and DVISPOOL: to b e TEX:IMSPOOL.EXE

(Imagen) or TEX:PSSPOOL.EXE (P ostScript).

Both laser prin ters are driv en b y sp o oler jobs running under SYSJOB

(started b y @DO OPR:--START-IM-SPOOL and @DO OPR:--START-PS-SPOOL );

these use PCL command pro cedures to p oll the sp o oler directory con ten ts,

prin t an y files found there, and then sleep a while. This approac h is con-

siderably simpler than mo difying LPTSPL , although is do es ha v e a certain

amoun t of p olling o v erhead whic h can b e reduced b y making the sleep time

longer. W e ha v e not found it ob jectionable in man y mon ths of use.

Here is what the main part of our T

E

X directory structure lo oks lik e:

APS:<TEX>

APS:<TEX.AMSFONTS>

APS:<TEX.AMSTEX>

APS:<TEX.BIBTEX>

APS:<TEX.CM>

APS:<TEX.DVI>

APS:<TEX.DVI.DOC>

APS:<TEX.FORMATS>

APS:<TEX.INPUTS>

APS:<TEX.LATEX>

V ersion 2.07 13 April 1987

70 7 BUILDING THE DRIVERS

CMTT12.PK;2 CMTT8.PK;2 CMTT9.PK;2 CMU10.PK;2

CMVTT10.PK;2 LASY10.PK;2 LASY5.PK;4 LASY6.PK;2

LASY7.PK;2 LASY8.PK;2 LASY9.PK;2 LASYB10.PK;2

LINE10.PK;1 LINEW10.PK;1 LOGO10.PK;1 LOGO8.PK;1

LOGO9.PK;1 LOGOBF10.PK;1 LOGOSL10.PK;1 MANFNT.PK;1

Total of 92 files.

7 Building the Driv ers

With V ersion 2.07 of the D VI driv ers, a public-domain implemen tation of

the Unix make utilit y is included with the distribution. This v ersion of make

runs on all the op erating systems curren tly supp orted for the D VI driv er

family , plus some others.

In m y view, make ranks righ t next to compilers in imp ortance. Unix users

should usually b e in tro duced to it at an early stage, but p eople unfamiliar

with Unix ma y b e una w are of it.

The essen tial idea b ehind make is that a user should not ha v e to issue

routine compile and link commands to build soft w are, but instead, should

b e able to describ e in a makefile dep endencies of files on other files, and

rules for pro ducing one file from another file, or group of files. F or example,

an ob ject files dep ends on its corresp onding source file, since if the source

file is c hanged, the ob ject file m ust b e replaced b y one from a fresh source

compilation. The ob ject file also dep ends on all the header files included b y

the source file, since if these are c hanged, recompilation is also in general

necessary . Ho w ev er, a source file do es not dep end on its included files, since

if they are c hanged, no c hanges to the source file are required.

Supplemen ting the file dep endency lists in the makefile are a set of rules

for con v erting one file t yp e to another. The commoner ones are built-in to

make itself, but additional ones (or replacemen ts for built-in rules) can b e

pro vided in the makefile , b oth as defaults, and as sp ecific rules to b e used

for certain files.

By default, make finds the first target file in the makefile , then executes

all the necessary rules to bring it up to date. Th us, as Stu F eldman, the

author of the original make sa ys,

It is usually easier to t yp e the mak e command than to issue ev en

one of the needed op erations, so the t ypical cycle of program

dev elopmen t op erations b ecomes

think - edit - mak e - test . . .

V ersion 2.07 13 April 1987

makefile ’s in general con tain m ultiple targets, and one or more of these

can b e selected b y name when make is run. This mak es it p ossible to store

the commands for making all of the files in a giv en directory in a single file.

F or soft w are stored in a directory tree, the makefile at the top lev el can

run make in eac h of its sub directories, and these in turn can run make in

their sub directories, so a single top-lev el make command can build an en tire

soft w are system, lik e the complete Unix op erating system.

makefile ’s ha v e b een prepared for eac h of the host computers supp orted

in the D VI family , and they are giv en filenames makefile.xxx , where xxx is

the host name. Y ou can just cop y the desired one in to makefile , and t yp e

make to build all of the driv ers.

The leading commen ts in eac h makefile list all the targets that can b e

made b y executing make , and should b e consulted for details.

Here is the makefile whic h t yp esets this do cumen t:

#-------------------------------------------------------- ---------------

# Usage:

#

# make dviman

# or

# make dvidriver

# or

# make clean

#

# [17-Apr-87]

#-------------------------------------------------------- ---------------

LATEX = LaTeX \batchmode \input

CP = copy

.SUFFIXES:

.SUFFIXES: .dvi .ltx .ids .idx

.idx.ids:

$(CP) $*.idx $*.id

texidx $*.id

$(RM) $*.id.*

dviman: dviman.ltx

$(LATEX) dviman.ltx

dvidriver: dvidriver.ltx dvidriver.sty

$(LATEX) dvidriver.ltx

13 April 1987 V ersion 2.07

$(RM) dvidriver.dvi.*

make dvidriver.ids

$(LATEX) dvidriver.ltx

make dvidriver.ids

dvidriver.ids: dvidriver.idx

clean:

$(RM) *.dvi*.*

$(RM) *.lst.*

$(RM) *.aux.*

The first .SUFFIXES clears the default file suffix list, and the second installs

four suffixes in it. The rule for con v erting the output .idx file from L a

T

E

X

in to the sorted input .ids file is giv en follo wing the line b eginning .idx.ids .

It tells make to cop y the .idx file to one with extension .id , run the indexing

program, and then delete the temp orary cop y . This rule is used when the

target dvidriver.ids is needed, as happ ens when the rules for dvidriver

are executed.

By default, make will pro cess the dviman.ltx file, since that target o c-

curs first. The string $(LATEX) requests a macro substitution of the sym b ol

LATEX whic h is defined earlier to run L a

T

E

X in batc h mo de.

The clean target is con v en tional in makefile ’s; it con tains commands

to delete unnecessary files in the directory , and is usually executed when

w ork is completed.

8 Programming Con v en tions

I am quite particular ab out readabilit y and app earance of computer pro-

grams, b ecause I sp end m uc h of m y time reading and writing them. The

previous sections ha v e men tioned certain programming con v en tions, but it

is useful to summarize them here, in the hop e that they ma y pro v e a guide

to implemen tors. Some of these rules are designed to facilitate co de p orta-

bilit y across compiler implemen tations and op erating systems. They are

usually not written do wn in b o oks, though A C R efer enc e Manual , Pren tice-

Hall(1985), b y Sam uel Harbison and Guy Steele, Jr., is a v aluable w ork

whic h ev ery serious C programmer should study and use. A second edition

incorp orating m uc h of the prop osed draft ANSI C Standard w as published

in early 1987,

V ersion 2.07 13 April 1987

• Comp ound statemen ts b egin and end on separate lines, with op ening

and closing braces in the same column, and on their o wn lines. This

mak es visual brace matc hing m uc h easier than it is with the common

practice of placing the op ening brace at the end of a previous line.

• Inden tation nesting increases 4 spaces for eac h lev el. Spaces and tabs

ma y b e used for inden tation, and tabs fill up to the next column whic h

is a m ultiple of 8.

• Only one statemen t app ears p er line, with prepro cessor macro defini-

tions exempted from the rule, since a definition is required to fit on

one line, ev en if it expands in to sev eral C statemen ts.

• Lines m ust nev er exceed 80 c haracters in length, in order that the

soft w are can b e distributed as 80-c haracter line images on magnetic

tap e. It is exp ected that soft w are transp orted in this manner will b e

blank-trimmed on reading from the tap e. The standard C bac kslash-

newline sequence can b e used to break a long line; con tin uation o ccurs

in column 1 of the next line if a string constan t has b een brok en, and

otherwise 4 c haracters righ t of the leftmost c haracter of the first line

of the con tin ued statemen t.

• T yp e declarations should declare only one v ariable p er statemen t, and

that statemen t should ha v e a brief commen t describing the v ariable.

• Single statemen ts con trolled b y a C conditional, lo oping, or switc h

statemen t app ear on separate lines, and are inden ted 4 c haracters to

the righ t of the con trolling statemen t. Complicated statemen ts in this

con text should b e con v erted to brace-delimited comp ound statemen ts

to enhance readabilit y .

• Prepro cessor sym b ols are en tirely in upp er-case letters. V ariables are

en tirely in lo w er-case letters.

• If definition of a macro for some co de sequence simplifies it, do so.

• Lab els and goto statemen ts are not to b e used.

• Prepro cessor #if constan t expressions should b e a v oided if p ossible. If

y ou require expressions, do not use the op erators ! , || , and && . This

rule is o ccasioned b y a Lattice C misfeature.

13 April 1987 V ersion 2.07

• The only C prepro cessor statemen ts to b e used are #include , #define ,

#undef , #if , #else , and #endif . In particular, the useful, but com-

monly absen t, #elif ma y not b e used, nor ma y #if defined(var) .

#ifdef , #ifndef , and #undef are discouraged. In the driv er fam-

ily , they are restricted to machdefs.h where they are used to elimi-

nate compiler “macro redefinition” w arning messages. When #undef

is used, the programmer m ust b e a w are that this ma y not mak e the

sym b ol undefined; only its most recen t definition ma y disapp ear, with

a previous definition no w visible. Lattice C uses this sc heme. F ortu-

nately , the draft ANSI C Standard forbids this in terpretation.

• Prepro cessor statemen ts m ust b egin in column 1, and ha v e no white-

space b et w een the # and the follo wing k eyw ord.

• T ric ks, lik e empt y commen ts, for prepro cessor sym b ol concatenation

are forbidden; un til the ANSI C Standard b ecomes a realit y and is

widely implemen ted, there is no w a y to do this on man y implemen ta-

tions.

• Substitution of prepro cessor #define argumen ts in quoted strings is

forbidden, and no #define argumen t name ma y app ear as a c haracter

string inside a quoted string.

• T yp e casts m ust b e used for all assignmen ts where the data t yp es of

the left and righ t sides differ, and for function argumen ts whic h do not

matc h formal parameters.

• F unction v alues whic h are discarded m ust b e cast as (void) , unless

the function has already b een declared that w a y .

• All functions should b e declared b efore the main() function.

• All functions m ust b e explicitly t yp ed, with void used for those whic h

do not return a v alue.

• The main() function should b e giv en first, follo w ed b y function defi-

nitions in alphab etical order.

• Alphab etical ordering, with letter case ignored, should b e adhered to

in macro, v ariable, and function declarations, and in long sequences of

indep enden t assignmen t statemen ts.

V ersion 2.07 13 April 1987

• Equiv alence of p oin ters and in tegers m ust not b e assumed; t yp e casts

m ust b e emplo y ed on assignmen t.

• The standard NULL p oin ter declared in stdio.h should b e cast to

the requisite t yp e and compared against, rather than assuming n ull

p oin ters are zero. That is, write while (s != (char *)NULL) , rather

than while (s) .

• Use prepro cessor sym b ols instead of magic constan ts. if (c == ESC)

is more readable than if (c == 27) .

• If a function returns a y es/no or true/false v alue, declare it as BOOLEAN

and use the sym b ols TRUE and FALSE instead of constan ts 1 and 0.

• Av oid the generic int t yp e when a more restricted t yp e could b e used

instead, or when the result migh t require more than 16-bit precision.

• F ollo w the con v en tions for visible function headers used in the D VI

driv er family .

• C has at least 28 precedence lev els in expressions, whic h is far to o man y

for a programmer to remem b er accurately . Use paren theses instead to

sa y what y ou mean, and don’t b e afraid to use whitespace to impro v e

readabilit y .

• Use long v ariable names freely , but k eep external sym b ols unique in

their first six c haracters. File names, v ariable names, and prepro cessor

v ariables should b e unique in their first eight c haracters.

• Av oid features of C whic h are not widely implemen ted. These include

the enum t yp e (prepro cessor constan ts can sim ulate this), and functions

returning struct ’s (return p oin ters to struct ’s instead).

• F unctions with v ariable n um b ers of argumen ts are not to b e used.

• If y ou ha v e to resort to mac hine-dep enden t co ding, use the C prepro-

cessor to select it.

• When p ossible, use compiler options and to ols lik e the Unix lint

program to help trac k do wn p oten tial problems in co de.

• Finally , use commen ts regularly to do cumen t what the co de is doing. A

recen t letter to the editor of the Communic ations of the A CM rep orted

13 April 1987 V ersion 2.07

that few er than 5% of the lines of co de in the en tire Unix system are

commen ted! C is most definitely not a self-do cumen ting language; in

fact, Philipp e Kahn, the dev elop er of the fine T urb o P ascal system on

the IBM PC, calls C a write only language.

9 Implemen tation Problems

W e ha v e in sev eral earlier sections remark ed on problems encoun tered with

particular op erating systems and compilers. These are summarized in the

follo wing subsections. After insertion of included files b y the C Prepro cessor,

these driv ers eac h amoun t to b et w een 6500 and 8000 lines of co de. Since this

is con tained in a single file, it tends to tax the IBM PC compilers sev erely .

9.1 TOPS-20

T ext files on TOPS-20 are stored as simple b yte streams as they are in Unix,

except that CR LF terminates a line, instead of just LF . The C run-time

library will tak e care of translation b et w een these t w o, but in order to b e

able to suppress the translation to compress P ostScript output, whic h do es

not require the CR , text files are op ened in binary mo de, and the NEWLINE()

prepro cessor macro is used to output the desired end-of-line sequence.

ASCI I is a 7-bit c haracter set, and TOPS-20 normally stores text files

as fiv e 7-bit c haracters in eac h 36-bit w ord, with the righ tmost (lo w-order)

bit set to zero. In order to obtain 8-bit I/O, it is necessary to use open()

instead of fopen() , so this is encapsulated in the function f20open() . The

co de references this only through the prepro cessor macro BINARYOPEN . With

a little more though t in the implemen tation of the I/O library , it should ha v e

b een p ossible to extend the argumen ts to fopen() to ac hiev e this, so that

stdin and stdout could b e c hosen to b e 8-bit streams if desired. K CC-20

accepts an extended mo de argumen t to fopen() to obtain binary files of

particular b yte sizes, but it do es not p ermit binary I/O on the files stderr ,

stdin , and stdout .

External names in TOPS-20 are normally limited to 6 upp er-case c harac-

ters. Although the link er supp orts long case-insensitiv e external names, and

b oth the P ascal and Algol compilers use them, PCC-20 do es not. Conse-

quen tly , C programmers m ust tak e care to a v oid long external names whic h

are not unique in the first 6 c haracters, ignoring case. Neither do es PCC-20

pro vide supp ort for extended addressing in a 23-bit address space, instead of

an 18-bit address space, lik e F ortran and P ascal do. The compiler do es not

V ersion 2.07 13 April 1987

9.1 TOPS-20 77

store function tracebac k information, or generate a sym b ol table for lo cal

v ariables, nor do es it emplo y the link er argumen t t yp e blo c ks whic h ha v e

pro v ed enormously useful in catc hing argumen t t yp e and coun t mismatc hes

at link time with other languages. This mak es debugging tedious, and I

admit to ha ving b ecome fairly adapt at visually uncompiling assem bly co de

bac k in to C inside the DDT debugger.

By default, the compiler splits the 18-bit address space in to t w o, half

for co de and half for data. With the large bitmaps required b y some of the

driv ers, this pro vided insufficien t space for data, so I created some alternate

library routines whic h increase the data space to 3 / 4 of the address space.

PCC-20 do es not p ermit mem b ers of differen t structures to b e giv en the

same names; this w as a minor anno y ance in the definition of the font_entry

and font_list structures whic h b oth con tain the same ob ject, but are

forced to name it differen tly .

The ugliest piece of co de o ccasioned b y PCC-20’s deficiencies is the

sa ving and restoring of the terminal state in functions initterm() and

rsetterm() in dvibit.c .

The void data t yp e is not recognized b y PCC-20, but is so useful that

I simply inserted a statemen t typedef int void; in stdio.h , making it

a v ailable to ev ery one.

As noted in the section on loadchar.h , the compiler did not correctly

handle a function reference of the t yp e

(void)(*fontptr->charxx)(c,outrow);

It also generated incorrect co de for functions returning a struct , but I w as

able to fix that problem in the compiler. It do es not apply to the D VI driv er

family , but the Unix a wk utilit y mak es hea vy use of this feature.

The C prepro cessor had a sym b ol table for only 1000 sym b ols, whic h is

m uc h to o lo w for a file the size of monsym.h , whic h defines all the sym b ols

for op erating system calls. F or the D VI driv er family , I merely selected a

subset of these and installed them in machdefs.h . Ho w ev er, for con v enience

in other programs, I rebuilt the prepro cessor with a table size of 20000 to

eliminate this problem.

The maxim um switch table size w as increased from 250 to 513. This

mak es it p ossible to compile switch statemen ts indexed b y 8-bit and 9-bit

b ytes. This w as essen tial to a v oid ugly w ork arounds in prtpage.h .

Av ailabilit y of the compiler and library source co de has b een essen tial

in o v ercoming some of these problems, and in trac king do wn questionable

b eha vior in the run-time library .

13 April 1987 V ersion 2.07

Adding supp ort for K CC-20 w as straigh tforw ard, and the compiler has

pro v ed to b e reliable, and the library quite close to Unix. As of April, 1987,

it do es not implemen t the Berk eley terminal handling facilit y pro vided b y

ioctl() and sgtty() .

The DEC-20 JSYS in terface pro vided b y K CC-20 is similar to PCC-20’s,

but the sym b ol names are closer to the assem bly language definitions. T o re-

duce co de duplication, one set of sym b ols is defined explicitly in terms of the

others. Lik e PCC-20, a complete monsym.h pro v ed to ha v e to o man y sym-

b ols for K CC-20, so for the D VI driv er family , the needed v alues are defined

explicitly in machdefs.h . The K CC-20 dev elop ers ha v e since link ed an ex-

tended addressing v ersion of the compiler whic h happily handles monsym.h ,

and w e no w use that v ersion for systems programming.

One ca v eat for K CC-20 m ust b e issued here. It stores c haracter data as

9-bit v alues, and short in tegers as 18-bit v alues, b oth accessed with DEC-20

b yte instructions. This pro duces compact data, but the curren t hardw are

micro co de implemen tation of these instructions is slo w er than the fullw ord

in teger instructions, so the driv ers compiled with K CC-20 run considerably

slo w er than when compiled with PCC-20, despite the generally sup erior co de

generation of the former. The w ell-kno wn sieve b enc hmark is ab out 4 times

slo w er with b yte instructions than with fullw ord in teger instructions.

9.2 Unix 4.1BSD

Lik e PCC-20, cc under 4.1BSD Unix do es not correctly handle the case of

function reference to a structure mem b er.

Filenames are restricted to 14 c haracters in length, so output file exten-

sions are .xxx instead of .dvi-xxx .

Otherwise, the driv ers compile without problems. W e found that after

completion of execution, and pro duction of correct output, they die with a

stac k error in exit() . A ttempts to debug this with sdb w ere unsuccessful,

b ecause the debugger w ould step righ t in to the stac k error and crash. When

the driv ers are run under con trol of the assem bly-lev el debugger, adb , they

complete normally!

In F ebruary , 1987, w e traced this to a 4.1BSD Unix system bug.

fclose() is called in abortrun() to close all fon t files, and it turned out

that whenev er one of the files passed to fclose() w as already closed, the

library w ould install a time b om b whic h blew up the co de at exit. According

to the man ual page for fclose() , no action should b e tak en if the file is not

already op en. abortrun() has b een revised to a v oid calls to fclose() for

V ersion 2.07 13 April 1987

9.3 HPUX 79

suc h files, and the problem w as b een solv ed.

9.3 HPUX

No problems w ere encoun tered with HPUX whic h is based on A T&T System

V Unix, with 4.2BSD extensions. The v ersion I used ran on a Hewlett-

P ac k ard 9000/350 w orkstation. File names up to 1024 c haracters in length

are supp orted, and up to 60 op en files are p ermitted, so the only c hange

w as the addition of a prepro cessor sym b ol HPUX in machdefs.h to select

co de defining the larger limits.

9.4 IBM PC Lattice C

I ha v e b oth v ersions 2.15a and 3.0 of the Lattice C compiler running un-

der PC-DOS, and ha v e used v ersion 2.15a extensiv ely for graphics w ork.

The ma jor problem with this v ersion is the limited o v erlap with the stan-

dard Unix run-time library . This has b een largely remedied with v ersion

3.0. Ho w ev er, b oth v ersions ha v e pro v ed singularly incapable of pro ducing

w orking v ersions of an y of the driv ers—the executable programs die with

errors.

V ersion 2.15a implemen ts unsigned as a t yp e, meaning a 16-bit unsigned

in teger, rather than a t yp e mo difier. The original Kernighan and Ritc hie

definition is unclear, but the ANSI C standard committee has made it clear

that it is a legal mo difier on an y in teger data t yp e. I exp ect that this

w ould ha v e p osed a problem in the driv ers, particularly those parts whic h

t widdle bits in the c haracter rasters and output bitmaps. T yp e void is

not recognized, either, but that can b e solv ed with a simple typedef in

typedefs.h .

V ersion 3.0 raises a fatal error when (void) is used as a t yp ecast on a

function previously declared to b e of t yp e void ; it do es not do so if void

is replaced b y an y other data t yp e. This particular use o ccurs extensiv ely

throughout the driv ers, so I ha v e shelv ed further w ork with this v ersion

un til Lattice fixes it. One attractiv e feature of v ersion 3.0 is the addition

of supp ort for argumen t t yp e c hec king according to the prescription in the

coming ANSI C standard.

The Lattice compilers correctly handle large arra ys, but in the in terests

of efficiency, the driv er co de selects a bitmap implemen tation using a v ector

of raster p oin ters for all IBM PC compilers.

13 April 1987 V ersion 2.07

Index

#

#define , 74

#elif , 74

#else , 74

#endif , 4, 74

#if , 4, 43, 74, 84

#if defined(var) , 74

#ifdef , 74

#ifndef , 74

#include , 5, 7–8, 28, 74

#undef , 74

+

++ , 81

-

-- , 81

.

.dvi , 10

.dvi-xxx , 78

.exe , 65

.gf , 9–12, 18, 23–24, 34–35, 38,

82–83

.h , 7–8, 53

.id , 72

.ids , 72

.idx , 72

.info , 31

.pk , 9, 11–12, 18, 23–24, 34–35,

38, 82–83

.pxl , 9–12, 18, 23–24, 34, 83

.tfm , 19, 47

.xxx , 78

/

/usr/jones/book/hornets.dvi ,

19

/usr/jones/book/hornets.sub ,

19

/usr/jones/book/texfonts.-

sub , 19

/usr/lib/tex/fonts/1500-

/cmr10.pxl , 18

/usr/lib/texinputs-

/texfonts.sub , 20

@

@DO OPR:--START-IM-SPOOL , 64

@DO OPR:--START-PS-SPOOL , 64

0

00ARIT.C , 84

00revhst.txt , 5, 14

3

3320, 51

4

4.1BSD, iii, 26, 78

4.2BSD, 79

6

68020, 45

68881, 45

8

8/300, 45, 51

A

abort_run() , 8

AbortRun() , 8

abortrun() , 8–9, 16, 78–79

85

abortrun.h , i, 9

actfact() , 9

actfact.h , i, 9

Ada, 2, 7

adb , 78

Adob e, 37, 40, 44, 47–48

Algol, 76

alldone() , 9, 28

alldone.h , i, 9

alphab etical order, 8, 43, 74

alw , 5

ANONYMOUS FTP, 2

ANSI , 7, 21

Apple, 45

Apple ImageW riter, 58–59

Apple Macin tosh, 3, 40, 45–46

AppleT alk, 45

argv[] , 30

ARITHRSHIFT , 14, 84

A T&T System V, 79

ATT , 27

AUTOEXEC.BAT , 63

B

Barnes, Simon, 1

BBN BitGraph, 1, 10, 15, 37, 44,

49

Bec h tolsheim, Stephen, 1

Bergsten, P er, 2

Bezier curv e, 17

BINARYOPEN , 16, 76

BITMAP(y,x) , 14, 17, 22, 28

bitmap.h , i, 9, 81

blo c k mo v e, 12

BOOLEAN , 6, 42, 75

BOP , 7

bopact() , 9

bopact.h , i, 9, 49

Bro wn, Bob, 1

BSD41 , 27

BSD42 , 27

BYTE , 6, 42

C

C-Itoh, 60

c:\usr\pctex\texfonts , 27

Canon, 35, 45, 50–51, 53, 61

case , 30

cc , 26, 78

CDC, 15, 38

char , 42

char_entry , 25

c haracter pain ting, 13, 36

chargf() , 9–13, 31, 34–36, 38

chargf , 83

chargf.h , i, 9

charpk() , 9–13, 31, 35, 38

charpk , 83

charpk.h , i, 11–12

charpxl() , 9–10, 12–13, 31, 35

charpxl , 83

charpxl.h , i, 12

charxx() , 26, 83

Chinese c haracters, 31

clrbmap() , 12, 22, 32

clrbmap.h , i, 12

clrrow() , 13, 35

clrrow.h , i, 13

commands.h , i, 7, 13, 28

commercialization p olicy, 2

Computer Journal , 4

config.sys , 29

Co onan, Jerome, 45

COORDINATE , 6, 42

copy , 53

cppsfile() , 47

cppsfile()() , 80

CR , 76

V ersion 2.07 13 April 1987

Cyrillic, 61

D

d:\tex\fonts\1500\cmr10.pxl ,

18

d:\tex\fonts , 27

DDT, 77

DEC LA75, 58

DEC-20, 15–16, 18, 44, 49, 51, 78

devinit() , 13–14

devps, 48

devterm() , 13–14

dispchar() , 10, 13–14, 17, 32, 36,

39, 83

dispchar , 83

dispchar.h , i, 13

dumpchar.h , i, 14

dvialw , 17, 37, 44, 47–48, 52–53,

63, 82–83

dvialw.c , iii, 9, 29, 31, 39–40, 44–

45, 47, 80

dvialw.ps , 47, 63

dvibit , 9, 33, 35, 44, 49

dvibit.c , iii, 9, 29, 31, 48–49, 77

dvican , 17, 37, 50

dvican.c , iii, 9, 26, 29, 31, 50

dvifile() , 13–15, 28

dvifile.h , i, 14

dvigd.c , iii, 50

dvihead.h , i, 5, 14, 27, 30, 42

DVIHELP , 23, 42

dviimp , 1, 17, 37

dviimp.c , iii, 9, 29, 32, 51

dviinit() , 14, 54

dviinit.h , i, 14

dvijep , 17, 37, 51–54

dvijep.c , iii, 9, 26, 29, 32, 51, 53,

55, 57

dvijet , 52, 56
dvijet.c , iii, 51

dvil75 , 1

dvil75.c , iii, 58

dvim72 , 58

dvim72.c , iii, 58

dvimac.c , iii, 58

dviman.ltx , 30, 72

dviman.texinfo , 30

dvimpi , 58

dvimpi.c , iii, 58

dvio72 , 59

dvio72.c , iii, 59

dvioki , 59

dvioki.c , iii, 59

dviprx , 60, 82–83

dviprx.c , iii, 32, 60

DVISPOOL: , 64

dviterm() , 14–15

dviterm.h , i, 15

dvitos , 61

dvitos.c , iii, 61

dvitype , 4, 18

dvitype.web , 82

dvixxx , 42, 44

dvixxx.c , 5–9, 14, 22, 27–28, 32,

41

E

EastMark, Inc., 1

efficiency, 12–13, 16–17, 21, 24,

28, 32–33, 59, 80–81

electronic mail, 2

Emacs, 1, 4, 46

Enhanced, 45, 48

Enhanced LaserJet Plus, 51

enum , 75

en vironmen t v ariable, 19, 23–24,

27, 31, 41–42

eopact() , 15, 33

13 April 1987 V ersion 2.07

eopact.h , i, 15, 35, 49

EPSF ( Enc apsulate d PostScript

File F ormat ), 40

Epson, 58

ESC , 49

ETX , 59

exit() , 9, 28, 78

EXTERNAL , 7

F

f20open() , 16, 76

f20open.h , i, 15

FALSE , 42, 75

fatal() , 15–17, 19, 30, 36, 43

fatal.h , i, 16

fclose() , 78–79

F eldman, Stu, 70

fillrect() , 17, 36

fillrect.h , i, 16

findpost() , 17, 34

findpost.h , i, 17

fixpos() , 18, 28, 36–37, 56–57

fixpos.h , i, 17

FNT_DEF1 , 7

fon t cac he searc h, 30

fon t magnification, 9, 18–21, 29,

33, 49

fon t magnification table, 19

fon t name, 18

fon t substitution file, 19

font_entry , 26, 34–35, 77

font_list , 77

fontfile() , 18, 23, 27, 29

fontfile.h , i, 18

FONTLIST , 23–24, 41

FONTPATH , 27

fontsub() , 19–21, 23, 29, 42

fontsub , 83

fontsub.c , i, 19
foo() , 3

fo otnotes, 1–2, 4, 6, 8, 11, 16, 19,

25, 29, 31, 36–37, 41, 44,

54, 81

fopen() , 16, 76

for , 3, 30

F orth, 44

F ortran, 2, 15, 77

FTP, 2

F uc hs, Da vid, 2, 4, 25

F uc hs-Kn uth algorithm, 34

F uruta, Ric hard, 1

G

gblprocs.h , i, 7, 21, 28

gblvars.h , i, 7, 19, 21, 28, 30

gendefs.h , i, 7, 21, 28

get_bit() , 12

get_nybble() , 12

getbmap() , 12, 14, 17, 21–22, 28,

32

getbmap.h , ii, 21

getbytes.h , ii, 22

getc() , 49, 80

getenv() , 23

getfntdf() , 34–36

getfntdf.h , ii, 22

getpgtab() , 34

getpgtab.h , ii, 22

GF , 24

GFtoPK , 11, 38, 82

GFtoPXL , 11

global data, 7

Gn u Emacs, 31

goto , 11–12, 73

Greek, 61

grep , 4

GTR01, 1

V ersion 2.07 13 April 1987

H

h , 28, 36

HELPCMD , 42

Hewlett-P ac k ard, 52

Hewlett-P ac k ard 9000/350, 79

Hewlett-P ac k ard LaserJet, 10, 32,

51, 61

hh , 28, 36

Hierogana c haracters, 61

HIRES , 58

Holtz, Neal, 1

HP, 52

HP 2686d, 51

HPUX, iii

HPUX , 27, 79

HPUX, 79

I

IBM, 29

IBM PC, iii, iv, 3, 5, 7–8, 18, 26–

27, 29, 41–42, 49, 62, 76,

79–80

IBM_PC_LATTICE , 27

IBM_PC_MICROSOFT , 27

IBM_PC_WIZARD , 27

IEEE Computer , 31

IEEE floating-p oin t, 45

if , 3

if (a = b) foo(); , 80

if (c == 27) , 75

if (c == ESC) , 75

Imagen, 1, 39, 45, 51, 64

ImageW riter Plus, 58

img_row[] , 13, 31

implemen tation flag, 27

inch() , 23, 31

inch.h , ii, 23

initglob() , 19, 23–24, 27–28, 30,

41 initglob.h , ii, 23

initterm() , 77

int , 42, 75, 81

INT16 , 6, 42

INT32 , 6, 42

INT8 , 6, 42

In tel, 6, 21, 81

In tel iAPX, 5–6, 9, 21

ioctl() , 49, 78

ISO Standard P ascal, 2

J

Japanese c haracters, 31, 61

JISCI I c haracter set, 61

JSYS in terface, 78

K

Kanji c haracters, 31, 61

Katak ana c haracters, 61

K CC-20, 4, 30, 76, 78

KCC_20 , 27

Kellerman, Da vid, 39, 65

Kernighan, Brian, 26, 79

k eyb oard input, 7, 15, 24, 33, 49

keybrd.c , ii, 7, 15, 24, 49

keydef.h , ii, 7, 24

Kn uth, Donald, 1, 4, 25

L

LA, 32

Lamp ort, Leslie, 1

LaserJet, 51, 53, 55–56

LaserJet Plus, 51, 53

LaserW riter, 48

Lattice, iv, 26, 42, 74, 79, 81

LBP-8 A2, 50

LBP-CX, 35, 50, 53

Lepreau, Ja y, 4

letter case, 31

13 April 1987 V ersion 2.07

LF , 76

lint , 75, 80

loadbmap() , ii, 26

loadchar() , 9, 25–26, 37, 54–55

loadchar.h , ii, 25, 33, 77

log file, 9, 15–16, 19, 42–43

logical name, 24, 27, 64

long , 42, 81

lptops.c , 47

lptops.hlp , 48

LPTSPL , 64

lw78 , 53

lw78.c , 46

M

m , 64

MacDra w, 40

machdefs.h , ii, 5–7, 14, 16, 18,

21–23, 27, 30, 42–43, 63,

74, 77–79

MacP ain t, 40

macro definitions, 7

main() , 7–8, 14, 21–23, 30, 34, 42,

74

main.h , ii, 6, 14, 21, 24, 28

main tenance history, 5, 14

make , 5, 70–72

makechar() , 22, 28, 56

makefile , 70–72

makefile.xxx , 71

malloc() , 25, 81

MAPCHAR , 54

MAXOPEN , 30

Mergen thaler Linot yp e Linotronic

300, 48

Microsoft, iv, 7–8, 21, 26, 41, 80–

81

Mo dula-2, 2, 7

Monardo, P at, 2 monsym.h , 77–78

Motorola, 6

Motorola 68000, 45

movedown() , 28

movedown.h , ii, 28

moveover.h , ii, 28

moveto() , 36

moveto.h , ii, 29

MPI, 58

MPI Sprin ter, 58–59

myfile.dvi , 44

myfile.dvi-xxx , 44

myfile.tex , 44

myfile.xxx , 44

N

n , 64

naming con v en tions, 8

Naugle, Norman, 2

nesting of files, 8

newfont() , 29, 34–35

NEWLINE() , 76

normaddr() , 81

nosignex() , 29, 38

nosignex.h , ii, 29

NUL , 41

NULL , 75

O

Okidata P acemark 2410, 59

open() , 76

op en file limit, 29

openfont() , 29–30, 35–36, 81

openfont.h , ii, 29

op erating system flag, 27

option() , 28, 30, 42

option parsing, 30

option.h , ii, 30, 81

orien tal languages, 31

V ersion 2.07 13 April 1987

OS_ , 43

OS_PCDOS , 27

OS_TOPS20 , 27, 43, 49

OS_UNIX , 27

OS_VAXVMS , 27, 43

OS_xxxx , 27

outline() , 59, 62

outrow() , 10, 12, 31, 35

outrow.h , ii, 31

P

P-1351, 61

page coun ters, 23, 41

P ascal, 2–3, 76–77

PATH , 63

PC-DOS, 30, 63, 79

PCC-20, 4, 26, 30, 43–44, 76–78,

82

PCC_20 , 27

pclook , 82

PDP-11, 6

Pik e, Rob, 26

Pip eline Asso ciates, 48

PK , 24

pk GF pxl , 24

pk-gf.pxl , 24

pk/gf/pxl , 24

pk_packed_num() , 12

PKGFPXL , 24

PKtoGF , 11

PKtoPX , 11–12

PL/1, 7

plain.tex , 11

Plus, 10, 51, 53–56

P ortable, 26

P ostScript, 1, 10, 37, 39–40, 44–

48, 52–53, 56, 64, 76

printf() , 83

printf , 83

Prin tronix, 32, 59–60

PRIVATE , 12

priv ate mo dules, 12, 35

program coun ter, 82

programming con v en tions, 72

prtbmap() , 22, 32, 60, 62, 83

prtbmap , 83

prtpage() , 9, 14–15, 33, 38–39

prtpage.h , ii, 33, 49, 77

putc() , 83

PXL , 24

PXLtoGF , 11

PXtoPK , 11

R

readfont() , 9, 22, 26, 34, 38, 54–

55

readfont.h , ii, 34–35

readgf() , 29, 34–36

readgf.h , ii, 34

readpk() , 11, 29, 34–35

readpk.h , ii, 34

readpost() , 14, 22

readpost.h , ii, 34

readpxl() , 29, 34–35

readpxl.h , ii, 34

reference coun t, 2, 25, 30

register , 82

reldfont() , 34–35

reldfont.h , ii, 35, 49

Ritc hie, Dennis, 79

Rohlicek, Robin, 1

Rokic ki, T om, 2, 11

rsetterm() , 77

rulepxl.h , ii, 36

run-length enco ding, 10–11, 32–

33, 56, 59, 61–62

S

13 April 1987 V ersion 2.07

Sauter, John, 1

Sc haad, Jim, 1

sdb , 78

sed , 8

SEGMEM , 12, 22

segmen ted memory, 6, 9, 12, 14,

17, 21, 32

Senn, Mark, 1

SET_RULE , 7

setchar() , 9, 36–37, 54, 83

setchar , 83

setchar.h , ii, 36

setfntnm() , 36

setfntnm.h , ii, 36

setrule() , 36

setrule.h , ii, 36

setstr() , 36–37, 52, 54, 56–57, 83

setstr , 83

sgtty() , 78

shifts, 84

short , 42

sieve , 78

signex() , 29, 38

signex.h , ii, 38

size_t , 81

sizeof , 81

skgfspec() , 35, 38

skgfspec.h , ii, 38

skipfont.h , ii, 38

skpkspec() , 35, 38

skpkspec.h , ii, 38

Smith, Barry, 39, 65

special() , 39–40, 47, 53

special.h , ii, 38–39

Spiv ak, Mic hael, 1

Sprin ter, 58–59

sscanf() , 20, 81

Stallman, Ric hard, 4

static , 12
stderr , 9, 14, 43–44, 76

stdin , 43–44, 76

stdio.h , 75, 77

stdout , 43–44, 76

story.tex , 50

strchr() , 41

strchr.h , iii, 40

strcm2() , 41

strcm2.h , iii, 41

strcmp() , 41

strcmpl() , 41

strid2() , 35, 41

strid2.h , iii, 41

strrchr() , 41

strrchr.h , iii, 41

struct , 5, 75, 77

STX , 59

SUBPATH , 27

switch , 11, 26, 30, 33, 77

SYS$MANAGER:SYLOGIN.COM , 65

SYSJOB , 64

SYSTEM:n-m-CONFIG.CMD , 64

T

T al, 2

T angle, 2

tctos() , 41

tctos.h , iii, 41

T ektronix, 39, 44

telephone test, 31

T

E

X Users Group, 2

TEX:DVIxxx.EXE , 64

TEX:IMSPOOL.EXE , 64

TEX:PSSPOOL.EXE , 64

tex_counter[] , 41

TEXFONTS , 18, 23, 27

texfonts.sub , 19

texfonts:cmr10.1500pxl , 18

texfonts:cmr10.300gf , 18

V ersion 2.07 13 April 1987

texfonts:cmr10.300pk , 18

texfonts:cmr10.1500pxl , 18

TeXHaX , 2

TEXINPUTS , 23, 27, 47, 63

TEXSPOOL: , 64

tfm , 56

to-do list

T ektronix graphics file sup-

p ort, 39

fast fon t cac he searc h, 30, 36

fon ts for small space c harac-

ters, 58

functions in to macros, 22, 28–

29, 36

handling missing fon ts, 19

optimal fon t handling, 25, 34

trac k do wn compiler error, 26

TOPS-20, iii, 4, 30, 43, 62–63, 76–

77, 83

T oshiba P-1351, 61

T ranScript, 48

T rilog, 60

TRUE , 42, 75

TUGBoat, 2, 4

typedef , 5, 12, 42, 79

typedef int void; , 77

typedefs.h , iii, 5–6, 14, 42, 79

U

Univ ac, 16, 38

Univ ac 1100, 16

Unix, iii, 3–5, 8, 18–19, 26, 30–31,

43–44, 48–49, 70–71, 75–

80

unload_fonts() , 35, 49

UNSIGN16 , 6, 42

UNSIGN32 , 6, 42

unsigned , 13, 42, 79

unsigned int , 42
usage() , 23, 28, 30

usage , 42

usage.h , iii, 42

V

v , 28

V AX, 6, 44, 51, 62, 65

VMS, iii, 44, 51, 62, 65, 67, 69

(void) , 6

void , 6, 42, 74, 77, 79

vv , 28

W

warning() , 42–43

warning.h , iii, 42

W ea v e, 2, 82

W eb, 2, 4, 51

W ells, Rob ert, 1

while (s != (char *)NULL) , 75

while (s) , 75

Willett, Lon, 1

Wirth, Niklaus, 2

Wizard, iv, 26, 80–81

X

xcp , 29

Xenix, 80

XOFF , 45–46, 53

xoffp , 55

XON , 45–46, 53

XORIGIN , 54

XT, 8

xxx , 5, 71

xxxspool , 44

Y

ycp , 29

yoffp , 55

YORIGIN , 54

13 April 1987 V ersion 2.07

Z

zerom() , 12

zo om command, 49

V ersion 2.07 13 April 1987