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A Fresh StartThis text aims to be a serious introduction to academic computing. It is intended toprepare students for a comprehensive introduction to computer science but is not, itself,such a course. Rather, it provides an introduction to programming and accustoms studentsto using complex programs. My approach is baroque rather than classical, exploratoryrather than axiomatic, organic rather than architectural. In teaching such a course, evento well prepared and motivated students, the fundamental problem is to �nd meaningfulexamples of programs and tasks. This is my attempt to solve this problem in a way thatprovides a foundation for further studies.In calling my approach baroque, I mean to suggest that we will be working withlarge, complex programs with many convolutions and interconnections. Not only are suchprograms and systems very common but also, in my opinion, they are more interesting.Life, itself, is very baroque and art should be imitative as it trys to create patterns andstructures in order to cultivate this vitality. Rigid abstract structures developed for theirown sakes, while modern, are boring.On the other hand, this very complexity can be intimidating. Thus, students need helpin learning how to `explore the country' whether this is in �nding paths to the heartland,backtracking out of dead ends, or planning for logistic support. We're more concernedwith the search for fundamentals than in relying upon presently accepted building codes.In fact, we're not really concerned with building stu� at all. Rather, this text justprovides basic materials that can be used as resources as the course grows. This growthshould be controlled by the interests and abilities of the students whom it is the responsi-bility of the teacher to lead. The course should follow the students who are following theteacher's lead.The instruction is meant to follow an apprenticeship model more than a scholasticmodel. Hence, we want to look at code produced by skilled professionals (but which is stillunderstandable and signi�cant to beginning young students).So, what region should we explore? Although there are many appropriate text-processing tasks (and suitable languages, e.g. AWK, for this programming), graphics-based tasks are more interesting and vivid to the students. However, none of the standardlanguages are really appropriate for such work. While one can make a special graphicspackage for, say, Pascal, the resources provided are typically not extensive enough norsu�ciently integrated into the basic syntax of the language.
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METAFONTDonald Knuth designed MetaFont as a fontmaking language to support his TEX type-setting language. Thus, all the graphics support one needs is built into the system. At thesame time, MetaFont is a fullscale programming language with assignments, loops, scop-ing and parameter passing. Furthermore, MetaFont's equations provide an introductionto declarative programming languages and its macro facilities enable one to glimpse whatis going on \inside" a programming language. Source code for MetaFont is freely availableand free executables are available for personal computers.�0 �1 �2 �3 �4 �5 �6 �7 ��00x � � � � � � � � }0x�01x � 	 
 � �  � � ��02x � � � � � � � � }1x�03x � � � � � � � � ��04x  ! " # $ % & ' }2x�05x ( ) * + , - . / ��06x 0 1 2 3 4 5 6 7 }3x�07x 8 9 : ; < = > ? ��10x @ A B C D E F G }4x�11x H I J K L M N O ��12x P Q R S T U V W }5x�13x X Y Z [ \ ] ^ _ ��14x ` a b c d e f g }6x�15x h i j k l m n o ��16x p q r s t u v w }7x�17x x y z { | } ~ �}8 }9 }A }B }C }D }E }FComputer Modern Roman 10 pointMetaFont is the primary programming language used in this text. I focus primarily onsimple drawing; however making a complete font provides a good opportunity to presentthe complications of scale that accompany a large programming project. In addition, sucha project enables one to appeal to a broader range of student talents and interests. Thecourse works best, I think, if students' artistic skills are cultivated as well as their ability tothink analytically. Di�erent students will, of course, have di�erent interests and abilities.Learning how to work together and make the best advantage of this is also very useful andprovides a good introduction to software engineering and related issues. I hope this textwill be of use for a course at our school, Dayspring Christian Academy, and that we willbe able to include a sample of designing a font for the Wycli�e Bible Translators.2



LINUXHowever, besides a programming language, one needs an operating system. The sys-tem must support our programming well; in particular, one must be able to interactivelywrite MetaFont code and look at the results simultaneously. Hence, some sort of graphicalwindowing system is essential. We will be working with many �les and directories and willhave need for a wide variety of support programs. In addition, we want to use a systemthat will not be `outgrown' and which will also provide a foundation for using and study-ing operating systems themselves. Furthermore, in our school environment, a multi-usersystem is most e�cient. All of this leads one to want a Unix workstation environment;however, the cost is prohibitive.Rather, we use Linux, a largely POSIX-compliant multi-user operating system whosekernel is written by Linus Torvalds, a graduate student at the University of Helsinki. Linuxis freely redistributable (under the GNU copyleft) and runs on INTEL 386 cpu/IBM ATbus architectures. It is su�ciently compatible with BSD and SYSV UNIX that all of thesoftware we need compiles \out of the box." As with Unix, the word Linux is often usedto refer not just to the operating system kernel itself, but also to the various systemsand applications software commonly available with the system. Much of Linux's systemsoftware comes from the Free Software Foundation's GNU project. GNU Emacs is ourstandard text editor (and lisp interpreter, calculator, and symbolic math solver) and gcc isthe standard C compiler. TEX and MetaFont, which provide a state of the art typesettingenvironment, are also a standard part of Linux and many other programs of interest to theacademic community (graphical FEM, 2 and 3D plotters, GUI builders, etc.) are freelyavailable. MIT's X Windows (X11R5 in its XFree86 version for 386 compatible machines)provides the graphical interface and various graphic utilities. Linux also has full TCP/IPnetworking support and there is a very active user/developer community available via theInternet.All of the above software is free; not only does this save money, it makes technicalsupport, bug �xes and program updates more readily available. Since the programs arefree, and since they are widely available, this text can refer to more programs and speakmore speci�cally and concretely than otherwise possible. Furthermore, since source codeis available for all the programs, the same system that the students are �rst introduced tocan also serve them well if they continue to courses in operating systems, language theory,systems engineering, etc.MetaFont itself is very well documented by its author, Donald Knuth: The META-FONTbook , a comprehensive user's guide and description of the programming languageand its standard macro package, Computer Modern Typefaces, attractively typeset sourcecode for all the Computer Modern fonts together with proof samples for font designers, andMETAFONT: The Program, which thoroughly documents the code of the program itself{awide range of programming paradigms are discussed here for professional programmers.3



MILIEUThe close association of MetaFont and Linux is speci�c to this text; many Linux usersmay use TEX and/or MetaFont little, if at all. The Linux Documentation Group is usingTEX for their work. I hope to write in a way that will be useful even if one is only interestedin Linux and also to provide useful information on Emacs, Emacs Lisp, and, perhaps, evenCweb. Nevertheless, my discussion of these various topics will always be centered aroundMetaFont-related tasks. Warning: I certainly don't claim any expertise regarding Linux,MetaFont, or any of the other programs I discuss. I teach English as a Second Languageand Technical Writing; I'm very much an amateur programmer. I'm teaching myself as Iwrite this; please join me in this endeavor. One reason that this text is publically availablefor ftp is to see if the same advantages that I claim for publically available source code alsoapply to manuscripts. The free ow of information is important to academic computing;most of the tension between academic computing and business computing is that the twoareas have di�erent aims and values. This text's focus is on academic computing. Forexample, suppose one wants to make a black and white logo. If it's just for some speci�chardware, one could use a bitmap editor such as MacPaint. If output device independenceis needed, then one could use Corel Draw, etc. In both cases, however, one needs a certainprogram to determine what the logo looks like and still one has no understanding as tothe rationale behind the design. On the other hand, with MetaFont one has a programthat anyone can read which precisely de�nes the logo in a device independent fashion andthrough which one can explain various design considerations. Furthermore the source codefor the necessary programs to output the logo to various devices is freely available. Thisportability and archivibility is important to academic enterprises.It is true that our system places restrictions on the hardware; I hope that this doesnot place too much of a �nancial burden on people that would otherwise be happy with ourapproach. In calling this text, METAFONT and Linux: a Personal Computing Milieu, theword personal refers not to PC's but rather to the e�ort to personalize one's computingsystem. There is an international `community' involved in making such systems possible,hence the word Milieu.
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HardwareFirst we will discuss building a particular type of computer suitable for Linux. Thiswill also provide the necessary information one needs if one prefers to buy the computer.There are, however, advantages to building it oneself: �rst and foremost, it is a goodlearning experience | it is interesting and also removes some of the mystery which preventsstudents from being comfortable with computers; furthermore, it allows one to have asystem with precisely what one needs and can a�ord; �nally, one can, perhaps, save aslight bit of money (especially if one can buy parts in bulk). We will be building a 486/33,ISA bus computer with 16 megs of ram (a 386/40 would also be �ne). A 200 meg �xeddisk is more than adequate; half that would be �ne but wouldn't be as good a buy. Eightmegs of ram is su�cient; however, with the memory designs commonly used, adding morememory may then mean scraping what one has.Of course, how you will be using the system determines where you should spend yourmoney. In deciding, one major concern should be the upgradability of the the system;don't put much money into something that will have to be scrapped later. Browse in thevarious trade magazines for product reviews; however, bear in mind that you will be usingthe hardware for a di�erent OS than what the reviewers had in mind.Suggestions1) If your primary concern is that the system be fast, get a 486/66 with 16 megabitsof ram (i.e. 4 4meg simms). If you plan on making major use of gcc, for example,frequent kernel recompiles, etc., this is a good choice. Although Linux uses memoryvery e�ciently, programs such as gcc and X Windows use lots of memory and 8 megsisn't quite enough. If you will be doing signi�cant graphical work, you may want toget one of the video accelerators such as ATI's Graphic Ultra or Orchid's Fahrenheit(make sure that your card is supported by the X server that you will be using, seeAppendix 1). A Tseng ET4000 based card on a VESA local bus is another, but slower,choice (XFree86 includes special optimizations for the ET4000 chip).2) If graphics are important, get a good monitor. Whatever monitor you get, if you aregoing to use X Windows at all, make sure the monitor can do 1024x768 extended VGAwith an adequate refresh rate (at least 70Hz, in my opinion). Thus, the monitor needsto be multisyncing and to support a horizontal scan rate of at least 56khz (65khz wouldbe better). Then, get the biggest monitor that you can a�ord. Don't believe monitorspecs; the diagonal sizes that are advertised are usually optimistic. Frequently theimage can't be stretched to �ll the entire screen. At any rate, take a ruler with youand look at the monitor, if possible. While writing this text, I used a 14" Viewsonic5e (about $420) and a 17" CTX 1760DF (about $820). If a good color monitor is tooexpensive, I suggest that you get the best monochrome monitor you can �nd.3) Linux makes very e�cient use of disk space so unless you are doing something likecompiling the entire X11 distribution yourself, a big �xed disk is not needed. An80{130 meg disk is �ne; my personal opinion is that two small disks are better thanone large disk. Thus my recommendation is: if needed disk space is <= 130, get oneIDE �xed disk, if <= 450, get two. Linux also supports scsi disks{if you will alsohave scsi tape, cdrom, etc., this is a better option.5



Exercise: You're building a 486-based computer for your boss; what component will havethe most inuence in conveying an impression of quality construction?
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SoftwareNext, we need to get our operating system. There are various packaged collectionsof Linux kernel, systems and applications software available. The most widely avail-able is the SoftLanding System (SLS) archive which is mirrored at various sites andhas a home at tsx-11.mit.edu, dir pub/linux/SLS. Other packages include Lu's root-disk/basedisk set (tsx-11.mit.edu, pub/linux/GCC), and LeBlanc's excellent MCC-Interimpackage (hpb.mcc.ac.uk, pub/linux).We will, however, be using the Milieu package especially designed to go with this text.This package has a home at tsx-11.mit.edu, dir pub/linux/packages/TeX/Milieu. If youhave use of a machine with Internet access, you might try archie Milieu to get a list ofvarious other sites archiving this package.The �les we need break down to four categories: 1) basic kernel (0.99.14) and utilities(gcc 2.4.5), 2) MetaFont and TEX(2.71 & 3.1415), 3) basic X Windows (XFree86 2.00),and 4) GNU Emacs (19.19). For each of these categories there are certain essential �lesand then lots of enhancements and frills one can choose. The Milieu package was puttogether from various sources with the following constraints: the entire system (includingan emergency dos disk) must �t on 5 3:500 oppies and it must include all the programsand �les needed for this text.The Milieu package is certainly not comprehensive. For example, the TEX packagedoesn't include any LaTEX support, many basic �le and system utilities are missing, andthere is no support for X Windows programming. All these are widely available elsewhere.On the other hand, the Milieu package permits you to carry one of those little 5 disk boxesand change any willing 386/AT bus computer with an IDE �xed drive1 into a multi-userworkstation. Installing Linux via the Milieu package0 Get the Milieu �les.1 Make a dos bootable oppy (with format.exe and fdisk.exe on it) and putbootlin.com, config.lnx, gzip.exe, rawrite.exe, and vmlinux on it.2 On four other dos oppies, put 1) tex.tz, 2) xfree86.tz, 3) emacs.tz, and 4) rootdisk.z,which will be overwritten during the installation. There are also some additional �lesyou may want: usrlib.tz,usrbin.tz contain the GNU C compiler and miscellenioussupport �les, gnuplot.tz contains a scienti�c plotting program (with MetaFont sup-port), i-calc.tz has the Calc info �les and elispman.tz is the GNU Emacs Lisp manual.You may want another disk for the kernel source. You can, and may need to, arrangethe disk contents di�erently, of course.3 You will need at least a 40meg partition on the �xed disk. If necessary, backup your�les now.4 Copy bootlin.com, config.lnx, gzip.exe, rawrite.exe, vmlinux, androotdisk.z to C:n. Now, do gzip -d rootdisk.z, then run rawrite; tell rawrite whichoppy to write to and write rootdisk to the oppy that has rootdisk.z on it. Next,copy config.lnx to config.sys and reboot.1 Linux also supports SCSI drives, I just haven't compiled in support7



5 Bootlin will boot the vmlinux kernel and prompt you for a location for the root�lesystem. Insert the rootdisk oppy and respond appropriately. Once the systemloads, login as root. You are now running Linux from the oppy.6 Run fdisk, leave /dev/hda1 for dos, make /dev/hda2 for linux, /dev/hda3 for swap(say 10megs), and the rest as you please. On my maxtor 213, I have:/book > fdiskUsing /dev/hda as default device!Command (m for help): pDisk /dev/hda: 16 heads, 38 sectors, 683 cylindersUnits = cylinders of 608 * 512 bytesDevice Boot Begin Start End Blocks Id System/dev/hda1 * 1 1 213 64733 6 DOS 16-bit >=32M/dev/hda2 214 214 426 64752 81 Linux/MINIX/dev/hda3 427 427 470 13376 82 Linux swap/dev/hda4 471 471 683 64752 81 Linux/MINIX7 Now you can install to your �xed disk. Reboot and mount the rootdisk oppy. Usemkfs to put a minix �lesystem on /dev/hda2 (or wherever). Also use mkswap to makeswap and move rootdisk stu� to your new partition. For example:mkfs -c -n30 /dev/hda2 64752mkswap -c /dev/hda3 13376swapon /dev/hda3mount /dev/hda2 /mntcd /for i in bin dev etc lib root tmpdotar rvf /mnt/t.t $idonecd /mnt; tar xvf t.t;rm t.t8 Reboot with the dos oppy disk and format the dos partition (if you didn't make thepartition active with linux's fdisk, use the dos fdisk) with format c:/s. Then restore�les to your dos partition (including vmlinux and bootlin.com). Again use bootlinto boot the linux kernel but now use /dev/hda2 for your root �lesystem. Untar thevarious other tz's (note: they are compressed with gzip, to which uncompress, etc.are linked), for example:cd /mkdir /fdmount -t msdos /dev/fd0 fdtar zxvf /fd/tex.tzsyncumount /dev/fd0and you're all set (mread could also be used; in that case, don't mount the dosoppy. That's faster; I just wanted to show that Linux can read/write dos �lesystems).To automate the bootup, either: 1) install lilo, or 2) recompile the kernel or userdev, Norton Utilities, etc to change the root device in vmlinux (for example: rdev8



vmlinux /dev/hda2) and then continue to use bootlin. You may want to put the oppyinstallation �les on your dos partition. To remake the rootdisk.z, dodd if=/dev/fd0 of=rootdisk bs=1024 % or /dev/fd1, as appropriatecompress -9 rootdisk; cp rootdisk.z /dos/linux/backup %for example
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Operation System BasicsWe just discuss here the bare minimum needed to use Linux. We want to startprogramming as soon as possible.To get a brief overview of the �les in the Milieu package that you have installed, enterpushd /; du -b|more;popd, this will show you the size (in bytes) of each directory. Press thespacebar to page through the �le (b to backup one page, q to quit). Pushd is an internalcommand for the bash (Bourne-Again SHell) shell which saves the current directory on astack and moves to the directory speci�ed. Multiple commands can be given on a line byseparating the commands with a `;'. Du gives you a listing of the Disk Usage and the `|'pipes its output into the more �le viewer. Finally, we pop the directory o� the stack andare back where we were. You might also want to sort the result by size by using sort -nr(numeric, reverse).See Appendix 2 for a brief summary of usage for various executables in the package. Inparticular, I assume that you can use one of the text editors on your system. Speaking ofeditors, the Milieu package includes three: ed the line/script oriented editor2, jove an emacsclone which is nice for quick little editing jobs, and GNU Emacs.3 To view a referencecard on Emacs, start X Windows by entering startx and then hold down the right mousebutton and move down to the Xterm menu selection. Inside the xterm window, docd /usr/emacs/etcsed s/columnsperpage=1/columnsperpage=3/ refcard.tex >emacs.textex emacsxdvi -s 2 -paper usr -offset 1in -l emacsYou can use the arrow keys to move around on the page (press d to move down, 4s tozoom out; if there were more pages, n,p,3g could be used to move to next, previous, andpage 3).See Appendix 4 if you have trouble starting X.We will discuss customizing your .emacs �le and also elisp programming in a laterchapter. You should look at /root/.emacs (see Appendix 3) now, however, to see whatdefault keybindings I've given the function keys, etc.I usually log in as root; it teachs one to be careful! It is safer to log in as, say, userand just log in as root when necessary in another virtual console.
2 See Appendix 1 of Kernighan and Pike's The UNIX Programming Environment.3 See Abrahams and Larson's standard UNIX reference, UNIX for the Impatient.10



GNU Speci�csBasic information on bash, is available in Gnu Emacs info format. Start emacs andpress the F1 key and then press i to start the info reader. The features and history menuentries discuss the bash shell. The usrman.tz package contains some important manualpages.Many of the standard utilities included with Linux are GNU enhancements of stan-dard Unix programs. The number of options can be useful, overwhelming, or amusing,depending on your point of view. If, for example, you enter ls -h, the program will re-spond:/book > ls -hls: unrecognized option `-h'Usage: ls [-abcdgiklmnpqrstuxABCFLNQRSUX1][-w cols] [-T cols] [-I pattern] [--all] [--escape][--directory] [--inode] [--kilobytes] [--literal][--numeric-uid-gid] [--hide-control-chars] [--reverse] [--size][--width=cols] [--tabsize=cols] [--almost-all] [--ignore-backups][--classify] [--file-type] [--ignore=pattern] [--dereference][--quote-name] [--recursive] [--sort=none,time,size,extension][--format=long,verbose,commas,across,vertical,single-column][--time=atime,access,use,ctime,status] [--no-color] [path...]See any Unix reference for the standard options and Appendix 2 for GNU speci�cs.Better, experiment with it yourself: pushd /root; ls -saFx;cd /usr/TeX/libls -FCR --format=across --sort=size|more; popd (press enter after each line). One can, ofcourse, make little shell scripts for frequently used options. For example,cat >/bin/lssls -lar --sort=size $*d̂chmod 755 /bin/lss (d̂, the unix end-of-�le, is my notation for holding down the controlkey and pressing d). Emacs has an excellent �le management macro package{inside emacs,press x̂d to access dired (ĥm for help). There are also X utilities, such as xdtm, for �lemanagement. Metrolink sells a Motif package for Linux and has generously made xmfmand other sample Motif applications freely available (it is statically linked so one doesn'thave to have Motif to run xmfm).
11



MetaFont BasicsLet's plunge right in with some sample MetaFont code. The boldface section headingsare what you type. The subsequent paragraphs provide more details; sometimes theyexplain the previous code or introduce the following code and other times they introducetopics that may be skipped on �rst reading.Run MetaFont by entering (in a xterm window! Since we will want to view our workonscreen, a graphic display is needed) the command, mf: %intromf.mf/book > mfThis is METAFONT, Version 2.71 (C version d)**The web2c implementation of MetaFont and TEX we use adopts the convention thatthe executables look for similarly named formats. Thus, mf (which is just a symlink tovirmf, the `virgin' MetaFont binary) will try to load the mf.base format.To make a new format called pmf.base, creat a �le called pmf.ini containing: inputplain; input modes; input plocal; dump and then run: inimf pmf.ini. Both inimf and virmfwill try �lename with an added default extension of .mf �rst when searching for �les.Here modes.mf is Karl Berry's mode de�nition �le for various output devices and plocal.mfcontains some macros you want to compile into the default base. To use this format, ln-s /usr/TeX/bin/virtex /usr/TeX/pmf; then running pmf will load the pmf.base �le (whichshould be in the /usr/TeX/lib/mf/bases directory.Part of the plain.mf �le that you may want to personalize isnewinternal screen rows, screen cols, currentwindow;screen rows:=400; % these values are changed inscreen cols:=500; % the mode.mf file read in nextdef openit = openwindow currentwindowfrom origin to (screen rows,screen cols) at (-50,300) enddef;The `at' coordinate is the position of the top left corner of the MetaFont window (notthe X window) with respect to the origin. Notice that, unlike the Cartesian `at' coordinate,the `from' and `to' values are in (row,column) format in which the �rst coordinate is thenumber of rows down from the top (Knuth claims that \they seem appropriate whenapplied to screens" { the two conicting conventions in one statement seem confusing).You may want to put di�erent values into modes.mf or some local �le, for example:local.mfinput modes;screen rows:=500; screen cols:=700;pair screen topleft;screen topleft:=(-0.1screen cols,screen rows-100);def openit = openwindow currentwindow from originto (screen rows,screen cols) at screen topleft;enddef; 12



localfont:=CanonCX;base version := base version & "mybase";NOTE: Something similar to the screen topleft variable is necessary to do screen-oriented programming with MetaFont. Although the base format includes the screen size,a program can not otherwise �nd out the position of the origin within the screen window.The MetaFont programs in this text will assume that screen topleft has been assigned anappropriate value. MetaFont and X WindowsYou may want to run MetaFont itself with, say, xterm -sb -geometry 80x25+0-0 -fn9x15 -e mf &. The -sb instructs xterm to use a vertical scrollbar. You control the Xwindow that MetaFont will open by entries in your .Xdefaults �le:mf*geometry: -0+0mf*height: 500mf*width: 700Note: one should have screen rows=mf*height, screen cols=mf*width. Also, the mf re-sources speci�ed above for X Windows refer not to the xterm window in which MetaFontis running, but rather to the window it will open to display graphics. See Appendix 4 fora sample .Xdefaults �le and related information on customizing X Windows (and fvwm,xterm, etc.); we will have little else to say about X. Note: in fact, to save time & space,currently fvwm is the window manager and rxvt is also included as is the ksh (pd) shell.**nrelax;Initially, MetaFont expects to read the name of a font �le. The backslash says thatinstead, you will be using MetaFont interactively and the relax just does nothing (anyother command would do as well).To setup for the current mode (i.e., whether proof or localfont, etc. one uses:mode setup;drawdot(0; 0);showit;Note: Normally, MetaFont inserts a blank line and then prints an asterick promptingfor input. To make cut and paste operations in Emacs or xterm easier, the mf binary inthe milieu package has been made from a modi�ed mf.web.1 In section 679 (see META-FONT: The Program), I've deleted print ln; and use a space, instead of an asterick, asprompt input's argument.The �rst time that showit is executed, MetaFont will call the openit macro whichwill cause the X server to open a window for the MetaFont drawings. Note that drawn1 Web is Knuth's programming system. A web source �le is tangled to produce theprogram and weaved to produce its documentation. The web system provides excellentsupport for true \top-down" writing of programs.13



objects must be explicitly shown. To change this default so that curves, etc. are shownimmediately, one says:screenstrokes; %I usually use this to begin with%instead of `relax'clearit;showit; drawdot origin + (70; 10);First macroSince clearing isn't shown automatically, we have to show the clear; then we drawanother dot. The origin can be referred to by name or value and one can do vectoraddition (and much else) with the points. There isn't a way to have clearit take e�ectimmediately; instead, let's write our �rst macro:def cc = clearit; showit;enddef ;Thus when we enter cc; MetaFont translates it into clearit; showit;; so the screen iserased. Statements in MetaFont end with a `;' (extra semi-colons are �ne since the emptystatement is a statement in MetaFont) and white space is ignored.Equationsx1 := x2 := 50; y1 + y2 = 100; y1 = 60 + y2; drawdot(x1; y1);In MetaFont only numeric variables need not be declared. Variables can be assignedvalues with :=, as in Pascal. However, one can also declare systems of linear equations� andleave their solution to MetaFont. This declarative nature of MetaFont leads to a di�erentstyle of programming than in procedural languages such as C.Variables can have their values reassigned with `:=', we don't use equations to dothis since an inconsistent set of equations would result. Unlike assignments, equations canhave unknowns on both sides.show z2; path tst; p[]; p[]line; pair w[]; z3 = (20; 40);Variable types such as path or pair (i.e., point) must be declared. Other variable typesare boolean, string, pen, picture, transform. Variable names consist of three parts: theessential part is the tag, then there may be a numeric subscript which may be followedby another tag. The subscript part, which we declare with [], enables us to creat arraysof related variables. The subscript (possibly empty!) together with any following tag iscalled the suffix of the original tag.Why didn't the z3 variable above have to be declared? Well, z is in fact a macro inMetaFont which converts z$ into (x$,y$) for any su�x $. This is convenient since we willbe working with points a lot.� Via it's solve macro, MetaFont also has a limited ability to solve nonlinear equations.Namely, if one can consider one of the variables to have a �xed value so that only one ofthe resulting equations is nonlinear (in the remaining variables), then the original (N �N)system can be solved. 14



Penspickup pencircle scaled :4pt ; cc; drawdot origin ;One has a wide variety of pens available; we want a �ne one now. The dimensionsthat one gives are converted into pixel units for the currently de�ned mode. By default,MetaFont is in `proof' mode which has 36 pixel `dots' per point. If one wants a `real'point (i.e., one 72.27th of an inch), one uses pt#. These `sharped' units are interpreted ina device independent fashion and are usually used during initial mode/font setup. If nounits are given, the number is interpreted directly as pixel units. We will discuss modesetup, etc. later. The units which MetaFont knows about are the printer's point (pt), pica(pc=12pt), inch (in=72.27pt), big point (bp=1.00375pt), centimeter (cm=28.45276pt),millimeter (mm=2.84528pt), didot point (dd=1.07pt), and cicero (cc=12.8401pt){notethat this last unit isn't available right now since we have rede�ned cc to be a clearscreenmacro. The printer's point is the basic unit, as you can see if you do a show in#; command.The following code is what I use in my customized version of modes.mf. It is forwriting the screen to a character in order to illustrate this code. The charscreen macro isbasically just a beginchar without the default clearings. Don't worry about it for now.picture picvar ; numeric charnr ; charnr := ASCII("A")� 1;def sscreen (expr w sharp ; h sharp; d sharp ; c scale) =picvar := currentpicture;charscreen (incr charnr ; w sharp ; h sharp ; d sharp)currentpicture := currentpicture scaled c scale;endchar;currentpicture := picvar ;enddef ;def charscreen (expr c; w sharp ; h sharp ; d sharp) =begingroupcharcode := if known c: byte c else: 0 �;charwd := w sharp; charht := h sharp ; chardp := d sharp ;w := hround(charwd � hppp); h := vround(charht � hppp);d := vround(chardp � hppp);charic := 0; scantokens extra beginchar ;enddef ;
15



Watching loopsNow to get back to our introduction: MetaFont has various commands that enableone to repeat similar tasks. For example:for i = 1 step 20 until 100:for j = i step 20 until 100:drawdot(j; i=2); sscreen(25pt#; 20pt#; 0; 1);endfor;draw(i; i=2) . . (100; i=2); sscreen(25pt#; 20pt#; 0; 1);endfor;The above code produces the following �gures:ABCDEFGHIJKLMNOPQRSTWatching the picture as this code executes is more valuable than these remarks. Infact, that is one of the reasons I'm using MetaFont; the visuals assist one's �rst encounterwith programming. If you want to slow things down to look at what happens at each stepof the loops, put s:=readstring; between the statements. This just sits and waits for theenter key to be pressed. Note that a colon (not a ;) ends the for statement conditions.The inner loop draws a row of dots whose height and starting x coordinate are controlledby the outer loop which also draws a line over the dots. Each row of �gures above showsone iteration through the outer loop.MetaFont's for statement can execute 0 times if the condition is not initially true. At�rst, you might think that's pointless; however, it enables one to program for the generalcase and not have to deal specially with certain cases in which the loop shouldn't execute.For example, we might have a loop: for i=curve[k] step -node step until limit[k]: whichapplies to many path nodes, and on only some of which do we want the loop to operate.undrawdot(41; 21=2); sscreen (25pt#; 20pt#; 0; 1);undrawdot(41; 21=2); sscreen (25pt#; 20pt#; 0; 1);16



The undrawdot must be done twice, once for the drawdot and once for the draw whichdrew a line on top of it. UVPixels in the current picture have integers associated with them; if the pixel value isgreater than zero, it is blackened. In the process of drawing, and undrawing, pixel valuesmay be increased or decreased by more than one. The macro cullit will change all negativevalues to zero and all positive values to one. If you give the command show currentpicture,the log �le will include the current picture's de�nition. Note that only the places wherepixel values change are recorded.cc; draw z2 . . z3; z4 = :5[z3; z1];We can draw lines through points and we can specify a point as being a certainproportion of the way along a line segment (z2=0[z2,z1] and .99[z2,z1] is close to z1) byusing what is called the mediation (or: of-the-way) function.Declarationsz5 = whatever [z1; z2]; z4 � z5 = whatever � (z3 � z2); draw z4 . . z5;An anonymous numeric variable, whatever, which assumes a di�erent value with eachuse, can be used to de�ne properties. The �rst equation above says that z5 is on theline de�ned by z1 and z2 (note that 2[z1,z2] is not in the segment [z1,z2]). The secondequation speci�es that the segment (ie, vector) from z2 to z3 has the same directionas the line from z5 to z4 (in MetaFont, one can't multiply unknowns, so one can't usewhatever*(z4-z5)). These two equations de�ne the point z5 so that we can then draw fromz4 to z5. This style of declaring equations which de�ne the properties of what is to bedrawn is typical of MetaFont.We've just covered a great deal of material that should be worked on. If you read acertain piece of code and wonder|\What would : : : do?"|try it out! We're using Meta-Font precisely because it encourages such experimentation. If your code is invalid, has abug, no problem! Just press <enter> until you get the prompt back, press h for help, orif all else fails, press x to exit MetaFont and start again. If you are reading this on yourown, I assume this isn't your �rst programming language so probably only the material inThe METAFONTbook, chapter 13 on �lling need be read now.1EditingThis is perhaps a good time to discuss entering code in MetaFont. As you may havelearned by now, one uses the DEL key to erase the previous character when running mf inan xterm. The ĥ character (i.e., the control-h character) which BACKSPACE inserts confuses1 See Donald Knuth's The METAFONTbook.17



MetaFont. The standard xterm cut and paste operations can be used: use the left mousebutton and drag over a line of MetaFont code (either in the xterm mf window or in, say,emacs), then move to the mf prompt and click the middle mouse button (or both buttonsif you are using three button emulation) to paste the line. This compensates a bit forMetaFont not having its own editor build in. An even better solution, described later, isto use an Emacs shell.One might start with **nscreenstrokes; input mymacs; or even load your macros intoa precompiled base. If you set pausing:=1, MetaFont will pause after each line of the input�le; in addition, you can insert statements, for example show commands, after the line.Pausing is a very useful feature when writing a program.Let's get back to our introductory overview to MetaFont. First, I declare x and y asnumeric arrays so that later we can rede�ne z1, say. Declarations erase (unbind) previousvalues of their variables.numeric x[]; y[]; Curvesdraw(0; 0) . . (100; 10) . . (200; 100) . . (150; 150);undraw(0; 0) . . (100; 10) . . (200; 100);sscreen(30pt#; 30pt#; 1pt#; 2);WMetaFont draws a smooth curve through the points. For now, pretend that MetaFonttakes three adjacent points and replaces them by the unique circular arc through them.When there are more than three points on the curve, the resulting arcs are blended ina smooth fashion, keeping all the points on the curve. To be more precise: MetaFontuses the control points (some of which it may compute itself) as knots for cubic splineapproximations where special attention is paid to minimizing discretization errors. Thecurvature of the curve at any point depends on all the control points in the curve as theabove code illustrates. However, as the knots step away from a given point, their inuenceis roughly halved. Parts 18 and 19 of METAFONT: The Program, should be consulted forthe exact algorithms.npen := savepen ;pickup penrazor scaled 2pt ;draw(0; 0) . . (100; 10) . . (200; 100) . . (150; 150);sscreen(30pt#; 35pt#; 5pt#; 2); 18



XIf desired, one can save the current pen to a variable (actually just a reference number)before picking up another.tst := (0; 0) . . (100; 10) - - (200; 100) . . (150; 150);cc; draw tst ;draw tst - - - cycle;undraw tst - - cycle;sscreen(30pt#; 30pt#; 0pt#; 2);YIt is convenient to assign curves to variables to save typing. In actual font production,this isn't done so often.When drawing curves, `--' speci�es a straight line segment and `---' speci�es a straightsegment that smoothly connects at its ends even though the radius of curvature may betiny.cc; draw(0; 150);We can use draw to draw points; however, the special routine drawdot is designed tobetter cope with the rounding problems related to printing with raster devices rather thananalog devices such as an ink pen. Of course if the discrete values of a digital device are�ne enough, it will seem continuous. However, MetaFont is designed to have a high degreeof device independence and to make the best of low resolution devices.pickup pencircle scaled :4pt ;penpos1(30; 110); penpos 2(20; 90); penpos 3(50; 70);The �rst argument to penpos is a length and the second is a direction (in degrees).This speci�es the type of pen that we are using at a given point. Actually, the numbersu�x to penpos is the �rst argument, giving which point the penpos is for. For example,penpos1(30,110) says that at point (x1,y1), pickup penrazor scaled 30 rotated 110.z1 = (50; 100); z2 = (120; 80); z3 = (200; 130);cc; penstroke z1e . . z2e . . z3e;sscreen(40pt#; 20pt#; �10pt#; 2); 19



ZOnce the pens and positions have been speci�ed, one can �ll inside the edges of theresulting stroke with penstroke. This enables MetaFont to simulate broadnibbed pens.cc; draw ex(z1; z2; (150; 150); z3);charnr := ASCII("a")� 1; sscreen(40pt#; 15pt#; 0pt#; 2); aMetaFont's plain base prede�nes various functions especially for drawing. For exam-ple, flex takes three or more points where the curve has direction z3-z1 (ie, from z1 toz3) at the speci�ed points in the middle. Speaking of directions, when de�ning a curve,you can put a direction speci�cation before or/and after a point. For example, one cansay draw origin..f(2,1)g(90,90)fdir -30g..(200,0). If there is only one dir for a point,MetaFont will put the same dir both before and after the point. Any pair variable can beused to give the direction; the dir function takes a numeric argument which it considers asthe number of degrees and returns a unit vector in that direction. There is also an anglefunction which takes a point, i.e., a vector, (not necessarily of length one) and returns itsdirection in degrees.numeric ht ; wt;cc; ht = :7wt; wt = 200;p1 := fullcircle xscaled w yscaled h shifted (:5wt; :5ht);draw p1;p2 := (:2wt; :5ht)fdir �30g . . (:8wt ; :5ht)fdir 30g; draw p2;A DonutWe want to draw a donut (where w controls the size) and to conclude this MetaFontoverview with some of the functions introduced in chapter 14 of Knuth's book.%Various transforms are prede�ned.p3 := p2 reectedabout((0; :5ht); (100; :5ht));show directionpoint right of p2;The numbers that MetaFont prints out in the xterm window tell us where the curvep2 is horizontal. We use this so we can draw the upper part of the donut's hole in a waythat doesn't explicitly depend on the dimensions of the donut.s := ypart directionpoint right of p3 � ypart directionpoint right of p2;p4 := p3 shifted (0; �2s=5); draw p4;sscreen(30pt#; 10pt#; 0pt#; 1);b20



undraw p4; z4 = p2 intersectionpoint p4;We draw p4 just to test out if it is ok. Then we use it to �nd the point on p2 wherewe want the upper curve to start.z5 = z4 reectedabout((:5wt ; 0); (:5wt; 100));p5 := (:2wt; :5ht)fdir �30g . . z4 . . (:8wt; :5ht)fdir 30g;The curve p5 traces the same points as p2, the bottom curve of the donut's hole. Wejust added a point to the curve so that we can get the direction there:z6 = direction 1 of p5;The nodes of a curve are naturally numbered starting with zero; consider a bug movingalong the curve: the above direction macro gives the direction it is traveling at the secondcontrol point.We could have gotten the above information in other ways, of course. For exampleshow p2 intersectiontimes p4;>> (0.1127,0.1127)show point .1127 of p2;>> (52.85632,63.56888)show z4;>> (52.85632,63.56886)show direction .1127 of p2;>> (38.85165,-16.60434)show direction 1 of p5;>> (39.15742,-16.69167)show angle direction 1 of p5;>> -23.08713show angle direction .1127 of p2;>> -23.1408As the above illustrates, due to rounding errors one can get di�erent answers if thecomputation is done di�erently. Furthermore, the e�ect of small rounding errors may bemagni�ed later on. At any rate, let's draw the top of the donut hole:show angle z6;draw z4fdir � angle z6g . . z5fz6g;sscreen(30pt#; 10pt#; 0pt#; 1);cUsually, we consider pair variables as points; however, they can also be considered asvectors which give directions, or even as complex numbers (z1 zscaled z2 does complexmultiplication).Finally, we draw the upper curve which we have designed so that if it were reectedacross its end points, the resulting curve would overlay the lower curve of the donut's hole.21



As I hope this overview has shown, MetaFont is a high level language well designedfor doing two dimensional black and white glyphs. All beginning programming conceptscan be illustrated via MetaFont code, as well as more advanced concepts. The followingsections present a through introduction to programming via MetaFont. But, for now, let'sgo get some real donuts! To exit MetaFont enter:end

22



Dots, etc.First, let's set up our programming environment. Start X (startx) and then launchEmacs (with the default Milieu setup, press the right mouse button). Press x̂2 to split theEmacs screen and then drag one of the corners (put the cursor over the corner and holddown the left mouse button as you move the mouse cursor) to make the Emacs windowhigher. To change Emacs font, hold down the control key and press the right mouse buttonto raise a menu of fonts from which to choose.Enter �x shell (hit the escape key and then x) to run an interactive shell and startMetaFont by entering mf.I �nd running MetaFont inside Emacs is more convenient than using an xterm. Emacs'editing facilities are useful and compensate for MetaFont's lack of a builtin editor (Note:in writing this, I have a TEX bu�er and a shell bu�er and cut and paste between them.To copy, left-click on the �rst character and then right-click just after the last characteryou want to copy. The region currently selected will be highlighted. To delete the region,right-click again. To paste the region, left-click where you want it and then middle-clickto paste.You can, of course, also use Emacs keyboard commands. The main point is that thefull power of the Emacs editor is available not only in the TEX text bu�er, but also in theMetaFont shell bu�er). Various macro packages provide helpful tools; in particular, theCalc macro package is a powerful calculator/symbolic mathematics system for Emacs.Respond to mf's ** prompt with nrelax.screenstrokes;show mode ;>> mode mode setup; show mode ;>> 1Initially, mode doesn't have a value although it has been declared numeric. Whenmode setup is run, if mode doesn't have a value, it is set to proof mode.show mode name[mode ]; %proofdrawdot origin ; showit;numeric mode ; mode = CanonCX ; mode setup;drawdot origin + (50; 50); showit; show pt; %4.1511numeric mode ; mode = proof ; mode setup;drawdot origin + (50; 50); showit; show pt; %36When mode setup is called, among other things, it sets the device dependent valuesof the various units. In other words, units like mm or in are just numerics which give thenumber of pixels in that unit for the currently de�ned device (i.e., mode). The default penis .4pt in diameter; thus, in proof mode, a dot is round(36�:4) = 14 pixels wide. CanonCXis for 300dpi LaserJets, etc. where the corresponding dot is only round(4:1511 � :4) = 2pixels wide. To reset mode, clear the previous equation by declaring mode as numeric.To see the names of the various modes, one can do:for i = 1 upto number of modes : 23



message "mode "& decimal i& " is "&mode name[i];endfor;Lets look at some pens:string s;for i = 10 step�1:5 until 1:a := 300=i; %want pens about the same sizepickup pencircle scaled i; pickup currentpen scaled a;drawdot(200; 100);undraw(200; 100);endfor; A BC DE FG HI J24



K LM NWe want to look at small pens; thus we �rst create the pen to de�ne its shape and thenmagnify it. As you can see, MetaFont's pencirle isn't really a circle, but rather a polygonalapproximation to one. When one is outputing to a particular discrete device, the resultingrounding errors are reduced by using such convex polygons. Any convex polygon can beused as a pen (and vice-versa); MetaFont's plain format prede�nes penrazor, pensquare,pencircle which can be scaled in x,y directions separately. Also notice that drawdot (x,y)and draw (x,y) aren't exactly the same; again, discretization errors make it useful to havea special routine to draw dots. This careful attention to problems of discretization is oneof the three main di�erences between MetaFont and Postscript.endSuppose we want a non-convex dot? Let's make a macro to print a `star' dot.mode setup; screenstrokes; path p[]; stardot; p1 := (0; 10) - - (2; 2) - - (10; 0);def cc = clearit; showit; enddef ;for i = 2; 3; 4:p[i] = p[i� 1] rotated 90;endfor; %The end of one curve must be the start of the next.p5 := p4 & p3 & p2 & p1 . . cycle;�ll p5 scaled 4 shifted (50; 50);�ll p5 shifted (50; 50) scaled 4;sscreen(50pt#; 30pt#; 1pt#; 2);AThese two aren't the same! Unlike Greek geometry, our geometry does not take place `in'a void; rather, transformations are done with reference to a coordinate system.1 The �rsttakes (2; 2) 7! (8; 8) 7! (58; 58) while the second takes (2; 2) 7! (52; 52) 7! (208; 208).1 Just as our lives in Christ should be ordered by the fundamental coordinate system:\Take up your cross and follow me." 25



Now we can de�ne:stardot := p5 scaled :1; cc;�ll stardot scaled30 shifted (100; 100);The -- operators above can't (unless we change p5 to p5:=p4..p3..p2..p1..cycle;) bereplaced with --- as the following example shows:pickup pencircle scaled :1pt ;numeric x; y; path p[];z1 = (0; 10); z2 = (2; 2); z3 = (10; 0); z4 = (2; �2); z5 = (0; �10);z6 = (�2; �2); z7 = (�10; 0); z8 = (�2; 2);p1 := z1 - - - z2 - - - z3 - - - z4 - - - z5 - - - z6 - - - z7 - - - z8 - - - cycle;p2 := z1 - - - z2 - - - z3 & z3 - - - z4 - - - z5 & z5 - - - z6 - - - z7 & z7 - - - z8 - - - cycle;�ll p1 scaled 5;message "p1 scaled 5"; show currentpicture; cc;�ll p2 scaled 3;message "p2 scaled 3"; show currentpicture;�ll p1 scaled 5;sscreen(50pt#; 20pt#; 1pt#; 2);B %Surprising, yes?end;The log �le shows: ;p1 scaled 5>> Edge structure at line 32:row 129: | 100- 100+row 128: | 100- 100+row 127: | 99+ 101-row 126: | 99+ 101-..p2 scaled 3>> Edge structure at line 34:row 29: | 0- 0+row 28: | 0- 0+row 27: | -1- 1+row 26: | -1- 1+.. 26



MetaFont decides whether a pixel is to be �lled by keeping track of `edge structures'{only changes in the �ll number are saved. Pixels with a �ll number greater than zero areblackened.The p2 curve has tiny `loops' that confuse MetaFont. Note to author: �gure outexactly what's going on here!
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A First Program: Tic Tac ToeIt's high time to write our �rst MetaFont program. When I was a child, I saw anexhibit at the Smithsonian (or maybe it was the 1960 Worlds Fair in New York) in whichone played tic-tac-toe against a computer. For our �rst program, let's write a program sotwo people can play this on-screen without needing paper.As mentioned earlier, the default plain.mf �le includes no way for a MetaFont programto �nd a point's position on the screen. We will assume that any user of this program isusing a base format in which the pair screen topleft has been assigned the coordinates ofthe top left point of the mf screen. %ttt3.mfmode setup; if not known screen topleft :message "screen_topleft undefined, defaults to (-50,300)";pair screen topleft; screen topleft := (�50; 300); �;A program should cope with inproper inputs, preconditions, etc., gracefully. Forexample, as said above, I assume that screen topleft has been compiled into mf.base. Ifnot, I set it to the value appropriate for the standard plain.mf which is used to creat thebase �le. The message is just meant to give the user a clue, more information could wellbe given.Our �rst task is to draw the `#' we're going to play on. First, let's change the origin'sposition: currently it is -xpart screen topleft over from the left edge and screen rows -ypart screen topleft pixels up from the bottom edge. To move the origin close to thebottom left corner, we can set:currenttransform := identity shifted (20 + xpartscreen topleft ; 20� screen rows + ypart screen topleft);ttt := min(screen rows ; screen cols)� 40;Now, let's draw the `board' using a for loop. We'll worry about generalizing later.for i = 1; 2: draw(0; i � ttt=3) . . (ttt; i � ttt=3);draw(i � ttt=3; 0) . . (i � ttt=3; ttt); endfor;%We will want to do some experimenting now so%�rst save the current picture:picture tttboard ; tttboard := currentpicture;path ttto; tttxa; tttxb;ttto := fullcircle scaled (:8 � ttt=3) shifted (ttt=6; ttt=6);draw ttto;The prede�ned fullcircle is a circle of diameter 1 centered at the origin. We shift it tothe center of the bottom left square after scaling it to an appropriate size.tttxa := (20; 20) . . (ttt=3� 20; ttt=3� 20);tttxb := (20; ttt=3� 20) . . (ttt=3� 20; 20);draw tttxa shifted (ttt=3; ttt=3);draw tttxb shifted (ttt=3; ttt=3);sscreen(80pt#; 40pt#; 2pt#; 1); 28



ANow we're ready to actually play the game. The users need to be able to 1) start anew game, 2) make a move, and 3) undo a move. Let's have the user enter two digits todetermine this:message "enter 00 to quit, 10 to start new game";message "enter 11 to place mark at bottom left square";message "enter -33 to erase mark just placed at top right square";The erasing is there so the user won't get frustrated by careless mistakes. The programwill alternate the marks, starting with an `X'. I purposely use Cartesian coordinates forthe position; some people might prefer (row,column) notation.boolean tttmarkx ; tttmarkx := true; string s;screenstrokes; currentpicture := tttboard ; showit;forever: message "Move? "; s := readstring;move := round(scantokens s); exitif move = 0;We make a general loop in which we get input from the players and then do theappropriate action. The numeric is rounded to an integer; more error checking could wellbe done here. Non-count loops are done by using forever: : : :exitif < boolean > : : :endfor; loops.if (move = 10) or (move = 1): currentpicture := tttboard ;showit; tttmarkx := false;Here we start handling the move cases (included an `undocumented' one). After each`move', we will change the mark used so the tttmarkx:=false is needed here since we're notactually not making a move.elseif move > 0:move := move � 11;We adjust move so that its digits give how much to shift the mark (in units of ttt/3).if tttmarkx :draw tttxa shifted ((move div 10) � ttt=3; (move mod 10) � ttt=3);draw tttxb shifted ((move div 10) � ttt=3; (move mod 10) � ttt=3);else: 29



draw ttto shifted ((move div 10) � ttt=3; (move mod 10) � ttt=3);�; %end if tttmarksSince I'm writing the program using Emacs, the redundancy above needs little extratyping. It does, of course, waste CPU time so when we rewrite this, we'll want to changethis. else:move := abs move;move := move � 11;Recall that when we make a move the mark type ag is changed; thus, here we wantto erase the previous mark type so we say:if not tttmarkx:undraw tttxa shifted ((move div 10) � ttt=3; (move mod 10) � ttt=3);undraw tttxb shifted ((move div 10) � ttt=3; (move mod 10) � ttt=3);else:undraw ttto shifted ((move div 10) � ttt=3; (move mod 10) � ttt=3);�;�; % end if (move=10Now we ip the mark type and go back through the loop. We only end the programif exitif gets called.tttmarkx := not tttmarkx ;endfor; end %quit if we exit the for loop
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Program Re�nementThere are several things we could do to improve the TicTacToe program. Severalredundant calculations can be eliminated; while the current program is fast enough, there'sno good reason to waste computer resources any more than paper. In addition, the currentprogram can not handle incorrect user input{not only `a3' but even `45' isn't handledsmoothly. However, as far as potential users are concerned, probably the most importantimprovement would be to adapt the program to work with, say 5x5, or other size boards.Instead of taking the board size to be 3, this time let's prompt the user for a size anduse that (we'll continue using a square board). As the size gets bigger, screen size becomesmore critical so we change the topleft default. %tttn.mfif not known screen topleft :message "screen_topleft undefined, (-50,screen_rows-100) used";pair screen topleft ; screen topleft := (�50; screen rows � 100);�;currenttransform := identity shifted (20 + xpart screen topleft ;20� screen rows + ypart screen topleft);ttt := min(screen rows ; screen cols)� 40;message "Boardsize? (3,...,9) "; string s; s := readstring;We won't insure that the user in fact inputs a number. However, we do round it toan integer. Then, if it's too small, we replace it with 3 and if too big, we replace it with 9.boardsize := min(9; max(3; round(scantokens s)));ss := ttt=boardsize ;If a larger boardsize were needed, it would probably be best to change the inputscheme. In the following, we just have to replace ttt/3 with ss, the squaresize (use Emacs'query-replace). There are a few other places we have to change also, such as the for loopfor the board:m := 3=boardsize ; pickup currentpen scaledm;for i = 1 upto boardsize � 1:draw(0; i � ss) . . (ttt; i � ss);draw(i � ss ; 0) . . (i � ss ; ttt);endfor;picture tttboard ; tttboard := currentpicture;path ttto; tttxa; tttxb;%Changed shift; to keep size 3 board ratios, we scale with m.ttto := fullcircle scaled (:8 � ss) shifted (ss=2; ss=2);tttxa := (20 �m; 20 �m) . . (ss � 20 �m; ss � 20 �m);tttxb := (20 �m; ss � 20 �m) . . (ss � 20 �m; 20 �m);message "enter 00 to quit, 10 to start new game";message "enter 11 to place mark at bottom left square";tr := boardsize + 10 � boardsize ;s := " to erase mark just placed at top right square";31



message "enter " &decimal �tr & s;boolean tttmarkx ; tttmarkx := true;screenstrokes; currentpicture := tttboard ; showit;forever:forever:message "Move? "; s := readstring; move := scantokens s;exitif known move; message "bad input, reenter";endfor;move := roundmove; exitif move = 0;To make sure that move has acceptable data, we round it if known. We've implicitlydeclared it as numeric; however, known move will be false if it contains a string token in whichcase ask for the move again. We haven't prevented the players from placing a marker o�the board. If one wanted to do this, the input loop could be expanded to check this. Let's�x some of the redundancy:mx := (((abs move) div 10)� 1) � ss ; my := (((abs move) mod 10)� 1) � ss ;if (move = 10) or (move = 1):currentpicture := tttboard ; showit; tttmarkx := false;elseif move > 0:if tttmarkx :draw tttxa shifted (mx ; my); draw tttxb shifted (mx ; my);else:draw ttto shifted (mx ; my);�;else:if not tttmarkx:undraw tttxa shifted (mx ; my); undraw tttxb shifted (mx ; my);else:undraw ttto shifted (mx ; my);�;�;tttmarkx := not tttmarkx ;endfor;end;In the above, we've used the mft utility to convert the MetaFont source into attractivelytypeset code.
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Complex DocumentsAs programs and documents become complex, it becomes useful to split them intopieces. The make utility is used to manage the resulting �les. Here is the Makefile for thisbook:MACROS=/usr/TeX/lib/mf/macrosBASE=/usr/TeX/lib/mf/bases/mf.baseFORMAT=/usr/TeX/lib/tex/formats/tex.fmtTEXINPUTS=/usr/TeX/lib/tex/inputsBOOK=/book/milieu.texiINPUTS = tttn.tex eflask.tex Makefile cmd10.tex llogo.tex ngnuchars.tex linus.tex queen.tex ttt3.tex dotsetc.tex nintromf.tex stardot.tex linusa.tex geo.mf##the first target is what is made by default. After the target,#we list its dependencies. The following line(s), which are begun#with a TAB, tell how to make (or update) the target.#milieu.dvi: macs.tex $(BOOK) $(FORMAT) $(INPUTS) $(TEXINPUTS)/mftmac.textex $(BOOK) # note: line begins with TAB (not spaces)##We can define general rules. The following, for example, says#that the tex files are made by MFT from the corresponding mf files.#%.tex:%.mf mplain.mftmft $< -s ./mplain.mft## Finally, some utility targets.#$(BASE): $(MACROS)/plain.mf $(MACROS)/modes.mfinimf mf.inimv mf.base /usr/TeX/lib/mf/bases$(FORMAT): $(TEXINPUTS)/plain.tex $(TEXINPUTS)/hyphen.texinitex tex.inimv tex.fmt /usr/TeX/lib/tex/formatsclean:rm -vf *.log *gf *.dvi
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A First FontMy son, Daniel, wanted a font with chemistry symbols. First he drew a sketch ongraph paper and then entered the points into MetaFont and drew the �rst `curve'. Initially,there were no units; thus, when we made the font for a 300dpi printer, the characters weretoo big. At that point, I added the u=pt/36; de�nition. Since the point unit isn't sharped(ie, pt#), it gets converted for the current device. As a result, what was designed for a2602dpi device looks ok on our printer also.mode setup; path p[]; u := pt=36;currenttransform := identity scaled :5 shifted (0; �2pt);The scale of Daniel's initial drawing was too big; rather than change each of the points,we just halve them all by means of a transform.beginchar("e"; 6pt#; 7pt#; 1pt#); "eflask";z1 = (170u; 500u); z2 = (40u; 190u); z3 = (40u; 140u);z4 = (400u; 140u); z5 = (400u; 190u); z6 = (280u; 500u);z7 = (300u; 600u); z8 = (300u; 630u); z9 = (150u; 630u);z10 = (150u; 600u); z11 = (170u; 600u); z12 = (280u; 600u);p1 := z11 - - - z1 - - - z2 - - - z3 - - - z4 - - - z5- - - z6 - - - z12 - - - z7 - - - z8 - - - z9 - - - z10 - - - z7;pickup pencircle scaled :4pt ; draw p1; eAt �rst, the points and curves were de�ned outside the character routines. But then,the z* de�nitions aren't available for the labeling routines. (The beginchar does a begin-group. It also does a save x,y which saves previously de�ned z points (z1 is just a macrothat sets x1 & y1) so they will be available after the grouping ends. However, inside thisgrouping, x*,y* become unde�ned and so aren't accessible by the label commands. If youdislike this convention, I suggest you use pair w[]; w1=(170u,500u); etc.). The labelingroutines insert specials into the gf �le so that when one runs gftodvi eflask.2602gf, onegets a pretty picture of the character with its control points labeled.labels(range1thru10); makelabel lft("12"; z12);makelabelrt("11"; z11); ; endchar;MetaFont didn't think there was enough room for all the labels so I didn't `autolabel'the z11,z12 points; instead, I explicitly said where to place the labels.beginchar("f"; 6pt#; 7pt#; 1pt#); "fflask";z8 = (300u; 630u); z9 = (150u; 630u); z11 = (170u; 600u); z12 = (280u; 600u);z13 = (170u; 140u); z14 = (280u; 140u); z15 = (40u; 320u);z16 = (400u; 320u); z17 = (170u; 450u); z18 = (280u; 450u);p2 := z17 . . z15 . . z13 & z13 - - z14 & z14 . . z16 . . z18;p3 := z18 - - - z12 . . z8 & z8 - - z9 & z9 . . z11 - - - z17; p4 := p2 & p3;pickup pencircle scaled :5pt ; 34



draw p4; labels(range11thru18);makelabelrt("curve to z8"; z8);makelabel top("out to z9"; z9);endchar; fBesides points and their labels, one can also insert proofrule(z1,z2) (where x1=x2 ky1=y2) and general annotations with makelabel.bot.nodot, etc. To use this font in TEX, one�rst de�nes a command for the font:nfontneflaskfont = eflask.Then, in the text, one can say: fneaskfont e fnrmn andn g fg, for example.While we are making characters, lets do something calligraphic. The Computer Mod-ern Symbol fonts (cmsy10.mf, for example) include uppercase calligraphic characters de-signed by N. N. Billawala. I've eliminated two �tting adjustments and simpli�ed theslanting. These characters rely on a slanted elliptical pen and carefully chosen controlpoints. Their coding appears simpler than most of the computer modern characters whichuse simulated broadnibbed pens via the penstroke command.beginchar("C"; 9:4 � 20=36pt#; 246=36pt#; 0);def . . . .=. . tension atleast :9 . . enddef ;currenttransform := identity slanted :2pt#;join radius := 20=36pt ;cap curve := 35=36pt ; cap hair := 11=36pt ; o := 8=36pt ;pickup pencircle xscaled cap curve yscaled cap hair rotated 30;Thus, 30 degree strokes will be the thinest and 120 degree strokes the thickest.MetaFont's most distinctive featuresThis ability to draw with sophisticated pens4 is another principle advantage thatMetaFont has over PostScript as a language for font design. That said, the comparison isnot really fair; PostScript was not developed as a language for font design but rather asa general printer language in which font outlines (designed with graphical tools) could beexpressed. Related to this, PostScript is meant to be written by printer drivers and othersuch programs. This, in my opinion, is the other main di�erence from MetaFont. Althoughsome people actually write directly in PostScript, commonly programs are written to writePostScript. Metafont is meant to be written by people even though there are graphics pro-grams such as gnuplot and xfig, via fig2mf which can output MetaFont code. MetaFont'sdeclarative (linear) equations are a good example of its adaptation to the programmersneeds. While complex pens (and even its attention to discretization errors) are of moresigni�cance to the font maker, being able to declare a font's linear relationships eliminatesprogramming complications.4 \: : : MetaFont's most di�cult task, which is to �ll the envelope of a given cyclicpath with respect to a given pen polygon." { Donald Knuth,METAFONT: The Program,section 490 35



By the way, if you try to format this section with mft, you will need to add the: : : : operator to plain.mft. This, along with using three or more %'s unintentionally, isa common source of typesetting errors when using mft. Also note that each space at thebeginning of a line gets converted into a quad of space.x0 = :7[x2; x1]; rt x1 = :85w; x2 = :6w; lft x3 = 0; x4 = :5w; rt x5 = w;y0 = :7h; y1 = :8[y0; y2]; top y2 = h+ o; y3 = :5h; bot y4 = �o; y5 = :2h;draw(z0f2(x1 � x0); y1 � y0g . . . z1)softjoin (z1 . . . z2fleftg . . . . z3fdowng . . . z4 . . . z5);labels(0; 1; 2; 3; 4; 5); endchar; CThe softjoin command joins two curves with a circular arc of radius join radius, thussaving us the e�ort of explicitly working out the curve.Notice the dramatic di�erence between this last character and the previous two. Inthe `eask' character, while we did leave the actual drawing up to mf, we explicitly de�nedall the crucial points. In this last character, the MetaFont programming language is betterutilized. We declare various facts, ie equations, which determine the character and thenjust command MetaFont to draw so we can see it.This character also points out the value of more interactive tools. This character iseasy to code; the real work was in de�ning the control points for the pen to use. Onemight want a tool enabling one to grab a control point and move it around while viewingthe results. One can not do this with MetaFont (however, provided one's computer is fastenough, we can `prompt and show' to somewhat simulate this). On the other hand, forreal interaction, no computer tools can compare to real pens and brushes.Even with a simple character like the ask where equations don't need to be solved,it is easier to de�ne the character in terms of a parameter:currenttransform := identity ;beginchar("F"; 8pt#; 9pt#; 1pt#); "Fflask";pickup pencircle scaled :4pt ; path p[];m = 1=8w; x1 = x3 = x4 = 5m; x2 = 7:3m;y1 = 0; y2 = 3m; y3 = 6m; y4 = h; z5 = z4 + (:05w; :05h);p1 = z1 . . z2 . . z3 & z3 - - - z4 . . z5;p2 = p1 reectedabout((:5w; 0); (:5w; h));draw p1 - - reverse p2 - - cycle;endchar;
36



Modifying Computer Modern ParametersStart Emacs in its own X-window and enter M-x shell and cd macros (see Appendix2 for setting CDPATH) to move to the MetaFont font sources. Suppose you want to make avariation on cmr10 with thicker hairlines, etc. To look at several parameter �les side-by-sidein Emacs, press C-x 3. Use C-x C-f to load several parameter �les (C-x o to change emacswindow, or left-click). You may want to use a smaller font: M-x x-set-font 6x13. As Iwrite this, I have four parameter �les (cmd10,cmr10,ccr10,cmb10) across the top of theEmacs screen, then a horizontal border with two more windows below: one with the TEXsource for this book and the other a shell window.Use M-x rename-buffer to make cmd10.mf from cmr10.mf which is our model. We willonly change a few of the parameters from their cmr10 defaults:% Computer Modern Demi-Roman 10 point: cmd10if unknown cmbase : input cmbase �font identi�er := "CMR"; font size 10pt#;u# := 20=36pt#; % unit widthwidth adj# := 0pt#; % width adjustment for certain charactersserif �t# := 0pt#; % extra sidebar near lowercase serifscap serif �t# := 5=36pt#; % extra sidebar near uppercase serifsletter �t# := 0pt#; % extra space added to all sidebarsbody height# := 270=36pt#; % height of tallest charactersasc height# := 250=36pt#; % height of lowercase ascenderscap height# := 246=36pt#; % height of caps�g height# := 232=36pt#; % height of numeralsx height# := 155=36pt#; % height of lowercase without ascendersmath axis# := 90=36pt#; % axis of symmetry for math symbolsbar height# := 87=36pt#; % height of crossbar in lowercase ecomma depth# := 70=36pt#; % depth of comma below baselinedesc depth# := 70=36pt#; % depth of lowercase descenderscrisp# := 0pt#; % diameter of serif cornerstiny# := 11=36pt#; % diameter of rounded corners�ne# := 10=36pt#; % diameter of sharply rounded cornersthin join# := 12=36pt#; % width of extra�ne detailsThe tiny and fine parameters also are related to various pen sizes (for example, thecrossbar of the `e' has thickness fine). For the changes that I wanted to make, the thin joinchange was especially important.hair# := 14=36pt#; % lowercase hairline breadthstem# := 25=36pt#; % lowercase stem breadthcurve# := 30=36pt#; % lowercase curve breadthess# := 27=36pt#; % breadth in middle of lowercase sare# := 33=36pt#; % diameter of bulbs or breadth of terminalsdot size# := 38=36pt#; % diameter of dots37



%Various thin lines originally set to 11/36pt# are increased:cap hair# := 15=36pt#; % uppercase hairline breadthbar# := 15=36pt#; % lowercase bar thicknessslab# := 15=36pt#; % serif and arm thicknesscap bar# := 15=36pt#; % uppercase bar thicknesscap band# := 15=36pt#; % uppercase thickness above/below lobescap stem# := 31=36pt#; % uppercase stem breadthcap curve# := 37=36pt#; % uppercase curve breadthcap ess# := 35=36pt#; % breadth in middle of uppercase srule thickness# := :4pt#; % thickness of lines in math symbols%the subtle dishing of the serifs is eliminateddish# := 0pt#; % amount erased at top or bottom of serifsbracket# := 20=36pt#; % vertical distance from serif base to tangentjut# := 28=36pt#; % protrusion of lowercase serifscap jut# := 37=36pt#; % protrusion of uppercase serifsbeak jut# := 10=36pt#; % horizontal protrusion of beak serifs%long beak serifs are shortened:beak# := 60=36pt#; % vertical protrusion of beak serifsvair# := 13=36pt#; % vertical diameter of hairlinesnotch cut# := 10pt#; % maximum breadth above or below notchescap notch cut# := 10pt#; % max breadth above/below uppercase notchesserif drop# := 4=36pt#; % vertical drop of sloped serifsstem corr# := 1=36pt#; % for small re�nements of stem breadthvair corr# := 1=36pt#; % for small re�nements of hairline heightapex corr# := 0pt#; % extra width at diagonal junctionso# := 8=36pt#; % amount of overshoot for curvesapex o# := 8=36pt#; % amount of overshoot for diagonal junctionsslant := 0; % tilt ratio (�x=�y)fudge := :85; % factor applied to weights of heavy charactersmath spread := 0; % extra openness of math symbolssuperness := 1= sqrt 2; % parameter for superellipsessuperpull := 1=6; % extra openness inside bowlsbeak darkness := 11=30; % fraction of triangle inside beak serifsligs := 2; % level of ligatures to be includedsquare dots := false; % should dots be square?hefty := true; % should we try hard not to be overweight?serifs := true; % should serifs and bulbs be attached?monospace := false; % should all characters have the same width?variant g := false; % should an italic-style g be used?low asterisk := false; % should the asterisk be centered at the axis?math �tting := false; % should math-mode spacing be used?38



generateroman % switch to the driver �leSave cmd10.mf; for a listing of di�erences, you can do: diff cmr10.mf cmd10.mf >diffs.We now want to test the font; however, there's not yet a font metric for it (cmd10.tfm)so we can't use TEX. There are two ways to cope with this: 1) cp cmr10.tfm cmd10.tfm andgo ahead and use it; when we preview, the real tfm �le will be made along with the ac-tual packed font bitmap (cmd10.300pk). 2) run mf nnmode=localfontn; input cmd10;gftopkcmd10.300gf (the �rst semicolon is for MetaFont, the second for the shell) and then cpcmd*pk cmd*.tfm /usr/TeX/lib/tex/fonts. Warning: check what path mf uses in searchingfor font �les to make sure that it is using the �les you intend. Also, if you are usingMakeTeXPK, you may want to delete its change to a temp dir.We can now run tex testfont to test the font. I tested at magstep1 since I was usingthat. Two problems showed up: �rst, the cap stems were a bit too prominent so I changedcap stem. The major problem, however, was that the `w' was too dark. Although ComputerModern Typefaces suggests that fudge can be used to �x this, I found that, in addition,hefty:=true was needed.This last change has an unintended side-e�ect on the exclamation and question marks(see the bot width de�nition for the characters in punct.mf and romanp.mf, respectively).However, since I'm happy with the font otherwise, I'll just pretend the change was intended!While �xing this is not di�cult, it would take us away from simple changes to the parameter�le. The resulting font, cmd10 scaled 1200, reproduces on my 300dpi LaserJet better thanthe standard cmr12. While not as legible as Knuth's Concrete, ccr10, it has more varietythan that font. In fact, this text is set with this Computer Modern Demi-Roman at 12points.
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A Logo for LinuxLogos are meant to give simple and concise symbolic expression of the nature of somegroup, person, etc. The cross, for example, is the simplest anthropomorphic symbol Ican think of, thus symbolizing Christ's humanity. Furthermore, it also represents Jesus'divinity in that the fact of His death is only of ultimate importance to us as we recognizeGod reaching out to us through His Son. As Paul says, \If Christ has not been raised, ourpreaching is useless and so is your faith." Our conviction of this historical reality by theHoly Spirit is what gives the cross its signi�cance in our own lives.Regretfully, few of Linux's users or developers give much regard to the eternal logos.Nevertheless, I want to make a logo for Linux, one that will embody its nature. It seemsappropriate for the logo to be a program; I'll just use MetaFont to write the letters in astylized fashion. L is for Linux and its creator, Linus Torvalds; in addition, the U indicatesthe close association with various other `unix' systems. I make the bottom stroke of theL so that it cradles the U. The X could refer to Linux's POSIX compliance; instead, Iuse it to say that X Window support is standard. Linux is an `in' unix with X. Havingthe `in' separate also conveys that the `i' is short as in `lint' rather than as in the famouscartoon character (whose picture we will also show an encoding for if copyright restrictionspermit). %llogo.mf, v:0.1p2a - tdunbar@vtaix.cc.vt.edumode setup;beginchar("L"; 1:4in#; 1in#; :1in#); "The letter L (Linux logo)";a := h=100; pickup penrazor xscaled 2a; path p[];p1 := (15a; 10a) - - (15a; 40a); draw p1;draw p1 shifted (8a; 0); draw p1 shifted (25a; 0);p2 := (23a; 40a) - - (40a; 10a); draw p2;z1 = (0; 0); z2 = (0; 70a); z7 = z2 shifted (5a; 0);z3 = (�1a; 80a); z6 = z3 shifted (6:5a; 0);z4 = (�10a; 90a); z5 = z4 shifted (17a; 0);z8 = (5a; 5a); z9 = (55a; 5a); z10 = (70a; 6a); z11 = (85a; 15a); z12 = (85a; 0);p3 := z1 - - - z2fupg . . z3 . . fleftgz4 & z4 - - z5 & z5 . . z6 . . z7fdowng - - - z8 - - cycle;p4 := z8 - - - z9 . . z10 . . fupgz11 - - z12 - - z1 - - cycle;pickup pencircle scaled 1:2a; �lldraw p3; �lldraw p4;The L needs to be broken; otherwise there is a bad turning numberpickup pencircle scaled 3a; p4 := (50a; 50a) - - (50a; 25a) . . (51a; 20a) . .(65a; 11a) . . (79a; 20a) . . (80a; 25a) - - (80a; 50a); draw p4;pickup penrazor xscaled 4:5a rotated 20;p5 := (90a; 40a) - - (110a; 15a) - - (90a; �10a); draw p5;p6 := (130a; 42a) - - (110a; 15a) - - (130a; �8a);draw p6 shifted (2a; �2a);endchar; L40



%a smaller version:beginchar("l",.7in#,.5in#,.05in#); "The letter l (linux logo)";...
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Electronic DocumentsLet's diverge from MetaFont programming to consider the electronic production ofdocuments. Certainly, di�erent document types need di�erent tools for their production.In particular, I want to discuss Knuth's tools for producing scienti�c texts such as thisbook. Ease of Use: The Primary CriteriaAs in any other endeavor, we want our tools to be as easy to use as possible givenour requirements. Namely, although our page layout requirements are minimal (unlike 6column newspapers or advertizing graphics), we do require full support for the two di-mensional nature of typesetting. In addition, we want to be able to compose and edit ase�ciently as possible. Furthermore, the �nished document �les should precisely specifythe document independently of any speci�c equipment. Knuth's TEX typesetting sys-tem, which he designed speci�cally for the production of beautiful books, especially onescontaining much mathematics, meets these requirements well.Two Dimensional TypeWhen using a typewriter (proto-typical wysiwyg system!), type barely has one dimen-sion: we type a letter and then the next has the same size and its placement doesn't usuallydepend on the previous letter. Simple word processing software extends this slightly toallow the use of letters which vary in height and, more signi�cantly, width. Still, however,the placement of a character is largely independent of the previous character. Finally, so-phisticated word-processors may provide horizontal kerning support so that, for example,an AV is set tighter than a TV.So far we've considered text as merely a linear string of characters. But even if we arejust setting plain text, this viewpoint is inadequate. For example, how do we decide whereto insert hyphens and line breaks? All the commercial wordprocessors I'm familiar withjust go to the end of the line and then hypenate, if necessary, and insert space between thewords of that line in order to �ll the line. The resulting variation in word spacing betweenlines can look very sloppy. Consequently, one often has to be satis�ed with left justi�edtext. However, then (and even assuming good hyphenation routines) the lines frequentlystill look bad since usually no word spacing is then added; as a result, line lengths oftenvary wildly.TEX copes with this problem by taking a broader viewpoint. TEX, in addition tohaving very good hyphenation algorithms, looks at a paragraph as a whole and insertsword spacing and hyphens so as to make the paragraph look as good as possible. TEXmakes good choices by default; moreover, it's algorithms can be customized by the user bysetting various parameters.The two dimensional nature of type really comes to the fore when we come to type-setting mathematics. Now, in addition to horizontal kerning, we often want to adjustthe vertical position of a character depending on the previous character. Or rather, wewant the program to do the vertical kerning automatically instead of having to place thecharacter by hand and merely getting what we see. The optimal position may, in fact,depend on more than the previous character's height{it's `center' or some other parameter42



may be signi�cant. By the way, TEX can use standard PostScript fonts; however, suchfonts are too naively parameterized to typeset equations, etc. attractively. There are a fewPostScript fonts (Lucida Bright, Math Times) that have had TEX font metrics added.E�cient EditingTEX is a `markup' language: we do the data entry with our favorite text editor andembed formatting commands that TEX will use to format the text. The widely usedwordprocesser,Word Perfect, does the same thing; however, it hides its commands and usesa proprietary format. TEX, on the other hand, uses plain ascii �le format and `backslash'commands such as nnopagenumbers. One can, of course, de�ne a TEX macro (or Emacs Lispmacro and Emacs key binding) to save keystrokes, if desired.As mentioned above, we want our system to be as easy to use as possible. This isnot the same thing as easy to learn! TEX is widely regarded to be hard to learn to use;however, there are several good books, at several levels, to help in the learning process.Furthermore, TEX provides a good return on one's investment{once learned, one can writescienti�c articles, etc. faster with TEX than with wysiwyg programs such as MicrosoftWord. One can also more easily maintain and modify such documents: one may useEmacs to do a sophisticated regular expression replacement throughout the text or changevarious TEX macros that determine the overall style of the document.StandardTEX archive sites such as pip.shsu.edu have a large collection of TEX packagesand macros to cope with a wide range of formatting problems or ease producing variousstyles of documents.Permanent PortabilityThe plain text format of TEX document source �les ensures that spacetime separationsneed not interfere with our sharing of documents. The public availability of the code forthe TEX programs themselves makes TEX available on more hardware platforms than anyother typesetting software.All the TEX1 programs are well documented. In fact, Knuth developed his web com-posite programming language speci�cally for this purpose. For example, mf.web is the WEBsource for the MetaFont program. By running weave on this source, one gets the doc-ument MetaFont, The Program (minus introduction, etc.); running tangle on it insteadgives PASCAL source code (with Linux, and other unixlike systems, we instead use web2c togenerate C code). A crucial feature of web is that it enables skilled programmers to writeand document code in whatever combination of `topdown' and/or `bottomup' style theyprefer.To conclude with a rather impractical, but signi�cant, thought problem: suppose onehas a only a document's source in micro�che format. What is essential to answer thequestion: if printed on 8.5x11 paper (assume the printer can precisely align the paper),what are the coordinates of the top right corner of the 77th character on page 2? In theory1 The word TEX (ie ���) is sometimes used to refer speci�cally to the virtex textformatter. It is also used, as here, to refer to the entire set of typesetting programs andutilities which Knuth designed to work together: initex, virtex, inimf, virmf, gftopk,tangle, weave, plain.tex, cmbase.mf, etc. 43



at least, with TEX one does not even need the TEX program if one has Knuth's Computersand Typesetting texts and su�cient patience to calculate the answer.In contrast, with a typical word processor one:1) Could not conveniently put the source on micro�che but would have to use hexideci-mal, etc. to represent the special control characters..2) To read the source, one needs the wordprocessor program (or some conversion utility{all of which, to my knowledge, lose data).3) To try to answer the question, one must use the program. One could use a printpreview feature to approximate the answer.4) To actually answer the question, print one the �rst two pages and use calipers, etc.to measure the position.While perhaps seeming a bit absurd, this example illustrates features which havesigni�cant bearing on one's day to day work, especially as documents become more elec-tronically based. For a more farfetched example, can your word-processor and font toolsbe used to specify the circuits to `burn' onto microchips so they will be able to executethat same program? The TEX �lesThis section gives a brief listing of the types of �les used by the TEX system.inimf We use this to make the MetaFont base �les; to make the plain base, one can run(user input in bold):/book > inimfThis is METAFONT, Version 2.71 (C version d) (INIMF)** plain(/usr/TeX/lib/mf/macros/plain.mfPreloading the plain base, version 2.7: preliminaries,basic constants and mathematical macros,macros for converting from device-independent units to pixels,macros and tables for various modes of operation,macros for drawing and filling,macros for proof labels and rules,macros for character and font administration,and a few last-minute items.) input modes;(/usr/TeX/lib/mf/macros/modes.mf) dump;Beginning to dump on file plain.base(base=plain 93.6.28)1760 strings of total length 273998361 memory locations dumped; current usage is 2436&5709744 symbolic tokensTranscript written on plain.log./book > mv plain.base /usr/TeX/lib/mf/bases/mf.baseThe �le /usr/TeX/lib/mf/mf.pool, a �le of strings used by MetaFont, is also neededby inimf. Inimf is a special version of MetaFont which is used to make an initialization�le consisting of `predigested' MetaFont macros that can be quickly loaded. This base �le44



is then loaded by virmf, virgin MetaFont, which, as you recall, is linked to a name withthe same base as the initialization �le. For example, if we'd done a inimf cmbasen; inputmodesn; dump; mv cmbase.base /usr/TeX/lib/mf/bases/cmmf.base;ln -s /usr/TeX/bin/virmf /usr/TeX/bin/cmmf we could then produce a cmr10 font slightlyfaster by running cmmf.cmbx10.mf The only other �les needed for fontmakes are the various source �les. Theseare often broken up into various components; for example, cmbx10.mf just sets variousparameters that determine the appearance of the font and then calls roman.mf whichin turn inputs the various character �les (e.g., romlig.mf).cmbx10.300gf This is an actual font �le in Generic Format. Usually, these aren't usedbut rather are converted to packed format by running gftopk cmbx10.300gf.cmbx10.300pk This is the actual font �le which is used by xdvi, dvips, dvilj2p, etc.Note: tex, itself, does not use the font �le.cmbx10.tfmWhen fontmaking, MetaFont also outputs a tfm, TEX Font Metric, �le thatcontains the font parameters needed by TEX. In particular, it contains 1) overall fontparameters like xheight and quad, 2) ligature (ie, what converts fl into ) and kerninginformation, 3) charater width and height. Math fonts contain extra informationneeded by TEX; run tftopl cmsy10.tfm cmsy10.pl; more cmsy10.pl to see a sample.initex Like MetaFont, TEX also uses an initialization �le. Unlike MetaFont, however,TEX does not separate statements with a semi-colon. It does use a string �le calledtex.pool. If we use the command line, instead of a �le, to make the base format wehave to use a n, as with MetaFont, to protect special characters from being interpretedby the shell. This we might enter: initex plain nninput eplain nninput local nndumpif we want our default format to include Berry's eplain macros (described in TEX forthe Impatient). If run interactively, a sample run might look like: /book > initexinitexThis is TeX, Version 3.141 (C version d) (INITEX)** mplain ninput eplain ndump(/usr/TeX/lib/tex/macros/mplain.tex Preloading the plain format: codes,registers, parameters, fonts, macros, math definitions, output routines,hyphenation (/usr/TeX/lib/tex/macros/hyphen.tex))(/usr/TeX/lib/tex/macros/eplain.tex)Beginning to dump on file mplain.fmt(format=mplain 93.6.28)2512 strings of total length 3483215059 memory locations dumped; current usage is 118&149241500 multiletter control sequencesnfontnnullfont=nullfontnfontntenrm=cmd10nfontnsevenrm=cmr7nfontnfiverm=cmr5nfontnteni=cmmi10nfontnseveni=cmmi7nfontnfivei=cmmi5 45



nfontntensy=cmsy10nfontnsevensy=cmsy7nfontnfivesy=cmsy5nfontntenex=cmex10nfontntenbf=cmbx10nfontnsevenbf=cmbx7nfontnfivebf=cmbx5nfontntentt=cmttss10nfontntensl=cmsl10nfontntenit=cmti10nfontnmanfnt=cmss10nfontnmanfntsl=cmssi10nfontntenln=line105761 words of font info for 19 preloaded fonts14 hyphenation exceptionsHyphenation trie of length 6075 has 181 ops out of 751181 for language 0No pages of output.Transcript written on mplain.log./book > mv mplain.fmt /usr/TeX/lib/tex/formats/tex.fmtIn addition to the three TEX �les mentioned, initex also reads 19 tfm �les (note: mytenrm and tentt are non-standard). The actual font �les themselves are not used by tex,ie virtex, itself.mplain.log Both tex and mf generate log �les; the amount of detail (for debugging, etc.)contained in them can vary depending on various parameter settings.MakeTeXPK Finally, I should mention the MakeTeXPK script. If, when using xdvi or aprinter driver, a font �le is missing, the driver will call this script to make the font.The script in the Milieu package also updates the tfm �le.If the tfm �le doesn't exist in the �rst place, either 1) make it with mf or 2) cpcmsy10.tfm foo.tfm to fake TEX into thinking you have a foo font, preview (which willmake the font and correct the tfm �le) and then run tex on the source again. Actually, youshouldn't have to do this, but some versions of web2c have a bug that prevents TEX fromcalling MakeTeXTFM as it should. See the chapter on Hacking on patching openinout.c.Basic UseNow that we've covered the main types of �les used by TEX, how do we use it? I rec-ommend Ramond Seroul and Silvio Levy's A Beginner's Book of TEX for an introduction.Here, I just give a small example, one which is not very representative of TEX:Memos with TEXSuppose you want to use TEX to print memos satisfying the following conditions:� One page� Output to postscript printer� Two line `from' and `to' addressesFirst let's write a sample: 46



\def\footline{\hfil\ifnum\pageno=1 \else\folio\fi\hfil} %1st page%a \nopagenumbers would have been easier..this is for 2+ page letters\def\getfromaddress{}\def\gettoaddress{}Testing fonts with TEXThe standard TEX distribution includes a �le testfont.tex which one uses to testcharacter spacing, etc. Since that �le is closely related to this text's topics, we will use itas an example of writing TEX macros for specialized tasks. It also can serve, perhaps, toscare o� the fainthearted.% A testbed for font evaluation (see The METAFONTbook, Appendix H)\tracinglostchars=0\tolerance=1000\raggedbottom\nopagenumbers\parindent=0pt\newlinechar=`@\hyphenpenalty=200\doublehyphendemerits=30000\newcount\m \newcount\n \newcount\p \newdimen\dim\chardef\other=12\def\today{\ifcase\month\orJanuary\or February\or March\or April\or May\or June\orJuly\or August\or September\or October\or November\or December\fi\space\number\day, \number\year}\def\hours{\n=\time \divide\n 60\m=-\n \multiply\m 60 \advance\m \time\twodigits\n\twodigits\m}\def\twodigits#1{\ifnum #1<10 0\fi \number#1}\def\init{\message{@Name of the font to test = }\read-1 to\fontname \startfont\message{Now type a test command (\string\help\space for help):}}\def\startfont{\font\testfont=\fontname\leftline{\sevenrm Test of \fontname\unskip\ on \today\ at \hours}\medskip\testfont \setbaselineskip\ifdim\fontdimen6\testfont<10pt \rightskip=0pt plus 20pt\else\rightskip=0pt plus 2em \fi\spaceskip=\fontdimen2\testfont % space between words (\raggedright)\xspaceskip=\fontdimen2\testfont \advance\xspaceskip by\fontdimen7\testfont}47



{\catcode`\|=0 \catcode`\\=\other|gdef|help{|message{%\init switches to another font;@%\end or \bye finishes the run;@%\table prints the font layout in tabular format;@%\text prints a sample text, assuming TeX text font conventions;@%\sample combines \table and \text;@%\mixture mixes a background character with a series of others;@%\alternation interleaves a background character with a series;@%\alphabet prints all lowercase letters within a given background;@%\ALPHABET prints all uppercase letters within a given background;@%\series prints a series of letters within a given background;@%\lowers prints a comprehensive test of lowercase;@%\uppers prints a comprehensive test of uppercase;@%\digits prints a comprehensive test of numerals;@%\math prints a comprehensive test of TeX math italic;@%\names prints a text that mixes upper and lower case;@%\punct prints a punctuation test;@%\bigtest combines many of the above routines;@%\help repeats this message;@%and you can use ordinary TeX commands (e.g., to \input a file).}}}\def\setbaselineskip{\setbox0=\hbox{\n=0\loop\char\n \ifnum \n<255 \advance\n 1 \repeat}\baselineskip=6pt \advance\baselineskip\ht0 \advance\baselineskip\dp0 }\def\setchar#1{{\escapechar-1\message{\string#1 character = }%\def\do##1{\catcode`##1=\other}\dospecials\read-1 to\next\expandafter\finsetchar\next\next#1}}\def\finsetchar#1#2\next#3{\global\chardef#3=`#1\ifnum #3=`\# \global\chardef#3=#2 \fi}\def\promptthree{\setchar\background\setchar\starting \setchar\ending}\def\mixture{\promptthree \domix\mixpattern}\def\alternation{\promptthree \domix\altpattern}\def\mixpattern{\0\1\0\0\1\1\0\0\0\1\1\1\0\1}\def\altpattern{\0\1\0\1\0\1\0\1\0\1\0\1\0\1\0\1\0}\def\domix#1{\par\chardef\0=\background \n=\starting\loop \chardef\1=\n #1\endgraf\ifnum \n<\ending \advance\n 1 \repeat}48



\def\!{\discretionary{\background}{\background}{\background}}\def\series{\promptthree \!\doseries\starting\ending\par}\def\doseries#1#2{\n=#1\loop\char\n\!\ifnum\n<#2\advance\n 1 \repeat}\def\complower{\!\doseries{`a}{`z}\doseries{'31}{'34}\par}\def\compupper{\!\doseries{`A}{`Z}\doseries{'35}{'37}\par}\def\compdigs{\!\doseries{`0}{`9}\par}\def\alphabet{\setchar\background\complower}\def\ALPHABET{\setchar\background\compupper}\def\lowers{\docomprehensive\complower{`a}{`z}{'31}{'34}}\def\uppers{\docomprehensive\compupper{`A}{`Z}{'35}{'37}}\def\digits{\docomprehensive\compdigs{`0}{`4}{`5}{`9}}\def\docomprehensive#1#2#3#4#5{\par\chardef\background=#2\loop{#1} \ifnum\background<#3\m=\background\advance\m 1\chardef\background=\m \repeat \chardef\background=#4\loop{#1} \ifnum\background<#5\m=\background\advance\m 1\chardef\background=\m \repeat}\def\names{ {\AA}ngel\aa\ Beatrice ClaireDiana \'Erica Fran\c{c}oise Ginette H\'el\`ene IrisJackie K\=aren {\L}au\.ra Mar{\'\i}a N\H{a}ta{\l}{\u\i}e {\O}ctavePauline Qu\^eneau Roxanne Sabine T\~a{\'\j}a Ur\v{s}ulaVivian Wendy Xanthippe Yv{\o}nne Z\"azilie\par}\def\punct{\par\dopunct{min}\dopunct{pig}\dopunct{hid}\dopunct{HIE}\dopunct{TIP}\dopunct{fluff}\$1,234.56 + 7/8 = 9\% @ \#0\par}\def\dopunct#1{#1,\ #1:\ #1;\ `#1'\ ?`#1?\ !`#1!\ (#1)\ [#1]\ #1*\ #1.\par}\def\bigtest{\samplehamburgefonstiv HAMBURGEFONSTIV\par\names \punct \lowers \uppers \digits}\def\math{\textfont1=\testfont \skewchar\testfont=\skewtrial\mathchardef\Gamma="100 \mathchardef\Delta="101\mathchardef\Theta="102 \mathchardef\Lambda="103 \mathchardef\Xi="104\mathchardef\Pi="105 \mathchardef\Sigma="106 \mathchardef\Upsilon="107\mathchardef\Phi="108 \mathchardef\Psi="109 \mathchardef\Omega="10A\def\ii{i} \def\jj{j}\def\\##1{|##1|+}\mathtrial\def\\##1{##1_2+}\mathtrial\def\\##1{##1^2+}\mathtrial\def\\##1{##1/2+}\mathtrial\def\\##1{2/##1+}\mathtrial\def\\##1{##1,{}+}\mathtrial 49



\def\\##1{d##1+}\mathtrial\let\ii=\imath \let\jj=\jmath \def\\##1{\hat##1+}\mathtrial}\newcount\skewtrial \skewtrial='177\def\mathtrial{$\\A \\B \\C \\D \\E \\F \\G \\H \\I \\J \\K \\L \\M \\N \\O\\P \\Q \\R \\S \\T \\U \\V \\W \\X \\Y \\Z \\a \\b \\c \\d \\e \\f \\g\\h \\\ii \\\jj \\k \\l \\m \\n \\o \\p \\q \\r \\s \\t \\u \\v \\w \\x \\y\\z \\\alpha \\\beta \\\gamma \\\delta \\\epsilon \\\zeta \\\eta \\\theta\\\iota \\\kappa \\\lambda \\\mu \\\nu \\\xi \\\pi \\\rho \\\sigma \\\tau\\\upsilon \\\phi \\\chi \\\psi \\\omega \\\vartheta \\\varpi \\\varphi\\\Gamma \\\Delta \\\Theta \\\Lambda \\\Xi \\\Pi \\\Sigma \\\Upsilon\\\Phi \\\Psi \\\Omega \\\partial \\\ell \\\wp$\par}\def\mathsy{\begingroup\skewtrial='060 % for math symbol font tests\def\mathtrial{$\\A \\B \\C \\D \\E \\F \\G \\H \\I \\J \\K \\L\\M \\N \\O \\P \\Q \\R \\S \\T \\U \\V \\W \\X \\Y \\Z$\par}\math\endgroup}\def\oct#1{\hbox{\rm\'{}\kern-.2em\it#1\/\kern.05em}} % octal constant\def\hex#1{\hbox{\rm\H{}\tt#1}} % hexadecimal constant\def\setdigs#1"#2{\gdef\h{#2}% \h=hex prefix; \0\1=corresponding octal\m=\n \divide\m by 64 \xdef\0{\the\m}%\multiply\m by-64 \advance\m by\n \divide\m by 8 \xdef\1{\the\m}}\def\testrow{\setbox0=\hbox{\penalty 1\def\\{\char"\h}%\\0\\1\\2\\3\\4\\5\\6\\7\\8\\9\\A\\B\\C\\D\\E\\F%\global\p=\lastpenalty}} % \p=1 if none of the characters exist\def\oddline{\cr\noalign{\nointerlineskip}\multispan{19}\hrulefill&\setbox0=\hbox{\lower 2.3pt\hbox{\hex{\h x}}}\smash{\box0}\cr\noalign{\nointerlineskip}}\newif\ifskipping\def\evenline{\loop\skippingfalse\ifnum\n<256 \m=\n \divide\m 16 \chardef\next=\m\expandafter\setdigs\meaning\next \testrow\ifnum\p=1 \skippingtrue \fi\fi\ifskipping \global\advance\n 16 \repeat\ifnum\n=256 \let\next=\endchart\else\let\next=\morechart\fi\next}\def\morechart{\cr\noalign{\hrule\penalty5000}\chartline \oddline \m=\1 \advance\m 1 \xdef\1{\the\m}\chartline \evenline}\def\chartline{&\oct{\0\1x}&&\:&&\:&&\:&&\:&&\:&&\:&&\:&&\:&&}\def\chartstrut{\lower4.5pt\vbox to14pt{}}\def\table{$$\global\n=0\halign to\hsize\bgroup 50



\chartstrut##\tabskip0pt plus10pt&&\hfil##\hfil&\vrule##\cr\lower6.5pt\null&&&\oct0&&\oct1&&\oct2&&\oct3&&\oct4&&\oct5&&\oct6&&\oct7&\evenline}\def\endchart{\cr\noalign{\hrule}\raise11.5pt\null&&&\hex 8&&\hex 9&&\hex A&&\hex B&&\hex C&&\hex D&&\hex E&&\hex F&\cr\egroup$$\par}\def\:{\setbox0=\hbox{\char\n}%\ifdim\ht0>7.5pt\reposition\else\ifdim\dp0>2.5pt\reposition\fi\fi\box0\global\advance\n 1 }\def\reposition{\setbox0=\vbox{\kern2pt\box0}\dim=\dp0\advance\dim 2pt \dp0=\dim}\def\centerlargechars{\def\reposition{\setbox0=\hbox{$\vcenter{\kern2pt\box0\kern2pt}$}}}\def\text{{\advance\baselineskip-4pt\setbox0=\hbox{abcdefghijklmnopqrstuvwxyz}\ifdim\hsize>2\wd0 \ifdim 15pc>2\wd0 \hsize=15pc \else \hsize=2\wd0 \fi\fiOn November 14, 1885, Senator \& Mrs.~Leland Stanford calledtogether at their San Francisco mansion the 24~prominent men who hadbeen chosen as the first trustees of The Leland Stanford Junior University.They handed to the board the Founding Grant of the University, which theyhad executed three days before. This document---with various amendments,legislative acts, and court decrees---remains as the University's charter.In bold, sweeping language it stipulates that the objectives of the Universityare ``to qualify students for personal success and direct usefulness in life;and to promote the publick welfare by exercising an influence in behalf ofhumanity and civilization, teaching the blessings of liberty regulated bylaw, and inculcating love and reverence for the great principles ofgovernment as derived from the inalienable rights of man to life, liberty,and the pursuit of happiness.'' \moretext(!`THE DAZED BROWN FOX QUICKLY GAVE 12345--67890 JUMPS!)\par}}\def\moretext{?`But aren't Kafka's Schlo{\ss} and {\AE}sop's {\OE}uvresoften na{\"\i}ve vis-\`a-vis the d{\ae}monic ph{\oe}nix's official r\^olein fluffy souffl\'es? }\def\omitaccents{\let\moretext=\relax}\def\sample{\table\text}Note: this �le's table macro was used for the table on page 2.The Andrew Toolkit, a WYSIWYG alternative51



Now, while TEX is faster, produces better output, and is much more con�gurable,there is certainly still a need for wysiwyg style word processors. This is especially true ifone needs to produce `multimedia' documents.The Andrew Toolkit (ATK) is a portable user-interface toolkit that runs under X11.It provides a dynamically-loadable object-oriented environment wherein objects can beembedded in one-another. It includes an editor (ez) that one expects in an editor but italso can contain embedded raster images, spreadsheets, drawing editors, equations, simpleanimations, clocks, calendars, etc. The system also includes an extensive help system.All �les are stored in ascii format and one can include troff commands for special needs.Postscript printing of the multimedia documents is supported via tro� (or, in the case ofLinux, GNU's gro�).The Andrew binaries (at sunsite.unc.edu: /pub/Linux/X11/andrew or in the Milieupackage) can be unpacked at the root directory and used immediately. A few points shouldbe noted:1) Since bash interprets help as a shell command, write a little shell script called ahelp:/usr/andrew/bin/help $*2) For a tour of features, run: ez /usr/andrew/doc/AtkTour/Tour.
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Simple HackingBy hacking I mean the modi�cation of someone's source code to �x bugs or to addsome needed feature. Often one needs to do this inspite of not fully understanding thesource code; or even the language it's programmed in! This section gives two examples:1) modifying the web source for MetaFont to change the prompt character and 2) �xingweb2c's routine that TEX uses to try to make a missing tfm �le.Modifying mf.webI've mentioned the needed changes earlier; suppose one didn't know how to change theinput prompt but just knew that the default \*" interfered with interactive cut-and-pasteuse.1) First, we need to try to �nd the relevant section of source code. Several options arepossible; one could, as I did, be reading METAFONT: The Program and notice therelevant code. Another method is to use grep (or fgrep, if regular expression matchesaren't needed) to search for key phrases. One could search for prompt or input, with,say, fgrep prompt mf.web|more. A better `phrase' to search for, however, is a quotefollowed by an asterick{ fgrep "n"*" mf.web { which gives one:l:=xord[m]*10+xord[n]-"0"*11; {compute the length}c:=c*10+buffer[first+1]-"0"*11times:print_char("*");char_class["*"]:=13;begin print("*4"); v:=v-2;begin print("*4"); w:=w-2;prompt_input("*"); {input on-line into |buffer|}else fatal_error("*** (job aborted, no legal end found)");if p<>info(loop_ptr) then fatal_error("*** (loop confusion)");fatal_error("*** (job aborted, file error in nonstop mode)");print_nl("**");begin print("*4"); value(p):=value(p)-2;primitive("*",secondary_binary,times);@/fatal_error("*** (cannot readstring in nonstop modes)");Looking through this, the relevent source line is obvious so one loads a copy of mf.webinto Emacs and searches for prompt input("*"). After changing the prompt to a space, andalso deleting the newline, one can run di� which will list the change:*** mf.web~ Sun Mar 29 17:06:18 1992--- mf.web Tue Aug 31 09:06:19 1993****************** 14127,14136 ****if interaction>nonstop_mode thenbegin if limit=start then {previous line was empty}print_nl("(Please type a command or say `end')");@.Please type...@>! print_ln; first:=start; 53



! prompt_input("*"); {input on-line into |buffer|}@.*\relax@>limit:=last; buffer[limit]:="%";first:=limit+1; loc:=start;end--- 14127,14136 ----if interaction>nonstop_mode thenbegin if limit=start then {previous line was empty}print_nl("(Please type a command or say `end')");@.Please type...@>! first:=start;! prompt_input(" "); {input on-line into |buffer|}@.*\relax@>limit:=last; buffer[limit]:="%";first:=limit+1; loc:=start;end(Of course, having the di�, one can use patch, rather than an editor, to change thesource.) Fixing openinout.cIf one runs TEX and a tfm �le is missing, TEX normally stops with an error; in ananalogous situation, when xdvi is missing a pk bitmap, it just calls mf to make it and thenproceeds. Wouldn't it be nice if TEX could do the same? It can! Searching the top of theweb2c-5.851d source directory, the NEWS �le says:- If a .tex, .tfm, or .mf file can't be found, MakeTeXTeX,TFM,MF isinvoked before giving up, as in dvips' MakeTeXPK.Thus we are lead to use fgrep to search source �les for, say, MakeTeX. The relevant �leturns out to be lib/openinout.c where grep reports:/* Wrap another sh around the invocation of the MakeTeX program, so wecan avoid `sh: MakeTeXTFM: not found' errors confusing the user.return make tex file ("MakeTeXTeX");return make tex file ("MakeTeXTFM");return make tex file ("MakeTeXMF");Further snooping in the con�guration �le lib/c-auto.h.in (which is the �rst thing thatthe INSTALL info �le mentions to edit) shows that this feature is enabled by default(despite the misleading comment in c-auto.h.in!).So. We need to see 1) is TEX, in fact, trying to call mf to make the tfm �le and 2)if so, what's going wrong. An easy way to do this is to run top which shows the currentprocess activity (you may need to slow down your computer to see the call). With toprunning in one xterm window, run TEX on a �le that needs a non-existant tfm �le. Thenas tex forks the call to MakeTeXTFM, top will (among other things) report:PID SIZE RES SHRD STAT %CPU %MEM TIME COMMAND161 89 300 316 R 5.8 1.9 0:30 top54



21 1582 1328 496 S 2.9 8.7 4:29 X :0204 285 340 404 S 1.5 2.2 0:00 sh -c sh -c MakeTeXTFM fakef.tfm>/dev/nuNow, sh -c string means that the shell is to to execute string, unfortunately, since theabove isn't quoted, MakeTeXTFM doesn't get passed it's needed argument of fakef.tfm.To �x openinout.c, we just need to add quotes to the call. Di� --context=5 reports:*** openinout.c~ Sun Feb 21 09:48:14 1993--- openinout.c Tue Aug 31 09:06:14 1993****************** 131,150 ****/* Wrap another sh around the invocation of the MakeTeX program, so wecan avoid `sh: MakeTeXTFM: not found' errors confusing the user.We don't use fork/exec ourselves, since we'd have to call sh anywayto interpret the script. */! strcpy (cmd, "sh -c ");strcat (cmd, program);cmd_len = strlen (cmd);cmd[cmd_len++] = ' ';while (nameoffile[i] != ' ')cmd[cmd_len++] = nameoffile[i++];/* Add terminating null. */cmd[cmd_len] = 0;/* Don't show any output. */strcat (cmd, ">/dev/null 2>&1");--- 131,151 ----/* Wrap another sh around the invocation of the MakeTeX program, so wecan avoid `sh: MakeTeXTFM: not found' errors confusing the user.We don't use fork/exec ourselves, since we'd have to call sh anywayto interpret the script. */! strcpy (cmd, "sh -c \"");strcat (cmd, program);cmd_len = strlen (cmd);cmd[cmd_len++] = ' ';while (nameoffile[i] != ' ')cmd[cmd_len++] = nameoffile[i++];55



/* Add terminating null. */+ cmd[cmd_len++] = '\"';cmd[cmd_len] = 0;/* Don't show any output. */strcat (cmd, ">/dev/null 2>&1");Now a make clean; make TeX will make corrected tex binaries.Educational hacking1) Read documentation �les that a program's author includes with the source code. Readthe source code and it's comments.2) This sort of hacking is an alternative way of learning programming. Rather than lis-tening to orderly lectures, one is apprenticed to experienced programmers. Hopefully,their programs can speak for themselves.3) For that matter, much of this text is concerned with this sort of training. I think itmuch more fun and useful but it does need a rather di�erent set of skills, e.g., browsingaround systems involving hundreds of �les and looking for ways to `get into' the code.

56



Embedding characters in METAFONTSuppose you want to make some labeled drawings in MetaFont; how can you get thecharacters easily? The GNUPLOT 2{3D scienti�c graphing program points out an easyway to do this: just use some already de�ned font! The gnuplot MetaFont output loadscmr10 characters for each plot and uses them for various labels.It is more e�cient to make a special format with these `pictures' included.%gnuchars.mfif unknown cmbase : input cmbase �;mode = localfont ; picture r[];mode setup;First, the function to print a string:def put text(expr ts; xstart; ystart ; rot ; justi�cation ) =The rot, rotation, should be a multiple of 90. Justi�cation is 1,2, or 3 for left, center, andright justi�ed text with respect to the (xstart,ystart) position.begingrouptext width := 0; text height := 0;Compute the width of the text string (ts):for ind := 0 step 1 until length(ts)� 1:dec num := ASCII substring(ind ; ind + 1) of ts;if unknown r[dec num]: dec num := 32; �r is a picture array to be �lled later. The space character is used for missing characters.if dec num = 32:text width := text width + wd [65];text height := max(text height ; ht[65] + dp[65]);elseif dec num � 0:text width := text width + wd [dec num];text height := max(text height ; ht[dec num] + dp[dec num]);�endforNow that we have the text width (and height), we can compute the x and y coordinatesfor the starting position, given the speci�ed justi�cation (1=left, 2=centered, 3=right)if rot = 90:if justi�cation = 1: ynext := ystart;elseif justi�cation = 2: ynext := round(ystart � text width=2);else: ynext := round(ystart � text width);�xnext := xstart + text height=2;else: 57



if justi�cation = 1: xnext := xstart ;elseif justi�cation = 2: xnext := round(xstart � text width=2);else: xnext := round(xstart � text width);�ynext := ystart � text height=2;�All of that was just to get the starting position. Now we again step through the stringcharacter by character, adding the characters' picture to the current picture. The wd arraycontains the characters' lengths.for ind := 0 step 1 until length(ts)� 1:dec num := ASCII substring(ind ; ind + 1) of ts;if unknown r[dec num]: dec num := 32; �if dec num = 32:xnext := xnext + wd [65] � cosd rot ;ynext := ynext + wd [65] � sind rot ;elseif dec num � 0:% We add the text character by character to the current picture.currentpicture := currentpicture + r[dec num] shifted (xnext ; ynext)rotatedaround((xnext ; ynext); rot );xnext := xnext + wd [dec num] � cosd rot ;ynext := ynext + wd [dec num] � sind rot ;�endforendgroupenddef ;In order to save the character pictures and widths, we rede�ne the endchar macro:def endchar =r[charcode ] := currentpicture;wd [charcode ] := w; ht [charcode ] := h; dp[charcode ] := d;message "Picture of charcode no." & decimal charcode ;endgroup;enddef ;The plain base adds a to the end of all its private tokens. This reduces the likelehoodof users rede�ning those tokens. However, that's precisely whate we want to do here:let endchar := endchar;Negate the commands that would normally generate a font:let o generate := generate; let o roman := roman ;let generate := relax;let roman = relax; 58



The let macro, like the def macro, can use either an = or a := symbol. The codegenerated by gnuplot uses a = which I change to := which seems less confusing.Rather than cmr10, I use a sans serif font. The cmssb10.mf parameter �le is justcmssdc10 with sharp corners: crisp:= tiny:= fine:= 0.input cmbx5.mfif ligs > 1: font coding scheme := "TeX text";spanish shriek = oct "074"; spanish query = oct "076";else: font coding scheme :=if ligs = 0: "TeX typewriter text"else: "TeX text without f-ligatures" �;spanish shriek = oct "016"; spanish query = oct "017";�;font setup;input romanu.mf %Roman uppercase.input romanl.mf %Roman lowerrcase.input romand.mf %Numerals.input punct.mf %Punctuation symbols.You can, of course, include other characters if needed; in fact, you can include charactersfrom several fonts (parameters and font setup may need redoing).Next we add some extra characters:minus = ASCII "-"; cmchar"Minus sign";beginarithchar (minus);pickup rulenib;lft x1 = hround 1:5u� eps ;x2 = w � x1; y1 = y2 = math axis ;draw z1 - - z2; % barlabels(1; 2);endchar;cmchar"Period";numeric dot diam#; dot diam# := if monospace : 5=4 �ndot size#;de�ne whole blacker pixels(dot diam);beginchar("."; 5u#; dot diam#; 0);adjust �t(0; 0); pickup �nenib;pos1(dot diam; 0); pos 2(dot diam; 90);lft x1l = hround(:5w � :5dot diam); bot y2l = 0; z1 = z2; dot(1; 2); % dotpenlabels (1; 2);endchar;Now we reset endchar back to normal; there isn't really any need to do this.def endchar =l := 0; r := w; %Include the next two lines if you want to rotate59



%the picture 90 deg.(Portrait to Landscape)%currentpicture:=currentpicture rotated 90 shifted (h,0);%tmp:=charht; charht:=charwd; charwd:=tmp;scantokens extra endchar ;if proo�ng > 0: makebox (proofrule ); �chardx := w;shipit;if displaying > 0: makebox (screenrule); showit; �endgroupenddef ;let endchar := endchar;let generate := o generate;let roman := o roman ;font identi�er := "GNUPLOT";font size 72pt#;th# = 0:4pt#; de�ne whole pixels(th);path arrowhead ;arrowhead = (�7pt ; �2pt)fdir 30g . . (�6pt ; 0pt) . . fdir 150g(�7pt ; 2pt)&(�7pt ; 2pt) - - (0pt ; 0pt) - - (�7pt ; �2pt) & cycle;Save this in a base �le for future use (the mode=localfont at the beginning was neededsince the pictures are for paper; and even for on-screen use, proof mode characters are toobig).
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Geometric Graphics %geo.mf; assumes gnuchars.mf has been loaded.input gnuchars; %otherwise, add thisMake a special format:inimf plainn; input modesn; input gnucharsn; dumpmv plain.base /usr/TeX/lib/mf/bases/gmf.baseln -s /usr/TeX/bin/virmf /usr/TeX/bin/gmfgmf geoNow that we know how to embed characters in MetaFont, let's do a bit of geometry.At the beginning of his Elements, Euclid shows that the local symmetry of space (ie thepostulated constructibility of circles) leads to the global property that lengths can be`moved.' First some preliminaries:screenstrokes; path p[];pair A; B; C; D; E; F; G; H;pickup pencircle scaled :06pt ;spen = savepen ;pickup pencircle scaled :12pt ;mpen = savepen ;We want to:put text("Given A, B, C, construct segment at C of length AB"; 0; 450; 0; 1);showit; sscreen(80pt#; 80pt#; 2pt#; 1);Recall that the gnuchars.mf �le de�ned put text(<string>, <x-coord>, <y-coord>, <ro-tation:0, 90, 180, or270>, <justification: 1,2,3 (left, center, right)>). I pick conve-nient generic points and then shift for my speci�c screen:A := (50; 50); B := (60; �5); C := (170; 60);currenttransform := identity shifted (90; 20);pickup mpen;drawdot A; put text("A"; xpart A; ypart A + 10; 0; 2); showit;drawdot B; put text("B"; xpart B + 4; ypart B; 0; 1); showit;drawdot C; put text("C"; xpart C; ypart C + 12; 0; 2); showit;draw A - - B;To begin, we make use of Euclid's �rst theorem to:put text("1. Construct equilateral ACD and circle A(B)"; 0; 420; 0; 1);showit;sscreen(80pt#; 80pt#; 2pt#; 1); 61



BTo do this, we need a `compass,' a way to, given a center and a point on the circumfer-ence, de�ne a circle. Often in de�ning MetaFont macros, parentheses are needed to makeMetaFont parse the macro correctly. For example,def gcircle(expr wa ; wb) =fullcircle scaled (2 � length(wa � wb)) shifted wa enddef ;In Euclidean geometry, lines intersect in points; however, lines weren't thought of asa potentially incomplete set of points. Hence,D := gcircle(A; C) intersectionpoint gcircle(C; A);obviously exists. Moreover, AD=AC as radii of gcircle(A,C); similarly, AC=CD so AD=CD sincethings equal to the same thing are the same.To illustrate this construction, we need another macro to draw arcs such as we woulddraw with a compass. Knowing where the intersection is, we can make the arcs short. Thegarc macro expands to a three point curve.def garc(expr wa; wb; d) =wb rotatedaround(wa ; d) . . wb . . wb rotatedaround(wa ; �d) enddef ;pickup spen ; draw garc(A; D; 5); draw garc(C; D; 5);pickup mpen; drawdot D;put text("D"; xpart D; ypart D + 20; 0; 2); showit;Our idea is to use gcircle(A,B) to rotate AB until we can slide it up a line to D andthen down to C. Such sliding might change the length of the segment so instead we appealto properties of circles.pickup spen ; draw gcircle(A; B);put text("2. Extend DA to E on A(B) and construct D(E)"; 0; 400; 0; 1);showit;sscreen(80pt#; 80pt#; 2pt#; 1); 62



CSince we're using MetaFont to merely illustrate the abstract proof, it is convenient tohave another circle macro:def grcircle(expr wa; r) = fullcircle scaled (2 � r) shifted wa enddef ;r := length(A �D) + length(A �B);p1 := grcircle(D; r);draw p1;The point E is where A(B) intersects p1. However, due to rounding errors, E needs tobe speci�ed di�erently. We instead make use of the fact that the direction in which a pointon a circle is traveling, the tangent, is perpendicular to a radius at that point:F = (A�D) rotated 90;t := directiontime F of p1; E = point t of p1; drawdot E;%show E; uncomment following for proof of rounding error.%show p1 intersectionpoint gcircle(A,B);put text("E"; xpart E + 8; ypart E � 8; 0; 3); showit;draw D - - E; pickup mpen ; draw A - - E;put text("3. Extend DC to H on D(E), then CH is segment."; 0; 380; 0; 1);showit;sscreen(80pt#; 80pt#; 2pt#; 1);
D%We repeat the above procedure for H.G = (C �D) rotated 90; 63



t := directiontime G of p1; H = point t of p1;pickup spen ; draw D - - H;draw gcircle(D; C);pickup mpen; drawdot H;put text("H"; xpart H + 5; ypart H; 0; 1); showit;draw C - - H;sscreen(80pt#; 80pt#; 2pt#; 1);
EAs radii, DH=DE so, subtracting the equilateral's sides DC=AC, we have CH=AE.Thus CH=AB and the construction is complete. end;
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LinusThis is very tedious and ugly code; it does, however, point out that one can use bruteforce methods for line drawings. About the only point of it, besides its original use forannouncing Linux's release, is to provide the reader opportunities for improvements.
lThe main `problem' is that this section is about graphic art rather than computerprogramming. Let's organize the �le to emphasize the essential features. First, we adjustfor the screen:screenstrokes; mode = localfont ; mode setup;currenttransform := identity shifted (10 + xpartscreen topleft ; 10� screen rows + ypart screen topleft);beginchar("l"; 100pt#; 100pt#; 0); pickup pencircle scaled :8pt ; %eyebrowsdraw(:49w; :86w) - - (:555w; :89w); draw(:66w; :91w) - - (:725w; :895w);pickup pencircle xscaled :035w yscaled :07w rotated 10;Minimalist art, in my opinion, is really more a scienti�c investigation. It is interestingto see the maximum one can suggest with the minimum of lines and colors. %eyesdrawdot(:49w; :63w); drawdot(:68w; :65w); pickup pencircle scaled :4pt;%eye socketsdraw(:43w; :59w)fdir 135g . . (:42w; :63w)fupg . . fdir 65g(:46w; :72w);draw(:7w; :76w)fdir �45g . . fdowng(:75w; :68w) . . (:745w; :645w);Linus is the most interesting of Charles Schultz's characters. The distinctive featureis the outline of his head. On the left we have a `Cro-Magnon' skull:draw(:3w; :51w) . . fupg(:29w; :54w) . . (:36w; :66w) . . (:4w; :73w)fupg. . (:36w; :87w)fupg . . (:46w; :97w)fdir 20g . . (:7w; 1:1w)frightg %Cro-Magnon. . (:83w; 1:07w)fdir �30g . . fdir 265g(1:03w; :73w); %down to Charlie's earwith an ear that, from a di�erent angle, also functions as a nose.draw(:29w; :54w)fdir 170g . . (:26w; :57w)fupg . . frightg(:36w; :66w);65



Now let's draw some other stu� to give the image time to sink in. The left handcould de�nitely be improved. One might want to use the `gnuchars' technique to put anannouncement on the paper (or, use kerns with TEX{this is more exible).draw ex((:2w; :15h); (:14w; :3h); (:1w; :45h)) %front page& ex((:1w; :45w); (:4w; :42w); (:63w; :46w); (:68w; :45w))& ex((:68w; :45w); (:69w; :30w); (:7w; :18w));draw ex((:11w; :47w); (:3w; :46w); (:55w; :48w); (:71w; :47w))& ex((:71w; :47w); (:72w; :31w); (:73w; :19w));draw ex((:13w; :49w); (:45w; :5w); (:75w; :49w))& ex((:75w; :49w); (:76w; :38w); (:77w; :25w)); %back pagedraw(:24w; :16w) . . (:4w; :12w)frightg . . (:5w; :13w); %paper creasesdraw(:28w; :12w) . . (:4w; :08w)fdir �15g . . (:53w; :06w); %left handdraw(1:01w; :01w) . . (:95w; :15w) . . (:92w; :17w)fleftg . . (:85w; :2w)fupg. . fdir 200g(:77w; :25w) . . fdir �45g(:79w; :17w)& (:79w; :17w)fdir 135g . . (:73w; :19w) . . (:7w; :18w). . (:72w; :1w) - - - (:77w; :11w) & (:77w; :11w) - - - (:72w; :1w). . (:76w; :02w) - - - (:8w; :05w) & (:8w; :05w) - - - (:76w; :02w). . (:81w; �:02w) - - - (:84w; :01w) & (:84w; :01w) - - - (:82w; �:02w). . (:84w; �:03w) . . (:88w; �:01) . . fdir 80g(:89w; :02w)- - - (1:01w; :01w) - - - cycle; %right �ngersdraw(:2w; :15w) - - - (:18w; :21w) . . (:15w; :22w)fleftg. . (:115w; :17w)fdowng . . (:18w; :1w)frightg . . (:21w; :12w)fupg . . cycle;draw(:12w; :14w) . . (:11w; :07w) . . (:16w; :04w)frightg. . fdir 100g(:205w; :09w);draw(:11w; :07w)fdir 230g . . (:15w; �:02w)frightg . . (:19w; :02w);Now �nish the `Charlie Brown' part of the face:draw(1:03w; :73w)frightg . . (1:14w; :63w)fdowng . . fdir 175g(1:03w; :56w); %eardraw(1:03w; :56w)fdowng . . fleftg(:765w; :28w); %nosedraw(:62w; :70w)fdir 170g . . (:55w; :7w) . . (:54w; :65w)fdowng. . (:58w; :61w)fdir 20g - - - (:61w; :62w); %neckdraw(:8w; :282w) . . (:805w; :255w); %collar�ll(:85w; :2w)fdir 40g . . (:89w; :245w) - - - (:88w; :25w) - - - (:84w; :24w). . (:85w; :22w) - - - cycle;Now Linus' trademark blanket, on the `Charlie' side.draw(:85w; :20w)fdir 40g . . (1w; :3w) . . (1:07w; :31w)frightg. . (1:23w; :06w)fdir �80g; 66



draw(:9w; :2w) . . (1w; :24w)frightg . . fdir �80g(1:14w; :01w);And, �nally, Linus' hair, which augments the basic �gure. It perhaps should havebeen drawn sooner; however, from an interactive point of view, this gives the viewer timeto look at the �gure. When MetaFont reads the end statement, she closes the window andexits.draw(:46w; :97w)fleftg . . (:31w; :9w) . . (:25w; :78w);draw(:7w; 1:1w)fdir 150g . . (:46w; :97w) . . fdir 285g(:46w; :83w);draw(:7w; 1:1w)fleftg . . fdir 285g(:53w; :84w);draw(:83w; 1:07w)fdir �50g . . fdir 250g(:9w; :7w);draw(:83w; 1:07w)fdir 135g . . (:7w; 1:1w) . . fdir 280g(:57w; :8w);draw(:7w; 1:1w)frightg . . (:83w; 1w) . . (:9w; :75w);draw(:535w; 1:02w)fdir 190g . . (:37w; 1:03w)fleftg . . fdowng(:15w; :77w);draw(:92w; 1w)fdir �55g . . fdir 250g(:95w; :7w);What with all the other hard-coded coordinates, there seems little point in usingintersectiontimes or intersectionpoint here.draw(:92w; 1w)frightg . . (:96w; :99w) . . . fdir 250g(:95w; :68w);draw(:92w; 1w)fdir 120g . . fleftg(:83w; 1:07w) . . (:69w; 1w). . fdir 250g(:59w; :87w);draw(:92w; 1w)fdir 135g . . (:69w; :9w)fdir 240g;draw(:92w; 1w)fdir 185g . . (:75w; :85w)fdir 250g;endchar; endRun mf linusa to view the construction. You may need to slow you computer downto get the e�ect I intended{I'm viewing this myself on a 386sx/20 laptop with 4 megs ram(and with X, MetaFont, and Emacs all running).
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Watching an N Queens solution%standard N queens programmed in MetaFont%initialize; non-numerics must be declaredscreenstrokes; pickup pencircle scaled :08pt ;boolean r[]; u[]; d[]; loop ; done ;string s[]; path p[]; queen; checkit ;message "how many queens? ";n = �1 + scantokens readstring;if n < 3: n := 3; �; if n > 92: n := 92; �;message "pause after each add (y/n)?";s2 := readstring; m := 2 � n; N := n+ 1; w = oor(290=N); %paths and boardcheckit := (�30; �30) - - (0; �80) - - (70; �10);%queen originally: queen:=unitsquare scaled w;p1 := (:25w; :15w) - - (:15w; :85w) - - (:3w; :5w) - - (:4w; :85w) - - (:5w; :5w);p2 := p1 reectedabout((:5w; 0); (:5w; w)); queen := p1 . . reverse p2 - - cycle;%draw boardfor i := 0 upto n+ 1:draw(0; w � i) - - (w �N; w � i); draw(w � i; 0) - - (w � i; w �N);endfor; %procedures (ie macros)%mark a squaredef add = b[j] := i; r[i] := true; d[j + i] := true; u[j � i] := true;�ll queen shifted (j � w; i � w);if s2 = "y":message "press enter to continue"; s1 := readstring;�;enddef ; %unmark a squaredef rem = r[i] := false; d[j + i] := false; u[j � i] := false;un�ll queen shifted (j � w; i � w);enddef ; %backtrackdef back = j := j � 1; i := b[j];forever:exitif not((i = n) and (j > 0));rem; j := j � 1; i := b[j];endfor;if i < n:rem; i := i + 1;else:done := true;�; 68



enddef ; %draw checkdef printit =pickup pencircle xscaled :4pt yscaled :1pt rotated�20;draw checkit ; message "press enter to continue ";s1 := readstring; undraw checkit ;enddef ; %main programi := 0; j := 0; done := false;for k := 0 upto n: r[k] := false; endfor;for k := �n upto n: u[k] := false; endfor;for k := 0 uptom: d[k] := false; endfor;forever:loop := true;if not(r[i] or d[j + i] or u[j � i]):add ;if j = n:printit ; message "show another solution (y/n)?";s3 := readstring;if s3 = "y":s2 := "n"; rem; back ;else:done := true;�;else:j := j + 1; i := 0; loop := false;�;�;if loop :if i = n:back ;else: i := i+ 1;�;�;exitif done;endfor;if s3 = "y": message "no more solutions"; �;end; Other general programming stu� with MetaFont69



A Real Font New PensPens are primaryTriangular Pens A Meta FontUsing declarations to exploit our new pensOrganization and Cooperation
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Further Reading THE BOOKS1) New International Version. There are certainly other excellent translations of theBible also.1 Knuth's books1) The MetaFontbook. Volume C of Computers and Typesetting.2) Seminumerical Algorithms. Volume 2 of The Art of Computer Programming.Other Texts1) The Unix Programming Environment by Brian Kernighan and Robert Pike2) Structure and Interpretation of Computer Programs by Harold Abelson and GeraldJay Sussman with Julie Sussman3) Code Complete by Steven McConnellOnline References1) /usr/TeX/lib/mf/macros2) /usr/lib/emacs/19.19/lisp3) /usr/src/linux4) /usr/man/cat1, /usr/TeX/man, /usr/info

1 A few verses are translated and commented upon in Knuth's 3:16.71



Appendix 1 MotherboardsVideo CardsSupported accelerator chips include: S3 (928, 805, 801) and ATI (Mach32 and Mach8).Cases and FansOther Parts
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Appendix 2 The Filesystem and lsThe standard unix utility to list directories is ls. As we list its options, we willalso discuss Linux �lesystems in general. The Milieu package uses the `minix' �lesystemwith 30 character �lenames (use mkfs -n30 to make such a �lesystem). Linux supportsseveral �lesystems (minix,efs,efs2,xia,dos,proc,cdrom); via its Virtual File System, the useris shielded from having to be concerned with the details.-a {all {List all �les in directories, including all �les that start with `.' (such �les areused for initialization and customization and are mainly to be found in ones homedirectory{for example: ls -al /root).-d {directory {List directories like other �les, rather than listing their contents. Theneed for this is demonstrated by trying: ls /usr and then trying ls /usr/i* (you mayalso want to add a -l option).-i {inode {Print the index number of each �le to the left of the �le name. Important:the inodes are actually the �les. File names are merely pointers to the inodes. Whenan inode has only one �lename, one can think of the �lename as the �le. However,one can also link a �le (ie, a inode) to several �lenames: ln ls dir. In addition tohard links, Linux also supports symbolic links: ln -s /bin/ls /usr/bin/dir (sometimesthese links need to be forced: ln -sf /lib/libc.so.4 /lib/libc.so.4.4.4 (Do NOTrelink lib �les unless you have oppies to reboot with in case something vital breaks.Furthermore, it's safer not to remove the old lib �les for a while{something importantmay need the old libs)-l {format=verbose {In addition to the name of each �le, print the �le type, per-missions (see chmod below for information on permissions, etc.), number of hard links,owner name, group name, size in bytes, and timestamp (the modi�cation time unlessother times are selected). For �les with a time that is more than 6 months old or morethan 1 hour into the future, the timestamp contains the year instead of the time ofday.-r {reverse {Sort directory contents in reverse order. As with all the other one characteroptions, you can conbine options, for example: ls -ltr-F {classify {Append a character to each �le name indicating the �le type. For regular�les that are executable, append a `*'. The �le type indicators are `/' for directories,`@' for symbolic links, `|' for FIFOs, `=' for sockets, and nothing for regular �les.-R {recursive {List the contents of all directories recursively.-S {sort=size {Sort directory contents by �le size instead of alaphabetically, with thelargest �les listed �rst.-b {escape {Quote nongraphic characters in �le names using alphabetic and octal back-slash sequences like those used in C.-c {time=ctime {Sort directory contents according to the �les' status change timeinstead of the modi�cation time. If the long listing format is being used, print thestatus change time instead of the modi�cation time.73



-k {kilobytes {If �le sizes are being listed, print them in kilobytes. This overrides theenvironment variable POSIXLY CORRECT.-m {format=commas {List �les horizontally, with as many as will �t on each line,separated by commas.-n {numeric-uid-gid {List the numeric UID and GID instead of the names.-p {Append a character to each �le name indicating the �le type.-q {hide-control-chars {Print question marks instead of nongraphic characters in �lenames.-s {size {Print the size of each �le in 1K blocks to the left of the �le name. If theenvironment variable POSIXLY CORRECT is set, 512-byte blocks are used instead.-t {sort=time {Sort directory contents by timestamp instead of alphabetically, withthe newest �les listed �rst.-u {time=atime {Sort directory contents according to the �les' last access time insteadof the modi�cation time. If the long listing format is being used, print the last accesstime instead of the modi�cation time.-x {format=across {List the �les in columns, sorted horizontally.-A {almost-all {List all �les in directories except for `.' and `..'.-B {ignore-backups {Do not list �les that end with ` ', unless they are given on thecommand line.-C {format=vertical {List �les in columns, sorted vertically.-L {dereference {List the �les linked to by symbolic links instead of listing the contentsof the links.-N {literal {Do not quote �le names.-Q {quote-name {Enclose �le names in double quotes and quote nongraphic charactersas in C.-U {sort=none {Do not sort directory contents.-X {sort=extension {Sort directory contents alphabetically by �le extension (charac-ters after the last `.'); �les with no extension are sorted �rst.-1 {format=single-column {List one �le per line.-w {width {cols Assume the screen is cols columns wide. The default is taken from theterminal driver if possible; otherwise the environment variable COLUMNS is used ifit is set; otherwise the default is 80.-T {tabsize {cols Assume that each tabstop is cols columns wide. The default is 8.-I {ignore {pattern Do not list �les whose names match the shell pattern pattern unlessthey are given on the command line. As in the shell, an initial `.' in a �lename doesnot match a wildcard at the start of pattern.Listing and creating �les with catThe command cat copies its arguments to standard output. One useful option is:-b {number-nonblank {Number all nonblank output lines, starting with 1.74



If the �le is more than a few lines, you will want to pipe the output to a pager: cat/root/.emacs k more. You can also create �les with cat: cat >/bin/llls -la $*d̂This �le, containing instructions to be passed to the shell, can be executed with sh /bin/ll/bin/l* /bin/c*. The $* passes the arguments given to ll on to ls. We don't have to usethe �le as a script given to the shell; we can make it executable itself with, say, chmod 755/bin/ll (see chmod below). File Permissions and chmodChmod will accept symbolic mode speci�cations. I prefer numeric mode speci�cationsmyself. A numeric mode is from one to four octal digits (0-7), derived by adding up thebits with values 4, 2, and 1. Any omitted digits are assumed to be leading zeros. The�rst digit selects the set user ID (4) (for an example of this, do ls -l /usr/X386/bin; thesuid bit is used by programs which start other programs{it passes its permissions on toits `children') and set group ID (2) and save text image (1) attributes. The second digitselects permissions for the user who owns the �le: read (4), write (2), and execute (1); thethird selects permis- sions for other users in the �le's group, with the same values; and thefourth for other users not in the �le's group, with the same values.-v Verbosely describe changed permissions.-R Recursively change permissions of directories and their contents.KermitKermit is a widely available communications package. The �le /root/.kermrc is theinitialization �le I use (both on my local linux and the remote unix site that I log into).set escape 29 ;ie press ]̂ to escape to local kermitset file type binary ;set send packet-length 1000set receive packet-length 1000set flow noneset line /dev/modemset baud 9600set window 5set block 3Kermit has extensive online help. However, let's walk thru a simple session. First,run kermit, press `c' at the kermit prompt. Then, if using a modem, enter atdt 123-4567,for example. Once connected, login and do what you need (for example:ftp nic.funet.fianonymoustdunbar@vtaix.cc.vt.educd pub/OS/Linux/testing/Linusget ALPHA-patch.diff.zget linux-1.01.tar.zquit 75



To transfer these �les, one might do: kermit -i -s *.z, when prompted by the server,enter ]̂c receive to get the �les. Gzip compressionThe gzip utility is linked (in the Milieu package) to compress, uncompress, and zcatso one can just do: uncompress ALPHA-diff;mv ALPHA-diff /usr/src/linux.Tar archivesTo remove the old kernel source, one can do: rm -r /usr/src/linux Warning: this canbe a very dangerous command{know what you are doing. Depending on how permissionsare set and your user and group id, you may also need the -f option to force the removal.We can unpack the above kernel source with: mv linux-1.01.tar.z /usr/src; tar zxvflinux-1.01.tar.z (the z tells tar to uncompress, x=extract, v=verbose, f=�le to extractfrom; there is also a p=permissions option to preserve the original permissions{this maybe needed if you set default permissions with umask, I don't).Patching source codeThe above patches can be applied with patch -p1 < ALPHA-diff (the -p1 tells patch tostrip o� one subdirectory layer since we're already in /usr/src/linux [which we could haverenamed via mv linux linux-1.01]. If we were in /usr/src instead, we'd have used -p0).Finding �lesThe find utility enables one to search through a directory hierarchy for �les matchingcertain conditions and then to perform actions on the matching �les. For example,find . -name "*#" -exec ls -l fg n;will list any �les unsuccessfully patched by the above patch and the old �les whichwere modi�ed can be deleted with:find . -name ``*~'' -exec rm -v fg n;Making a new kernelTo make a new boot image,make clean;emacs Makefile; # change video default, etc., as neededmake config;make dep; make clean; make Image;cd /etc/lilo; ./install Booting via liloLilo comes with excellent and extensive documentation which should be consulted.The above kernel make assumed 1) /usr/src/linux/Image was not the default boot kernel{if it were, and something went wrong, we'd have to reboot via oppy. 2) lilo is installedand there's an entry for /usr/src/linux/Image. My /etc/lilo/install is: ./lilo -v -v -Cconfig where con�g is:install = /etc/lilo/boot.bcompact 76



delay = 9 # optional, for systems that boot very quicklyboot = /dev/hdaimage = /etc/vmlinuxlabel = linuximage = /usr/src/linux/Imagelabel = tlinuxother = /dev/hda1table = /dev/hdalabel = dosThen, when one reboots, as soon as the word LILO appears, press ALT or CTRL andthen enter tlinux to boot from your new kernel.sttystty 9600 cs8 ixon </dev/ttys2 will setup com2 for a serial connection to a Laser-Writer. Bourne Again SHellThe default key-bindings for bash may be changed with an ~/.inputrc �le. Otherprograms that use this library may add their own commands and bindings.For example, placing M-Control-u: universal-argumentor C-Meta-u: universal-argumentinto the .inputrc would make M-C-u execute the command universal-argument.The following symbolic character names are recognized: RUBOUT, DEL, ESC, NEW-LINE, SPACE, RETURN, LFD, TAB.The bindings are meant to be compatible with the Emacs default keybindings whereappropriate.Commands for Movingbeginning-of-line (C-a)Move to the start of the current line.end-of-line (C-e)Move to the end of the line.forward-char (C-f)Move forward a character.backward-char (C-b)Move back a character.forward-word (M-f)Move forward to the end of the next word.backward-word (M-b)Move back to the start of this, or the previous, word.77



clear-screen (C-l)Clear the screen leaving the current line at the top of the screen.Commands for Manipulating the Historyaccept-line (Newline, Return)Accept the line regardless of where the cursor is. If this line is non-empty, add it tothe history list according to the state of the history control variable. If this line wasa history line, then restore the history line to its original state.previous-history (C-p)Fetch the previous command from the history list, moving back in the list.next-history (C-n)Fetch the next command from the history list, moving forward in the list.beginning-of-history (M-<)Move to the �rst line in the history, the �rst line entered.end-of-history (M->)Move to the end of the input history, i.e., the line you are entering.reverse-search-history (C-r)Search backward starting at the current line and moving `up' through the history asnecessary. This is an incremental search.forward-search-history (C-s)Search forward starting at the current line and moving `down' through the history asnecessary.shell-expand-line (M-C-e)Expand the line the way the shell does when it reads it. This performs alias andhistory expansion.insert-last-argument (M-., M- )Insert the last argument to the previous command (the last word on the previousline).operate-and-get-next (C-O)Accept the current line for execution and fetch the next line relative to the currentline from the history �le for editing.Commands for Changing Textdelete-char (C-d)Delete the character under the cursor. If the cursor is at the beginning of the line,and there are no characters in the line, and the last character typed was not C-d, thenreturn EOF.backward-delete-char (Rubout)Delete the character behind the cursor. A numeric arg says to kill the charactersinstead of deleting them. 78



quoted-insert (C-q, C-v)Add the next character that you type to the line verbatim. This is how to insertcharacters like C-q, for example.tab-insert (M-TAB)Insert a tab character.self-insert (a, b, A, 1, !, ...)Insert the character typed.transpose-chars (C-t)Drag the character before point forward over the character at point. Point movesforward as well. If point is at the end of the line, then transpose the two charactersbefore point. Negative arguments don't work.transpose-words (M-t)Drag the word behind the cursor past the word in front of the cursor moving thecursor over that word as well.upcase-word (M-u)Uppercase the current (or following) word. With a negative argument, do the previousword, but do not move point.downcase-word (M-l)Lowercase the current (or following) word. With a negative argument, do the previousword, but do not move point.capitalize-word (M-c)Capitalize the current (or following) word. With a negative argument, do the previousword, but do not move point.Killing and Yankingkill-line (C-k)Kill the text from the current cursor position to the end of the line. This saves thekilled text on the kill-ring. (see below)backward-kill-linen ()Kill backward to the beginning of the line. This is normally unbound, in favor ofunix-line-discard, which emulates the behavior of the standard Unix terminal driver.kill-word (M-d)Kill from the cursor to the end of the current word, or if between words, to the endof the next word.backward-kill-word (M-Rubout)Kill the word behind the cursor.unix-line-discard (C-u)Do what C-u used to do in Unix line input. We save the killed text on the kill-ring,though. 79



unix-word-rubout (C-w)Do what C-w used to do in Unix line input. The killed text is saved on the kill-ring.This is di�erent than backward-kill-word because the word boundaries di�er.yank (C-y)Yank the top of the kill ring into the bu�er at point.yank-pop (M-y)Rotate the kill-ring, and yank the new top. Only works following `yank' or `yank-pop'.Argumentsdigit-argument (M-0, M-1, ..., M--)Add this digit to the argument already accumulating, or start a new argument. M--starts a negative argument.universal-argument ()Do what C-u does in emacs. By default, this is not bound to a key.Completingcomplete (TAB)Attempt to perform completion on the text before point. Bash attempts completiontreating the text as a variable (if the text begins with $), username (if the textbegins with~), hostname (if the text begins with @), or command (including aliasesand functions) in turn. If none of these produces a match, �lename completion isattempted.possible-completions (M-?)List the possible completions of the text before point.complete-�lename (M-/)Attempt �lename completion on the text before point.possible-�lename-completions (C-x /)List the possible completions of the text before point, treating it as a �lename.complete-username (M-~)Attempt completion on the text before point, treating it as a username.possible-username-completions (C-x~)List the possible completions of the text before point, treating it as a username.complete-variable (M-$)Attempt completion on the text before point, treating it as a shell variable.possible-variable-completions (C-x $)List the possible completions of the text before point, treating it as a shell variable.complete-hostname (M-@)Attempt completion on the text before point, treating it as a hostname.80



possible-hostname-completions (C-x @)List the possible completions of the text before point, treating it as a hostname.Miscellaneousabort (C-g)Abort the current editing command and ring the terminal's bell.do-uppercase-version (M-a, M-b, ...)Run the command that is bound to the uppercased key.pre�x-meta (ESC)Metafy the next character typed. This is for people without a meta key. ESC f isequivalent to Meta-f.undo (C- )Incremental undo, separately remembered for each line.revert-line (M-r)Undo all changes made to this line. This is like typing the `undo' command enoughtimes to get back to the beginning.display-shell-version (C-x C-v)Display version information about the current instance of bash.emacs-editing-mode (C-e)When in vi editing mode, this causes a switch to emacs editing mode.vi-editing-mode (M-C-j or M-C-m)When in emacs editing mode, this causes a switch to vi editing mode.
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Getting the MetaFont and TEX �lesSuppose you want to recompile MetaFont?FTP to ftp.cs.umb.eduGet the latest web.tar.Z (Knuth's web source for TEX, MetaFont, and friends) andweb2c.tar.Z (utility to generate C code from the web (Pascal) source). These are availableat various sites; the above is Karl Berry's (the current web2c maintainer) home site. As Iwrite this, the current version for web2c is 5.851d. Unpack these �les in some convenientdirectory (tar zxvf web.tar.Z; tar zxvf web2c.tar.Z) and cd into the top directory (e.g.,web2c-5.851d).Edit Make�le.inChanges you may wish to make: 1) change the pre�x from /usr/local to /usr/TeX,2) change CFLAGS from -g to -O2 (no need to debug, optimize) and add -s to LDFLAGS(use shared libraries), and 3) add // to the end of path components if you want subdi-rectories to be searched (the implementation will work fastest if the top directory, say/usr/TeX/lib/mf/macros//, just contains subdirectories).You may want to change the EDITOR default in lib/c-auto.h (I set it to TeXeditor whichis a symlink to my editor.Note: As mentioned in the text, I've modi�ed section 679 of the source and also theopeninout.c �le; you may also want to.Now run makeWhen (if?) the compiler exits due to the error from the malloc def in lex.yy.c, justrun jove +37 lex.yy.c, for example, and delete the unneeded malloc def. Then you can:make; make install-programs;Other than the programs themselves, various TEX and MetaFont �les are needed.TEX archivesftp pip.shsu.eduOr other convenient site to get the needed �les. For example, at shsu,cd tex-archive/fonts/mf; get cm.tar.Z will pack up the cm subdirectory which has theneeded MetaFont font source code. You may also want to get the tfm (TeX font Met-ric) �les while you are there.Only a few TEX �les are essential: plain.tex, hyphen.tex. There are various macropackages you may also want (for plain TEX, I recommend stables.tex, newsletr.tex) suchas LaTEX.Certainly, it is simplest to get a prepackaged collection of all the needed TEX andMetaFont �les. The SLS archive (disks t1-t3) contains an extensive package for Linux.82



Initialization �les /etc/rc/etc/update &/bin/rm -f /etc/mtab~ /etc/utmp>/etc/utmp;/bin/chmod 444 /etc/utmp/bin/cp /etc/smtab /etc/mtab/etc/mount -a/etc/swapon -a/etc/ctrlaltdel soft/etc/hostname your.ip.name.here/bin/rm -f /tmp/.X0-lock#/bin/stty 9600 cs8 ixon </dev/ttys1/bin/clock -s/etc/setterm -store -term console \-foreground black \-background white > /dev/tty1/etc/setterm -blank 10 -store -term console \-clear all -foreground black \-background white > /dev/tty2echo " rc complete"#/etc/rc.inet/bin/rm -f /etc/nologin /etc/rc.inetTo set networking, uncomment the call to rc.inet after you've:1 Created a �le /etc/resolv.conf containing a line with: nameserver <your.nameserver.ip.here>2 Edited rc.inet for your local site editing all the < your:ip:goes:here > entries for yoursite (search for < in rc.inet).A minimal, unedited rc.inet might look like:#! /bin/sh# Attach the loopback device./etc/ifconfig lo 127.0.0.1/etc/route add 127.0.0.1 #ie can look in /etc/hosts for addresses# Set up the Ethernet connection(s)./etc/ifconfig eth0 <your.ip.nr.here> #(optional) <your.netmask.goes.here># Set up the primary (static) routes./etc/route add <put.misc.router.here> #add as many as you wish/etc/route add default gw <your.default.gateway.here> metric 1NET="/conf/etc"# Start the SYSLOG daemon. This has to be the first server.echo -n "INET: " 83



if [ -f ${NET}/syslogd ]then echo -n "syslogd "${NET}/syslogdfi# Start the INET SuperServerif [ -f ${NET}/inetd ]then echo -n "inetd "${NET}/inetdelse echo "no INETD found. INET cancelled!"exit 1fi#/conf/etc/httpd -d /usr/lib/httpd #if you want that/etc/pro�leexport MODEM=/dev/modemexport TERM=vt100export DISPLAY=":0"export PATH=/etc:/bin:/conf/bin:/usr/X386/bin/:/usr/TeX/bin:/conf/etc:/usr/andrew/binhistory_control=ignoredups/bin/stty saneulimit -c 0PS1='`pwd` > 'PS2=' > 'CDPATH=".:~:/root/work:/usr/TeX/lib/tex:/usr/TeX/lib/mf:/usr/X386/lib/X11:/usr/lib/httpd"HISTFILESIZE=100
84



Appendix 3 Misc. Emacs Notes:� When loading �les, etc., Emacs will prompt with a default directory. If you want adi�erent directory, just start with / (i.e., give the absolute pathname). For example,if the prompt is /book/ you can type /etc/rc which will be loaded (even though theminibu�er has /book//etc/rc).For reference, here are default Emacs key-bindings (this is the refcard.tex by StephenGildea, copyright 1993, Free Software Foundation) that comes with GNU Emacs 19:
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GNU Emacs Reference Card(for version 19)Starting EmacsTo enter GNU Emacs 19, just type its name: emacsTo read in a �le to edit, see Files, below.Leaving Emacssuspend Emacs (or iconify it under X) C-zexit Emacs permanently C-x C-cFilesread a �le into Emacs C-x C-fsave a �le back to disk C-x C-ssave all �les C-x sinsert contents of another �le into thisbu�er C-x ireplace this �le with the �le you reallywant C-x C-vwrite bu�er to a speci�ed �le C-x C-wGetting HelpThe Help system is simple. Type C-h and follow the direc-tions. If you are a �rst-time user, type C-h t for a tutorial.remove Help window C-x 1scroll Help window ESC C-vapropos: show cmds matching string C-h ashow the function a key runs C-h cdescribe a function C-h fget mode-speci�c information C-h mError Recoveryabort partially typed or executing com-mand C-grecover a �le lost by a system crash M-x recover-fileundo an unwanted change C-x u or C-_restore a bu�er to its original contents M-x revert-bufferredraw garbaged screen C-l

Incremental Searchsearch forward C-ssearch backward C-rregular expression search C-M-sreverse regular expression search C-M-rselect previous search string M-pselect next later search string M-nexit incremental search RETundo e�ect of last character DELabort current search C-gUse C-s or C-r again to repeat the search in either direction.If Emacs is still searching, C-g cancels only the part notdone.c 1993 Free Software Foundation, Inc. Permissions on back. v2.0Motionentity to move over backward forwardcharacter C-b C-fword M-b M-fline C-p C-ngo to line beginning (or end) C-a C-esentence M-a M-eparagraph M-{ M-}page C-x [ C-x ]sexp C-M-b C-M-ffunction C-M-a C-M-ego to bu�er beginning (or end) M-< M->scroll to next screen C-vscroll to previous screen M-vscroll left C-x <scroll right C-x >scroll current line to center of screen C-u C-lKilling and Deletingentity to kill backward forwardcharacter (delete, not kill) DEL C-dword M-DEL M-dline (to end of) M-0 C-k C-ksentence C-x DEL M-ksexp M-- C-M-k C-M-kkill region C-wcopy region to kill ring M-wkill through next occurrence of char M-z charyank back last thing killed C-yreplace last yank with previous kill M-y
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Markingset mark here C-@ or C-SPCexchange point and mark C-x C-xset mark arg words away M-@mark paragraph M-hmark page C-x C-pmark sexp C-M-@mark function C-M-hmark entire bu�er C-x hQuery Replaceinteractively replace a text string M-%using regular expressions M-x query-replace-regexpValid responses in query-replace mode arereplace this one, go on to next SPCreplace this one, don't move ,skip to next without replacing DELreplace all remaining matches !back up to the previous match ^exit query-replace ESCenter recursive edit (C-M-c to exit) C-rMultiple Windowsdelete all other windows C-x 1delete this window C-x 0split window in two vertically C-x 2split window in two horizontally C-x 3scroll other window C-M-vswitch cursor to another window C-x oshrink window shorter M-x shrink-windowgrow window taller C-x ^shrink window narrower C-x {grow window wider C-x }select bu�er in other window C-x 4 bdisplay bu�er in other window C-x 4 C-o�nd �le in other window C-x 4 f�nd �le read-only in other window C-x 4 rrun Dired in other window C-x 4 d�nd tag in other window C-x 4 .

Formattingindent current line (mode-dependent) TABindent region (mode-dependent) C-M-\indent sexp (mode-dependent) C-M-qindent region rigidly arg columns C-x TABinsert newline after point C-omove rest of line vertically down C-M-odelete blank lines around point C-x C-ojoin line with previous (with arg, next) M-^delete all white space around point M-\put exactly one space at point M-SPC�ll paragraph M-qset �ll column C-x fset pre�x each line starts with C-x .Case Changeuppercase word M-ulowercase word M-lcapitalize word M-cuppercase region C-x C-ulowercase region C-x C-lcapitalize region M-x capitalize-regionThe Minibu�erThe following keys are de�ned in the minibu�er.complete as much as possible TABcomplete up to one word SPCcomplete and execute RETshow possible completions ?fetch previous minibu�er input M-pfetch next later minibu�er input M-nregexp search backward through history M-rregexp search forward through history M-sabort command C-gType C-x ESC ESC to edit and repeat the last command thatused the minibu�er. The following keys are then de�ned.previous minibu�er command M-pnext minibu�er command M-n
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GNU Emacs Reference CardBu�ersselect another bu�er C-x blist all bu�ers C-x C-bkill a bu�er C-x kTransposingtranspose characters C-ttranspose words M-ttranspose lines C-x C-ttranspose sexps C-M-tSpelling Checkcheck spelling of current word M-$check spelling of all words in region M-x ispell-regioncheck spelling of entire bu�er M-x ispell-bufferTags�nd a tag (a de�nition) M-.�nd next occurrence of tag C-u M-.specify a new tags �le M-x visit-tags-tableregexp search on all �les in tags table M-x tags-searchrun query-replace on all the �les M-x tags-query-replacecontinue last tags search or query-replace M-,Shellsexecute a shell command M-!run a shell command on the region M-|�lter region through a shell command C-u M-|start a shell in window *shell* M-x shellRectanglescopy rectangle to register C-x r rkill rectangle C-x r kyank rectangle C-x r yopen rectangle, shifting text right C-x r oblank out rectangle M-x clear-rectanglepre�x each line with a string M-x string-rectangleAbbrevsadd global abbrev C-x a gadd mode-local abbrev C-x a ladd global expansion for this abbrev C-x a i gadd mode-local expansion for this abbrev C-x a i lexplicitly expand abbrev C-x a eexpand previous word dynamically M-/

Regular Expressionsany single character except a newline . (dot)zero or more repeats *one or more repeats +zero or one repeat ?any character in the set [ : : : ]any character not in the set [^ : : : ]beginning of line ^end of line $quote a special character c \calternative (\or") \|grouping \( : : : \)nth group \nbeginning of bu�er \`end of bu�er \'word break \bnot beginning or end of word \Bbeginning of word \<end of word \>any word-syntax character \wany non-word-syntax character \Wcharacter with syntax c \sccharacter with syntax not c \ScRegisterssave region in register C-x r sinsert register contents into bu�er C-x r isave value of point in register C-x r SPCjump to point saved in register C-x r jInfoenter the Info documentation reader C-h iMoving within a node:scroll forward SPCscroll reverse DELbeginning of node . (dot)Moving between nodes:next node nprevious node pmove up uselect menu item by name mselect nth menu item by number (1{5) nfollow cross reference (return with l) freturn to last node you saw lreturn to directory node dgo to any node by name gOther:run Info tutorial hlist Info commands ?quit Info qsearch nodes for regexp s
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Keyboard Macrosstart de�ning a keyboard macro C-x (end keyboard macro de�nition C-x )execute last-de�ned keyboard macro C-x eappend to last keyboard macro C-u C-x (name last keyboard macro M-x name-last-kbd-macroinsert Lisp de�nition in bu�er M-x insert-kbd-macroCommands Dealing with Emacs Lispeval sexp before point C-x C-eeval current defun C-M-xeval region M-x eval-regioneval entire bu�er M-x eval-current-bufferread and eval minibu�er M-ESCre-execute last minibu�er command C-x ESC ESCread and eval Emacs Lisp �le M-x load-fileload from standard system directory M-x load-librarySimple CustomizationHere are some examples of binding global keys in EmacsLisp. Note that you cannot say "\M-#"; you must say "\e#".(global-set-key "\C-cg" 'goto-line)(global-set-key "\C-x\C-k" 'kill-region)(global-set-key "\e#" 'query-replace-regexp)An example of setting a variable in Emacs Lisp:(setq backup-by-copying-when-linked t)Writing Commands(defun command-name (args)"documentation"(interactive "template")body)An example:(defun this-line-to-top-of-window (line)"Reposition line point is on to top of window.With ARG, put point on line ARG.Negative counts from bottom."(interactive "P")(recenter (if (null line)0(prefix-numeric-value line))))The argument to interactive is a string specifying how toget the arguments when the function is called interactively.Type C-h f interactive for more information.Copyright c 1993 Free Software Foundation, Inc.designed by Stephen Gildea, May 1993 v2.0for GNU Emacs version 19 on Unix systemsPermission is granted to make and distribute copies of this cardprovided the copyright notice and this permission notice are pre-served on all copies.For copies of the GNU Emacs manual, write to the Free SoftwareFoundation, Inc., 675 Massachusetts Ave, Cambridge MA 02139.89



.emacsHere is a sample .emacs �le:(setq text-mode-hook 'turn-on-auto-fill)(setq make-backup-files nil)(put 'eval-expression 'disabled nil);; S=shift, C=control(global-set-key [f1] 'help-for-help)(global-set-key [S-f1] 'apropos)(global-set-key [C-f1] 'describe-key)(global-set-key [C-S-f1] 'describe-function)(global-set-key [f2] 'scroll-other-window)(global-set-key [S-f2] 'center-line)(global-set-key [f3] 'isearch-forward)(global-set-key [S-f3] 're-search-forward)(global-set-key [f4] 'query-replace)(global-set-key [S-f4] 'query-replace-regexp)(global-set-key [f5] 'global-set-key)(global-set-key [S-f5] 'font-lock-mode)(global-set-key [f6] 'calc)(global-set-key [f7] 'mtex-insert-typewriter)(global-set-key [S-f7] 'mtex-insert-roman)(global-set-key [f8] 'mtex-insert-italic)(global-set-key [S-f8] 'mtex-insert-bold)(global-set-key [C-f8] 'mtex-insert-brackets)(global-set-key [f9] 'save-buffer)(global-set-key [S-f9] 'latex-mode)(global-set-key [C-f9] 'plain-tex-mode)(global-set-key [f10] 'buffer-menu)(global-set-key [f11] 'eval-print-last-sexp)(global-set-key [f12] 'goto-line)(global-set-key [C-up] 'backward-paragraph)(global-set-key [C-down] 'forward-paragraph)(global-set-key [C-left] 'backward-word)(global-set-key [C-right] 'forward-word)(global-set-key [C-prior] 'beginning-of-buffer)(global-set-key [C-next] 'end-of-buffer)(global-set-key [home] 'beginning-of-line)(global-set-key [end] 'end-of-line)(global-set-key [C-insert] 'insert-file)(global-set-key [mouse-3] 'mouse-save-then-kill)(global-set-key [mode-line mouse-2] 'mouse-tear-off-window)90



(setq auto-mode-alist (append '(("\\.texi$" . tex-mode)) auto-mode-alist))(setq auto-mode-alist (append '(("\\.mf$" . tex-mode)) auto-mode-alist));;; Commands added by calc-public-autoloads on Tue Jun 1 10:52:18 1993.(autoload 'calc-dispatch "calc" "Calculator Options" t)(autoload 'full-calc "calc" "Full-screen Calculator" t)(autoload 'full-calc-keypad "calc" "Full-screen X Calculator" t)(autoload 'calc-eval "calc" "Use Calculator from Lisp")(autoload 'defmath "calc" nil t t)(autoload 'calc "calc" "Calculator Mode" t)(autoload 'quick-calc "calc" "Quick Calculator" t)(autoload 'calc-keypad "calc" "X windows Calculator" t)(autoload 'calc-embedded "calc" "Use Calc inside any buffer" t)(autoload 'calc-embedded-activate "calc" "Activate =>'s in buffer" t)(autoload 'calc-grab-region "calc" "Grab region of Calc data" t)(autoload 'calc-grab-rectangle "calc" "Grab rectangle of data" t)(autoload 'edit-kbd-macro "macedit" "Edit Keyboard Macro" t)(autoload 'edit-last-kbd-macro "macedit" "Edit Keyboard Macro" t)(autoload 'read-kbd-macro "macedit" "Read Keyboard Macro" t)(setq load-path (append load-path (list "/usr/lib/emacs/site-lisp/calc")))(global-set-key "\e#" 'calc-dispatch);;; End of Calc autoloads.;;; Mode settings stored by Calc on Wed Jun 2 11:56:42 1993(setq calc-complex-format 'i)(setq calc-angle-mode 'rad)(setq calc-language 'tex);;; End of mode settings;; if you like colors:; (load-file "/usr/lib/emacs/site-lisp/hilit19.el"); (add-hook 'find-file-hooks 'hilit-highlight-after-find t); (setq hilit-auto-highlight-maxout 200000) ; set a higher autohighlight max;what shell to use:(setq shell-file-name "/bin/bash");not needed with auc-tex(defun mft-buffer ()(interactive)(start-process "mft" "out" "mft" (buffer-name) "-s" "/book/mplain.mft"))91



(defun mf-buffer ()"run METAFONT on the buffer"(interactive)(start-process "mf" "METAFONT" "mf" "screenstrokes; input " (buffer-name)))(defun mtex-buffer ()(interactive)(start-process "tex" "out" "tex" (buffer-name))); (defun mtex-insert-bold (s) "insert bold text."; (interactive "sBold text: "); (insert "{\\bf ") (insert s) (insert "}"))(defun mtex-insert-bold (s) "insert bold text."(interactive "sBold text: ")(insert "<b> ") (insert s) (insert "</b>")); (defun mtex-insert-italic (s) "insert italic text."; (interactive "sItalic text: "); (insert "{\\it ") (insert s) (insert "}"));; (defun mtex-insert-typewriter (s) "insert typewriter text."; (interactive "sTypewriter text: "); (insert "{\\tt ") (insert s) (insert "}"));; (defun mtex-insert-roman (s) "insert roman text."; (interactive "sRoman text: "); (insert "\\rm ") (insert s) (insert "}"))(defun mtex-insert-italic (s) "insert italic text."(interactive "sItalic text: ")(insert "<i> ") (insert s) (insert "</i>"))(defun mtex-insert-typewriter (s) "insert typewriter text."(interactive "sTypewriter text: ")(insert "<tt> ") (insert s) (insert "</tt>"))(defun mtex-insert-roman (s) "insert roman text."(interactive "sRoman text: ")(insert "<pre> ") (insert s) (insert "</pre>"))(defun mtex-insert-brackets (s) "insert command."(interactive "sCommand: ")(insert "<") (insert s) (insert ">"))92



;; default size of torn-off frames(setq default-frame-alist(append (list'(width . 81)(cond((> (x-display-pixel-height) 1023) '(height . 32))((> (x-display-pixel-height) 899) '(height . 27))(t '(height . 26))))default-frame-alist))(defun space-then-fill (fillp)"Insert SPACE then fill-paragraph"(interactive "P")(insert " ")(fill-paragraph fillp)(if (eolp) (insert " ")));then use:; (local-set-key " " 'space-then-fill); to use it, ie for auto filling of paragraphs as; one goes along; (load-file "/usr/lib/emacs/site-lisp/auctex/tex-site.elc"); (load "auc-tex") ;for old keymappings; (setq-default TeX-master t); (setq TeX-auto-global nil); (setq-default TeX-parse-self nil) ; Disable parse on load.; (setq-default TeX-auto-save nil) ; Disable parse on save.;;colors for point and pointer(if (equal window-system 'x)(progn(transient-mark-mode 1) ;highlighting on(display-time) ;display time and Mail;(setq baud-rate 19200) ; used to be a bug under X93



;(set-default-font "10x20")(set-border-color "blue")(set-foreground-color "Black")(set-background-color "bisque")(set-cursor-color "blue");;needs set-mouse-color to be effective(setq x-pointer-shape x-pointer-left-ptr)(set-mouse-color "green3");(menu-bar-mode -1) ;no menus;(toggle-scroll-bar -1) ;no scroll bars))
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Appendix 4The main di�culty in con�guring X is in adjusting for one's monitor and video card.The �le /usr/X386/lib/X11/VideoModes.Doc gives detailed instructions on setting the videotimings. X allows far more exibility than DOS con�gurations. The downside of thisis that one has to do the con�guration oneself. A crucial point is to ensure that onedoesn't try to drive one's monitor past its ability{this can damage the monitor! Tocheck the horizontal refresh rates needed by the below, start emacs, press ESC x calc andthen enter: '[25/800 28/800 36/1024 40/1056 44/1264] 1000 *. This will give a vectorgiving the horizontal refresh in kilohertz. I've commented out the fast refreshs; still, youshould de�nitely read (and understand) the VideoModes.Doc �le and modify the Xcon�gappropriately before starting X.#mach8 config (with commented out stuff for vga256,S3,Mach32)FontPath "/usr/lib/X11/fonts/misc/"FontPath "/usr/lib/X11/fonts/75dpi/"FontPath "/usr/andrew/X11fonts/"KeyboardAutoRepeat 500 5ServerNumLockps/2 "/dev/ps2aux"#MouseSystems "/dev/ttys1"#Microsoft "/dev/ttys2"#Busmouse "/dev/mouse"Emulate3Buttons#vga256vga2Virtual 1024 768ViewPort 0 0Modes "1024x768" "640x480h"vga16Virtual 640 480ViewPort 0 0Modes "640x480h" "640x480"# Clocks 25 28 65 36 0 78 38 48 #vga2accelVirtual 1024 768# Virtual 640 480ViewPort 0 0Modes "1024x768" "1024x664" "800x600" "640x480"# Modes "640x480h" "640x480hh"Clocks 43.00 49.00 92.50 36.30 50.50 56.60 0.00 44.9030.40 32.20 110.90 80.50 40.00 44.80 75.50 65.2021.50 24.50 46.25 18.15 25.25 28.30 0.00 22.4515.20 16.10 55.45 40.25 20.00 22.40 37.75 32.60# Clocks 43 49 92 36 50 56 0 45 30 32 110 80 40 44 75 65 #Mach895



#Mach32#Clocks 100 126 92 36 51 57 0 44 135 32 110 80 39 45 75 65# 50 63 46 18 25 28 0 22 67 16 55 40 19 23 37 33#Clocks 25 28 39 71 49 93 37 46 127 120 77 31 110 64 74 94 #S3 801ModeDB# clock horzontal timing vertical timing"640x480" 25 640 664 760 800 480 491 493 525"640x480h" 28 640 664 760 800 480 489 492 520"640x480hh" 31.5 640 664 704 832 480 489 492 520"800x600" 36 800 824 896 1024 600 601 603 625# 48 800 880 944 1080 600 639 643 690 -hsync -vsync"1024x664" 65 1024 1032 1176 1304 664 664 672 680# "1024x768" 65 1024 1048 1184 1344 768 771 777 806"1024x768" 65 1024 1088 1176 1304 768 768 774 79075 1024 1048 1184 1288 768 771 777 806 -hsync -vsync78 1024 1056 1336 1368 768 768 774 790 -hsync -vsync80 1024 1056 1336 1368 768 776 780 807# 80 1024 1088 1176 1304 768 776 780 807"1024x868" 80 1024 1088 1176 1304 868 870 876 890"1280x1024" 110 1280 1320 1480 1728 1024 1029 1036 1077.XdefaultsHere is a sample .Xdefaults (the olvwm and Openwindows resources are just for olvwm):aMosaic*TitleFont: -adobe-times-bold-r-normal-*-14-*-100-100-*-*-iso8859-1aMosaic*Font: -adobe-times-medium-r-normal-*-12-*-100-100-*-*-iso8859-1aMosaic*ItalicFont: -adobe-times-medium-i-normal-*-12-*-100-100-*-*-iso8859-1aMosaic*BoldFont: -adobe-times-bold-r-normal-*-12-*-100-100-*-*-iso8859-1aMosaic*FixedFont: -adobe-courier-medium-r-normal-*-12-*-100-100-*-*-iso8859-1aMosaic*Header1Font: -adobe-times-bold-r-normal-*-14-*-100-100-*-*-iso8859-1aMosaic*Header2Font: -adobe-times-bold-r-normal-*-12-*-100-100-*-*-iso8859-1aMosaic*Header3Font: -adobe-times-bold-r-normal-*-12-*-100-100-*-*-iso8859-1aMosaic*Header4Font: -adobe-times-bold-r-normal-*-10-*-100-100-*-*-iso8859-1aMosaic*Header5Font: -adobe-times-bold-r-normal-*-10-*-100-100-*-*-iso8859-1aMosaic*Header6Font: -adobe-times-bold-r-normal-*-08-*-100-100-*-*-iso8859-1aMosaic*AddressFont: -adobe-times-medium-i-normal-*-12-*-100-100-*-*-iso8859-1aMosaic*PlainFont: -adobe-courier-medium-r-normal-*-10-*-100-100-*-*-iso8859-1aMosaic*ListingFont: -adobe-courier-medium-r-normal-*-10-*-100-100-*-*-iso8859-1Mosaic*homeDocument: http://128.173.6.137/public.htmlMosaic*catchPriorAndNext: true*StickyIconScreen: trueemacs.font: -adobe-courier-medium-r-normal--14-*Emacs&geometry: 81x26-0+0emacs.title: emacsScrollbar.JumpCursor: True 96



*Scrollbar*background: Gray80xdvi*Offset: .2cmxdvi*expert: truexdvi*geometry: +0+0xdvi*shrinkFactor: 3XTerm*JumpScroll: trueXTerm*font: 10x20XTerm*noScroll: trueXTerm*VT100.geometry: 81x26-0+0mf*geometry: -0+0mf*height: 600mf*width: 800rxvt*font: 7x14boldXfm*file window*dir_icon.foreground: green3Xfm*file window*exe_icon.foreground: redXfm*file window*file_icon.foreground: blueXfm*file window*other_icon.foreground: blackXfm*file window.Geometry: 550x230+0+200Xfm.defaultDisplayType: TextXfm.applicationDataFile: ~/.xfmrcXfm.showDate: falseXfm.defaultEditor: exec xterm -e joveXfm.confirmCopies: falseXfm.showLength: falseXfm.defaultSortType: SortByDateXfm.confirmDeletes: falseXfm.showOwner: falseXfm.initialDisplayType: TextXfm.Geometry: 450x170+5+5Xfm.confirmMoves: falseXfm.showPermissions: false*multiScroll: true*bitmapFilePath: /usr/X386/include/X11/bitmaps*timeFormat: C*numeric: C*background: linen*bottomShadowcontrast: 40*topShadowContrast: 20*displayLang: C*basicLocale: C*shadowWidth: 2*inputLang: C*beNiceToColormap: false*shapeStyle: Rectangle 97



.fvwmrcHere's the rc �le for the feeble window manager I'm using:SmartPlacementStdForeColor BlackStdBackColor #ffe4c4HiForeColor BlackHiBackColor sandybrownFont 7x14WindowFont -adobe-helvetica-bold-r-*-*-*-100-*-*-*-*-*-*IconFont -adobe-helvetica-medium-r-*-*-*-100-*-*-*-*-*-*PagerFont 5x7DeskTopSize 2x2DeskTopScale 16Pager -1 +1IconBox 0 0 400 150IconBox -200 100 -1 500StaysOnTop Fvwm PagerEdgeScroll 0 0NoTitle rclockNoTitle GoodStuffSticky rclockSticky xclockSticky xdaliclockSticky xcalendarSticky xbiffStaysOnTop xclockWindowListSkip xclockWindowListSkip rclockWindowListSkip xbiffIcon "rxvt" /usr/X386/include/X11/bitmaps/term.xpmIcon "GoodStuff" /usr/X386/include/X11/bitmaps/toolbox.xpmIcon "xterm" /usr/X386/include/X11/bitmaps/xterm.xpmIcon "x3270-4" /usr/X386/include/X11/bitmaps/term.xpmIcon "rclock" /usr/X386/include/X11/bitmaps/clock.xpmIcon "xcalendar" /usr/X386/include/X11/bitmaps/datebook.xpmIcon "mfgterm" /usr/X386/include/X11/bitmaps/sm-mf.xbmIcon "mfterm" /usr/X386/include/X11/bitmaps/metafont.xpmIcon "tex" /usr/X386/include/X11/bitmaps/sm-tex.xbmIcon "texterm" /usr/X386/include/X11/bitmaps/tex.xpmIcon "vtaix" /usr/X386/include/X11/bitmaps/kterm.xpmIcon "pixmap" /usr/X386/include/X11/bitmaps/pixmap.xpmIcon "Fvwm Pager" /usr/X386/include/X11/bitmaps/porsche.xpmIcon "xman" /usr/X386/include/X11/bitmaps/xman.xpmIcon "emacs" /usr/X386/include/X11/bitmaps/emacs.xpm98



Icon "xfm" /usr/X386/include/X11/bitmaps/next.xpmIcon "xcalc" /usr/X386/include/X11/bitmaps/xcalc.xpmIcon "cdrom" /usr/X386/include/X11/bitmaps/cdrom.xpmIcon "clipboard" /usr/X386/include/X11/bitmaps/clipboard.xpmIcon "linux" /usr/X386/include/X11/bitmaps/linux.xpmIcon "mail" /usr/X386/include/X11/bitmaps/mail.xpmIcon "postit" /usr/X386/include/X11/bitmaps/postit.xpmIcon "sharks" /usr/X386/include/X11/bitmaps/sharks.xpmIcon "xedit" /usr/X386/include/X11/bitmaps/xedit.xpmIcon "xrn" /usr/X386/include/X11/bitmaps/xrn.xpmIcon "xgrab" /usr/X386/include/X11/bitmaps/xgrab.xpmIcon "xarchie" /usr/X386/include/X11/bitmaps/xarchie.xpmIcon "unknown" /usr/X386/include/X11/bitmaps/unknown.xpmIcon "xcalc" /usr/X386/include/X11/bitmaps/xcalc.xpm#now define the menus - defer bindings until laterPopup "Quit-Verify"Title "Really Quit Fvwm?"Quit "Yes, Really Quit"Nop "No, Don't Quit"EndPopup# This defines the most common window operationsPopup "Window Ops"Title "Window Ops"Move "Move"Resize "Resize"Raise "Raise"Lower "Lower"Iconify "(De)Iconify"Stick "(Un)Stick"Maximize "(Un)Maximize"Maximize "(Un)Maximize Vertical" 0 100Nop ""Destroy "Destroy"Delete "Delete"EndPopupPopup "Applications" ApplicationsExec "XTerm" exec xterm -title Terminal -sb -bg linen -e bash&Exec "TeX" exec texterm -e jove &Exec "METAFONT" exec mfterm -sb -fn 7x14bold -e mf &Exec "Mosaic" exec Mosaic +0+30 &Exec "Xdu" exec xdu </mdirs &Exec "Xv" exec xv -vsperfect&Exec "phonenrs" exec xterm -e jove /root/phone.nrs &99



EndPopupPopup "Games" GamesExec "Tetris" exec tetris &Exec "FreeCell" exec xpat -rules FreeCell &Exec "Klondike" exec xpat -rules Klondike &Exec "x3270" exec x3270 -geometry +0-0 &EndPopupPopup "Utilities"Title "Utilities"Exec "XTerm-vtaix" exec xrlogin -telnet -sb -geometry 81x26+0-0 -fn10x20 vtaix &EXEC "X3270" exec x3270 vtvm1.cc.vt.edu &Exec "Xterm" exec xterm -sb -fn 10x20 -bg linen -geometry 81x26+0-0 -sb -e bash&Exec "XTeX" exec xtex &Exec "Emacs" exec emacs -geometry 81x26+0-0 &Exec "Mosaic" exec Mosaic -geometry +0+30&Exec "EZ" exec ez /usr/andrew/doc/AtkTour/Media &Exec "jove" exec xterm -fn 6x12 -geometry 80x14+0+0 &Exec "Andrew Help" exec ahelp ez &Exec "Calendar" exec xcalendar -geometry 270x220+530+0 &EndPopup############################################################################# Now define some handy complex functions# This one moves and then raises the window if you drag the mouse,# only raises the window if you click, or does a RaiseLower if you double# clickFunction "Move-or-Raise"Move "Motion"Raise "Motion"Raise "Click"RaiseLower "DoubleClick"EndFunction# This one moves and then lowers the window if you drag the mouse,# only lowers the window if you click, or does a RaiseLower if you double# clickFunction "Move-or-Lower"Move "Motion"Lower "Motion"Lower "Click"RaiseLower "DoubleClick"100



EndFunction# This one resizes and then raises the window if you drag the mouse,# only raises the window if you click, or does a RaiseLower if you double# clickFunction "Resize-or-Raise"Resize "Motion"Raise "Motion"Raise "Click"RaiseLower "DoubleClick"EndFunction# define the mouse bindings# Button Context Modifi FunctionMouse 1 R N PopUp "Window Ops"Mouse 2 R N PopUp "Applications"Mouse 3 R N PopUp "Utilities"Mouse 1 1 N PopUp "Window Ops"Mouse 2 1 N PopUp "Window Ops"Mouse 3 1 N PopUp "Window Ops"Mouse 1 2 N IconifyMouse 2 2I N IconifyMouse 3 I2 N IconifyMouse 1 F N ResizeMouse 1 TSI A Function "Move-or-Raise"Mouse 2 I A IconifyMouse 2 I N IconifyMouse 2 FST N PopUp "Window Ops"Mouse 3 TSF N RaiseLowerKey Left A C Scroll -600 +0Key Right A C Scroll +600 +0Key Up A C Scroll +0 -600Key Down A C Scroll +0 +600Key Left R N Scroll -600 +0Key Right R N Scroll +600 +0Key Up R N Scroll +0 -600Key Down R N Scroll +0 +600101



Key F1 A M Exec "help" exec xterm -e more /usr/man/cat7/fvwm.7 &Key F2 A M Popup "Window Ops"Key F3 A M Popup "Utilities"Key F4 A M MoveKey F5 A M ResizeKey Next A M CirculateUpKey Prior A M CirculateDownKey n A M CirculateUpKey p A M CirculateDownKey r A M RefreshKey m A M MoveKey s A M ResizeKey l A M RaiseLowerKey x A M DestroyKey i A M IconifyDecorateTransientsRandomPlacement
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Appendix 5 Sample �le structure
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