Unix for TOPS-20 Users

Nelson H.F. Beeb e

Cen ter for Scien tific Computing

Departmen t of Mathematics

Univ ersit y of Utah

Salt Lak e Cit y , Utah 84112

USA

T el: (801) 581-5254

[24-Jun-87]

Con ten ts

1 In tro duction 1

2 What’s in the Name 2

3 Command Pro cessors 2

4 Command Corresp ondence 5

5 File T ree Organization 13

6 User, Directory

, and File Names 17

7 Device Names 17

8 Logical Names 18

9 Pip es, I/O Redirection, and Bac kground Jobs 19

10 T erminal Supp ort in Unix 20

11 EOF and Logout 21

12 Command Aliases 21

13 En vironmen t Customization 22

14 Getting Help On-line 22

15 Op erators, Wheels, and Sup er-Users 23

16 Imp ortan t Unix T o ols 24

17 F urther Reading 25

Index 27

i

1 INTR

ODUCTION 1

1 In tro duction

This do cumen t has b een written to pro vide a starting p oin t for Tops-20 users

who will b e w orking on Unix systems, particularly the SUN w orkstations. It is

not a small b o ok ab out Unix; the last section giv es p oin ters to sev eral b o oks

that should pro v e useful. Rather, it is in tended to pro vide the reader with

connections b et w een familiar Tops-20 concepts and their analogues on Unix.

Unix has often b e criticized for terseness, lac k of mnemonic commands, and

command inconsistency

, plus for o v er-emphasis of in teractiv e computer use as

opp osed to batc h “n um b er crunc hing”. T o a considerable exten t, these criticisms

are grounded in fact. Ho w ev er, an y one who uses Unix for an extended p erio d

and learns ho w to mak e go o d use of the m ultitude of to ols a v ailable almost

without exception b ecomes a con v ert. Despite its w arts, Unix is in man y w a ys

a v ery b eautiful op erating system whic h has had, and con tin ues to ha v e, enor-

mous influence on op erating systems design, programming languages, soft w are

dev elopmen t en vironmen ts, and ev en on hardw are of sev eral new arc hitectures.

Its clean, sleek, design can b e attributed largely to the small n um b er of v ery

talen ted researc hers at A

T&T Bell Lab oratories who dev elop ed it for the first

sev eral y ears of its first existence on a PDP-11, with subsequen t p orts to IBM

370 and Honeyw ell GCOS systems. Sev eral of them deserv e men tion here, for

y ou will see their names men tioned frequen tly in Unix b o oks, literature, and

do cumen tation:

ffl Ken Thompson for the op erating system k ernel and file system;

ffl Dennis Ritc hie for the C language;

ffl Stev e Johnson for the P ortable C compiler, and the yacc and lex compiler

generator to ols;

ffl Brian Kernighan, P eter W ein b erger, and Al Aho for n umerous soft w are

to ols and b o oks ab out Unix and C;

ffl Stu F eldman for the first F ortran 77 compiler an ywhere, f77, and for make,

p ossibly the all-time greatest soft w are to ol ev er written.

Implemen tations of Unix run on mac hines as small as the IBM PC, and as

large as the Cra y 2. With only a few exceptions (CDC, F ujitsu, and IBM), nearly

ev ery new sup ercomputer in tro duced to the mark et since 1985 has, or will so on

ha v e, Unix. No other op erating system in the w orld runs on so man y differen t

hardw are arc hitectures, pro viding, for the first time in computing’s fort y-y ear

history

, the p ossibilit y of true programmer and soft w are p ortabilit y across m ul-

tiple arc hitectures. F rom managemen t’s p oin t of view, this should mak e it m uc h

easier to c hose computers more on the basis of hardw are p erformance, and less

on main taining the status quo that has left mainframe computing en vironmen ts

only sup erficially differen t than they w ere in 1963 when the first m ulti-mo del

arc hitecture, the IBM 360 series, w as in tro duced.

2 WHA

T’S IN THE NAME 2

2 What’s in the Name

Ken Thompson c hose the name Unix as a pun on the op erating system Multics,

from whic h it b orro w ed man y ideas. The initial implemen tation on the PDP-11

w as in assem bly co de, but this w as so on rewritten in the C language. Dennis

Ritc hie dev elop ed C from B, whic h in turn came from BCPL, one of the first

p ortable systems programming languages. BCPL and B still exist, and B has

pro duced a descendan t, Marga y, whic h is used to write the W aterlo o Maple

algebra system. C has completely o v ershado w ed them ho w ev er.

A T&T Bell Lab oratories has trademark ed the name Unix, so other v endors

who license it from them m ust usually come up with new names. A

T&T has

no w gone through public releases of V ersion 6, V ersion 7, System I I I, System

V, PWB (Programmer’s W orkb enc h), and D

WB (Do cumen ter’s W orkb enc h).

V ersion 8 is in dev elopmen t in ternally .

Berk eley has had 4.0, 4.1, 4.2, and 4.3 of BSD (Berk eley Standard Distri-

bution) Unix. Their con tributions to Unix are legion; the most significan t are

the original p ort to the DEC V

AX arc hitecture, the addition of virtual memory

paging supp ort, the fast file system, the C shell (csh), and TCP/IP net w orking

supp ort.

Hewlett-P ac k ard calls theirs HPUX; it is based on System V with Berk eley

extensions.

Sun’s implemen tation is called Unix in their do cumen tation; they are ap-

paren tly licensed to do so. It is based on 4.3 BSD with System V compatibilit y ,

and Sun is w orking together with A

T&T to pro duce a common Unix merging

the features of b oth these ma jor implemen tations.

IEEE has published a p ortable op erating system in terface definition called

POSIX, deriv ed from a subset of V ersion 7, System I I I, and System V.

Gould’s implemen tation is UTX-32. The IBM R T v ersion is called AIX. On

the Cra y 2, it is called UNICOS.

On the IBM PC, w e ha v e V enix from V en tureCom, and Xenix from Mi-

crosoft.

Nob o dy to m y kno wledge has y et pro duced a cleaned-up v ersion called

Kleenix.

3 Command Pro cessors

Unix offers a v ariet y of command pro cessors, called shells, whic h are analogous

to com binations of the Tops-20 EXEC, MIC, and PCL .

The original one, sh, is kno wn as the Bourne shell, after its author, Stev e

Bourne. The most p opular one in Berk eley Unix en vironmen ts is Bill Jo y’s

csh, the C shell, so called b ecause of its resem blance to the C programming

language. csh offers b etter programmabilit y , command history

, command alias-

ing, and imp ortan tly , job con trol allo wing starting and stopping foreground and

OCESSORS 3

bac kground jobs.

A new er shell is the Korn shell, ksh, whic h com bines features of b oth sh

and csh, and offers command functions and Emacs-st yle command editing. The

fpsh is a Bac kus functional-programming st yle shell. Neither ksh nor fpsh

has receiv ed wide distribution, but ksh ma y ev en tually replace sh if it receiv es

strong A

T&T bac king.

In Sun Unix, shells and other programs ma y b e con v enien tly run in a win-

do wing en vironmen t; see the man pages on dbxtool, shelltool, suntools, and

tektool.

Unlik e the Tops-20 EXEC, Unix shells ha v e only a small n um b er of built-in

commands, and these are exclusiv ely for con trol of shell options. What corre-

sp onds to most EXEC commands are actual executable programs whose names

are not kno wn to the Unix shells; they m ust therefore b e t yp ed without ab-

breviation. They are searc hed for in the file system in a c hain of directories

defined b y the PATH en vironmen t v ariable, m uc h lik e the Tops-20 SYS: logical

name. F or this reason, and also b ecause Unix w as originally dev elop ed on slo w

telet yp e prin ting terminals, Unix commands tend to b e short, with man y 2-

and 3-letter commands.

The Tops-20 EXEC has kno wledge of the syn tax for all of its built-in com-

mands, and PCL giv es ordinary users the abilit y to add new ones whic h are

indistinguishable from EXEC commands as far as their user in terface is con-

cerned. When y ou t yp e something lik e COMPILE /?, the EXEC kno ws what

switc hes are a v ailable, and will displa y them in resp onse to y our query

, but no

attempt has b een made to load an y particular compiler in to memory

. A program

whose syn tax is not built-in to the EXEC, suc h as FORTRA.EXE, cannot giv e y ou

help un til it is running. That is wh y FORTRA /? do es not w ork, but FORTRA

follo w ed b y a carriage return and /? do es, since b y that time, the program

is executing. The particular order of switc hes and filenames on the command

line is up to who ev er defined the parsing syn tax, and consequen tly , Tops-20

commands exhibit a v ariet y of st yles, including sub command mo des, suc h as

used b y the BUILD and DIRECTORY commands, whic h ha v e a large n um b er of

options.

In Unix, the shells do not carry built-in kno wledge of individual program

options and filename exp ectations. Instead, they assume that al l commands

are in v ok ed with the syn tax commandverb foptional switchesg filelist.

Switc hes are con v en tionally prefixed b y a h yphen (though there are exceptions,

suc h as tar and ar). In an y ev en t, ev erything after the commandverb is assumed

to b e a p oten tial filelist, and the text is scanned for wildcard c haracters (whic h

cause filename expansion), and the command line is expanded in to a list of

blank-separated argumen ts. The main routine in the program itself is then

presen ted with t w o parameters—an in teger coun t of the n um b er of argumen ts,

and a v ector of p oin ters to eac h of the argumen ts.

F or man y purp oses, this is quite adequate. No program has to handle wild-

card expansion, since it sees only the final list of command-line argumen ts.

OCESSORS 4

Option parsing is simple b ecause the initial c haracter of eac h argumen t is ex-

amined to see whether it is a h yphen or not; if it is, an option switc h is assumed,

and the remaining c haracters of the argumen t are further examined to classify

the argumen t. Otherwise, the argumen t is assumed to b e a filename.

There are sev eral disadv an tages of this approac h.

ffl No in-line help is a v ailable from the shell, lik e it is with the Tops-20

EXEC. This is a serious fla w of essen tially ev ery other op erating system

but Tops-20, and forces a user who has partially t yp ed a command line

and then forgotten the name of a switc h to reac h for a prin ted man ual, or

ab ort the t yp ein and go searc h for on-line do cumen tation.

ffl In v alid syn tax in the command line is not detected un til the program has

already b een lo cated in the file system, loaded in to memory

, and started,

whic h w astes system resources. Since t yp ographical errors are common,

this happ ens frequen tly .

ffl The filename expansion done b y the shell is limited to the size of the

p oin ter v ector buffer, whic h is unfortunately fixed when the shell is built.

Although it is large, it is not large enough to hold expansions of sev eral

large directories; for example, ls -l /usr/man/man?/* o v erflo ws the shell

buffer and the command do es nothing.

ffl Because the shells handle wildcard expansion, ev ery one assumed that

w ould alw a ys b e sufficien t, and no Unix library that I am a w are of pro-

vides a user-callable function for wildcard expansion. Th us, a program

lik e Unix Kermit cannot handle a get *.* command, unless that request

w as on the command line.

ffl Expanding wildcards implies searc hing the file system, and the w a y that

the shells, and programs lik e tar, ha v e done this is to read the directory

files themselv es, making user co de unnecessarily kno wledgeable ab out de-

tails that really should b e kno wn only to the k ernel. In Sun’s latest release

of Unix, directories can only b e read via sp ecial library calls, instead of b y

explicit op ens and reads of directory files, indicating that the imp ortance

of m y criticism is only no w b eginning to b e understo o d.

ffl The non-trivial pattern matc hing co de required b y most editors and the

shells has only recen tly b een added to the standard libraries on some Unix

systems (regexp(3)).

The Tops-20 approac h for wildcard expansion p ermits the user to presen t

a wildcarded file sp ecification to the Monitor through a system call, then to

retriev e one matc hing filename with eac h subsequen t system call. If the program

wishes to offer fancier pattern matc hing, it can easily do so b y requesting the

most general file sp ecification from the Monitor in the first place, then apply the

Standard TOPS-20 Commands Unix Equiv alen ts

EXECUTE c ommandname

EXPUNGE -n/a-

FDIRECTOR

Y ls -l

F ORK csh: bg, fg; switc her

FREEZE csh: fg plus Ctl-Z

GET -n/a-

HELP aprop os, man, emacs Ctl-H I

HISTOR

Y history

INF ORMA

TION atq, en v, lp q, prin ten v

KEEP csh: bg

KMIC -n/a-

LO AD cc, f77, ld, mak e, p c, pi, pix, p x

LOGOUT logout or Ctl-D

MER GE -n/a-

MODIFY -n/a-

MOUNT -n/a-

NAME -n/a-

ORIGINAL -n/a-

POP Ctl-D

PRESER

VE -n/a-

PRINT lpr

PUNCH -n/a-

PUSH csh, sh

QD -n/a-

R -n/a-

RDIRECTOR

Y ls -ltu

RECEIVE mesg

REENTER -n/a-

REFUSE mesg

REMARK cat ¿/dev/n ull

RENAME m v

RESET csh: kill -9 %#

RETRIEVE -n/a-

REWIND dd, m t

R UN c ommandname

SA VE csh: Ctl-n

SET lea v e, csh: set v erb ose, passwd

SKIP dd, m t

ST AR T csh: fg

SUBMIT at

SYST A T finger, last, ps, rwho, w, who

Standard TOPS-20 Commands Unix Equiv alen ts

T AKE csh file, sh file, csh: source file, sh: . file

T ALK mesg, write

TDIRECTOR

Y ls -lt

TERMINAL reset, stt y , tset

TRANSLA

TE -n/a-

TYPE cat, less, more, view

UNA TT A CH -n/a-

UNDECLARE -n/a-

UNDELETE -n/a-

UNKEEP -n/a-

UNLO

AD dd, m t

VDIRECTOR

Y ls -l

WDIRECTOR

Y ls -lt

Common TOPS-20 Programs Unix Equiv alen ts

AMSTEX amstex

A WK a wk

BBO ARD rn

BOLDx tgrind, vgrind

CB cb, inden t

Ctl-T Ctl-T, time

DET AB expand, unexpand

DIFF diff, diff3, sdiff

DOCUMENT format, roff, nroff, troff

DO WNLD cat, setk eys

ECHO ec ho

EGREP egrep

F AIL as

F GREP fgrep

FILCOM diff, diff3, sdiff

FINGER finger

F ORPR

T fpr

F ORPTX fpr

FTP ftp, rcp, tftp, uucp, uusend

GETSPD stt y

GREP grep

HEAD head

INDENT cb, inden t

INFSCR du

KERMIT k ermit

LA TEX latex

LIBREF libref, nm

LPTOPS devps, lptops, transcript

MA CR O as

MAKE mak e

MAKFIL fsplit, makfil, split

MAKLIB ar, ranlib

MAPLE maple

MID AS as

ML TCOL pr

MM mail

NETST A T finger, netstat, ruptime, rwho, traffic

GANIZA

TION 11

Common TOPS-20 Programs Unix Equiv alen ts

P ASTOC pasto c

PCHIST gprof, monitor, prof, tco v

PCLOOK gprof, monitor, prof, tco v

PF ORM -n/a-

PF OR T pfort

PHOTO script

PRETTY prett y

QSPELL sp ell

RA TF OR efl, f77, ratfor

REDUCE reduce

R UNOFF format, roff, nroff, troff

SCRIBE scrib e

SED sed

SEDIT ed, ex, sed

SETSPD stt y

SF3 sf3

SNOBOL icon, snob ol

SOR T sort, tsort

SR CCOM diff, diff3, sdiff

T AIL tail

TELNET telnet, rlogin, rsh, uux

TEX tex

TMA CR O cpp, m4, tmacro

TNET tip

TPUTIL ansitap e, dd, m t, tar

TRIM72 a wk

TST A GE find

UHELP uhelp

UNITS units

USRLST ls /usr

UUDECODE uudeco de

UUENCODE uuenco de

V AXT AP ansitap e

VMSHELP vmshelp

XREF cxref, p xref

XSEAR

CH egrep, fgrep, grep, ngrep

5 File T ree Organization

Tops-20 and Unix b oth offer what app ears to the user to b e a tree-structured

file system made up of ordinary data files and directory files; the directory files

con tain lists of files, including p ossibly directory files. Tops-20 file names are

5 FILE TREE OR

GANIZA

TION 12

case insensitiv e, and con v en tionally displa y ed in upp er-case. Unix file names

are c ase sensitive : files foo, FOO, and Foo are distinct. Since ASCI I upp er-case

letters collate b efore lo w er-case letters, Unix users traditionally sp ell all file

names in lo w er-case, except those few sp ecial files that they w an t to app ear at

the start of a directory listing, suc h as Makefile, README, and TODO, where they

are more lik ely to b e noticed.

Here is a comparison of these file tree structures.

Directory Object Tops-20

Directory file name.DIRECTORY.1

Root directory device:¡ROOT-DIRECTORY¿

Top-level directory name device:¡ROOT-DIRECTORY¿FOO.DIRECTORY.1

Top-level directory device:¡FOO¿

Subdirectory device:¡FOO.BAR¿

Ordinary file device:¡FOO.BAR¿file.ext.gen

Directory Object Unix

Directory file anyname

1

Root directory /device

Top-level directory name /device/foo

Top-level directory /device/foo

Subdirectory /device/foo/bar

Ordinary file /device/foo/bar/file.ext

2

There are b oth go o d and bad p oin ts of these file systems.

Both ha v e the concept of a default login directory and a “curren t default

directory”, so frequen tly , only the file name, not its full directory path, has

to b e sp ecified. Unix supp orts relativ e directory paths, and Tops-20 will to o

with the next v ersion of the Monitor to b e installed in late spring 1987. This

reduces the amoun t of t yping users ha v e to do, and mak es it p ossible to define

command files whic h nev er ha v e to name a full directory path explicitly

, allo wing

directory trees to b e mo v ed from mac hine to mac hine without ha ving to edit

their command files. The

¡

PLOT79

¿

Unix implemen tation mak es extensiv e

use of this capabilit y .

On Unix, files in the curren t directory can b e named without an explicit

path, or prefixed b y a relativ e path ./, since . is a shorthand for the cur-

ren t directory

. The paren t directory shorthand is .., so a file in that direc-

tory could b e referred to as ../filename. This notation can b e rep eated:

1

Unix has no sp ecial directory name format; the directory file attribute is stored with the

file protection bits

2

Unix do es not ha v e file generations, although m ultiple p erio ds are p ermitted in names, so

they can b e sim ulated—file.ext.1 is a v alid file name.

5 FILE TREE OR

GANIZA

TION 13

../../../filename is a file in the great grandparen t directory . Y ou rarely

need to use the ./ notation, but it is sometimes handy to disam biguate a file-

name with an initial h yphen from an option switc h, whic h is alw a ys b egun b y

a h yphen in Unix; for example, rm -foo raises an error message rm: unknown

option , but rm ./-foo deletes the file successfully .

Another useful shorthand supp orted b y csh and sev eral utilities, but not b y

sh, is tilde to represen t the login directory: /.cshrc is a file in that directory .

F or sh, y ou m ust use a standard en vironmen t v ariable, HOME: $HOME/.cshrc;

this w orks with csh to o.

On b oth systems, directory files are sp ecial—they ma y b e readable b y a user

program (on Tops-20, only b y making system calls, for reasons made eviden t

b elo w), but only the op erating system k ernel is ev er p ermitted to write them,

in order to main tain file system in tegrit y .

The Unix format is simple and consisten t, but one cannot tell from the name

if a file represen ts a directory file or not. This often do es not matter, for if y ou

ask for a directory listing of a file whic h is a directory , y ou get a list of the files

in that directory

, but if it is a normal data file, y ou just get the name bac k;

b oth cases are considered legitimate, and no error is raised for either.

The Unix file naming syn tax and op erating system supp ort for it mak e

devices equiv alen t to files from the p oin t of view of the programmer. Here are

some examples:

/dev/tty user terminal

/dev/mt tap e driv e

/dev/lpr line prin ter sp o oler

/dev/null n ull device

/u/ma/jones/foo.bar ordinary file

The n ull device is alw a ys empt y for input, and nev er full for output; it is pri-

marily useful for pro viding dumm y input and output files.

The Tops-20 format is more complex, but clearly distinguishes directory

files from ordinary data files. Device names can b e used in place of file names,

but the directory and file sp ecification are just ignored. Th us, for the ab o v e

Unix examples, Tops-20 has

TTY: user terminal

MT: tap e driv e

LPT: line prin ter sp o oler

NUL: n ull device

APS:¡U.JONES¿FOO.BAR.3 ordinary file

There is, ho w ev er, a significan t distinction in the implemen tation of the directory

system. A Tops-20 directory con tains, among other things:

ffl file names;

5 FILE TREE OR

GANIZA

TION 14

ffl file attributes (b yte coun t, b yte size, page coun t, protection, accoun t, login

or files-only , o wner name, last writer name, reference coun ts, temp orary

or p ermanen t, deleted but not expunged, arc hiv ed, visible/in visible, : : : );

ffl times of creation, last read, last write, last up date, last bac kup, and expi-

ration;

ffl for arc hiv ed files, names of t w o separate tap es on whic h the file con ten ts

reside off-line;

ffl logical disk address p oin ters to the paren t directory;

ffl logical disk address p oin ters to eac h file’s con ten ts;

ffl disk quotas;

ffl login passw ords.

Since the Tops-20 op erating system cac hes activ e directories in memory

, finding

a file in the curren t directory normally do es not require an y disk accesses. The

p oin ters to paren ts and c hildren em b edded in the directory file mean that it

cannot b e renamed or mo v ed to a new disk structure without b eing reorganized

and rewritten. There is no effectiv e limit to the n um b er of files in the en tire

file system; files can con tin ue to b e created un til there is no more disk space

left in the file system. If a directory file blo c k b ecomes corrupted, it is still

usually p ossible to reconstruct and reco v er virtually all of the whole file system

b y virtue of the forw ard and bac kw ard p oin ters of the directory blo c ks (eac h

file has an index blo c k whic h p oin ts to its o wner directory). This is the job of

the CHECKD utilit y whic h is run whenev er the DEC-20/60 is reb o oted after a

hardw are or electrical failure whic h p oten tially could corrupt the file system.

Under Unix, directory files con tain essen tially only t w o things:

ffl file names;

ffl for eac h file, its index in to a master table of all files in the system (the

Unix ino de table);

A Unix directory file alw a ys con tains an en try for its paren t directory and itself,

and so, lik e a Tops-20 directory

, cannot b e mo v ed without in ternal reorganiza-

tion. On the other hand, finding the paren t directory from a sub directory can

b e done efficien tly from information in the directory file itself.

Unix stores a file reference coun t in its master ino de table, whic h allo ws a

file to ha v e m ultiple names. Deleting a file remo v es its name from its o wning

directory and decremen ts the reference coun t; only when the coun t reac hes zero

is the file space actually freed. One imp ortan t use of these “link ed files” is

replication of data files to large groups of users, suc h as studen ts in a class—

they can eac h ha v e their o wn copies of a problem test file, but only one cop y is

9 PIPES, I/O REDIRECTION, AND BA CK GR OUND JOBS 18

9 Pip es, I/O Redirection, and Bac kground Jobs

Unix in tro duced three enormously v aluable notions whic h had previously not

existed in commercial op erating systems. They are the sub ject of this section.

The first of these is that ev ery job has asso ciated with it three standard

sequen tial I/O streams: stdin, stdout, and stderr. These are in tended for

normal input, normal output, and abnormal output, and all three are automat-

ically op ened and a v ailable for use when an y job b egins execution, indep endent

of the programming language it is written in.

The shells handle assignmen t of files to these three streams; if y ou do not

sp ecify otherwise, they default to the con trolling terminal. T o redirect them,

y ou just add a phrase an ywhere on the command line:

Stream Redirection

stdin ¡infilename

stdout ¿outfilename (o v erwrites)

stdout ¿¿outfilename (app ends)

stderr csh: &filename (o v erwrites)

stderr csh: &&filename (app ends)

stderr sh: 2¿filename (o v erwrites)

stderr sh: 2¿¿filename (app ends)

It is frequen tly desirable to merge the output of stderr and stdout. With

csh, y ou use ¿&; with sh, y ou use 2¿&1. The p eculiar n um b ers used in the

sh syn tax are an ob vious p o or design; they reflect the fact that the op erating

system guaran tees that these will b e represen ted in system calls b y the in teger

file descriptors 0 (stdin), 1 (stdout), and 2 (stderr).

The second imp ortan t concept is piping—stdout from one pro cess can b e

“pip ed” in to stdin of another b y using the syn tax prog1 — prog2; the v ertical

bar is the pip e sym b ol. Pip es are one-w a y sequen tial data streams whic h for

efficiency are not materialized in disk files. When the first pro cess fills up the

pip e, it is susp ended un til the second pro cess empties the pip e. T ypical pip e

buffer sizes are ab out 4K b ytes, although this ma y dep end on the particular im-

plemen tation. Besides sa ving on disk storage, pip es mak e it p ossible for a single

pro cess to comm unicate to another an amoun t of data larger than the file sys-

tem could con tain, and they p ermit simple sim ultaneous pro cessing. Programs

that transform their single input to pro duce a single output stream are kno wn

as filters , and most Unix to ols can b e used that w a y . As an example, a simple

sp elling c hec k er could b e implemen ted b y a program whic h brok e a do cumen t

in to a stream of w ords, with its output pip ed in to a dictionary lo okup program

whic h in turn ec ho ed exceptions to its output. This could start pro ducing excep-

tions so on after startup, instead of w aiting un til a p ossibly v ery long do cumen t

w as brok en in to w ords. Instruction pip elining is one of the imp ortan t w a ys to

impro v e hardw are p erformance, and it helps in soft w are p erformance to o.

10 TERMINAL SUPPOR

T IN UNIX 19

Sometimes y ou w an t to trap the data flo wing through a pip e, p erhaps to view

error messages on the terminal, or collect them in a file. All that is required is a

program that copies its stdin to its stdout, and sim ultaneously mak es a cop y

in a file. The tee program (named for a T-join t in a plum bing pip e) do es this:

prog1 — tee filename — prog2.

The third imp ortan t concept is bac kground job pro cessing. When the shell

starts another pro cess running through the fork() and exec() system calls, it

normally w aits for the pro cess to complete b efore reading more of its o wn input.

Ho w ev er, if the command line is terminated b y an amp ersand (&), the shell do es

not w ait, and the pro cess runs in the bac kground, usually at a lo w er priorit y ,

while the shell immediately resumes its input pro cessing. This is an extremely

con v enien t feature, b ecause it allo ws the user to a v oid ha ving the terminal tied

up while a long running pro cess, suc h as a text searc h or a compilation, is in

progress.

Y ou can ev en start a bac kground job and logout, letting it run to completion,

pro viding y ou protect it from the hangup signal issued at logout whic h normally

terminates all running pro cesses b elonging to that shell. The nohup (no hangup)

command tak es care of this; t yp e nohup somecommand and then logout.

The csh ev en allo ws y ou to susp end and resume pro cesses; the lac k of this

job con trol feature in A

T&T System I I I and System V Unix is one of its more

serious fla ws in comparison to Berk eley Unix.

10 T erminal Supp ort in Unix

T erminal con trol has b een a p erennial problem in ev ery computer system, b e-

cause few terminal v endors ha v e b een able to agree on what command sequences

should b e used to do the same thing, and ev en when they claim to agree, in

practice, deviations are often found. Man y computer v endors therefore tend

to only offer supp ort for their o wn terminals, whic h naturally cost more than

comp eting pro ducts.

The Berk eley Unix dev elop ers had no suc h hardw are bias, and c hose the

“correct” w a y to handle terminal supp ort—they defined a terminal capabilit y

database, termcap, and a set of utilit y programs to supp ort it. termcap on

most Unix systems has en tries for b et w een 400 and 500 terminal t yp es.

Programs, suc h as screen editors and spreadsheets, that use termcap need

not con tain an y terminal-sp ecific co de, and require only that the user mak e

the terminal t yp e kno wn to them. This is done with the TERM en vironmen t

v ariable, whic h is con v en tionally set at login time b y commands in the .login

file, p ossibly after prompting the user to supply a t yp e. F or example, I am

writing this paragraph on a VT100 compatible terminal, so I just need to t yp e

setenv TERM vt100 if I am using csh, or TERM=vt100; export TERM if I am

using sh.

By default, the database file is stored in /etc/termcap whic h is not writable

11 EOF AND LOGOUT 20

b y ordinary users. T o allo w testing a terminal description, y ou can put it in

a lo cal file, sa y mytermcap, then define an en vironmen t v ariable to p oin t to it:

setenv TERMCAP /u/logindir/mytermcap; an absolute pathname is r e quir e d

here.

Since the termcap file is reasonably large and therefore time consuming to

read for ev ery command that has to use termcap, the con v en tion has b een

adopted that the database en try for the terminal t yp e can b e giv en instead in

the TERMCAP v ariable itself. This is a long ugly string whic h y ou w ould nev er

t yp e b y hand; the tset program will do it for y ou. The leading slash in the

absolute path name for a priv ate termcap file is used to disam biguate it from

an actual termcap en try .

11 EOF and Logout

The end-of-file signal in Unix is Ctl-D, rather than the Ctl-Z y ou are used to

in TOPS-20 and other op erating systems. T o b e recognized as suc h, it m ust b e

t yp ed at the b e ginning of a line. The shells are just ordinary programs without

an y sp ecial privileges, and they to o accept an end-of-file signal as part of the

normal course of ev en ts, and when they get it, they terminate. This means if

y ou t yp e a Ctl-D to y our login shell, y ou are logged out. If y ou in tended to do

that, w ell, it certainly is quic k to t yp e a single con trol c haracter and b e logged

out. But supp ose y ou though t y ou w ere executing a nested shell, or p erhaps y ou

t yp ed ahead input to y our o wn program, and then couldn’t remem b er whether

y ou ga v e it the end-of-file signal. Getting unexp ectedly logged off is a n uisance

in that y ou lose y our command history and an y en vironmen t c hanges, and if

y ou logged in via a dialup or net w ork, y ou ha v e also lost that connection to o.

F ortunately

, the csh offers a w a y to prev en t this unhapp y acciden t; y ou just

set the shell v ariable ignoreeof to an arbitrary v alue (e.g. set ignoreeof).

The shell will then resp ond with “Use ”logout” to logout.” if y ou t yp e in a

Ctl-D.

12 Command Aliases

The Bourne shell, sh, has no command alias facilit y; if y ou w an t to mak e an

alias for some command, then y ou m ust create a command script file for that

purp ose.

csh has the alias command; y ou could t yp e alias tdir ls -lt to mak e

a command tdir whic h w orks lik e the Tops-20 TDIRECTORY command. This is

m uc h faster than creating a separate command file, since no file system access

is required. csh users tend to hea vily customize their en vironmen ts through the

alias command. A bare alias will displa y the curren t list of command aliases.

13 ENVIR

ONMENT CUSTOMIZA

TION 21

13 En vironmen t Customization

Man y programs in Unix p ermit the user to pro vide default startup options in a

hidden file (one b eginning with a leading p erio d), usually in the login directory .

F or example, the login program reads the .login file when y ou login to

the system, just lik e the Tops-20 LOGIN.CMD file is pro cessed. Similarly

, the

.logout file is read and executed when y ou logout. Regrettably

, Unix has

no concept of group-wide or system-wide login command files; this mak es it

necessary for eac h user’s .login and .profile files to reference an y group or

system files explicitly .

csh reads startup information from the file .cshrc; this mak es it analogous

to the Tops-20 COMMAND.CMD file. The corresp onding startup file for sh is

.profile. These files are the appropriate places to insert y our p ersonalized

aliases and en vironmen t v ariables. Do not put them in the .login file, b ecause

that file is not read b y spa wned shells.

Emacs reads startup information from .emacs.

The mail program has .mailrc as its startup file, and will automatically

forw ard mail sen t to y ou to one or more addresses listed in the file .forward.

Since MM on Tops-20 is v astly sup erior to Unix mail, I set m y .forward file to

cause all m y mail on Unix systems to b e sen t to Tops-20.

In order to use rcp, rlogin, and rsh b et w een differen t Unix systems, y ou

m ust establish a .rhosts file in y our directory with the prop er con ten ts. See

man rlogin for details.

14 Getting Help On-line

All but the smallest Unix systems tend to ha v e substan tial on-line do cumen-

tation, mostly in the form of man ual pages. The original Unix do cumen tation

consulted largely of Bell Lab oratories rep orts, pap ers published in the Bell Sys-

tem T ec hnical Journal, and short command descriptions formatted in a uniform

syn tax for the prin ted man ual.

The prin ted man ual w as divided in to 8 sections, with section 1 describing the

main user commands, and section 3 the op erating system in terface; the remain-

ing sections w ere dev oted to more obscure commands, and system managemen t

to ols. New er releases of Unix ma y ha v e more man ual sections, and sometimes

these are further sub divided; e.g. section 3F describ es the F ortran-callable op-

erating system in terface. Unix do cumen tation generally refers to man ual pages

b y name and section, suc h as ls(1) and hier(8).

The files that pro duce the prin ted man ual are stored in directories /usr/-

man/man1 : : : /usr/man/man8 as files suitable for input to the troff t yp esetter

program, as w ell as for the nroff t yp ewriter text formatter program. The man

command searc hes these directories for the requested file, runs the required

formatter on it, and displa ys the output text. F or efficiency

, the output is also

15 OPERA

TORS, WHEELS, AND SUPER-USERS 22

captured and stored in a corresp onding directory /usr/man/cat1 : : : /usr/-

man/cat8; man actually searc hes these directories first in an attempt to a v oid

the formatting step.

man’s searc h order is b y increasing section, and it stops with the first matc h

it finds. Th us, if y ou t yp e man tty, it will displa y the section 1 en try . There is

also an en try in section 4 for this topic; to see it, y ou m ust t yp e man 4 tty.

Sometimes there is a SEE ALSO en try on a man ual page whic h p oin ts y ou to

extended do cumen tation in another section, but often there is not.

T o find out what man ual pages migh t b e of in terest, y ou can t yp e apropos

keyword, or man -k keyword; this will displa y the title lines of all files in the

man ual directories that con tain the requested k eyw ord. This information is

actually stored separately in the file /usr/man/whatis to a v oid ha ving to searc h

a large n um b er of files.

man man will displa y man’s o wn do cumen tation. man 4 intro sho ws the

in tro ductory page for section 4, whic h con tains a useful summary of the section

con ten ts.

In desp eration, y ou can resort to searc hing an en tire man ual page directory ,

e.g. egrep ”foo—bar” /usr/man/man1/*.

15 Op erators, Wheels, and Sup er-Users

Ev ery op erating system has some critical functions whic h only certain privileged

users are p ermitted to execute. Ob vious ones are sh utting do wn the system, and

accessing protected files. On Tops-20, these are asso ciated with OPERA TOR

and WHEEL capabilities normally restricted to systems p ersonnel. In addition,

they are not in effect un til explicitly requested b y the ENABLE command, and

they are turned off b y the DISABLE command. Also, more than one user can

ha v e suc h privileges, whic h is imp ortan t when the staff exceeds one p erson.

Unix reserv es sp ecial privileges to a single login name, root, and that user is

called the sup er-user. Because op erating staff ma y ha v e frequen t need for sup er-

user privileges, the su command is pro vided to allo w spa wning a new command

shell for root from a running job; an y one who kno ws the passw ord can issue

this command. When the user logs out from this job, con trol returns to the

original shell. This organization is unfortunate, b ecause it mak es it necessary

for sev eral p eople to kno w the same passw ord, and it do es not pro vide for a

distribution of privileges across sev eral lev els of p ersonnel.

16 Imp ortan t Unix T o ols

Unix offers a b ewildering v ariet y of soft w are to ols, and it is hard for a no vice to

w ade through their man pages and determine whic h are the most v aluable ones

to learn first. As a little exp erimen t, I ran t w o commands on sev eral differen t

16 IMPOR T ANT UNIX TOOLS 23

Unix systems. The first coun ts the n um b er of commands in the three standard

directories where system commands reside:

System Command File Coun t

Gould UTX-32 ls /bin /usr/bin /usr/ucb — w c -w 284

HP9000 HPUX ls /bin /usr/bin /usr/ucb — w c -w 281

ISC 4.2BSD ls /bin /usr/bin /usr/ucb — w c -w 295

Sun 3 ls /bin /usr/bin /usr/ucb — w c -w 302

V AX 4.3BSD ls /bin /usr/bin /usr/ucb — w c -w 287

The second coun ts the n um b er of commands in the standard lo cal additions

directory; most systems will ha v e more than one of these.

System Command File Coun t

Gould UTX-32 ls /usr/lo cal — w c -w 107

HP9000 HPUX ls /usr/lo cal — w c -w 6

ISC 4.2BSD ls /usr/lo cal — w c -w 42

Sun 3 ls /usr/lo cal — w c -w 60

V AX 4.3BSD ls /usr/lo cal — w c -w 162

In summary

, there are 300 to 450 differen t commands on a t ypical Unix system,

not coun ting the few dozen built-in shell commands.

Here then is a list of the T op Twenty commands y ou should learn first; those

near the start of the list ha v e higher priorit y .

ffl man and apropos — get help

ffl csh or sh — command shell

ffl more or less — page through command output (automatic on new er Unix

systems)

ffl ls — directory listing

ffl cd and pwd — c hange/prin t curren t directory

ffl cat — t yp e or cop y file

ffl cp — cop y file or directory

ffl mv — mo v e (rename) file or directory

ffl mkdir — mak e a directory

ffl echo — c hec k shell command line expansion

ffl emacs or vi — screen editors

ffl make — build soft w are

17 FUR

THER READING 24

ffl grep, egrep, fgrep, ngrep — string searc h

ffl sed — automated text editing

ffl awk — text pro cessing language

ffl ar and ranlib — source/ob ject library utilities

ffl diff — source comparison

ffl script — log terminal session

ffl rm — remo v e (delete) file

ffl rmdir — remo v e (delete) directory

With this rep ertoire of a score of commands, y ou should b e able to w ork quite

successfully

. Note that not a single compiler is listed here; make can handle that

for y ou for simpler cases. Seasoned Unix users v alue make highly

, and ask it to

direct m uc h of their routine w ork.

17 F urther Reading

Sun pro vides a n um b er of Beginner’s Guides whic h are useful for new users:

ffl Getting Started with Unix

ffl Setting Up Y our Unix En vironmen t

ffl Self Help with Problems

ffl Windo ws and Windo w Based T o ols

ffl Mail and Messages

ffl Doing More with Unix

ffl Using the Net w ork

ffl Games, Demos, and Other Pursuits

There are no w a great man y in tro ductory b o oks ab out Unix on the mark et,

and y ou ma y wish to p eruse lo cal b o okstore shelv es, or come and examine m y

p ersonal library

. Here are some whic h I ha v e found particularly v aluable:

ffl Maurice J. Bac h, The Design of the Unix Op er ating System, Pren tice-Hall

(1986) [adv anced definitiv e treatise on the in ternals of Unix]

ffl Brian W. Kernighan and Rob Pik e, The Unix Pr o gr amming Envir onment,

Pren tice-Hall (1984) [a must for ev ery serious Unix user]

INDEX 28

T

telet yp e, 3

TERM en vironmen t v ariable, 20

termcap, 20

TERMCAP en vironmen t v ariable, 21

terminal supp ort, 20

Thompson, K., 1–2

TODO, 13

T op Twenty commands, 24

tree structure, 13

troff, 23

U

UNICOS, 2

username length restriction, 17

usernames, 17

UTX-32, 2

V

V enix, 2

V en tureCom, 2

V ersion 6, 2

V ersion 7, 2

V ersion 8, 2

W

w arts, 1

W aterlo o, 2

W ein b erger, P

.J., 1

wheel, 23

X

Xenix, 2