









































The UNIX Time-Sharing System

Dennis M. Riichie
Ken Thompson

Bell Laboratories
Murray Hill, N. J. 07974

ABSTRACT

UNIX is a general-purpose, multi-user, inleractive operating system for the Digital Equipment Corpora-
" tion pDP-11/40, 11/45 and 11/70 computers. It offers a number of features seldom found even in larger
operaling systems, including

I. A hierarchical file system incorporating demountable volumes,

2. Compatible file, device, and inter-process 1/0,

3. The ability to initiate asynchronous processes,

4. System command language selectable on a per-user basis,

5. Over 100 subsystems including a dozen languages.

This paper discusses the nature and implementation ol the file system and of the user command inter-
face.

1. Introduction

There have been Lhree versions of UNIX. The earliest version (circa 1969-70) ran on the Digital
Equipment Corporation ppr-7 and -9 compulers. The second version ran on the unprotected ppp-11/20
computer. This paper describes only the ppp-11/40, /45 and /70! system, since it is more modern and
many of the differences between it and older UNIX systems result from redesign of features found to be
deficient or lacking.

Since popr-11 UNIX became operational in February,, 1971, about 100 installations have been put into
service, they are generally smaller than the system described here. Most of them are engaged in appli-
cations such as the preparation and formatling of patent applications and other textual material, the
collection and processing of trouble data from various swilching machines within the Bell System, and
recording and checking telephone service orders. Our own installation is used mainly for research in
operaling syslems, languages, compuler networks, and other topics in computer science, and also for
document preparation. :

Copyright ©® 1974, Association Tor Computing Machinery, Ine. General permission o republish, but not for profit, all or part
ol this material is granted provided that ACM's copyright notice is given and that relerence is made to the publication, 1o its daie
ol issue, and to the fuct that reprinting privileges were granted by permission of the Association for Computing Machinery.
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This is o revised version of an article appearing in the Communications ol the ACM, Volume 17, Number 7 Culy 1974) pp,
365-375, That article is o revised version ol a paper presented at the Fourth ACM Symposium on Operating Systems Principles,
1BM Thomas J. Watson Research Center, Yorktown Heights, New York, October 15-17, 1973,



































































































C Reference Manual - 18

structure used within functions. To further exploit this technique when a large C program consists of
several files, a compiler control line of the form

# include " filename"

results in the replacement of that line by the entire contents of the file filename.

13. Implicit declarations

It is not always necessary to specify both the storage class and the type of identifiers in a declaration.
Sometimes the storage class is supplied by the context: in external definitions, and in declarations of
formal parameters and structure members. In a declaration inside a function, if a storage class but no
type is given, the identifier is assumed to be int; if a type but no storage class is indicated, the
identifier is assumed to be auto. An exception to the latter rule is made for functions, since auto func-
tions are meaningless (C being incapable of compiling code into the stack). If the type of an identifier
is “function returning ..", it is implicitly declared to be extern.

In an expression, an identifier followed by ( and not currently declared is contextually declared to be
“function returning int”.

Undefined identifiers not followed by ( are assumed to be labels which will be defined later in the
function. (Since a label is not an Ivalue, this accounts for the “Lvalue required” error message some-
times noticed when an undeclared identifier is used.) Naturally, appearance of an identifier as a label
declares it as such.

For some purposes it is best to consider formal parameters as belonging to their own storage class.

In practice, C treats parameters as if they were automatic (except that,.as mentioned above, formal
parameter arrays and floats are treated specially).

14. Types revisited
This section summarizes the operations which can be performed on -objects of certain types.

14.1 Structures

There are only two things that can be done with a structure: pick out one of its members (by means
of the . or —> operators); or take its address (by unary &). Other operations, such as assigning from
or to it or passing it as a parameter, draw an error message. In the future, it is expected that these
operations, but not necessarily others, will be allowed.

14.2 Functions

There are only two things that can be done with a function: call it, or take its address. If the name
of|a function appears in an expression not in the function-name position of a call, a pointer to the
function is generated. Thus, to pass one function to another, one might say

int f();
o
Then the definition of g might read

g(funcp)
i{nt (*funcp) ( );

(+funcp) ();
‘ | i

Notice that f was declared explicitly in the calling routine since its first appearance was not followed by

b
.l‘.
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C Tutorial - 345"

point to an element of x by either of

y = &x[0];
Yy = X

Since x is the address of x[0] this is legal and consistent.

Now '»y’ gives x[0]. More importantly,

*(y-+ 1) gives x[1]
*(y+i) gives xli]

and the sequence

lea

y = &x[0};
y++;

ves y pointing at x[1].
Let’s use pointers in a function length that computes how long a character array is.

Remember that by convention all character arrays are terminated with a ‘\0’. (And if they
arein’t, this program will blow up inevitably.) The old way:

Re

length(s)
char s[ ); {
int n;
for( n=0; s[n] != "\0’; )
n++;
return(n);

writing with pointers gives

length(s)
char »s; {
int n;
for( n=0; #s != "\0'; s++ )
n++;
return(n);

)

Yqu can now see why we have to say what kind of thing s points to — if we’re to increment it
ith s++ we have to increment it by the right amount.

The pointer version is more efficient (this is almost always true) but even more compact

for( n=0; *#s++ 1= "\0'; n++ );

e '*s' returns a character; the '++' increments the pointer so we’ll get the next character

ngxt time around. As you can see, as we make things more efficient, we also make them less

cle

er

ar. But ‘#s++'is an idiom so common that you have to know it.

Going a step further, here’s our function strcopy that copies a character array s to anoth-
t.

strcopy(s,t)
char #s, #t; {
while(#t++ = #s++);

We have omitted the test against ‘\0’, because ‘\0' is identically zero; you will often see the
code this way. (You must have a space after the ‘=": see section 25.)




























































Assembler Manual - 8

syntax words mode
reg 0 O+reg
(reg)+ 0 2+reg
—(reg) 0 d+reg
(expr} reg) (l} L;:-I-reg
reg +reg
* reg 0 | +reg
*(reg)+ 0 3+reg
* —(reg) 0 S+reg
*(reg) | T+reg
* expr( reg) | T+reg
expr 1 67
$ expr 1 27
* expr 1 71
*§ expr | 37

The words column gives the number of address words generated; the mode column - gives the octal
address-mode number. The syntax of the address forms is identical to that in DEC assemblers, except
that ***”" has been substituted for “@™ and “$" for “#"; the UNIX typing conventions make “@" and
“#" rather inconvenient.

Notice that mode ‘““*reg” is identical to “‘(reg)”; that “*(reg)” generates an index word (namely, 0);
and that addresses consisting of an unadorned expression are assembled as pc-relative references in-
dependent of the type of the expression. To force a non-relative reference, the form “*$expr” can be
used, but notice that further indirection is impossible.

8.3 Simple machine instructions
The following instructions are defined as absolute symbols:

cle
clv
clz
cln
sec
sev
sez
sen

They therefore require no special syntax. The pDpP-11 hardware allows more than one of the “clear”
class, or alternatively more than one of the “‘set” class to be or-ed together; this may be expressed as
follows:

cle | clv

8.4 Branch

The following instructions. take an expression as -operand. The expression must lie in the same seg-
ment as the reference, cannot be undefined-external, and its value cannot differ from the current loca-
tion of “." by more than 254 bytes:

&

>






























s/something/something else/p

which makes some correction on the current
line, and then prints it, to make sure it worked
oul right. If it didn’t, we can try again. (Notice
that we put a print command on the same line as
the substitute. With few exceptions, “p” can
follow any command; no other multi-command

lines are legal.)
It's also legal to say
(R

which means “‘change the first string of charac-
ters 1o nothing”, i.e., remove them. This is useful
for deleting extra words in a line or removing
extra letters from words. For instance, if we had

Nowxx is the time
we can say

s/xx//p
to get

Now is the time

Notice that *“//” here means “no characters”,
not a blank. There is a difference! (See below
for another meaning of “//”.)

Exercise 5:

Experiment with the substitute command.
See what happens if you substitute for some
word on a line with several occurrences of that
word. For example, do this:

a
the other side of the coin

s/the/on the/p
You will get
on the other side of the coin

A substitute command changes only the first oc-
currence of the first string. You can change all
occurrences by adding a “g” (for “global”) to
the “s” command, like this:

s/.../...lgp

Try other characters instead of slashes to delimit
the two sets of characters in the “s” command —
anything should work except blanks or tabs.

(If you get funny results using any of the -

characters
* e B L ™\

read the section on “Special Characters”.)

Coniext searching — **/ ... /"

With the substitute command mastered, we
can move on to another highly important idea of
ed — contex! searching.

Suppose we have our original three line
text in the buffer:

Now is the time
for all good men
to come to the aid of their party.

Suppose we want to find the line that contains
“their” so we can change it to “the”. Now with
only three lines in the buffer, it's pretty easy to
keep track of what line the word “their” is on.
But if the buffer contained several hundred lines,
and we'd been making changes, deleting and
rearranging lines, and so on, we would no longer
really 'know what this line number would be.
Context searching is simply a method of specify-
ing the desired line, regardless of what its
number is, by specifying some context on it.

The way we say “search for a line that
contains this particular string of characters” is to

type

Istring of characters we want to find/
For example, the ed line

/their/

is a context search which is sufficient to find the

desired line — it will locate the next occurrence

of the characters between slashes (“their”). It
also sets dot to that line and prints the line for
verification:

to come to the aid of their party.
“Next occurrence” means that ed starts looking
for the string at line “.+1", searches to the end
of the buffer, then continues at line 1 and
searches to line dot. (That is, the search “wraps
around” from “$” to 1.) It scans all the lines in
the buffer until it either finds the desired line or
gets back to dot again. If the given string of
characters can’t be found in any line, ed types
the error message

2

Otherwise it prints the line it found.

We can do both the search for the desired
line and a subslitution all at once, like this:

/their/s/their/the/p
which will yield
to come to the aid of the party.

There were three parts to that last command:
context search for the desired line, make the

. substitution, print the line.
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parsing conflicts. As disambiguating rules, the user specifies the precedence, or binding
strength, of all the operators, and the associativity of the binary operators. This information is
sufficient to allow Yacc to resolve the parsing conflicts in accordance with these rules, and con-
struct a parser which realizes the desired precedences and associativities.

The precedences and associativities are attached to tokens in the declarations section.
This is done by a series of lines beginning with a Yacc keyword: %left, %right, or %nonassoc,
followed by a list of tokens. All of the tokens on the same line are assumed to have the same
precedence level and associativity; the lines are listed in order of increasing precedence or
binding strength. Thus,

Yoleft *+" ‘=
%left ** °/

describes the precedence and associativity of the four arithmetic operators. Plus and minus are
left associative, and have lower precedence than star and slash, which are also left associative.
The keyword %right is used to describe right associative operators, and the keyword %nonassoc
is used to describe operators, like the operator .LT. in Fortran, which may not associate with
themselves; thus,

A LT.B .LT.C

is illegal in Fortran, and such an operator would be described with the keyword %nonassoc in
Yacc. As an example of the behavior of these declarations, the description

%right =’
Yleft "4+ ="
%left "'/

%%

expr :
expr ‘=" expr
expr "+ expr
expr — expr
expr ™* expr |
expr /" expr |
NAME ;

might be used to structure the input
a=b=c'd—e—f"g

as follows:
a=(b=((c*d)—e) - (fg)))

When this mechanism is used, unary operators must, in general, be given a precedence. An
interesting situation arises when we have a unary operator and a binary operator which have
the same symbolic representation, but different precedences. An example is unary and binary
‘~": frequently, unary minus is given the same strength as multiplication, or even higher, while
binary minus has a lower strength than multiplication. We can indicate this situation by use of
another keyword, %prec, to change the precedence level associated with a particular grammar
rule. %prec appears immediately after the body of the grammar rule, before the action or clos-
ing semicolon, and is followed by a token name or literal; it causes the precedence of the
grammar rule to become that of the token name or literal. Thus, to make unary minus have
the same precedence as multiplication, we might write:

-































































NROFF Users’ Manual

Joseph F. Ossanna
Bell Laboratories, Murray Hill, New Jersey

Introduction

NROFF is a text processor on the PDP-11/45 UNIX Time-Sharing System. It accepts lines of text in-
terspersed with lines of format control information (request lines) and formats the text into a printable,
paginated document having a user-designed style. The request syntax and many of the requests them-
selves are reminiscent of other text formatters*. NROFF differs from its predecessors in offering
unusual freedom in document styling. Examples include: arbitrary style headers and footers; arbitrary
style footnotes; multiple automatic sequence numbering for paragraphs, sections, etc; and multiple
column output (with the aid of a post-processort). TROFF, a similar text processor that produces out-
put for a Graphic Systems Phototypesetter, is also available on UNIXI.

Usage-
The general form of invoking NROFF at UNIX command level is
nroff options files

where "options" represents any of a number of optional arguments and "files" represents the list of files
containing the document to be formatted. An argument consisting of a single minus "—" sign is taken
to be a file name corresponding to the standard input. The options, which may appear in any order so
long as they appear before the files, are:

Option Effect

+N Commence output at the first page whose page number is N (independent of
whether or not the page number is being printed).

—N End output after the first page whose page number is N.
—nN Number first generated page N; simulates an initial ".pn N" request.

—s  Stop between pages. Printing will halt prior to each page (including the first) to
permit paper loading or changing. Printing is resumed by typing a "new-line".

—h High speed output. Strings of space characters are replaced by tab characters
where possible to speed printing and to reduce the number of output characters.

—i  Read standard input after the input files are exhausted. NROFF automatically
reads the standard input, if no input files are given.

—mx Simulates an ".so /usr/lib/tmac.x" request.

*Particularily ROFF on the same System and M. D. Mcllroy’s ROFF on the Murray Hill Computation Center HIS-6070,
tSee description of "COL" in the UNIX Programmer’s Manual and tutorial part of this manual.
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REQUEST SUMMARY AND INDEX

Request  Initial If no Cause
Form Value Argument Break™ Explanation

I. Page Control

pl =N 66 lines 66 lines no Page length.

bp N N=l - yes Begin page.

.pn =N N=1 ‘ignored no Page number.

po =N  N=0 prev no Page offset.

.ne N - N=I no Need N lines.

.mk a line 0 internal no Mark current line.

gt =N - internal no Return to marked line.

B

II. Text Filling, Adjusting, and Centering

.br - - yes Break.
fi fill - yes Fill output lines.
.nf fill - yes No filling and adjusting. .
adc adj,norm  adjust no Adjust mode on.
.na adjust - no No adjusting.
ce N off N=I yes Center N input text lines.
III. Vertical Spacing
Is N N=1 prev no Line spacing.
spN - N=1 yes Space N lines.
v N - N=1 no See "sv" below.
svN - N=1 no Save N lines.
.08 - - no Output saved lines.
.ns space - no No-space mode on.
IS - , - no Restore spacing.
xh off - no Extra-half-line mode on.
IV. Line Length and Indenting '
Il £N 65 prev no Line length.
in £N N=0 prev yes Indent.
i =N - N=1 yes Temporary indent.
V. Macros, Diversion, and Line Traps
de xx - ignored no Define or redefine a macro.

h .am Xx - ignored no Append to a macro.

. ds xx - ignored no Define a string.

.as XX - . ignored no Append to a string.
Tm XX - ignored no Remove macro or string.
di xx - end no Divert output to macro "xx".
da xx - end no Divert and append to "xx".
wh =N xx - - no When; set a line trap.
ch =N —-M - - no Change trap location.

“ B ch xx =M - - no i
em xx none none no End-macro name specification.

*The use of """ as control character (instead of ".") suppresses the break function.
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The use of such macros is an example of the good practice of including macros rather than explicit
NROFF requests in the main body of text. This provides the maximum ease of changing the global
format of a document.

I1I. Labeled Indented Paragraphs

Another common formatting problem is properly placing labels on indented paragraphs when the label
must go in the indent space on the same line as the first line of the paragraph. Assumming that the
paragraph is filled text it is necessary that the white space around (and possibly within) the label must
not contain space characters that can be expanded in size for adjustment purposes. Among many solu-
tions is:

.in N2

da N1 N2+1

A0

(tab)label(tab)words in paragraph...

rest ol paragraph

in 0
N1 is the distance to the label and N2 is the indent and N2+1 is the corresponding tab stop for filling
in Lthe space between the label and the first word of the paragraph. Any spaces within the label would
be the unpaddable space (\(space)) or characters translated into space using the "tr" request. The Field
Mechanism described in § VI1.// may be used for more sophisticated paragraph labeling.

1V. Multiple Column Output

It is relatively easy to arrange for multiple column output. NROFF will generate Reverse-Line-Feed
sequences ("ESC 7"s) and, if the device used for printing cannot handle such sequences, the COL pro-
gram may be used as a post-processor®. The following shows a header and footer set of macros con-
taining the additional requests for generating three column output.

de fo
A \\n+c—3 .nc
Af\\nc—3 .np

de nc NEW COLUMN
po +18+3
Jt

de np NEW PAGE
.po 0

sp 2

ACN\\n%—1 .t 7~ % -"
‘g

.de hd

sp 3

Ar\\n%—1 11 7~ % -~
sp 2

.ns

nrcll
.mk

.wh 0 hd

wh =7 o

Al 18

(Continued next page.)

See "COL" in the UNIX Programmer's Manual, COL removes reverse-line-feeds by bullering whole pages.
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octal: proc(n;m,i) [i = (m=n)%10]
( [1i==02] = (0>}
|

| [i==72] = (K7>} )
[m =/ 102 ]/done

octal(m) = {1 2 };
done: -

The purpose of m is to effect call by value. ‘Were the rule writ-
ten as below, it would nct work because of a collision between
the argument passed by name and the temporary.

octal: proc (n;1i)
I( [1==0?]
| (1==72].= {75} )
| [i = n/10])/done
: octal({i) = £ 1 2 ):;
done: s

(i = n%10]
= {<0>)

5.9 Character class operations

Each iharacter class is represented by a one-word mask. The mask
for each class declared in angle brackets <<>> contains exactly
one nonzero bit, different for each class. A zero mask denotes
the empty class, so "ignore (0)" and *"ignore (<<>>)" behave simi-

larly, except the latter uses up one of the 16 mask bits.
|

Words made by or-ing may serve as masks for classes made from
unions of other classes. For example, given the following de-
clarations, the element [ letter = ucase | lcase] makes "letter"
become the class of all letters in either case:

ucase: <<ABCDEFGHIJKLMNOPQRSTUVHWXYZ>>;
lcase: <<abcdefghijklmnopgrstuvwxyz>>;
letter: 0;

6. TABLES '

A table is a dynamically allocated array, identified by an

nonzero integer designator. The builtin "table(t)" allocates a
new t%ble and assigns its designator to the integer variable t.
The builtin "discard(t)" destroys the designated table.

Bytes of a table are indexed. In arithmetic expressions the
indexing notation, t{i], refers to the word occupying bytes i and
i+1 of table t (i may be odd).

——— —

value lword of arbitrary information associated with each. The
built?ns
























































































A System for Typesetting Mathematics

B. W. Kernighan
and
L. L. Cherry

Bell Laboratories, Murray Hill, N. J.

l. Introduction

“Mathematics is known in the trade as difficult, or penalty, copy because il is slower, more
Jifficult, and more expensive 10 set in Lype than any other kind of copy normally occurring in
hooks and journals.” [1]

One difficulty with mathematical text is the multiplicity of characters, sizes, and fonts. An
rxpression as simple as

lim (lan x)¥" 2% = |

x=m/2
requires an intimale mixture of Roman, italic and Greek letters, in three sizes, and a special
character or two. (*Requires” is perhaps the wrong word, bul mathemalics has ils own Llypo-
graphical conventions which are quite different from those of ordinary text.) A compositor sel-
ting such an expression by traditional methods must sit before a large box containing a large
number ol pieces of lead, choosing them one at a time and fitling them together by hand.

A sccond area of difficulty is the two dimensional character of mathematics, which the su-
perseript and limits in the preceding example showed in its simplest form. This is carried furth-

_er by
ay + b'
b
a‘ + 2
2
az 03 + -
and still further by
1 103 _Jat,mx _\/‘5
ZMJE ,‘/Eemx,i_\[s
dx . 1 i Ja
f ae™s —pe —Mx - mlab tanh (ﬁemx) (@a>0,6>0)

These examples also show line-drawing, built-up characters like braces and radicals, and a spec-
trum of positioning problems. (A later section shows what one has 1o Lype 10 produce these on
our systcm.)
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mikes

x+vy
2a

A lefr need not have a corresponding right, as we shall see in the next example. Any characlers
may follow left and rig/t, but generally only various parentheses and bars are meaningful.

Big brackelts, etc. are olten used with another lacility, called piles, which make vertical piles
of objects. For example, 1o get

| il x>0
sign(x) =10 il x=0
=1 if x<0

we can lype the rather messy looking

sign (x)=="leM |
“Ipile {1 above 0 above —1}
“Ipile i~ x>0 above iFx=0 above irx<o}

The construction “left {™ makes a left brace big enough 1o enclose the “Ipile{...]"", which is a lefi-
justificd pile ol ... above ... above ... There are ilso centered and right-justified piles. Because
ol the recursive language definition, a pile can contain any number of elements; any element of a
pile can of course contain piles within it.

‘Although the math-setter makes a valiant attempt to use the right sizes and fonts, there are
times when the defaull assumptions are simply not what is wanted. For instance the italic sign
in the previous example would conventionally be made Roman. Thus we also provide size
changing and font changing commands: size 12 bold {A”x ="y} will produce A X = y. Size is
lollowed by a number representing a characler size in points; one point is 1/72 inch.

If neeessary, an inpul string can be quoted in "..", which turns off any font or spacing

changes that might otherwise be done on it. Thus we can say
lim™ roman "sup" “x sub n =0
10 ensure thal lhé supremum doesn't become a superscript:
lim sup x,, =0
Diacritical marks. long a problem with traditional typesetting, are straightforward:
X+i+p+ X+ V=242
s tﬁadc by typing
x dot + x hat + y tilde + X hat + Y dotdot = 247 bar
Finally, there is a definition facility, so a user can say
define name ".."

at any time in his document; henceforth, any occurrence of the loken “name” in an expression
will be expanded into whatever was inside the double quotes in its definition. This lets the user
po lar toward lailoring the language o his own specifications, lor it is quile possible to redefine
keywords like sup-or over. Section 6 shows an example of definitions.

5. Language Theory

The basic structure ol the language is not a particularly original one. Equalions are piclured
as a.sel of “boxes™, pieced together in various ways. [For example, something with a subscripl is
just a box followed by another box moved downward by an appropriate amount. A fraction is
just a box centered above another box, at the right altitude, and with a long enough line drawn
between them. Y

ot


















Typesetting Mathematics — User’s Guide

B. W. Kernighan
and
L. L. Cherry

Bell Laboratories, Murray Hill, N. J.

ABSTRACT

This appendix is the user's guide for a system for Lypesetling mathematical expressions, us-
ing the phototypesetler on the UNIX operaling system.

Mathematical expressions are described in a language designed to be easy lo use by people
who know neither mathemalics nor typesetting. Enough of the language 10 set in-line expres-
sions like lim (tan x)%" 2¥ = | or display equations like

x—mf2
82" k
Glz) = " G6) = exp E k - Hesﬁ /k
, k=1 k k21
S3z2 S2?  §3zt
=|1+§,z+ o - Sl I 1) B 3 +22_2! SO

A k
Sll Szk? Smm Im
=X p k k T Tk o
m0| ko k,20 1TV 27! mmk,!
ky +2ky + o +mk, =m

can be learned in an hour or so.

The language interfaces directly with TROFF, the phototypesetling language on UNIX, SO
mathemaltical expressions can be embedded in the running text of a manuscript, and the entire
document produced in one process. This technical report is an example of its output.

The same language may be used with the UNIX formatter NROFF to sel mathematical expres-
sions on devices which have half-line forward and reverse motions, like model 37 Teletypes or
GSI terminals.
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X

if
And braces can occur within braces il necessary:

x sup [i suplalpha + beta))
p li sup

’u!ﬂ

To print braces, enclose them in double quotes, like "(". This is discussed in a later section.

8. Fractions ; w

To draw a fraction, use the word over:
a+b over 2c =l
gives
atb i
2
The line is made the right length and positioned automatically. Braces can be used to make clear
whal goes over what:

lalpha + beta) over {sin (x))

atf

sin(x)
Over is considered by the equation-seller o be of lower precedence than sub and sup, so

—b sup 2 over [pi x)
needs no braces o be unambiguously
_bZ
mX

The precedence rules, which decide which operation is done first, are summarized near the end
ol the user's guide. When in doubt, however, use braces 10 make clear what goes with what.

9. Square Roots

&

To draw a square root, use sgrt:
sqrt a + sqrt{ax sup 2 +bx+c)

Va++ax?+bx+c

Warning — square roots of tall quantities look lousy, because a root-sign big enough to cover the
quantity is too dark and heavy:

sqrtfa sup 2 over b sub 2)

at
by

Good style replaces big square roots by something (o the power Y%:
(02/52 )H
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will make
- a x
A=1|b vy
& Z

The elements of the pile (there can be as many as you want) are centered one above another, at
the right height for most purposes. The keyword above is used o separale Lhe pieces; braces are
used around the entire list,

Three other forms of pile exist: /pile makes a pile with the elements lefl-justified; rpile
makes a right-justified pile; and ¢pile makes a cenlered pile, just like pife. The vertical spacing
between the pieces is somewhat larger for |-, r- and cpiles than it is for ordinary piles,

sign(x)™=" left | Ipile {1 above 0 above —I)
~ lpile {iFx>0 above il x=0 above i~ x<0)

makes
1 if x>0
sign(x) =10 if x=0
-1 ifx<0

Nolice the left brace withoul a matching right one.
13. Size and Font Changes

By defaull, equations are set in 10 point type, with standard mathematical font conven-
tions. Although the equation-setter makes a valianl attempt 10 use esthetically pleasing sizes and
lonts, it is not perfect. To change sizes and fonts, use size n and roman. italic, and bold. Legal
sizes which may lollow size are 6, 7, 8,9, 10, 11, 12, 14, 16, 18, 20, 22, 24, 28, 36.

size 14 bold x = y + size 14 { alpha -+ beta }
gives
X=yt+« +B

As always, use braces 10 delimit what you want affected. For example, you can change an entire
equalion by

size 12 { ... )

14. Diacritical Marks

To get [unny marks on top of letters:
x dot + X dot + y hat + y dotdot + x—y bar + {alpha + beta} bar + x tilde
gives
i+ X+j+ i+ Ty +a+B+3
As well as possible, the mark is placed at the right height. The bar is made the right length for

the entire construct; other marks are centered. (At present, this works only on italic letters; oth-
er fonts are botched.) By the way, there is no “prime” — use *’".

15. Quoted Text

Any input entirely within quotes ("...") is not subject lo any of the font changes and spac-
ing adjustments normally done by the equation setter. This provides a way to do your own spac-
ing and adjusting if needed:

s
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The Portable C Library (on UNIX) *

M. E. Lesk

Bell Laboratories,
Murray Hill, New Jersey 07974

1. INTRODUCTION

The C language [1] now exists on three operating systems. A set of library routines com-

mon to PDP 11 UNIX, Honeywell 6000 Gcos, and 1BM 370 0s has been provided to improve pro-
gram portability. This memorandum describes the UNIX implementation of the portable
routines.

The programs defined here were chosen to follow the standard routines available on
UNIX, with alterations to improve transferability to other computer systems. It is expected that
future C implementations will try to support the basic library outlined in this document. It
provides character stream input and output on multiple files; simple accessing of files by name;
and some elementary formatting and translating routines. The remainder of this memorandum
lists the portable and non-portable library routines and explains some of the programming aids
available.

The 1/0 routines in the C library fall into several classes. Files are addressed through in-
termediate numbers called file-descriptors which are described in section 2. Several default file-
descriptors are provided by the system; other aspects of the system environment are explained
in section 3.

Basic character-stream input and output involves the reading or writing of files considered
as streams of characters. The C library includes facilities for this, discussed in section 4.
Higher-level character stream operations permit translation of internal binary representations
of numbers to and from character representations, and formatting or unpacking of character
data. These operations are performed with the subprograms in section 5. Binary input and
output routines permit data transmission without the cost of translation to or from readable
ASCIL character representations. Such data transmission-should only be directed to files or
tapes, and not to printers or terminals. As is usual with such routines, the only simple guaran-
tee that can be made to the programmer seeking portability is that data written by a particular
sequence of binary writes, if read by the exactly matching sequence of binary reads, will re-
store the previous contents of memory. Other reads or writes have system-dependent effects.
See section 6 for a discussion of binary. input and output. Section 7 describes some further
routines in the portable library. These include a storage allocator and some other control and
conversion functions.

* This document is an abbreviated form of “The Portable C Library", by M. E. Lesk, describing only the UNIX section
of the library.





















The returned number of items will be equal to the number requested by nitems except for
reading certain devices (e.g. the teletype or magnetic tape) or reading the final bytes of a disk
file.

Again, the second argument indicates the size of the data items being read.

CCLOSE (fd)

The same description applies as for character-stream files.

7. OTHER PORTABLE ROUTINES

REW (fd)
Rewinds unit fd. Buffers are emptied properly and the file is left open.

 SYSTEM (string)
The given string is executed as if it were typed at the terminal.

NARGS ()

A subroutine can call this function to try to find out how many arguments it was called with.
Normally, nargs() returns the number of arguments:plus 3 for every float or double argument
and plus one for every long argument. Il the new UNIX feature of separated instruction and
data space areas is used, nargs() doesn’t work at all.

CALLOC (n, sizeof(object))

Calloc returns a pointer o new storage, allocated in space obtained from the operating system.
The space obtained is well enough aligned for any use, i.e. for a double-precision number.
Enough space to store n objects of the size indicated by the second argument is provided. The
sizeof is executed at compile time; it is not in the library. A returned value of —I indicates
failure to obtain space.

CFREE (ptr, n, sizeof(*ptr))
Cfree returns to the operating system memory starting at ptr and extending for » units of the

size given by the third argument. The space should have been obtained through calloc. On-

UNIX you can only return the exact amount of space obtained by calloc; the second and third
arguments are ignored.

FTOA (floating-number, char-string, precision, format )

Froa (floating to Ascll conversion) converts floating point numbers to character strings. The
format argument should be either ‘f” or ‘e’; ‘e’ is default. See the explanation of printf in sec-
tion 5 for a description of the result.

ATOF (char-string)

Returns a floating value equal to the value of the ASCIl character string argument, interpreted
as a decimal floating point number.

TMPNAM (str)

This routine places in the character array expected as its argument a string which is legal to use
as a file name and which is guaranteed to be unique among all jobs executing on the computer




at the same time. It is thus appropriate for use as a temporary file name, although the user
may wish to move it into an appropriate directory. The value of the function is the address of
the string,.

ABORT (code)

Causes your program to terminate abnormally, which typically results in a dump by the operat-
ing system.

INTSS ()

This routine tells you whether you are running in foreground or background The definition of
“foreground™ is that the standard input is the terminal.

WDLENG ()

This returns 16 on UNIX. C users should be aware that the preprocessor normally provides a

X <

defined symbol suitable for distinguishing the local system; thus on UNIX the symbol wunix is

defined before starting to compile your program.






UNIX Summary

A. Hardware

UNiX runs on a DEC PDP11/40*, 11/45 or 11/70 with at least the following equipment:

48K o 124K words of managed memory: parity nol used,

disk: RP03, RP04, RKO0S(preferably 2) or equivalent,

console lypewriler,

clock: KWI11-L or KWI11-P,

extended instruction set KEL1-E, on 11/40 only.
The system is normally distributed on 9-track tape or RK0S5 packs.
The following equipment is strongly recommended:

communications controllers such as DL11, DCI1 or DHI11,

full duplex 96-character ASCII lerminals,

9-track lape, or extra disk for system backup.
The minimum memory and disk space specified is enough to run and maintain UNIX. More will be
nceded 1o keep all source on line, or to handle a large number of users, big dala bascs, diversified com-
plements ol devices, or large programs. UNIX does swapping and reentrant sharing of user code to
minimize main memory requirements. The resident code of UNIX occupies 20-22K depending on
configuralion.

An 11/40 is not advisable for heavy floating poinl work, as UNix on this hardware uses inlerpreted
11/45 Noaling point.

B. Software

All the programs available as UNIX commands are listed. Every command, including all options, is
issucd as just onc line, unless specifically noted as “interactive'. Interaclive programs can be made to
run from a prepared script simply by redirecting input. '

Fiile processing commands that go from standard input Lo standard output are noted as usable as fillers.
The piping facility of the Shell may be used to connect filters directly to the input or output of other
programs.

Normally the soltware listed in Section 6, “Typeseltting,” is distributed only to educational institutions.
Source code is included except as noted. '

‘1 Basic Software

This package includes the time-sharing operating system with utilities, a machine language assembler
and a compiler for the programming language C—enough software 1o write and run new applicalions
and to maintain or modily UNIX itsell.

1.1 Operating System

O UNIX The basic resident code on which everything else depends. Supports the system calls,
and maintains the file system. A general description of UNIX design philosophy and
system facilities appeared in the Communications of the ACM, July, 1974. Further
capabilitics include: )

@ Automatically supported reentrant code.

@ Separate instruction and data spaces on 11/45 and 11/70.

@ “Group™ access permissions for cooperative projects, with overlapping memberships.

@ Timer-interrupt sampling and inlerprocess monitoring for debugging and measure-
ment. '



71 Manual

0 (DIEV)

0 BOOT

O MKCONF

O Manual

UNIX Summary

Printed manuals for UNix and all its software, except where other manuals exist.
e Unix Programmer’s Manual.

@ The UNIX Time-Sharing System, reprint scllmg, orth design principles.

@ Unix for Beginners.

@ The UNix 1-0 System.

@ On the Sccurity ol Unix.

All /0 is logically synchronous. Normally, invisible buflering makes all physical record
structure  transparent and exploits the hardware’s ability 10 do overlapped 1/0.
Unbuflered physical record 1/0 is available for unusual applications. Drivers lor these
devices are available; others can be easily written:

@ Asynchronous interfaces: DCLI; DHI1, DL11. Support for most common ASCII ter-
minals.

Synchronous interface: DP11. '

Automatic calling unit interface: DN11.

Line printer: LP11.

Magnetic lape: TUI0 and TU16

DECtape*: TCI 1.

Paper tape: PCI1.

Fixed head disk: RS11, RSO3 and RS04.

minimume-latency seck scheduling.

Cartridge-type disk: RK0S5, one or more physical devices per logical device.
Null device.

Physical memory of PDP11, or mapped memory in resident system.
Phototypesetter: Graphic Systems System/1 through DRI1IC.

Voice synthesizer: VOTRAX™* through DCI1. Includes ToucH-TONE?® inpul.

Procedures to get UNIX started.

Tailor device-dependent system code to hardware configuration. Other chuhgcs. such as
optimal assignment ol directories Lo devices, inclusion of loating point simulator, or
installation of device names in file system, can then be made at leisure. (As distribut-
cd, UNIX can be brought up directly on any acceptable CPU with any acceptable disk,
any suflicient amount of core and cither clock.)

Printed manual on setting up UNIX.

1.2 User Access Control

O LOGIN

1 PASSWD

Sign on as a new user,

e Verily password and establish user’s individual and group (project) identity.
@ Adapl to characteristics of terminal.

Estlablish working directory.

@ Announce presence of mail (from MAIL).

@ Publish message of the day.

@ Start command interpreter or other initial program.

Change a password.
@ Uscr can change his own password.
@ Passwords are kept encrypled lor better security.

0O NEWGRP Change working group (project). Protects against changes (o unauthorized projects.

Pack type disk: RP0O3 and RP04, one or more logical devices per physical device, .

=

-
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1.3 File Manipulation

O CAT

B er

O PR

O OPR

O SPLIT

O ED

0O Manual

O DD

O STTY

O SUM

Concatenate one or more files onto standard output. Particularly used for unadorned
printing, for inserting data into a pipeline, and for buffering output that comes in dribs

‘and drabs. :

® Usable as filter.
Copy one file to another. Works on any file Without distinction as to contents.

Print files with title, date, and page number on every page.
@ Multicolumn output.

® Parallel column merge of several files.

@ Usable as a filter.

Off line print. Spools arbitrary files to the line printer.
@ Usable as a filter.

Split a large file into more manageable pieces. Occasionally necessary for editing (ED).

Interactive context editor. Random access to all lines of a file.
e Find lines by number or pattern. Patterns may include: specified characters, don't

care characters, choices among characters, repetitions of these constructs, beginning
of line, end of line.

@ Add, delete, change, copy or move lines.

@ Permute or split contents of a line.

e Replace one or all instances of a pattern within a line.

@ Combine or split files.

@ Escape to Shell (UNIX command language) during editing.

@ Do any of above operations on every pattern-selected line in a given range.

Introductory manual for ED.

Physical file format translator, for exchanging data with foreign systems, especially
0S/360.

Set up options for optimal control of a terminal. In so far as they are deducible from
the input, these options are set automatically by LOGIN.

e Half vs. full duplex.

@ Carriage return-+line feed vs. newline.

e Interpretation of tabs.

@ Parity.

@ Mapping of upper case Lo lower.

@ Raw vs. edited input.

@ Delays for tabs, newlines and carriage returns.

Sum the words of a file.

1.4 Manipulation of Directories and File Names

O RM
O LN

O MV

Remove a file. Only the name goes away if any other names are linked to the file.
“Link™ another name (alias) to an existing file.

Move a file. Used for renaming files or directories.



0O CHMOD
O CHOWN
0O CHGRP
O MKDIR
O RMDIR
O CHDIR

O FIND

O DSW

UNIX Summary
Change permissions on one or more files. Executable by files' owner.
Change owner of one or more files.
Change group (project) to which a file belongs.
Make a new directory.
Remove a directory,
Change working directory.

Prowl the directory hierarchy finding every file that meets specified criteria.
@ Find files that satisfy one of these criteria:
spelling of name matches a given pattern,
creation date in given range,
date of last use in given range,
given permissions,
given owner,
given special file characteristics,
boolean combinations of above.
® Any directory may be considered to be the root.
@ Perform specified command on each file found.

Interactively step through a directory, deleting or keeping files.

1.5 Running of Programs

O SH

O GOTO
O WAIT
O EXIT

O ECHO

The Shell, or command language interpreter.
@ Supply arguments to and run any executable program.
@ Redirect standard input or standard output.
e Compose compound commands using these operators:
‘.* for sequential execution,
1" for simultaneous execution with output of one process ‘piped’ to the input of
another,
‘&’ for asynchronous operation,
parentheses for grouping.
@ Perform ‘Shell programs’, command scripts with substitutable arguments.
@ Construct argument lists from all file names satisfying specified patterns.
@ Collect command usage statistics.

Conditionally execute command on basis of:

@ String comparison.

e File accessibility.

Go to a label in a Shell program.

Wait for termination of asynchronously running processes.

Terminate a Shell program. Useful with IF.

Print remainder of command line. Useful for diagnostics or prompts in Shell programs,
or for inserting data into a pipeline.

ol e




UNIX Sunlxmary
O SLEEP Suspend execution for a specified time.

O NOHUP  Run a command immune to hanging up the terminal.

O NICE Run a command in low (or high) priority.
0O KILL Terminate named processes.
O CRON Perform an action at specified times.

® Actions are arbitrary Shell (SH) programs.

@ Times are conjunctions of month, day of month, day ol‘ week, hour and minute.
Ranges are specifiable for each.

O TEE Pass data between processes and divert a copy into a file. Used as a filter.

1.6 Status Inquiries

O LS List the names of one, several, or all files in one or more directories.
@ Alphabetic or temporal-sorting, up or down.
e Optional information: size, owner, group, date last modified, date last accessed, per-
missions, i-node number.

0O FILE Try to determine what kind of information is in a file by consulting the file system
index and by reading the file itself.

O DATE Print today's date and time. Has considerable knowledge of calendric and horological
peculiarities.

@ May set UNIX's idea of date and time.

O DF Report amount of free space on file system devices.
O DU Print a summary of total space occupied by all files in a hierarchy.
0O WHO Tell who's on the system.

@ List of presently logged in users, ports and tlmes on.
e Optional history of all logins and logouts.

O PS Report on all active processes attached to a terminal.
e Gives all commands being executed.
® Can also report on other terminals, L
@ Can give extended status information: stale and scheduling info, priority, attached
terminal, what it's wailing for, size.

O TTY Print name of your terminal.
0O PWD Print name of your working directory.
O PFE Print type of last floating exception.

1.7 Backup and Maintenance

0 MOUNT  Attach a device containing a file system 1o the tree of directories. Protects against non-
sense arrangemenls.
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0O UMOUNT Remove the file system contained on a device from the tree of directories. Protects
against removing a busy device.

0O MKFS Make a new file system on a device.

0O MKNOD Make an i-node (file system entry) for a special file. Special files are physical devices,
virtual devices, physical memory, elc. -

i 4 Manage file archives on magnetic tape or DECtape.
@ Collect files into an archive.
@ Update DECtape archive by date,
@ Replace or delete DECtape files.
@ Print table of contents.
@ Retrieve from archive. '

O DUMP Dump the file system stored on a specified device, selectively by date, or indiscrim-
inately.

O RESTOR Restore a dumped file system, or selectively retrieve parts thereof.

O SuU Temporarily become the super user with all the rights and privileges thereof. Requires
a password.

DCHECK Check consistency of file system.
ICHECK @ Print gross statistics: number of files, number of directories, number of special files,
NCHECK spaced used, space free.

@ Report duplicate use of space.

@ Retrieve lost space.

@ Report inaccessible files.

@ Check consistency of directories.

@ List names of all files.

ooo

O CLRI Peremptorily expunge a file and its space from a file system. Used to repair damaged
file systems.
O SYNC Force all outstanding 1/0 on the system to completion. Used to shut down gracefully.

1.8 Accounting

These routines use floating point. The timing information on which the reports are based can be C~
manually cleared or shut off completely. e

O AC Publish cumulative connect time report.
@ Connect time by user or by day.
@ For all users or for selected users.

O SA Publish Shell accounting report. Gives usage information on each command executed.
@ Number of times used. /
@ Total system time, user time and elapsed time. e

e Optional averages and percentages.
@ Sorting on various fields.
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1.9 Inter-user Communication

O MAIL

0O WRITE
O WALL

0O MESG

Mail a message to one or more users. Also used Lo read and dispose of incoming mail.

The presence of mail is announced by LOGIN,

Establish direct terminal communication with another user.
Write to all users.

Inhibit receipt of messages from WRITE and WALL.

1.10 Basic Program Development Package

A kit of fundamental programming tools. Some of these utilities are used as integral parts of the
higher level languages described below.

O AR

O AS

O Manual

O Library

O (LIBP)

Maintain archives and libraries. Combines several files into one for housekeeping
efficiency. :

@ Create new archive.

@ Update archive by date.
@ Replace or delete files.

@ Print table of contents.
® Retrieve from archive.

Assembler. Similar to PAL-11, but different in detail.
@ Creates object program consisting of
code, possibly read-only,
initialized data or read-write code,
uninitialized data.
@ Relocatable object code is directly executable without further transformation.
® Object code normally includes a symbol table.
@ Multiple source files.
@ Local labels.
@ Conditional assembly.
® “Conditional jump" instructions become branches or branches plus jumps depending
on distance. '

Printed manual for the assembly language.

The basic run-time library. These routines are used freely by all system software.
@ Formatted writing on standard output.

@ Time conversions.

@ Number conversions.

@ Elementary functions: sin, cos, log, exp, atan, sqrt, gamma.

@ Password encryption.

@ Quicksorl.

@ Buffered character-by-character 1/0.

e Random number generator.

e Floating point interpreter for 11/40's and non-floating point machines.

An elaborated 1/0 library.
e Formatted input and output,
@ Ability lo put characters back into input streams,



O Manual

O NM

O SIZE

O STRIP

O TIME

O PROF

UNIX Summary
Printed manual for LIBP.

Interactive post-mortem debugger. Works on core dump files, such as are produced by
all program aborts, on object files, or on any arbitrary file.

@ Symbolic addressing of files that have symbol tables.

@ Octal, decimal or ASCII output.

@ Symbolic disassembly.

® Octal or decimal patching.

Dump any file.

@ Output options include: octal or decimal by words, octal by bytes, ASCII, opcodes,
hexadecimal, any combination thereof.

® Range of dumping is controllable.

Link edit. Combine relocatable object files. Insert required routines from specified
libraries.

@ Resulting code may be sharable.

@ Resulting code may have separate instruction and data spaces.

Print the namelist (symbol table) of an object program. Provides control over the style
and order of names that are printed.

Report the core requirements of one or more object files.

Remove the relocation and symbol table information from an object file to save space.
Run a command and report timing information on it.

Construct a profile of time spent per routine from statistics gathered by time-sampling

the execution of a program. Uses floating point,
@ Subroutine call frequency and average times for C programs.

1.11 The Programming Language “‘C"

O CC

Compile and/or link edit programs in the C language. The UNIX operating system,
most of the subsystems and C itself are written in C.
@ General purpose language designed for structured programming.
@ Data types:
character,
integer,
float,
double,
pointers to all types,
functions returning above types,
arrays of all types,
structures of all types.
@ Operations intended to give machine-independent control of full machine facility,
including to-memory operations and pointer arithmetic.
@ Macro preprocessor for parameterized code and inclusion of standard files.
@ All procedures recursive, with parameters by value.
@ Natural coercions. '
@ Object code uses full addressing capability of the PDP11.
@ Runtime library gives access to all system facilities.
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O Manuals Printed manual and tutorial for the C language.

O CDB An interactive debugger tailored for use with C.

@ Usable in real time or post-mortem.

@ The debugger is a completely separate process from ‘the debuggee. No debugging
code is loaded with debuggee.

@ Prints in natural notation: characters, integers (octal and decimal), floating-point
numbers, double precision numbers, machine instructions (disassembled).

@ Stack trace and fault identification.

@ Breakpoint tracing.

2 Other Languages
2.1 FORTRAN

O FC Compile and/or link-edit FORTRAN 1V programs. Object code is “threaded”. Relies
heavily on floating point.
@ ldiosyncracies:
free form, lower-case source code,
no arithmetic statement functions,
unformatted 1/0 requires record lengths agree,
no BACKSPACE,
no P FORMAT control on input.
e Handles mixed-mode arithmetic, general subscripts and general DO limits.
@ 32-bit integer arithmetic.
@ Free format numeric input.
@ Understands these nonstandard specifications:
LOGICAL*1, *2, *4,
INTEGER*2, *4,

REAL*4, *8,
COMPLEX?*8, *16,
IMPLICIT.
O RC Compile and/or link edit ‘Ratfor’ programs. Ratfor adds rational control structure a la C
to FORTRAN. '

e Else, for, while, repeat..until statements.

@ Symbolic constants.

e File insertion.

@ Compound statements.

@ Can produce genuine FORTRAN to carry away.

O Manual Printed manual for Ratfor.
2.2 Other Algorithmic Languages

0O BAS An interactive interpreter, similar in style to BASIC. Interpret unnumbered statements
immediately, numbered statements upon ‘run’.
e Statements include:

comment,
dump,
for...next,
golo,
il...else..fi,
list,

print,
prompt,



O BC

O Man ual

0O SNO

_2.3 Macroprocessing

0O M6

O Manual

2.4 Compiler-compilers

0O TMG

UNix Summary

return,
run,
Save.
@ All calculations double precision.
@ Recursive function defining and calling.
@ Builtin functions include log, exp, sin, cos, atn, int, sqr, abs, rnd.
@ Escape to ED for complex program editing. !
@ Usable as a filter. . w§

Interactive programmable desk calculator. Has named storage locations as well as con-
ventional stack for holding integers or programs.

@ Unlimited precision decimal arithmetic.

@ Appropriate treatment of decimal fractions.

® Arbitrary input and output radices, in particular binary, octal, decimal and hexade-

cimal. N
@ Reverse Polish operators: &
4 =%/ .

remainder, power, square root,

load, store, duplicate, clear,

print, enter program text, execute.
@ Usable as a filter.

A C-like interactive interface to the desk calculator DC.

@ All the capabilities of DC with a high-level syntax.

@ Arrays and recursive functions.

@ Immediate evaluation of expressions and evaluation of functions upon call.
@ Arbitrary precision elementary functions: exp, sin, cos, atan.

@ Go-to-less programming.

@ Usable as a filter.

Printed manual for BC.

An interpreter very similar to SNOBOL 3.

e Limitations:
function definitions are static,
pattern matches are always anchored,
no built-in functions.

@ Usable as a filter.

-

A general purpose macroprocessor.

e Stream-oriented, recognizes macros anywhere in text.
@ Integer arithmetic. .

@ Usable as a filter.

Printed manual for M6,

A classical top-down compiler-compiler language. Provides a formalism for syntax-
directed translation. Produces driving tables to be loaded with a standard interpreter.

@ Resulting compilers can have arbitrary tables kept in paged secondary store.

@ Integer arithmetic capability.

‘@ Syntactic function capability (similar to ALGOL 68 metaproductions).

10
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O YACC

O Manual
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Printed manual for the TMG compiler-writing system.

An LR(1)-based compiler writing system. During execution of resulting parsers, arbi-
trary C-language, Ratfor or FORTRAN functlions may be called to do code generation
or semantic actions.

@ BNF syntax specifications.

@ Precedence relations.

@ Accepts formally ambiguous grammars with non-BNF resolution rules.

Printed manual for the YACC compiler-writing system.

3 Word Processing

0O ROFF

O CREF

O INDEX

O FORM

O FED

A typesetting program for terminals. Easy for nontechnical people to learn, and good
for most ordinary kinds of documents. Input consists of data lines intermixed with
control lines, such as

Sp 2 insert two lines of space

ce center the next line
@ Justification of either or both margins.
@ Automatic hyphenation,
@ Generalized running heads and feet, with even-odd page capability, numbering, elc.
@ Definable macros for frequently used control sequences (no substitutable arguments).
@ All 4 margins and page size dynamically adjustable.
@ Hanging indents and one-line indents.
@ Absolute and relative parameter settings.
@ Optional legal-style numbering of output lines.
@ Multiple file capability.

Make cross-reference listings of a collection of files. Each symbol is listed together
with file, line number, and text of each line in which it occurs.

@ Assembler or C language.

® Gathering or suppressing references to selected symbols.

® Last symbol defined may replace line number.

@ Various ways to sort output available.

@ Selective print of uniquely occurring symbols.

Make cross-reference indexes of English text.

@ Handles lists of specific index terms or excluded terms.

@ Handles words hyphenated across lines.

@ Understands TROFF and NROFF output, so can gather references according to final
pagination.

@ Output capabilities like CREF.

@ Frequency counts.

Form letter generator. Remembers any number of forms and stock phrases such as

names and addresses. Output usually intended to be ROFFed.

@ Anything that is typed in can be remembered for later use.

@ Runs interactively, querying only for those items that are not in ils memory.

@ Any item may call for the inclusion of other items. For example, full name, address,
first name, title, etc., may be separately retrieved from one name key.

Edit the memory used by FORM. Extract any item, turn it over to context editor ED
for editing, and put it back when done.

@ List names of selected items.

e Print contents of selected item.



0O SORT

0O UNIQ

O USORT
O TR

O DIFF

0 COMM

O CMP

O GREP

O TYPO

O GSI

0O COL

4 Novelties

UNIX Summary

Sort or merge ASCII files line-by-line.

@ Sort up or down.

@ Sort lexicographically or on numeric key.

@ Multiple keys located by delimiters or by character position.
© May sort upper case together with lower into dictionary order.
@ Usable as a filter.

Collapse successive duplicate lines in a file into one line.

@ Publish lines that were originally unique, duplicated, or both.
© May give redundancy count for each line.

@ Usable as a filter.

SORT and UNIQ at the same time. Saves substantial time over sequential execution.

Do one-to-one character translation according to an arbitrary code.
@ May coalesce selected repeated characters.

@ May delete selected characters.

® Usable as a filter.

Report line changes, additions and deletions necessary to bring two files into agree-
ment.
@ May produce an editor script to convert one file into another.

Identify common lines in two sorted files. Output in up to 3 columns shows lines
present in first file only, present in both, and/or present in second only.

Compare two files and report disagreeing bytes.

Print all lines in a file that satisfy a pattern of the kind used in the editor ED.
@ May print all lines that fail to maich.

@ May print count of hits.

@ Usable as a filter.

Count the lines and “words” (blank-separated strings) in a file.

@ Usable as a filter.

Find typographical errors, Statistically analyzes all the words in a text, weeds out
several thousand familiar ones, and publishes the rest sorted so that the most improb-
ably spelled ones tend to come to the top of the list.

Simulate Model 37 Teletype facilities on GSI-300, DASI and other Diablo-mechanism
terminals.

@ Gives hall-line and reverse platen motions.

@ Approximales Greek letters and other special characters by overstriking.

@ Usable as a filter.

Canonicalize files with reverse line feeds for one-pass printing.
@ Usable as a filter.

Source code for game-playing programs is not distributed.

0O CHESS

This chess-playing program scored 1-2-1 and 3-0-1 in the 1973 and 1974 Computer
Chess Championships.

¥




0O BJ

O CUBIC
O MOO
O ‘CAL

O UNITS

O TTT
0 QUIZ

O WUMP

UNIX Summary
A blackjack dealer.
An accomplished player ol 4x4x4 tic-lac-loe.
A fascinating number-guessing game.
Print a calendar of specified month and year.

Converl amounts between diflerent scales of measurement. Knows hundreds of unils.
For example, how many km/sec is a parsec/megayear?

A lic-lac-toe program that learns. It never makes the same mistake twice.
Test your knowledge of Shakespeare, Presidents, capitals, elc.

Hunt the wumpus, thrilling search in a dangerous cave.

5 Text Preparation

5.1 Formatters

High programming skill is required to exploit the formatting capabilities of NROFF, although unskilled
personnel can easily be trained to enter documents according to canned formalts.

O NROFF

O Manual

O NEQN

O Manual

O TBL

Advanced typesetting for terminals. Style similar to ROFF, but capable of much more

claborate leats of formatting, at a price in ease of use,

@ All ROFF capabilities available or definable.

e Completely definuble page format keyed 1o dynamically planted “interrupts’ at
specilied lines.

@ Maintains several separately definable typesetling environments (e.g. one for body
text, one for footnotes, and one for unusually elaborate headings).

@ Arbitrary number of outpul pools can be combined at will.

@ Macros with substitutable arguments, and macros invocable in mid-line.

@ Computation and printing of numerical quantities.

@ Conditional execution of macros.

e Tabular layout flacility.

@ Multicolumn outpul on terminals capable of reverse line feed, or through the posi-
processor COL.

e Usable as a filter,

Printed manual for NROFF.

A mathematical typesetting preprocessor for NROFF similar to EQN (see Section 6).
Prepares formulas for display on Model 37 Teletypes with half-line functions and
128-character font.

o [For Diablo-mechanism terminals, filter output through GSIL.

e Same facilitics as EQN within graphical capability of terminal.

Printed manual for NEQN/EQN.

A preprocessor lor NROFF/TROFF that translates simple descriptions ol lable layouts

and contents into detailed typesetting instructions. .

@ Compules column widths.

o [landles left- and right-justified columns, centered columns and decimal-point align-
ment.

@ Places column titles.



O Manual

UNIX Summary

A standardized technical manuscript layout for use with NROFF/TROFF.

@ Page numbers and dralt dates.

@ Cover shecl and ttle page.

® Automatically numbered subheads.

e Foolnoles.

@ Single or double column. .
® Paragraphing, display and indentation. w
@ Numbered equalions.

Printed manual for MS.

5.2 Unix Programmer's Manual

O MAN

O Manual

6 Typesetting

Print specified manual section on your terminal. . i

Machine-readable version of the UNIX Programmer's Manual.

® Syslem overview.

All commands.

All system calls.

All subroutines in assembler, C and FORTRAN libraries.

All devices and olher special files.

Formals of file system and kinds of files known to system software.
Boot procedures.

This software generates output on a Graphic Systems System/l phototypesetter. It is distributed
separately as an enhancement lo UNIX.

High programming skill is required to exploit the formatting capabilities of TROFF, although unskilled
personnel can easily be trained to enter documents according to canned formats. TROFF and EQN are
sufficiently similar to NROFF and NEQN that it is usually possible to define interchangeable formats
1o produce approximale proof copy on terminals. The preprocessors MS and TBL are fully compatible
with TROFF as well as NROFF, '

O TROFF

O Manuals

O EQN

b

Provides facilities like NROFF, augmented as lollows. This Summary was typeset by

TROFF.

@ Vocabulary of several 102-characler fonts (4 simultaneously) in 15 sizes.

e Positions expressible in inches, centimeters, ems, points, machine units or arithmetiCes"
combinations thereof, -

@ Access (o character-width computation for unusually difficult layout problems.

@ Overstrikes, built-up brackets, horizontal and vertical line drawing.

@ Dynamic relative or absolute positioning and size selection, globally or at the charac-
ler level.

@ Terminal output for rough sampling of the product, usually needs a wide platen. Not
a substitute for NROFF.

® Usable as a filter. e

Printed manual and tutorial for TROFF.

A mathematical Lypesetting preprocessor for TROFF. Translates easily readable formu-
las, either in-line or displayed, into detailed typesetting instructions. Formulas are writ-
len in a style like this:

sigma sup 2 "=" 1 over N sum from i=1 to N ( x sub i — x bar ) sup 2
which produces this:



A

UNIX Summary

2 - e -
r = ‘—Z {.\‘, —.\')2
=] .
@ Automatic calculation of size changes lor subscripts, sub-subscripts, elc.
@ Full vocabulary of Greek letlers, such as-‘gamma’, 'GAMMA".
] e Automalic calculation of large brackel sizes.
‘i @ Vertical “piling” of formulae for matrices, conditional alternatives, clc.
@ Integrals, sums, ctc, with arbitrarily complex. limits.
@ Diacriticals: dots, double dots, hats, bars.
@ Easily learned by nonprogrammers and mathemaltical 1ypists.
@ Usable as a filter.

O TMAN Typeset specified portions of UNIX manual.
@ Same cuapabilities as MAN (see Section 5.2).

August, 1975

* DEC, PDP and DECuape are registered trademarks ol Digital Equipment Corporation. VOTRAX is a
registered trademark ol Vocal Interface Division, Federal Screw Works.
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