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The equation sette:s eqn(l) and negn(l) [6,7] expect to use the .EQ (equation suart) and .EN
(equation end) macros as deiimiters in the same way that (5/(1) uses .TS and .TE; however, .EQ and
.EN must occur inside a .DS-.DE pair.

The .EQ macro takes an argument that will be used as a label for the equation. The labet will appear at

the right margin in the *‘vertical center’’ of the general equation.

w There is an oxzpuon to this rule: i .£Q and .EN are used only to specify the delimiters for in-line
equations or 0 specyy eqn/neqn ‘‘defines,” .DS and .DE must uot be used: otherwise extra biank lines
will appear in the ourput.

7.5 Figure, Table, Equation, and Exhidit Capdoas

FG (tte] [override] (flag]
.IB [utde] [overridel (flag]
.EC [title] [override] (flag]
EX (tite] [override] (flag]

The .FG (Figure Title), .TB (Table Tide), .EC (Equation Caption) and .EX (Exhibit Caption) macros
are normally used inside .DS-.DE pairs to automaticaily number and tile figures, tables, and equatioas.
~ They use registers Fg, T2, £c. and Ex, respectively.'* As an exampie, the cil: .

.FG "This is an dlustration”
yields:
Figure 1. This is an illustration

.TB replaces “‘Figure” by ‘“TABLE™; .EC replaces “Figure” by ‘‘Equation™, and .EX repiacss
“Figure'’ by *“‘Exhibit’’. Qutput is centered if it can fit on a singie line; otherwise, ail lines but the
first are indented to line up with the first character of the title. The format of the aumbers may be
changed using the .af request of the formarter.

The override string is used o modify the aormal numbering. If Aag is omitted or 0, override is used as a
prefix (o the aumber; if Azg is 1, override is used as a suffix; and if flag is 2, overrde replaces the
number. For exampie, to produce figures mumbered within sections, supply \a(H1 for overnde on each
.FG all, and reset Fg at the beginning of each section, as shown in [4.6}.

As a marter of style, table headings are usually placed ahead of the text of the tables, while figure,
egquation, and exhibit captions usually occur after the corresponding figures and egquations.

7.6 List of Figures, Tabies, Equations. and Exhibits

A List of Figures, List of Tables, List of Exhibits, and List of Equations may be obtiined. They will be
printed after the Tabie of Conteats is printed if the number reaisters L/, Ls, Lx, and Le (respectively)
are setto 1. Lf, Lz, and Lxare | by default; Lz is O by defauit. -

7.7 Blocks of Filled Text

One can obuin blocks of filled text through the use of .DS or .DF. However, to have the biock of
filled text cencered within the current line leagth, the /(1) program may be used:

14. The user may wal 0 reset these repsiers aflsr each Arst-level heading (4 6).
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DS 01
.15
center;
lwd0 .,
T

T
.IE
-DE

The *“.DS 0 1™ begins a non-indented, filled display. The ¢5/(1) parameters set up a centersd table
with a column width of 40 ens. The “T( «eo T}”" sequence allows filled text to be input as data within a
table.

8. FOOTNOTES

There are two macros that delimit the text of footnotes,' a string used to automatically number the
footnotes, and a macro that specifies the style of the footnote text.

8.1 Automatic Numbering of Footnotes

Footnotes may be automatically aumbered by typing the tl'u'ee characters *“\sF"" immediately after the
text to be footnoted, without any intervening spaces. This will place the next sequential footnote
number (in 2 smaller point size) a haif-line above the text to be footnoted.

.2 Delimiting Footnote Text
There are two macros that delimit the text of each footnote:

FS [(label)
one or more lines of footnote text
-FE

The .FS (footnote start) marks the beginning of the text of the footnote, and the .FE marks its ead.
The lbe! on the .FS, il present, will be used to mark the footnote text. Otherwise, the number
retrieved from the string F will be used. Note that automatically-numbered and user-labeled footnotes
may be intermixed. If a footnote is labeled (.FS ladef), the text to be footnoted mus: be followed by
label, rather than by *‘\sF"". The text berween .FS and .FE is processed in fill mode. Another .FS, a
DS, or a .DF are nor permitted between the .FS and .FE macros. Examples:

1. Automatically-aumbered footnote:

This is the line containing the word\sF
JFS
This is the text of the foowote, -
FE
- to be footnoted

1S. Footmotes are processed in an eavironment that is differeat from that of the body of the text (see the .ev raquest in (9]).



34 Programmer’s Workbench Memorancum Macros

2. Labelled footzota:
This is a labeiede

JFS e

The footnote is labeled with an asterisk
FE

footnota.

The text of the footnote (encicsed within the .FS-.FE pair) should immediatefy follow the word to be
foommed in the input text, so that *“\«F" or labef oczurs at the 2ad of a line of input and the aext line

is the .FS macro xll. [t is also good practice to appead a unpadcabie space {3.3) to “\«F" or lgde/
wuen they foilow an ead-of-seat=ace puncruation mark (i.s., pericd, question mark, exsiamation
point).

Appeadix C illustrates the various available footnote styles as well as numbered and labeled footnétes.
8.3 Format of Foommote Text o

JFD (arg] (1]

Within the footnots taxt, the user can control the formacing style by specifying text hypheaation, right
margin justification. and text indeatation, as well as left- or right-justification of the label when taxt
indenting is used. The .FD macro is invoked to saiest the appropriate style. The first argument is a
aumber from the left column of the followirg table, Thae formating style for each aumber is given dy
the remaining four columns. For further explacation of the first twe of these columns, see the
dednitions of the .2d, .hy, .aa, and .oh requests in [9].

0 .ok .ad text indent labet left justified
1 Ay .ad ° ‘
2 .ah .na * *
3 .y .na R .
4 .ah .ad no text indent *
§ .ay .ad * *
6§ .ah .ma * *
7 .y .oa * ‘ i
8§ .ah .ad text indent labeld right justified
9 ‘hy Jd ] L]
10 .ah .na * .
11 .y .na . *

If the first argument to .FD is out of range, the eﬁ'ec:isasif.i-‘DOmspeciﬁei If the frst
argument is omitted or aull, the effect is equivalent to .FD 10 in 2roffand to .FD 0 in xoff these are
also the respective initial defaulits.

If a second argument is specified, then wheaever a first-level heading is enccuntersd, automatically-
numbersd {cotnotas begin again with 1. This is most useful with the ‘‘section-page’" page aumbering
scaeme. As an example, the input line: '

‘FD LN ] 1 -
maintains the defauit formartting style and causes footnotes to be numbersd afresh after each first-levet
heading.

For long f{ootmotas that continue onto the following page, it is possible that, il hyphenation is
permitted, the last line of the footnote on ihe currsnt page will be hyphenated. Except for this case
(over whica the user has control by specifying an ever argumeat to .FD), hyphenation across pages is
inhibited by PWR/MM.

Footnotes ars separated from the Sody of the taxt by a short rule. Footnotes that continue to the gex:
page are segarated {rom the body of the taxt by a full-width ruie. In zof, footnotes are set ia type that
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is two points smaller than the point size used in the body of the text.
8.4 Spacing between Footnote Entries

Normally, one blank line (a three-point vertical space) separates the footnotes when more than one
occurs on a page. To change this spacing, set the register Fsto the desired value. For example:
.nr Fs 2

will cause two blank lines (a six-point vertical space) to occur between footnotes.

9. PAGE HEADERS AND FOOTERS

Text that occurs at the top of each page is known as the page header. Text printed at the bottom of
each page is called the page footer. There can be up to three lines of text associated with the header:
every page, even page only, and odd page only. Thus the page header may have up to two lines of text:
the line that occurs at the top of every page and the line for the even- or odd-numbered page. The
same is true for the page footer.

This section first describes the default appearance of page headers and page footers, and then the ways
of changing them. We use the term header (nor qualified by even or odd) to mean the line of the page
header that occurs on every page, and similarly for the term footer.

9.1 Default Headers and Footers '

By default, each page has a centered page number as the header {9.2). There is no default footer and
no even/odd default headers or footers, except as specified in {9.9).

In a memorandum or a releassd paper, the page header on the first page is automatically suppressed
provided a break does not occur before .MT is called. The macros and text of {6.9} and of {9} as well as
ar and .ds requests do nor cause a break and are permitted before the .MT macro call.

9.2 Page Header

PH [arg]
For this and for the .EH, .OH, .PF, .EF, .OF macros, the argument is of the form:
*’left-part’ center-part ‘right-part "
If it is inconvenient to use the apostrophe (°) as the delimiter (i.e., because it occurs within one of the

parts), it may be replaced uniformly by amy other character. On output, the parts are left-justified,
centered, and right-justified, respectively. See {9.11) for examples.

The .PH macro specifies the header that is to appear at the top of every page. The initial value (as
stated in {9.1)) is the default centered page number enclosed by hyphens. See the top of this page for
an exampie of this default header.

If debug mode is set using the flag -rD1 on the command line (2.4}, additicnal information, printed at
the top left of each page, is included in the defauit header. This consists of the SCCS [10] Release and
Level of PwR/MM (thus identifying the current version (11.3]), followed by the current line number
within the current input file. .

93 Even-Page Header
.EH (arg]

The .EH macro supplies a line to be printed at the top of each even-numbered page, immediately
Jollowing the header. The initial vaiue is a blank line.

9.4 Odd-Page Header
.OH ([arg]

-
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This macro is the same as .EH, excapt that it applies to odd-numbered pages.
9.5 Page Foater

.PF (arg]

The .PF macro specifies the line that is 10 appear at the bottom of each page. Its initial value is a blank
line. If the -rCa flag is specified on the command line (2.4}, the type of copy Sollows the footer on a
separate line. In particular, if -rC3 (DRAFT) is specified, then, in addition, the footer is initialized to
contain the date {6.7.1}, instead of being a blank line.

9.6 Even-Page Footer

.EF (arg]

The .EF macro supplies a line 0 be printed at the bottom of each even-aumbered page, immediately
preceding the footer. The inmitial value is a blank line.

9.7 Odd-Page Footer

.OF [arg]
This macro is the same as .EF, except hat it applies to odd-aumbered pages.
9.8 Footer on the First Page

By default, the footer is a blank line. [f, in the input text, one specifies .PF and/or .OF before the end
of the frst page of the document, thea these lines will appear at the bottom of the irst page.

The header (whatever its coatents) replaces the footer on the first page only if the -tN1 flag is specified
on the command line {2.4}.

9.9 Defauit Hesder and Footer with **Sectioa-Page’* Numbering

Pages can be aqumbered sequeatiaily within sections {4.5}. To obtain this numbering style, specify -¢N3
on the command line. [n this case, the default foorer is a centered ‘‘section-page’’ oumber, e.g. 3-5,
and the defauit page header is blank.

9.10 Use of Strings and Registers in Header and Footer Macros o

String and register names may be placed in the arguments to the header and footer macros. If the
value of the string or register is to be computed when the respectrve header or footer is printed, the
invocation must be escaped by four (4) backslashes. This is because the string or register invocation
wul be processed three times:

e 3s the argument to the header or footer macro;
¢ in a formarting request within the header or footer macro;
e in a .Y request during header or footer processing.

For exampie, the page aumber register P must be escaped with four backslashes in order to specify a
header w1 which the page aumber is to be printed at the right margin, e.g.:

PH **"*Page \\\\nP’"

coeates a right-iustified header containing the word *‘Page™ followed b'/ the page qumber. Similarly, to
specify a {ooter with the “*section-page’” style, one specifies (see (4.2.2.5) for meaning of HI):

PF "< \\\a(H1-\\\\nP -**
As another example, suppose that the user arranges for the string @/ to comtain the curreat section
heading whicl is 0 be printed at the bortom of each page. The .PF macro cail would thea be:

“\\\edaf e

If only one or :wo backslashes wers used, the footar would orint a constant value for a/, namely, its
value wien the .PF ippeared 1n the input taxt.
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9.11 Header and Footer Example o

The following sequence specifies biank lines for the header and footer lines, page numbers on the
outside edge of each page (i.e., top left margin of even pages and top right margin of odd pages), and
“Revision 3" on the top inside margin of each page:

.m L 1]
JF oe
EH "\\\\nP’"Revisioa 3°*
.OH *"Revision 3°"\\\\nP""

9.12 Geperalized Top-of-Page Processing o
a This section is intended only for users accusiomed 10 writing formatter macros.

During header processing, PWB/MM invokes two user-definable macros. One, the .TP macro, is invoked
in the environment (see .ev request in [9]) of the header; the other, .PX, is a user-exit macro that is
invoked (without arguments) when the normal environment has been restored, and with *‘no-space”
mode already in effect.

The effective initial definition of .TP (aftcr the first page of a documeant) is:
.& n

3p
A \\e(Jt

df e ‘d \\e(Je
Jf o ‘2 \\¢(Jo
<SP

The string )¢ contains the header, the string }e contains the even-page header, and the string }o contains
the odd-page header, as defined by the .PH, .EH, and .OH macros, respectively. To obtain more
specialized page titles, the user may redefine the .TP macro to cause any desired header processing
{11.5}. Note that formatting done within the .TP macro is processed in an environment different from
that of the body.

For exampie, to obtain a page header that includes three centered lines of data, say, a document's
number, issue date, and revision date, one could define .TP as follows:

. «de TP

3p
<3

T777-388-999

Iss. 2 AUG 1977
Rev. 7, SEP 1977
sp

The.PXmacmmaybeusedtoptovidetexnhatistoapparuthempofachmea.fterthenormal
header and that may have tab stops to align it with colurnns of text in the body of the document.

9.13 Generalized Bottom-of-Page Processing

.BS
zero or more lines of text
BE

Lines of text that are specified between the .BS (bottom-block start) and .BE (botiom-block end)
macros will be printed at the bottom of each page, after the footnotes (if any), but before the page
footer. This block of text is removed by specifying an empty block, i.e.:
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.BS
BE

10. TABLE OF CONTENTS AND COVER SHEET

Tae table of contents and the cover sheet for 2 document are produced by invoking the .TC and .CS
macTos, respectvely. The appropriate -rBa option (2.4} must also be specified on the command line.
These macros should normally appear only once at the end of the document, after the Signature Block
{6.11.1) mnd Nowdons (6.11.2} macros. They may occur in either order.

The wubie of contents is produced at the end of the document because the entire document must be
processed before the table of conteats can be generated. Similarly, the cover sheet is often not needed,
and is therefore produced at the end :

10.1 Tabdle of Contents
.TC [slevei] (spacing] [tlevei] [tab] (headl] [head2] [head3] (head4] (headS]

The .TC macro generates 2 table of contents containing the headings that were saved for the table of
conteats as determined by the value of the CJ register (4.4]. Note that -¢Bl or -tB3 {2.4) must aiso be
specified 10 the formartter on the comma. * line. The argumeats to .TC controi the spacing before each
earry, the placement of the associated page aumber, and additicnal text on the first page of the tabie of
contents before the word ““CONTENTS."”

Spacing befcre each 2atry is controlled by the first two arguments: headings whose leve! is less than or
equal to sievel will have spacing blank lines (balves of a vertical space) before them. Both sleve! and
spac:ng default to 1. This means that first-level headings are precaded by one blank line (% a vertical
space). Note that sievel does not control what levels of heading have besa saved; the saving of headings
is the function of the C7 registar (4.4).

The third and fourth arguments control the placement of the page aumber for each heading. The page
aumbers can be justified at the right margin with either blanks or dots (“‘leaders’) separating the
beading text from the page aumber, or the page aumbers can foilow the heading text. For headings
whose levef is less than or equal to tlevef (defauit 2), the page numbers are justified at the right margin.
In this case, the value of wd determines the character used to separate the heading text {from the page
pumber. If @b is O (the defauit vaiue), dots (i.e., leaders) are used; i @b is greater than 0, spaces are
used. For headings whose level is greater than devel, the page aumbers are separated from the heading
text by two spaces (i.e., they are *‘ragged right’").

All additional arguments (e.3., keadl, head, etc.), if any, are horizontally centersd on the page. and
precade the actual tabie of contents itseif.

If the .TC macro is invoked with at most four arguments, then the user-exit macro .TX is invoked
(without argumeants) before the word “CONTENTS™ is printed. By defining .TX and invoking .TC
with at most four arguments, the user can specify what needs to be done at the tap of the (first) page
of the table of ccntents. For sxample, the following input:

.ds TX

<82 .
Special Application

Message Transmission

=p 2

in +10n

Approved: \|"3i"

.
3p

ve

.IC
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yields:
Special Application
Message Transmission
Approved:
CONTENTS
102 Cover Sheet

.CS [pages] [other] [total] [figs] [tbis] [refs]

The .CS macro generates a ccver sheet in either the TM or released-paper style.!$ All of the other
information for the cover shest is obtained from the data givea before the .MT macro call {6.9}. If the
released-paper style is used, all arguments to .CS are ignored. If 8 memorandum style is used, the .CS
msacro generates the ‘“Cover Sheet for Technical Memorandum.™ The arguments provide the data that
appears in the lower left corner of the TM cover sheet [2): the number of pages of text, the number of
other pages, the total number of pages, the number of figures, the number of tables, and the number
of references.

11. MISCELLANEOUS FEATURES
11.1 Bold, Italic, and Roman

.B [bold-arg] [previous-font-arg]

oI litalic-arg] [previous-font-arg]

OR
When called without arguments, .B (or .I) changes the foat to bold (or italic) in zof, and initiates
underlining in arof.!” This condition continues until the occurrence of a .R, when the regular roman
font is restored. Thus,

J -

here is some text

-R

yieids:
here is some et

If .B or .] is called with one argument, that argument is printed in the appropriate font (underiined in
nroff). Then the previous font is restored (underlining is turned off in aroff). If two arguments are
given to a .B or .1, the second argument is then concatenated to the first with no intervening space, but
is printed in the previous font (not underiined in nroff). For exampie:

-

16. But only if B2 or B3 hes been specified oo the command line.
17. For ease of expianation. in this section {11.1} rafbehavior is described frst, the coavention of {1.2) not withstanding.
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[ italic

text

J right -justified
produces:

nabic text rgar-iustified
One can use both dcid and italic foants if one intends 0 use troff, but the aroff version of the output
does 1ot distinguish Secwesn boid and iwulic. [t is probabiy a good idea !0 use .I oniy, uniess boid is
truly required. Note that font changes in leadings are handled separateiy {4.2.2.4.1).
Anyone using a terminal that cannot underline might wish to insert

Jmoud

oo
at the beginning of the document to eliminate g/l underlining.

11.2 Justificadom of Right Margin

SA (arg]

The .SA macro is used to set right-margin justification (or the main body of text. Two justification flags
are used: curremr and desault. .SA 0 sets both flags to no justification, i.e., it acts like the .na request.
SA 1 is the inverse: it sats both flags to cause justification, just like the .ad request. However, calling
SA without an argument causes the curreqr flag to be copied {rom the defzuir flag, thus performing
sither a2 .72 or .ad, depending on what the dejauit is. Initially, both flags are set for no justification in
aroff and for jusufication in zofft

[ general, the request .aa can be used o ensure that justification is turned off, but .SA should be used
to restore jusufication, rather than the .ad request. In this way, justification or lack thereof for the
remnainder of the text is specified by inserting .SA 0 or SA 1 once at the beginning of the document.

113 SCCS Reiease !dentificatioa

The string RE conuins the SCCS [10] Release and Level of the current version of PW&/MM. For
exampie, typuag:

This is version \«(RE of the macros.
producex

This is version 15.103 of the macros.

This information is useful in analyzing suspected bugs in PWR/MM. The easiest way to have this
aumber appear in your output is to specify -rD1 {2.4} on the command line, which cuses the string RE
10 be output as part of the page header (9.2},

11.4 Two-Cotumn Oucput
Pw8/MM can prnint two columns on 2 page:

.2C
text and {ormarting requests (except another .2C)
.1C

The 2C macro begins two-coiumn processing whica continues until a .1C macro is encountered. In
two-column procassing, each physical page is thought of as conuining two coiumnar ‘‘pages’ of squal
(but smailer) *“page’ width. Page headers and footers are nor afected by two-column processing. The
.2C macTo does no¢ ‘‘Saiance’” two-column output.

[t is posuble to have full-page width footnotes and displays when in two column mode, aithough the
defauit acticn is (or foomotes and displays to be narrow 1 two column mode and wide in one column
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mode. Footnote and display width is controlled by & macro, .WC (Width Coatrol), which takes the
following arguments:

N Normal default mode (— WF, = FF, = WD)

WF  Wide Footnotes always (even in two
column mode)

—=WF DEFAULT: turn off WF (footnotes follow
column mode, wide in 1C mode, narrow in
2C mode, uniess FF is set)

FF First Footnote; 1l footnotes have the same
width as the first footnote encountered for
- that page

—FF DEFAULT. tun off FF (footnote style
follows the settings of WF or — WF)

WD W’lde)Disphys aiways (even in two column
mode

-~WD DEFAULT: Displays follow whichever
column mode is in effect when the display
is encountered

For example: .WC WD FF will cause all displays to be wide, and all footnotes on a page to be the same
width, while .WC N will reinstate the default actions. If conflicting settings are given to .WC the last
one is used. That is, .WCWF =WT has the effect of .WC —WF. Note that by default all options are
turned off.

115 Columa Headings for Two-C;luxnn Outpat o
a” This section is intended only for users accustomed to writing formatter macros.

In two-column output, it is sometimes necessary to have headers over each column, as well as headers
over the entire page (9]. This is accomplished by redefining the .TP macro {9.12) to provide header
lines both for the entire page and for each of the columns. For example:

de TP

3p 2

.l “Pege \\nP°'OVERALL"

At “TITLE™

K]

af

.ta 16C 31R 34 50C 65R

left—center—right—left—center—right (where — stands for the tab character)
-.‘-;ﬂrst column—-——-=second column

p 2

The above example will produce two lines of page beader text plus two lines of headers over each
column. The tab stops are for a 65-en overall line length.

11.6 Vertical Spacing
SP [lines]
There exist several ways of obtaining vertical spacing, all with different effects.

The .sp request spaces the number of lines specified, uniess **no space™ (.ns) mode is on. in which case
the request is ignored. This mode is typically set at the end of a page header in order to eliminate
spacing by a .sp or .bp request that just happens to0 occur at the top of a page. This mode can be turned
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off via the .rs ("r=stara spacizg') request.

The .S?P macro is used to avoid the accumulation of vertical space Dy successive macro cails. Several
SP lls in 2 row produce noc the sum of their arguments, but their maximum: i.e., the following
produces only J blank lines

SP 2
SP 3
S?

Many PWR/VOM macros utilize .SP for spacing. For example, “.LE 1™ (5.3.2) immediataiy followed by
P (4.1} produces only a single blank line (% a vertical space) betwesn the end of the list and the
following paragraph. An omitted argument defauits to one blank line (one vertical space). Unscaled
fracuonai amounts are permitted; ke .sp, SP is also inhibited by the .as request.

11.7 Skipping Piges

SK (pages]

The .SK macro skips pages, but retins the usual hesder and footer processing. If pages is omittad,
aull, or 0, .SK sidps 0 the top of the aext page uniesy it is currently at the top of a page, in which case

it does nothing, SX 7 skips n pages. That is, .SK aiways pasitions the text that foilows it at the top of
a page, vhule .SX | always leaves one page that is blank except for the header and footer.

11.8 FORCING AN ODD PAGE
.op

This macro is used t9 easure that the following taxt begins at the top of an odd-aumbered page. If
currenuy at the op of an odd page, 20 motion takes piace. [ currently on an even page, text resumes
prinung at the top of the next page. If currendy on an odd page (but not at the top of the page) one
biank page is produced, and printing resumes on the page after that,

11.9 Sertting Point Size and Vertical Spacing

In Fof the default powat size (obtained from the.register S (2.4]) is 10, with a2 vertical spacing of 12
points (i.e., 6§ lines per inch). The prevailing point size and vertical spacing may be changed by
invoxing the S macro:
S largl

If arg is quil, the prevrous point size is restored. If ary i3 negative, the point size is decremented by the
specified amount. If arg is signed positive, the point size is incremented by the specified amount, and if
arg is unsigned, it is used as the new point size; if ary is greater than 99, the desauit point size (10) is
restored. Verucai spacing is always two points greater than the point size. 't

12. ERRORS AND DE3UGGING
12.1 Error Terminatoas

When 2 macro discovers an error, the foilowing actions occur:
e A break ocgurs.

I8 Footnotes {8 are prmied n & Sz (wa poinrs wmeder than the point sizs of he body, with an addinocal verncal gecng of
ires pomts berwesn [ootnotes.
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e To avoid confusion regarding the location of the error, the formatter output buffer (which may
contain some text) is printed.

e A short message is printed giving the name of the macro that found the error, the type of error, and
the approximate line number (in the current input file) of the last processed input line. (All the
erTor messages are explained in Appendix E.)

o Processing terminates, unless the register D {2.4] has a positive value. In the latter case, processing
continues even though the output is guaranteed to be deranged from that point on.

5 The error message is printed by writing it directly to the user’s terminal [f an outpur filter, such as
300(1), 450(1), or bp(1) is bemg used w post-process nroff ougna, the message may be garbied by
being intermoced with 1exx heid in that filter's output byffer.

w [f either tbl(1) or eqn(1)/neqn(l), or both are being used, and if the -olist oprion of the formauer
causes the last page of the document not 0 be printed, a harmiess ‘‘broken pipe" message resuits.

12.2 Disappearance of Cutput

This usually occurs because of an unclosed diversion (e.g., missing .FE or .DE). Fortunately, the
macros that use diversions are careful about it, and they check to make sure that illegal nestings do not
occur. If any message is issued about a2 missing .DE or .FE, the appropriate action is to search
backwards from the termination point looking for the corresponding .DS, .DF, or .FS.

The following command:
grep -n **\.[EDFT](EFNQS]" files ...

prints all the .DS, .DF, .DE, .FS, .FE, .TS. .TE, .EQ, and .EN macros found in files ..., each
preceded by its file name and the line number in that file. This listing can be used to check for illegal
nesting and/or omission of these macros.

13. EXTENDING AND MODIFYING THE MACROS «

13.1 Naming Coaventions -

In this section, the following conventions are used to describe legal names:
n: digit
a: lower-case letter
‘A. upper-case letter

< amy letter or digit (any alphanumeric character)
s special character (any non-alphanumeric character)

All other characters are literals (i.e., stand for themselves).

Note that request, miacro, and swing names are kept by the formatters in a single internal table, so that
there must be no duplication among such names. Number regiszer names are kept in a separate table.

13.1.1 Names Used by Formaners.

requests: aa (most common) -
an (only one, currently: .c2)

registers: 22 (normal)
X (normal)

s (only one, currently: .S)
% (page number)

13.1.2 Names Used by PWB/MM.

macros: AA (most common, accessible to user)
A (less common, accessible w user)
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)x (mtzmai, constant)
>x (interzal, dynammc)
srings: AA (most common, accessible to aser)
A (less common, accessible o user)
]x (intermai, usually allocated o specific functions t.m'ougbout)
)x (internai, more dynamic usage)

registers: Aa (most common, sccessible to users)

An (common, accessibie o user)

A (accessible, set on command line)

x (mostly internal, rarely accessible, usuaily dedicated)

= (intemnai, dynamic, temporaries)
13.1.3 Names Used by EQN/NEQN and TBL. The equation preprocessors, egn(l) and negn(1), use
registers and string names of the form ~r. The table preprocessor, (5(1), uses names of the {orm:

a + aj o # #= - #- “a T TW

13.1.4 User-Definabie Names. After the ~bove, what is left for user extensions? To avoid probiems,
we suggest using names that consist eitner of a single lower-case letter, or of 2 lower-case letter
followed by anything other than a lower-case letter. The following is a sample naming convention:

macros: aA
Aa
strings: a -
a) (or al, or a}, etc.)
registers a
aA

132 Sampie Extensions
13.2.1 Appendix Headirgs. The following gives a way of generating and aumbering appeadices: -

.ar Hu 1

.ar a0

.de aH

ara -+l

ar PO

.-ls’g *°° Appendix \\na - \\\\\\\\nP°"
HU A\ST®

After the above initialization and definition, each il of the form *‘.aH “title”™ begins a new page
(with the page header changed to “‘Appendix a - #'") and generates an unnumbered heading of urle,
waich, if desired, can be saved for the table of contents ThouvhowuhAppendixuuambe
ceatered must, in addition, set the register Heto 1 (4.2.2.3).

13.2.2 Harging [ndert with Taks The following example dlustrates the use of the banging-indent
fearure of variabie-item lists (5.3.3.6). First, a user-defined macro is buiit to accept four arguments that
make up the mark. Each argument is 0 be separated {rom the previous one by a tab character; tab
settings are defined later. Since the first argument may begin with a period or apostrophe, the “\&™ is
used so that the furmaner will oot interpret such a line as 2 formaner request or macro.'? The *“\t” is
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transiated by the formarter into a tab character. The *‘\¢’’ is used 0 concatenate the line of 2xz that
follows the macro to the line of taxt built by the macro. The macro definition and an example of its
use zre as {ollows:

ﬁ aX
MESTMANS2\e\\S3\e\\S4\e\e

1 90 180 270 360

3

ah off \- no

hyphenation.

Automatic hyphenation is turned off.

Words coataining hyphens

(e.g., mother-in-law) may still be split across: lines.

aX .he\Dc none none no @© stands for a space)
Hyphenation indicator character is set to *“‘¢’* or removed.

During text processing the indicator is suppressed

and will not sppear in the output.

Prepending the indicator to a word has the effect

of preventing hyphenation of that word.

.LE

Ths resulting output is:

.ah off - no No hyphenation. Automatic hyphenation is turned off. Words
containing hyphens (e.g., mother-in-law) may still be split
acvoss lines.

by on - no Hyphenate. Automatic hyphenation is turned on.

Jee noae pone no Hyphenation indicator character is set to *‘c’* or removed.

During text processing the indicator is suppressed and will not
sppesr in the output. Prepending the indicator to & word has
the effect of preventing hyphenstion of that word

14. CONCLUSION -
The following are the qualities that we have tried 10 emphasize in PWB/MM, in approximate order of

.

1Mportance:

o Robusmess in the face of error— A user need not be an nrof7oroff expert to use these macros. When
the input is incorrect, either the macros attempt to make a reasonabie interpretation of the error, or
a message describing the error is produced. We have tried to minimize the possibility that a user
would get cryptic system messages or strange output as a resuit of simpile errors.

19. The two-character sequencs ‘““\&™ i3 undersicod by the formatiers 1o be & “zero-width™ spece, ie. it causes no output
characters 10 appess.
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o Zase of use for simpie documeng-—I[t is not oecsssary to write compiex sequences of commands to
producs simple documents. Reasoaabie default vaiues are provided, whers at all poasible.

o Parometerization—Thers are many difereat preferences in the area of document styling. Mamy
parameters are provided so that users can adapt the output to their respective needs over a wide
range of styles,

o Exrension by moderately expert users—We have made a strong effort to use mnemonic naming
conventions and consistant techmiques in the coastructon of the macres, Naming conveations are
given so that 2 user can add new macros or redefine existing ones, if aecessary.

o Devce independence—The most common use of PWR/MM is to print documents on hard-copy
typewriter terminais, using the 2roff formatter. The macros can be used conveaiently with both 10-
aond 12-pitch terminaic [n addition, output can be scanned with an appropriate CRT terminai. The
macros have been constructed to ailow compatibility with zoff, so that output can be producsd both
on typewriter-like terminals and on a phototypesetter.

o Minimeation of input—The design of the macros attempts (o minimize repetitive typing. For
exammpie, if a user wants to have a blank line after all first- or second-level headings, he or she need
only set a speaific parameter once at :~= Seginning of a2 documeat, rather than add a blank line after
exch such heading. )

o Decoupiing of input formar from oupwr style—There is but one way to prepare the input text, aithough
the user may obtain 2 number of output styles by setting a few global flags. For example, the .H
macro s used {or all aumbered headings, yet the actual output style of these headings may be made
1o vary {rom documeat to document or, for that matter, within a single document. ’

Furure reieases of pwa/MM wiil provide additional features that are found to be useful. The authors
weicome comments, suggestions, and criticisms of the macros and of this manual.
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formanters and to invent ways of having the formarters perform unusual but desired actions.

Rafercaces

(1] Doleta, T. A., Haight, R. C., and Piskorik, E. M., eds. PwawNIX User's Manuai—Editnon 1.0.
Bell Laboratories, May 1977.

(2] Beil Laboratories, Methods and Systems Department. Office Guide. Unpubiished
Memorandum, Beil Laboratories, April 1972 (as revised).

(3] Kemighan B. W. UNTX for Beginners. Beil Laboratories, October 1974,

(4] Eemighan B. W. A Tutorial Introduction to the UNIX Text Editor. Beil Laboratories, October
1974,

{51 Kemighan, B. W. A TROFF Tutorial. Bell Laboratories, August 1976.

(61 Kernighan, B. W, and Chemry, L. L. Typqetunz Mathematcs—User’s Guide (Second Edition).
Bell Laborawncs. June 1976.

(71 Scrocma, €. New Graphic Symbols for EQN and NeqN. Beil Laboratories, September 1976.

(81 Smith, D. W, and Piskorik, E M. Typing Documents with Pwanod. Beil Laboratories,
Ccwber 1977.



Ane

Programmer 5 Woriddench Memorancum Aacres

[9] Cssanna, J. F. NROFF/TROFF User's Manual. Bell Laboratories, October 1976.

(10] Bonmni, L. E., and Glasser, A. L. Sccs/pws User’s Manual. Beil Laboratories, November
1977.

[11] Lesk, M. Tbl—A Program to Format Tables. Bell Laboratories, September 1977.







Programmer's Workbench Memorandum Macros 49

Appeandix A: DEFINITIONS OF LIST MACROS »
w This appendix is intended only for users accustomed to writing formatzer macros.
Here are the definitions of the list-initialization macros {5.3.3):®

de AL

iNe\\Slee .ifl'e\\Sl1ele .ifl'e\\S1@ae .il'g\\S1eAQ .if'e\\Slele .if'@\\S1®@i® .)D AL:bdad arg:\\$1
J4f \\n(.$<3 \(.ie \wa\\S2@=0 .)L \\n(Lin 0 \\n(Lin-\we\0\0.@u 1 “\\$1*

2l LB O\\S2 0 2 1.1\S1°\) ’

4f \\n(.$>2 \[.ie \wa\\S2@=0 .)L \\n(Lin 0 \\n(Lin-\wa\O\0.@u 1 '\\Sl' 01

2l LBO\\S2021°\81"01\}

.de BL

ar ;0 \\a(Pi
.n‘ \\n(.$>0 .if \we\\S1@>0 .ar ;0 O\\S1
J4f \\n(.$<2 LB\\n(;001 0 \\'(BU
4 \\n($>1 .IB\\n(;0 01 0\\e(BUO !
ar 30

.de DL

ar ;0 \\a(Pi

4f \\n(.$>0 .if \wa\\S1@>0 .ar ;0 0\\S!

Jf \0(.$<2 .LB\\n(;0 0 1 0 \(em

J4f \n(.$>1 LB\\n(;0 01 0\(em O 1

Jgr 0

.de ML

4f \\a(.$ .)D "ML:missing arg®

ar ;0 \we\\Slew3u\\n(.su+ 1u\" get size in n's
J4f \\n(.S-1 .LB \\n(;0 0 1 0 "\\S1*

J4f \\n(.S-1 .if "\\n(.5-2 .LB 0\\S2 0 1 0 "\\s!1"

J4f \\n(.$-2 .if \we\\S2@ .LB \\n(;0 0 1 0 °\\S1"0 1
J4f \\n(.$-2 .if \we\\S2@ .LB O\\S2 01 0 A\\s1" 0 1

de RL

ar 06

4r \\a(.$>0 .if \wa\\S1@>0 .ar ;0 0\\S1
J4f \\n(.$<2 LB \\n(;0 0 2 4
Jf\n(.$>1 LB\\n(;0024101

Jar 30 .

:Zu L

4f \\n(.$ .)D "VL:missing arg"
4f N\\n(.S-2 .LB \\S1 0\\S2 0 0
Jf \\n(.S-2 LB OWS10\\$200\& 01

20. On this page. @ represents tha BEL character, .)D is an internal PWB/MM macro that prints error messsges, and .)L is
sirmilar 0 LB, except that it expects its arguments to be scaled.
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Any of thess can be rededined 0 produce differsat behavior: e.g., to provide two spaces berwesn the
bullet of a bullet item ard ity text, rededne .3L 23 follows befure invoking it:¥!

.de BL
LB 3020\(BU

e

21, With uns rededimonon, .BL annot have oy arguments.
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" Appendix B: USER-DEFINED LIST STRUCTURES o
W This appendix is intended only for users accustomed to writing formarter macros.

If 2 large document requires complex list structures, it is useful to be abie to define the appearance for
each list level only once, instead of having to define it at the beginning of each list. This permits
consistency of style in a large document. For exampie, a generalized list-initialization macro might be
defined in such a way that what it does depends on the list-nesting level list nesting in effect at the time
the macro is called. Suppose that levels 1 through § of lists are to have the following appearancs:

A
(1l

2
+

_The following code defines a macro (-al) that always begins a new list and determines the type of list
according 10 the current list level. To understand it, you should know that the number register g is
used by the Pwa/MM list macros to determine the current list level; it is 0 if there is no currendy active
list. Each call to a list-initialization macro increments .z, and each .LE call decrements it.

.u ¢
\" register g is used as a2 local temporary to save :g before it is changed below
.ar g \\n(:g

Jf \\ng=0 .AL A \" give me an A.

Jif \\og=1 .LB \\n(Li 0 1 4 \" give me a [1]
«if \\ng=2 .BL \" give me a bullet

if \\ng=3 .LB \\n(Li 0 2 2 a \" give me an a)
if \\ng=4 ML + \" give me a +

This macro can be used (in conjunction with .LI and .LE) instead of .AL, .RL, .BL, .LB, and .ML.
For example, the following input:

al
L1

¥}
B

L‘.gt
B

hEE
5

will yield:
A. first line.
(1] second lige.
B. third line.
There is another approach to lists that is similar to the .H mechanism. The list-initialization, as well as
the .LI and the .LE macros are all inciuded in a single macro. That macro (called .bL below) requires
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an argument to teil it what level of item is required; it adjusts the list level by either beginning 2 aew
list or setting the list level back to 2 previous value, and then issues a LI macro il to produce the
.3s bL
e \\n(.$ or g \\S1 \" if there is an argument, that is the level
& .ar g \\a(:g \" if no argument, use current level
A \\ng-\\n(:g>1 .)D *«=ILLEGAL SXIPPING OF LEVEL" \" increasing level by more than |
Af \\ng>\\a(:g \(.aL \\ng-1 \' if g > :g, begin new list.
. ar g \\a(:g\} \" and reset g to current level (.al changes )
A \\a(:g>\\ng .LC \\ng \* if :g > g prune back to correct level
\* if :3 = g, stay within current list
LI \" in all cases, get out am item

For .5L 0 work, the previous deflnition of the .al. macro must be changed to obwin the vaiue of g
from its argument, rather than from 3. Invoking .bL without arguments causes it to stay at the current
list level. The Pwva/MM .LC macro (List Clear) removes list descriptions until the leved is less than or
equai to that of its argument. For examrnie, the .H macro inciudes the cail *“.LC 0™. If text is to be
resumed at the end of a list, insert the cail “.LC 0’ to clear out the lists compietely. The exampie
telow illustrates the reiatively small amount of input nesded dy this approach. The input text:

Tae quick brown fox jumped over the lazy dog’s back
Bl 1

first lige.
BL 2
second line.
SL 1
third line.
.bL

fourth line.
LCO

fifth line.

yieids:
The quick browa fox jumped over the lazy dog’s back.
A, frst line,
(1} second line.
B. third line.
C. fourth line.
ffth line,
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Appendix C: SAMPLE FOOTNOTES

The following exampie illustrates several foomote styles and both labeled and cutomatically-numbered
. Joomotes, The ccual inpea for the immediately following texx and for the foomotes at the bottom of this page
&s shown on the following page:

With the footnote style set 10 the nroff default, we process a footnote! followed by another one.*****
Using the .FD macro, we changed the footnote styie to hyphenate, right margin justification, indent,
and left justify the label. Here is a footnote,? and another.t The footnote style is now set, again via
the .FD macro, to fio hyphenation, no right margin justification, no indentation, and with the labei
left-justified. Here comes the final one.}

1. This is the first footnots text exampie (.FD 10). This is the defsult style for mef. The right margin is ser justified.
Hypbenation is nor permutted. The text is indented, and the automaticaily generated label is ngiw-justified in the text-indent
space. .

ee=e= This i3 the second footnots text exampie (FD 10). This is aiso the default s style but with a long footnote label
providad by the user.

2 This is the third footnote exampie (FD 1). The right margin is justifisd, the foomote text is indented, the label is ief)-
josufied @ the lext-indent space. Although not necessarily illustrated by this example, hypbenation 'is permitted. The quick
brown fox jumped over the lazy dog's back. )

t This is the fourth foomote exampie (.FD 1). The styis is the sams as the third footnote.

3. This is the Afth foowrote exampie (.FD 6). The right margin is aor justified, hyphenation is nor permitied. the footnote text is

a0t indented, and the label is placed at the beginning of the first line. The quick brown fox jumped over the lazy dog's back.

Now is the ume for ail good men 0 come 10 the aid of their country.
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FD 10

With the footrote style set to the

J orod

defauit, we jrocess a foonowe\«F

'B

This is the Arst footnote text exampie (FD 10).
Thus is the default style for

J ared.

The right margin is

J oot

The text is inceated, and the automaucaily generated label is

J right -justified

o the text-indent space.

FE

foilowed by another one.sswes\s (C stands for a space)
This is the second {cotmote text exampie ((FD 10).

Thus s aso the defauit

J arod

mie but with 2 !ong foowmote labei provided by the user.

kLR

1

g the .FD macro, we changed the foownote style to hyphenate, right margin justification,
t, and lef jusafy the label

Here i3 a footnote,\«F

:nagl

"'h:.s is the third {ootnote example (.FD 1).

Tas right margin is justfied, the foomote text is indeatad, the labei is
J left qusufied

in the text-indent spacs.

Although not aecessanly dlustrated by this example, hypbenation is permitted.
The quick brown (ox jumped over the lazy dog's back.

FE

and another\(da\c

F3 \(¢g®

Ths o the fourth footnote example (.FD 1).
T;:Ennﬂeamnmummndfeomom

FD 6

The foomote style is dow set, again via the .FD macro, 10 ao hyphenation, no right margin justification.
0o indentauon, and with e label left-justufied

Here comes the fnal one\<F\o

.FS

Tkis is the ANth foctnote exampie (FD 6). -

The right margin is

d 20t

justufled, hyphenation is

J oot

;xerminad..mcfoommmn‘s

J oot

indented, and the label is placed at the deginning of the first line.
The quick trowa fox jumped over ihe lazy dog’s back

P.;:E':mnum-fordlzoodmmwmmmmeaidormdrmunm.
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Appendix D: SAMPLE LETTER
& The arofl and troff outpurs corresponding w0 the input texa beiow are shown on the following pages.

ND "May 31, 1979°

JIL 334455

Out-of-Hours Course Description:

AU °D. W, Stevenson® DWS PY 9876 5432 1X-123
MT O

DS

J. M. Jones:

.DE

.P

Please use the following description for the Out-of-Hours course
*Document Preparation on the PWB/UNIXs

JFS e

UNIX is a Trademark of Bell Laboratories.
time-sharing system":

The course is intended for clerks, typists, and others
who intend to use the PWB/UNIX system

for preparing documentation.

The course will cover such topics as:

VL 18 :

.L] Environment:

utilizing a time-sharing computer system;

accessing the system;

using appropriate output terminals.

LI Files:

how text is stored on the system;

directories; .

manipulating files.

L1 “Text editing:”

how to enter text so that subsequent revisions are easier to make;
how to use the editing system to

add, delete, and move lines of text;

how to make corrections.

L1 "Text processing:”

basic concepts;

use of general-purpose formatting packages.

L] *Other facilities:®

additional capabiliies useful to the typist such as the
d “typo, spell, diff,”

and .
Jd grep : ’
commands and a desk-calculator package.

.LE

SG jym

.NS

S. P. Lename

H. O. Del

M. Hill

.NE

55



Bell Ladoratories

subject: Qut-of-dcurs Course Descriptiosn date: May 31, 1979
Case: 3348454
from: D. W. Stevansoca
PY 9876
1X-123 x5832

J. M, Jones:

Please use the fcl.swing description for the Qut-of-Hours course
*"Document Preparatiosn 62 tire PWB/UNIX®* time-sharing systea”:

The course (s intended for clerks, typists, and others who intand
to use the ?PW3/UNIX system for preparizg documentatiocn. The
course Will cover suco topics as:

Eavironment: utilizing a time-sharing computer system;
accessing tue system; using appropriate cutput
terminals.

Tiles: how text is stored on the system; directories;
manipulatiag files.

©®
4}
34
1]
0
[oy
o
[N
13
(2]

30w %< eater text so that subsequent revisions
are easier to make; how o use the editing sys-
team to add, delete, and move lines of tex:t; how
to make corrections. '

Text prccessiag: Ddasic concepts; use of general-purpose format-
' ting packages.

Cther facillties: additiomal capabllities useful to the typist

such as the tv29, 3pell, diff, and gres com-
mands and a desk-calculator package.

P¥-3875-0WS=jrm D. W. Stevenson
Cspy o

S. P. Lename

d. Q. ZTel

M. Bill

¥ UNIX {s a Trademark of 3ell Laboratories.



Bell Laboratories

subject Out-of;Houx's Course Description due May 31, 1979
Case: 334455
from: D. W. Stevenson

PY 9876

1X-123 x5432
J. M. Jones
Plesse use the following description for the Out-of-Hours course "Document Preparation on the
PWB/UNIX"® time-sharing system”:

The course is intended for clerks, typists, and others who intend to use the PWB/UNIX system for
preparing documentation. The course will cover such topics as:

Environment: utilizing a time-sharing computer system; accessing the system; using appropriate

output terminals.
Files: how text is stored on the system; directories; manipulating files.
Text editing: how to enter text so that subsequent revisions are easier to make, how to use the

editing system to add, delete, and move lines of text; how to make corrections.
Text processing  basic concepts; use of general-purpose formatting packages.

Other facilities: additional capabilities useful to the typist such as the 5po, spell diff; and grep com-
mands and 2 desk-calculator package.

PY-9876-DWS-jm ' D. W. Stevenson

Copy t0

S. P. Leaame
H. O. Del
M. Hill

® UNKX is s Trademark of Beil Laboratories.
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Appendix E: ERROR MESSAGES

L PWB/MM Error Yessages

Each PWR/MOM error message consists of 2 standard part folowed by a variable part. The standard part is

of the form:
ERROR:input line a:

The variable part consists of 2 descriptive message, usually beginning with a macro name. The vuriable
parts are listed beiow in alphabetical order by macro name, esch with a more complets explanation: 3

Check TL, AU, AS, AE, MT sequencs

AL:bad argvaiue

CS:cover sheet oo long

DS:too many displays
DS:missing FE
DS:missing DE

DE:no DS or DF active

FEmno F3
FS:missing FE

FS:missing DE
H:bad argvalue

H:missing FE

H:missing DE
H:missing arg
HU:missing arg
LB:missing arg(s)
LB:100 many nested lists
LE:mismatched

22. This fse is set up by “.L3 37 0 2 0™ {5.4}.

The proper sequencs of mactos for the beginning of a
memorandum is shown in {6.9). Something has disturbed this
order.

The argument to the .AL mactoisnotone of 1, A, a, [ or i.
The incorrect argument is shown as waiue.

The text of the cover sheet is too long to fit on one page. The
atstract shouid be reduced or the indeat of the abstract should
+ decreased (6.4},

More than 26 floating displays are active at oace, i.e., have
been accummuiated but not yet cutput.

A display starts inside 2 foomote. The likely cause is the
omission (or misspeiling) of a .FE t0 end a previous footnote.

.DS or .DF occurs within a display, i.e., 2 .DE has been
omitted or mistyped.

.DE has been encountered but there has not been a previous
.DS or .DF to match it.

.FE has be=n encountered with 0o previcus .FS to match it.

A previous .FS was not matched by a closing .FE, i.e., an
atempt is being made to begin 2 footnote inside another one.

A footnote starts inside a display, i.e,, 2 .DS or .DF occurs
without a matching .DE.

The first argument to .H must be a single digit from 1 to 7,
but vaiue has been supplied instead.

A heading macro (.H or .HU) occurs inside a footnote.

A heading macro (.H or .HU) occurs inside a display.

.H needs at least | argument.

.HU needs | argument,

.LB requires at least 4 arguments.

Agother list was started when there were aiready 6 active lists.

LE has occurred without 2 previous .LB or other list-
initialization macro (5.3.3). Although this is not a fatal error,
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the message is issued because there aimost certainly exists
some problem in the preceding text.

LLno lists active LI occurs without s preceding list-initialization macro. The
latter has probably been omitted, or has been separated from
the .LI by an intervening .H or .HU.

ML:missing arg .ML requires at least ] argument.

ND:missing arg .ND requires 1 argument.

SA:bad arg:value The argument to .SA (if any) must be either 0 or 1. The
incorrect argument is shown zs waiue,

SG:missing DE .SG occurs inside a display.

SG:missing FE .SG occurs inside a footnote.

SG:no suthors .SG occurs without any previous .AU macro(s).
VL:missing arg .VL requires at least 1 argument.

" II. Formatter Error Messages

Most messages issued by the formatter are self-explanatory. Those error messages over which the user
-has (some) control are listed below. Any other error messages shouid be reported to the local sysiem-

support group.

**Cannot do ev” is caused by (a) setting a page width that is negative or extremely short, (b) setting a
page length that is negative or extremely short, (c) reprocessing a macro package (e.g. performing
2 .50 to a macro package that was requested from the command line), and (d) requesting the — sl
option to roff on a document that is longer than ten pages.

““Cannot open fllename™ is issued if one of the files in the list of files to be processed cannot be
opened.

“Exception word list full” indicates that too many words have bzen specified in the hyphenation
exception list (via .hw requests).

“Line overflow’ means that the output line being generated was too long for the formatter’s line
buffer. The excess was discarded. See the “Word overflow™ message below.

*“Non-existent font type’™ means that a request has been made to mount an uniknown font.

*“Non-existent macro file’* means that the requested macro package does not exist.

*“Non-existent terminal type’ means that the terminal options refers to an unknown terminal type.

‘“Out of temp file space’ means that additional temporary space for macro definitions, diversions, etc.
cannot be allocated. This message often occurs because of unclosed diversions (missing .FE or
.DE), unclosed macro definitions (e.g., missing **..”"), or a huge abie of contents.

“Too many page numbers’ is issued when the list of pages specified 1o the formatter--o option is too
long. '

*“Too many string/macro names’" is issued when the pool of string and macro names is full. Unnesded
strings and macros can be deieted using the .rm request.

““Too many number regisiers’’ means that the pool of number register names is full. Unneeded
registers can be deleted by using the .1t request.

“Word overflow’” means that a word being generated exceeded the formarter’s word buffer. The
excess characters were discarded. A likely cause for this and for the ‘‘Line overflow’™ message
above are very long lines or words generated through the misuse of \c or of the .cu request, or
very long equations produced by egn(1)/regn(1).
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Appendix F: SUMMAQY OF MACROS, STRINGS, AND NUMBER REGISTERS
L Macros

The following is an alphabetical list of macro names used by PwB/MM. The first line of each item gives
the name of the macro, 2 brief description, and a reference to the section in which the macro is
described. The second line gives a protocype cll of the macro.

Macros marked with an axterisk are nog in genmeral, invoked direciy by the user. Rather, they are
‘“user exits’ cailed from inside hesder, footer, or other macros, .

1C Cune~cclumn processing {11.4)
.1C

¢ Two-column processing (11.4)
2C.

AE Abstract end {6.4)
AE

Alternate format of ‘*Subjecw/Dates/From’ block (6.7.2)
AF {company-name]

AL Automatically-incremented list start (§.3.3.1}
AL (type] (text-indent] (1]

Abstract start (6.4}

.AS (argi (indent]

- AU Author information (6.2}

.AU name (initiais] {loc] (dept] (ext] (room] (arg] [arg] (arg]

Bold (underiine in ~rof”) (11.1}
.B [bold-arg] [previous-font-arg]

Bottom End {9.13}
.BE

Builet list start (5.3.3.2)
.BL [text-indent] (1]

Bottom Start (9.13}
lm

Cover sheet {102}
.CS [pages] [other] [totai] (Bgsi [tbis] [refs]

Display end (7.1}
.DE

a 8 B R - 4 4

O
(4]

(o]
-

Display floating start (7.2}
.DF (formas] (1]

Dash list start {5.3.3.3)
DL [text-indent] [1}

Display static start (7.1}

.DS {format] (811]

Equatica caption (7.5}

-EC [title] [override] (flag]

Even-rage footer (9.6} e
EF (arg]

8 B B
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M d 8 8 8 H

d

o

HC

m.

m-

&

g
(9]

5 8 Bk

Even-page header {9.3)
.EH [arg]

End equation display {7.4)
EN

Equation display start (7.4)
EQ [label]

Exhibit captioa (7.5)

EX [title] [override] [flag]
Footnote default format (8.3}
FD [arg] 1]

Footnote end (8.2}

.FE

Figure title {7.5)
FG ltitle] [override] [flag]

Footnote start {8.2)

FS [label]

Heading—aumbered (4.2}
.H level [heading-text]

Hyphenation character {3.4)
.HC [hyphenation-indicator]}

Heading mark style (Arabic or Roman numerals, or letiers) [4.2.2.5)

HM (argl] ... (arg7]

Heading—unnumbered {4.3)
.HU heading-text .

Heading user exit X (before printing heading) (4.6}

HX dlevel rievel heading-text

Heading user exit Z (after printing heading) {4.6}

.HZ dlevel rievel heading-text

Italic (underline in rroff) (11.1)

J [italic-arg] [previous-font-arg]
List begin {5.4)

.LB text-indent mark-indent pad type {mark] [LI-space] [LB-space]

List-status clear (Appendix B)
LC (list-level]

List end (5.32)
LE (1)

List item (5.3.1)
LI [mark] (1]

Marked list start (5.3.3.4)
ML mark (text-indent] [1]

Memorandum type (6.6)
MT [type] (1)

61
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ND New cae [@ 7.1
- N ngo-date

NE Npragsgn r;mﬂ (6.11.2
©T O NE

NS Motasion st (6. 11«2)
NS Tavg) :
QF C}dﬁd—gma foater (9.7)
S OF lagl
O Od.dnwca hoader (9.4}
- Q8 (arg]
OK  Other keywords for TM cover sheez (6.5}
o .OK {Lﬂ}«’m—’ﬂl
op Odd Fage {11 7}
o (.)P :
B szgmﬁh {4.1)
T Ir)risfeé
BY Page foatar (9 s}
" PF [3!’83
PH  Pags hesder (9.2)
s JFR m‘ﬁ}
PX°®  Pags- -hssder user e"m {9.12}
s LPE
R Remm_ to regulas (rorasa) font (end underiining in nrof} {11.1)
s .R\ . . -

Bl . Referease list wuare (5.3.3. st
' B:18 [tem-:mflnmi (1}

S Sm woff point size'and vertical spacing m by

: S (argl
S4 Set ad;tmmmz (right-mergin m%ﬁmtsw) dafanly (11.2&

SA (gl

SG Signarure line (6.11.1}

o 5G {iam) m- -
SK. qmp pages (11 7

o .SH‘ ﬁm;eﬂ
SP bmw-vcsmmﬂy (11.6) »

8 Tabhz u:!e {7.5)
SN ¢ (uuel (ovemdal (flag]

TC.  Tabls of contents (10.1)
-7 TCeveil (spacing (tevel] (bl (bead}] (ngaq2l (head3] (headd] (hesds]:

TE. Tmle end (/3]
L -Iwm 3
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TH  Tabis header (7.3}
JHIN

TL Title of memorandum (6.1)
.TL [charging-case] [filing-case]

™ Technical Memorandum aumber(s) {6.3)
.TIM [oumber] ...

TP*  Top-of-page macro (9.12}
JIP

TS Table start (7.3}
IS [H]

TX* Table-of-contents user exit {10.1}
JX

VL Variabie-item list start (§.3.3.6)
.VL text-indent (mark-indent] (1)

WC  Width Control {11.4)

WC {format]
Il Strings
The following is an alphabetical list of string names used by PWBR/MM, giving for each a brief
description, section refereace, and initial (default) value(s). See (1.4} for notes on setting and
referencing strings. ‘
BU Bullet {3.7)

nrof-@

off e

F Footnote numberer (8.1}
nroff: \u\\n+ (:p\d
oroff \v'-.4m\s-3\\n+ (:p\sO\v'.4m’

DT Date (current date, unless overridden) {6.7.1)
Month day, year (e.g., January 22, 1980)

EM Emduhsmng.produxanemdshforbothmnﬂ'andw[ﬂ%l
HF

Heading font list, up to seven codes for heading levels 1 through 7 {4.2.2.4.1)
3322222 (all underiined in arof;and BBII111 in ouof)

Heading point size list, up to seven codes for heading levels 1 through 7 {4.2.2)

HP
RE SCCS Relesse and Level of Pwa/MM (11.3)
Release.Level (e.g., 15.103)

Tm Trademark string places the letters “TM’* one haif-line above the text that it foilows.

Note that if the released-paper style is used, then, in addition to the above strings, certain BTL location
codes are defined as strings; these location strings are needed only until the .MT macro is cailed {6.8).

[II. Number Registers

This section provides an alphabetical list of register names, giving for each a brief dsmpnon,‘secnon
reference, initial (default) value, and the legal range of values (where [mm] means values from m to n
inclusive).

Any register having a single-character name can be set from the command line. An asterisk attached w0
a register name indicates that that register can be set only from the command line or before the PWB/MM
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macro dafnitions are read by the formartter (2.4, 2.5). See (1.4) for notes on setting and referencing
registers.

A‘

Au

oop g Q 9

<&

Has the effect of invoking the Afmmmommmm (2.‘}
Q, (0:1}

Inhibits printing of author’s location, department, room, ind extension in the “frem’ portion
of ? mfmorandum {6.2}
1, (0]

Dednes tabie-of contents and/or cover-sheet macTos [2.4)
0, [0:3]

Copy type (Original, DRAFT, etc.) (2.4}
0 (Origiznai), [0:3]

Contears level (i.e., level of headings saved for table of contents) (4.4}
2 (&:7)

Debug flag (2.4}
0, (0:1)

Display eject register for {loating dislays {72}
0, [0:1]

Display format register for floating displays [‘f.ZI
s, (0:5)

Stadc display pre- m&ipcst-sp‘we (7.1} |
1, (0:1]

Equation couater, used by .EC macro (7.5} o g
0, {0:?}, incremented by | for each .EC il

Page-¢jection flag for headings (4.2.2.1)
0 (no ejecy), (0:7)

Figure counter, used by .FG macro (7.5}
0, [0:?}, incremented by 1 for each .FG il

Fo?moxtc space (i.e., spacing between footnotes) [8 4}
1, (0:?

Hmdms counters for levels 1-7 (4.2.2.5)
0, {0:?), iocremented by .H of correspooding level or HUifulevelgveabyremszcrHu.
H2-H7 are reset 1o O by 2ny heading at a lower-aumbered level

Heading break level (after .H and .HU) (4.2.2.2}
2, (071

Heading caatering level for .H and .HU {4.2.2.3)
0 (no centered hesdings), (0:7] -

Heading temporary indent (after H and .HU) (4.2.2.2}
1 (indent as paragraph), [0:2}

Heading space level (after .H and .HU) (4.2.2.2}
2 (space oniy after H 1 and .H 2), (0:7]

Heading type (for .H: single or concatenated numbers) {4.2.2.5)
0 (ccocatenated aumbers: 1.1.1, ete), (0:1]

Heading level for unnumbered heading (HU) {43}
2 (HU ut the came level as .H 2), [0:7]
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Hy Hyphenation control for body of document (3.4}
1 (automatic hyphenation on), [0:1]

L Length of page (2.4}
66, [20:7] (11i, [2i:?) in oroff)®

List indent (5.3.3.1)

5, [0:7)

Ls List spacing between items by level {$.3.3.1}
$, [0:3]

N°* Numbering style {2.4)
0, [0:3)

0° Offset of page {2.4)
0, [0:?) (0.5i, [0i:?) in o) B

P Page number, managed by PWB/MM {2.4)
0, [0:7)

Pi Paragraph indent {4.1)
s, [0:)

P Paragraph type {4.1)
2 (paragraphs indented except after hadmgs lists, and d:sphn). [0'21

St Troff default point size {2.4)

10, (6:36]

Si Standard indent for displays (7.1}
s, [0:?2)

T" Type of nroff output device {2.4)
0, [0:2)

by Table counter {7.5)
0, [0:7), incremented by 1 for each .TB cail.

u-* Underlining style (nroff) for .H and .HU (2.4}
0 (continuous underline when possible), [0:1]

W*  Width of page (line and title length) (2.4}
65, [10:1365}) (6.5i, [21:7.54i] in gof)®

Jaruary 1980

23. For arqff, these values are mu'mmmhgﬁmumm{unzmmmn~&mﬁﬁ






