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SOLVING CCMMON PROGRAMMING PROBLEMS WITH A PURELY
APPLICATIVE PRCGRAMMING LANGUAGE

Thomas Markle Grismer

Abstract:

An applicative programming language 1s used to solve
some common programming problems. The language used is one
developed by Daniel P. Friedman and David S. Wise of the
Department of Computer Science at Indiana University. With
respect to the use of the language in this paper,  its signi-
ficant aspects include purely applicative control structures,
dynamic allocation of storage, functions which return multiple
values, and capabilities for applying functions in parallel;
a "suspended evaluation" [FW1l] scheme allows a programmer to

manipulate and create infinite 1list structures.

Programs written are based upon structured FORTRAN

programs presented in the book, Software Tools, by Kernighan

and Plauger [KP]. Among the programs presented in the paper
are a text editor, a text formatter, a macro expander, and a

structured FORTRAN to FORTRAN translator.
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in the development stages when programs presented here were
being written.

For an introduction to INTERPRETER, it is essential that
the reader obtain a copy of the master's thesis of Steven D.

Johnson, An Interpretive Model for a Langzuace based on Suspended

Construction [SJ]. This paper contains a user's manual for the

language, and a discussion of its implementation.

The programs and sxamples presented in Chapters 1 through
6 of this paper were reproduced from programs and examples which
were machine compiled and tested on a version of INTERPRETER
which has been implemented on a CDC6600 computer at Indiana
University. Due to physical limitations of the current imple-
mentation of the language on the CDC6600, i: was not possible to
extensively test the higher level functions presented in Chapter
6. The programs presented in Chapters 7 through 9 have not been
implemented on a machine.

My thanks go to my mother, Mrs. Arabelle Hoyt, for her help
in preparing this rm:cmndwﬁw. I give thanks also to Steve
Johnson for his work in implementing and mairtaining INTERPRETER
on the CDC6600, and for nelping me to use ané understand it.

The suggestions and assistance of Anne Kohlstaedt have been in-
valuable. I am very grateful to Daniel Friecman and David Wise
for their support and guidance of my woerk. Tinally, I thank nrn

National Science Foundation for funding this research.
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The function LINECT, returns the number of lines

in

its input file, TEXT. A line is a sequence of zeroc or more

characters followed by a special newline character (declared
here as the constant, NL), or by the end of the file. Act-
ually, then, what LINECT does is to count the number of new-

line characters in TEXT and add one to the result.

DEFINE LINECT TEXT
IF NULL:TEXT THEN |
ELSEIF NLQIFIRST:TEXT THEN

ADD1:LINECT:REST:TEXT
ELSE LINECT:REST:TEXT

==>LINECT

A file has at least one line. Zero characters followed

by the end of the file comprise an empty line.

DEFINE NLQ CHAR
SAME:<CHAR NL>,

==>NLQ

LINECT:<>,

=-=>1

LINECT:"(L I N E),
-=>]

LINECT:"(L O T S NL OFANLLTINE S
-=>3

w

WORDCT counts the number of words in 1ts input file,
TEXT. A word 1s a sequence of non-"whitespace" characters
which begins either at the beginning of a file or immediately
rollowing a "whitespace" character, and which ends either at
the end of a flle cor immediately preceding a "whitespace"
character. A "whitespace" character is a tab character
(declared as the constant, TAB) or a blank character (BLANK)

or a newline character.

DEFINE wWORDCT TEXT
IF NULLSTEXT THEN O
ELSEIF OUTWORD:FIRST:TEXT THEN wORDCT:REST:TEXT
ELSE ADD1:wORDCT:EATWORD:RESTITEXT

==>WORDCT

DEFINE QUTWORD CHAR
OR:<NLB:CHAR SLANKQ:CHAR TABG:CHAR>

==>QUTwCRD

DEFINE RLANKQ CHAR

SAME :<CHAR BLANK>

«=>BLANKQ

DEFINE TABQ CHAR
SAME:<CHAR TAGQ>

==>TARQ

DEFINE OR L
IF muLL:L THEN FALSE
ELSEIF FIRST:L THEN TRUE
ELSE OR:REST:L

-=>»0R

s s el s e T e —
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ground condition IF NULL:TEXT. I shall refer to functlons
such as this as "progress functions".

Now, to detect the similarity in form of COPY to the
three counting functions, note that the definition of COPY

is equivalent to the following.

DEFINE COPY TEXT
IF NULLITEXT THEN <>
ELSE CONS:<FIRST:TEXT COPY:REST:TEXT>

This definition of COPY differs from the definitions of
the counting funections in two significant ways. First, the
function CONS is used where in the other functions, ADD1l was
used. This difference is due to the fact that a list 1is
peing built in this case rather than an integer. Functions
like ADD1 and CONS, which are used to bulld results will be
referred to as =eo:mﬂwcnn0dm=. The ground expression of
COPY, '<»', also differs from that of the counting functions,
again due to the nature of the result being bullt.

Although these differences exist, when cne recognizes
that ADD1 and CONS are functions of the same c¢class, con-
structors, and that '0' and '<>' are expressions of the same
class, ground expressions, one can see that the definition of
COPY is similar in form to the three counting functions. 1In
fact, the definition of COPY is conceptually and structurally

ldentical to that of CHARCT.

variation on the form we have seen so far.

DETAB takes as 1nput a text file, TEXT, and two lists
of tab stops, TABS and XTABS. The purpose of the function is
to create an output file identical to TEXT except that one
or more BLANKs are Inserted into the file wherever a TAB
character occurs in TEXT.

Initially, the 1lists, TABS and XTABS, are identical
with each containing tab stops for one line of TEXT. The
value of XTABS is unaltered throughout the program, and is

bound to TABS whenever a new line is encountered in TEXT.

DEFINE DETA8 (TEXT TABS XTABS)
IF NULL:TEXT THEN TEXT
ELSEIF MLR:FIRST:TEXT

THEN COMNS:<NL DETAB:<REST:TEXT XTABS XTABS>>
ELSEIF TABQ:FIRST:TEXT

THEN TABBLNKS:<REST:TEXT TARS xabmmw
ELSE CONS:<BLANK TAB3LNKS:<TEXT REST:TABS XTABS>>

.

==>DETAB

" When a tab character 1s encountered in the input file,
oma%m calls TAEBLNKS to add blanks to the output file. The
number of blanks to be added is determined by the contents
of TABS. TABS and XTABS each consist of a 1list of the values
TRUE and FALSE. A TRUE is nn:mwamdmn to be a tab stop. A

blank is added to the output file for each leading FALSE in

TABS. Then one more blank is added when a tab stop is
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11

DEFINE TABBLNKS (TEXT TASS XTABS)
IF FIRST:TABS
THEN CONS:<ALANK DETAS:<TEXT REST:TABS XTABS>>
ELSE CONS:<BLANK TABALNKS:<TEXT REST:TABS XTABS>>

" -z>TABBLNKS

TABBLNKS' argument, TAES 1s assumed to contain a tab
stop, and so, progress is made toward satisfaction of the
condition IF FIRST:TABS through the invocation of REST:TABS.
A call to REST:TABS 1s the progress function for TABBLNKS
since the ground condition will be encountered in a call to
DETAB, which is called when FIRST:TABS 1s TRUE.

TABBLNKS could have been written so that it just created
a list of BLANKs which would then be appended to the output
file being bhuilt by DETAB. Then the definition of TABBLNKS
would be independent of the definition of DETAB.

However, the function performed by TABBLNKS 1is so
specialized, that 1t is unlikely that it would be needed
other than as a help function to DETAB. In this case, it is
worthwhile to sacrifice modularity in order to save the ex-
Pense of first building a list of blanks and then appending

it to the output.

constants Introduced in Chapter 1.

DECLARE NL
==>NL

"NL.

DECLARE BLANK "“BLANK,

«=>BLANK

DECLARE T&R
==>TAB

"TaAB,

12
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adds nothing to the output file. Otherwise neither condition
has been met, and a blank must be added to correspond to
the blank in the input file.
DEFINE CKRLANKS (OUTFILE TARS)

IF MULL:OUTFILE THEN CONS:<TAR QUTFILE>

ELSEIF FIRST:TARS THEN CONS:<TAH QUTFILE>

ELSEIF TABQ:FIRST:OUTFILE THEN QUTFILE

ELSE CONS:;<BLANK OQUTFILE>

==>CKBLANKS

OSTRIKE 1s used to simulate backspaces on a printer
which has no mechanism for backspacing, but which e¢an do car-
riage returns without line feeds. When a string cf one or
more backspace characters is encountered in a text file, a
new line is written on top of the current line with an appro-
priate number of leading blanks inserted, so that the character
following the backspace character(s) will be positioned as
though backspacing had occurred.

The algorithm used here for OSTRIKE is very similar to
that used in Kernighan and Plauger's coox.mpqu First, a
help function OSTRIKEl is called. Its arguments are an inte-—
ger, N, which indicates the number of characters in the
current line which have been printed, and an input file, TEXT,
with leading backspace characters (BS) removed. A backspace
past the beginning of a line is ignored. The count is reset to

zero whenever a new line is encountered in the input file.

NEFINE PSTRIKE TEXT 16
0STRIKEl:«MINUS:l TRIMESITEXT>

.
==30STRIKE
DEFINE OSTRIKEL (N TEXT)
IF NULL:TEXT THEN <>
ELSFIF NLQ:FIRST:TEXT THEN MEASKIP:RESTSTEXT
ELSEIF RSAIFIRSTITEXT THEM SLANKQVRI<N RESTITEXT>
ELSE CONS:<FIRST:TEXT OSTRIKE1:<40D1:N REST:TEXT>>

' o=>0STRIKEL

DEFINE BSQ CHAR
SAME:<CHAR BS>

==>BSQ

Here are some examples of OSTRIKE in action. The first
shows the result of backspacing at the beginning of a line
(the backspaces have no effect.). The second shows the result
of backspaclng at the end of a line (again no effect). The
third m:mzm the effects of btackspacing in mid-line.
omqnuxm“:rmm BS A B C).

==> (4 B C)

OSTRIKE:"(A R D E E BS BS RAS),
==> (A 8 D E E)

OSTRIKE:"™(A A C BS D NL E F G RS BS H NL).
-=> (A B C NL NS BLANK BLANK D NL SKIP E F G NL NS BLANK H NL SKIP)

When OSTRIKEl encounters a backspace character, the
function BLANKOVR is called. BLANKOVR checks to see if the
string of one or more BSs comes at the end of a line or at

the end of the input file. In that case, the backspace char-

acters have no effect. Otherwise, BLANKOVR calls BLANKOUT to
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Unlike the pattern set in the previous examples, BLANKOVR's
call to OSTRIKEl contains no explicit invocation of a progress
function. Everything works out though, because OSTRIKEl's
call to BLANKOVR contains as its argument, "REST:TEXT". So,
we can still say that BLANKOVR holds true to the general rule
that the recursive call to a function results in an invo-
cation of a progress function for that function.

The result of BLANKOUT is appended (via a call to CONCAT)
to the result of the invocation of OSTRIKEl. This 1s in
opposition to the earlier decision, made in DETAB's call to
TABBLNKS, to sink the recursive call down another level to
save having to append a 1list of characters to the result of
the recursive invocation of DETAB. We decide different-
ly this time because BLANKOUT is a useful funrction in its
own right, and because the number of blanks to append is
likely to be fairly small (always less than the length of a
line of text.).

We are going to see this decision come up again and
again in functions which build lists. When we are just
interested in adding a character at a time to a result,
then we may just apply the constructor, CONS, to a recur-
sive call of the function building the 1list. We could
use APPEND as a list constructor when we wish to add more
than one character to a list at a time, in the same manner

in which we have used CONS as an atomic constructor to

add one character to a list at a time, and we often will;

= ’

20
put the expense of using the APPEND - - an extra pass through
the list to be appended to the building result - - must be
considered.

So, before deciding whether or not to use an APPEND
(when it may be avolded by sinking a recursive funection call
o a lower level), we must consider the following (in no par-
ticular order):
1) Is the list short? - - If so, we don't lose much by append-

ing.

2) Can the function used to build the list serve a5 a useful
tool in other circumstances besldes thils particular one?
If so, we may not wish to decrease its use as a general
tool by inserting within it a call to a special function.

3) How is the readability of the code effected? In my opinion,
sinking a recursive function call to a lower level function

detracts from the apparent logical flow of the code.

The function COMPRESS compresses a file by replacing all
runs of N or more consecutive characters by a compression code
which indicates the length of the run and the gharacter involved.
All characters not involved in such runs are left unaltered.

The arguments to COMPRESS are a file, TEXT, and THRESH, which
1s the maximum number of times a character may occur consecu-—
tively before the run of that character is replaced by a compres-

slon code.

For example, if THRESH equals three then a run of four
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DEFINE CKREST (CHAR TEXT)

IF NCHARSQ:FIRST:TEXT THEN TEXT
ELSE CONS:<CHAR TEXT>
==>CKREST

DEFINE NCHARSG CHAR
SAME:<CHAR NCHARS>

" -=>NCHARSE

There 1s not much new to see in COMPRESS et. al. The
invocation of ADDCHARS in COMPRES1 has no invocation of the
progress function, 'REST:TEXT', but this is taken care of 1in
the definition of ADDCHARS.

ITOC converts an integer to a string of one or more digits
(plus MINUS sign 1f the integer 1is negative). PUTDEC outputs
the string into a given field width. Leading blanks are insert-
ed if the width of the string 1s less than the given fleld
width. The string is not truncated if it 1s wider than the
given field width, but is instead cutput without any leading
blanks.

cmmﬂum mﬁmmmu"z THEN CONS:<MINUS ITOCI:IMINUSIN>

ELSE ITOC1:N
“ez>170C
DEFINE 1ITOC1 N

IF LESS:<N 10> THEN <DIGVAL:N>

ELSE SNOC:<DIGVAL:IMOD:<N 10> ITOC1:DIVi<N 102>
Tez>1T0CH

DEFINE PUTDEC (N W)
APPEND:<PUTBLNKS:I<CHARCT:ITOC:IN W> ITOC:N>

*_=>pUTDEC
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Here are two examples of the execution of PUTDEC. In each
example, PUTDEC converts an integer to a character string, and

outputs the string within a five column fleld.

PUTDEC:<34 S>,
~=>(HBLANX BLANK BLANK 3 4)

PUTDEC:<=34 5S>,
-=z>(BLANK BLANK MINUS 3 4)

ITOC1 calls the help function, SNOC, which works like CONS
in reverse. It places an atom at the end of a 1list. ITOCl also
calls the help function MOD, which returns the remainder of
the integer division of its argument, N1, by its other argument,
N2.

DEFINE SNOC (A L)

IF NULL:L THEN <A>
ELSE CONS:<FIRST:L SNOC:<A REST:L>>

==>3N0C

DEFINE MOD (N1 N2)
DIFFt<N]1 TIMES:<DIVi<Nl N2> N2>>

.luvzoo




11018NS<==

<<IVA <N H3M0d>:iS3WIL>:SNTd <01 H3¥0d>iS3WIL>
(CIvA ¥3%0d) N) T1018NS 3NI43Q

AvAY3IMOde==

<INIYLSLSIYITVA¥INOD

ONIHLSILISHIALIOI0aYW>211048NS 3873

<ONIHLSHLISYIASLIO9TOdVW 01> N3IHIL
OnNIELSHLS3INITNN 41
On18LS IvA¥3IMOd INIL3Q

CEl<==
(S £ 1)wslOL)

101J<==

ONIBLS:AvAN3IMOdic 35873
ININLISILS3HIIVALIMOai2iSNNIN NIHL
ONTHLIS:LSHI40SNNIW 41
ONI¥LS I01J 3NI43Q

ENI<=-

<1X3131S3uyy:ANYdXT
<1x31f2 LX313€31012>3SYYHILNG>:ONIddY 3573
€1X3L31SIHIONVAX3 1X3L:1Sy14>iSN0D NIML
1X31383w0ly 4T
1x31 £X3 3N143Q

*s12908JBYD TEOTIUAPT

Jo souanbas B 03 8poo uolssaJdwod ayi gNYdXI ©3 SHYHOINd £q pssn

UN

ST I0LD £q psuanjad 3TNsad syg £q aa%94uUT uB 03 DPIJJIIAUOD

*S4T3TPp JO 3STT ® 2Q ! psumss® ST 3T ‘ST 37 J1

sas 09 S}0auo £¥)

(30228 8 8 V) <==
*(3 Q0922 (€£) 8 SHvHIN v)uiONvdX3

ONVdX3I<==

. . . . 3 3

<lx3 S34 UNVex3 L1X31 LSH¥I4>iSN 1} S

IX313eX N3IHL ._.xm.—.wwwmu.cmmclu‘ 413873
13§42 3

H : : HiN0N 1x31:770N> 240 41
<LlX3L3163837NN 1x3L31S3 X3t ONvex3 NI

*3poo 3BU3 AQ P33BOTPUT ST SB SA830BJIBYD JO SITJIIS
2 ‘apoo uorssaadwod 9Y3 J0J 23N3Tisqns 03 PITTEO ST SHVHILNL
‘3TTJ 31¥29 B UT PaJdajunodua ST ‘SUVHON ‘da3oearyd £3y ayj

JoABUAYUM "SSTHAWOD 03 UoTzouny jusmaTdwod 2yl ST ANVXE

cmmeJAuu.

>:3n¥S <N IN>3S§37>340
S EmBESE (2n IN) 035831 InI430

d3ND<==
.

<] N>23WVS
N d3n0 3NI430

roy¥d<==

<1SI7:1534 N:18NS>:ir0ydd 3573
1S17: 15814 N3AL Nid3InD 413873
<> K3IWL 1SIT:T770N 41
(LSI7 N) [Oo&d 3INIL30
AvADIQe==
<511910 NiTQOV>:ir0dd
N vA9I0 3NI430

dSNNIw<==
.

<0 N>3S8837
N dSNNIw 3NI430

SNANIW<==
<N 0>244IQ
N SNNIw 3INIA30

SHUNTHLINd<==
<<N NM:TQQY>3SXNTIELNG X¥NYIE>3iSN0D 3873
<> NIHL <nw N>303SS3T 41

(N Nw) Swalelne 3N1430




a7

DEFINE MINUSQ CHAR
SAME1<CHAR MINUS>

==>MINUSH

DEFINE MAPDIGIT CHAR
SUBL:IINDEX:<CHAR DIGITS>

==>MAPDIGIT

DEFINE RREST LIST
REST:REST:LIST

.luvmmqu

DEFINE RRREST LIST
REST:REST:REST:LIST

==>RRREST

PUTCHARS 1is a function which is useful in its own right,

and so its definition is left independent of that of its calling

function.

DEFINE PUTCHARS (COUNT CHAR)
IF ONEP:COUNT THEN <CHAR>
ELSE CONS:<CHAR PUTCHARS:<SUB1:COUNT CHAR>>

==>PUTCHARS

INDEX takes as arguments a character, CHAR, and a list
of zero or more characters, LCHARS. It returns the index of
the first character in LCHARS that matches CHAR. Zero is

returned if no match is found.

DEFINE INDEX (CHAR LCHARS)
IF NULL:LCHARS THEN 0
ELSEIF SAME:<CHAR FIRST:LCHARS> THEN 1
ELSE IMQ:INDEX:<CHAR REST:LCHARS>

==>INDEX
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INQ, called by INDEX, is another lookahead function. The
declsion of whether to add 1 to the recursive invocation of
INDEX depends upon whether CHAR exists somewhere in LCHARS.

INQ determines this by inspecting its argument, NUM.

DEFINE ING NuM
IF ZEROP:NUM THEN NUM
ELSE ADDI{:NUM

.IHUHZB

DEFINE ZEROP NUM
SAMEI<NUM 0>

==>ZERQP

INDEX:"(Z (A B C D))
=-=>0

INDEX:"(Z (A B Z D)).
=-z>3

XLATE performs transliteration of certain characters in
an input file, leaving all other characters in the file unchanged.
XLATE takes as arguments a text fille, TEXT, a list of character
sets, LSETS, a beocolean, ALLBUT, and two other lists of char-
acters, FROM and TO. The main idea is to translate characters
in the text file belonging to FROM to the corresponding char-
acters in TO; but there are variations to this. If ALLBUT
evaluates to TRUE, then the transliteration is applied to all
characters in TEXT which don't match any characters in FROM.
If TO is empty, then a function BREMBER is called to delete
from TEXT all characters which either belong to (if ALLBUT
evaluates to FALSE) or don't belong to (if ALLBUT evaluates

to TRUE) the set FROM. If TO is non-empty; but contains fewer

characters than FROM contains, it is assumed that the last
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MAKESET allows a dash to be escaped so that a literal
dash is copied to the output.

MAKESET:"(((a B C D E))(A ESCAPE DASH E)).
==> (A DASH E)

CHOP looks through SET for a 1list of characters starting
with some character A and ending with some character C. A
lookahead function, IFADD, is used by BEFORE so that a null
1ist may still be returned if a string is encountered which

begins with A (of CHOP) but which doesn't end with B.

DEFINE CHOP (A T SET)
BEFORE:<C AFTER:<A SET>>

-lnvnxnv

DEFINE BEFORE (CHAR SET)
IF NULL:SET THEN SET
ELSEIF SAME:<CHAR FIRST:SET> THEN <CHAR>
ELSE. IFADD:<FIRST:SET BEFORE:<CHAR REST:iSET>>

==>BEFORE
DEFINE AFTER (CHAR SET)
IF NULL:SET THEN SET
ELSEIF SAME:<CHAR FIRST:SET> THEN SET
ELSE AFTER:<CHAR REST:SET>
==>AFTER
DEFINE IFADD (CHAR RESULT)
IF NULL:RESULT THEN RESULT
ELSE CONS:<CHAR RESULT>

.
==>IFADD

32

Note that IFADD is mnw:onﬁwmwwm and logically equivalent to
the function, INQ, using CONS as the constructor rather than ADD1.

As was already explained, BREMBER 1is called by XLATE if
T0 is empty. BMEMBER, a help function to BREMBER, returns
CHAR if either 1) ALLBUT evaluates to FALSE and CHAR matches
a character in TEXT, or 2) ALL3UT evaluates to TRUE and CEAR

does not match any of the characters in TEXT.

DEFINE RREMBER (TEXT ALLBUT FROM)
TCONS:<BMEMBER*>: <
TEXT
<ALLBUT=>
<FROMx>>

*.z>BREMBER

DEFINE RMEMRER (CHAR &LLBUT TEXT)
IF XOR:<MEMBER:<CHAR TEXT> ALLBUT> THEN CHAR
ELSE <>

==>BMEMBRER -

DEFINE XOR (A B)
IF & THEN NQOT:B ELSE B

==>X0R

DEFINE TCONS L
IF NULL:L THEN L
ELSEIF FIRST:L THEN CONS:<FIRST:L TCOMS:REST:L>
ELSE TCONSIREST:L

==>TCONS

DEFINE MEMBER (CHAR LIST)
OR:1<SAME=>t<
<CHAR#>
LIST>

==>MEMBER

e sl s R R ——
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CHAPTER 3.

In this chapter, some functions are presented which deal
with the problem of file I/0. Kernighan and Plauger's dis-
cussion of nswm subject omits any discussion of the intricac-
ies of the file system being used. For the most part, I have
done the same, although for the purposes of demonstration,

I have developed some very simple aspects of a file system.

The chapter begins with two logically similar functions
which are used for comparing character strings.

LDIFFER takes two strings as arguments and returns
TRUE if they aren't identical. LDIFFER knows the two
strings differ if 1ts help function, LOCDIFF returns a value
greater than zero. LOCDIFF compares two strings, return-
ing an integer which indicates the position of the first
character at which they differ; if the two strings are ident-
ical, LOCDIFF returns zero. LOCDIFF's help function, ISDIF
is Hamnnunww to the function INQ which was a help function

to INDEX (see page 27 ).

DEFINE LOCDIFF (STR1 STR2)
IF AND:<NULL3ISTR1 NULL:STR2> THEN 0
ELSEIF OR:<MULL:STR1 NULL:STR2> THEN |
ELSEIF SAME:<FIRST:STR1 FIRST:STR2>

THEN ISDIF:LOCDIFF:<REST:STR1 PEST:STR2>
ELSE 1

==>LOCDIFF

DEFINE LDIFFER (STR1 STR2)
GREAT:<LOCDIFF:<STR1 STR2> 0>

==>LDIFFER

DEFINE ISDIF NUM
IF ZEROP:MNUM THEN NUM
ELSE ADD1:NUM

==>ISDIF

B R s R i T R
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DEFINE AND L
IF MULL:L THEN TRUE
ELSEIF NOT:FIRST:L THEN FALSE
ELSE AND:IREST:L

==>AND

Here are three examples, sach of which tests a different
ground condition of the functicn LOCDIFF.

Example 1: The strings are identical; IF AND:<NULL:STR1 NULL:STR2>

evaluates to TRUE.

LOCDIFF:"((A B C)(A B C)).
-=>0

Example 2: The two strings are identical through their
third characters, but the second string is longer than the

first. IF OR: <NULL:STR1 NULL:STR2>> evaluates to TRUE.

LOCDIFF:"((CA B C)(A B C D)),
=-=>4

Example 3: . The strings differ at the second element.

ELSE 1 is the ground expression here.

LOCDIFF:™((A B C)(4& X C)),
=-=>2

The function COMPARE takes two files as input and
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Example:

GETLINE:"(A L I NENLRE ST,
==> ((A L 1T NENL) (REST)

The function OPEN will be used frequently throughout
the rest of this chapter. The purpose of the functlion 1s to
provide for a user a means of accessing flles from a file
library. The user specifies the name of a file and an
access mode, and 1f the name and mode are in order, OPEN
returns the contents of the specified file.

OPEN has three arguments, a file name FNAME, an access
mode indicator MODE, and a list of ordered triples (a file
library) LFILES. Each triple in LFILES consists of:

1) a file name; 2) an access mode indicator; and 3) the con-
tents of the file associated with the file name.

DEFINE OPEN (FNAME MODE LFILES)
IF NULLILFILES THEN <ERRDR <>>
ELSEIF EQSTRI<FNAME FIRST:FIRST:LFILES>
THEN MTCHMODE :<MODE REST:FIRSTILFILES>
ELSE OPEN:<FNAME MODE REST:LFILES>

==>0PEN

*  DEFINE EQSTR (STR1 STR2)
NULL:LDIFFER:<STR1 STR2>

M
==>EQSTR

DEFINE MTCHMODE (MODE PAIR)
IF SAME:<MODE 1:PAIR> THEN <0K 2:PAIR>
ELSEIF READWRTA:1:PAIR> THEN <OK 2:PAIR>
ELSE <ERROR 1:PAIR>

==>MTCHMODE
DEFINE PEADWRTN STR
SAME:<STR READWRIT>

=-=>READWRTO

: GEORRGHE oM e s T S ]

4o

LFILES is searched for a triple whose first element
matches FNAME and whose second element matches or subsumes
MODE. An access mode indicator must be one of the following
symbolic constants; READ, WRITE, or READWRIT, indicating that
a file 1s read-only, write-only, or both, READWRIT subsumes
both READ and WRITE. If the first and second elements of a
triple in LFILES match up with FNAME and MODE, then OPEN
returns a status indicator (the symbollic constant OK) and the
third element of the triple (the contents of file FNAME).

If there is no triple in LFILES whose first element
matches FNAME (there is no file FNAME in the library),
then a list containing the symbolic constant ERROR and an
empty list is returned. If the file FNAME is in the library,
but an improper MODE has been indicated, then a list cont-
aining ERROR and the proper wwnmmmnacmm indicator for the
file 1s returned.

Example 1: Attempt to open a file which doesn't exist in the
file library thﬁmW.

OPEN:z"((B 0 0) READ ()),
==> (ERROR ())
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The function INCLUDE makes use of the function OPEN to
provide a user with a convenient way to access an arbitrary
number of library files. One may cause the contents of a
file from a file library to be inserted into a text file
by having in the text file a line beginning with the word
INCLUDE, followed by a file name.

If a file with the given file name exists in the file
library and has READ or READWRIT as its access mode, it is
inserted into the text file, replacing the line which began
with INCLUDE. Then this inclusion process i1s applied toc the
newly included file. The result of this is appended to the
application of the inclusion to the original text file

(minus its first line).

DEFINE INCLUDE (FILE LFILES)
CKANS:<INCLUDE1:<1 "(TOPLEVEL) FILE LFILES> FILE>

==>INCLUDE

DEFINE INCLUDE1 (LEVEL FNAME FILE LFILES)
IF NULL:FILE
THEN <OK APPEND:<"(NL END OF FILE ) FNAME> FILE>
ELSE FEXPAND:<LEVEL FNAME {:GETLINE:FILE 23GETLINE:FILE LFILES>

==>INCLUDE1

DEFINE FEXPAND (LEVEL FNAME LINE FILE LFILES)
IF INCLUDEQ:GETAQORD:LINE
THEN ADDFILE:<LEVEL FNAME INCLUDEOG:GETWORD:LINE F
EUSE o) ; o s LINE FILE LFILES>
<# # LINE>
INCLUDE1:<LEVEL FNAME FILE LFILES>>

==>FEXPAND

I

The first thing we need to make thils process work Is a
function to extract the first word from a line--(as was ex-
plained in Chapter 1; a word is a sequence of non-whitespace
characters). The function GETWORD accomplishes this. It
takes a list as its argument and returns two lists, the
first containing the first word encountered (leading white-
space characters are lost) and the second containing the

rest of the original 1list.

DEFINE GETwWORD FILE
GETSTR:TRIMIFILE

==>GETWORD

DEFINE GETSTR FILE
IF NULL:FILE THEN <<><>>
ELSEIF OUTwORD:FIRST:FILE THEN <<> FILE>
ELSE <CONS 131<
<FIRSTIFILE 4>
GETSTRIREST:FILE>

==>GETSTR

DEFINE OUTAORD CHAR
OR:<TABG:CHAR BLANKQ:CHAR NLO:CHAR>
-

==>0UTwORD

DEFINE TRIM FILE
IF NULL:FILE THEN <>
ELSEIF OUTwWORD:FIRST:FILE THEN TRIMIREST:FILE
ELSE FILE

==>TRIM

B amermmen o pr o . T R T R T T B S T
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CKANS 1s a lookahead function invoked within the defini-
tien of INCLUDE. It is needed because there may be many
messages in the message file and the original input FILE may
have undergone many changes before detection of a fatal
error condition. If a fatal error has occurred, then CKANS
returns the message file of the aborted run, and the original
copy of FILE. The message file contains a trace of the
progress of the program up to the occurrence of the error.
If no error has occurred, then CKANS returns the message file

and the altered text file.

DEFINE CKANS (ANS FILE)
IF ERRORQ:1:ANS
THEN <APPEND:<"(INCLUDE TOO DEEP NL) 2:ANS> FILE>
ELSE REST:ANS

==>CKANS

48

Example 1: There is no line in the input file beginning

with the key word INCLUDE.

INCLUDE:"((A NL F T L E)
(C((N A ME) READ (CONTENT S)))).
==> ((NL END OF FILE TOPLEVEL) (A NL F I L E))

Example 2: There is a line beginning with tke key word

INCLUDE, but the attempt to open the specified file fails.

INCLUDE:"((I N C L U D E BLANK B8 0 0)
(((N EE K T) READ (RR Z2Z Z0-T)))).
==> ((NL CANT OPEN B 0O O NL END OF FILE TOPLEVEL) ())
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PRETTY is invoked to 1list the contents of one or more
files 1n a readable format; it prints the files with the file
name and page number at the top of each page. Each new file
begins on a new page. mq& PRETTY also keeps an error log of

unsuccessful attempts to open files.

DEFINE PPETTY (FNAMES LFILFES)
IF MULL:FNAMES THEN <<><3>>
ELSE PRETTY1:<FIRST:FNAMES OPEN:<FIRST:FNAMES READ LFILES>
REST:FNAMES LFILES> )

==>PRETTY

DEFINE PRETTY1 (NAME (STATUS FILE) FNAMES LFILES)
IF ERRORQ:STATUS

THEN <APPEND 1>:<
<CANT:NAME o>
PRETTY:<FNAMES LFILES>>
ELSE <1 APPEND>:«
<# FPRETTY:<NAME FILE>>

PRETTY:<FNAMES LFILES>>

==>PRETTY1

Structurally, PRETTY is almost identical to FCONCAT. The
only difference is that before a file 1s added to the 1list of
files bullt by PRETTY, it 1s formatted by the function
FPRETTY.

FPRETTY is a primitive version of FORMAT, a text for-

matter which is presented in Chapter 7. FPRETTY creates

i i s N A s RN |
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output in pages. A page has PACESIZE (an integer constant)

lines. There are MARG1 blank lines at the beginning of a
page, folleowed by a header line, which contains a page
number and a file name; after the header line come MARG2
blank lines. Text from a file begins at the next line (at
line number MARG1 + MARG2 + 2). The last line of a page
upon which the contents of a file may be written 1is line
number BOTTOM. The rest of the page is filled with blank

lines.

DEFINE FPRETTY (NAME FILE)
FPRETTY1:<0 0 NAME FILE>

==>FPRETTY

DEFINE FPRETTY! (LIMO PAGENO FNAME TEXT)
IF MULL:TEXT THEN MAKUPDIF:LIAND
ELSE FPRETTY2:<LINQO PAGENO FNAME 1:GETLINE:TEXT 2:GETLINE:TEXT>

==>FPRETTY] ]

DEFINE FPRETTYZ2 (LINO PAGENO FNAME LINE TEXT)
IF ZEROP:LINO
THEN APPEND:<TOPPAGE:<PAGENO FNAME LINE>
FPRETTY1:<SUM:i<MARG! VYARG2 3> ADD1:PAGEND
FNAME TEXT>>
ELSEIF LESS:<LINO BOTTOM>
THEN APPEND:<LINE FPRETTY1:<ADO1:LINO PAGENO FNAME TEXT>>
ELSE CONCAT:<LINE SKIP:OIFF:<PAGESIZE LINO>
FPRETTY1:<0 PAGENO FNAME TEXT>>

.

"e=>FPRETTY2

DEFINE Sum L
IF NULLIREST:L THEN FIRST:L
ELSE PLUS:<FIRST:L SUMIREST:L>

==>5UM
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So far, using OPEN, we have been concerned with re- with the mode of the first triple in the library.
trieving the contents of a flle from a file library. If the modes match, the new triple replaces the
MAKECOPY replaces the contents of a given file ONAME, in a file . first triple in the library, and OK status 1is returned.
library, LFILES, with the contents of another file, INAME If the modes don't match, ERROR status is returned along
also in LFILES. If there is no INAME in LFILES, an error with an unaltered copy of the file library.

message 1s returned and the function terminates. If there
DEFINE CREATE (TRIPLE LFILES)

is no ONAME in LFILES, but there is an INAME, then an entry IF MULLILFILES THEN <0OK CONS:<TRIPLE LFILES>>
1 E ELSEIF FMATCH:<TRIPLE FIRST:LFILES>
b e Loy Sop GRANDILs. prmdte. THEN MODECHEX:<TRIPLE FIRST:LFILES LFILES>
ELSE <1 CONS>1<
< FIRST:LFILES>

DEFINE MAKECOPY (INAME ONAME LFILES)

. . >>
SUBFILE:<INAME OPEN:<INAME READ LFILES> ONAME LFILES> CREATE:<TRIPLE RESTILFILES

clnv‘._;xmncv< ==>CREATE

DEFINE SUBFILE (INAME (STATUS IFILE) ONAME LFILES) DEFINE FMATCH (TRIP1 TRIP2)
IF ERRORQ:STATUS THEN <ERROR LFILES> EQSTR:<1:TRIPL 1:TRIP2>
ELSE CREATE:<<ONAME READARIT IFILE> LFILES> .

. ==>FMATCH

==>SUBFILE

) ‘ DEFINE MODECHEK (TRIP1 TRIP2 LFILES) T —
s : N K CONS:<TRIP1 :
MAKECOPY:"((I N A M E) (O N A M E) mmmenmmMMmﬂmw”nmqumHumv =
(I N A ME READWRIT (S T UF F NL M DRENL :
I TUFFI. * m=>MODECHEK
= CCCI N A ME) READWRIT (S TUF FNLMORERN.STUFF)) ((0
N AME) READWRIT (S T UF FNLMORENLSTUF F)I

(1
o
S

CREATE:"(((L U I S) READ (AP ARTICTIO)
) (CCE R N I E) READ (B A N K 5)))).
CREATE inserts a new ordered triple (filename, mode -=> (0K (C(E R N I E) READ (B A N K S)) ((L U I S) READ (A P AR c1
0))))
indicator, file contents) into a file library LFILES. The

. CREATE:"(((B QO 0) READ (U G H)) (((B 0 0) READ (H 4)))).
algorithm is: ==> (0K (((B 0O 0) READ (U G H))))

) 1) If LFILES is empty, then insert the ordered triple.
CREATE:"(((N E w) READ (L U I 38))
2) If the file name of the new ordered triple matches (C(N E W) READWRIT (J O R G E)))),
==> (ERROR (((N E #) READWRIT (J O R G E))))
the file name of the first triple in the library,

then a help function, MODECHEK, is called. MODECHEK

compares the access mode of the new ordered triple

B e R R B R TR e A A



300nad3<=-
<3714 SNUIVISIONONN3I>2aNY
(3714 SNLVLS) 300wHE3 3INILIQ

Jlvaddn<==
<S37147 S3AYNI 3AIHIHY 3WYNHIBY>:IS3wvYNXD 3873
€S37147 INVNHIHVILNVI> N3IHL <3IATHIYV SNLv1IS>:300wHd3 JI
(S37137 S3nVNd 3IAVNHIEY (3AIHIOHV SNLVLIS)) 31vadN 3NI43Q

*SATUODJE UE U] UOTJBWJIOJUT JO UOT3IBI23TE PUER
uorg3oadsut ayj yjoq UT jJINsaa ABW PUBWWOD FLyddn SU3 IDUTS
pasn ST opoul LIYMAVIY ~Spow Ss300® LIMMAVIH UT HWVNHOHY

3TT7J uado o3 apew st jdwsjze ue ‘ILyadn UB ST WOD JI
£313730<=~
€313730 wWNI>3WYS
w0 0313730 3INI43Q
03lvQdN<==
<31v0dN W02>:3aVS
n0D 031vQenN 3NI430

3AIHIYY<==
<S37147 S3nynd
IAVYNHIEY WOD <S3T147 Qv3d InVNHIHV>INIgD>iN3dOAN¥L 3873
<S$37147 S3IWuNS InvTNHIBY
W02 <S37147 LIeMdv3l¥ FWVNHIHV>INIJO>In3d0Ad¥L N3KL
w02:i03137130 413873
<§37147 S3IAVNA
JwyNHIBY <S3T147 LI¥MOv3¥ IAVNHIYV>IN3d0>:31v0dN N3WL
w02:031vadn 41
(S37147 S3IwvN4 3WYNHI¥Y wWOD) 3AIHIEV 3NI430

*3T17J 3ndano
pJEBpUBRAS 2Yj UT Pajou PuUB 3NO PIpaIM 8JB SHWYNJ UT SIUBU
0J suiBaq Fuypsseooad aao0jad

oJ

03 patrdde sT WOo ‘A3dws ST SIWYNA JI

TR TR T TN . (L St e T e S S e i e STl

‘SHWYNS “8TTJ 2yl UT paweu ade YOoTyM SATYDJE® 3ayj UL SaTly
IT® 03 patrdde ST WOD " (WoD uodn Sujpuadap saTaBA apou

3

§S800® ay3) SIIIIT ‘AIBaqIT 9TTJ ® WodJ EWVNHOUY °TTJ ouwos
uado o3 apeBw ST jdwajle UPR ‘SPUBULIOD SATYUDJIE TTEB J04
Tmu.mpmopcou 2ATYDJIR® JO 3aTael 3STT —(I)-—-FI19VL
WOATYOJIR wOoJIJ SaTTJ PaWBU 30BI3X3,——(H)--LOVHIXT
sJaquauwl paweUu JO S3usjuod 3sTT ——(7T)——ISIT
2SATYDJIR WOJJ SJaquall paWeu 2438T9D,—-(0)—-ZITTAA
uPU® 3B PpE JO sJaqusaw paweu ajepdn,—--(0)-—-II¥aAdn
!2JB SPUBIIOD JATUDJE BYJL
*‘WOoo uodn Bujppuadap ‘Aaea 9TTJ
| PUOD3S 23Y3 JO S3UI3U0D AYL "30TAsp andine Jsyjo Jo Jajutad
autll B uc paferdsTp 8q 03 pspusajuyl sJde ‘STFJ Indinc pIeBpUB]S
ay3 *aTTJ andjano 3sJfJ ayjl JO s3juajuod ayjz $saTrJ andano
om3 saonpoad IATHOHY "STIILT AIBIqTT °TTJ B PU®B ‘SHWYNA
‘saweu ITTJ JO 3STT ® “TWYNHOHY SATUOJE UE JO aweu ayj
‘WOD PUBUWOD B 3J® FATHOMY UOT3dung ayj o3 sjuswndae ayg
*(a9peEay 2Yyj snutw) STTJ 2Yj UT SJI230BJIBYD JO Jaqunu ayjl
Jo J03BOTPUT u®e £q PaMOTTOJ SWEU ITTJ ® SUTBIUOCD YOTUM ‘aUTT
J9pEBaY B ST @ATYOJE® UB UT STFJ ® JO SUTT 3ISJITJ Ul
[68] " wP23STT 29 ABW S3U33UCD SY3 3NOQE BJEP
pue ‘suorsaas pasepdn £q psoeTdad J0 PajaTap aq UBD Sau0
PIC “pPSppe 2Q UBD S3aU0 MAU ‘SATYOJE aYy3 wWoJIJ pajoBIjxXa aq
ued S9TTd 'SATYOJR UB SB 3TTJ 3BYJ UTEBJUFBW OF pue aTTJ
d1q 2uo ojuf sSSTTJ AJBI3TQIBR JO S38S 308TT[00 03 ST asodand

9SOUM JauTejUTEW AJIBRJIQTT B ST , FATHOMY uUOT3oUNJ auyl




59

The function UPDATE does the following:

1) If the attempt to open file ARCHNAME fails due to
improper access mode, then UPDATE returns an error
message and an unaltered copy of the file library,
LFILES.

2) If there is no file ARCHNAME in LFILES, then an empty
one is created.

3) If FNAMES, the list of file names; is empty, then
each file in the archive 1s replaced with a new one
of the same name from LFILES. An appropriate header
line is added to each new file in the archive. (see
discussion of functions CKNAMES and ALLNEW below).

L) If FNAMES is not empty, then for each file name FNAME
in the list of names FNAMES, an attempt 1is made to
open a file of that name in LFILES and replace a flle
of that name in the archive with the newly opened (in
READ mode) file. If there is no ordered triple in
LFILES identified by the name FNAME, then a message to
this effect is appended to a message file. If a file

. FNAME is opened, but there is no file FNAME in the archive,
then the newly opened file 1s added to thes archive.
(See discussion of functions CKNAMES, UPDATE2 and
PUTFILE below).
The function CKNAMES 1is called after a file ARCHNAME
has been opened or an empty one created. CKNAMES checks to
see if the 1list of file names, FNAMES, is empty, and calls

the appropriate help function (refer to steps 3 and U above).

R S P B A B BT 35 SR AR A
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DEFINE CKMAMES (ARCHNAME ARCHIVE FNAMES LFILES)
IF NULL:FNAMES
THEN <<> 2:CREATE:<<ARCHNAME READWRIT
ALLNEW:<ARCHIVE LFILES>> LFILES>>
ELSE <APPEND 1>:<
< *GETNAMES:FNAMES >
UP2CREAT:<UPDATE2:<ARCHIVE 2:GETNAMES:FNAMES LFILES>
ARCHNAME LFILES>>

==>CKNAMES

If FNAMES 1s not empty, the function GETNAMES 1is called
to weed out duplicate file names from the list of names.
Two 1lists are returned by GETNAMES; the first, which 1is
appended to the standard output file, contains messages
signalling the existence of duplicate file names in FNAMES.

The second list consists of FNAMES with duplicates removed.

DEFINE GETNAMES FNAMES

1F NULL:IFNAMES THEN <<> <3>>

ELSEIF NULL:REST:FNAMES THEN <<> FNAMES>

ELSEIF DUPNAME:<FIRST:FNAMES REST:FNAMES>
THEN <APPEND 131¢

<DUPMESS:FIRST:FNAMES =>
GETNAMES:REST:FNAMES>

ELSE <1 CONS>:<
<n FIRSTIFNAMES>
GETNAMES:REST:FNAMES>

==>GETNAMES

DEFINE DUPNAME (NAME FNAMES)
OR:<EQSTR*>:<
s <NAME 2>
FNAMES>

=z>DUPNAME

DEFINE DUPMESS NAME )
CONS:<NL APPEND:<"(DUPLICAT ) NAME>>

' -=>DUPMESS

) (A L)),

GETNAMES:"((C A R M E N) (A L) (C AR M I 74
RMELTITA) (AL)))

3
==> ((NL DUPLICAT A L) ((C A R ME N) (C
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3) MAKHDR is called to add a header line to the newly
opened file FNAME, and the file is appended to the
second result being built by UPDATE2, the new

archive.

DEFINE MAKHDR (NAME FILE)
CONCAT:<NAME PUTDEC:<PWIDTH CHARCT:FILE> CONS:<NL FILE>>

==>MAKHDR

4) UPDATE2 returns two results, a message file con-
taining error messages signalling any fallures to

open files from FNAMES, and a new archive file.

-

UPDATE2:"{((X BLANK 9 NL X N ENTS)
(Y BLANK 9 NL Y C O E T S)
(Z Z BLANK § 0 ML Z Z CONTENT S))
((x) (Y))
(C(X) READ (N E W XCONTENTS))
(C(Y) WRITE (N E WYCONTENTS))),

==> ((NL CANT OPEN Y) ((X BLANK BLANK 1| 2 NL NE W X CO®MT
(Y BLANK 9 NL Y C ONTENTS) (Z Z BLANK 1 O NL 2 Z CON
1)

co
N T

z

ENTS)
TENT S)

5)
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UP2CREAT, called in CKNAMES, returns the message file
from UPDATE2, and a new file library with an up-

dated verslon of the archive, ARCHNAME.

DEFINE UP2CREAT ((MESS FILE) ARCHNAME LFILES)

<MESS 2:CREATE:<<ARCHNAME READWRIT FILE> LFILES>>

==3UP2CREAT =

If the UPDATE command is used and the list of file

names, FNAMES, is empty (see definition of CKNAMES--

IF NULL:FNAMES . . .), a function ALLNEW is called to update

all files in the archive. ALLNEW builds a new archive from the

old version in the following way:

1)

2)

3)

)

GETNAME 1is called to extract the hHHm.nmam. NAME

(the first word of the header line), of each file

in the archive.

An attempt is made to open file NAME from the file
library, LFILES.

If the attempt was successful, then the contents of
this new flle are added to the archive being buillt,
replacing the old version of the file in the archive.
Otherwise, the old archive file is added to the new

archive, unaltered.

B e T R S R TR T B R
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The performance of each command involves a call to
FDISPLAY. The purpose of FDISPLAY is to extract from an
archive all files named in a list of file names, FNAMES
(duplicate file names are removed from the list through a
call to GETNAMES in the definition of TRYOPEN). FDISPLAY
returns three output files: 1) a log of all file names from
FNAMES for which there are no entries in the archive;

2) a list of all files extracted from the archive; and 3) the
archive, less the files which have been extracted.

In the special case that FNAMES 1s empty, the second
file 1s the whole original archive, and the other two files

are empty.

DEFINE FDISPLAY (ARCHIVE FNAMES)
IF NULL:FNAMES THEN <«> ARCHIVE <>>
ELSE FDISP1:<ARCHIVE FNAMES>

' o=>FDISPLAY
DEFINE FDISP1 (ARCHIVE FNAMES)
IF NULL:FNAMES THEN <<><> ARCHIVE>
ELSE ONEDISP:<FIRST:FNAMES GRABONE:<FIRST:FNAMES ARCHIVE>
RESTsFNAMES>
" -=>FDISP1

DEFINE ONEDISP (NAME PAIR FNAMES)
IF NULL:1:PAIR

THEN <APPEND 1 1>:<
<NFOUND :NAME # 4>
FDISP1:<2:PAIR FNAMES>>
ELSE <1 CONS 1>1<
<# 1:PAIR 4>

FDISP1:<2:PAIR FNAMES>>
==>0NEDISP

DEFINE NFOUND NAME
CONCAT:<<NL BLANK> ™"(F I L E BLANK) NAME
"(RLANK N O T SLANK F O U N D)>

~=>NFOUND

ll

L3 L
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FOISPLAY:™(((X BLANK 5 NL X F I L E)
(Y BLANK S NL Y F I L E)
(Z BLANK S ML Z F I L E)
(B BLANK S NL 8 F T L E)) ((X) (2Z))).
==> (() ((X BLANK S NL X F I L E) (Z BLANK S NL Z F I L E)) ((Y SLANK ¢

NL Y F I LE) (B ALANK S B F I L E)))

Most of the commands are performed within the body of
GETCOM1. A DELETE command returns the standard output file
and a copy of the file library with the old version of the
archive replaced by a new version with deletions, OTHERS.
The LIST command returns the standard output file, containing
all files which have been extracted from the archive, and
an empty list. The EXTRACT command returns the standard
output file, and a 1list of all files extracted from the
archive. The TABLE command returns the standard output file
and a list of the header lines from all files extracted from
the archive. 1In all the above cases, the "standard output
file" contains all error messages accumulated during pro-

cessing of the ARCHIVE command.

DEFINE GETCOMY (COM
IF DELETEQ:COM
i THEN <MESS 2:CREATE:<<ARCHNAME READA
ELSEIF LISTQ:COM EADARLT OTHERS> LFILES>
THEN <CONCAT:<MESS <NL NL> TARGFILS>
ELSEIF EXTRACTR:COM >
THEN <MESS TARGFILS>
ELSE <MESS TLIST:TARGFILS>

(MESS TARGFILS OTHERS) ARCHNAME LFILES)

==>GETCOM]

DEFINE LISTQ COM
SAME:<COM LIST>

==>LISTQ
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DECLARE ERRQR "ERROR,
==>ERRQR

DECLARE 0k "ok,
==>0K
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CHAPTER 4.

This chapter is made up of a group of increasingly
elaborate sorting algorithms First, algorithms for sorting
lists of numbers are presented, and later, extensions on
these algorithms are used for sorting text files.

My Shell sort is a direct translation of the algorithm
used by Kernighan and Plauger in their book[12%] The quick

sort presented here was suggested by another paper mau %

The function BUBBLE does a bubble sort on a 1list of
numbers. The algorithm presented here differs slightly from
that presented in Kernighan and Plauger's book. In their
algorithm, there is a loop which "rearranges out-of-order
adjacent elements on each pass; by the end of the pass, the
largest element has been bubbled to the top". mwo&

My version of BUBBLE has a help function, SINKSMAL which

also "rearranges out-of-order adjacent elements on each pass",
but which' results in the smallest element being located at the
top of the list.

DEFINE BUBBLE L

IF NULL:L THEN <>
ELSE CONS:<FIRST:SINKSMAL:L BUBBLE:REST:SINKSMAL:L>

==>BUBBLE

DEFINE SINKSMAL L
IF NULL:REST:L THEN L
ELSE ORDER:<FIRST:L SINKSMAL:REST:L>

==>SINKSMAL
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The function CLESSEQ can compare either two numbers or
two lists of numbers. It returns TRUE 1f the first number
(1list) is less than or equal to the second.

Lists of numbers are compared by comparing the meHmﬂam
of each 1list one by one, from left to right. If somewhere
along the line an element from one list 1s greater than the
corresponding element from another list, we say that the
first list is greater than the second 1list. If the first
list is of length N and the second list is of length
greater than N, and the two lists are equal through their
first N elements, then the second list 1is greater than the
first.

DEFINE CLESSE® (A B)

OR:<CLESS:<A 8> CEQ:<A B>>

* o=>CLESSEQ

DEFINE CE@ (A B)
IF NOT:ATOM:A THEN EQSTR:<A B>
ELSE SAME:<A B>

==>CEQ

DEFINE CLESS (& B)
IF NOT:ATOM:A THEN LLESS:<A 8>
ELSE LESS:<A B>

-=>CLESS

DEFINE LLESS (4 B)
IF NULL:A THEN B
ELSEIF NULL:B THEN FALSE
ELSEIF LESS:<FIRST:A FIRST:B> THEN TRUE
ELSEIF GREAT:<FIRST:A FIRST:B> THEN FALSE
ELSE LLESS:<REST:A REST:B>

==>LLESS

Due to the versatility of the function CLESSEQ, a
slight variation of SHELL, LSHELL, may be used to lexically
order lines of text in a file. First, a function CONVERT
i1s called to convert the file into a list of lists, with
each containing a line of text. CONVERT also maps the
characters of each of the lines into integers, according to
some convenlent standard. Then SHELL, using CLESSEQ to
compare lines of the file, mﬁﬁm:mmm,admmm lists of integers
into ascending order. Finally REVERT converts the integers

in the lists back into characters and the lists are merged

into one file.

DEFINE LSHELL TEXT
REVERT:SHELL:CONVERTITEXT

==>LSHELL

DEFINE CONVERT L
ALCHRVL:SEPLINES:L

==>CONVERT

DEFINE ALCHRVL L
<LINECONV®>:<L>

.
=-=>ALCHRVL

DEFINE LINECONV (L)
<«CHRVAL=*>1<L>
.

==>L INECONV

DEFINE CHRvAL (AT)
SUBL$INDEX:<AT ALPHANUM>
L]

==>CHRVAL

DEFINE SEPLINES TEXT
IF NULLSTEXT THEN <>
ELSE CONMS:<1:GETLINE:TEXT SEPLINES:2:GETLINE:TEXT>

==>SEPLINES
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DEFINE LTEGGT (M L)
IF NULL:L THEN <<> <N> <>>
ELSEIF CLESS:<N FIRST:L>
THEN <1 i CONS>1<
<# # FIRST:L>
LTEQGT:<N REST:L>>
ELSEIF CEQ:<N FIRST:L>

THEN <1 CONS 1>:<
<# FIRST:L 2>
LTEQGT:<N REST:iL>>
ELSE <CONS 1 1>:<
<FIRST:L =# 8>

LTEGGT:<N REST:L>>
" e=>LTEQGT

QUICK:<<8 3 9 3 U>>,
346

==> (2 3

o o

2
9)
QUICK:1<<<8 3><9 3I><2 U>>>,
==> ((2 4) (8 3) (9 3))

rqmnmquawapoawqﬂuu
-=> ((2 1) (3 3 3) (10 9

2
8
LQUICK is to QUICK as LSHELL is to SHELL. LQUICK uses

QUICK to lexically sort lines of text within a file.

DEFINE LRUICK TEXT
REVERT:QUICK:<CONVERTITEXT>

==>LQUICK

LQUICK:"(C Z NL &4 B NL @ V 2 NL).
==> (A B NLC2ZNLQV 2NL)

80

SORTX uses a gquicksort algorithm to sort a very large file

--ie. a file which is too large to fit into memory in one
plece. "The essential idea of most external sorting methods 1is
simple:

chunks of the input (as big as possible) are scrted

internally and copied onto intermediate files; each chunk 1is

called a run. When the entire input has been split into sorted

runs the runs are merged, typically into further intermediate
files. Eventually all the data winds up merged on one file;
this final run is the sorted cutput." [116]
DEFINE SORTX FILE
MERGEGP:QUICKRNS:IFILE

==>S0RTX

SORTX:"(Q R V NL S T A NL 4 8 NL C D NL).
==> (A A ANL CDNL QR VNLST R NL)

v E—— = ——— ———
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FLIMIT is an integer constant indicating the maximum
number of files which GETSOME may gather into one file.

MERGE does a merge sort on a list of sorted, CONVERTed
files. The algorithm for merge is very similar to the
algorithm for BUBBLE. The function MERGE corresponds to the
function BUBBLE, the function LORDER corresponds to the

function ORDER, and LOLINE corresponds to SINKSMAL-

DEFINE MERGE LFILES
IF NULL:LFILES THEN <>
ELSE CONS:<FIRST:FIRST:LOLINE:LFILES
MERGE:TCONS! t<REST:FIRST:LOLINE:LFILES
REST:LOLINE:LFILES>>
==>MERGE

DEFINE LOLINE LFILES
IF NULL:REST:LFILES THEN LFILES
ELSE LORDER:<FIRST:LFILES LOLINE:REST:LFILES>

==>LOLINE

| DEFINE LORDER (FILE LFILES).
IF LLESS:<FIRST:FILE FIRST:FIRSTILFILES>
THEN CONSt<FILE LFILES>

ELSE CONS:<FIRSTI!LFILES CONS:<FILE REST:LFILES>>

" e=>LORDER

DEFINE TCONSI (A L) ‘
IF NULL:A THEN L
ELSE CONS:<A L>

==>TCONS1

MERGE:<<<10 13><23 44»><<2 5><3I>><<13 99 qmrapanV.
==> ((2 S) (3) (10 13) (13 99 77) (23 44) (44))

MERGE:<<<10 13 3><14 2>><<2 7><3 5§><8 9><12>>>
==> ((2 7) (3 5) (8 9) (10 13 3) (12) (14 2))

| TS o R e T A i
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UNIQUE is a function which can be useful if used in

combination with a sort. It compares adjacent lines in a
text file and removes duplicate lines. Applied to a sorted file,

UNIQUE will remove all duplicate lines from that file.

DEFINE UNIRUE FILE
IF NULL:FILE THEN <>
ELSE CKPATRIGETLINE:FILE

==>UNTAUE

DEFIME CKPAIR (F1 F2)
IF EGLINE:<F1 F2> THEN UNIQUE:F2
ELSE APPEND:<F1 UNIQUE:F2>

.

==>CKPAIR

DEFINE EGLINE (LINE TEXT)
EQGSTR:<LINE 1:GETLINE:TEXT>

==>EQLINE

UNIGUE:Z"(A R N OLONLWILLIENLWTILLTIEANL
* HEATHERNL),
==> (ARNOLDONLWILLTIENLHEATHEHR NL)

UNIQUE:"(T HREENL.THREENLTHRE E NL).
==> (T HREE NL)
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ROTLINELl is the function which takes a line of text and
creates from that line a list of ROTATEd lines. ROTATE
takes the first word from the front of a line and tacks it
to the end. ROTLINE1l terminates when a FOLD or NL character
1s encountered as the first character in the line.

DEFINE ROTLINEL LINE
IF NLQ:FIRST:LINE THEN <RREST:LINE>
ELSEIF FOLDQ:FIRST:LINE THEN <REST:LINE>
ELSE CONS:<LINE ROTLINE]1:ROTATE:LINE>
==>ROTLINEL

DEFINE ROTATE LINE
ROTBLNKS:ROTWORD:LINE

==>ROTATE

ROTATE:"(F I R S T NL 8
==> (T H I R D BLANK F

DEFINE ROTWORD LINE
IF NOT:ALFA:FIRST:LINE THEN LINE
ELSE ROTWORD:SNOC:<FIRST:LINE REST:LINE>

ECONDBLANK T H IR D BLANK),
I RS TNLSETCOND BLANK)

.

==>ROTWORD

DEFINE ALFA CHAR
AND:<POS:INDEX:<CHAR ALPHANUM>
LESS:<INDEX3:<CHAR ALPHANUM> TOPALFA>

==>ALFA

DEFINE FOLDQ CHAR
. SAME:<CHAR FOLD>

-=>FOLDO

DEFINE ROTBLNKS TEXT
IF OR:<NLO:FIRST:TEXT FOLDQ:FIRST:TEXT ALFA:FIRSTITEXT>
THEN TEXT
ELSE ROTBLNKS:SNOC:<FIRST:TEXT REST:TEXT>

==>ROTBLNKS

DEFINE SNOC (A L)
IF NULL:L THEN <A>
ELSE CONS:<FIRST:IL SNOC:<A REST:L>>

==>SNOC

e ————
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After all the lines have been rotated, REMEOLNS is
called to remove from each line the characters used to mark
the end of the line. These characters would get in the way
of our sort and would clutter our permuted index; for example,
after rotation, a NL character would be in the middle of a

"line".

DEFINE REMEOLNS TEXT
<CLEANLIN®*>:<
TEXT>

==>»REMEOLNS

DEFINE CLEANLIN (LINE)
IF NLQ:FIRST:LINE THEN CKADD:RREST:LINE
ELSEIF FOLDG:FIRST:LINE THEN CKADD:REST:LINE
ELSE CONS:<FIRST:LINE CLEANLINI<REST:LINE>>

==>CLEANLIN

DEFINE CKADD L
IF NULL:L THEN <>
ELSEIF RLANKQ:FIRST:L THEN L
ELSE COMS:<BLANK L>

.|uvnxroo

REMEOLNS:™((A 8 NL FOLD C)(A B C NL FOLD)(A B NL FOLD BLANK cll.

==> ((4 B BLANK C) (A B C) (A B BLANK C))

B e R s T R S A T S R
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Constants Introduced in Chapter U,

NEXCHNK is designed to output a word plus as many of
its following whitespace characters as 1s possible. The

function ADBLNKS puts out the trailing whitespace characters

DECLARE ALPHANIM
. (01 23 456789ABCDETFTG GHTI JKLMNOPGRST
until 1) the maximum line length has been output; or 2) there UV WXYZnN FALD).
==> (01 234456789 a4BCHDEFGHTIUJK LMNOPAQRST
are no more characters in the line or 3) an alfa character is UV w XY ZNLFOLD).
encountered.
DECLARE MAXFILES 4.
=-=>6
DEFINE ADBLNKS (N LINE)
IF ORI<NULL:LINE NOT:POS:N ALFASFIRST:LINE> DECLARE MAXCHARS 8,
THEN <N <> LINE> -=>8
ELSE <1 CONS 131«
<8 FIRST:LINE _#> DECLARE FLIMIT 2.
ADBLNKS:<SUH1:N REST:LINE>> -=32
.unvpomrzxm DECLARE FOLD "FOLD.
==>FOLD
DECLARE HALFLIME 4.
DEFINE POS N | -=>0d
GREAT:<N 0>
]
==>P0S

DECLARE TOPALFA 38,

) W =-=>38
m

SETLEFT outputs the left half of a line of text, in-
cluding whatever is left of the line after it has been pro-

cessed by SETRIGHT. An extra blank is added between the two
halves of the line. .

DEFINE SETLEFT (LEFT RIGHT)

CONCAT:<FILBLNKS:DIFF:<HALFLINE CHARCT:LEFT> LEFT
CONS:<BLANK RIGHT>>

.
==>SETLEFT

| ) SSRGS SR
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The function FIND takes as arguments a description of
a pattern, PAT, a list of character sets, LSETS, and a file,
TEXT. A scan pattern is buillt from PAT, and TEXT is searched
for a line matching the scan pattern.

The function FILSET is used to build the secan pattern

from PAT using a function which was introduced in chapter 2,

MAKESET.

DEFINE FIND (LSETS PAT TEXT)
FINDX:<FILSETt<LSETS PAT> TEXT>

==3FIND

DEFINE FILSET (LSETS STR)
IF NULL:STR THEN STR
ELSEIF ATOM:FIRST:STR
THEN CONS:<FIRST:STR FILSET:<LSETS REST:STR>>
ELSE CONS:<MAKESET$<LSETS FIRST:STR>
FILSET:<LSETS REST:STR>>

==>FILSET

FIND:<EXSETS "(CLOS ANY EOLN) "(Y OUNLNAMENLTI T)>,
==> (() (Y OUNLNAMENLTIT)

FIND:<EXSETS "(G R V) ™"(N O T NL I NS A N E)>,
==> ((NOTNLINSANE)OQ)

FILSET:<EXSETS "(C (4 DASH E) T)>,
==> (C (ABCDE)T)

FILSETi<EXSETS "(C (™M DASH E) T)>,
==> (C (M DASH E) T)

FIND:<EXSETS "(C (A DASH E) T)
"(CUTNLCATNREST NL)>,
| ==> ((C UTNL) (CATNLRESTNL)
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The help function FINDX looks through TEXT line by line,
calling the function MATCH to see if the current line contains
a string which matches the scan pattern, PAT. FINDX returns
two files as output, cne containing all lines in TEXT which
precede the one which contains the matching string, and the
other containing the sought for line, and all following lines.

The definition of FINDX is similar in form to that of
its help function, GETLINE, which I will write down again
here to refresh your memory. The only differences are 1)
that FINDX searches a line at a time while GETLINE searches
a character at a time, and 2) the final element scanned by
FINDX is placed in 1ts second output file while the final

element scanned by GETLINE goes in its first output file.

DEFINE FIMDX (PAT TEXT)
IF NULL:TEXT THEN <<><>>
ELSEIF MATCH:<PAT 1:GETLINE:TEXT>
THEN <<> TEXT>
ELSE <APPEND 1>2<
<1IGETLINESTEXT B>
FINDX:<PAT 2:GETLINE:TEXT>>

==>FINDX

DEFINE GETLINE TEXT
IF NULLITEXT THEN <<><>>
ELSEIF MLO:FIRST:TEXT THEN <<NL> REST:TEXT>
ELSE <CONS 1>:1¢
<FIRST:TEXT 2>
GETLINE:REST:TEXT>

==>GETLINE
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AMATCHX3<<> "(L I N E 1 NL)>,
==> (() () (L INE 1 NL)) H

AMATCHX:"((G O N E) (L ONGG O N E)),
==> ((G ONE) () (LONGGONE))

AMATCHX:"((G O N E) (G ONELONG)), ,
==> (() (G ONE) (L ONG))

AMATCHX:"((CLOS A B) (B)),
==> () (B) )

AMATCHX:"((CLOS A B) (A B8)),
==> (() (A B) ()

AMATCHX:"((CLOS 4 B) (a a4 A 4 B)),
==> (() (A & a A B) ())

AMATCHXI™((CLOS ANY) (A.B NL)),
==> (() (A B) (NL))

AMATCHX:"((CLOS ANY EOLN) (A B NL)),
==> (() (A B8 NL) ()

CLOSMACH is called by AMATCH to find the longest
possible string which will match a pattern whose first literal
character (or character class) 1s preceded by the special

character CLOS.

DEFINE CLOSMACH (PAT LINE)
IF OMATCH:<2:PAT LINE>
THEN CKREST:<PAT LINE AMATCHX:<PAT REST:LINE>>
ELSE AMATCHX:<RREST:PAT LINE>

.luvnromzbnx

DEFINE CXREST (PAT LINE ANS)
IF NULL:FIRST:ANS
THEN <1 CONS 1>2:¢
< FIRST:LINE >
ANS>
ELSE AMATCHX:<RREST:PAT LINE>

==>CKREST
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OMATCH returns TRUE if the first literal character (or
character class) in the scan patiern PAT mateches the first
character in the file TEXT. OMATCHAT is called to mateh
a character, and OMATCHL is called to match a character class.

Note that 1t is possible for EOLN to match the null
string before the end of a line, even though it may not be at
the end of a scan pattern. This would seem to contradict
rule #6 in the definition of regular expressions; however,
if the match occurs and there 1s still more of the secan
pattern left toc be matched, then AMATCE will fail when it

attempts to continue matching the scan pattern.

DEFINE OMATCH (PAT TEXT)
IF NULL:TEXT THEN FALSE
ELSEIF NLQR:FIRST:TEXT THEN EQLNQ:PAT
ELSEIF ATOM:PAT THEN DMATCHAT:<PAT TEXT>
ELSE OMATCHL:<PAT TEXT>

OMATCH

DEFINE EOLNG PAT
-AND:<ATOMIPAT SAME:<PAT EOQLN>>

==>EQLNQ

DEFINE CLOSQG CHAR
SAME:<CHAR CLOS>

==>CLOSE

DEFINE OMATCHAT (PAT LINE)
OR:<ANYQ:PAT SAME:<FIRST:ILINE PAT>>

==>0MATCHAT

DEFINE ANYQ CHAR
SAME1<CHAR ANY>

==>ANYQ
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: CHAPTER 6
Constants Introduced in Chapter S.

DECLARE EXSETS
"((ARCDEFGHIJXLMNODPQRST Introduction

| UV W XY Z)).

-=>((ABCDEFGHI JXKLMNOPGBRSTUVYVWXY Z))

In this chapter a text editor is discussed. The editor
ls primarily "line oriented", though provisions have been made

DECLARE BOL "BOL, for character manipulations as well.
TRt Given a file name, FNAME, and a file library, LFILES, as
DECLARE CLOS "CLOS.

==>CLOS input, the editor creates a working text file (also sometimes
DECLARE EQGLN "EOLN. . referred to as the edit or editor file) either by opening file
==>EOLN

FNAME from the file library or by creating a new file. Commands
DECLARE ANY "ANY,

—z3ANY are then read from a command file, COMS. Usually, these com-
DECLARE DITTO "DITTO. mands involve manipulations of the text file; the specific
==>DITTO

actions of the commands will be discussed in some detail shortly.
ommw“mmrznnr "NCCL. Changes in the text file may be "permanently" recorded by
) writing portions of the file out to the file library. LFILES
_ . may underge many changes throughout the editing session. The
current copy of LFILES when the editing session ends becomes

one of the results of the editor.

The other output file created by the editor is a 'message’
flle which may contain echoed commands, error messages, and/or
portions of the text file.

This editor 1s suitable for interactive use on a full
duplex teletype where the command file consists of an input

stream from the teletype keyboard, and the message file produces
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preceding the current line which contains the pattern 'X Y 2!
to the first line following the current line which contains

the pattern 'B 0 O'.

L) To enhance the power of the above methods of specify-
ing the range of a command, one may also use, in combination
with each of these techniques, line number arithmetic.

For example, the command

(0L s~5Y,/(4+5)) B)
causes a section of text beginning five lines before the cur-
rent line and ending five lines after the current line to be
printed out.

The command

((($+5)) P)
1s i1llegal, and results in an error message. The arithmetic
portion of a command (in this case '+5') may not cause a wrap

around the end (or beginning) of the text file.

5) "A semicolon may be used to separate line numbers

Just as a comma does, but it has the additional effect of set-
ting dot (the current line) to the latest line number before
evaluating the next argument." [170] For example,

(((>(A B C));(.+1)) P)
"scans forward to the next line containing 'A B C', then prints

that line and the one following it (.+1)." [17G]1 (I have

W

108

substlituted our syntax for that of Kernighan and Plauger with-
in this and following quotations.

There may be arbitrarily many components in a range speci-
fication, "so long as the last one or two are legal for the
particular command." [171]

(((>(A B C));(>(A BC));(>(aBC))) P)
prints from the secand line following the current line and con-

taining 'A B C' to the third.

6) If no range specifications precede an 'action', the

action is usually interpreted to apply to the current line.

NOTE: There 1s a special line in an editor file which
marks the beginning of the file. This line contains only the
special character, END, followed by a newline (NL). This line
will be referred to as line zero.

It is illegal to print or delete line zero. One may not
speclfy line zero in a range specification. Line zero is the
current line only if it is the only line in the file (the file
is 'empty').

ACTIONS.
1) A range specification without any following action
specifications causes the last line indicated in the range

specification to be printed out. The current line is set to
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file following the last deleted line -- unless the last line
is deleted, in which case the current line becomes the line
preceding the first deleted line.
A trailing 'P' causes the new current line to be printed
out. Line zero may not be deleted.
(((1),(7)) DB)
causes lines one through seven of a file to be deleted, and

the new current line to be printed out.

7) The format for a substitute command, 's', is
(RANGE-SPECIFICATIONS S PAT NEW)
for each line in the section of text indicated by the range
specifications, the first occurrence of the pattern, PAT, is
replaced by the pattern indicated by the scan pattern, NEW. A
pattern is bullt from NEW using the function, MAKESUB, which
we saw in chapter 5.

The current line becomes the last line in which a substi-
tution was made. If no line in the range of the command was
changed, then the current line becomes the first line of the

] range. Example:
(€(2),(8)) s (H A) (B 0 0))
changes the first occurrence of 'B 0 O' in each line (from the
second line of the editor file through the last) to 'H A'.
The command may be followed by a letter, 'G', which indi-

cates that all occurrences of PAT in the range of the command

; ,
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are to be changed to NEW. A trailing 'P' causes the current
line to be printed out after the execution of the substitute

command.

8) The change command, 'C', is used to replace one or
more lines of the editor file by some new text. Example:
(((3),(T)) C(ONCENLAGATNNL))
causes lines three through seven to be replaced by the two
lines "ONCE NL AGAIN NL".
The current line becomes the last line of the replacement

text. The section of text to be changed may not contain line

Zero.

9) The enter command, 'E', is used to replace the text
file with the contents of some new file from the file library.
For example,’

) (E(GEORGE))
causes the file named 'GEORGE' to be opened (in READ mode) and
the editor file is replaced by the contents of 'GEORGE'. The
first line of 'GEORGE' becomes the current line.

If, for any reason, the attempt to open 'GEORGE' fails,
then an error message is issued and no change is made in the
text file.

The file name used in initiating the editing session is

remembered. Because of this, one may use the 'E' command
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(G PATTERN COMMAND)
specifies that COMMAND is to be performed for each line of text
which contains an instance of PATTERN. 'G', like 'W', has a
default range of the whole file, but a smaller range can be
given." [17d]

The command

(((1),(7)) G (ABC) P)
causes all lines between and including lines one through seven
which contain 'A B C' to be printed.

(G((OFRMAT)) S(OFRMAT) (FORMAT) G P)
instructs the editor to "find all OFRMATS, fix them and print
each corrected line as a check." Hwﬂ&

"There 1s also an 'X' command which is identical to 'G'
except that 1is operates only on those files that do not contain
the pattern (X is for 'exclude')". [170] For example

(X ((ABC)) P)
causes all lines not containing 'A B C' to be printed out.

Now, here 1s a semi-formal definition of the command syntax.

zowreHoz USED IN DEFINITION OF SYNTAX:
- 1) Strings within double quote marks are deseriptions,
not literal definitions.
2) Strings wlthin single quotes ARE to be taken literally.
3) OR means 'exclusive or'.

4) '=' means 'is equivalent to'

B i
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5) Braces are used to delimit one part of a definition
from the rest of the definition. They are not to be taken
literally.

6) Parentheses are to be taken literally.

) Lower case strings not contained within single or
double guotes are to be or have been defined in terms either

of the notation of (1-8) or of other such strings.

DEFINITION OF COMMAND SYNTAX

command = () OR (range) OR (action) OR (g-range r-action)
OR (range r-action)

grange = global range

global = 'g' OR 'x!'

range = (speclist)

speclist = (component) OR (compsnent) delim speclist

delim = ',' OR ';'

component = spec OR spec signed-integer

spec = o OR "$' OR {>(pattern)} OR {<(pattern)

OR positive-integer

signed-integer = sign integer

sign = '+' QR '-!

integer = 0 OR muompnwcmnun«mmmuw OR mo MSnmmmww

positive-integer = posdigit OR 0 positive-integer

OR posdigit positive-integer
posdigit = 1 OR 2 OR 3 OR 4 OR 5 OR 6 OR 7 OR 8 OR 9

pattern = "a text pattern-- see Chapter 5"

T T S T S )
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In testing the editor, some special (hopefully mnemonic)
atoms have been substituted for some of the symbols used in
the examples. Here 1s a 1list of the characters for which we
have had to substitute, and their corresponding atoms.

SYMBOL ATOM

Lt COMMA

t gt SEMI

&t BACK

'$! LAST

e PLUS

-t MINUS

't CURLN

1> FORE

GETLIST:™(((FORE (A T))) ((D O G NL)(C A& T NL)CEND NL))),
==> (() () ((C A T NL) (END NL) (D O G NL)))

GETLIST:"(C(FORE (A T))) ((D 0 G NL)(M O

U S E NLYCEND N
==> (() ) () f L33

If we were to concatenate list one (the second result)
returned by GETLIST with list two (the third result--~ and no
error condition had occurred), we would see that the "circular
ordering" of the text file had been maintained. We define the
"circular ordering" of the text file as follows:

1) Every line in the file (including line zero) precedes
line zero.

2) Line A (not line zero) precedes line B (not line zero)
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if, in the seguential order of the lines in TEXT, either a) line
A comes before line B and line B comes before line zero, or b)
line B comes before line zero and line zero comes before line A.

So, it will be the case that if line A precede®s 1line B be-
fore the call to GETLIST, it shall do so after the call. This
1s also true of the help functions of GETLIST.

The other result of GETLIST is a boolean default indicator.
If this indicator evaluates to TRUE, this is a signal that no
range specifications were used in this command and that default

range specifications are to apply.

DEFINE GETLIST (TARGET TEXT) _
IF NULL:TARGET THEN <TRUE <> TEXT>
ELSE CONS:<FALSE GETLIST1:<TARGET TEXT>>

==>GETLIST

DEFINE GETLIST! (TARGET TEXT)
IF NULL:REST:TARGET

THEN NNEADD:IGETSPOT:<FIPSTITARGET TEXT>
ELSE GETONE:<TARGET TEXT>

==>GETLIST]

Only if TARGET is empty when GETLIST is called is the de-

fault flag set to TRUE. To isolate this test for NULL:TARGET,
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If the TARGET begins with a digit (IF DIGITQ:FIRST:TARGET),
then a line number specificatlon has been used. DIGVAL is then
called; it returns two results. The first is an integer indi-
cating the value of the leading string cf one or more digits in
TARGET. The second result is a list contalning what remains

of TARGET after the leading string of digits.

DEFINE DIGVAL LIST

<CTOI 1>:<
GETDIGS:LIST>
==>DIGvVAL

DEFINE GETDIGS LIST
IF NULLILIST THEN <<><>>
ELSEIF DIGITQ:FIRST:LIST

THEN <CONS 1>:1¢
<FIRST:LIST 2>
GETDIGS:REST:LIST>

ELSE <<> LIST>

==>GETDIGS

DIGVAL:"(1 2 A B (),
==> (12 (A 8 C))

We have seen CTOI in Chapter 2.

If a line number specification is used, then FINDLINE lo-
cates the proper line. INORDER is first called to order the
text file so that it begins with line 1 (if it isn't empty).
FINDLINE is just a variation of the funetiocn PROJ, which we
have seen in previous chapters.

Both FINDLINE and INORDER have the ground condition of

ENDQ:FIRST:TEXT; PROCFRST has already determined that there is

_— - e = w— w— - —
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at least one line besides line zero in the file, so INORDER

won't go on LSHIFTing forever (definition of LSHIFT is to follow).

DEFINE INORDER TEXT
IF ENDG:FIRST:TEXT THEN LSHIFT:TEXT
ELSE INORDER:ILSHIFT:TEXT

==>INORDER

DEFINE FIMDLINE (MUM TEXT)
IF EMDN:FIPSTITEXT THEN <<><>>
ELSEIF MOT:POS:MUM THEN <<> TEXT>
ELSE <CONS 1>:1¢
<FICST:TEXT >
FINDLINE:<SUB1:NOM PESTITEXT>>

==>F IMDLINE

FINDLIME:<3 ™((A NL)(B NL)(C NL)(D ML) CEND NL))>,
==> (((2 NL)(B NL)(C ML))CC(D NL)ICEND NL)))

FINDEND is called in response to a '$' mnmnuwunwnwol.

DEFINE FINDEND TEXT
IF ENDR:I2:TEXT THEN <<> TEXT>
ELSE <CONS 1>:¢
<FIRST:TEXT o>
FINDEND:REST:TEXT>

==>F[MDEND

FINDEND:™( (4 NL) (R NL)(END NL)(J NL)CE E K NL)).
==> (((A NL))((B NL)(END NL)C(J NLICE E K NL)))

FTNDEND knows TEXT isn't empty since this was ascertained

T e e S e e
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DEFINE CKRSHIFT TEXT
IF ENDR:FIRST:TEXT THEN RSHIFT:TEXT
ELSE TEXT

.

==>CKRSHIFT

DEFINE RSHIFT TEXT
CONS:<RAC:TEXT ROC:TEXT>

==>RSHIFT

DEFINE RAC TEXT
IF NULL:REST:I:TEXT THEN FIRSTITEXT
ELSE RAC:REST:TEXT

==>RAC

DEFINE RDC TEXT
IF NULL:REST:TEXT THEN <>
ELSE CONSt<FIRST:TEXT RDC:REST:TEXT>

.

==>RDC

After PROCFRST has finished processing the 'spec' part of
a range component, PROCREST is used to process the 'signed-
integer' portion. This portion of a range aoavosmnn has to do

with line number arithmetic.

PROCREST returns two lists which comprise the final out-

put of GETSPOT.

DEFINE PROCREST (TARGET TEXT1 TEXT2)
- IF NULL:TEXT2 THEN <<><>>
ELSEIF NULL:TARGET THEN <TEXT! TEXT2>
ELSEIF NOT:ATOM:FIRST:TARGET
THEN <<><>>
ELSEIF PLUSQ:FIRST:TARGET
THEN PLUSMOVE:I<REST:TARGET APPEND:<TEXT2 TEXT1>>
ELSEIF MINUSQ:FIRST:TARGET
THEN MINUS¥OVI<RESTITARGET APPEND:<TEXT2 TEXT1>>
ELSE <<><>>

==>PROCREST

- e - w = - = =
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If the first character of TARGET is '+' (PLUS), then

PLUSMOVE is called to handle line number addition.

DEFINE PLUSMOVE (N TEXT)
PLUSMOV]:<DIGVAL:N TEXT>

==>PLUSMOVE

DEFINE PLUSMOV1 ((N TARG) TEXT)
IF OR:<NULL:IN TARG> THEN <<><>>
ELSEIF ZEROP:IN THEN <<> TEXT>
ELSE FINDLINE:<N TEXT>

==>PLUSMOV]

PROCREST:™ ((PLUS 2) ((A NL)) ((B NL)(C NLI(D NL)CEND NL)D),
==> (((B NL) (C NL)) ((D NL) (END NL) (A NL) D)

DEFINE PLUSA CHaR
SAME:<CHAR PLUS>

==>PLUSQ
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f DEFINE SETUPC (TARGET! TARGET2 TEXT)
\ IF NULL:TARGET2 THEN <<><>>
[ ELSEIF NULL:REST:TARGET?2
_ THEN FINALSET:<TARGET! FIRST:TARGET2 TEXT>
ELSEIF NULL:2:GETSPOT:<TARGET!1 TEXT>
THEN <<><>>
ELSE GETONE:<TARGET2 TEXT>
) .

==>SETUPC

If there are more than two range components, then SETUPC
Just checks to see 1f the first specifies a line within the
bounds of the editor file, and calls GETONE with the rest of
the range specifications and an unaltered TEXT as arguments.
TEXT is unaltered because the current line is not moved after
the location of the line corresponding to a range component
that is followed by a comma.

If there areexactly two range components separated by a
comma, then the complexity is increased. Our goal 1s to iso-
late a section of text which lies between the line specified
by the first component and the line specified by the second,
inclusive. (If both components specify the same line, then
that line is to be located.)

Since the lines corresponding to both components must be
located 1n relation to the same current line, we must mark the
current line before locating the line indicated by the first

range component. Thils is because the editor file may be rotated

T R T

during location of a line corresponding to a range component

(e.g., in context searches, and when line number specifications
are used). The line which was the current line at the begin-
ning of a call to GETSPOT may not be at the front of the first

ist it returns.

DEFINE FINALSET (TARGET1 TARGET2 TEXT)
GETLAST:<TARGET2 GETFIRST:GETSPOT:<TARGET]1 PUTCUR:TEXT>>

==>FINALSET

DEFINE PUTCUR TEXT
CONS:<SNOC:<CURLN FIRSTITEXT> REST:ITEXT>

" ==3PUTCUR

After the first of the two components has been processed,
the line which has been found (the first line of the second
1ist returned by GETSPOT) is marked, and the text file is re-

arranged so that it again begins with the current line (the

current line marker is then removed).

DEFINE GETFIRST (TEXT1 TEXT2)
IF NULL:ITEXT2 THEN <>
ELSE CURBEGIN:APPENDI<TEXT]

CONS:<PUTFIRST:FIRSTITEXT2 REST:TEXT2>>

=2>GETFIRST
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The symbol '.' (CURLN) is used to mark the current line.
The "symbol 'F' (FIRSTAD) is used to mark the line assoclated
with the first range component. All marks are SNOCed to the
end of a line, after the NL character, so that there 1is no

interference with pattern matching.

If two range specifications are separatert by a semicolon,
then each time a line corresponding to a range component is
found, that line becomes the current line.

SETUPS handles specifications in which the first two com-
ponents are separated by semicolons. For each component ,

GETSPOT is called. If there are more than two components in

the range specification, then GETONE is called, with the second

1list returned by GETSPOT appended to the first (indicating that
the line corresponding to the most recently processed range

comportent is-now the current line).

As was the case when range components were separated by

commas, when there are exactly two range components separated

by semicolons, our goal is to return two lists, with the first

1ist beginning with the line of the text file associated with
the first component and with the line associated with the sec-
ond component at the beginning of the second list. (Again, 1if

both components specify the same line, then we want an empty

list followed by a list beginning with the line specified by

both components).

- e— e — = e——— — = —
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In this case we needn't mark the current line because the
current line is changed to the line associated with the first
component after that line has been located. Before locating
the line associated with the second component, however, we must
mark the line associated with the first (with FIRSTAD). After
the second line has been located, the two desired lists are
returned via a call to CKFINAL, which we have recently seen.

DEFINE SETUPS (TARGET1 TARGET2 TEXT)
IF NULL:TARGET2 THEN <<><3>>
ELSE SETUPS1:<TARGET2 GETSPOT:<TARGET1 TEXT»>

==>SETUPS

DEFINE SETUPS1 (TARGET (TEXT1 TEXT2))
IF NULLITEXT2 THEN <<><>>
ELSEIF NULL:REST:TARGET
THEN CKFINAL:GETSPOT:<FIRST:TARGET
APPEND:<CNNS:<PUTFIRST:FIRST:TEXT2
RESTITEXT2> TEXT1>>
ELSE GETOME:<TARGET APPEND:<TEXT2 TEXT1>>

==>SETUPS1

SETUPS:®((2) ((3)) ((A NL)(B NL)CC NL)CEND ML) (D NL))).
==> (((A NL)) ((B NL) (C NL) CEND NL) (D NL)))

Exactly what causes GETONE to terminate may not be im-
mediately apparent for the reader, Each recursive call to
GETONE (via invocation of SETUPC or SETUPS) results in invoca-
tion of the progress function, REST:TARGET. Termination results
when SETUPC or SETUPS detect erroneous syntax, or there are
exactly two range components in TARGET, resulting in a call to
FINALSET.

Now that we have discussed the issue of locating the range

of a command, let's begln the discussion of the editor as a whole.
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Drivers (EDIT, et al.).

EDIT reads the first command in its command file, COMS.

Once EDIT has been called, the editor is designed to terminate

only when EDIT encounters a quilt command, 'Q'. The command

file is treated as an infinite 1list. The progress function for

EDIT is REST:COMS.

DEFINE EDIT (COMS TEXT FNAME LFILES)
IF QUITQ:FIRST:COMS

4Im2Apmvmzauanozmunzrﬂunmquncxmv:AZrmx I T NL)>
LFILES> :
ELSE <APPEND 1>:«
<<FIRST:COMS NL PR> 2>
EDIT1:<1:GETTARG:FIRST:COMS
2:GETTARGEFIRST:COMS
TEXT FNAME LFILES REST:COMS>>

==>EDIT

DEFINE QUITQ com
SAME:<FIRST:COM QUIT>

-=30UIT0

If the first command is not a quit command, then EDIT1 is
called to determine whether or not the first command is a
global command. GETTARC is used to separate a command into

its 'range' and 'action' components.

DEFINE GETTARG CQM
IF NULL:COM THEN <<> <>>
ELSEIF ATUMIFIRST:ICOM THEN <<> COM>
ELSE <FIRST:COM REST:CO™>

==>GETTARG

GETTARG:"(((1) CcoMMa (7)) P),
==> (((1) COMMa (7)) (P))

DEFINE EDIT1 (TARG COM TEXT FNAME LFILES LCOMYS)
IF GLORaLO:COM
THEN GCXERR:<DOGLOS:<TARG TEXT GVAL:IFIRST:CO™
REST:COM FNAME LFILES LCO™S>
TEXT FNAME LFILES LCGMS>
ELSE CKERR:<DOSINGLE:<TARG COM TEXT FNAME LFILES>

TEXT FNAME LFILES LCOMS>

==>EDIT1

DEFINE GLOB&LO co™
AND:<COM ATOM:FIRST:COM OR:<SAME:<FIRST:(OM GLORAL>

SAME:<FIRST:COM NNGLOS>>>

==>GLOBRALQ

DEFINE GVAL com
SAME:<COM GLOBAL>

==>GVAL
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DOENTER looks at NEWNAME to see if a file name has been speci-

fied in the command. If not, FNAME is used as the default file

file, a text file, a file name and the file library. Four

name. Four results are returned by DOENTER, an empty message
i empty lists result from erroneous syntax or the failure to

open a new text file in READ mode.

DOENTER:™(((B 0 0)) (S 0 x) (((B O 0) READ (G 0)))),
==> (() (G 0) (8 0 0) (((B O 0) READ (G 0))))

DOPRINTF executes the 'F' command. As was the case with
the enter command, PRINTFNQ must check to see if any range

specifications precede the 'F' command.

DEFINE PRINTFNR (TARG COM)
AND2<NULL:TARG ATOM:FIRST:COM SAME:<FIRST:COM PRINTFN>>

==>PRINTFNA
DEFINE DOPRINTF (COM TEXT FNAME LFILES)
1F NULL:COM THEN <CONS:<NL FNAME> TEXT FNAME LFILES>
"ELSEIF OR:<REST:COM ATOM:FIRST:COM NOT:ISLAT:FIRST:COM>
THEN <€<><><><>>
ELSE <<NL FIRST:COM> TEXT FIRST:COM LFILES>

* =>DOPRINTF

DOPRINTF returns four results, a message file containing a
file name, the text file, a flle name and the file library. Four

i empty lists result from erroneous command syntax.

DOPRINTF:™(((A F I L E)) ((END NL)) (D F- I L E)
(((B 0O 0) READ (G 0)))).

==> ((NL A F 1 L E) ((END NL)) (A F I L E) (((B O 0) READ (G 0))))

- — . = wr —— — —
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EXEC 1s called if the current command was neither an 'E'
nor an 'F'. One of its arguments 1s the result of a call to

GETLIST. None of the commands called after the invoecation of

EXEC affects the default file name, A call to EXEC returns

three lists, a message file, an aditor file and a file library,

SETARGS adds the file name to the result returned by EXEC.

DEFINE EXEC ((DEFAULT TEXT1 TEXT2) COM FNAME LFILES XTEXT)
IF NULL:TEXT2 THEN <<><><>>

ELSE DOCOMs<XTEXT COM DEFAULT TEXT! TEXT2 FNAME LFILES>

==>EXEC
WMﬁwzm SETARGS ((MESS TEXT LFILES) FNAME)
<MESS TEXT FNAME LFILES>

==>3ETARGS

If GETLIST succeeds in locating the range of a command,
then DOCOM i1s called. DOCOM and its help function, DOCOM1l, de-
cide what the current command is and call a section of code to

execute that particular command.

DEFINE DOCOM (XTEXT COM DEFAULT TEXT1 TEXT2 FNAME LFILES)
IF WRITECQ:COM
THEN DOWRITE:<XTEXT DEFAULT REST:COM TEXT1 TEXT2
FNAME LFILES>
ELSE SETANS:<DOCOMI:<DEFAULT COM TEXT1 TEXT2 FNAME LFILES>
LFILES>

==>D0COM

T T T T T e R e A TR B Y
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DEFINE EDCREATE (XTEXT TEXT (STATUS LFILES))
the text file. The RDC of the result of INORDER is the text

IF ERRORQ:STATUS THEN <<3><3<>>
ELSE <WTCOUNT:TEXT XTEXT LFILES>
file without line zero. [ .
| ==>EDCREATE
BEHINDQ checks to see if the section of text to be written

_
contains line zero; if so, the command fails.

DEFIME BEHINDG TEXT
LMEMBER:I<END TEXT>

==>BEHINDQ

DEFINE LMEMBER (A LIST)
OR:<MEMBER=%*> 3¢
CAx>
LIST>

==>_MEMBER WTCOUNT yields a message indicating the number of lines

which have been written from the text file.

ODEFINE wTCOUNT TEXT
CONS:<NL PUTDEC:<PDWIDTH LENGTH:TEXT>>

==>WTCOUNT

Now, EDWRITE creates a file contailning text from the editor
DOWRITE:z<™((A NL)(8 NL)(C NL)(D NL) CEND NL))

file. Thé text must be restored to its original form (the FALSE "((3 0 0 P)) "((8 NL)(C NL))

"C((D NL)CEND NL)(A NLY) "(F N A M E)

lists of lines must be concatenated). "(C(B 0 0 P) READWRIT (O L O NL § TUF F NL)))>,

==> ((NL BLAMK BLANX BLANK BLANK 3) ((A NL) (B NL) (C NL)

L)) (((B 0 O P) READWRIT (B

NL C NL D NLJ)))
DEFINE EDWRITE (XTEXT COM T

EXT FNAME LFILES)
IF NULL:COM
THEN EDCREATE:<XTEXT TEXT

DEFINE LENGTH TEXT
CREATE:<<FNAME READAWIT CONCAT:TEXT>
LFILES>>

(D NL) (END N

IF NULLITEXT THEN 0
4D0D1: H H
ELSEIF OR:<ATOM:FIRST:COM REST:COM NOT:ISLAT:FIRST:COM> ari PISRERRETHIRE STy TEXT
THEN <<><n¢a> .
4 ELSE EDCREATE:<XTEXT TEXT

J ==>LENGTH

nnmpqmuAAﬁHmmq“no; READWRIT CONCAT:TEXT>
LFILES>>

==>EDWRITE
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DEFINE DOAPPEND (COM TEXT1 TEXT2)
IF NULL:COM THEN <<> APPEND:<TEXT2 TEXT{>>
ELSEIF ORI<ATOMIFIRST:COM REST:CcomM NOT:ISLAT:FIRST:COM>
THEN <<><>>
ELSE mUpvanannmmerzmm"ﬂanmquno: SNoc

$<FIRSTITEXT2 TEXTi>
REST:TEXT2>

~=>C0APPEND

DEFINE EDAPPEND (NEwW TEXT1 TExT2)
<<> EDARANGE:<NEA TEXTH TEXT2>>

==>EDAPPEND

DOAPPEND:™(((N E w AL 3T

U F NL)ICCA NL)) (B NL) CEND NL) D),
==> (() ((S T UF NL) (END NL) (A NL) (B NL) (N E w NLI))

Again, DOINSERT, which executes the 'I! command, is a varia-
tion on the theme of the 'R' and 'A' commands, except that NEW

(see EDINSERT) is inserted before TEXT2 rather than after its
first line.

DEFINE DODINSERT (COM TEXT1 TEXT2)
IF NULL:COM THEN <<> APPEMD:I<TEXT2 TEXTi>>
ELSEIF OR:<ATOM:FIRST:COM REST:COM NOT:ISLAT:FIRST:COM>
THEN <<><>>

ELSE 'EDINSERT:<SEPLINES:FIRST:COM TEXT1 TEXT2>
==>DOINSERT

DEFINE EDINSERT (NEw TEXT! TEXT2)
<<> EDARANGE:<NEW TEXT1 TEXT2>>

==>EDINSERT

DOINSERT:™(((N E W NL § T

U F NL))CCA NL)) (CR NL)CEND NL))).,
==> (() ((S TUF NL)

(B NL) (END NL) (& NL) (N E W NL)))

DOPRINC:<<> "((B NL)(C NL) >,
==> ((NL BLANK BLANK BLANK 8|

‘”v*“*hi

DOPRINC executes the '=! command .

DEFIME DOPRINC (COM TEXT1 TEXT2)

CHECXP:<COM FIRST:TEXT2 PRINC:<TEXT] TEXT2>
APPEND:<TEXT2 TEXTi>>

==>DOPRINC

DEFINE PRINC (TEXT TEXT2)

chzonﬂquoququ_ TEXTZ2 2:FINDXI<<END> TEXT1>>

==>PRINC

DEFINE GETNO (TEXT) TEXT2 PREFIX)
IF PREFIX THEN LENGTHIPREFTYX
ELSE PLUS:<LENGTHITEXT] LENGTH:

2iFINDX:<<END> REST:TEXT2>>
==>GETND

DEFINE PUTNO N
CONCAT:<<NL SLANK> PUTDEC:<N PDWIDTH> <

NL>>
==3PUTNO

"(CA NL)YCEND NL))

ANK BLANK N
NLD D) 4 L

(3 NLY (C wL) (& NL) (END

Finding the current line number involves locating line

zero in either TEXT1 or TEXT2 and calculating the position of

FIRST:TEXT2, the current line, in relation to that line. PRINC
and GETNO perform this function.

- CHECKP prints the new current line if there is a trailing
'P' command after any command for which it is legal to have a
trailing 'P'. If the command which has the trailing 'P' has

output for the message file, CHECKP causes this to be printed

out also (it puts 1t in the message file it creates).
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the text file. CHECKP handles a possible trailing 'P' command.

DEFINE DODELETE (CO“ TEXT)
IF ENDQ:FIRST:TEXT

THEN CHECKP:<COM RACS:TEXT <> RSHIFT:TEXT>
ELSE CHECKP:<COM FIRSTITEXT <> TEXT>

==>DODELETE

DoomrmqmunAv-ﬁﬁuZFU (END NL))>,
==> (0) (CA NLICEND NL))) E

DOPRINT, which executes a 'P' command is very straight-
forward.

DEFINE DOPRINT (COM TEXT] TEXT2)
IF COM THEN <<><>>

ELSE <PRINTOUT:<TEXT] TEXT2> APPEND:<TEXT2 TEXT1>>
==>DOPRINT

DEFINE PRINTOUT (TEXT1

TEXT2)
CONS

T<NL noznpﬂnmzonuamHEm«uﬂqum TEXT1>>
==>PRINTOUT

oomm_uuhmam U TNL § NLIER UL WLYY Ween a v B E e a g ¥3)>
=5 PUTANL M A
T A LMAYBEN) (tMAYBENM) (BAB V) (0

W, P;_

Jooh o

B iR e

The code for a substitute command, 'S', is lengthy., DO-

SUBST's argument COM should contain a replacement string and

a scan pattern.

DEFINE DOSUBST (COM TEXTH TEXT2)
IF OR:<NULL:COM NULL:REST:COM ATOM:

1:C0M ATD™:2:COM>
THEN <<><>>
ELSE mmﬂmcm"n:mnxmunnnmmauﬁoa 1:C0M 2:com
SNOC:<FIRST:TEXT2 TEXT1> REST:TEXT2>
==>D0OSUBST .

CHECKG checks to see 1if this 1s a global substitution, in
which case all occurrences of OLD in the range of the command

are replaced by NEW; if this 1is not a global substitution, then

the first occurrence of OLD in each line in the range 1is re-

placed by NEW.

DEFINE CHECKG (COM NEW OLD TEXT! TEXT2)
IF NULL:COM THEN <COM SUBST:<FALSE NEw QLD TEXT1L TEXT2>>
ELSEIF SGLORALA:FIRST:COM

THEN <REST:COM SUBST:<TR

UE NEW OLD TEXT! TEXT2>>
ELSE <CCM SUBST

:<FALSE NEW OLD TEXT1 TEXT2>>

==>CHECKG

DEFINE SGLOBALG CgM
AND:<ATOM:COM GVAL:COM>

==>SGL0OBALQ
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DEFINE SETSUB (COM TEXT)
CHECKP:<COM FIRST:TEXT <> TEXT>

==>SETSUB

DOSUBST:™(((N E W)(O L D)) (CO L D NL)(O L D BLANK 0 L D ML)
(CA NL) (EVD NLD)),

==> (() ((N E W BLANK O L D NL) (A NL) (END NL) (N E W NL) D))

DOSUBST:*CC((N E W)(O L D) G)
(A NL)CEND NL})).
==> (0) ((NE W BLANK N_E W NL) (A NL) CEND NL) (N E W NL)))

((0O L DNL)CO L D BLANK O L D NL))

It 1is true of 2ll commands that an empty text file is re-

turned if there is an error due to bad syntax or some other

reason that causes unsuccessful termination of the command.
The function, CKERR, which was called by EDIT1, notes this con-

dition if 1t exists and enters an error message into the message

file. The old values of TEXT, FNAME, and LFILES from before

execution of the most recent command are used in the recursive

call to EDIT.

If the most recent command was executed successfully (the

text file is not empty), then the message created by the in-

dividual command is appended to the message flle, and the new

values for the text file, file name and file library are used

in the recursive call to EDIT.

NEFINE CKERR ((MESS XTEXT XF
IF NULL:XTEXT

THEN <APPEND {>t¢

<"(NL E R R 0 R NL PR) >

EDIT:<LCOMS TEXT FNAME LFILES>>
ELSE <APPEND2 1>:¢

<MESS 2>
<<NL PR NL> g>
EDIT:<LCOMS XTEXT XFNAME XLFILES>>

NAME XLFILES) TEXT FMAME LFILES LCOMS)

==>CKERR

Global Commands. -
Recall that a global command has the following format
'G' PATTERN COMMAND
or 'X'" PATTERN COMMAND

The sequence of steps gone through by the code which executes

global commands 1s as follows:

1) Locate the range over which the global commands are

to apply. (Default is the whole file).
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If GLOBTYPE is TRUE then locate a line containing PAT;

otherwise, locate a line not containing PAT.

DEFINE BFIND (GLOBTYPE PAT TEXT)
IF NULL:TEXT THEN <<><>>
ELSEIF BMATCH:<GLOBTYPE PAT FIRST:TEXT>
THEN <<> TEXT>
ELSE <CONS 1>1¢
<FIRST:TEXT 4>
BFIND:<GLOBTYPE PAT REST:TEXT>>

==>BF IND =

DEFINE BMATCH (BOOL PAT LINE)
XOR:<NOT:BOOL MATCH:<PAT LINE>>

.
==>BMATCH

DEFINE XOR (A B)
IF 4 THEN NOT:B ELSE 8

==3X0R

3) Go through the text file looking for marked lines.
When one is found, make this line the current line (it goes

at the front of the editor file) and execute COM,

DEFINE PRCGLOBS (TARG COM TEXT FNaM

IF 2:GETMARK:TEXT E LFILES LcOMS)
THEN vncnunoz"ahnummno: REVCONC2:GE TMARK s TEXT
ELSE <4PPEND e LFILES LcoMs>
<<NL PR NL> s

EDIT:<LCOMS TEXT FNAME LFILES>>
==>PRCGLOBS

DEFINE GETMARK TEXT
LOCMRKER 1 <GMARK TEXT>

==>GETMARK

164

GETMARKI™((A NL) (B NL M) (C NL) (END NL))
==> (((4 NL)) ((B NL) (C NL) (END NLD D)

PROC1COM calls EXEC to execute a single command; note

that the non-global commands, 'E' and 'F' have been bypassed.

DEFINE PROCLICOM (TARG COM TEXT FNAME LFILES LCOMS)
IFOKGO:<EXEC:<GETLIST:<TARG TEXT> COM FNAME ILLFILES TEXT>
FNAME TARG COM LCOMS>

==>PROCICOM

DEFINE IFOKGO ((MESS TEXT LFILES) FNAME TARG COM LZOMS)
IF NMULL:TEXT THEN <<><>>

ELSE CKAPPEND:<“ESS PRCGLOBS:«TARG COM TEXT FNAME LFILES
LCOMS>>.

T e=>1FOXGO
DEFINE CKAPPEND (MESS (MESSFILE LFILES))

IF NULLIMESSFILE THEN <MESSFILE LFILES>
ELSE <APPEND:<MESS MESSFILE> LFILES>

==>CKAPPEND . .

. The lookahead function, CKAPPEND, adds whatever output
has been created for the message file through single execution
of a command only if the whole global command has succeeded.
It keys on the message file for the whole global command; if
the command has succeeded, there willl be at least a new line

and prompt added to the message file,
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Trivial Help Functions to DOCOM1,

Constants Introduced in Chapter 6,

DECLARE ERRQR "ERROR,
DEFINE READCQ COM

i ==>ERRQOR
AND:<COM ATOM:FIRSTICOM SAMEI<FIRST:COM READC>>
==>READCO
DECLARE APPEND *a,
DEFINE CHANGEQ CHAR -=>4
SAME$<CHAR CHANGE>
. DECLARE INSERT "I,
==>CHANGER -=>]
DEFINE PRINCQ CHAR DECLARE PRINC ™=,
- SAME:<CHAR PRINC> -=>=
F ~=>PRINCO i DECLARE CHANGE °C,
. = ==>C
£ DEFINE INSERTG CHAR #
A SAME:<CHAR TNSERT> DECLARE DELETE "Ds
i . b e -23D
M. ==>INSERTQ
; : DECLARE PRINT "p,
W DEFIME APPENDQ CHAR -=>P
.% SAME:<CHAR APPEAND>
8 . DECLARE SuBST "g,
==>APPENDQ =238
DEFINE DELETEGQ CHAR DECLARE GMARK "™,
SAME:<CHAR DELETE> -=>M
==>DELETER * DECLARE PR "pR,
i . ==>PR
DEFINE PRINTQ@ CHAR

SAME:<CHAR PRINT>

==>PRINTQ

DECLARE POWIDTH S,
=235

DEFINE SUBSTQ CHAR
a SAME:<CHAR SUBST>

==>8UBSTQ

pe
%
g
%
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line before it 1is output; and W:noamnun right margin justifica-

tion, so all lines end in the same c¢olumn.

The Commands.

R

B e eI by

-NF -—- (means "no fill") This command negates the default

behavior of outputting "filled" lines. As long as "no fil1"

is in effect, each line of text input to the formatter is

passed to the output unaltered. "When a .NF 1s encountered,

there may be a partial line collected but not yet output.
The .NF will force this line out before anything else
happens. The action of forcing out a partially collected
line is called a ‘break’.”[229

-BR —— (break) causes a "break".

.FI -- (f111) causes the "f111" option to be in effect.

-SP —— (space) "causes a break, then produces a blank line.

To get 'n' blank lines use

.8P n
(a muwom 1s always required between a command and its
argument.) If the bottom of a page 1s reached before all
the blank lines have been printed, the excess ones are
thrown away, so that all pages will normally start at the
same first line." [220]
-LS n -~ (1line spacing) sets line spaclng to 'n' lines.

The integer argument, 'n', is optional in this command,

and in all other commands having an integer argument.

10.

17

2.

- —_— — - = ——— -

.BP n -- (begin page) causes a break and a skip to the top

of a new page. The 'n' 1s the new page number. By default

(1f no 'n' is present) the previous page number is in-

cremented by one.

.PL n ~- (page length) changes the page length to 'n' lines.

.CE n =~ (center) causes the next 'n' lines of output to
be centered on the page. A break is caused and the line-
f1lling option is disabled until all 'n' lines have been
centered.

-UL n -- (underline) "causes the next 'n' lines to be
underlined upon output., But .UL does not cause a break,
so words in filled text may be underlined by

WORDS AND WORDS AND

.UL
LOTS MORE
WORDS
to get WORDS AND WORDS AND LOTS MORE WORDS" ﬂmmuu
-IN n —- (indent) "causes all subsequent output to be in-

dented 'n' positions. (Normally, they are indented by 0)."
[222] 4 break is not caused.

-RM n -- (right margin) sets the right margin at column
'n'.

-TT n -- (temporary indent) causes a break and "sets the
indent to 'n' for one output line only. If 'n' is less
than the current indent, the indent is backwards ( a

n
'hanging indent'). [222]
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T 1 t Iy
with this formatter, an important design decision is how to The function FORMATL and its help function ADDLINE use

keep track of all these values. To represent each of these ﬂ the constructor APPEND to build a formatted output file. Like

FORM '

variables as a formal parameter would result in some very bulky, other 1ist dullding functions we have: seen, FORMATI'S ground
nT TR "

difficult to read function definitions (this language allows no condition 1s; IF NULL:TEXLS.

i free variables). sive invocation of FORMAT1 within the definition of ADDLINE.
'

The solution which has been chosen i1s to maintain all the

APPEND is applied to the recur-

variable parameters and their corresponding values in a list

of palrs, which is referred to in the following function . DEFINE ADOLIME (INDENT SPaCING BREAKG OLINE TEXT PARAMS)

IF NULL:IOLINE THEN FORMATI:<TEXT SETPAGIPARAMS>
definitions as PARAMS. For example, 1if the current line spacing ELSE APPEND:<1:PUT:<INDENT SPACING AREAKQ OL INE PARAMS>
5 FORMAT1:<TEXT SETPAG:2:PUT:<INDENT SPACING
is two (double-spacing), there will be contained within PARAMS

BREAKQ OLINE PARAMS>>>
an ordered palr <LS 2>

. Simple functions have been written “ ==>ADOLINE

to extract and alter the values of the variables in PARAMS.

At the top level, PARAMS is bound to the constant, CPARAMS ,

which gives initial default values to the variables contained

The arguments to ADDLINE are the output of the function
within.

PUTLINE, called in FORMAT1. INDENT is an integer indicating

the number of columns the current output line should be
DEFINE FOQRMAT TEXT

. indented: SPACING 1s an integer indicating the current line
IF NULLITEXT THEN <>
; . ELSE FORMAT1:<TEXT CPARAMS> spacing; eg. 1f SPACING equals two, double spacing is in
==>FORMAT

effect. BREAKQ indicates whether or not a break has
DEFINE FORMAT1 (TEXT PARAMS) occurred. As has been mentioned, several commands may cause
b IF NULL:TEXT THEN LASTPAGE:PARAMS

1 ELSE ADDLINE:PUTLINE:<FALSE FALSE TEXT PARAMS>

==>FORMAT]

w
»
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break flag is TRUE, we know we are at the beginning of a line,
so the function SETBOL is called to set "VAL" to TRUE.

If 0UTQ is TRUE, and BREAKQ is not, it indicates that
a "filled" line of text is to be cutput. This indicates
that we are not at the beginning of an input line; SETBOL
is called to set the beginning of line indicator to FALSE.
For the output line, an empty list is returned.

SPACEP checks a pair in PARAMS <SP n> , returning n.
This value is set by the SP, (space) command. If the value
is positive, an empty line is to be output; the list <NL>
is returned as the output line. The indent value is set to
zero, so that PUT and its helpers won't bother to indent the
empty line. The line spacing value 1s set at one, so only one
empty line 1s output. SUBSPACE decrements the line spacing
value.

The output of lines as a result of a space command is
handled within PUTLINE rather than by a special spacing
routine because we don't want to duplicate ccde already
available for outputting lines, and more importantly, because
we don’t want the routines which handle the processing of

commands to be involved with outputting lines.

DEFINE SETBOL (BOOL PARAMS)
REPVAL:<BOOL LOCVALS:<BOL PARAMS>>

==>SETBOL

180

DEFINE SURSPACE PARAMS
REPVAL:<3SUB1:SPACEP:PARAMS LOCVALS:<SP PARAM3>>

T -=>SUBSPACE

When PUTLINE is called within FORMAT1, the initial values
for OUTQ and BREAKQ are FALSE, so the call to PUTLINE always

results in execution of

BLDLINE:CKLINE: < PARAMS TEXT>

CKLINE inspects the input file, TEXT, and determines
whether to call a command processing routine, DOCOM or to call
a routine to build an output line, OTEXT. mmszm returns a
1list containing what remains of TEXT after processing by
DOCOM or OTEXT, and a list containing an output line, ar indi-
cator of whether or not a break has occurred, an indicator of

whether a- line is to be output, and the parameter list,

DEFINE CKLINE (PARAMS TEXT)
IF NCT:BOLQ:PARAMS
THEN <FIRST:OTEXT:<TEXT PARAMS> REST:OTEXT:<TEXT PARAMS>>
ELSEIF COMQ:FIRST:TEXT
THEN <2:GETLIME:REST:TEXT
CONS:<<> CONS:<1:DOCOM:<1:GETLINE:REST:TEXT PARAMS>
DOCOM:<1 :GETLINESRESTITEXT PARAMS>>3>>
ELSE <FIRST:OTEXT:<TEXT PARAMS> RESTIOTEXT:<TEXT PARAMS>>

==>CKLIME

CEFINE cOMQ CHAR
SAME:<CHAR COM>

==>COoMQ
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DEFINE SUBUNDER (BREAKQ ouT@q PARAMS)
IF OR:<BREAKQ NOT:0UTQ>

THEN nmncnr“Amcmﬂucrcbr“vbnb;m LoCvaLs

1<UL PARAMS>>
ELSE PARAMS

.

==>SURUNDER

REPVAL replaces a value, OLDVAL,
" <COMTYP OLDVAL) "

in a parameter pair

C

with a new value NEWVAL and CONSs the

pair to the parameter list PARAMS. LOCVALS lsolates a parameter

pair containing the token COMTYP and returns that pair and

the rest of the parameter list PARAMS.

DEFINE REPVAL (NEWVAL ((COMTYP OLDVAL) PARAMS))
CONS:<<COMTYP NEWVAL> PARAMS>

==>REPVAL

DEFINE LOCVALS (COMTYpP PARAMS)
IF SAME:<COMTYP FIRST:FIRST:PARAMS>
THEN <FIRST:PARAMS REST:PARAMS>
ELSE <1 CONS>1<
<# FIRST:PARAMS>
LOCVALS:<COMTYP REST:PARAMS>>

==>L0OCVvALS

DOCOM, a help function to CKLINE, 1s responsible for

command processing. Processing of a command involves (possibly)

altering the parameter list; also, processing of some commands

may cause a break. DOCOM and its helpers do not have anything

to do with the actual bullding of output text.

s

184

EFINE DOCOM (LINE PARAMS)
D Hun:nnczuaupxmmnnx"rnzm PARAMS>

" =z>p0CaM

PARSECOM uses GETCOM to divide an input line into two
lists. The first list contains the first two characters in
the input line following the a2lready removed COM character
(1f there aren't at least two non-blank characters immed-
iately following the COM character, an empty list i1s returned).
PARSECOM calls GCOMTYP to translate this list of characters
into a command token; a special token, UNKNOWN, is returned
for an unrecognized command. The second list returned by
GETCOM serves as the argument to the deHmnnpzm command.

This 1list nOSmﬂmww of whatever is left of the input line after
the first string of non-blank characters and any trailing
whitespace characters.

For example, if the current input line contains
INDENT 7.NL
GETCOM returns
((TN) (7 NL))

This feature gives the user the option of representing a
command in a longhand form, and not as just a two character

string.
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PROCCOM, using as arguments the result of PARSECOM,
"(COMTYP ARG)" and the parameter list PARAMS, actually does
the command processing. The result of PROCCOM is a boolean
indicator to flag a break, and the (possibly) altered parameter

list.

If the command type is UNKNOWN, PROCCOM returns FALSE

(no break) and the unaltered parameter list.
IF UNKNOWNQ:COMTYP THEN <FALSE PARAMS>

If a break command, BR, is encountered, the value TRUE

and the unaltered parameter 1ist is returned.
IF BRQ:COMTYP THEN <TRUE PARAMS>

If a "begin page", BP, command is encountered, two
things are done to the parameter list. The current page
number value must be updated, and a value associated with the
"space" parameter <SP <wwﬁnv > must be set to a very large
number, so the rest of the current page will be filled
(by PUTLINE) with blank lines. The break nwmm is set to TRUE.

BIGSPACE sets the space value to a very big number, HUGE.

DEFINE BIGSPACE PARAMS
REPVAL 2 <HUGE LOCVALS:<SP PARAMS>>

==>BIGSPACE

GETVAL is used to convert the character string ARG, the

argument to a formatting command, to an integer (possibly preceded

ar )
¥

L

B A

188

by a sign) or to an empty list (if ARG does not begin with a

numeric character string).

DEFINE GETVAL ARG
IF SLMULL:ARG THEN <>
ELSETF UR:<PLUSAIFIRST:ARG MINUSN:FIQST:ARG>
THEN CCONS:<FIRSTIARG NUMVALISEPDIGS:REST:ARG>
ELSE NUMVAL:SEPDIGS:ARG

==>GETvaAL

SEPDIGS extracts a list of characters which represent

decimal digits from the beginning of a string, ARG.

DEFINE SEPDIGS aRg
1:GETDIGS: ARG

==>SEPDIGS

If the 1list returned by SEPDIGS is non-empty, NUMVAL uses
CTOI (presented in chapter 2) to convert the list of characters
to an integer. NUMVAL returns either an empty list or a 1list
containing an integer.

DEFINE NUMVAL ARG
- IF NULL!ARG THEN <>
ELSE <CTOI:ARG>

=3>NUMyAL

If GETVAL's ARG begins with a PLUS or MINUS sign, CCONS
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DEFINE CKSNDS (VAL MIN MAX)

IF LESS:<VAL MIN> THEN MIN
ELSEIF GREAT:<vaL MAX> THEN MAX
ELSE VAL

==>CKBNDS

Getting back to the definition of PROCCOM, if a fill
command, FI, is encountered, the value in the parameter pair
¢FI value> , 1s set to TRUE, causing line filling to
be put into effect. The nofill command, NF, causes this value

to be set to FALSE. Each command causes a break.

ELSEIF FILLQ:COMTYP
THEN < TRUE TRUE REPVAL: <TRUE LOCVALS: < COMTYP PARAMS>

ELSEIF NFILLQ:COMTYP . . .

The header command, HE, causes the pattern for the header
1ine, contained in the parameter pair <HE pattern> to be
replaced with a new pattern, obtained from ARG, the argument
to a formatting command. The footer command, FO, replaces
the pattern contained in the pair <FO pattern> .

To create a header or footer pattern with leading blanks,
the argument of the HE or FO command should be preceded with.
a muamum or double gquote character (SQUOTE or DQUOTE) ;
otherwise, GETCOM will "eat" the leading blanks. PROCCOM

calls STRIP to remove a leading quote or double gquote character

from the list ARC.

192

DEFINE STRIP LINE
MMmmwzcrr"rH:m THEN <>
F OR:<SQUOTEQ:FIRST:
THEN REST:LINE SRR
ELSE LINE

OTEQ:FIRST:LINE>

==>STRIP

DEFINE SQUOTEG CHAR
SAME:<CHAR SQUOTE>

==>SQUOTEQ

DEFINE DGUOTEQ CHAR
SAMEI<CHAR DQUOTE>

==>0QUOTEA

If a ce !
nter command, CE, is encountered by PROCCOM, SETNUM

, which

i 1 t
8 called to update the parameter pair <CE value>
indica
tes the number of subsequent output lines to be centered

on a page. A break 1s caused.

SETNUM updates the parameter pair <UL value» 1f an

und
erline command is processed. No break 1s caused

The
indent command, IN, causes SETNUM to be invoked to
update ¢
p the parameter pair, <IN value> . As each new output
line 1s b =
egun, the temporary indent value for the next line

is determined by the value in the Parameter Hum.HH. g &
. he value

indicates the number of co mns th t i i t b ind
u € nex line s (o] e 1
ndented.

This comm nd doe not cause a break "h a 1t 1 f th
a. S a e efau value
or e

indent command, INDEF, is zero.

Th
e LS command resets the current line spacing No

break
1s caused. The default value for this command LSDEF
3 £l

is 1.
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an indicator that a line is to be output (TRUE-- this value
Now, let us turn to the functions which produce an cutput sets a ground condition in the higher level function, PUTLINE)
line. The function OTEXT is called by CKLINE, if the data and the parameter 1ist, The value in the parameter pair
currently being inspected in TEXT is not at the beginning . (IDMARK value) , is set to TRUE, indicating that the next
of an input line output line is to be manually indented.

IF NOT:BOLQ:PARAMS The next time OTEXT is invoked, TEXT is unchanged, but

OTEXT sees, via IDMARKQ, that a break has already occurred,
or if the current input line being inspected doesn't begin

S0 a ground condition doesn't exist. The function CKFILL is
with the speclal character, COM. The check for beginning of

called to commence with the building of the output line.
line comes before the check for the command character so

REMIDMK resets the value of <IDMARK valuep» to FALSE. ZIPTI
that the command character will only have special meaning at

sets the temporary indent to zero so that when the output
the beginning of a line,
line being built by OTEXT 1s appended to the output file

being bullt by the higher level functions (ADDLINE, PUT), no
DEFINE OTEXT (TEXT PARAMS)

IF IDMARKQ:PARAMS extra blanks will be added to the front of the line.
THEN CKFILL:<TEXT ZIPTIIINCLL:REMIDMKIPARAMS>
ELSEIF OR:<NLQ:FIRST:TEXT BLANKQ:FIRST:TEXT>
THEN <TEXT <> TRUE TRUE SETIDMK:PARAMS>
ELSE CKFILL:<TEXT PARAMS>

INCLL resets the maximum line length, <LL value> |,

to 1ts current value plus the temporary indent value.

A EAA0IA AR e i T

.luvc«qu

DEFINE REMIDMK PARAMS
S . REPVAL:<FALSE LOCVALS:<IDMARK PARAMS>>

OTEXT is responsible for buillding an output line., The .annmchzx

first problem OTEXT handles 1s the processing of empty lines DEFINE SETIDMK PARAMS

. REPVALI<TR A <IDMARK
and lines with leading blanks. If such a line is encountered UE LOCVALSH<IDMARK PARAMS>>

.nnvmmﬁnczx
at the beginning of the input file TEXT
DEFINE ZIPTI PARAMS

REPVAL: A w
OR: <NLQ:FIRST;TEXT BLANKQ:FIRST:TEXT> L3 LOCVALSI<TL PARAMS»

==>7IPTI

a ground condition has occurred, OTEXT returns the input 3

=

file, an empty list (which is the ground expression for the

output line), an indicator that a break has occurred (TRUE),
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PUTWORDS take s

_ kes as arguments, LINLEN, an indicator of SR I -y 3
the number of characters left to be output in the current | e leading anks are accounted for, ADWORDS is called

output . to begin adding "words" to the output. ADYORDS uses GETWORD

i e e e e e ¢ £ 4 from TEXT, the input f

PARAMS . o extract a wor rom T , the inpu ile. AD1WORD, a
PUTWORDS first appends leadin helper to ADWORDS, checks to see if the new word can be
g blanks to the output one
at a time, decrementing LINLEN by one b b added to the output without exceeding the specified length
eac me. It is
possible that an input line, while not et for an output line. If not, a ground condition is reached.
“ s T contalning only
b Otherwise, CAPPEND2 is called to add the new word and one
lanks, will have a number of leading blanks greater than ’
t 3 L -

% equek 6 The neximn line 1SAGER of @ rIrled outpus 1ines: plank to the output ADWORDS is called to continue proces
3

hence, the existence of the line sing the input; EATBLNKS removes extra blanks between words.

e DEFINE ADWORDS (LINLEN TEXT PARAMS)
IF NULL:TEXT
THEN <TEXT <NL> FALSE TRUE SETLEN: <0 PARAMS> THEN <<> <NL> TRUE TRUE PARAMS>

ELSEIF NLQ:FIRST:TEXT
Th THEN <REST:TEXT <> FALSE FALSE
e list <NL> 1s returned as the output line; FALSE indicates SETLENI<LINLEN SETBOL:<TRUE PARAMS>>>
H E :7 XT PARAM
no break has occurred, and TRUE indicates 2 line is to be ELSE ADIWORD:<LINLEN GETWORL:TEXT TEXT 5>

T e S S S

output. . ==>ADWORDS
DEFINE AD1WORD (LIMLEN (HORD TEXT) XTEXT PARAMS)
The .function SETLEN resets the value of the parameter IF MINUSP3DIFF:<LINLEN OWIDTH:WORD>
: ! HEN <XTEXT <NL> FALSE TRUE SETLENi<LINLEN PARAMS>>
pair, <LL value> to the current value of LINLEN, A ELSE Hpm npvwmzom . rp 1 1>:<
- <B WORD u # a>
higher level functilon, PUT, uses this value in right justifying % < <BLANK> '] o >
"filled" output lines. w pa:onomnawwmunwwmzrmz OWIDTHIWORD> EATBLNKS:TEXT
. - ==>AD1WORD
. DEFINE SETLEN (LINLEN PARAM3) 2 . -
REPVAL:<LINLEN LOCVALS:<LL PARAMS>> i
" ez>SETLEN 5
MW ADWORDS terminates if the input file is empty (a break
£
M is caused), or a newline character i1s encountered (SETBOL is

called to indicate that a new input line is toc be processed).

| —— .
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If a line contains only one word, or the line is empty,
or NEXTRA, the number of blanks to be added to an output line

is zero, then the line is unaltered. Otherwise, SKIPBLKS is

called to skip the leading blanks in the output line.

DEFINE SKIPBLKS (NEXTRA LINE PARAMS)
IF NLNULL:LINE
THEN <LINE PARAMS>
ELSEIF BLANKQ:IFIRST:LINE
THEN <CONS 1>:<
<FIRSTILINE 4>
SKIPBLKS:<NEXTRA RESTILINE PARAYS>>
ELSE <CONDREV:<DIRG:PARAMS SPREAD1:<CONDREV:<DIRN:PARAMS LINE>
NEXTRA>> CHANGDIR:PARAMS>

"ez>SKIPRLKS

As Kernighan and Plauger have done, I have written
SPREAD and its helpers so that for each output line, extra
blanks are added between words starting alternatively from
the left side or the right side of a line. A parameter
palr <DIR value> indicates whether blanks are to be added
between words going from left to right (if "value" is LEFT)
or right to left ("value™ 1s RIGHT). CHANGDIR is called to
change the value of <DIR value> each time a filled line
is output. CONDREV reverses a line if the value of DIR is
RIGHT.

DEFINE CHANGDIR PARAMS
IF LEFTQ:DIRQ:PARAMS
THEN REPVAL:<RIGHT LOCVALS:<DIR PARAMS>>
ELSE REPVAL:<LEFT LOCVALS:<DIR PARAMS>>
.auvn:bzonn

DEFINE LEFTO DIR
SAME:<DIR LEFT>

==>LEFTO

— = - - — ——

OEFINE CONDREV (DIR LINE)

IF QIGHTQ:DIR THEN REVERSE:LINE
ELSE LINE

==>CONDREV

DEFINE RIGHTQ DIR
SAME:<DIR RIGHT>

==>RIGHTQ

The point of alternating the direction from which blanks

are added between words in the output lines is to "avold 'rivers'

of whitespace down one margin or another" hm:qu . SPREAD1,
with i1ts helpers SLIPBLKS and ADDBLNK, actually "fills" the

output line by adding blanks between the words in the line.

DEFINE SPREAD! (LINE NEXTRA)
IF OR:<NLNULLILIME ZE20P:NEXTRA> THEN LINE -
ELSE SPREAD1:SLIPBLKS:<LINE NEXTRA>

-=>SPREAD]

DEFINE SLIPBLKS (LINE NEXTRA)

IF OR:<NUNULL:LINE ZEROP:NEXTRA> THEN <LINE NEXTRA>
ELSEIF BLANKQ:FIRST:LINE

THEN ADDBLNK:<LINE SUB1:NEXTRA>
ELSE <CONS 1>«

<FIRST:LINE 4>

SLIPBLKS:<RESTILINE NEXTRA>>

==>SLIPBLKS

DEFINE ADDBLNK (LINE NEXTRA)
IF NLNULL:LINE THEN <LINE NEXTRA>
ELSEIF BLANKQ:FIRST:LINE
THEN <CONS 1>:¢
<FIRST:LINE &>

ADDBLNKt<REST:LINE NEXTRA>>
ELSE <CONS 1>«

<BLANK 4>
SLIPBLKS:<LINE NEXTRA>>

=2>ADDBLNK
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DEFINE APINDENT (INDENT SPACING OLINE PARAMS)
IF ZEROP:INDENT

THEN <APPEND 151 ¢
<0L INE 4>
LSPACE:<SPACING PARAMS>>
= ELSE <CONS 1>:<
¥ <BLANK 4>

o

APINDENT:<SUB1:INDENT SPACING OLINE PARAMS>>

.
==>APINDENT

-

S A

LSPACE uses SKIP to effeect line spacing. Note that

LSPACE never adds spaces past the 1limit, BOTTOM:PARAMS.

if the end of a printed page has been reached.

DEFINE LSPACE (SPACING PARAMS)
<APPEND
<SKIPtMIN:<SUB1:SPACING DIFF:<BOTTOM:IPARAMS ADD1:LINOIPARAMS>>
ENDPUT:<PLUS:<LINO:PARAMS SPACING> PARAMS>>

-2>LSPACE
EF INE ENDPUT (LNUM PARAMS)
IF NOT:LESS:<LANUM BOTTOM:PARAMS>
THEN PFOOT:PARAMS
ELSE <<> REPVAL:<LNUY LOCVALS:<LN PARAMS>>>

s=>ENDPUT

ENDPUT calls PFOOT to output the footer lines and bottom

ENDPUT is called to put out a footer line and bottom margins,

1>«
>

margin, if necessary; otherwise ENDPUT Just updates the current

line number.

OEFINE PFOOT PARAMS
<APPEND 1>1¢
<SKIP:MARG3 #>

<PFOOT1:<PAGENO:PARAMS PARAMS> UPLINPAG:LOCVALS:<PN PARAMS>>>

==>PFOOT

1 rapotaams - -

208

DEFINE PFOOT! (PAGENO PARAMS)
IF ZEROP:MARGU THEN <>
ELSE APPEND:<PUTTL:<PAGENO FOOTER:PARAMS>
SKIP:SU31:MARGU>

==>PFNOT1

PFCOT calls UPLINPAG to add one to the current page
number (the value in the parameter-pair <PN value® ) and

Lo set the current line number to HUGE. Setting the current
line number to HUGE assures that the next line of output

will cause a new page to begin (even 1f a PL command sets the
page length to a higher value than it 1s currently).

DEFINE UPLINPAG ((TOX VAL) PARAMS)
CONS:<<TOK ADD1:VAL> REPVAL:<HUGE LOCVALSI<LN PARAMS>>>

=2>UPL INPAG

As was the case with the header line, the footer line
1s sandwiched between two margins, one containing MARG3 lines
and the other containing MARGY lines. The footer line is
built from the value in the parameter palr <FO value> .
The footer line 1s the first line in the bottom margin, so
setting MARGY to zero will suppress output of the footer
line.

The function, LASTPAGE, is called by FORMAT1 to fill

the last page in the output file with blank lines. If the

end of a page hasn't already been mmmnjmn. LSPACE is called
to fill the page.
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DEFINE BOLG PARAMS
GET:<BOL PARAMS>

==>BOL0

DEFINE HEADER PARAMS
GET:<HE PARAMS>

HEADER

DEFINE FOOTER PARAMS
GET:<FO PARAMS>

=z>FO0TER

DEFINE LINO PARAMS
GET:<LN PARAMS>

==>LINO

= DEFINE BOTTOM PARAMS
: GET:<80 PARAMS>

==>BO0TTOM

DEFINE INDENTP PARAMS
GET:<IN PARAMS>

==>INDENTP

DEFINE SPACEP PARAMS
GET:<SP PARAMS>

«=>SPACEP

DEFINE TIVAL PARAMS
" GET:<TI PARAMS>

==>TIVAL

- DEFINE LSVAL PARAMS
GET:<LS PARAMS>

==>LSvaL

DEFINE CEVAL PARAMS
GET:<CE PARAMS>

==>CEVAL

212

DEFINE FILVAL PARAMS
GET:<F] PARAMS>

==>FILVAL

DEFINE LLVAL PARAMS
GETi<LL PARAMS>

==>LLvaL

DEFINE ULVAL PARAMS
GET:<UL PARAMS>

==>ULVAL

DEFINE RMVAL PARAMS
GET:<AM PARAMS>

==3RMVAL

DEFINE IDMARKO PARAMS
GET:<IDMARK PARAMS>

==>]DMARKQ

DEFINE PLVAL PARAMS
GET:<PL PARAMS>

==>PLVAL
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Trivial Help Functions To PROCCOM.

The following commands inspect a token, COMTYP, and

return TRUE if the token matches some particular constant.

DEFINE UNKNOWNQ COM
SAME:<CHAR UNKNOWN>

=3>UNKNOWNG

DEFINE BRG cOM
SAME:<COM HBR> *

==>BRQ

DEFINE FILLQ COM
SAME:<COM FI>

essFILLA

DEFINE NFILLG COM
SAME:<COM NF>

==>NFILLQ

DEFINE HEADERQ COM
SAME;<COM ME>

==>HEADERG

DEFINE FOOTERQ COM
SAME:<COM FO>

==>FO0TERQ

DEFINE CEMTERQ COM
SAME:<COM CE>

==>CENTERQ

DEFINE ULG com
SAME:<COM UL>

==>ULQ

DEFINE BPG COM
SAME:<COM BP>

==>BP0Q

DEFINE INDENTQ COM
SAME:<COM IN>

==>INDENTG

DEFINE LSG COM
SAME:<COM LS>

==>L S0

DEFINE PLO COM
SAME:<COM PL>

==>PLQ

DEFINE RMQ COM
SAME:<COM RM>

==>RMQ

DEFINE SPQ COM
SAME:<COM SP>

.:nvmua
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Chapter B8
DECLARE MARG2 3.
==23 In this chapter, a macro processor is presented. The sim-
DECLARE MARG3 3,
==>3

plest function of this processor 1is text replacement. It allows

DECLARE MARGY4 3.

us to define character strings as "macros".
-z=>3

When the macro

processor encounters one of these macros in an input file,
DECLARE BO "BO.

==3>80

the macro is replaced by a defining string of characters.

DECLARE PLDEF 66.
==266

The macro processor has a built-in function, invoked when

the character string, "DEFINE" is encountered, to create macro
DECLARE HUGE 64000,

=a>64000

AL S

i definitions. "This lets us say, for instance,

K 3 DECLARE PMARK "PMARK, DEFINE (EOF, -1)

1 E ==>PMARK

{ m and thereafter have all occurrences of EOF (in the input file)
i B DECLARE CPARAMS

<<CE 0><UL 0><FI TRUE><PL bb><RM 60><HE <>><F0 <>>

replaced by '-1'." [251]

i W <IN 0><TI 0><LS 1><SP 0><BO0 &40><DIR RIGHT><TI2 FALSE>
| m <LL 60><BOL TRUE><IDMARK FALSE><PN 0><LN HUGE>> It is possible that the definition of a macro may itself
| % .
: m ==>((CE 0) (UL 0)(FI TRUEI(PL 66)(RM &0)(HE ())(FO (}) be a macro. If that is the case, the replacement string for

i (IN 0)(TI 0)(LS 1)(SP 0)(BO 40)(DIR RIGHT)(TI2 FALSE)

(LL 60)(BOL TRUE)(IDMARK FALSE)(PN 0) (LN HUGE)) the macro is "expanded" -- replaced by a defining character
string -- donr at the time the macro i1s defined, and at any
DECLARE USCR "USCR.

==3»USCR time the macro may subsequently be expanded.

To illustrate this behavior, consider the situation in
which the following five character strings occur in an input

file in the order presented here

DEFINE (X, Y)

DEFINE (Z, X)
z
DEFINE (¥, 1)
Z.
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arguments are the same, and NO if they're not." [276] The
brackets in the definition of COMPARE prevent evaluation of
the IFELSE function as COMPARE is being defined.
The special function, INCR, has one argument. When the
macro processor encounters some string
INCR(X)
it "converts the string 'X' to a number, adds one to it, and

returns that as 1its replacement text (as a character string)."

[276]

"The final bullt-in is a functicn to take substrings of
strings.
SUBSTR(s,m,n)
produces the substring of 's' which starts at position 'm'
(with origin one), of length 'n'. If 'n' is omitted or too big,

the rest of the string is used, while if 'm' is out of range,

the result is a null string.

SUBSTR(ABC,2,1)
SUBSTR(ABC,2)

SUBSTR(ABC,4)
is empty." [276]

The Code.

Execution of the macro processor begins with a eall to the

funetion MACRO, with a text file as its input. It calls MACRO1

g

to begin reading the input flle and expanding macros as is

necessary. In addition to the input file, MACRO1 has as its

input a macro definition table. This table is a list of pairs;

each pair contains a character string (a macro), and that

macro's definition (another character string). Initially

the macro definition table contains keywords and definitions

for the built-in functions. Another argument to MACROl1 1is a

counter which keeps track of the current level of macro ex-

pansion. When MACRC1l 1is initially called, this counter is set

at zero.

DEFINE MACRO INPUT
ENDOUT:MACROL :<INPUT 0

<<"(D E F I N E) <DEFTYPE>>

<"(I FEL S E) <IFELSTYP>>
<"(I N C R) <INCTYPE>>

<"(S U B S T R) <SUBTYPE>>>

==>MACRO

DEFINE MACRO1 (INPUT DEFCOUNT TABLE)
IF MULL:INPUT THEN <0K <> TABLE>
ELSEIF GREAT:<DEFCOUNT MAXDEF>

THEN <DEEP <> TABLE>
ELSEIF LBRACKET:FIRST:INPUT
THEN SPANBRAK:<GOTOBRAK R
ELSEIF NOTALFAIFIRST:INPUT
THEN <1 CONS

EST:INPUT DEFCOUNT TABLE>

1>1¢

<# FIRSTIINPUT a>

MACRO1:<REST:INPUT DEFCOUNT TABLE>>
ELSE CKTOKEN:<SEPTOKEY:INPUT DEFCOUNT TABLE>

==3MACRO1
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If any other non-alphanumeric input character besides a
left bracket is encountered by MACRO1 nzoabbwr”mHmme“Hzmcdv.

1t is just copied to the output.

DEFINE NOTALFA CHAR
NOT:MEMBER:<CHAR ALPHANUM>

=3>NOTALFA

MACRO1l calls SEPTOKEN to strip an alphanumeric string off
the beginning of the input file. CKTOKEN, also called by MACRO1
uses LOOKUP to compare the mwmﬁmnnamwwn string returned by
SEPTOKEN to the macros in the macro definition file. If the
string matches a macro in the definition file the value TRUE
is returned, along with that macro's definition. It is possible

that a macro's definition may be an empty list.

DEFINE SEPTOKEN INPUT
IF NULL:INPUT THEN <<> INPUT>
ELSEIF NOTALFA:FIRST:INPUT
THEN <<> INPUT>
ELSE <CONS 1>2¢
<FIRST:INPUT 2>
~SEPTOKEN:REST:INPUT>

==>SEPTOKEN

DEFINE CKTOKEN ((TOKEN INPUT) DEFCOUNT TARLE)
IFTOK:<LOOKUP:<TOKEN TABLE> TOKEN DEFCOUNT TABLE INPUT>

.luvnxqoxmz

DEFINE LOOKUP (TOKEN TABLE)
IF NULL:TABLE THEN <FALSE <>>
ELSEIF EQSTR:<TOKEN 1:FIRST:TARLE>
THEN <TRUE 2:FIRST:TABLE>
ELSE LOOXKUP:<TOKEN REST:TARLE>

==>L0O0OKUP

3

R R S Tl
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The function EQSTR, which ooanwnmw two character strings,

was introduced in Chapter 3

IFTOK calls MACROl to process the rest of the input if
LOOKUP has found no macrc definiticn for a given alphanumeric
string, or 1f the definition found was an empty list. Other-
wise, DODEF is called to further process the macro definition
found by LOOKUP.

DEFINE IFTOX ((STATUS DEF) TOKEN D
IF NOT:STATUS EFCOUNT TABLE INPUT)

THEN <1 APPEND 1>1<
<a TOKEN a>
tbﬂmohuamZtCﬂ DEFCOUNT A
ELSEIF NULL :DEF FARLES>
THEN MACRO1:<INPYT DEFCOUNT TABLE>
ELSE oOUmﬂunmmqmbruHAOCﬁ DEF DEFCOUNT TABLE>

=3>IFTOK

If a macro 1is encountered, IFTOK calls GETBAL to gather
its argument 1list. It returns a status indicator, an argument
1list, and the rest of its original input file. For macros with
ne arguments (not immediately followed by a left parenthesis),
an empty list 1s returned as the argument list. If a left paren-
thesis immediately follows a macro, then IFTOK gathers all the

data between the left and balancing right parenthesis.

=
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after the token.

DEFINE DEFTYPEO DEF
TOKMATCH: <DEF DEFTYPE>

«=>DEFTYPEQ

DEFINE TOKMATCH (DEF TOKEN)
AND:<SAMEI<FIRST:DEF TOKEN> NULL:REST:DEF>

==>TOKMATCH

DEFINE MAKEDEF PARMS
IF NULL:PARMS THEN <<><>>
ELSEIF NOTALFA:FIRST:PARMS THEN <<><>>
ELSE CKSYNTAX:SEPTOKEN:PARMS

==>MAKEDEF

DEFINE CKSYNTAX (NAME PARM)
IF NULL:PARM THEN <NAME <>>

ELSEIF COMMAQ:FIRST:PARM THEN <NAME REST:PARM>
ELSE <<><>>

==>CKSYNTAX

DEFINE ACDEF ((TOKEN DEF) TABLE DEFCOUNT INPUT)
IF NULL:TOKEN THEN MACRO1:<INPUT DEFCOUNT TARLE>
ELSE CKEVAL:<MACRO1:<DEF ADD1:DEFCOUNT TABLE> TOKEN
DEFCOUNT INPUT>

" ez>ADDEF

If the parameter 1ist has been found to be empty by MAKEDEF,

or 1f the first character in the parameter list 1s not alpha-

232

numeric, or if the alphanumeric string beginning the parameter
list is followed by a2 nonalphanumeric character which 1is not a

comma, then the "DEFINE" macro is ignored. ADDEF then calls

MACRO1l to process the rest of the input file (INPUT).
If none of the above conditions hold, the use of the "DEFINE"

function may result in the addition of a new entry to the defi-

nition file. Uses of the "DEFINE" function which may result in

the addition of a new entry to the definition table include:

DEFINE(token)
DEFINE(token,)

DEFINE(token,definition)

.

CKEVAL is called by ADDEF to add a new entry to the defi-

nition table. MACROl is called to expand the new definition

before 1t is added to the definition table.

DEFINE CKEVAL ((STATUS DEF TABLE) TOK
IF 0KQ:STATUS
THEN MACRO1:<INPUT DEFCOUNT
ELSE <STATUS DEF TABLE>

EN DEFCOUNT INPUT)

CONS:<<TOKEN DEF> TABLE>>

==>CKEVAL

The line "ELSEIF INCTYPEQ:DEF" in DODEF returns TRUE 1f
the most recently encountered macro in the input was the "INCR"

function (which has as its definition, INCTYPE ). Recall that

the INCR function converts its argument to an integer, adds one

to that value, and converts the integer back to a character

string, which is then added to the output. So,
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DEFINE IFNUM LIST
NUMVAL:SEPDIGS:LIST

==>IFNUM

IFNUM uses help functions, NUMVAL and SEPDIGS , which were
introduced in chapter 7 If the input LIST to IFNUM con-
sists only of digits, then the LIST of characters is cenverted
to an integer; otherwise an empty list is returned.

DOSBSTR1 calls MACROl to expand the first argument to the
"SUBSTR" command. DOSBSTR2 then builds a substring from the
character string output by zwomow (STRING). For a "SUBSTR"
macre with only two arguments, eg "SUBSTR(string, n)", DOSBSTR2
calls FOLLOW to build a substring which consists of "string"
from its nth argument on. For a "SUBSTR" macro with three argu-
ments, eg "SUBSTR(string,n,m), DOSBSTR2 calls OUTCHARS to build
a substring consisting of the first "m" characters of the string

built by FOLLOW.

DEFINE DOSBSTR1 (STRING LVALS DEFCOUNT TABLE INPUT)
IF NULL:LVALS
THEN MACRO1:<INPUT DEFCOUNT TABLE>
ELSE DOSBSTR2:<MACRO1:<STRING ADD1:DEFCOUNT TABLE> :
LVALS DEFCOUNT INPUT>

==>DOSBSTRY

e

236

DEFINE DOSRSTR2 ((STATUS STRING TABLE) LVALS OEFCOUNT INPUT)
IF NOT:NkN:STATUS THEN <STATUS STRING TASLE>
ELSEIF NULLIREST:LVALS

THEN <1 APPEND 1>:1¢
<8 FOLLOAN:<FIRSTILVALS STRING> >
MACRO1 :<INPUT DEFCOUNT TABLE>>
ELSE <1 APPEND
<a OUTCHARS:<2:iLVALS FOLLOW:<1:LVALS STRING>> #>

MACRO1 :<INPUT DEFCOUNT TABLE>>

==>D0SASTR2

DEFINE FOLLOW (N STRING)
IF NULL:STRING THEN <>
ELSEIF LESS:<N 2> THEN STRING
ELSE FOLLOW:<SUB1:N REST2STRING>

==>FOLLOW

DEFINE QUTCHARS (N STRING)
IF NULL:STRING THEN <>
ELSEIF LESS:<N > THEY <>

ELSE COMS:<FIRST:STRING OUTCHARS:<SUBL:N YESTISTRING>>

==>0UTCHARS

DODEF calls DOIFELSE 1f the "IFELSE" marro is to be pro-

cessed--"ELSEIF IFELSEQ:DEF." DOIFELSE ignores the "IFELSE"

macro if its parameter list contains less than four arguments.

The processing of the "IFELSE" macro works im the following

way. First, DOIFELSE and CK1ST call MACRO1l to expand the first

two arguments in the macro's parameter 1list.

1>:1¢



*gndgqno sy3 o3 jusun3ae 3BY3 SBuippe

‘SWYHY4T uT jusumSae [au
U3l U3TM JEQ UT ,Ug§, JO I90UAINDD0 AaaAs sadeTdaa Y SYVYW *91q®3

UOT3TUTJSP OJOBW 3Y3 WOJIJ UOFITUTJISP S, 0J0BUW

8y3 ‘J3a pue “andug
U3 Ul OJoBW 8Y] JO 30U3IINDI0 ay3 BUTMOTTIOJ 4STT dasasuwsaed
¥vdT ‘gndut 37 S® S3¥®3 UILSHVKW "udSTIAI, J0 ,HLSHAS,

“wHONI, *,dNIJHQ, suoTjouny Teioads ayj Jo suo jou ST YOTym

oJoBu ® J0J Buta3s 3ndino ue s4®8d0 01 UISHYN STTED J9a0d

H1500v<==

<<378vl INNOD430Q ANdNI>:T0¥dvw
<r ININLS »>

>ic] ON3ddy I> 38173
<378vl 9NINLS SNIVIS> N3IHL

SNIVLIS:IDNOILON 41
(INdNI INNDI430 (378v1 9NIyis SNLV1S)) ¥isdgy 3NI430

*andut ayjl Jo 3saa ayjg

sssvoad o3 PeTT®BO ST TOHMOVW ‘andano 2ya oa ogo®w ISTILI, auj

ud

Jo Buta3s gsjoeaeyc BuTiTnsad ayj ppe 03 PaTTEBO ST WISAAY

ONZXNJ<=-
<lNdwNl INNDJ430Q
<378Vl INNDDJ430:100v Sh¥vd:2>:10¥dvw>2¥1500v 3873
<lNdnN1 INNDDJ43Q
<37Vl LNNDJJ30:1007 SwHyd:iT>:T0¥IVK>I51SA0Y N3IHL
<vlv03 vivOoI>:y1S03 413573
<€378¥1 viva3d SNLIVIS> N3IHL SNLVISIUNO:LON 41
(LNdNI AINNDD 430
(Suvd vival (376vL viv03 SNLVLS)) anexd 3NI43Q

~ wkh AL BN

e v e A e S

"3STT a93sweaed ayj3 uy quauwn3ae yaanoJ ays puedxs 01

PRTITEBY ST TOHOVM ‘osimaayjzo €4s]T Joj3suesed ayjg ul jusunIae

PITY3 ay3 puedxs 03 DPATTeO ST TOHOVW ‘(Te0oT3uUapT 8Jde sSBUTJ3S
oM3 843) FANYL ST uosTaedwod ayjg Jo 3Tnsad ay3 JI - juaum3ae
pucoas ‘papurdxs ays o3 jusumBae 3sat] ‘papuedxs ayy saedwod
03 HISDI STTEBO ONEZMD ‘J04J2 3noys M pepumdxa U3aq SABY 3ISTT

Jajeweaed ays Jo sjusum3Je pUODIS PUER 3SITJ 9uj yaoq JI

1SI¥J<==
<iNdN] LINNDJ430 SWHvd:lS3H vival
<376yl INN0JJ30:1007V SWHVHILSHIZ>:108IvW>20N2ND 3813
<378Hvl vival SNLVLIS> NIKL SNLIVIS:ON0:LON 41
(LNdNI INNDIJ30 Sw¥vd (378v.e vival SNLvIS)) 1SIxI 3INI43Q

38734100<=~
<inNdNI INNDJI43Q SwHVd:ILlS3H
<378Vl INNOJ430:100V ShiEvdILSHI4>IT108IvW>:LSTIND 38713
<378vl INNOJ430 INANI>21082vW NIHL
<SWHVd:LSI¥ayiIINN
SWYVELSIHYITTINN EnlVdILSIHIIINN SWEVLETINN>EH0 41
(LNENT 378v1 INNOJ430 Swivd) 35734100 3NI430

0387341 <==

<dALST34I J30>:HILVYWNOL
430 ©B3S7341 3NI43Q

AVt 0 o e s R 5




A D e

239

Other character strings in DEF are just copled to the cutput.

DEFINE MAKSTR (LPARAMS DEF)
IF NULL:DEF THEN DEF
ELSEIF SUBA:FIRST:DEF
THEN SUBONE:<LPARAMS REST:DEF>
ELSE CONS:<FIRST:DEF MAKSTR:<LPARAMS REST:DEF>>

==>MAKSTR

MAKSTR and its helpers call SUBONE if a '$' (represented

by the constant, SUB) 1s encountered in DEF. SUBONE isolates

a string of digits following the '$' (via a call to CGETDIGS),
converts the string to an integer (via a call to CTOI in
PROJPARM) and uses that integer--call it "n"--1in obtaining the

nth argument from LPARAMS (using the function PROJ, which was
introduced in Chapter 2 Y

DEFINE SURR CHAR
SAME :<CHAR SUB>

==>5UBQ

DEFINE SUBONE (LPARAMS DEF)
IF NULL:DEF THEN DEF
ELSE APPEND:<PROJPARM MAKSTR> 1<
<LPARAMS LPARAMS>
GETDIGS:DEF>

==>SUBONE

DEFINE PROJPARM (LPARAMS LDIGS)
PROJ:<CTOI:LDIGS LPARAMS>

==>PROJPARM

Notlce that if "$n" occurs in DEF, and there are less

than "n" arguments in LPARAMS, the "$n" is ignored with nothing

added to the output. "That way, if X is defined by

DEFINE(X,A$1B)
the inputs
X(+)
X(-,+)
XQ)
X
all produce something sensible:

A+B, A-B, AB and AB respect-
ively." [273]

Note alsc that if a macro has been defined as a macro
with no arguments, an argument list following an occurrence

of that macro in the input is ignored.
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The IF-ELSE Statement.

RATFOR allows the use of an IF statement with or without

a matchlng ELSE statement. The general form of the IF without
ELSE is

IF (condition) statement

The condition is any valid standard-FORTRAN boolean expression.

The parenthesized condition may be expressed on more than one

line of source code. The statement is any valid RATFOR state-

ment (a formal definition of a statement is presented later in

the chapter).

The standard-FORTRAN equivalent of the RATFOR, IF without
S
ELSE is

IF (.NOT. (condition)) GOTO L

statement

L CONTINUE
"L" is a legal FORTRAN label.

The IF with ELSE has the following general form:

IF (condition) mﬂmnmamnnw ELSE statement

2
For the IF with ELSE, mnmnmadew is executed if condition 1is

true; otherwise, manmamSnm is executed. The standard FORTRAN
translation of the IF with ELSE is

IF (.NOT. (condition)) GOTO L

statement

1
GOTO L1

I -ONTINUE

statement

2

L1l CONTINUE

o

it e CURE
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Note that statement. and wﬂmnmamznm in the IF with ELSE,

as well as the statement in the IF without ELSE, may themselves

be RATFOR IF statements. One of the responsibilities of the
RATFOR-FORTRAN translator will be the translation of these em-
bedded statements.

Also, a group of RATFOR statements enclosed within bal-
ancling left and right braces (i, 3), is itself considered to be
a RATFOR statement. In the case of the IF (with or without
ELSE), this allows for a group of statements to be executed

depending upon some conditiocn.

The DO Statement. (BREAK and NEXT)

"The RATFOR DO 1s a FORTRAN DO without a label." 293 ]
Its general form is

DO limits statement

The RATFOR-FORTRAN translator assumes (and does not bother to
verify) that Hwaunm is an expression that would be legal in a
standard-FORTRAN DO statement, e.g..

I =1, 10
The standard-FORTRAN translation of the RATFOR DO is

DO L limits

statement

L CONTINUE
L+1 CONTINUE
The 1line "L+1 CONTINUE" above is inserted in case a RATFOR

BREAK statement is contained within the RATFOR DO-loop.
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or BREAK

or NEXT

or f{program}

or other

A statement of type other is one which doesn't begin with a

RATFOR keyword (or left brace or string of digits).

[286]

The Code.

Like the program presented in Software Tools, the trans-

lator presented here has a central, parsing routine; the routine
calls a lexlecal scanning routine to process the beginning of
each statement. Among other things, this routine returns an
indicator of the type of "token" which begins the statement.
Given this input, the parser calls an appropriate code genera-
tion routine. Each RATFOR statement type is represented by one

of these code generation routines. The code gerieration routines

make use of a set of output routines, which are responsible for

generating standard-FORTRAN output.

Lexical Analysis:

The lexical analysis routine, LEX, calls RATTOK to isolate
a token" from the beginning of the RATFOR source file. RATTOK
"breaks the input into alphanumeric strings, quoted strings,
and single non-alphanumerics. It also strips out the blanks,
tabs and comments that separate tokens. (Blanks can be dis-

carded because they are not significant in FORTRAN programs.)"
[ 288 1

T

— = o  w—— -—— i —
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The inputs to RATTOK are SOURCE, the RATFOR source input

file, and LINECT, an indicator of the current line number in

the source file. LINECT is used by an error message routine,

SYNERR, which indicates the type and locations of syntax errors.
RATTCK returns four results, a token, a message file for

reporting syntax errors, the remains of the source file, and the

current value of LINECT.

DEFINE LEX (SQURCE LINECT)
CKTOK:RATTOK:<SOURCE LINECT>

==>LEX

DEFINE RATTOK (SOURCE LINECT)
IF NULL:SOURCE THEM <<><><> LINECT>
ELSEIF OR:<TABA:FIRST:SOURCE BLANKG:FIRST :SOURCE>
THEN RATTOX:<REST:SOURCE LINECT>
ELSEIF NMLO:FIRST:SOUICE
THEN <<FIRST:SQURCE> REST:

SCURCE <> ADDI:LINECT>
ELSEIF OR:<SQUOTEN:FI3ST:Say T 450URC

RCE DRUOTEQ:FIRST:SOURCE>
THEN <CONS 1 1 1>»3¢ uReE
<FIRST:SOURCE = ¢ "
BALQUOTE:<FI®Q

ST:SOURCE REST:SOURCE LINEC
ELSEIF SHARPO:FIRST:SOURCE LINECT>>

THEN <<NL> EATLINE:REST:SOURCE <> ADD1:LINECT>
ELSEIF Zqurﬂpnﬂhmmqumocmnm
i THEN <<FIRST:SOURCE> REST:SOUR
H CE <> LINE
ELSE <1iGETALFA:SOURCE munmﬂbrwpnmncmnm aw rmmmmqv
==>RATTOK
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Top Level Functions - - parsing.

The translator 1s executed by a call to the function,
RATFOR. If the source file is not empty, the function RATFOR
calls ENDSTAT to process the result of a call to the parsing
routine, PARSE. The OUTPUT file generated by PARSE is the
standard-FORTRAN code created as a result of parsing one RATFOR
wonwom statement. The message file, MSG, generated by PARSE

contains any syntax error messages generated while parsing the

RATFOR source statement.

DEFINE RATFOR SOURCE
IF NULL:SOURCE THEN <<><>> )
ELSE ENDSTAT:PARSE:<LEX:<SOURCE 1> L23000 MINUS:1 1>

==>RATFOR )

DEFINE ENDSTAT (ENDTOK OUTPUT MSG SOURCE CURLAB LOOPLAB LINECT)
IF EOFRIENDTOK

THEN <OQUTPUT MSG>
ELSEIF EOFQ:1:LEX:<SOURCE LINECT>
THEN <OUTPUT MSG>
ELSE <APPEND APPEND>:<
<0UTPUT MSG >
ENDSTAT:PARSE:<LEX:<SOURCE LINECT> CURLAB MINUS:1 1>>

==>ENDSTAT

If the end of the input flle has been reached, ENDSTAT
terminates, returning the OUTPUT and MSG files. Otherwise,

ENDSTAT calls 1tself recursively, with another call to PARSE

as 1ts argument.

iy

Bpawrt o SATRAY

252

The other arguments to ENDSTAT, like OUTPUT and MSG, are
results of a call to PARSE. ENDTOK is a token indicating the
type of statement most recently parsed (or EOF). SOURCE is
what remains of the RATFOR input file. CURLAB 1is the value of
the label most recently generated by the translator; labels
are generated for the processing of IF, WHILE and DO statements.
LOCPLAB is used for the processing of BREAK and NEXT statements.
LINECT is the line number of the line in the input file cur-
rently being examined; it 1s used by the error routine, SYNERR,
in indicating the locaticn of a syntax =rror in the input.

PARSE takes as mnmzamznw' a list containing the results
of a call to LEX, CURLAB and LOOPLAR (which have the same mean-
ing as in ENDSTAT) and COLNO. COLNO is the column number of a
line currently being output; the output routines use COLNO to
create output in standard-FORTRAN format.

PARSE1l, called by PARSE,does the actual parsing. Depend-
ing upon the token (TOKTYP) returned by LEX, PARSEL calls an

muvﬂovwwwnm code generation routine.

DEFINE PARSE ((TOKTYP TOXEN MSG SOURCE LINECT)
CURLAB LOJPLAB COLND)
<1 1 APPEND 1 1 1

1>:¢
< # MSG M

L] -] 4>
PARSE1:<TOKTYP TOKEN SOURCE LINECT CURLAB LOOPLAB COLNO>>

==3>PARSF
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input statement (gathered in a recursive call to PARSEl).

ENDELSE calls the output routine, OUTCON, to add

L+1 CONTINUE

LOOPLAB LINECT)
<TOKTYP APPEND:<OUTPUT OUTCON:ELSELAR> MSG SOURCE
CURLAB LOOPLAB LINECT>

3 ~=>ENDELSE

and its helpers generate the string

"IF(.NOT. (condition)) GOTQ L"
from a RATFOR string

"IF (condition)."

output to be built by its help functions.

DEFINE IFCODE (IFWHILE CURLAB LOOPLAB COLNO

(TOKEN SOURCE MSG LIN
R — INECT))

APPEND i
<# 1:0UTTAB:COLNO MSG g “ "
<8  1:QUTSTR:<IFNOT 2:0UTTAB:COLNO> i ] #
IFARGS:<IFWHILE TOKEN SOURCE LINECT CURLAB LOOPLABR

2:0UTSTR:<IFNOT 2:0UTTABICOLNO>>>

==>]FCODE

to the end of the most recently generated FORTRAN statement.

PARSEl calls IFCODE to process an IF statement. IFCODE

This is done to avold a possible avalanche of error conditions.

DEFINE ENDELSE (ELSELAB (TOKTYP OUTPUT MSG SOQURCE CURLAR

IFCODE generates a string "IF(.NOT.(" and appends this to the

I>:<
>
>

- poaMe
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QUTTAB is an output routine called by IFCODE which in-
serts blanks into the output until the current column number
for output is 7, within the range acceptable for standard-
FORTRAN statements. Its definitlion is presented in a later
discussion of output routines. OUTSTR 1is another output rou-
tine which just outputs a character string (in this case

"IF(.NOT.(") in standard-FORTRAN format.

IFCODE's help function, IFARGS checks to see if the
RATFOR "IF" 1is followed by a left parenthesis; 1f not, a
syntax error results. If the "IF" 1s followed by a left paren-
thesis, GETARGS is called to gather the condition porticn of
the statement. GETARGS returns a syntax error if unbalanced

parentheses are detected.

DEFINE IFARGS (IFAHILE TAOXEN SOURCE LINECT CURLAB LCOPLAB COLNO)
IF OR:<NULL:TOKEN NOT:LPARENG:FIRST:TOKEN>

THEN <1 1 APPEND 1 1 1 1>1¢
’ < ¥ SYNERR:<LPAREN LINECT> # 4 # #>.
ENDARGS:<IFwHILE SOURCE LINECT CURLAR LOOPLAB
COLNO>>

ELSE PUTARGS:<GETARGS:<SOURCE LINECT 1~
RATTOX t<SOURCE LINECT>>
IFWHILE COLNO CURLAB LONOPLAB>

==>[FARGS
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If the end of the input has not been reached, ENDIF calls

ELSETOKQ to see if an ELSE follows the IF statement. If an

ELSE follows the IF, the string

GOTO L+1

L CONTINUE

is added to the end of the statement. ENDELSE is called to

process the end of the statement following the ELSE.

If an ELSE does not follow the IF statement, the string

L CONTINUE

is added to the end of the IF statement, and a ground condition

is reached.

DEFINE ELSETOKQ ((TOKTYP TOKEN MSG XSOURCE XLINECT)
ENDTOK SOURCE LINECT IFLA RLA
IF ELEEGTORTYP IFLAB CURLAB LODOPLAB)

THEN <1 APPEND2 APPEND 1

1 1 1>»:«
<% QUTGO:<4DD1:IFLAR COLNO> MSG 2 =z #>
<4 OUTCON:IFLAB ] 2 & a>

ENDELSE:<ADD1:IFLAB i

PARSE:<LEX:<XSOURCE XLINECT>
CURLAB LOOPLAB 1>>>
ELSE <ENDTOK QUTCON:IFLAB <> SOURCE CURLAB LOOPLAB rﬁzmnqv

==>ELSETOKE

PARSE1l calls DOCODE to process a RATFOR DO statement.

mmnmww that the DO statement 1is of the form

DO 1limits statement.

From this, we must generate the standard-FORTRAN

it e (MRS 0]

—— = = m———
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DO L limits

statement
L CONTINUE
L+l CONTINUE

The "DO L" porticen 1s generated by the functions DCCODE,

QUTDO, and DONUM.

DEFINE DOCODE (CURLAB LOOPLAB COLNQ SOURCE LINECT)

<1 APPEND 1 1 1 1 1>:«
<3 1:0UTTAB:COLND £ o L E ">
QUTDO:<CURLAB LOOPLAB 2:0UTTAB:COLNO SOURCE ermnqvv

==>D0CODE

DEFINE OUTDC (CURLAB LOOPLAR COLNO SQURCE LINECT)
<t APPEND

1 1 1 1 1>:<
<z 1:0UTSTR:<DOSTR COLNO> ] 2 2 8 2>
OONUM:<CURLAB LOOPLAY 2:0UTSTR:<DOSTR caLno>
SOURCE LINECT>>
==>0UTDO
DEFINE DONUM (CURLAB LDOPLABR cOLN
. -l L~NO wocnmm rHﬂmnqu_
<z ﬂnncqmqm"Aqun"ncurnm CoLnO> 8 # a h wvun
NOFINISH:<EATUP:<SQURCE LINECT> CURLAB LoOPLAB COLNO>> g

==>00nUM

The limits portion is gathered up by EATUP and its helpers.

DEFINE EATUP (SOURCE LINECT)
CKRPAREN:EATUP1:1<RATTOK:<SOURCE LINECT> SOQURCE LINECT 0>
==>EATUP

EATUP1 does most of the work in gathering the limits.
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| -
b IFCODE 1s called by WHILCODE to output the string
DEFINE DOFINISH ((OUTPUT MSG SOURCE LINECT)
CURLAB LOOPLAB COLNG) IF(.NOT. (condition))GOTO L+1
<1 APPEND APPEND s '
<#  SNOC:<NL 1:0UTSTR:<OUTPUT COLNO>> wsg “ h n hw.n ENDARGS, a help funection to IFCODE, calls ENDWHILE to process
ENDDO:<LOOPLAB CURLAB PARSE:<LEX:<SOURCE LINECT>
CURLAB CURLAB 1>>> the end of the WHILE statement.
==>D0FINISH
DEFINE ENDWHILE (QuTLOQOP AHILELAB (ENDTOK QUTPUT wmsg
S— SOURCE CURLAB LOOPLAB LINECT>>
N K CONCAT:<QUTPUT QUTGO:<HH A : :
DEFINE ENDDO (OUTLOOP DOLAB (ENDTOK OUTPUT MSG SOURCE MSG SOURCE CURLAB OUTLOOP ruzmnwwmr 8 1> OUTCONZADDI:wHILELAR>
CURLASB LOOPLAR LINECT) .
, <ENDTOK CONCAT:<QUTPUT OuTCow )
b :DOLAB T s . ==>ENDWHILE
I MSG SOURCE CURLAB OUTLOOP LINECTS QUTCON:A001300LABS y
_ ] .
==>ENDDO
| w
| w .
| % . ENDWHILE adds
. GOTO L
| PARSE1 calls WHILCODE to process a WHILE statement. The : L+1 CONTINUE
4
standard-FORTRAN generated for a WHILE statement is H to the end of the WHILE statement.
| T
_ CONTINUE F If the first token in a statement is a left brace
1 L IF(.NOT. (condition))GOTO L+1 w (IF LBRACEQ:TOKTYP), PARSELl calls ENDLBRAC. ENDLBRAC calls RBTOKQ
| statement to see 1if the next token in the input is a balancing, right
GOTO L brace. If it is, a ground condition is met; otherwise, ENDLBRAC
L+1 CONTINUE 1s called recursively with a call tc PARSE as its argument.
DEFINE ENDLRRAC (ENDTOK QUTPUT MSG SOURCE RLAR A N
DEFINE WHILCODE (CURLAB LOOPLAB COLNO SOURCE LINECT) © IF EOFG:ENDTOK GE CUBLAG LOGPLAE: LINECT)
<1 APPEND2 1 1 1 1 1>»te THEN <ENDTOK QUTPUT MSG SOURCE CURLAB
0PLAB N >
<% OQUTCON:O L] * # L] [H ELSE <1 APPEND APPEND 1 r— ro_ t -W“Amnq
ﬁ <# 1:0UTSTR:<ITOC:CURLAB COLNO> # o ¥ L] > <y ouTPUT MSG ¥ # I o>
IFCODE:<wHILE CURLA3 LOOPLAR 2:0UTSTR:<ITOC:CURLAB COLNO> RBTOKQ:<LEX:< =]
RATTOK: <SOURCE LINECToa> . 1<SOURCE LINECT> CURLAB LOOPLAS>>
. ==>ENDLRARAC
L ==>WHILCODE
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DEFINE OQUTTAR COLNO
IF GRFAT:<COLNO LMARG>
THEN <<> COLNO>
ELSE <CONS 1>1<
<BLANK 4>
QUTTAB:ADD1:COLNO>

T ez>0UTTAB

QUTSTR uses OUTCH as a help function to cutput a charac-

ter string in valid, standard-FORTRAN format. HOLLRITH is

called to convert a quoted character string to a standard

Hollerith form.

DEFINE OUTSTR (STRING COLNO)
IF NULL:STRING THEN <<> COLNO>
ELSEIF OR:<SQUOTEQ:FIRSTISTRING
DQUOTEQ:FIRST:STRING>
THEN OUTSTR:<HOLLRITH:<CHARCT:REST:STPING RESTISTRING>
COLNO>
ELSE <APPEND 1>1¢
<1 :0UTCH:<FIRST:STRING COLNN> 23>
OUTSTR:<REST:STRING 2:0UTCH:<FIRST:STRING COLNO>>>

.lnvoc4m4n
DEFINE HOLLRITH (N STRING)
APPEND:<ITOC:N CONS:<H STRIMG>>

.
==>HOLLRITH

OUTLAB outputs a string of digits (TOKEN) as a standard-
FORTRAN label.

DEFINE OUTLAB (TOXKEN COLNO)
<APPEND 1> ¢
<{:0UTSTR:<TOKEN COLNO> &>
OUTTAB:2:0UTSTR:<TOKEN COLNO>>

==>0UTLAB

e AL A B EPOMUEADIE. ~5, . D0t oS B | P e S e P 1

¢ AAN WL Bt
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OUTCON outputs a FORTRAN CONTINUE statement. If its

argument, LABEL, is a positive integer,

CONTINUE statement.

OUTCON outputs a labeled

If LABEL is zero, the CONTINUE is output
without a label,

DEFINE ouTcon LABEL
noznnquAHﬁOntuFbmmr 1:0UTTa8:anD

CHAR s -
_"OCﬂm«mnAnDzﬁHzcm ADDL:LM CT:IToCP:LABEL

ARG> <NL>>

==>0UTCON

DEFINE ITOCP LABEL

IF ZEROP:LABEL THEN <>
ELSE ITOC:LABEL

==>ITOCP

QUTGO, with its helper, OUTGO1l, converts its integer

argument, LABEL, to a character string, and outputs a FORTRAN

GOTO statement.

DEFINE OUTGO (LABEL coLng)
APPEND:<1:QUTTAB:COLND

OUTGO1:<QUTSTR:<GOTO 2:0UTTAB:COLNO> LABEL>>

==>QUTGO

DEFINE 0QUTGO1 ((STRING COLNO) LABEL)
CONCAT:<STRING 1:0UTSTR:<ITOC:LAREL COLNDO> <NL>>

==>0UTG01
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DEFINE LPARENR CHAR
SAME :<CHAR LPAREN>
.

==>_PARENG

DEFINE RPARENQ@ CHAR
SAME$<CHAR RPAREN>

==>RPARENG

DEFINE DOTYPEQ TOKTYP
SAME:<TOKTYP DOTOK>

==>DOTYPEQ

DEFINE wHILEQ@ TOKTYP
SAME:<TOKTYP wHILE>

==>WHILEQ

DEFINE IFTYPER TOKTYP
SAME:<TOKTYP IF>

-=>IFTYPEQ

DEFINE OTHERQ TOKTYP
SAME:<TOXTYP QOTHER>

==>0THERQ

DEFINF CUOTEY CrHAR
T SAME:<CrAw LUUITES>

=-=>LUNTHEG

T iy

272

Constants Introduced in Chapter 9.

DECLARE TOKTBL
<<" (I F) <IF> <"(D 0) <DOTOK>>
<"(E L § E) <ELSETOX>>
<"(4 H [ L E) <aHILE>>
<"(RA R E A4 K) <BRXKTOK>>
<*(N E X T) <NEXTOK>>>

==> (((I F) (IF)) ((D 0) (DOTOK)) ((E L S E) (ELSETOX))

((w B T L E) (WHILE)) ((B R E &4 K) (BRKTOK)) ((N E

DECLARE EOF "EOF,
==>EO0F

DECLARE ALLDIG "aLLODIG,
==>ALLDIG

DECLARE OTHER "QTHER,
==>0THER
DECLARE L23000 23000,
==>23000

DECLARE BRKTOX "BRKTOK,
==>BRKTOK

DECLARE DOTOK "DOTOK
==>00T0K

DECLARE ELSETOK "ELSETOK.
==>ELSETOK

. DEELARE WHILE "wHILE,
==>WHILE

DECLARE IF "IF,
==>[F

DECLARE LBRACE "LBRACE,
==>LBRACE

DECLARE RBRACE "RBRACE,
==>RBRACE

DECLARE KIWWTE “HULTE,
==>LUNITE

X

T

(NEXTOK)))
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Chapter 2--Functions.

function name

ADDCHARS
AFTER
APPEND
BEFORE
BLANKOUT
BLANKOVR
BMEMBER
BREMBER
55Q

CHOP
CKBLANKS
CK3
CKREST
COMPRES1
COMPRESS
CONCAT
CONDPICK
CTOI
DASHQ
DIFFER
DIGVAL
DODASH
ENTAB

ESCAPEQ

MAX

MEMBER
MINUS
MINUSP
MINUS

NS

H0D

ONEP
OSTRIKE
OSTRIKEL
PICK
POWERVAL

PROJ

[%}
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Chapter 3--Functions(continued)

function name

FCOPY
FDISPLAY
FDISP1
FETCHONE
FEXPAND
FMATCH
FOUNDQ
FPRETTY
FPRETTY1
FPRETTY2
GETCOM
GETCOM1
GETLINE
GETNAME
GETNAMES
GETSTR
GETWORD
GRABONE
HEAD
INCLUDE
INCLUDEL
INCLUDEQ
ISDIF
LDIFFER

50
67
67
50
43
56
62
52
52
52
66
68
38
65
60
Ly
Ly
62
53
43
43
45
35
35

Chapter 3--Functions (continued)

LISTQ
LOCDIFF
MAKECOPY
MAKEFILE
MAKHDR
MAKUPDIF
MODECHEK
MTCHMCDE
NEWFILE
NFOUND
ONEDISP
OPEN
QUTWORD
PHEAD
PRETTY
PRETTY1
PUTFILE
READWRTQ
SKIP
SUBFILE
SUM
TLIST
TOPPAGE

page
68

35
55
65
63
53
56
39
65
67
67
39
4y
69
51
51
61
39
53
55
52
69
53
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TONVHOX3
FONVHOXH
ANITDE
LHIANOD
dIssA10
SS3TO0
NITINVITO
HIVdYD
TIANND
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TYAYHO
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IIDSY
LOYNNTY
LOHTTY
Vv
TVAHHOTY
IIOSYIV
INITaav
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Chapter 4--Functions (continued)

function name
FOLDQ
GETSOME
GTEXT
GTEXT1
KWIC
LASCII
LINECONV
LINELEN
LLESS
LOLINE
LORDER
LQUICK
LSHELL
LTEQGT
MERGE
MERGEGP
MRGCHNKS
NEXCHNK
ORDER
POS
QUICK
QUICKRNS
REMEOLNS

283

page
87
82
81
81
85
77
76
81
75
83
83
79
79
79
83
82
82
90
73
91
78
81
88

Chapter 4--Functions (continued)

function name

REVERT
ROTATE
ROTBLNKS
ROTLINE
ROTLINE1
ROTWORD
SEPLINES
SETLEFT
SETRIGHT
SHELL
SHELL1
SHELL2
SHELL3
SINKSMAL
SNOC
SORTINT
SORTX
miﬂﬂnm
TCONS1
TRIM
UNIQUE

UNROT

284

7
87
87
85
87
87
76
91
89
73
73
73
13-
72
87
78
8o
T4
83
36
B4
89




THOLVWO
LYHOLVKWO
HOLYWO
DTOON
THOLVW
HOLVI
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INITLID
XANTA
aNIdg
I3STId
BNT03
boLLIa
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PANCES to)

TIONVHO VIIVdOL
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Chapter 6--Functions.
Chapter 5--Constants (page 103) i funcelon name .
ADDEND 138
constant name APPENDQ 167
ANY ATEND 153
_ BOL BACKSCAN 126
CLOS BAKWARDQ 166
DITTO s BEHINDQ 147
EOLN BFIND 163
EXSETS BMATCH 163
NCCL CANT 138
: CARRANGE 154
CHANGEQ 167
g CHECKG 156
CHECKP 153
CKAPPEND 164
CKEND 149
CKERR 160
CKFINAL 134
CKLSHIFT 125
CKRSHIFT 127
COMMAQ 130
CURBEGIN 133
CURLNQ 166
DELETEQ 167
DIGITQ 166




J3090710
DHVLLIED

LOdSI3D

ONLED
MUYWLID
TLSITLID
LSITLID
LSYTILED
dvisdran
LSYIALED
SDIQLIED
HYENOD
DA¥YMHOd
NVOSTHOd
XANIg
INITANIA

ONIANIZ

dLIUMAd
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LHASNIOH
HLV3HOad
dONVHOQHE

JONYYYQT

aN3ddVad

dLIHMOQ
LSENS0a
TTINISOQ

avad0od

JILNTHJOd
INTHdOaQ
ONIHdOa
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g07T904d
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Woooa
JONVHOOQ
aNZddvoda
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Chapter 6--Functions (continued) Chapter 6--Functions (continued)
function name page function name page
GLOBALQ 140 PRINC 152
GLOMARK 162 PRINCQ 167

: GVAL 140 PRINTFNQ 143

, : IFFIND1 134 PRINTOUT 155
IFFIND2 134 PRINTQ 167
IFOKGO , 164 & PROC1COM 164
INORDER 124 m PROCFRST 122
INSERTQ 167 m PROCREST 127
ISLAT 142 1 PUTCUR 132
LASTQ 166 t PUTFIRST 133
LENGTH 148 PUTMARKS 162
LMEMBER 147 PUTNO 152
LOCMRKER 133 QUITQ 139
LSHIFT 125 RAC 127
MARKRANG ‘ 162 RDC 127
MINUSMOV 129 READANS 150 ’
MKGLOB 162 READCQ 167
ONEADD 130 REVCONC2 133
ONECHANG 158 REV2 126
PDEFAULT 149 REVERSE 126
PLUSMOVE 128 RSHIFT 127
PLUSMOV1 128 SARRANGE 158
PLUSQ 128 SEMIQ 130
PRCGLOBS 163
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Chapter 7--Functions.

function name

AD1WORD
ADDBLNK
ADWORDS
ADDLINE
ALLBLNKS
APPEND2
APINDENT
BIGSPACE
BOLQ
BOTTOM
BRQ
BLDLINE
BPQ
CAPPEND2
CCONS
CENTER
CENTERQ
CEVAL
CHANGDIR
CKBNDS
CKFILL
CKLINE

coMQ

CONDREV
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210
204
200
138
206
207
186
211
211
215
181
215
201
188
198
215
211
203
190
197
180
180
204

o

Chapter T--Functions (continued)

function name

DIRQ
DOCOM
DQUOTEQ
EATBLNKS
EATWORD
ENDPUT
FILLQ
FILVAL
FOOTER
FOOTERQ
FORMAT
FORMAT1
GCOMTYP
GET
GETCOM
GETVAL
HEADER
HEADERQ
HEADQ
IDMARKQ
INCLL
INDENTP
INDENTQ

29

210
184
191
185
185
207
215
212
211
215
175
175
185
210
185
187
211
215
205
212
197
211
216

6
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WO200Md
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) Chapter 7--Functions (continued).
Chapter 7--Functions (continued)
function name page

function name page SPREAD 202
REPVAL 183 SPREAD1 20U

M RIGHTQ 20l : STRIP 191

W RMQ 216 ; SUBSPACE 180
RMVAL 212 i SUBUNDER 183
SEPDIGS 187 TIVAL i 211
SETBOL 179 TRIMLINE 185
SETBOTTM 192 uLQ 215
SETCTR . 197 ULVAL 212
SETIDMK 196 UNKNOWNQ 215
SETIVALL 209 UPLINPAG 208
SETLEN 199 ZIPTI 196
SETLL 210 B
SETNUM 288 Chapter 7--Constants (pp217-219)
SETNUMTI ‘ 194 .
SETHAD . 209 constant name constant name
— 192 BO DQUOTE
SETTIVAL 209 wal &
SETVAL 189 2R FO
SKIPBLKS 203 BP HE
SLIPBLKS 204 & L
SPQ 216 CPARAMS IDMARK
SQUOTEQ 191 CTRDEF IN

SPACEP 211 DIR INDEF
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LNOHYE
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HLSdNnsod
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Chapter 8--Functions (continued).

function name

GETPARMS
GOTOBRAK
IFELSEQ
IFNUM
IFTOK
INCTYPEQ
LBRACKET
LOOKUP
LPARENQ
MACRO
MACRO1
MAKEDEF
MAKSTR
NOTALFA
QUTCHARS
PROJPARM
RBRACKET
READTOCH
RPARENQ
SEPTOKEN
SPANBRAK
SUBONE

SUBQ

3

234
226
237
235
228
233
226
227
229
224
224
231
239
227
236
2ho
226
234
229
227
226

239
239

0

3

304
Chapter 8--Functions (continued)
funetion name page
SUBSTRQ 233
TOKMATCH 231

Chapter 8--Constants. (p 241)

constant name

ALPHANUM
BRACKETS
COMMA
DEEP
DEFTYPE
IFELSTYP
LBRAK
LPAR
MAXDEF

0K




ayILno
T0ODLNO
0DIN0
0axno
NOOLNO
HOLNO
BUIHLO
2O¥IHIO
TOYZEHIO
QUIHIO
BIXIN
INITMEN

ONTEVIT

SDYVAI
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b3ao3
ATIHMANE
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Chapter 9--Functions (continued)

function name
OUTSTR
QUTTAB
PARSE
PARSE1
PUTARGS
QUOTEQ
RATFOR
RATTOK
RBRACEQ
RBTOKQ
RPARENQ
SHARPQ
SPECTOKQ
SYNERR
SYNERR1
WHILCODE -
WHILEQ

248
270

265

271

249
250
269
269
263

271

0

Chapter 9--Constants (pp272,273).

constant name

ALLDIG
ALPHANUM
BRKTOK
CONTINUE
DOSTR
DOTOK
ELSETOK
EOF
EOFBRACE
GOTO

H

IF
IFNOT
L23000
LBRACE
LMARG
LPAREN
NEXTOK
OTHER
QUOTE
RBRACE
RMARG

RPAREN

SHARP

308

constant name

STAR
TOKTBL
WHILE
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