TECO on the IBM PC

Nelson H.F. Beeb e

Cen ter for Scien tific Computing

Departmen t of Mathematics

220 South Ph ysics Building

Univ ersit y of Utah

Salt Lak e Cit y , UT 84112

USA

T el: (801) 581-5254

3 June 1986 — Revision 0.04

Con ten ts

1 What is TECO? 1

2 Wh y TECO? 1

3 Ho w TECO W orks 3

4 TECO Num b ers 4

5 TECO Strings 5

6 TECO V ariables and Argumen ts 6

7 TECO Q-registers 8

8 TECO Expressions 9

9 TECO Language Reference 11

10 TECO F unction Guide 43

10.1 Mo difiers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43

10.2 Num b ers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44

10.3 ASCI I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44

10.4 Bit wise Op erators . . . . . . . . . . . . . . . . . . . . . . . . 44

10.5 Arithmetic Op erators . . . . . . . . . . . . . . . . . . . . . . 45

10.6 Expressions . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45

10.7 Argumen ts . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45

10.8 P osition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46

10.9 Mo ving P oin t . . . . . . . . . . . . . . . . . . . . . . . . . . . 46

10.10 Cop ying T ext . . . . . . . . . . . . . . . . . . . . . . . . . . . 46

10.11 Deleting T ext . . . . . . . . . . . . . . . . . . . . . . . . . . 47

10.12 Inserting T ext . . . . . . . . . . . . . . . . . . . . . . . . . . 48

10.13 Co ercions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49

10.14 Conditionals . . . . . . . . . . . . . . . . . . . . . . . . . . . 50

10.15 F unctions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50

10.16 Keyb oard Input . . . . . . . . . . . . . . . . . . . . . . . . . 51

10.17 Lo oping . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51

10.18 Q-registers . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52

10.19 Quitting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53

10.20 Quoting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53

10.21 Searc hing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53

10.22 Substrings . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54

10.23 T yping T ext . . . . . . . . . . . . . . . . . . . . . . . . . . . 54

11 Tin y TECO 55

12 The Minibuffer 57

13 The TECO Debugger 58

14 The TECO Implemen tation in Epsilon 60

14.1 Epsilon Supp ort . . . . . . . . . . . . . . . . . . . . . . . . . 60

14.2 The Epsilon Debug F acilit y . . . . . . . . . . . . . . . . . . . 61

14.3 TECO Ob ject Represen tation . . . . . . . . . . . . . . . . . 61

14.4 TECO Garbage Collection . . . . . . . . . . . . . . . . . . . 63

14.5 Outline of the In terpreter . . . . . . . . . . . . . . . . . . . . 64

14.6 Additional Supp ort F unctions . . . . . . . . . . . . . . . . . 66

14.7 Epsilon Limitations . . . . . . . . . . . . . . . . . . . . . . . 70

15 The T A GS P ac k age 73

16 Epsilon and EMA CS TECO Differences 77

1 WHA T IS TECO? 1

1 What is TECO?

teco , whic h stands for T ext E ditor and CO rrector, is a language for text

editing originally dev elop ed in the early 1960’s in the MIT and DEC com-

m unities. It has b een implemen ted on virtually all DEC computers since,

and no w with this implemen tation, is a v ailable on the ibm pc inside the

epsilon text editor dev elop ed and mark eted b y Lugaru Soft w are, Inc. This

dev elopmen t is indep enden t of Lugaru Soft w are, and is placed in the public

domain.

The most imp ortan t con tribution of teco to the computing comm unit y

has almost certainly b een the fact that Ric hard Stallman extended it sig-

nifican tly to pro vide the underlying supp ort for his w onderful ema cs text

editor.

1

The compactness and efficiency of teco , and the p ossibilit y of im-

mediate in terpretation for on-line in teractiv e dev elopmen t of editor function-

alit y m ust surely ha v e b een the k ey to the success of the ema cs pro ject. No w

that ema cs is w ell understo o d, it has b een feasible to re-implemen t sev eral

descendan ts of ema cs , including epsilon , using higher-lev el lisp and c (or

c -lik e) languages for the dev elopmen t supp ort.

2 Wh y TECO?

There are t w o fundamen tal differences b et w een teco and almost all other

text editors:

• teco is a complete programming language, con taining the three nec-

essary constructs—sequen tial execution, rep etitiv e execution, and con-

ditional execution—whic h ha v e b een mathematically pro v en sufficien t

to write an y program.

• Because teco can access the values of c haracters, it can b e used for

con text-sensitiv e editing whic h is utterly imp ossible without this abil-

it y .

Although reasonable text editors generally pro vide some sort of shorthand

for rep etitiv e editing tasks through k eyb oard macro definitions, and some

1

Ric hard M. Stallman, EMA CS: The Extensible, Customizable, Self-Do cumenting Dis-

play Editor , in Inter active Pr o gr amming Envir onments , Eds. D.R. Barsto w, H.E. Shrob e,

and E. Sandew all, McGra w-Hill (1984), pp. 300-325.

2 WHY TECO? 2

allo w commands to b e giv en n umeric argumen ts to b e used as rep eat coun ts,

this functionalit y alone is insufficien t for man y editing tasks, b ecause it lac ks

conditional execution.

A simple example relev an t to f or tran programming migh t b e find the

next line in the e dit buffer which is longer than 72 char acters . Since the f or-

tran language ignores text b ey ond column 72, and do es not require explicit

declarations of v ariables, long lines whic h are unlik ely to b e recognized as

suc h on t ypical 80-column terminal screens can in tro duce insidious program

bugs whic h will nev er b e detected b y the compiler, and probably not b y

the programmer. An editor lac king the abilit y to scan forw ard in the buffer

computing line lengths and stop when the length exceeds the sp ecified limit

simply cannot help here; conditional execution is essen tial.

The previous example did not require the editor to ha v e kno wledge of

what c haracters w ere b eing pro cessed, only the abilit y to c ount them and

determine line lengths.

2

As a second example, therefore, consider the task of

automatically c hanging the case of letters in a p ortion of text. This migh t b e

done b y a text replacemen t function whic h all editors offer, but it w ould lik ely

b e painful. If the requiremen ts w ere tigh tened so that this substitution should

happ en only on text in certain columns of eac h line, or on w ords follo wing a

bac kslash, then it migh t w ell b ecome imp ossible, except b y tedious man ual

deletion-insertion editing of ev ery suc h instance. Humans should not ha v e

to do this, b ecause it is b oring, rep etitiv e, and lik ely to in tro duce man y new

errors.

A programmable text editor, lik e teco , can handle tasks lik e this with

v ery little effort, and although it ma y tak e a few tries to get the teco

program w orking correctly , it can p erform its job on an arbitrarily large

amoun t of text.

Y ou ma y of course argue (correctly) that y ou can write a program for the

task in y our fa v orite language, and after a few trips round the compile–link–

debug cycle, get it to w ork on the text. It will almost certainly tak e you

m uc h longer to do this than if y ou could write it in teco , and except in lisp

en vironmen ts, y ou probably had to exit and reen ter y our text editor man y

times.

2

Remem b er that not all computer systems use an actual c haracter as an end-of-line

mark er.

3 HO W TECO W ORKS 3

Ev en if y ou are fluen t in lisp , and ha v e one of the ema cs descendan ts

built on top of it, y ou will t yp e man y few er c haracters to do the job with

teco than with lisp . On the other hand, if y ou are building up large

libraries of editing functions to b e used man y times, it will b e easier to read

and understand y our lisp co de than it will if the co de is in teco , particularly

uncommen ted teco . I therefore feel that there is a place for b oth high- and

lo w-lev el languages for editor extensibilit y .

The b eaut y of lisp and teco is that their uniform syn tax mak es it p os-

sible to implemen t rudimen tary v ersions of in terpreters or compilers for the

languages with v ery little w ork, compared to that required for a more con v en-

tional computer language lik e c . F or example, the first w orking protot yp e of

this teco in terpreter to ok t w o da ys and t w o ev enings to get to a state where

most of the planned functionalit y w as finished and w orking w ell enough to

b e used to help dev elop itself. This w as done without reference to an y teco

man uals or other do cumen tation, just sitting creating the co de on the fly

inside epsilon on an ibm pc . If this in terpreter w ere no w to b e mo v ed to

another system, it could probably b e done in half the time.

3 Ho w TECO W orks

Un til no w, I ha v e in ten tionally refrained from sho wing y ou an y examples of

what teco lo oks lik e, and I only hin ted in the last section that it migh t b e

hard to write. Before w e go in to this, it is imp ortan t to understand wh y teco

lo oks lik e it do es. Remem b er that the original teco ’s w ere dev elop ed to run

on v ery small mac hines, with p erhaps as little as 4K w ords of memory for the

complete editor and its text buffers, in a time when ev en small computers

cost a great deal. Efficiency of in terpretation w as therefore paramoun t.

The syn tax of teco is suc h that it can b e in terpreted in one pass, lo oking

at one c haracter at a time, and with zer o lo ok ahead. This essen tially means

that eac h text c haracter is assigned a function, and while C for char acter

forwar d , D for char acter delete , and S for se ar ch are mnemonic enough, the

supply of suc h connections is limited, and the early teco ’s ended up with

things lik e " for if and O for goto , with p erhaps 30 to 50 c haracters giv en teco

significance. ema cs teco grew ev en more, using up almost all 128 ASCI I

c haracters. Sev eral of these act as escap e mec hanisms to access extended

4 TECO NUMBERS 4

functions defined b y m ulti-letter w ords, lik e FS ECHO ACTIVE .

3

Y ou can see,

ho w ev er, that this binding of single c haracters to functions mak es for an

efficien t implemen tation—the in terpreter just k eeps a table of 256 function

names whic h it dispatc hes through, based on the v alue of the next input

c haracter.

A t this p oin t, y ou ma y b e ready to thro w up y our hands in despair and sa y

“I’ll nev er learn or remem b er suc h nonsense!”. Don’t giv e up y et—without

exp ending great effort, y ou can learn a small and manageable subset of teco

whic h will handle man y editing jobs. Later, if y our editing requiremen ts

expand, y ou can learn more. One of the goals of this do cumen t is to presen t

teco to y ou in suc h a w a y as to help y ou understand ho w it w orks and wh y ,

and then to guide y ou to the most useful parts of it to learn first. Y ou will

find a tin y subset outlined in the section b eginning on page 55.

4 TECO Num b ers

Num b ers in teco are in tegers; floating-p oin t is so rarely useful in text pro-

cessing that it is simply not pro vided. If y ou need to compute a fractional

n um b er, y ou m ust do it b y appropriate scaling to main tain in teger v alues.

Num b ers are signed v alues represen ted in t w o’s-complemen t notation in one

computer “w ord”, whic h is at least 32 bits wide, ev en on micro computer

implemen tations of teco . This is unlik ely to ev er p ose a restrain t on y our

programming, while 16-bit in tegers certainly w ould.

A string of digits 0..9 represen ts a decimal in teger, as usual, and it ma y

ha v e a single optional leading plus or min us sign, or a complemen t op erator,

∼ . Unlik e the c programming language, no significance is attac hed to leading

zero es. Unlik e older teco ’s, nothing follo wing a digit string can c hange its

v alue.

4

Represen tation of n um b ers in other than base 10 is sometimes con v enien t.

Instead of c hanging a global v ariable con taining the curren t input radix, a

pro cess whic h turns out to b e fraugh t with danger in ema cs teco , this

v ersion adopts the notation similar to that used in the ad a programming

3

teco program examples will b e giv en in t yp ewriter text, and a space in suc h text will

b e mark ed as so that it is visible.

4

Older teco ’s normally in terpret a digit string follo w ed b y a p erio d as an o ctal v alue,

whic h requires the in terpreter to bac k up and start o v er in the n um b er ev aluation.

5 TECO STRINGS 5

language—an optional sign, follo w ed b y a n um b er base expressed as a de cimal

in teger in the range 2..36, follo w ed b y a # sign, follo w ed b y a “digit” string

from the set 0..9, A..Z (or a..z, letter case b eing insignifican t). Unlik e ad a ,

w e do not require a trailing # sign, since whitespace can alw a ys b e used in

teco to separate a n um b er from another tok en with whic h it migh t otherwise

b e confused. F or bases larger than 10, letters coun t as A ≡ 10, B ≡ 11, . . . ,

Z ≡ 36. F or example,

127 2#1111111 4#1333 8#177 10#127 16#7f 16#7f 32#3u 36#3i

are all equiv alen t in v alue.

Collection of an in teger stops at the first unexp ected c haracter, and can

nev er raise an in terpreter error, unless the base is out of range. Tw o rules

are applied:

• If only a plus or min us sign has b een collected, the n um b er is +1 or

− 1, resp ectiv ely;

• Otherwise, if no legal digits ha v e b een collected, the n um b er is 0.

Th us, w e ha v e

+ ≡ +1

− ≡ − 1

36# ≡ 35# ≡ . . . 3# ≡ 2# ≡ 0

This means that if the in terpreter tries to collect a n um b er and finds the first

c haracter is, sa y , a letter, the v alue zero will b e assumed. This is similar to

the c atoi() function. This p eculiar b eha vior is rare, b ecause collection of

a n um b er usually only happ ens when a decimal digit or sign has b een seen.

5 TECO Strings

Strings in teco in principle ma y con tain all p ossible c haracters in the host

c haracter set, and ma y ha v e an y length greater than or equal to zero, limited

only b y a v ailable memory . This implemen tation of teco in epsilon ’s c -lik e

language, eel , do es not p ermit ASCI I <NUL> in a string, since that is used

as a string terminator b y the language; otherwise, all c haracter v alues from

1 to 255 ma y app ear in a string.

pre-comma argumen t is left in tact, so the final result is 1,5 . The ev aluator

w as called six times in the pro cess, and the calls inside the paren theses w ere

recursiv e.

The colon and at-sign mo difiers are sa v ed when the op en paren thesis is

met, then cleared. When the close paren thesis is met, the sa v ed mo difiers

are merged with their curren t settings. They will b e set on exit from the

close paren thesis if they w ere on when either of the paren theses w ere met.

9 TECO Language Reference

In this section, w e presen t the definitions of eac h teco function, arranged in

ASCI I lexicographic order. It is assumed that y ou understand teco strings

and in tegers, and ho w argumen ts are passed. It is not an error to ha v e to o

man y argumen ts to a function, but to o few will raise an error.

F or learning teco , it is more useful to ha v e a list of functions categorized

b y what they do; y ou will find that in the next section.

The edit buffer is view ed as a string of c haracters n um b ered 1, 2, . . . ,

Z , where Z is a sp ecial teco function whic h alw a ys returns the n um b er of

c haracters in the buffer. The p oin ter lies b etwe en c haracters, and its p osi-

tion is alw a ys giv en as the n um b er of the c haracter to its left; it is alw a ys

represen ted b y the function • .

7

The p oin ter p osition is con v en tionally called

p oint , and in a screen editor, it w ould often b e mark ed b y a blinking cursor

o v er the c haracter follo wing it, since few terminals ha v e a sym b ol that can

b e displa y ed b et w een c haracters. • returns the n um b er of c haracters b efore

p oint , and Z −• is the n um b er of c haracters after p oint .

The p osition at the start of the buffer ma y b e called either 0 or B . P osi-

tion 0 therefore lies b efor e the first c haracter, and p osition Z , after the last

c haracter.

8

Most functions op erate to the righ t of p oint . If y ou mo v e to p osition 0

(b y 0J ) and insert text, it will pr e c e de other c haracters in the buffer; text

7

This is an ordinary ASCI I p erio d, but I’v e made it bigger to distinguish it from

sen tence-ending p erio ds.

8

ema cs teco p ermits the buffer to b e temp orarily narr owe d to restrict the scop e of

editing op erations. In suc h a case, B and Z b ound this smaller region. 0 is still the same

as B . All teco functions, and therefore all ema cs functions built on top of teco , w ork

in this limited region un til the buffer is widened again. F unctions lik e Save File ob viously

m ust b e programmed to widen the region temp orarily during the write op eration.

inserted at p osition Z will fol low all other c haracters in the buffer.

An y teco function ma y b e giv en zero, one, or t w o argumen ts, and m ust

return zero, one, or t w o argumen ts for the next function. The argumen ts

app ear immediately b efore the function, separated b y commas. F or example

K has no argumen ts

                                           1,K has only a pre-comma argumen t

                                           ,1K has only a p ost-comma argumen t

                                                                                     1K has only a p ost-comma argumen t

1,3K has t w o argumen ts

Sev eral functions that tak e t w o argumen ts use them to define a range of

c haracters in the edit buffer.

An argumen t pair m,n means all c haracters in the buffer from, and including,

p oin ter p osition m , up to, and including, p osition n-1 , or equiv alen tly , all

c haracters from n um b er m+1 to n .

This con v en tion mak es • , Z represen t all c haracters from the curren t p oin t to

the end of the buffer.

An y error condition noted in the follo wing function descriptions alw a ys

terminates the in terpreter, and returns y ou to top lev el, whic h in our case is

the epsilon command lo op.

In this do cumen t, w e use the common notation <CTL-x> for an ASCI I

con trol c haracter (ordinals 0 . . . 31), rather than the alternate notation ^x ,

b ecause the caret is also used in teco , and it w ould b e unclear whether a

caret-letter pair, or a con trol c haracter, w as in tended.

9

Almost all functions consume (but p ossibly ignore) their pre- and p ost-

comma argumen ts; if they themselv es pro duce no return v alues, then the next

function executed will not receiv e an y argumen ts, unless these are explicitly

written in the program. A few functions pass an y existing argumen ts on

unc hanged. A function whic h returns a single argumen t mak es that the new

p ost-comma argumen t; an y pre-existing pre-comma argumen t is left in tact.

9

This is still a source of confusion for me in ema cs teco , where I often find it necessary

to examine suc h text with cursor p ositioning commands in ema cs to see if it is one con trol

c haracter, or a caret-letter pair.

When argumen ts m and n are giv en, they represen t any v alid n umeric

or string expression, including constan ts, Q-registers, arithmetic or Bo olean

expressions, and function return v alues. A letter q immediately follo wing

a function name represen ts an y v alid Q-register whic h the function is to

op erate on. A few functions accept a sp ecial asterisk designator, * , in place

of a Q-register; this signifies that they return a string v alue for the follo wing

function, instead of putting it in a Q-register or the edit buffer.

With these preliminaries out of the w a y , w e can no w tabulate the complete

teco function rep ertoire. F or eac h function, w e tell what it do es, what

errors can o ccur with it, what return v alues it pro duces, and then giv e one

or more commen ted examples of its use. Some functions ha v e an additional

Conventions section whic h summarizes common programming practice in the

ema cs teco comm unit y .

<CTL-I>

Action: This function is the usual horizon tal tab c haracter, ASCI I

<HT> . Except in string argumen ts, where it is an ordinary

c haracter, it acts solely as whitespace to enhance readabilit y .

Conventions: The default action of a tab according to the ANSI X3.4

standard is to p osition the follo wing c haracter at the output

column follo wing the one whic h is a m ultiple of 8. Th us, when

giv en at the start of a line, the nine c haracters X

and the t w o c haracters <CTL-I>X should lo ok iden tical on a

screen or hardcop y output. T abs therefore mak e it con v enien t

to line co de up in columns, with the side b enefit of some data

compression. Used carefully , they can add considerably to

co de readabilit y .

Erro rs: None.

Return values: An y existing argumen ts are unc hanged.

<CTL-J>

Action: This function is the usual newline c haracter, ASCI I linefeed,

<LF> . It serv es as whitespace to enhance readabilit y , and ma y

o ccur as a legitimate c haracter in text strings. It has one other

imp ortan t function: it disc ar ds any existing pr e-c omma and

p ost-c omma ar guments . This means that sev eral consecutiv e

newlines are equiv alen t to a single one, and this can b e use-

fully emplo y ed to sup erimp ose a “paragraph” structure on the

program.

Relations: The W function describ ed later can also b e used to discard

argumen ts without in tro ducing a line break.

Conventions: teco is undeniably cryptic, ev en more so than com-

puter assem bly languages are, so it pa ys to use line breaks

frequen tly , sub ject to the need for preserving returned argu-

men ts for use b y follo wing functions. As in assem bly co de

writing, frequen t meaningful commen tary at the end of eac h

line should mak e it p ossible for the reader to understand the

gist of what is happ ening, without ha ving to consult the ac-

tual teco co de on the line.

Erro rs: None.

Return values: None; an y existing argumen ts are cleared.

<CTL-M>

Action: This function is the usual carriage-return c haracter, ASCI I

<CR> . It do es exactly what <CTL-J> do es—supplies white-

space for readabilit y , and discards argumen ts. These t w o

functions do the same thing, so teco is insensitiv e to whether

either, or b oth, are used as line terminators in text files.

Erro rs: None.

Return values: None; an y existing argumen ts are cleared.

<CTL-R>

Action: En ter a recursiv e edit on the edit buffer. An y argumen ts are

discarded. When the edit is exited with exit-level , nor-

mally b ound to C-X C-Z , execution resumes with p oint where

it w as at the exit.

Erro rs: None.

Examples: <@:S/foo/; <CTL-R>> searc hes the buffer for the string “ foo ”,

exiting the lo op when the searc h fails. A t eac h successful

matc h, a recursiv e edit is en tered. This sort of thing is a com-

mon editing requiremen t—at sev eral places in the edit buffer,

do something automatically , and then allo w lo cal patc hing.

<CTL-]>

Action: This is the teco quote c haracter. Inside an <ESC> -terminated

string, b efore an <ESC> , it mak es the <ESC> c haracter part of

the string without terminating it. Otherwise, it is assumed

that what follo ws it is a Q-register whose string con ten ts are

to b e inserted v erbatim in the text at that p oin t. No c haracter

in the Q-register string can terminate the insertion. If the Q-

register con tains a n um b er, its v alue will b e con v erted to a

decimal digit string whic h is then inserted.

10

Erro rs: If the c haracter follo wing the <CTL-]> is neither an <ESC> nor

a v alid Q-register name, then an error is raised.

Return values: None.

Examples: :@I3/hello/ :@IA/<CTL-]>3, there/

This puts the string hello, there in Q-register A .

IIhello<CTL-]><ESC><ESC> puts the string Ihello<ESC> in

the buffer at p oint .

<CTL-\>

Action: Returns from a function. If issued at top-lev el, the in terpreter

simply terminates, just as if end of input had b een reac hed.

Erro rs: None.

Return values: An y argumen ts in effect are passed bac k to the caller.

<CTL-^>

10

I ha v e found it a frequen t irritan t that this do es not happ en automatically in ema cs

teco ; it raises an error instead. The : \ function can b e used to con v ert a n um b er to a

string.

Action: This function discards its argumen ts, then consumes the next

c haracter follo wing and returns its ASCI I ordinal v alue. This

k eeps the programmer, and reader, from ha ving to remem b er

n umerical v alues of c haracters. All 256 b yte v alues (255 in

this implemen tation, <NUL> b eing excluded) are allo w able for

the c haracter follo wing the <CTL-^> .

Erro rs: None.

Return values: Ordinal v alue of the follo wing c haracter as a p ost-comma

argumen t. The pre-comma argumen t is unc hanged.

Examples: <CTL-^>AUn QnI loads the v alue 65 in to Q-register n , then

inserts that v alue as a c haracter in to the buffer. This do es

exactly the same thing that @I/A/ w ould.

 Action: This function is the usual space c haracter. Except in string

argumen ts, where it is an ordinary c haracter, it acts solely as

whitespace to enhance readabilit y .

Erro rs: None.

Return values: An y existing argumen ts are unc hanged.

!comment!

Action: P aired exclamation p oin ts delimit a commen t string. A com-

men t ma y o ccur an ywhere that whitespace can. Ho w ev er,

inside a text string, exclamation p oin t is an ordinary text

c haracter. Because teco syn tax is designed to b e simple, the

scans for the ends of iterations ( > ) and conditionals ( ’ ) ex-

amine all c haracters, including those in commen ts and text

strings. If either of these c haracters is presen t in a string or

commen t, it m ust b e balanced b y a matc hing c haracter inside

a nearb y commen t.

There is no w a y to quote an exclamation p oin t in order to

em b ed it in a commen t, although putting a doubled one there

(similar to the string quoting con v en tion in man y program-

ming languages) will effectiv ely ac hiev e the same thing.

Erro rs: During a commen t scan, it is an error if the end of the program

is reac hed b efore the closing exclamation p oin t is found.

Return values: An y argumen ts in effect are passed through unc hanged.

Conventions: It is usual for short commen ts to b e app ended to eac h

line in a teco program, with the n um b er of functions p er line

limited to t w o or three. Ma jor commen t sections usually ha v e

commen ts filling a complete line, and the first c haracter after

the op ening commen t is an asterisk. The follo wing outline is

t ypical:

!* blah blah blah blah !

!* more blah blah blah !

xxx !a comment!

xx xx !another!

<xx xx> !a loop comment!

Examples: A doubled exclamation p oin t inside a commen t just mak es

it the same as t w o commen ts: !blah blah!!blah blah! .

< :@S/foo/; !<! @I/>/ > searc hes for the string “ foo ”,

exiting the lo op when the searc h fails. After eac h “ foo ” found,

it inserts the c haracter > . If the !<! commen t w ere absen t,

then the in terpreter w ould incorrectly assume that the > in-

side the follo wing string w as the lo op terminator.

QX"E !"! @I/’/ ’ inserts a single quote if Q-register X is

zero, and otherwise, do es nothing. Again, if the double quote

in the commen t w ere not presen t, the quote in slashes w ould

terminate the conditional, and in terpretation w ould incor-

rectly resume at the slash follo wing the first quote.

" Action: A double quote c haracter in tro duces the teco conditional,

or if statemen t. It m ust b e com bined with a follo wing single

quote (ap ostrophe), ’ , whic h acts as a terminator for the then

and else clauses. The argumen t to " giv es the expression to

b e tested, and the c haracter immediately follo wing the " giv es

the condition for suc c ess of the conditional, based on the v alue

of the p ost-comma argumen t. An y pre-comma argumen t is

discarded.

#: This is the else part of a conditional; it ma y not ha v e

argumen ts, but ma y b e separated from the "x . . . ’

then part b y an y amoun t of whitespace, newlines,

and commen ts.

A: The ASCI I co de for an alphab etic c haracter; the v al-

ues 65 . . . 90 and 97 . . . 122.

D: The ASCI I co de for a digit; the v alues 48 . . . 57.

E: Zero.

G: Greater than zero.

L: Less than zero.

N: Non-zero.

U: The ASCI I co de for an “upp er-case” c haracter (an y-

thing other than 97 . . . 122); this therefore really means

“not lo w er-case”.

The else part of a conditional is optional. Conditionals ma y

b e nested, and the dangling else problem common to man y

programming languages is solv ed in the standard w a y—an

else matc hes the immediately preceding then part. The full

syn tax of the conditional is

n"x !then-part! ... ’

                                          "# !else-part! ... ’

Since there is no syn tax to represen t an else-if clause, nested

conditionals b ecome rather ugly:

n"x !then-part! ...

n"x !first-inner-then-part! ... ’

"# !first-inner-else-part! ... ’

                                          ’

                                          "# !else-part! ...

n"x !second-inner-then-part! ...

n"x !deepest-inner-then-part! ... ’

"# !deepest-inner-else-part! ... ’

’

"# !second-inner-else-part! ... ’

                                          ’

Conventions: In order to mak e nested conditionals at least marginally

readable, extreme care should b e tak en in their formatting.

The form sho wn ab o v e k eeps short then and else parts on one

line, and splits longer ones across m ultiple lines in suc h a w a y

that the single and double quotes of matc hing parts line up

in the same column. Go o d commen ting helps immensely .

Erro rs: An error is raised if the closing single quote matc hing an op en-

ing double quote cannot b e found. It is an error if an else part

o ccurs without a matc hing preceding then part.

Return values: An y argumen ts in effect at the end of a branc h of the

conditional are passed through unc hanged to the follo wing

function.

Examples:

QL"A FTQL contains a letter<ESC>’

QL"D FTQL contains a digit<ESC>’

QL"L FTQL contains a negative number<ESC>’

QL"E FTQL contains zero<ESC>’

QL"G FTQL contains a positive number<ESC>’

This mak es fiv e tests to tell y ou something ab out the con ten ts

of Q-register L . By rewriting it with nested conditionals, w e

can mak e it somewhat faster, though harder to read:

QL"A FTQL contains a letter<ESC>’

"# QL"D FTQL contains a digit<ESC>’

’

QL"L FTQL contains a negative number<ESC>’

"# QL"E FTQL contains zero<ESC>’

"# FTQL contains a positive number<ESC>’

’

% Action: P ercen t discards an y argumen ts, then incremen ts the n um b er

in the follo wing Q-register b y one, and returns the result as

a p ost-comma argumen t v alue for the next function. If the

Q-register con tains a string, it is co erced to a n umeric v alue

b efore incremen ting. After incremen ting, the Q-register al-

w a ys con tains a n um b er.

Relations: The same effect on the Q-register can b e obtained b y writ-

ing Qq+1Uq , but that is longer, slo w er, and do es not pass on

a v alue. Incremen ting b y one is suc h a common op eration

that teco and man y computer arc hitectures pro vide it as an

efficien t primitiv e.

Erro rs: Q-register name is in v alid.

Return values: The incremen ted Q-register con ten ts b ecomes the new

p ost-comma argumen t, and the pre-comma argumen t is cleared.

Examples: Since the teco remaining lo op iteration coun t is not a v ail-

able to the program, one of the commonest uses of the in-

cremen t function is to bump a separate lo op coun ter. The

program <CTL-^>AUL 26<QLI %L> initializes Q-register L to

the ordinal v alue of the letter A, then lo ops 26 times inserting

the c haracter whose v alue is in Q-register L . The incremen t

function executes once eac h lo op iteration, with the result

that the alphab et string ABC . . . XYZ is inserted in to the buffer.

& Action: Amp ersand is the bit wise logical and op erator. It returns the

and of its left and righ t op erands.

Erro rs: There is no argumen t.

Return values: The and result.

Examples: 3&4 returns 0; 3&7 returns 3.

( Action: Sa v e an y colon and at-sign mo difiers, and an y pre- and p ost-

comma argumen ts, then clear b oth mo difiers and argumen ts.

P aren theses are used for expression grouping to enforce a par-

ticular op erator precedence, since teco arithmetic and bit-

wise op erators otherwise ha v e equal precedence and left-to-

righ t ev aluation.

They are also used for grouping a sequence of comma-separated

expressions whic h are ev aluated in order left to righ t.

Erro rs: None.

Return values: None.

Examples: See the ) command, and the discussion in the section on

teco expressions.

Erro rs: If • + n − 1 is not in the range B,Z , the referenced c haracter is

out of the buffer, and an error is raised.

Return values: The c haracter v alue, or m if it is outside the buffer.

Examples: < •− Z; 1A − <CTL-^>X"E <CTL-R> ’>

Lo op through the buffer searc hing (inefficien tly) for the letter

X , en tering a recursiv e edit lev el eac h time an instance is found.

Lo op exit happ ens when p oint reac hes the end of the buffer;

this test is made b efore the use of 1A b ecause that w ould raise

an error on the last iteration.

<-1,1A"L 0;’ 1A − <CTL-^>X"E <CTL-R> ’>

This is equiv alen t to the first example. Instead of testing ex-

plicitly for end-of-buffer, it uses the return v alue − 1 to ac hiev e

the same result.

< •− Z; (1A − <CTL-^>A)*(<CTL-^>Z − 1A):"L 1AU0 Q0+32U0 D

Q0I’ C>

Lik e the previous examples, this lo ops through the buffer un til

the end is reac hed. Eac h time an upp er-case letter is found,

it is extracted and deleted, incremen ted b y 32, and then re-

inserted, b ecoming the corresp onding lo w er-case letter.

B Action: B returns the v alue of p oint at the b eginning of the buffer. It

is alw a ys iden tical to zero.

Erro rs: None.

Return values: Zero.

Examples: BJ jumps to the b eginning of the buffer.

C Action: With an argumen t n , nC mo v es the p oin ter righ t ( n > 0) or left

( n < 0) c haracters in the edit buffer. No mo v emen t happ ens if

the argumen t is zero, or if the mo v emen t w ould b e outside the

buffer. If there is no argumen t, it mo v es righ t one c haracter,

so C w orks lik e 1C .

Erro rs: Without a colon mo difier, it is an error to attempt to mo v e

outside the buffer.

Return values: Without a colon mo difier, none. With a colon mo difier,

− 1 if the mo v e succeeds, and 0 if it w ould fail. These are the

same v alues returned b y the :R and :S searc h functions.

Examples: • US @:S/foo/"L − Q..LC’"# QSJ’ searc hes for the next o c-

currence of the string “ foo ”, then bac ks up o v er it, placing

p oint b efore the string. If the searc h fails, p oint is left un-

c hanged, b ecause the else part of the conditional will b e exe-

cuted, and it jumps bac k to the start p osition. Q-register ..L

con tains the length of the last string found b y a searc h func-

tion, or inserted in the buffer; it is precisely an application

suc h as this that mak es ..L useful.

D Action: With an argumen t n , nD deletes n c haracters righ t ( n > 0) or

left ( n < 0) of the p oin ter in the edit buffer. No deletion hap-

p ens if the argumen t is zero. It is not an error if the argumen t

coun t w ould tak e the deletion outside the buffer; 999999D will

probably delete the remainder of the buffer, unless it is enor-

mous. Deleted text is lost forev er; sa ving of deletions m ust b e

explicitly programmed—the FX , K , and X functions are go o d

for that.

Relations: The kill function, K , can b e used b oth to kill a c haracter

range in the edit buffer, to kill to b eginning-of-line and end-

of-line, and to kill sev eral lines. The cop y function, X , can b e

used to cop y text without deleting it from the edit buffer. FX

com bines the actions of X and K to mo v e a blo c k of text out

of the edit buffer and in to a Q-register.

Erro rs: None.

Return values: None.

Examples: BJ <@:S/foo/; -Q..LD> will delete all instances of the string

“ foo ” in the buffer, lea ving p oint at the end of the buffer. Q-

register ..L con tains the length of the last string found b y a

searc h function. One could ha v e c hanged -Q..L to -3D in this

example, but that w ould not w ork if the searc h string had un-

kno wn length, whic h w ould b e the case if it had a Q-register

string insertion.

F Action: F is a dispatc h c haracter for a small family of functions whic h

just do not fit in the limited single-c haracter teco rep ertoire.

Erro rs: None.

Return values: None.

Examples: Read on.

FI Action: FI reads one input c haracter from the k eyb oard and returns its

v alue. The read blo c ks un til input is a v ailable. With a colon

mo difier, the c haracter is read and returned, but stuffed bac k

in to the input buffer where it will b e read again b y the next

k eyb oard read.

Relations: FP can b e used to read a string from the k eyb oard. The

FT function can b e used to t yp e a prompt string if this is

required.

Erro rs: None.

Return values: The ASCI I ordinal v alue of the c haracter read.

Examples: <@:S/foo/; FTQuit ?<ESC> FI − <CTL-^>Q@;’>

This searc hes the edit buffer for the string “ foo ”, then prompts

for input and reads a single c haracter. If the c haracter is Q ,

the lo op is exited; otherwise, the searc h con tin ues un til end-

of-buffer is reac hed.

FK Action: FK returns min us the length of the last string inserted in to the

buffer with I , G , or \ , or found b y an R or S searc h function. If

the searc h w as bac kw ards, then FK returns the p ositiv e length;

that w a y , FKC will alw a ys go to the other end of the matc h-

ing string, no matter what the searc h direction w as. In this

implemen tation, this length is stored in Q-register ..L , so FK

is equiv alen t to -Q..L , or Q..L after a bac kw ard searc h.

Erro rs: None.

Return values: Min us the string length.

Examples: <:@S/foo/; FKC <CTL-R> > searc hes the buffer for the string

“ foo ”, bac ks up o v er it, and en ters a recursiv e edit.

FPprompt<ESC>

Action: FP issues a prompt to the screen, then w aits for a string to b e

en tered from the k eyb oard. In the epsilon implemen tation,

the string input is terminated b y an unquoted newline. The

read blo c ks un til input is a v ailable.

Relations: FI can b e used to read a single c haracter. :Gq returns a

string or substring from a Q-register. :I* returns a string

from the teco program. X* returns a string from the edit

buffer. n\ returns a digit string.

Erro rs: None.

Return values: The input string.

Examples: FPPattern: <ESC>U1 prompts for a pattern string and re-

turns it in Q-register 1.

FQq Action: FQ is used to distinguish a n um b er from a string in a Q-

register, and to obtain string lengths.

Erro rs: In v alid Q-register.

Return values: − 1 if the Q-register con tains a n um b er, and otherwise

the length of the string in the Q-register (whic h could b e 0).

Examples: 3U0 FQ0= t yp es − 1 to the screen; @:I1/foo/ FQ1= t yp es 3.

FTstring<ESC>

Action: FT t yp es its string argumen t to the screen. The = function

will t yp e a n umeric argumen t.

Relations: The T function can b e used to t yp e p ortions of the edit buffer

to the screen. FP can b e used to prompt for, and return, string

input. = , FT , and T are all useful for debugging output.

Erro rs: No follo wing string found.

Return values: None.

Examples: •− Z"E FTEmpty buffer<ESC>’ will tell y ou if the buffer is

empt y .

FX Action: FX com bines the kill and cop y functions efficien tly to pro duce

one whic h mo v es text out of the edit buffer in to a Q-register

or argumen t string. nFXq is equiv alen t to nXq nK , and m,nFXq

is equiv alen t to m,nXq m,nK .

An @ mo difier mak es the text app end to whatev er is in the

Q-register (it will b e co erced to a string first if necessary),

just lik e it do es for the X function.

Erro rs: In v alid Q-register name. Character range out of buffer.

Return values: None.

G Action: Gq gets text from a Q-register q in to the edit buffer, or with

a colon mo difier, returns the text as an argumen t. If the Q-

register con tains a n um b er, its decimal string represen tation

is returned.

With a p ost-comma argumen t and colon mo difier, n:Gq re-

turns as a numb er the c haracter after p osition n in the Q-

register (coun ting 0 , 1 , 2 , . . . , l eng th − 1).

With t w o argumen ts, m,nGq returns c haracters from p ositions

m . . . ( n − 1) in the Q-register as a string v alue. Without the

colon mo difier, the string is inserted in to the buffer; with it,

the string b ecomes the new p ost-comma argumen t. If the Q-

register con tains a n um b er, the substring range is ignored and

the en tire con v erted string is returned, since a substring of an

arbitrary n um b er is unlik ely to b e meaningful.

Relations: The :I function can put text from the teco program in to

a Q-register, and the X function will put text from the edit

buffer in to a Q-register. n\ con v erts a n um b er to a digit string.

Erro rs: In v alid Q-register or c haracter p osition or substring range out

of b ounds.

Return values: None if no mo difiers. With a colon mo difier, returns the

text instead of inserting it in to the buffer.

H Action: H is shorthand for the whole buffer; it is equiv alen t to the

range sp ecification B,Z .

Erro rs: None.

Return values: B,Z .

Examples: HK is a quic k w a y to delete the whole edit buffer.

I Action: With no argumen t, I inserts the follo wing <ESC> -terminated

string in to the buffer at p oint , mo ving p oint to the end of

the inserted text. With an @ mo difier, the string is delimited

instead b y the c haracter follo wing the I .

With a single n umeric argumen t, nI inserts that c haracter

in to the buffer, and with t w o argumen ts, m,nI inserts m copies

of the c haracter whose ordinal is n . It do es this m uc h more

efficien tly than a lo op, m<nI> , w ould do. F or n um b ers out of

the range 0 . . . 255, the higher bits are simply truncated; no

error is raised.

The length of the inserted string is sa v ed in Q-register ..L

and is a v ailable there, or as its negativ e from the function FK ,

for later use.

With a colon mo difier, a Q-register name m ust follo w, as Iq ,

and insertion happ ens in to that register, instead of in to the

buffer. The length of the inserted string is not sa v ed. Single

and double argumen ts, and the @ mo difier w ork as b efore,

and in the latter case, the delimiter c haracter follo ws the Q-

register name.

Instead of a Q-register name, an asterisk ma y b e used, whic h

means return the string as an argumen t, instead of putting it

in a Q-register or the edit buffer.

Relations: :Gq returns a string or substring from a Q-register. X* re-

turns a string from the edit buffer. n\ returns a digit string.

After storing their returned v alue in a Q-register with Uq , a

subsequen t @I/<CTL-^>q/ or Gq can insert them in to the edit

buffer.

Erro rs: In v alid Q-register name. Un terminated string.

Return values: None, unless :I* is used, in whic h case, the string.

Examples: Ifoo<ESC> inserts “ foo ” in to the buffer after p oint . @I/foo/

do es the same thing. @I/foo/ FKC inserts, then bac ks up o v er

the string, lea ving p oint in fron t of it.

32I inserts a space (ASCI I space = 32) in to the buffer. 80,<CTL-^>*I

inserts 80 asterisks.

32:IS puts a single space in to Q-register S , as do es @:IS/ / .

80,<CTL-^>*:IA inserts 80 asterisks in to Q-register A.

@:I*/foo/ returns “ foo ” as a string v alue, so @:I*/foo/UY

and @:IY/foo/ b oth put the string in Q-register Y .

J Action: J jumps to the buffer p osition determined b y the argumen t

v alue. It is an error if this p osition is outside the buffer. A

colon mo difier suppresses the error and returns − 1 if the jump

is successful, and 0 if it is not; p oint do es not mo v e in the latter

case. If there is no argumen t, B is assumed, so p oint mo v es to

the b eginning of the buffer.

Erro rs: P osition is out of b ounds, and there is no colon mo difier.

Return values: None without a colon mo difier. With one, − 1 if the

jump succeeds, and 0 if it fails.

Examples: J , 0J , and BJ all jump to the b eginning of the buffer, and

ZJ jumps to the end. • +7 J mo v es forw ard 7 c haracters.

K Action: K is the kill function. With a single argumen t, the kill acts on

lines. nK kills from p oin t to, and including, the n th

newline

follo wing. An omitted argumen t is equiv alen t to an argumen t

of 1. If the argumen t is negativ e or zero, then it bac ks up

o v er 1 − n newlines, spaces forw ard o v er the last one, and kills

from there to p oint . Th us 0K kills to b eginning of line.

There is an implicit newline at the b eginning of the edit buffer.

A colon mo difier causes it to mo v e bac kw ards o v er the last

newline b efore the kill, so :K kills to end-of-line, but do es not

join the curren t line to the follo wing one.

The text range selected with one argumen t is the same as that

for the L , T , and X functions.

With t w o argumen ts, m,nK kills c haracters in that buffer range,

and lea v es p oin t at m . No text is killed if the range is empt y ,

that is, m ≥ n , and p oint do es not mo v e.

It is not an error if a single argumen t coun t w ould tak e the

deletion outside the buffer; 999999K will probably delete the

remainder of the buffer, unless it is enormous. Deleted text is

lost forev er; sa ving of deletions m ust b e explicitly programmed—

the FX and X functions are go o d for that.

Relations: The nD function deletes n c haracters, so it is equiv alen t to

• , • + nK when n > 0, and to • + n, • K when n ≤ 0.

Erro rs: None.

Return values: None.

Examples: 0K kills to b eginning-of-line, :K to end-of-line. 0L 1K kills

the en tire curren t line, as do es :L -K . HK is the standard w a y

to delete the en tire buffer. B, • K kills from buffer to p oint , and

• ,ZK kills from p oin t to end of buffer.

L Action: L pro vides line-orien ted mo v emen t in the buffer. With a single

argumen t, nL mo v es forw ard o v er n newlines, lea ving p oint at

the b eginning of the line. An omitted argumen t is equiv alen t

to an argumen t of 1. If the argumen t is negativ e or zero, then

it bac ks up o v er 1 − n newlines, then spaces forw ard o v er the

last one, again lea ving p oint at the b eginning of the line.

There is an implicit newline at the b eginning of the edit buffer.

With a colon mo difier, it bac ks up o v er the last newline.

The text range selected with one argumen t is the same as that

for the K , T , and X functions.

With t w o argumen ts, m,nL is equiv alen t to m + n − • J . There

is no go o d reason wh y this should b e so, except history .

Erro rs: Character range out of buffer.

Return values: None.

Examples: 0L mo v es to the b eginning of curren t line, -L to the b egin-

ning of the previous line, and L to the b eginning of the next

line.

:L mo v es to the end of the curren t line, 0:L to the end of the

previous line, -:L to the end of the second previous line, 1:L

to the end of the follo wing line.

M Action: M is the function caller. It exp ects either a follo wing Q-

register, or with an @ mo difier, a function name as a delimited

string. In the first case, the Q-register should con tain a string

represen ting a teco program to b e executed. The function

return, <CTL-\> , ma y set the argumen ts for the next function.

The teco in terpreter is in v ok ed recursiv ely on this program,

but it inherits the en tire en vironmen t of edit buffers and Q-

registers. If it uses an y Q-registers, it is go o d practice to sa v e

them on the stac k with the [ function; the function return

will automatically restore them.

If the Q-register has a n um b er in it, then it is tak en to b e a

k ey n um b er whic h is used to dispatc h to the function normally

b ound to it; there is no return v alue. Key n um b ers are just

the ASCI I ordinal v alue of the c haracter, with 128 added for

a con trol k ey , and 256 added for a meta k ey . Th us, C-A is

either 1 ( <CTL-A> ) or 129, M-A is 321 (256 + 65), and C-M-A

is 452 (256 + 128 + 65).

In the second case, @M/foo/ calls the epsilon function foo() .

It is not p ossible to pass argumen ts to suc h a function, but

man y of the in teresting ones, and all of the command functions,

tak e none an yw a y . A n umeric argumen t to @M ma y b ecome

an iteration coun t for the function, but most epsilon func-

tions rely on the top-lev el command lo op to call them m ulti-

ple times if an iteration coun t is sp ecified. There is no return

v alue, and no error indication if the epsilon function do es

not exist— @M/foo/ then b ecomes a no-op.

Since ema cs uses teco to write virtually all of its functions,

M is used hea vily . In order to supp ort named functions (whic h

this teco do es not), it needs a lo okup mec hanism to re-

turn the teco co de asso ciated with a name; the function

to p erform this is normally in Q-register .M . A named func-

tion call then usually lo oks lik e M(M.Mfoo)stringarg<ESC> ,

whic h sa ys run the function in .M to find the c o de for fo o, and

r eturn it as a string value for the outer M to exe cute, p assing it

the fol lowing string ar gument . This teco enjo ys the b enefit

of b eing written on top of a c ompile d high-lev el language, eel ,

instead of the other w a y around, so it is unlik ely that in v o-

cation of functions written in teco will b e of m uc h in terest.

Nev ertheless, the mec hanism is there.

Erro rs: In v alid Q-register, or error in the in v ok ed function.

Return values: None in the case of a k ey n um b er dispatc h or epsilon

function call. Otherwise, the v alues set b y the function return.

Examples: <CTL-^><CTL-I>U0 M0 will call the epsilon function nor-

mally b ound to horizon tal tab, whic h is usually some inden t-

ing function. @M/indent-previous/ w ould call the function

whic h is usually b ound to tab.

Q Action: Return the v alue in the follo wing Q-register as a string or

n um b er. A Q-register name is a digit or letter preceded b y

zero, one, or t w o p erio ds. The dotted Q-registers are reserv ed

for in ternal uses; they ma y b e read, but should not b e written

in to.

If the string is used in a n umeric expression, it is co erced to

a n um b er, but the Q-register remains a string.

Relations: Q pro vides a w a y of getting v alues out of Q-registers in to

argumen ts or expressions; G and <CTL-^> get their con ten ts

in to the edit buffer. :I , U , and X allo w storing v alues into

Q-registers.

Erro rs: In v alid Q-register name.

Return values: The Q-register con ten ts.

Examples: Q0U1 copies Q-register 0 to Q-register 1. This is designed

to w ork for b oth strings as w ell as n um b ers. Another w a y

to do this is :I1<CTL-^>0<ESC> , whic h ma y b e less efficien t.

1 + Q0U0 incremen ts a n um b er in Q-register 0, but this is more

efficien tly done with %0 .

R Action: R is the regular-expression searc h function, whic h pro vides a

p o w erful pattern matc hing searc h facilit y . Regular expressions

supp orted b y epsilon are strings with the follo wing con ten ts:

• An y c haracter except the sp ecial c haracters b elo w matc hes

itself.

Z Action: Z returns the end of buffer p osition, equiv alen t to the n um b er

of c haracters in the edit buffer.

Erro rs: None.

Return values: The end of buffer p osition.

Examples: ZJ jumps to the end of the buffer.

[ Action: [ pushes the follo wing Q-register on to the Q-register stac k.

An y argumen t is then stored in that Q-register. That is, n[A

is equiv alen t to [A nUA , but faster. This op eration is useful

for temp orary storage of a Q-register; it can b e reco v ered with

the p op function, ] .

There is only one Q-register stac k for all Q-registers, and for

all recursiv e lev els of the teco in terpreter. This p ermits a

caller to push argumen ts on to the stac k whic h are p opp ed b y

a called function, though this usage is extremely rare, since

teco programmers are accustomed to managing with no more

than t w o argumen ts at one time.

The Q-register stac k is un usual in that it records the name

as w ell as the v alue of the Q-register. The p op function, ] ,

discards the name and returns the v alue, but the function

return, <CTL-\> , restores eac h v alue pushed since function

en try to its original Q-register.

Erro rs: Stac k o v erflo w. In v alid Q-register name.

Return values: None.

Examples: 1[N 5<@I/v/ GN @I/, /> -D ]N sa v es Q-register N , initial-

izes it to 1, then inserts v1, v2, v3, v4, v5, in to the buffer,

and restores Q-register N to its original v alue.

\ Action: The bac kslash function con v erts n um b ers to strings in the

buffer or returned argumen t, and vice v ersa.

With no argumen ts, it con v erts the digit string in the buffer

b eginning at p oint to a n um b er, mo ving p oint past it, and

returns the con v erted n umeric v alue. Point do es not mo v e if

it is not at a n um b er, and 0 is then returned.

With a single argumen t, the bac kslash function con v erts the

argumen t to a decimal string and inserts it in the buffer, lea v-

ing p oint after it.

With t w o argumen ts, m,n\ con v erts the n to a string blank-

padded ( m > 0) or zero-padded ( m < 0) on the left in a field

of width abs(m) c haracters, lea ving p oint after it. If m is not

big enough, it will b e ignored and the string inserted with as

man y digits as are necessary .

When text is inserted in the buffer, the length of the insertion

is stored in Q-register ..L , where it is a v ailable, together with

its negativ e returned b y FK , for use.

With a colon mo difier and one or t w o argumen ts, the con-

v erted n um b er is returned as a string v alue, instead of b eing

inserted in the buffer.

Relations: :Gq returns a string or substring from a Q-register. :I*

returns a string from the teco program. X* returns a string

from the edit buffer.

Erro rs: None.

Return values: With no argumen ts, the v alue of the digit string in the

edit buffer. Otherwise, none.

Examples: With p oint b efore the text 3.14159 , \N C \F puts the n um-

b er 3 in Q-register N , and 14159 in Q-register F , lea ving p oint

after the 9.

\U0 FKD Q0*Q0\ replaces a n um b er in the buffer b y its square.

1UN 999<@I/read F/ -3,QN\ 10I %N> inserts the lines

read F001

read F002

...

read F999

in to the buffer.

] Action: ]q p ops a v alue from the Q-register stac k in to Q-register q.

See the description of the push function, [ , for details.

Erro rs: Stac k underflo w. In v alid Q-register name.

Return values: None.

Examples: [A]B is another w a y to do QAUB , that is, cop y the con ten ts

of Q-register A to Q-register B .

^ Action: Caret is the bit wise logical exclusive or op erator. It returns

the exclusive or of its left and righ t op erands.

Erro rs: There is no argumen t.

Return values: The exclusive or result.

Examples: 3^4 returns 7; 3^3 returns 0.

| Action: V ertical bar is the bit wise logical or op erator. It returns the

or of its left and righ t op erands.

Erro rs: There is no argumen t.

Return values: The or result.

Examples: 3 | 4 returns 7; 3 | 3 returns 3.

∼ Action: Tilde is the bit wise logical c omplement unary op erator. It

returns the one’s complemen t of its righ t op erand.

Erro rs: None.

Return values: The one’s complemen t result.

Examples: ∼ 0 returns -1 on a t w o’s complemen t mac hine.

10 TECO F unction Guide

This section is dev oted to a summary of teco functions b y what they do.

Only brief descriptions are giv en in the table en tries; y ou will ha v e to consult

the language reference section b eginning on page 11 for the details.

10.1 Mo difiers

@ Set the @ mo difier for the next function.

: Set the colon mo difier for the next function. The : and @ mo difiers

can o ccur in an y order.

10.2 Num b ers

Digit strings form decimal n um b ers. Based n um b ers are represen ted b y a

decimal base in 2 . . . 36, follo w ed b y a # sign, follo w ed b y a “digit” string,

where “digits” are tak en from the set 0 . . . 9, A . . . Z, and letter case is not

significan t. Examples are 255 , 8#377 , and 16#ff .

10.3 ASCI I

<CTL-^> Ordinal v alue of the next ASCI I c haracter follo wing the <CTL-^> .

nA The ordinal v alue of the c haracter n c haracters to the righ t of p oint .

0A is the c haracter to the left of p oint .

m,nA Lik e nA , except that it returns m if the c haracter address is out of the

buffer.

FI Next input c haracter from k eyb oard.

:FI Next input c haracter from k eyb oard, but the c haracter is left in the

input stream where it will b e read again.

10.4 Bit wise Op erators

All bit wise and arithmetic op erators ha v e equal precedence and are ev aluated

from left to righ t; use paren theses to obtain other ev aluation orders. String

argumen ts are implicitly co erced to in tegers.

& Binary bit wise and .

^ Binary bit wise exclusive or .

| Binary bit wise or .

∼ Unary bit wise c omplement .

10.5 Arithmetic Op erators

All bit wise and arithmetic op erators ha v e equal precedence and are ev aluated

from left to righ t; use paren theses to obtain other ev aluation orders. String

argumen ts are implicitly co erced to in tegers.

+ Binary addition. Unary plus is treated lik e binary plus b y supplying

an implicit zero op erand.

− Binary subtraction. Unary min us is treated lik e binary min us b y sup-

plying an implicit zero op erand.

* Binary m ultiplication.

/ Binary division.

10.6 Expressions

All teco functions ma y b e regarded as expressions, and a function can return

0, 1, or 2 string or n um b er results whic h can b e used in another expression.

A paren thesized list of comma-separated expressions returns up to t w o v alues

from the last t w o (righ tmost) ev aluations.

10.7 Argumen ts

A teco function exp ects 0, 1, or 2 argumen ts. Argumen ts are separated b y

the comma op erator, and are called the pre- and p ost-comma argumen ts. In

this teco , the argumen ts and @ and : mo difier flags are stored in double-

dotted Q-registers. It should rarely b e necessary to reference them as suc h.

..W The flags. Bit v alue 1 is set when there is a p ost-comma argumen t.

Bit v alue 2 is set for a pre-comma argumen t. Bit v alue 4 is set for an

@ mo difier, and bit v alue 8 is set for a colon mo difier. F or example, if

all are set, the v alue will b e 1 + 2 + 4 + 8 ≡ 15.

..X The pre-comma argumen t.

..Y The p ost-comma argumen t.

10.8 P osition

• Curren t p osition in the edit buffer. When • is n , it lies b etwe en c har-

acters n and n + 1 , where the first c haracter is n um b ered 1 .

B V alue is 0—the b eginning of the edit buffer.

H Equiv alen t to B,Z , a range represen ting the whole buffer.

Z V alue is the n um b er of c haracters in the edit buffer.

10.9 Mo ving P oin t

nJ Mo v e p oint to p osition n in the edit buffer.

n:J Lik e nJ , but return -1 on success and 0 if the mo v emen t w ould b e out

of the buffer.

nC Mo v e p oint n p ositions left ( n < 0), or righ t ( n > 0).

n:C Lik e nC , but return -1 on success and 0 if the mo v emen t w ould b e out

of the buffer.

nL Mo v e p oint to b eginning of n th

line after curren t line. 0L mo v es to

b eginning of curren t line, -1L to b eginning of previous line.

n:L Lik e nL , but mo v e bac k o v er newline in direction of start p osition. :L

mo v es to end of curren t line.

m,nL Same as m + n −• J .

\ Mo v e p oint righ t o v er n um b er and return its v alue. Both decimal and

based in tegers are supp orted.

10.10 Cop ying T ext

QpUq and sUp Cop y the con ten ts of Q-register p , or string argumen t s , to

Q-register q .

nXq Cop y text in edit buffer from p oint to the n th

follo wing newline in to

Q-register q .

n:Xq Lik e nXq , but mo v e bac k o v er newline in direction of start p osition

b efore cop ying.

n@Xq App end text in edit buffer from p oint to the n th

follo wing newline to

text in Q-register q .

n@:Xq Lik e nXq , but mo v e bac k o v er newline in direction of start p osition

b efore app ending.

n\ Insert prin ted decimal represen tation of n um b er n in to edit buffer.

n:\ Return prin ted decimal represen tation of n um b er n as a string argu-

men t.

m,n\ Insert prin ted decimal represen tation of n um b er n in to edit buffer righ t-

adjusted in a field of width abs ( m ) c haracters. The field is blank filled

if m > 0, and zero filled if m < 0. If the field is to o small, it will b e

expanded and fill will b e suppressed.

m,n:\ Return prin ted decimal represen tation of n um b er n as a string argu-

men t. The string is righ t-adjusted in a field of width abs ( m ) c haracters.

The field is blank filled if m > 0, and zero filled if m < 0. If the field is

to o small, it will b e expanded and fill will b e suppressed.

10.11 Deleting T ext

teco deletion commands do not sa v e deleted text an ywhere unless this is

explicitly programmed.

nD Starting at p oint , delete n c haracters left ( n < 0) or righ t ( n > 0).

nK Kill from p oint through the n th

follo wing newline.

n:K Lik e nK , but mo v e bac k o v er newline in direction of start p osition

b efore killing.

m,nK Kill range of c haracters in p ositions m . . . n − 1 .

nFXq Kill from p oint through the n th

follo wing newline, sa ving the killed text

in Q-register q .

n:FXq Lik e nFXq , but mo v e bac k o v er newline in direction of start p osition

b efore killing, sa ving the killed text in Q-register q .

m,nFXq Kill range of c haracters in p ositions m . . . n − 1 , sa ving the killed text

in Q-register q .

n@FXq Kill from p oint through the n th

follo wing newline, app ending the killed

text to Q-register q .

n@:FXq Lik e n@FXq , but mo v e bac k o v er newline in direction of start p osition

b efore killing, app ending the killed text to Q-register q .

m,n@FXq Kill range of c haracters in p ositions m . . . n − 1 , app ending the killed

text to Q-register q .

10.12 Inserting T ext

Gq Insert text from Q-register q in the edit buffer. If the Q-register con-

tains a n um b er, it is co erced to a string and inserted.

m,nGq Insert substring of text from Q-register q in the edit buffer.

:Gq Return text from Q-register q as a string argumen t.

m,n:Gq Return substring of text from Q-register q as a string argumen t.

nI Insert ASCI I c haracter with ordinal v alue n .

m,nI Insert m copies of ASCI I c haracter with ordinal v alue n .

I and @I Insert text from teco program in the edit buffer.

:Iq Insert text from teco program in Q-register q .

:I* Return text from teco program as a string argumen t.

n\ Insert prin ted decimal represen tation of n um b er n in to edit buffer.

n:\ Return prin ted decimal represen tation of n um b er n as a string argu-

men t.

m,n\ Insert prin ted decimal represen tation of n um b er n in to edit buffer righ t-

adjusted in a field of width abs ( m ) c haracters. The field is blank filled

if m > 0, and zero filled if m < 0. If the field is to o small, it will b e

expanded and fill will b e suppressed.

m,n:\ Return prin ted decimal represen tation of n um b er n as a string argu-

men t. The string is righ t-adjusted in a field of width abs ( m ) c haracters.

The field is blank filled if m > 0, and zero filled if m < 0. If the field is

to o small, it will b e expanded and fill will b e suppressed.

10.13 Co ercions

This teco automatically co erces strings to in tegers and vice-v ersa as required

b y con text. F or example, inserting a n um b er in to the buffer b y Gq will con v ert

the n um b er to a decimal string, and adding a constan t to a Q-register whic h

con tains a string will implicitly co erce the string to an in teger. Q-register

con ten ts are not mo dified b y co ercions.

It is often useful to p erform explicit co ercions. Y ou can con v ert an in teger

to a decimal string b y:

Gq Insert n um b er from Q-register q as a decimal string in the edit buffer.

:Gq Return n um b er from Q-register q as a decimal argumen t string.

nI Insert ASCI I c haracter with ordinal v alue n .

m,nI Insert m copies of ASCI I c haracter with ordinal v alue n .

n\ Insert prin ted decimal represen tation of n um b er n in to edit buffer.

n:\ Return prin ted decimal represen tation of n um b er n as a string argu-

men t.

m,n\ Insert prin ted decimal represen tation of n um b er n in to edit buffer righ t-

adjusted in a field of width abs ( m ) c haracters. The field is blank filled

if m > 0, and zero filled if m < 0. If the field is to o small, it will b e

expanded and fill will b e suppressed.

m,n:\ Return prin ted decimal represen tation of n um b er n as a string argu-

men t. The string is righ t-adjusted in a field of width abs ( m ) c haracters.

The field is blank filled if m > 0, and zero filled if m < 0. If the field is

to o small, it will b e expanded and fill will b e suppressed.

Y ou can con v ert a string to a n um b er b y:

Qq+0 Con v ert string in Q-register q to a n um b er and return it as a n umeric

p ost-comma argumen t.

\q Con v ert digit string in edit buffer to a n um b er, returning it as a n u-

meric v alue in Q-register q . Decimal and based in tegers are recognized.

:\ Con v ert digit string in edit buffer to a n um b er, returning it as a n u-

meric p ost-comma argumen t. Decimal and based in tegers are recog-

nized.

10.14 Conditionals

n"x Begin the then part of a conditional. The co de up to the next matc hing

ap ostrophe is executed if the argumen t n satisfies the condition defined

b y the x , one of the letters A (alphab etic), D (digit), E (equal to zero),

G (greater than zero), L (less than zero), N (non-zero), or U (not lo w er-

case letter).

"# Begin the else part of a conditional. The co de up to the next matc h-

ing ap ostrophe is executed if the condition on the then part w as not

satisfied.

’ End the then or else part of a conditional.

10.15 F unctions

<CTL-\> Return from a function, automatically restoring an y Q-registers

sa v ed on the push-do wn list.

Mq Call the teco function con tained as a string in Q-register q . If the

Q-register con tains a n um b er, that n um b er is a k ey n um b er, and the

epsilon function b ound to that k ey is executed. Key n um b ers are just

11 TINY TECO 56

Then y ou can add lo oping:

n; Exit lo op if n ≥ 0.

n< Begin n -iteration lo op.

> End lo op.

With the addition of conditionals, y ou ha v e the basic requiremen ts of an y

programming language (sequen tial, rep etitiv e, and conditional execution):

n"x Begin the then part of a conditional. The co de up to the next matc hing

ap ostrophe is executed if the argumen t n satisfies the condition defined

b y the x , one of the letters A (alphab etic), D (digit), E (equal to zero),

G (greater than zero), L (less than zero), N (non-zero), or U (not lo w er-

case letter).

"# Begin the else part of a conditional. The co de up to the next matc h-

ing ap ostrophe is executed if the condition on the then part w as not

satisfied.

’ End the then or else part of a conditional.

The next step is to add Q-registers, so y ou can store results. First y ou

need n um b er storage and retriev al:

nUq Put n um b er n in Q-register q .

Qq Get the n um b er from Q-register q .

After a while, y ou will probably w an t to store text in Q-registers to o:

12 THE MINIBUFFER 57

:Iqstring<ESC> Put string in Q-register q .

Gq Get string from Q-register q in to edit buffer.

m,nXq Cop y text c haracters m + 1 . . . n from edit buffer in to Q-register q .

Lastly , y ou migh t need to con v ert n um b ers to strings, and vice v ersa:

n\ Insert prin ted decimal represen tation of n um b er n in to edit buffer.

\Uq Con v ert digit string in the buffer to a n um b er stored in Q-register q .

Y ou ha v e no w learned 23 function v arian ts and should b e able to do a

lot with them. Since man y commands allo w colon and @ mo difiers, if y ou

learn what they do for just this subset, y ou can probably triple y our teco

rep ertoire.

The next time y ou ha v e an editing job whic h do es not seem to b e handled

b y this small set that y ou kno w, y ou can consult the function guide section

b eginning on page 43. The table of con ten ts and the index should also help

y ou find things.

12 The Minibuffer

ema cs teco is accessible from inside ema cs in a small buffer called the

minibuffer , whic h is displa y ed when the function ^R Minibuffer , normally

b ound to the k ey M-Altmo de, is in v ok ed. It app ears as a small four-line

windo w at the top of the screen, and its con ten ts are sa v ed on the command

ring, whic h itself is stored in Q-v ector .N . The minibuffer can b e edited as

normal text, except that <ESC> is made a self-inserting c haracter, rather than

b ound to its usual ^R Prefix Meta function. Tw o features of the ema cs

minibuffer are anno ying—its initial size is set at four lines, whic h is often

to o small, and it do es not ha v e a default file attac hed to it lik e a normal

edit buffer, so sa ving its con ten ts requires a few more k eystrok es than w ould

otherwise b e necessary .

In this implemen tation of teco on top of epsilon , the minibuffer is a

normal buffer named *MINIBUFFER* , and it can ha v e a filename attac hed to

it if the co de is to b e sa v ed.

The minibuffer can b e selected b y an y of the standard buffer switc hing

commands, but as in ema cs , the command minibuffer is b ound to M-

Altmo de (Alt- <ESC> in epsilon terminology , since the ibm pc k eyb oard has

a meta-k ey lab eled AL T ). Instead of doing a buffer switc h, this en ters a

recursiv e editing mo de, with the minibuffer replacing the curren t windo w.

When exit-level , b ound to C-X C-Z , is run, the recursiv e editing lev el is

exited, and the original buffer reapp ears in the windo w.

F or debugging con v enience, if the last t w o c haracters in the minibuffer

are <ESC> ’s, when minibuffer exits, it runs step-minibuffer whic h uses

the teco debugger describ ed in the next section to examine the program

execution.

teco editing mo de is automatically selected when the minibuffer is the

curren t buffer, or whenev er a file with extension .TEC is visited. The only

k ey binding c hange it mak es is that <ESC> is b ound to normal-character

instead of alt-prefix . Since the AL T k ey is still b ound to the latter, no

incon v enience is incurred.

Once a teco program in the minibuffer is ready for execution, y ou select

the buffer whic h is to b e the teco edit buffer, then execute the program

with execute-minibuffer , normally b ound to C-X <ESC> .

The teco in terpreter c hec ks for a user ab ort b efore executing eac h com-

mand, so a run-a w a y program can alw a ys b e stopp ed b y the abort command

b ound to C-G .

13 The TECO Debugger

The teco debugger is run b y the command step-minibuffer , normally

b ound to C-X <ESC> . It just in v ok es the function teco interpreter() with

the debug step flag set. In this mo de, the in terpreter calls the function

teco debugger() b efore executing eac h command when the single step flag

is set, and turns on the trace flag whenev er the quiet coun t is non-p ositiv e.

The debugger w aits for input of a single c haracter whic h is in terpreted

b efore returning. If the c haracter is a “?”, it displa ys a help message sho wing

the a v ailable commands:

HELP or H or ?: help

CTL-L: refresh window

CTL-R: recursive edit of minibuffer

G: go without single stepping

N: step silently until newline

Q: quit

V: view Q-register

nnn: step next nnn functions silently

other: continue single stepping

The G resp onse turns off all debug tracing, and allo ws the program to b e

executed to completion, as if it had b een in v ok ed b y execute-minibuffer

in the first place.

The N resp onse suppresses tracing for the rest of the curren t line in the

program. When a newline is reac hed b y the in terpreter, tracing is restored.

The Q resp onse terminates the in terpreter completely , returning con trol

to the top-lev el epsilon command lo op. The abort function on C-G will do

the same thing.

A decimal digit string defines a quiet coun t whic h is decremen ted eac h

time a teco function is in v ok ed; while the coun t is p ositiv e, debug tracing

is suppressed.

The <CTL-R> resp onse en ters a recursiv e edit on the minibuffer. It do es

this simply b y in v oking the function minibuffer . Since this is a normal

epsilon editing mo de, other buffers can b e visited to o, but exit-level

should b e run from the minibuffer. When exit o ccurs, con trol returns to

the debugger, whic h then runs save-minibuffer , whic h in turn copies the

p ossibly-c hanged minibuffer con ten ts bac k in to the in terpreter string, and

con trol returns to the in terpreter, whic h resumes execution wherev er y ou left

p oint when the minibuffer exit o ccurred. This allo ws c hanges made to the

minibuffer to tak e immediate effect, giving a run-time patc h capabilit y .

The patc hing has one fla w whic h y ou need to b e a w are of—if execution

resumes in the middle of a lo op, and the p osition of the lo op b eginning, < ,

has c hanged b ecause of edits, then when the lo op-end function, > , is run,

it will jump bac k to the sa v ed p osition of the < , whic h migh t no longer b e

there. The execution thread will then no longer b e what y ou think it is. T o

try to catc h this error, > c hec ks the in terpreter string and ab orts if it do es

not find the exp ected < .

14 The TECO Implemen tation in Epsilon

In this section, w e discuss some of the features of the implemen tation of teco

under epsilon . Although some critical remarks ma y b e made, epsilon and

eel are pro ducts of high qualit y and I commend Lugaru Soft w are for a

fine job. Considering the dismal history on the ibm pc of compiler and

assem bler qualit y from n umerous v endors, including ibm and micr osoft , it

is gratifying to ha v e a compiler for a language as complex as c whic h actually

w orks!

14.1 Epsilon Supp ort

epsilon pro vides all of the underlying supp ort for buffer, file, and windo w

managemen t, and runs the main command lo op whic h in terprets k eyb oard

c haracters. Most epsilon functions ha v e b een patterned after capabilities of

ema cs , and most are written in eel , a c -lik e language whic h m ust b e com-

piled, but once compiled, can b e dynamically loaded in to the editor. Since

epsilon supp orts a pro cess buffer in whic h one can run op erating system

commands, in practice, this means that one can edit a function written in

eel , sa v e it, compile it in the pro cess buffer, load it, and test it, all without

lea ving the editor. This is quite similar to ema cs , whic h offers a Tc ompile

function to compile a teco program in the curren t region, after whic h it is

immediately a v ailable for execution. By using the minibuffer in b oth editors,

teco co de can b e dev elop ed and in terpreted immediately .

epsilon also pro vides the basic editing primitiv es of insertion, deletion,

replacemen t, and searc hing, and these are used directly b y the teco in ter-

preter. The epsilon mo del of buffer selection is un usual and not c -lik e, but

nev ertheless straigh tforw ard.

A buffer is selected for editing b y assigning a buffer name p oin ter to the

global v ariable bufname , and p oint is up dated b y assigning a new v alue to

the global v ariable point . The function size() returns the curren t buffer

size, and all access to the buffer is via function calls, suc h as character(n)

to obtain the n th

c haracter, or insert(c) and stuff(s) to insert single

c haracters or strings. This implemen tation means that epsilon can supp ort

paging of large files, ev en ones whic h exceed the limited address space of the

ibm pc .

Up dating of p oint inside these functions is prett y m uc h the same as ema cs

teco do es, so programming functions for the teco in terpreter is not fraugh t

with men tal remappings of wher e ar e we now? .

14.2 The Epsilon Debug F acilit y

epsilon has a limited source-lev el debugger for eel functions. It displa ys

the function execution line b y line, allo wing stepping in to, or o v er, function

calls, susp ending stepping un til the function completes, c hanging the debug

windo w size, and en tering a recursiv e edit.

The eel debugger has t w o serious lac ks, ho w ev er. The first is that there

is no facilit y for examining, and p ossibly c hanging, v ariable v alues, and the

second is that there is no call tracebac k displa y . These dra wbac ks seriously

limit the sp eed at whic h debugging can b e carried out, b ecause one still

has to go bac k to the source co de and insert debug output statemen ts, then

recompile, reload, and re-execute it.

14.3 TECO Ob ject Represen tation

One of the first considerations that m ust b e addressed in designing a teco

in terpreter is the represen tation of ob jects whic h could b e either strings or

n um b ers. Since these are what Q-registers hold, w e shall call them Q-ob jects.

On the Dec- 20 , the mac hine on whic h ema cs w as originally dev elop ed,

the computer w ord con tains 36 bits, and un til the adv en t of extended address-

ing with later mo dels of the family , a w ord address required 18 bits, giving a

total address space of 2

18

= 262144 w ords, or ab out 1.1Mb ytes. Characters

are normally stored as 7-bit ASCI I, fiv e p er w ord, with the left-o v er lo w-order

bit set to zero. The arc hitecture pro vides for efficien t addressing of b ytes of

an y size from 1 to 36 bits, and a one-w ord b yte p oin ter consists of p osition

and size fields in the high-order 18 bits, and the w ord address in the lo w-order

18 bits. A c haracter p oin ter and an in teger can therefore b oth o ccup y the

same storage, and the particular bit patterns in the p oin ter giv e it an in teger

v alue whic h is near the most negativ e in teger, − 2

35

≡ − 34359738368.

ema cs teco allo cates one w ord for eac h Q-ob ject, and when necessary ,

determines from the high-order bits whether it is a string p oin ter or in teger.

This means, for example, that cop ying one Q-register in to another, suc h

as QpUq , can b e efficien tly implemen ted b y cop ying a single w ord, without

regard for its t yp e. Arithmetic p erformed on a Q-ob ject whic h is actually a

string p oin ter just uses the p oin ter v alue, but the result is unlik ely to b e a

v alid p oin ter. No c hec k is made in arithmetic expression ev aluations for suc h

p oin ter arithmetic.

The cop ying of Q-ob jects whic h migh t b e p oin ters has an imp ortan t

ramification—after QpUq , b oth Q-registers p oin t to the same string. If one

subsequen tly assigns one of them a n umeric v alue, as b y 3Uq , the in terpreter

cannot free the string storage p oin ted to b y the previous con ten ts of Q-

register q , b ecause there could b e, and in this case, is , another reference to

it. ema cs teco therefore m ust ha v e a garb age c ol le ctor , just lik e lisp .

The intel i apx arc hitecture on whic h the ibm pc is based has a b yte-

addressable segmen ted memory space in whic h an address is a comp osite

ob ject consisting of a 16-bit segmen t, and a 16-bit offset. On the 8088,

8086, and 80186 pro cessors, a complete address is formed b y m ultiplying the

segmen t v alue b y 16 and adding to the offset, giving a 20-bit address space

of 2

20

= 1048576 b ytes. On the more p o w erful 80286 and 80386 pro cessors

in virtual address mo de (instead of the real address mo de compatible with

the smaller pro cessors), the segmen t is no longer a n um b er to b e added to

the address, but instead an index in to a table whic h pro vides a base address

to whic h the offset p ortion is added. On the 80286, this constructs a 24-bit

ph ysical memory address, and on the 80386, a 32-bit address. Since all but

the 80386 ha v e only 16-bit registers, and all lac k an instruction to p erform

arithmetic on a segmen t-offset pair,

12

the dev elop ers of epsilon and eel

c hose to mak e p oin ters and 32-bit in tegers incommensurate, and co ercion

b et w een them is forbidden b y the language.

The effect of this design decision is that since w e cannot p erform p oin ter to

in teger co ercions, Q-ob jects cannot b e represen ted b y single 32-bit in tegers.

Instead, they b ecome a record structure con taining a t yp e flag, an in teger,

and a p oin ter. In eel , this is

struct Q_object

12

This is probably the greatest w eakness of the i apx arc hitecture, for it tak es ab out 30

instructions to add a constan t to a p oin ter!

{

                                                                                     int type; /* QT_NUMBER or QT_STRING */

                                                                                     int n; /* value if type == QT_NUMBER */

                                                                                     char *s; /* value if type == QT_STRING */

                                                                                     int name; /* Q-register name (for function return restore) */

};

Use of a union could o v erla y the in teger and p oin ter, but w e ha v e not done

so. Throughout the in terpreter, therefore, when Q-ob jects are manipulated,

it is necessary to c hec k the t yp e flags to determine what co de branc h m ust

b e executed. Of course, m uc h of this is encapsulated in prepro cessor macro

definitions to simplify the co ding and hide the grubb y details.

In this teco in terpreter, b oth Q-registers and stac ks are implemen ted

as Q-ob jects. This mak es it simple to supp ort lo oping, push and p op com-

mands, and recursiv e in v o cation of the in terpreter and epsilon , all the while

main taining a global set of Q-registers and Q-register stac k.

14.4 TECO Garbage Collection

The string assignmen t problem of the last section no w brings us to the issue of

garb age c ol le ction . The core of most lisp and teco in terpreters is written at

a lo w lev el, usually assem bly language, where the programmer has complete

con trol o v er the en vironmen t and ho w things get implemen ted. Garbage

collection can b e designed in from the start.

With eel , w e ha v e a c run-time en vironmen t, where standard library

functions malloc() and free() can b e used for dynamic memory manage-

men t. Ho w ev er, w e do not ha v e access to the in ternals of this managemen t to

implemen t something lik e a garbage collector. Of course, one could initially

allo cate a large p ortion of free memory and then write priv ate allo cation and

deallo cation routines whic h could handle garbage collection, but it seems lik e

o v erkill to do this.

Instead, the c hoice made in this teco in terpreter is that string assignmen t

is done b y making a fresh cop y of the string, rather than b y straigh t p oin ter

assignmen t. W e are then guaran teed that no string has more than one p oin ter

p oin ting to it, and therefore, if a n um b er is subsequen tly assigned to the Q-

ob ject, the string space can b e deallo cated without fear of a dangling p oin ter

somewhere. Although this tak es more care than w ould b e necessary if w e

really did ha v e a garbage collector, there is in fact only a small n um b er of

places where suc h extra b o okk eeping need b e done, so it is not burdensome.

One can of course regret that the standard c library do es not pro vide

for garbage collection, b ecause careless programming can lead to gro wth in

allo cated memory . Indeed, one of the p opular command shells in the unix

system for a long time had suc h a bug, and w ould gro w during a login session

to the p oin t where it finally died for lac k of memory , and logged out the user.

W e try to b e more careful.

14.5 Outline of the In terpreter

When the compiled teco in terpreter is first loaded in to epsilon , the func-

tion when loading() is executed; it loads in the v arious compiled files that

mak e up the in terpreter, then in v ok es the function teco startup() .

13

That

function initializes the Q-registers, flags, mark ring, and function dispatc h

table, and then calls teco init() whic h initializes stac ks and clears the argu-

men ts. teco init() is also called b y execute-minibuffer and step-minibuffer .

This initialization is not part of teco interpreter() , so that recursiv e in-

v o cation of the in terpreter preserv es stac ks, argumen ts, and Q-registers.

With these initializations complete, the user can run execute-minibuffer

and step-minibuffer . The former is the simplest—it c hec ks first for the ex-

istence of the minibuffer, then calls teco init() , save minibuffer() , and

finally teco interpreter() .

The in termediate function, save minibuffer() , is in tro duced partly b e-

cause of efficiency concerns. Because epsilon p ermits buffer access only

through function calls, it is advisable to cop y the minibuffer in to a string

whic h can b e accessed in-line. There is the happ y side b enefit that since

teco interpreter() op erates on a string, rather than a buffer, it is easy to

in v ok e it recursiv ely on a new string, pro viding straigh tforw ard supp ort for

the teco function-call function, M .

teco interpreter() is the core of it all, but is surprisingly simple. It

lo ops o v er the string in to whic h save minibuffer() copied the minibuffer,

13

W e use foo() to mean an eel function with zero or more argumen ts, and foo for

an eel command, whic h is not p ermitted to ha v e argumen ts. Although commands are

otherwise normal in teger functions, they rarely return v alues. Another distinction b et w een

them is that command names are recognized for completion b y extended-command , while

function names are not. Both can b e in v ok ed as extended commands.

using a string index whic h is globally a v ailable. A t eac h iteration, it just

calls teco eval() to ev aluate the next function. teco eval() c hec ks for

a user ab ort, then skips o v er whitespace and commen ts (another efficiency

measure), c hec ks the debugger flags and calls teco debugger if necessary ,

and finally , dispatc hes through a function table to one of up to 256 functions

based on the v alue of the curren t minibuffer c haracter.

When a binary op erator, lik e + , is found, the dispatc h calls the function

teco binop() whic h sa v es the curren t p ost-comma argumen t for the left

op erand and calls teco eval() to ev aluate the righ t op erand. This results

in a recursiv e en try to teco eval() .

Similarly , when a left paren thesis is met, the dispatc h calls teco leftparen()

whic h sa v es the curren t flags and argumen ts, then lo ops testing for a righ t

paren thesis whic h terminates the lo op, and otherwise calls teco eval() ,

whic h again is recursiv e. A t lo op exit, the curren t flags and argumen ts are

merged with the v alues sa v ed on en try . Th us, paren thesized expression lists

can b e nested arbitrarily deep, and an y n um b er of comma-separated expres-

sions can b e presen t in an y list.

It is imp ortan t for the string to b e an exact cop y of what is in the mini-

buffer, b ecause then the string index corresp onds to p oint in the minibuffer,

and viewing the minibuffer during the course of execution of the teco pro-

gram will alw a ys sho w the cursor trac king the execution. Ev en if this w ere

not the case, it is not feasible to compact the input, b ecause compression

of white space and commen ts requires a complete teco in terpretation, and

commen ts whic h are presen t to balance conditionals and lo ops cannot b e

remo v ed an yw a y .

All functions called adv ance the global string index at least one p osition,

except for the lo op end function, whic h bac ks it up. The index mo v emen t is

in general differen t for eac h function, so it cannot b e handled b y teco eval()

itself. The functions whic h handle a single whitespace c haracter or commen t

ha v e a lo op whic h gobbles suc h text, rather than suffering the function call

o v erhead whic h w ould b e o ccasioned b y an immediate return after handling

one c haracter or one commen t.

Because of this simple structure of the in terpreter, and general indep en-

dence of the individual functions from eac h other, adding a new teco func-

tion just in v olv es writing the eel co de to supp ort it, then installing it in the

function dispatc h table in teco startup() .

• Commands cannot tak e string argumen ts whic h replace the string v alue

they normally obtain from the k eyb oard. This to o is a serious restric-

tion. If eac h command whic h prompts for input then called a normal

function to do the actual w ork, the problem could b e eliminated.

• There is a function, try calling() , whic h can b e used to call a func-

tion defined b y a string argumen t, but there is no w a y to test if the

call w as successful, or if the function ev en exists. There is no anal-

ogous routine to lo okup the v alue of a global v ariable, or test for its

existence. This mak es it imp ossible for teco programs to create v ari-

ables dynamically , and it is imp ossible to implemen t a function lik e the

ema cs Edit Options command whic h displa ys in a temp orary buffer

all v ariables matc hing a sp ecified string pattern, allo wing their v alues

to b e edited and mo dified. epsilon is clearly capable of this, since it

supp orts dynamic loading and binding of functions and v ariables; the

primitiv es are just not a v ailable to the programmer in eel .

• There is a source tok en length limit in eel of ab out 250 c haracters,

whic h is m uc h to o small for string tok ens whic h can legitimately span

sev eral lines—an example is the debugger help message.

• epsilon has no concept of a narro w ed region, whic h is a v ery v aluable

feature of ema cs . It is used to limit the scop e of editing to a p ortion of

the buffer, suc h as a replacemen t of a string that o ccurs dozens of times

but for whic h replacemen t m ust happ en only in part of the buffer. The

only w a y to do this at presen t is to mo v e the region to a new buffer,

p erform the edits, and mo v e the region bac k.

• There is no tracebac k displa y in the eel debugger, so y ou cannot tell

where y ou came from.

• It is not p ossible to displa y v alues of v ariables in the eel debugger.

• The say() and sayput() primitiv es t yp e only in the one-line ec ho

area. This drastically limits t yp eout. If y ou w an t to see a larger

amoun t of text with mor e pro cessing (pause at end of screen), y ou

ha v e to put it in a temp orary buffer and then run show-buffer on

it. F or some purp oses, this is satisfactory , but for others, it is not.

F or example, occur can p oten tially displa y a lot of text, but in this

implemen tation, it m ust find al l of that text first b efore the user gets

to see an y of it. In ema cs , it is p ossible to ab ort the t yp eout at

an y time as the text is b eing found. I w ould v ery m uc h lik e to see

a set of eel functions, start more display() , more display() , and

end more display() to handle this. The first and last w ould not re-

quire argumen ts; more display() w ould b e called with a text string

to b e displa y ed.

• Although epsilon searc h and displa y functions are v ery fast, insertion

and deletion are not. There is an ob jectionable dela y if y ou do some-

thing lik e C-U 80 * to insert 80 asterisks in the buffer. A command

lik e the ema cs Flush Lines , whic h deletes all lines in the buffer whic h

con tain a matc h with its string argumen t, when implemen ted in eel

or teco can b e very slo w. This clearly is evidence of the epsilon iter-

ation coun t handling (the normal-character command gets called 80

times, instead of a string of 80 c haracters b eing created and inserted in

one op eration), and of the text buffer implemen tation, whic h is proba-

bly a con tiguous blo c k of text whic h has to b e mo v ed for ev ery insertion

or deletion. ema cs teco uses this organization to o, but main tains a

gap where insertion is curren tly happ ening, so that buffer mo v emen t

is minimized. The Dec- 20 is fast enough that massiv e deletions in

an edit buffer of ab out 1 Mb yte do not noticeably slo w p erformance;

the ibm pc is not. Sev eral other ema cs implemen tations ha v e used

link ed lists of lines whic h mak es insertion and deletion fast, and allo ws

an easy implemen tation of a function to undo c hanges of single lines.

The link ed list implemen tation do es suffer a startup o v erhead for the

list construction, whic h can b e v ery noticeable on large files. I ha v e

exp erienced startup dela ys of sev eral minutes on a v ax- 750 with cca

ema cs on editing a m ulti-megab yte file.

• Ric hard Stallman in his article ab out ema cs whic h w as cited in the

in tro duction mak es a p oin t ab out the v alue of dynamic v ariable bind-

ing in addition to argumen t binding. He giv es the example of three

functions A, B, and C, where A calls B and B calls C. If A dynami-

cally creates a new v ariable, C can access it without an y c hanges b eing

required in B or its argumen ts. If the v ariable already existed globally ,

or in some calling ancestor of A, the new v alue w ould hide the old one,

un til A exited. With eel , w e can ac hiev e part of this—A can create a

global or buffer-sp ecific v ariable whic h B is ignoran t of and C can find,

but it cannot hide an y previously-existing v ariable. The c language

allo ws three lev els of v ariable encapsulation—lo cal to a function, lo cal

to all functions in a source file, and global to all functions. eel has

only the first and third of these.

It app ears difficult to in tro duce an y kind of dynamic scoping in a c -

lik e language; indeed, dynamic scoping has b een largely deprecated

in common lisp in fa v or of lexical scoping. Nev ertheless, there are

certainly o ccasions where it will b e missed.

15 The T A GS P ac k age

Although k eeping a do cumen t or program in a single large file during writing

and dev elopmen t is con v enien t for editing and searc hing, it is an in vitation

to disaster, particularly under an op erating system whic h do es not supp ort

m ultiple file generations lik e the Dec- 20 do es. Ho w ev er, splitting the w ork up

in to m ultiple files mak es it hard to constan tly jump bac k and forth b et w een

them.

The t a gs pac k age w as dev elop ed in ema cs to deal with this. It uses a

sp ecial file of k eyw ords, or tags, whic h additionally con tains the name of the

file, and if p ossible, the appro ximate p osition the tag is found in the file.

A goto-tag command b ound to a con v enien t k ey prompts for a tag, then

searc hes for it in the relativ ely small tags file k ept in a p ermanen t edit buffer,

extracts the filename, visits it in a new buffer if necessary , p ositions to the tag,

and finally selects the buffer in the curren t windo w. This is marginally less

con v enien t than an incremen tal searc h, since the prompt w aits for a complete

string, but the resp onse can b e quite rapid. Ha ving the appro ximate tag

p osition a v ailable sp eeds the searc h ev en further.

The tags file is created outside the editor b y a separate program, whic h

has some notion of ho w to deal with files con taining assorted programming

languages and do cumen t formatters. The Dec- 20 v ersion is written en tirely

in assem bly language.

F or epsilon , I decided to tak e a differen t approac h. Initially , I wrote

a small program, ctags.c , whic h recognizes macro definitions and function

headers and outputs a tags file con taining the complete line for eac h suc h

matc h, along with the file name and b yte p osition within the file. Ho w ev er,

it seemed wise to mak e this format similar to the output of the unix egrep

utilit y whic h is a v ailable on man y systems, and for whic h sev eral public do-

main v ersions ha v e b een published in p ersonal computer magazines. egrep

outputs lines of the form

filename:matchingline

filename:linenumber:matchingline

in resp onse to a regular expression giv en on the command line. F or example,

regular expressions that migh t b e suitable for iden tifying routine headers in

f or tran programs could b e

^      [ ]*BLOCK[ ]*DATA

^      [ ]*CHARACTER[ ]*FUNCTION

^      [ ]*COMPLEX[ ]*FUNCTION

^      [ ]*DOUBLE[ ]*PRECISION[ ]*FUNCTION

^      [ ]*INTEGER[ ]*FUNCTION

^      [ ]*LOGICAL[ ]*FUNCTION

^      [ ]*PROGRAM

^      [ ]*REAL[ ]*FUNCTION

^      [ ]*SUBROUTINE[ ]*

It do es not matter m uc h if a few extra lines get matc hed and inserted in

the tags file this w a y , and it is clearly m uc h easier to write a collection of

regular expressions to iden tify tag lines in files, rather than to write a separate

program for eac h t yp e. It also mak es it simple for the user to add new regular

expressions to pic k up extra tags whic h migh t not ha v e b een en visioned b y

the author of the tags program.

The t a gs pac k age for epsilon recognizes lines of the form

filename:matchingline

filename:linenum:matchingline

filename:linenum:pagenum:matchingline

filename:bytenum:linenum:pagenum:matchingline

where none of the colon-separated fields, except the last, ma y con tain blanks.

In fact, an y n um b er of digit fields can b e presen t; if there are three of them,

lik e ctags.c outputs, then the first is assumed to b e a b yte p osition. Oth-

erwise, they are ignored and a brute force searc h in made in the file.

Here is a complete list of the functions a v ailable in the t a gs pac k age:

tags-add

Action: Add the curren t line to the *TAGS* buffer. The *TAGS* buffer

do es not usually ha v e a file connected with it, so the first time

y ou execute this command, it will prompt for a file name to b e

connected to the buffer. The c hanges are not automatically

sa v ed, but when y ou exit from the editor, y ou will b e ask ed if

y ou w an t to sa v e the new tags file.

Key Binding: M-+

tags-apropos

Action: Displa y a list of all tag lines con taining the string whic h is

prompted for. Since filenames are also presen t on these lines,

this command can b e used to find what files con tain a partic-

ular tag.

Key Binding: M-,

tags-goto

Action: Prompt for a tag and find it. If no tags file has b een loaded

in to the *TAGS* buffer y et, then it will ring the b ell and

prompt for a tags file name first. If for some reason y ou need

to c hange tag files, y ou can just kill the *TAGS* buffer b efore

in v oking this function. If necessary , a new buffer for the file

con taining a matc h for the tag will b e created. The buffer is

selected in the curren t windo w, with p oint at the b eginning

of the line con taining the tag.

The tag name is remem b ered, so that if y ou subsequen tly giv e

a n ull string in resp onse to the tag prompt, the sa v ed name

will b e used.

If no argumen t is giv en, the tag searc h will b e forw ard from

the curren t p oin t in the *TAGS* buffer. If this searc h fails, it

will b e restarted from the b eginning of the buffer, unless the

searc h b egan there.

If a buffer switc h do es not happ en, then mark is set where the

function w as in v ok ed.

With a zero argumen t, the tags searc h is forced to start at

the b eginning of the *TAGS* buffer.

With a non-zero argumen t, the tags searc h go es bac kw ard

from the curren t p oin t, and if it reac hes the b eginning of the

*TAGS* , con tin ues from the end of the buffer, unless the searc h

b egan there.

Key Binding: M- •

tags-query-replace

Action: Run a query-replace on all files named in the *TAGS* buffer.

Eac h query-replace w orks only on the curren t buffer, so if

y ou t yp e a command to quit, or complete the substitutions

in the remainder of the buffer, only the curren t file will ha v e

b een pro cessed. The original and replacemen t strings are re-

mem b ered, so if y ou in v ok e this function again and resp ond to

the prompt with a n ull string, query-replace will con tin ue

in the next file found in the *TAGS* buffer. When there are

no more files left, it will ring the b ell and return.

Relations: query-replace , tags-search

Key Binding: None.

tags-search

Action: Prompt for a searc h string and searc h for it through all the

files in the tags file. The searc h string is remem b ered, so a n ull

string en tered on a second in v o cation will use the last string

and con tin ue the searc h, switc hing files if necessary . Y ou can

con tin ue to use normal-search , usually b ound to C-S , in the

curren t buffer.

With an argumen t, use re-search for a regular-expression

searc h instead.

Relations: tags-query-replace

Key Binding: C-M-S

16 Epsilon and EMA CS TECO Differences

This implemen tation of teco is a m uc h smaller one than ema cs teco . The

latter needs to pro vide ho oks for host op erating system comm unication, file

handling, memory allo cation, terminal con trol, screen up dating, and so on,

since it is effectiv ely the op erating system seen b y ema cs . This teco has all

of that a v ailable inside epsilon , so it need not duplicate that functionalit y .

The design of ema cs teco has b een used as a guide for this teco , but

certain implemen tation differences ha v e b een inevitable. In most cases, they

should not b e noticeable. Most of the c hanges ha v e b een made to pro vide

desirable enhancemen ts to functionalit y . If y ou are already used to program-

ming in ema cs teco , it useful to ha v e a summary of these differences. If

y ou are not, then y ou can ignore the rest of this section.

• Tw o adjacen t n umeric v alues in ema cs teco are added; this is prob-

ably a hold-o v er from ddt . In this teco , the first is discarded.

• In ema cs teco , the bit wise exclusive or op erator is on # , while this

teco puts it on ^ , reserving # for the more useful based n um b ers.

• In ema cs teco , the bit wise or op erator is on <CTL-A> , while this teco

puts it on | .

• Lab els and goto are not implemen ted; in more than ten thousand lines

of ema cs teco programming, I ha v e found them unnecessary .

• In ema cs teco , a string is represen ted b y a n um b er with a certain

recognizable pattern in the high-order bits, whic h is actually a hardw are

string address. Arithmetic on it manipulates the address, and not the

string itself. In this teco , strings and n um b ers are distinct, but a string

is co erced to an in teger b y applying the same rules used to collect an

in teger whic h w ere describ ed on page 5 , and an in teger is co erced to

a string b y con v erting it to its decimal represen tation with no leading

zeros, preceded b y a min us sign if it is negativ e.

• In ema cs teco , nR is equiv alen t to -nC ; it mo v es the p osition left n

c haracters, and is therefore really a redundan t function. In this teco , it

runs the regular-expression searc h function, whic h is m uc h more useful.

• The searc h command, S , in ema cs teco allo ws sp ecification of m ultiple

searc h targets separated b y <CTL-O> c haracters in the string. This

teco do es not supp ort this, b ecause the facilit y is a v ailable in a m uc h

more p o w erful form in the regular-expression searc h function, R .

• The ema cs teco debug facilit y pro vides for stepping only o v er com-

plete lines of commands. This teco steps b y single commands as w ell

as b y complete lines.

• ema cs teco supp orts Q-registers named b y <ESC> -delimited arbitrary

string argumen ts giv en in place of the usual Q-register name in the G ,

:I , M , Q , U , and X commands. This teco do es not.

• Double-dotted Q-registers are reserv ed for predefined in ternal uses whic h

are differen t than those of ema cs teco . They ma y b e read, but should

nev er b e mo dified.

• Empt y text ranges for the m,nK , m,nT , and m,nX commands raise an

error in ema cs teco . They select n ull strings in this teco .

Index

<CTL-\> , 52, 55

<CTL-G> , 55

<CTL-I> , 14

<CTL-J> , 14

<CTL-M> , 15

<CTL-R> , 15

<CTL-]> , 55

<CTL-^> , 45

 , 17

!comment! , 17

" , 18

"# , 52, 58

n"x , 52, 58

#, 5

% , 20

%q , 54

& , 21, 46

’ , 52, 58

( , 21

) , 22

* , 22, 46

+, 22, 46

, , 22

− , 22, 46

• , 12, 23, 47, 57

..L , 8–9

..R , 9

..S , 9

..T , 9

..W , 9, 47

..X , 9, 47

..Y , 9, 47

.N , 59

/ , 23, 46

0-9 , 23

80xxx micropro cessors, 64

: , 23, 45

; , 24, 53

n:; , 53

n; , 53, 58

n@:; , 53

n@; , 53

< , 24, 53

n< , 53, 58

= , 25

n= and m,n= , 56

> , 26, 53, 58

@> , 53

@ , 26, 45

79

INDEX 80

A , 26

m,nA , 46

nA , 45

abort , 60–61

after , 68, 70

AL T k ey, 60

alt-prefix , 60

and, 8, 21, 46

argumen ts, 7

at-sign, 11

B , 12, 27, 47

B and Z , 12

before , 68, 70

blank-trim-lines , 69

bufname , 62

C , 27

n:C , 48

nC , 48, 57

carets and con trol c haracters, 13

c haracter n um b ering, 12

c haracter ranges, 13

character(n) , 62

check-line-length , 69

colon, 11, 23

comma, 10, 22

compilation, 62

complemen t, 4, 8, 45–46

ctags.c , 76

D , 28

nD , 49, 57

Dec-20 , 63, 75–76

dotted Q-registers, 8

Edit Options , 73

egrep , 76 end of string, 7

end more display() , 74

epsfun() , 52

error handling, 13

exclusiv e or, 8, 44, 46, 80

execute-minibuffer , 60–61, 66, 69–

70, 72

exit-level , 15, 60–61, 70

expression, 13

extended-command , 66

F , 29

nF(=) and m,nF(=) , 56

:FI , 46, 53

FI , 29, 46, 52

FK , 29

Flush Lines , 74

foo , 66

foo() , 66

FPprompt<ESC> and @FP/prompt/ ,

53, 56

FPprompt<ESC> , 30

FQq , 30, 54

free() , 65

FTstring<ESC> and @FT/string/ ,

56

FTstring<ESC> , 30

function argumen ts, 12

FX , 31

m,n@FXq , 49

m,nFXq , 49

n:FXq , 49

n@:FXq , 49

n@FXq , 49

nFXq , 49

G , 8, 31