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i, Introducticn

The Quad editor is a simple text editor that is being
contrituted to the Users Group library at these meetings, It has
several features which make it notakle and useful, the most
important of which are that it temts files imstantanecusly and
that it can undo any or all editing charnges. The purpose of this
paper is to explain the technolegy behind these and other

features.
I1. A Brief History and Descriplion of Guad
fluad was created tc aveid the high overhead of Edit 3(G0's

text and keep commands, which are essentially file copy
operations,

Early versions of Quad simply opened the tented file and made
changes directlw to it, This precluded the possibility of adding
or deleting lines from the file. It slsc made editing a scmewhat
risky business, =since changes were being made direc tly ts the
file wrather than to a work file copy ¢"QUAD® originally meant
QUick And Dirty)d, HNeonetheless Guad was very fast for looking st

files and making simple changes,

The current version of Guad retasins most of the zdvantages of
the early versions and eliminates the main deficiencies, £ file
is still tewmted just by opening it, so  that the overhead of =
file copy is eliminated. However changes are kept in & work
file, so that & user is not committed +to them urtil he does =
keep of the file,

Having separate  tewmt and work files requires fuad  to
logically merge the two to give the user the illusicn of working
en  a single file, However it zlsc makes it possible to cancel
any and all changes just by rewoving them from the work file:
fuad’'s undo command returns all limes withim = specified ramge to

their originzl stste.
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In general Quad must, wvhen keeping the edited file, creates &
new  file which merges the text and work files., Howswver if the
keep is back to the temted file and no lines have besn added ar
deleted, then the keep is done just by updating existing records
in the text file, Thus whenever possible the file copy on
keeping is eliminated alsao.

It is important that fGuwad be able to find lirmes in the texted
file quickly, Q@Guad staris out with no knowledae of the lacetion
of 1lines in the file, and must find requested lines using bimary

search, Howsver QOuad keeps & record of all blocks read Juring
the search process and uses this record to shorten subseguent
searches, The method is described in a paper titled "A Hew Tool

for Kewed File fAccess {Sometimes?” in the proceedings of the
Usere Group’s 1980 Horth American meeting,

111, The Werk File

Auad creastes a work file only when the user first makes &
change to the texmted file, This can be any type of changs --
adding o+ deleting a line or modifywing an existing linse,

The work file is & keyved file which allows bhoth kevs and dats
to be wvariable lenagth., It can contsin two types of entries —--
deletes and changes,

fluad allows deletion of a range of records —-- for enample "D
2-9" iz a comprand which deletes line numbers Z through %, To do
the deletion, Guad make & gingle entry in  its work file as
fallows:

poeae2eooaooos000

This iz just = ¥ character key, The first character is z "DY
L for delctwf, the nemt 2 characlters zre the lower line nurker in
the range, and the last 8 are the upper line number

Simce deleticn is arrjaved with & single work file »n%vv, it
ie very fast, znd the speed is independent of the number cf lines
beimg deleted

Now suppose that the command was given to delete records &
through t4, This command would nermally result in an entry of
B/14 into the work file. However this range overlaps an already
erxisting delete rarnge of D2/%, =o that OGuad would combine the twe
into a single entry of D2-714,

1f the user now undid changes over the interval from T to &,
it would be necessary to “undelete” over this range. Therefare
the entry D2/14 would have to be split intc twe -- LDEAsd,.59%% and
Da.oat 14,

The other iype of entry in the work file is 2 change antry,
There is a change entry for every line added during editing and

every line modified,
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A change sntry consists of both & key snd dsta. The kew is
Just the letter "C" followed by the 8 character lire mumber, and
the data is the line of text corresponding to that lire number,

1Y, The Structure of the Work File

FThe work §Filte used by Guad was ewig
another purpose ~—- a different editor. The
access methoed which gave random access
recoirds, and re-used space from deleted rec

The sclution is a §File access method which 1 ¢z2ll ticket
files.

With most file accessz methods, the user who wanits datz stored
specifies where it is to be stored -~ & record number, With
ticket files the user does not specify; instead he just supplies
the data tc the =access methed and receives back & "ticket”
telling him where the data has been stored., In corder to retrisve
the data, he just supplies the ticket.

I i=s dmportant o recoanise that this  techrnigue giwves
enormous flexibility to the file asccess manager. The dats can be
put in  the most converient spot, for example 35 block that is

already in a buffer in main memory. Within the bilcck the record
can be placed wherever there isg space., With ticket files 3

record need not even be placed contigucusly within the biock --
it can be broken intc pieces.

Rlthough ticket files might at first seem unnaturzl or

& EVEDN
clumsy, they turn cut to be perfectliy suited to fﬁose
applications in which data is found through pointers: tickets
are really just pointers,

Image detail data sets are an example. If we neglect serial
access, a detail data entry is found through pointers which are
stored in  other detail entries or in & master entry, Ticket

files could in fact be used to implement Image details and would
relieve Image of the burden of keeping track aof free space.
Further they would add s capahility that Imane detsils currently
de not have -- variable length records,

KSAM files are ancther example -- all data in a KSAM file can
be found through pointers if only the locaticorn of the root block
in the key file is known, Ticket files will, bw the way,
remember ocne ticket for the user,

In order to make ticket files satisfactory as work files,
was necessary to implement a keyed sequential access method bas
on  ticket files, The implementation is significantly differ
from KSAM and actually more powerful: both kews and data c
variable length, space is re-used, and keyed sequential
can be either forward or backward,
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The keys are stored in 3 tree-structure called 3 tries, Im &
trie a key wvalue is actuslly distributed through varicus levels
of the tree structure; btranching cccurs when tweo kevs which are

identical for some number of beginning characters first differ.

Far ewanple the keus "ARDY, "ARMOR", and "ANDROID" would
result in the following structure:

HD FMOE

. 3,
s A}

Y ROID

Generally this structure will have more levels than KSaM's B
tree, On the other hand its structure is a2 function of the dats
itself, not of the order in which the data is lcadsed., Therefaore
tree re-organizaticon iF never necessary during loading, whereas
with KSAM it uzuslly is,

When a key is stored, a ticket i= stored with it. The ticket
points to dats. Thus storing dats by key is & twe-step process,

t, Store the dates znd receive & ticket,
2., Siore the hey and the tickel.
Retrieving datz by key reverces the two steps:
t. Supply the key and receive the assccizted ticketb,
2, Use the ticket to retrieve the zesscciszted dasls,
Y, The Help Facility

From the start 1 wanted Quad toc be a singls i Cgram file not
reguiring any auxiliary message or documentation files The
reason is that I wanted the acquisgition and use of Gusd to be as

simple and foolproof as possible,

This meant that @Guad had lc heave a2 very acocd help facilily --
& built-in manual, @Guad does in fact now have guits an extensive
memu-driven help facility, 11 of ite temxt can be printed
offline to make an adequaie user manusl.,

A help facility presents some technical problems, I the
first place 1t should be wvery i for the programmaer to write
the help text. Morecver th= tth- must be prevented from making
the program enormous: text takes up program space wvery guickly,
Therefore blank comprezsion is very desirsable.

The sclution adopted in early versions of fuad was gsiupls but
not fully satisfaclory, # line would be writtern to the zoresn by
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doing  an SFL move of & litesral to a buffer followed by a3 call to
a procedure to write the buffsr to the screen. By using SFL
defines it was posszible to make the code teo write & linme look
like the line itself bordered on both sides by & kit of sumiliary

text, Thus the code

RGO "This is

Iy

irne to go to the screen™ EBEO

was shorthand for the code:

MOYE NSG:=“"Thi$ iz & line to qo to the screen®, )
WRITE "T0 "SCREEN{MEG3;

This made help text wvery gasy to wite, Unfortunstely it
also wasted code space., Easch limne to be written reguired its
it

g

movwe and call, and there war noe blark compresszion {a cugh
trailing blanks could be suppreszed’,

An efficient soluticrn to save code gpace iz to have sach
screen of help text stored in & PHE-relative array in a2 compressed
form., ‘R PE-relative array is an 5FL  array which is part of &
code segment), The procedure containing the asrray would fetch
the temt line by line in a loop and czll ancther procedure to
wrrite each line to the screen, In this way there is only ons sst
of move and call code for the entire screen rather than ons set
per line,

The problem is that it is wvery difficult to write code that
initiaglizes arrays with blank-compressed text, It would te ¢ar

better to just write:

{# Help ‘proc : Help =zeg ®

This is a block of help text, which we would like to be
converted to a space efficient procedure named Help ‘proc
ifor the segment Help'seg)

4ok Y

v

prrogram which converdts
tuad 's help facility was

The sclution of course is o h
€5,
erved as a pre-processor to

such bloccks to the desired procedur
written wusing such a prooram which
the SPL compiler.

Y
=
=

YI, The Command Interpreter

There were two main objectives in the implementaticn of
Quad’s command interpreter:

Y. To catch &ss many errors as possible during command
analysis, rather than command execution,

2, To emit the most meaningful possible errcr messages,
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As an example, editors must have commands which include file

names, The editeor could be designed do no checkirmg on the file
name; any errors will be detected 1later on by the file swvstem.
fuad, however, assures that the nrame is syntactically wvalid
first, Faor example it checks that there are no more than three

parts to the name {file, group and acceount), that each part has
between ' arnd & alphanumsric characters with the first being
alpha, that there is no more than one lockword, that the lockword
follows the file part, etc, Any error found results in & message
which describess that particular srror,

One aspect of emitting meaningful error message
To

s is
out where in the command the errcr ococurrsd, this
peints to the error, just as MPE does for command srirors
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