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[571 ABSTRACI 
An improved method for text searching has application 
to application programs in computers, where the appli- 
cation program handles files written in a language. Ad- 
vantageously a character within the first string is se- 
lected. In the general case the character selected is a 
relatively rarely used character in the language, and in 
simplified cases it is selected as non-alphabetic or as 
found within a set of characters known to be relatively 
rarely used. 

The file is then scanned. starting not at the beginning 
but rather from a position offset from the beginning of 
the file according to the position of the selected charac- 
ter within the first string. In the event of a match for 
that character, the remainder of the character positions 
of the first string are compared for a string-length 
match. The scanning terminates at a position short of 
the end of the file according to the position of the se- 
lected character within the first string. or terminates on 
a string-length match. The speed of a text search within 
a file is improved by an order of magnitude or  more, 
and sometimes by two orders of magnitude. 

8 Claims, 4 Drawing Sheets 
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text was found may be comparable in length to the 
3fETHOD TO PERFOR>f TEST SEARCH I S  search time. 

APPLICATION PROGRA31S I S  COlIPUTER BY M'here the file to be searched is large. ho\vever. 
SELECTISG .4 CHAR.4CTER AND SC.4NSISG search times become rele\rant. For about a decade, users 

THE TEXT STRISG TO/FRO\I THE SELECTED 5 of personal computers have found it unremarkable to  
CHARACTER OFFSET POSITIOS edit and manipulate text files of a megabyte or more in 

length. Searching in megabyte-sized files can take tens 
BACKGROUND O F  T H E  INVENTION of seconds or even minutes. For an indication of the 

Every word processing program has a -findq, feature, importance of this delay, consider that the time required 
and it takes some tirne for the feature to find what is '0 to search a large file for a string (group of characters) is 
sought. This invention relates generally to the facility of something software reviewers often measure when 
searching for and finding a particular group of comparing tex.t processing application programs. 
ters, called a "string", within a larger string or an entire TWO general approaches have been employed in the 
file. The invention has particular benefits for computers prior art to cut down on the execution time of text 
executing applications that manipulate files containing l 5  searches. The first is to make judicious use of assembly 
text written in  a language, including w~ord language for such searches. even if the rest of the appli- 
processing application programs and Ian- cation is written in a higher level language. It is well 
guages. known that tight coding in assembly language offers 

In a computer that is executing a typical word pro- 20 speed enhancements over compiled languages such as 
cessing program. the user can type a key command for FORTRAN, Pascal, and C ,  and offers even greater 
finding a string within a file. For example, with the enhancements over interpreted languages Such as 
Sprint word processor executing on an industry stan- BASIC and dBase. 
dard architecture personal computer. the user can press A second approach is to optimize the software task 
the F7 function key. and the legend Forward search: by reallocating the hardware details of the task. Inspect- 
appears on the screen. The user types, say. "the", and 25 ing successive positions within a file goes slowly for 
the result from the user's point of view is that the cursor floppy disks. somewhat faster for hard disks, and quite 
of the program moves to a point on the screen where quickly for RAM. Thus in text processing applications 
the word "theV.appears. Concealed from the user is the if the available RAM is large enough the file may be 
detailed process uxithin the computer whereby the 30 copied to a RAM disk or to RAM allocated within the 
search is accomplished. When the user types "the", the space allocated to the application by DOS (disk operat- 
application program causes the computer to scan ing system). The search is performed in RAM, where it 
through the file, searching for a match between what goes more quickly than it would from disk. 
was typed and successive three-character portions of Neither of these approaches is quite satisfactory for 
the file. 35 the range of real-life text manipulations which users 

Well known in the prior art is the technique almost have become accustomed to in the last decade. Even 
universally employed in word processing applications with very fast CPUs (central processing units) and re- 
and in programming languages. First. the computer cently released word processing programs, a search in a 
inspects successive locations in the file for an occur- large file can take many tens of seconds. The time re- 
rence of the letter I. When a t is found. the next location 40 quired for the search is much greater (as will be seen 
in the file is tested to see if it is an h. If it is. then the next below, it is generally doubled) where the match is to be 
location is tested to see if it is an e. If so. then the search case-insensitive. 
has been finished. (A commonly used slang is that there 
has been a "hit".) If the h or e test fails. then the search SUMMARY O F  T H E  INVENTION 

will have to continue. The next occurrence of a t is 45 In accordance with the invention, there is disclosed 
found, and the h test is performed again. If the h test is an improved method for text searching is disclosed, 
satisfied. then the e test is performed again. and so on. having application to application programs in comput- 

In many word processing applications a more broad ers, where the application program handles files written 
search is available. namely a search that accepts a match in a language. Depending on the string being searched 
that is insensitive to case. In such a broad search, for 50 for, search time may be cut in half or more, an improve- 
example, the user may type "the" and the program will ment that goes directly to  time saved for the human 
announce a "hit" if it finds, say, "The." For  such a user. 
broad search, the procedure followed by the computer In the text search method of the invention, advanta- 
involves inspection of successive locations in the file, geously a character within the first string is selected. In 
but each location is tested not only to see if it is a t but 55 the general case the character selected is a relatively 
also to see if it is a T. The h and e comparisons likewise rarely used character in the language, and in simplified 
also require tests to see if the candidate position contains cases it is selected as non-alphabetic or as found within 
a case-equivalent character, i.e. H for h or E for e. a set of characters known to be relatively rarely used. 

Where the file to be searched is small-only a few The file is then scanned, starting not at the beginning 
hundred or a few thousand characters in length-the 60 but rather from a position offset from the beginning of 
search time need not be unduly long. With modern the file according to the position of the selected charac- 
processor speeds and RAM (random access memory) ter within the first string. In the event of a match for 
response times. a search of several thousand positions that character, the remainder of the character positions 
can be finished by the time the user's finger has lifted of the first string are compared for a string-length 
from the final keystroke of the search command. Even 65 match. The scanning terminates at a position short of 
where the file is on disk rather than in RAM, the search the end of the file according to the position of the se- 
time is small when compared to other delays. Even the lected character within the first string, or terminates on 
time to redraw the screen to show where the desired a string-length match. 



could just as well be a sequence of memory locations in 
BRIEF DESCRIPTION O F  T H E  DRAiVING RAM allocated to a RAM virtual disk. 

The invention \vill be described in some detail with Also s h o ~ n  in FIG.  2 is the match string-here a 
respect to a drawing. of \r.hich: sequence of eight bytes. each indicative of an ASCII 

FIG. 1 sho\vs a functional block diagram of a corn- 5 character. With the information visible in FIG.  2 it is 
puter system of the type in connection with which text immediately seen by visual inspection that the match 
searching is performed: starts at position 500. \vhere the "H" matches the "H", 

FIG. 2 sho\\rs a typical file within which text search- the "a" matches the "a", and so on. However. the dis- 
ing may take place. together with a match string: cussion centers on the computer's finding a match, and 

FIG. 3 in flowchart form a typical prior art text 10 it is assumed that the computer, as it executes the appli- 
search routine; cation, does not have any special knowledge about 

FIG. 4 shows a match string after performing the where, in the file, the match may be, or even if there is 

step. according to the invention, of selecting a position a match. 
within the match string according to a predetermined An everyday example of how the search depicted in 

criterion: 15 FIG. 2 comes to be performed is the "find" feature of a 
FIG. 5 shows in flowchart form an exemplary text word processor. With one popular and generally well- 

search routine in accordance with the invention; and designed word processor, the user presses the ~7 func- 

FIG, 6 in  flowchart form an exemplary selection tion key. The word processor, which is the application 

routine for selecting a character from a match string. being executed, asks the user the query "Forward 
20 search:". The user presses the eight keystrokes of the 

DETAILED DESCRIPTION match string, and Dresses the "Enter" key. The software 

FIG, shows a functional block diagram of a typical moves sequ~ntialiy through the file stafiing at the be- 

computer system of the type in connection with which ginning of the file, looking for a match. As will be de- 

text searching is performed. Parallel address, data, and scribed in more detail below, the match is found at 
25 position 500. The application moves the cursor to posi- control bus 10 interconnects all other portions of the tion 500. then redraws the screen if necessary to display system. At power-up processor 11 executes stored pro- the contents of the file at and nearby to the new cursor 

gram from BIOS ROM (basic input/output system position, 
read-only memory) 12. including instructions permit- One skilled in the art will appreciate that the search, 
ting control of disk controller 15 so as to load the kernel 30 though described here and below as a search of the 
of disk operatine system (DOS) 13. storedin hard disk entire file starting at the beginning. could equally \s,ell 
14, into RAM 16. Control is then passed to the DOS be initiated from the current posit,on 
kernel in RAM 16. might be anywhere in the file. 

In response to commands entered by the user at key- FIG, shows a flowchart of a typical routine em- 
17. DOS loads an application 18 from hard disk 35 ployed in prior art applications to find a match of the 

14 into RAM 16, and control passes to the application. type depicted in FIG.  2. First a pointer, which defines 
The user indicates to the application the name of a text the current position in the file, is set at block 50. 
file 19 on hard disk 14 which is to be manipulated. block 51 the pointer is incremented, and at 52 a test is 

T o  illustrate the invention. it is assumed the applica- made to determine whether the end of file has been 
tion is one in which the user may wish to search the text 40 reached, l f i t  has, then the search was unsuccessful and 
file 19 for the location of a particular string, called a this outcome is reported at block 53 to the calling 
"match string". FIG. 2 shows in linear form the con- tine of the application, The more frequent outcome is 
tents of a typical text file Such as that at file 19 in FIG. that, the end of file has not yet been reached, and at 
1. For purposes of illustration the character positions in block 54 the character at the current position is ob- 
the file are numbered; the first position contains the 45 tained, 
ASCII (American Standard Code for Information In- The activity at block 54 is one example of a virtual 
terchange) value for an UPPer-case T ,  namely the num- activity-an activity depicted and described here with 
ber 84 (decimal). For simplicity of description it will be no reference to the hardware details thereof. In the 
said that the first position of the file "contains" the simple case of a file in RAM, obtaining a character is an 
character "T", and it will be understood herein that on 50 ordinary indexed load from memory. In the general 
a hardware level this means the associated ASCII value case of a DOS file on an arbitrary device, obtaining a 
is present. The second position contains an "h" (ASCII character is a subroutine call to  DOS, with DOS ban- 
104) and so on. In the figure many character positions dling all the hardware-dependent steps to retrieve the 
are omitted; a portion near position 500 is shown, along character. Where the file is on a hard disk 14, these steps 
with the last few positions, here ending with position 55 include buffering the data in RAM so that the disk is 
903. only accessed when the next buffer-full of characters is 

FIG. 2 shows the file with no indication of the partic- needed. 
ular method of storage at a hardware level, and as will Once the character has been obtained, a test is made 
be seen the teaching of the invention applies to any and at 55 to determine whether the character obtained 
all storage formats. In the example given here the file is 60 matches the first character in the match string. In the 
a hard disk file, with the data stored in sectors which example of FIG. 2, the first time block 54 is reached the 
may or may not be contiguous and sequential physi- "T" at position 1 is obtained, and the test at 55 deter- 
cally. Logically. however, and as made available to the mines that " T  does not equal "H". 
application, the file is neither more nor less than 903 In most applications, and particularly in most word 
values, each here understood to represent an ASCII 65 processor software, it is desired to be able to make the 
character. For purposes of illustrating the invention the search case-insensitive. In a case-insensitive search, a 
file could just as well be a sequence of memory loca- search for "the" will find not only "the" but also "The" 
tions in a region of RAM allocated to the application. or and " T H E .  (In most such applications, the user has the 
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choice of making the search case-sensiti~ae or case- Much attention has been paid to attempting to reduce 
insensitive.) A consequence of this is that if the first the execution time for a search kvhen the prior art tech- 
character of the match strlng is a letter (as distinguished niques of FIG. 3 are employed. One popular word pro- 
from a numeral or other non-letter character) then it is cessor. most of which is Lvritten in C, employs caref~ll?. 
not enough to make the comparison of block 55. One 5 written and tightly coded assembly language to reduce 
must also make a comparison bet~i'een the character to a minimum the execution time of a search along the 
obtained from the file and the case" of the first lines of that shown in FIG. 3. But even where assembly 
character of the match string. In the example of FIG. 2. language is used. a text search in a large file can take 
this means that after the (unsuccessful) comparison of tens of seconds or even minutes. Experiments with 
"H" and " T  has been performed in  block 55, the other 10 popular applications and files selected to be tens of 
case for "H", a lower-case -h-, also must be megabytes in size show text search durations of several 
compared with " T  to see if there is a match. The latter minutes Or 

comparison takes place at block 57, while block 56 is the In retrospect. given the teachings of the invention 
intermediate check to see if the character that was being described herein, there are two factors which might 
matched was a letter. 15 seem obvious in accounting for much of the duration of 

M~~~ often than not, the tests of blocks 55 and 57 a text search. One factor is that the loop of blocks 51,52. 

represent unsuccessful matches, and control returns to  543 55$ 56- and 57 is executed Once for each character in 

block 51 the incrementing of the pointer, Sooner the file, and no matter how tightly written the code ma?. 

or later the end of file is reached, in *he event that there be its execution time must be multiplied by the number 

is no match. 20 of characters in the file to get a lower bound on the 

Skipping over much of the searching in the example duration of the search. Time could be saved if the case- 

of FIG. 2. let us consider what happens when position insensitive search (which appears to require both the 
comparisons of blocks 55 and 57) could be performed in 500 is reached. The test at 55 is successful. so control 
such a way that the loop executed once for each charac- passes to block 58. where the remainder of the match 

75 ter in the file were a quicker loop. string is checked for match with the next few positions Another factor is that block 58, which is quite time- 
in the file. In the example of FIG.  2 the eight positions consuming in comparison with the loop of blocks 51,52, 
of the match string match the through 507th 54. and so on, is generally executed many times prior to 
positions of the file. and a successful search is reported the successful search, if any, reported in block 59, For 
at block 59. 30 example, in the file of FIG. 2 discussed above there 

11 might be thought that the computation of block 58 came a time at position of the file where a -false 
has only two possible outcomes-a successful match of caused block 58 to be executed, The false alarm 
the remaining positions or not. But another outcome was that the ..H,, ofthe match string matched the ah,. of 
ma?. h a ~ ~ e n - t h e  match of block 55 (or block 57) ma?. the file, This meant the computer had no choice but to 
be at a position too close to the end of the file. so that 35 haul out the second through eighth, positions of the 
one of the characters of the match string is being com- and to start them with the next 
pared with the last character of the file, with at least one few positions of the file (following the -hq3). ~~~h of the 
remaining character of the match string yet unmatched. false alarms contributes to the duration of the search. 
Thus in the flowchart of FIG. 3 the third outcome, ~i~~ could be ifthere were a way to cut down on 
namely that end-of-file (EOF) has been reached, is 40 the number offalse alarms, 
shown. As will be seen, a seeming1 y simple bit of work prior 

Those skilled in the art will realize that a logically to the execution of the main loop of the text search. 
equivalent programming technique is to make the test at together with seemingly simple changes in the logic of 
block 52 more sophisticated, namely to test not whether the main loop, give striking reductions in the search 
end-of-file was reached but rather whether the current 4 5  duration. ~h~~~ changes are shown first in 
position is closer t the end of the file than the length of , i t h  FIG, 4, ln FIG. 4, the match string is shown. 
the match string. This is possible, obviously. only if the corresponding to the match string of FIG,  2, A prede- 
application is given (e.g. by DOS) a way to find out the termined decision process is employed to select a char- 
length of the file. or the number of characters remaining acter other than the first character of the match string. 
between the current position and the end of file. 50 Here, the length of the match string is given as f, and in 

The match at position 500 was described above with this example f=8. The character selected here (accord- 
intentional omission of the discussion of the intervening ing to a criterion discussed below) is at position p, and 
search activity. This intervening activity will now be in the example p=5. 
discussed in some detail. Consider, for example, what Turning now to FIG. 5, the text search routine corre- 
happens when the pointer has reached position 2. The 5 5  sponding to that of FIG. 3 is shown. At block 69 is 
character obtained at the current position is "h". This shown the process of selecting p, which is the above 
makes a match at block 57, and the routine then per- case in p=5. At block 70 the pointer is set to the p-lth 
forms the activities of block 58. position of the file. At block 7 1  the pointer in incre- 

T o  the reader who has the luxury of a visual scan of mented, and at block 72 a test is made to determine 
FIG. 2, it is obvious that positions 2 through 9 of the file 60 whether the current position is within 1 +f-p positions 
come nowhere close to matching the eight positions of of the end of the file. (The blocks 70-79 of FIG. 5 have 
the match string. By definition the application does not, reference designations chosen to be 20 larger than the 
however. have this information. The routine at block 58 reference designations 50-59 of roughly corresponding 
does have to be performed, at least to the extent neces- blocks of FIG. 3.). The current character is obtained at 
sary to determine. say. that position 2 of the match 6 5  block 74, and a test is made at block 75 to see whether 
string fails to match (in either upper or lower case) the the p-th character of the match string matches the cur- 
character at position 3 of the file. There being no match, rent character. Analogously to  blocks 56 and 57 of FIG. 
the pointer is again incremented at block 51. 3, blocks 76 and 77 cover the case where the p-th char- 



acter of the match string is a letter \vhich has to be From the point of \.ie\v of selecting p so as to cut 
compared ignoring its case. Block 78. like block 58. doum on the search duration there are other methods 
compares the remainder of the match string \vith corre- that work almost as \yell as finding the character in the 
sponding positions of the file. but block 78 differs in that match string that is the least frequently used in the text 
part of what must be compared precedes the character 5 language. For  example. one can establish a predeter- 
that matched. that is. the character is position p of the mined set of. say. the ten or so least frequently used 
match string. Blocks 79 and 73 report successful and letters in the language of the text. (To draw an analogy . 
unsuccessful matches, respecrively. corresponding to to everyday experience. these would correspond 
blocks 59 and 53. roughly to those letters that have high point values in 

A comparison of the organization of the flowcharts 10 the ~ e l l - k n o w  board game Scrabble.) 
of FIGS. 5 and 3 shows what might at first blush seem One then scans through the match string for the first 
to be identical execution times. ~f~~~ all, the loop of occurrence of a character in that set. Such a scan does 
blocks 51.52.54.55.56 and 57 which is so time-consum- "0' take nearly so long as looking for the least fre- 
ing has a visual counterpart in the flowchart  of^^^. 5, quently used letter anywhere in the match string, the 
namely blocks 71, 82. 74, 75, 76, and 77, Likewise the 15 second least frequently used letter anywhere in the 
time-consuming block 58 has a visual counterpart in  match string. and so on. And yet it cuts down greatly 
FIG. 5, namely block 78, ~f anything. the routine of the number of "false alarm'' executions of block 78 since 

FIG. 5 might seem likely to take longer, given the the p-th letter is by definition one that does not occur SO 

added execution time of block 69. terribly often. 

with reference back of FIG, 4. however, note the 20 If one is to select p so that the p-th character is a 

value of p. which in the example is 5, The p-th character (generally a good Ihing do as it avoids Ihe 

is ..9... ..9,. is not a letter, so the test of block 77 is case-checking of block 77) one should select a non-let- 

skipped, As a result the loop of blocks 71. g2. 74. 75. and ter that is not very frequent in the file. For  ordinary 

76 takes less time to execute. and as it is executed (in the English text. for example, spaces are non-letters but 
25 occur quite often. extreme case) as often as there are characters in the file. FIG, shows in flowchart form an exemplary em- the time savings are substantial. Theory suggests. and bodiment of the selection procedure of block 69. In this 

experimentation confirms, savings of almost half in the embodiment, it is assumed that the match string has 
duration of Ihe search On the hardware already been determined (e.g, by user entry at the key- 
type and particulars of the Processor and data bus. 30 board). starting with = 0, is incremented 

In the example of FIG. 4. the selection criterion used and the p-th characters inspected to see if it is a non- 
for p was to select the first numerical character, in this space non-letter, This is shown in block ~f so, that 
case "9" where p=5. Numerical characters have the determines p, as shown in block 91. 
property* here, that they have no upper or Otherwise execution proceeds to block 92, where p is 
lower case. As a result the abovementioned benefit is 35 again zeroed and incremented repeatedly to determine 
that block 77 is bypassed. In much English text numer- whether the p-th letter is in the predetermined set of 

are relatively uncommon as with letters, rarely used letters. If so, that determines p. If not, then 
which also give the benefit that the number of false is set equal to 1 in block 93. 
alarms (requiring execution of block 78) is reduced. while the steps of FIG, 6 clearly take some nonzero 
Theory suggests, and experimentation confirms, savings 40 time to execute, it bears observing that the time cost is 

up to Ien per cent in the Ihe search de- incurred only once per search, and the benefit is a faster 
pending on the contents of the file. search through what may be millions of character posi- 

In a preferred embodiment the selection procedure of tions, 
block 69 can by any of the following: The routine of FIG. 6 could be simplified and none- 

If there is a numeral. select the numeral. 45 theless offer benefits in accordance with the invention. 
Select the letter most rarely used in common English. F,, block 92 could be eliminated since just 
If there is a rarely used character that is not a letter or avoiding the case conversions of block 77 in FIG. 5 

numeral, use it. saves time. 
Select the first non-letter if there is one. For searches that have been selected by the user as 
For some predetermined set (e.g. rarely used letters 50 case-sensitive (i.e. blocks 76 and 77 are skipped in FIG. 

o r  characters) select the first letter falling within 5) the test of block 90 could be omitted and the test of 
the set. block 92 retained, which would save time over the prior 

For frequencies of use in some language (e.g. En- art case-sensitive search. 
glish) select the least frequently used letter from The method of the invention, while discussed at 
among those in the match string. 55 greatest length with respect to the benefits it offers to 

If the frequency distribution within the file is known word processors, also offers great benefits to  other 
o r  can be approximated, select p for the least fre- applications. For example, it is commonplace to use a 
quently used character in the match string. test-search application to try to  find a match string 

It might be thought that the best way to select the anywhere in any file on a disk. Such an application can 
character from the match string is to select the one that 60 take many minutes to run when searching the entirety 
is least frequent in the text language, or the one that is of a disk. Experimentation has shown that the method 
least frequent in the file to be searched. The former is of the invention beats prior art disk text-search applica- 
computationally not difficult and does not take unduly tions by up to one-third of the prior art search duration. 
long to perform. but the latter requires scanning the As will be appreciated by those skilled in the art, 
entirety of the file to extract character frequency-of-use 65 where the file to be searched is not text, but is arbitrary 
information. If one where to scan the entirety of the file data, the method of the invention offers no particular 
ahead of time one might just as well extract a concor- advantage. But for the computation of block 69, how- 
dance and use that for text searching. ever, the method of the invention at least takes no 
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longer than the prior art methods e\.en for such arbi- the located character located is less frequently used in 
nary data. That is, if the rnethod of the in\,ention \\,ere the language than at least one other character in the 
emplo!.ed. even to the exclusion of the prior art meth- string. 
ads it never takes longer than before and is sometimes 4. The improved text-search method of claim 1 
faster. Sometimes it is much faster. 5 wherein the file and the string are text in a language and 

One skilled in the art ~vill appreciate that while the the predetermined condition comprises a condition that 
inventi\,e text searching has been described with respect the located character located is within a predetermined 
to a particular embodiment. namely a general purpose set of characters less frequently used in the language if 
stored program computer \t,ith the file to be searched there is at least one character from within the predeter- 
located on a hard disk. the invention may equally well 10 mined set in the string. 
be practices differently. For example, the file to be 5. Text-search apparatus for finding a string of char- 
searched may be in RAM or on other storage media acters within a file of characters, the number of charac- 
including compact disk (CD) ROM. ters in the string being greater than 1 and the number of 

As mentioned disk. one skilled in the art will appreci- characters in the string defining an integer f, the appara- 
ate that the search. though described here and below as 15 tus comprising: 
a search of the entire file starting at the beginning. could a processor; 
equally well be initiated from the current cursor posi- a memory storing the file and the string: 
tion which might be anywhere in the file. One skilled in a parallel data bus operatively connecting the proces- 
the art will also appreciate that the search may be a sor and the memory; 
repetitive one. finding a match, recording the location 20 means for locating within the string a located charac- 
of the match, finding another match. and so on. The ter within the string that satisfies a predetermined 
teachings of the invention benefit all these variants of condition, the location of said location character 
searching. defining a first position p within the string: 

I claim: means responsive to the located character for scan- 
1. In a computer having memory. and having a file 25 ning within the file for an occurrence of a match 

within the memory. an improved text-search method betmreen the located character and a character 
for searching for a string within the file. said string within the file in a range of positions no closer than 
having a length off  characters. f being a number greater p characters to the start of the file and no closer 
than one. comprising the steps of: than I+f-p characters to the end of the file; 

locating within the string a located character within 30 means responsive to the occurrence for inspecting the 
the string that satisfied a predetermined condition. contents of the file from a position p-1 characters 
the location of said located character defining a preceeding the occurrence to  a position f-p charac- 
first position p within the string: ters following the occurrence for a match with the 

scanning within the file for an occurrence of a match string: and 
between the located character and a character 35 means responsive to the match for reporting a suc- 
within the file in a range of positions no closer than cessful search at the position p-I characters preced- 
p characters to the start of the file and no closer ing the occurrence. 
than 1 + p - p  characters to the end of the file. and 6.  The improved text-search apparatus of claim 5 
terminating the text-search if no occurrence is wherein the predetermined condition comprises a con- 
found: 40 dition that the located character be non-alphabetic if 

inspecting the contents of the file from a position p-1 there is at least one non-alphabetic character in the 
characters preceding the occurrence to a position string. 
f-p characters following the occurrence for a 7. The improved text-search apparatus of claim 5 
match with the string. reporting a successful search wherein the file and the string text in a language and the 
at the position p-1 characters preceding the occur- 45 predetermined condition comprises a condition that the 
rence in the event of a match, and otherwise re- 
peating the scanning step. 

2. The improved text-search method of claim 1 
wherein the predetermined condition comprises a con- 
dition that the located character be non-alphabetic if 
there is at least one non-alphabetic character in the 
string. 

3. The improved text-search method of claim 1 
wherein the file and the string are text in a language and 
the predetermined condition comprises a condition that 

located character located is less frequently used in the 
language than at least one other character in the string. 

8. The improved text-search apparatus of claim 5 
wherein the file and the string are text in a language and 

50 the predetermined condition comprises a condition that 
the located character located is within a predetermined 
set of characters less frequently used in the language if 
there is at least one character from within the predeter- 
mined set in the string. 

55 * * * * *  


