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Chapter 1 Introduction

1.1 SHOBOLY4 Pattern_ Matching

SNOBOLY4 is a computer programming language containing
nany features not commonly found in other programming
languages. The basic data element of SNOBOL4 is a character
string. The language has operations for Jjoining and
separating strings, for testing their contents and for
replacing substrings. Using SNOBOL&, strings representing
sentences can be broken into phtasés or words, and formalas
can b2 broken into components and assembled in another
format. Because of its powver in string manipulation,
SHOBOL4 Las become a useful tool imn areas such as
cospilation techniques, machine simulation, syabolic
mathematics, text preparation, natural larqguage translation,

linguistics, and music aralysis [1].

Pattern matching-is a fnhdamental operation in the
SHOBOL4 language. It is the process of examining a sabject
string for the occurrence of a substring specified by a
SNOBOLL pattern. A pattern can be as simple as a character
string, for exanmple, °*THIS IS A SHOBOLU4 PATTERN.'. During
pattern matching, the SHOBOLY system will try to f£find the
leftmost cccurrence of this string in a 'subject string. A
pattern can also be composed of simple SNOBOLU4 primitive
functions. For example, the primitive pattern CLEN(&}°®

matches a character string of length 4.
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Two operators, alternation and conrcatenation, can be
used to build pattern structures that match sets of strings.

Alternation is indicated by an expression of the form
P1 | P2

where P1 and P2 are simple SNOBOLY patterns, The value of
the expression is a pattern structure that matches any
string spceified by either Pt or P2. ~ Concatenation of two

pattern, P1 and P2, is specified as
P1 P2.

The value of the expression is a pattera that catches a
string consisting of two substrings, the first matcked by P1

and the second by P2.

By usinrg alternation and concatenation operators, one
can build more complicated pattern structures that match
large numbers of strings. Concatenation has higher
precedence than alternation, but parentheses can be used to
override the built-in precedence of the pateterns. Thus, the

pattern
YAt | tpe tCt | tpt

natches one of the three strings: *A*, 'BCY', and *'D°¢,

Hovever the pattern



('AI [ |Bl) (ICI ' 'DI)
matches one of the four strings: YACY, %*AD*, 'BC', and *BD',

Before matching actually occurs, a pattern is
evaluated. 1Its value is a pattern structure which is used
to drive a pattern matching procedure called the scanner
whkich perfores the matching. Should any string specified by
the pattern appear as a substring of the subject string,
pattern matching succeeds, only the first (leftmost)
cccurrence of the set of substrings specified matches the
pattern. Once pattern matching succeeds, no more

alternatives are sought.

The scanner uses two pieces of information during

scanning:

1. The cursor:
A pointer to the position in the subject string where
the scanner should be searching for a match to the

carrent pattern component.

2. The needle:
L pointer to the current component of the pattern

structure.

It is convenient to think of components of a pattern
structure as a set of beads that the scanner is +trying to

thread vsing a needle. Griswold®s [2] illustration of a



bead diagram representing the pattern structure
(lB' ‘ .R'} ‘Igl l ‘EAI) ('D‘l l IDS"
is shown below:

needle

S

————— e ] o e

In a bead diagram, left-to-right order of concatenation is
preserved. -RAlternation is represented top to bottom. The
needle points at the bead (component) that the scanner is
currently trying to match. If a bead matches, the needle
passes through and moves upward as far as it can go without
crossing a horizontal 1line. If a bead does not match, the
needle moves down to an alternative bead. If no alternative
exists, the needle is pulled back thrdngh the last
successfully mnatched bead, and an alternative is sought

there.

The following figure illustrates the steps in matching
the above pattern against the subject string *READS'. The
arro¥ pointing at ®READS' represents the cursor, vhile the

arrow pointing at the beads represents the needle. Failure



in the fifth step causes the needle to be pulled back.

cursor is mroved back at the same time.
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In this case, a successful natch requires eight steps.
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Bead diagrams graphically illustrate that the
alternatives arc matched in top to bottom order. But in
actual SROBOLY4 programs, alternatives are matched by the
scanner in left-to-right order. Thus, the scanner attespts

to match B before R, E before EA, and D before DS.

1.2 o2l _of_the Pro-ject

The goal of this project is to design and implement a
prograr that performs pavsing and pattern wmatching for a
subset of SHNOBOLY patterus. It reads a SHNOBOLY pattern, -
evaluates it and creates a pattern structure, Then, using
the pattern structure, it performs pattern matching on a
subject striug. #¥hen an error occurs, such as illegal
pattern detected during parsing, the program will terminate
with an error message. Otherwise at the end of each parsing
and peattern wmatching task, the program will print out a
message indicating whether or not pattern matching succeesded

and, if it succeeded, the substring matched.

The SKOBOLUW pattern features covered in this project

iucludes

T. Character string matching

2 Primitive Functions
5 LEN (1)
b.  BEREK (STRING)

Co SPAN([STRING)



3. Rlternation and concatenation operators
4. Parentheses

1, 3, and 4 have becn discussed earlier in this chapter.
The following is a brief description of the three SHOBOLY

pricitive functions in 2.

LEN {¥) matches any string of the specified 1length N.
The argument N of LEN must have a non-pegative integer value
when pattern matching is performed. For example, 'LEN(5)°
vill match a substring of five characters beginning at the.
current cursor position., Pattern matching will fail if the

subject string contains less than five characters.

RREAK (STRING) matches runs of characters which do not
appear in the character string STRING. The arqument of
BREEK must be a nonnul) string. Pattern wmatching succeeds
vhen the first character contained in the argument field is
encountered. If the cursor is positioned immediately to the
left of a break character, BREAK matches the null string.
BREAK must find a break character, or it fails. For
exarple, if the subtdect string has the value *THIS IS A
SENTENCE.® and the pattern is "“BREAK('.%)", when pattern
patching succeeds, the cursor will be pointing at the left
of tke pericd and the subkstring *THIS IS A SERTENCE!' will
satch the pattern. Pattern matching will fail if no period

abpears in the subject string.

SPAF (STRING) matches runs of characters specified in



9
the character string STRING. The argument field of SPAN
rust be a wnonnull string. For examrple, the pattern
WSPLH (*ABCDEFGHIJKLMNOPQRSTUVHIYZY) W will match any
substring that contains only alphabetic characters. When a
character other than the ones specified in the arqument is
reached, the scanner will terminate the pattern matching.
The cursor will advance to the right of the last character
#atched by SPAN. SPAN must match at least one character, or

it fails.

There are over a hundred SHOBOLL functions, dperators
and features. Only a few are covered in this project due to
limited time. .additional features can be added to the
progras with little effort. This will be discussed in

Chapter 4,



Chapter 2 Overview of the Progranm

The parsing and pattern matching program was written in
PL/I and tested on the IBM 370 computer, Structured
programming techniques were used, making coding, debugging
and modification easier, faster and less complicated. 1In
this chapter, the wmajor data structure, the parsing
strategy, the pattern mumatching algorithm, and the

organization of the program will be described.

2.1 Hajor Bata_ Structures

The parsing modunle of the prograe (referred to as the
parser) scans the characters in the pattern from left to
right and reccgnizes each compenent and operator,
hlternation and@ concatenation of patterns produce structural
relationships betyeen pattern components. These
relationships govern the order in which components are
matched, depending on the success or failure in matching
individval components. The relationships between pattern
corpouznts are shown in the heed diagram in Chapter 1 in
which the alterncte-concctenate strecture is illustrated,
Fach conponent of a pattern corresponds to a prinitive
pattern-matching operation. Fach coaponent is represented
by one block of & data structare, PATLINK, which contains
the offset (logical a&address) oi the component, and offsets

to tke alternate and subseguent ¢£ the component. & block

also contains the npawe of the function that perforss the
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primitive pattern matching operation, the length of the
argument, and a pointer to the argument. The information in
PATLINK is used during pattern matching. The design of the
PATLINK data structure is based on the structures described
in Griswold [3] and Gimpel [4]. PATLIKK and the other major
data structures used in the program will be discussed in

detail in the remainder of this section.

ARGLIST

ARGLIST is an array of 80 elements which stbres the
characters from string patterns and arqgument 1lists of
primitive functions. Because the argument of each pattern
conponent is of a different length, it is difficult to store
them in the PATLINK data structure. Instead, pointers are
included in the data structure pointing to the positicns in
RRGLIST where the argument of each component is stored. For

exanple, the pattern
SPAN (*AEIOU") | *123¢

¥vill cause the following ABRGLIST to be generated.

Pointer: 1 2 3 iy 5 6 7 8

ARCLLST: A B I 0 U 1 2 3

The pointer to the ARGLIST in the first component will be
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logical address 1 and the length will be 5. The pointer in
the second component will be logical address & and the

length will be 3.

PATLINK
PATLINK is declared in the main routine, MAIN2, as a

controlled variable. Its size can shrink and grow

accordingly. As described above, each element of PATLINK

represents a component in the pattern and bas the following

structure:
. =
NUY PLT.
CAaT —;LT
ARG LEH
Hhere

RUE -~ contains the 1logical address of the pattern

component in the linked data structure.

PAT - is the function name of the component, i.e.

either LEN, BREBK, SPAH or STRING.

CAT - contains the logical address of the subsequent
conponent to be matched after the present pattera
cvonponent succeeds in watching a substring of the

sabject string. If there is no subsequent component,
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the valoe of this field is 0O,

ALT - holds the logical address of the first component
of the next alternate pattern. If there are no nore

alternates, the field is 0.

ARG - is a pointer to the starting position of the

arguments of the pattern which are stored in ARGLIST.

LEN - contains the length of the string argument of the

pattern stored in ARGLIST.

Each individual primitive component in +the patteru
structure from left to right is assigned a value from one to
the number of primitive components in the pattern as its
logical address in the data structure. For example, in the

pattern
(*AB' | LEN(4)) BREAK('.'),

there are three componeﬁts. *AB' is assiguedé the logical
address 1, LER(4) 1is assigned the logical address 2 and

BREAK(*.*) is essigned the logical address 3.

Figure 1 is an illustration of the PATLINK data
structure and the array ARGLIST after the parsing of the
above pattern. LE¥ does not use any space in ARGLIST

because the arqguwent of LEN is an integer which is stored
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Girectly in PATLINK. The parser puts the value 4, which is
the specified length, in the ARG field of the component

LEN(4). The LEN ficld is O.

Pattern - ("AE®' | LEN(4))} BREAK('.")

PATLINK:
RRGLIST: (] STRYNG
e — \é B
A i o 2 2 LEM
B ' e 3 #]
: &/—,’ 4 0
3 BRERK
0 0
\‘13 1

Figure 1.
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PATTAB is a table declared and initialized in the wmain
routine, HMAINK2. It holds the names of the primitive
functions and the labels in the program of stateaments which
call the pattern matching subroutines corresponding to.these
functions. The size of PATTAB 1is the number of primitive
functions to be inplemented. PATTAB is used by the parser
to perform a table look-up vwhenever a primitive function is
encountered. If the primitive function is not in the table,
it is an illegal function. The program will print out aa .

error message. Each element of PATTAB has the stiicture:

PRIH ARG LBV1 1
where
PRIK - is the name. of the primitive function.

ARG - has the value *1'R if the primitive function has

an argument, otherwise this field is ®0°B,

LBV1 - contains a label which will be used later by
stbroutine MATCH to determine which . subroutine shovld

be called to perform pattern matching.

In the current implementation, the size of PATTAB is 3,

and it contains the following information:
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LEN 1 FLER
SPAN 1 FSPAR
BREAK 1 FBREAK

FLEN, FSPAN and FBREAK are labels in the program.

There are two stacks used in stehrouvtine PARSER. Their

use was motivated by Gimpel [#].

CSTK - contains the 1logical address of pattern
components waiting for a concatenation and left and

right parentheses.

ASTK - contains- the Jlogical address of pattern
components waiting for an alternate and left and right

parentheses,

During the process of parsing, when a left parenthesis
is reached, the parser will first push the left parenthesis
onto both ASTK and CSTK, and then push the logical address
of the pattern component immediately following the 1left
parenthesis onto both ASTK and CSTEK. When a right
parenthesis is encountered, the parser will check the

operatorn immediately following the right parenthesis. If it
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s an alternztion operator, the parser will pop everything
ap to and including the left parenthesis in ASTK and link
the next component to the one on top of ASTK if ASTK is not
enpty. If the operator inmediately <following the right
parenthesis is a concatenation operator, the parser will pop
everything up to and including the left parenthesis in ASTK
and link the next pattern component with all the components
in CSTK up to the left parenthesis before popping CSTK. The

exact algorithm will be given in Chapter 3.

Figure 2 shovs a step by step illustration of the.
status of PATLINK, ARGLIST, ASTK and CSTK while parsing the

pattern
(!x!’l (!'Al l (Bl) l ICU) |Dl.

The numbers above the pattern are the logical addressec of
the conponents to be pushed on the stacks. The numbers in
circles with arrows under the pattern represent each step of

parsinge.
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1 2 3 4 5
( Tyy! ( Al ‘gt ) I et ) U
Step 1
ASTK CSTK PATLINK ARGLIST
1 ( i § ( Empty Empty
Step 2
ASTK "CSTK PATLINK APGLIST
P
2 1 2 1 1 STRING 1 X
1 ( 1 ( - = 2 Y
1 2
Step 3
ASTK CSTK PATLINK ARGLIST
2 1 1 ( 1 STRING 1
1 ( 2 - 2 Y
1 2
Step 4
ASTHE CSTK PATLINK ARGLIST
( 1 STRING 1
1 1 ( 2 - 2
1 ( 1 2

Figure 2.



Step 5
ASTK CSTK
A 2 3 2
3 ( 2
2 | L (
1 (
Step 6
ASTK CSTK
2
2 1
(- 1 (
Step 7
ASTK CSTK
4 3 A 3
3 ( 3 2
2 1 2 (
X I 1&g
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PATLINK ARGLIST
1_| STRING X
o 2 ~ Y
1 2 3 |a
2 | STRING
3 1
PATLINK ARGLIST
_STRING
2 -
2
2_| STRING
- 3
3 1
PATLINK ARGLIST
1 | STRING 1 | x
o - 2 |¥y
1 2 3 (A
4 |B
2 | STRING 3 | STRING
- 3 - -
3 1 4 1

Figure 2, (Continued)



Steps B and 9

ASTK

Step 10

ASTK

Lo - FC R - R

=N W e oY

CSTK

~ N W

CSTK

AANwl\’-b-

Figure 2. (Continued)

PATLINK ARGLIST
STRING 1 X
4 2 Y
2 3 A
4 B
STRING
3
1
STRING
4
y
PATLINK ARGLIST
STRING 1 X
4 ~ 2 Y
2 3 A
4 B
STRING 5 C
3"-
1
STRING
4 o
L]\
STRING
1




Step 11 apd 12

ASTK

Empty

Step 13
ASTK

Step 14
ASTK

Empty

CSTK

Empty

CSTK

CSTK

Empty

Figure 2. (Continued)

PATLINK ARGLIST
STRING 1 X
4 e 2 Y
2 3 A
4 B
5 C
STRING 6 D
3 a9
1
STRING
4 o 4 | sTRING
1 = 5 -
5 1
5 STRING
6 1 ]

PATLINK ARGLIST
Same Same
PATLINK ARGLIST
Same Same
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= —— e e A - B o v

Subroutine KAYCH does the actual pattern matching for
the progran. MATCH uses tuo pointers, NEEDLE and CURSOR,
vhile performing pa*tern mratching. Both KENDLE and CURSCR
vork similarly to the needle 2and the cursor in the scanner

discussed earlier in Chapter 1.

Vher pattern matching starts, NEEDLE points to the
first component in PATLINXK and CURSOR points to the
beginping of the subject siring. If matching succoeds,
NEEDLE wilil move to the subsegquent component, and CURSOR
Wwill advance the number of characters the curxent pattern
matching successfiully watched., WwWhen matching fails, an
alternate component wWill bhe sought. However, if the
position in the subject string pointed to by CUR3OR matches
noae of the first componsznts of all the alternate patterns,
CURSCR will be advanced by cne position and pattern ratching

will start over from there.

Subreoutine MATCH uses two ~tacks t9 save the status of

NEEJLY and CURSOH.

CrtsS = holds the number of positions CURSOR has been

advanced in each svccessful watck.

ASTK - This ASTK is different from the one in PARSER.
It contains ALT fields of the current successfully

watched coaponerts in case NEEDLE has to be backed up
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vhen a subsequent match fails. A detailed pattern

natching algorithm will be given in Chapter 3.

The following 1is an illustration of each step of the
pattern matching operation, including the positions of
NEEDLE and CURSOR and the status of CPOS and ASTK. In this
exanpla the subject string

"SNOBOLU4 PROGRAH?
is scarched for an occurrence of the pattern

{LEN(9) | °*SNOB') BREAK("4%) SPAN('4').

Step 0 -~ NEEDLE points to the first component in PATLINK,

CURSOR points to the beqinning of the subject string.

SEHEO0OBOLY% PROGRAMN

CURSOR

ASTK CPOS

1 LEN Empty Empty

HEEDLE 9 0
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Step 1 - LEW(9) mnatches the substring *SHOBOLY P?. A
subseguaent component is sought. The logical address of the
glternate component(2) is pushed on ASTK. The value 9 is
pusked on CPOS. CUBSOR is moved to point to the tenth

character in the subject string.

SNOBOLU4 P,ROGRAMN

CURSOR
-ASTK CPOS
(——————1b 3 BREAK 2 9
’ 4 0
|
NEEDLE 5 1

Step 2 - The pattern matching rountine tries to find a break
character '4* but fails. NEEDLE has to be pulled back and
assigned the value on top of ASTK, and CURSOR is also backed

up 9 spaces,

SNO0OBOLU4 PROGRR RAaAH
CURSOR

BRSTK CPOS

2 | STRING Empty Bmpty

NEEDLE 1 4
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Step 3 - Pattern matching matches the substring *SHOB'. The
ALT field in the current PATLIKK element is 0, so no action
is taken with respect to the stacks CPOS and ASTK. A

subsequent component is sought.

SNOBOLU4 PROGRAH

CURSOR
ASTK CPODS
3 BREAK Empty Empty
i 0
NEEDLE 5 1
Step §# - Pattern matching successfully locates the break

character., BREAK(*'4%) matches the substring °*OL'. A

subsequent is sought.

S¥NOBOL,GO PROGRAMH

CGRSOR
ASTK CPOS
4 SPAN Empty Empty
0 0

NEEDLE 6 1




Sten 5 - SPAN matches the character '4°¢,

26

There are no more

subscgeent components which indicates that pattern matching

bas succecded.

SNOBOLUW, PROGRAMHM

CURSOR

Step 6 - The substring 'SHOBOL4' matches the pattern.

2.4 Gepneral Orgapization

The program coatazinrs a main routine which

S2LvVes as a

driver and nine subroutines. The major tasks of the program

include a parser and a pattern matching subroutine.

The following diagram shows

of the program.

the hierarchiczl structure

HAIN2
PARSER INITIA MATCH
STRING [PBTREC {HSTRIEG MSPAH MBRERK HLEN
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All the subroutines are internal to MAIN2. PARSER and MATCH
are unknown to each other. All the variables are used
according to their scope, therefore, each subroutine is
constructed without a parareter list and invoked without an
argurent list, A detailed description of each subroutine is

given in Chapter 3.
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Chapter 3 Documentation of the Progranm

This implementation of the program contains two major
routires, PARSER and MATCH. PARSER serves as a lexical
analyser and constructs the pattern structure. MATCH is the
pattern wmatching subroutine. Both PARSER and MATCH are
invoked by a driver MAIR2. There is one small subroutine
INITIA called by MELIK2 +to initialize the variables. The
general flow of the program starts from HAIN2. MATN2
invokes INITIR to initialize the global variables and then
invokes PRRSER to recognize the functions and operators and
create the data structure, PATLINK. After PARSER returns to
BAIE2 with wno error, MAIHZ will call HETCH to perform
pattern matching on a subject string. If an error occurs in
either PARSER or EATCH, the return code RCODE is set to a
value other than 0O. The value of RCODE éepends upon the
different error conditions and is checked upon return to
MAIN2. The ©progyram prints an error message for non-zero

BCODE and goes on to the next pattern matching task.

e e o et s e e — e e

k11 the glcbhal variables are declared in BAIN2. Their

ramss, attributes and uwses are described in this section.

PATTERY is declared as a controlled variable array of N
elements. Bach element has the atiribute CHARACTER(T).

PATTERN 15 wsed to hold a2 SHNOBOLU pattern., The value of %
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depends upon the size of the pattern. Because the pattern
can be very short and it can also be very long. In order to
save storage, PATTERN is declared as a controlled variable

to be allocated at the time of execution.

PATLINK was discussed in detail in Chapter 2. The
attribetes of each field of PATLINK are:

MUH - FIXZED (2)

EAT - CHARACTER (6)

CL? - PIXED(2)

ALT = FIXED(2)
ARG - FIXED (2)

LER - FIXED(2)

LBY is a controlled variable array having the sare
dimension as PATLINK after allocation. Each element of LBY
has the attribute CHARACTER(7} and contains the label of a
statenert in the program that the corresponding component in
PATLINK will branch to in order to initiate the correct
function call. For exanmple, if FATLIKK({2).PAT has the value
*STRING®, LEV(2) will have the value *FSTRING' which is the

lahel of the function call ir the prograw.

FLAGY amnd FLAG2 are flag bics =xn» the pregram  hoth
having attribute BIT (1}). Their values determine whetler the
program trace kill be turned on or oeff. They #ill  be

discussed ir detail in Chapter 4.

ARCLXST pis been covered in detail iw Chapter 2. Each
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element in ARGLIST has attribute CHARACTER(1). ARGPTR is
the pointer to ARGLIST. It has attribute FIXED(2) and is

ipitialized to 0.

PATLINKCTR is the pointer into PATLINK and has
attribute FIXED(2). It is initialized to 1 in subroutine

THITIA and used by PARSER to create PATLIREK.

RCODE is the 1return code, with initial value 0 for
norrnal contiruvation of the program. Any value other than 0
vill cause an =errvi ressage to be printed. Folloving is a.
list o¢f the error messages for each different error

conditionr returned@ from PARSER.

RCODE=1 - *Illegal primitive function® -

PCODE=2 ~ 'No blank between functior and operator?
RCODE=2 ~ *Unpmatched parentheses pairt

RCODE=f§ - *Iliegal operator®

RCOLE=5 - 'No argument list®

When RCUDE=%{ is returned from subroutine HMRTCH, the message

YPETSCEAN MATCHING FAILED? will be printed.

IHSTRINC bkclds the value of the subject strirg to be
ratched agaipst the pattern. 1Its attribute is CHARAKCTER (50)

VARIING.

FIRET iz a peinter to the first character ia the

sukstring of tha subject string ratched successfully by the
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pattern matching operation. LAST is a ﬁointer to the last
character in the substring of the subject string matched.
The values of PFIBRST and LAST are used to locate the

subsiring matched.

EOF is a flag bit with the initial value *0'B. If an
end-of-file condition occurs, its value will be set to '1¢B

and the program will be terminated.

The follcuing are variables local to subroutine PARSER.

CSTX and ASTK were discussed in Chapter 2. They are
both-of size 4 greater than the size of PATLINK to make sure
there is enough room for all the components and parentheses
in the pattern. They both have attribute FIXED{2). Because
ESTK and CSTK only hold fixed decimal numbers, left and
right parentheses which are pushed on ASTK and CSTK during
the process of parsing, are assigned the values 98 and 99,

respectively,

CURTOL is a variable used by PARSER to temporarily
store the name of a primitive function. Xtz attribuote is
CEARACIER{®). PTR is a pointer to the array PATTERN and is
used by PARSER to scan the pattern. Its attribute is

FIXED(3).

L98 and 499 are counters of left parenthesis and right

parentlesis, respectively, in ASTK. They both have
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attribute FIXED(Z). If the valuc of A98 is not equal to A99
at the end of parsing, it indicates an unmatched parentheses
pair, and RCODE will be set to 3. C98 and C99 are counters
of left and right parentheses, respectively, in CSTK. They
both have attribute FIXED(2), If they have unequal value at
the end of parsing, RCODE will be set to 3 for an unmatched
parentheses pair. A and C are pointers to ASTK and CSTK,

respectively. They both have attribute FIY¥ED(2).

Subrontine MATCH kas the following local variables:

CURSOR and NEEDLE have the attribute FIXED(2). Their
functions have been covered in Chapter 2. CPOS and ASTK
have been discussed in Chapter 2. Both have attribute
FIXED(2}, and each stack is of size 10. APTR and CUPIR are
pointers to the stacks ASTK and CP0S, respectively. Both

have the attribute FIXED(2).

BINGO has the attribute BIT{1) and is used by MATCH as
a flag bit. Its value is initialized to °*0'B. When the
first matching operation succeeds, it is set to '1'B, and
the current value of CURSOR is assigned to FIRST to mark the

beginning of the substring matched.
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3.2 Description of Functions

HAIN2 is a main routine which declares all global
variables, does most of the output and the imput, allocates
2all the controlled variables, and checks RCODE, It mainly
serves as a driver for two major subroutires, PARSER and

1 ATCH.
3.2.2 INITIA

INITIA is a subroutine called by HAIN2 to initialize
thke global varizbles. These varlables are CiT, ALT and LENM

in PATLINK, PLAG2, ARGPTR, PATLINKCTR and RCODE,
3.2.3 PRRSER
There are two subroutines called by PARSER:

1. STRING is invoked whenever a string component is
encountered. It adds the characters between a pair of
grotes to ARGLIST, fills in fhe data structure PATLIEK with
the proper information, and increments the counter variables

PTR and ARGPTR, before returning to the calling procedure.

2. PATREC is invoked when a possible primitive function is
detected. It takes the name stored in CURTOR, and perforas

a table look-~up in PATTAB to make certain the primitive
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function is legal. Then PATREC £ills in PATLINK and
increments counter variables PTR and ARGPTR, before
returning to the calling routine. If an error condition
occurs, such as an illegal function or no argueent lists,
the return code RCODE will be set before return and no other

actions will be taken.

PARSER uses the index variable PTR to scan through the
array PATTERN and to recognize each pattern coeponent and
operator. There are five cases corresponding to the five
syntactic items that PTR can point to. These five cases are
incleded in a DO WHILE loop which tests the pattern pointer
PTR against the length of the pattern PATTERN. The first
four cases are irplemented in nested IF-TEEH-ELSE clauses,
so vhen cne case is false the ELSE path will be taken. The
fifth case is the case for operators, and will be executed
arter one of the preceeding four cases has been coumpleted.

The five cases are:

CASE 1 - a left parenthesis,

PARSER will push the valve €8 on both ASTK and CSTK and
skip any blanks that may follow until a non-blank
element is reached. Only +three possibilities are

alloved after the left parernthesis:

1. Another leit parenthesis - nc cction,
2. A string - PABRSER will call subroutine STRING.

" A primitive function - PRRSER will call subroutine
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PATREC.

For possibilities 2 and 3, PARSER will push the current
value of PATLINKKCTR (the logical address of the current
component) on both ASTK and CSTK and increment

PATLINKCTR by 1.
2 - a quote,

PARSER will call subroutine STRING. Upon returning
from STRING, PARSER will push the current value of
PATLINKCTR on both ASTK and CSTK and dincrement

PATLINKCIR by 1.
3 - a right parenthesis.

PRESER will 1look ahead <£for any one of the following

four possibilities and perform the subsequent actions:

1e End of PATTERN -~ PARSER will push the right

parenthesis (99) on both ASTK and CSTK.

2. Another right parenthesis - PARSER will pop
everything up to and including a left parenthesis fronm

ASTK, then push the right parenthesis on CSTK.

3. An alternation orerator - PARSER will push the
right parenthesis on CSTK, then pop everything out of

ASTK up to and incleding a left parventhesis. If LSTK
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is not empty, PARSER will put the current value of
PRTLINKCTR in the ALT field of the pattern component on

top of ASTK and pop the top of ASTK.

4. A concatenation operator - PARSER will ©pop
everything up to and including a left parenthesis from
ASTK and put the current value of PATLINKCTR in the CAT
field of all the components in CSTK up to a left

parenthesis.

4 - a primitive function.

If none of the above three cases applies, the case has
been narrowed down to a primitive function. PARSER
will call PATREC to recognize the primitive function

and £ill in PATLIUK.

5 - an operator, either concatenation or alternation.

If it 1is a concatenation operator, PARSER will pop a
component from the top of CSTK and link the CAT field
of that cowponent vith the next coppoient. If it is an
alternation operator, PARSER will pop the first eleament
from ASTK and lirks its ALT £ield vith the next

component,

While popping CSTK and ASTK in 3 and & of CASE 3,

PARSER makes sure the right and left parentheses are

balanced by using the counter variables A98, R99, C9%38 and
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C99. Whenever a left parenthesis in CSTK or ASTK is popped,
the value of C98 or A998, respectively, will be increrented
by 1. Whepever a right parenthesis in CSTK or LSTK 1is
popped, the value of C9% or &99, respectively, vill be
incremented by 1. If 298 ard C98 are not equal to A99 and
C99, respectively, at the end of parsing the pattern, RCODE

will be set to 3.

In all the above cases, PARSER checks for at least one
blank between operators and pattern components. If thesre is

RO blank, RCODE is set to 2.

3.2.4, MATCH
Sebroutine HMATCH performs the pattern matching for the

progran. There are four subroutines called hy HATCH.

1. MSTRING does the actual pattern matching for a string
pattern. It uses the value in the ARG field of the PAaTLINK
e¢lerent that NEEDLE 1is currently pointing to as the
begianing pointer to EEGLIST. It then extracts the numbsor
of characters specified in the LEN field from ARGLIST.
Finally, it compares the string from ARGLIST with the
substring of the subject string pointed to by CURSOR. If
the substring successfully matches the string pattern,
CURSOR will be advanced to the right of the last character

in the substring matched.
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2. MSPAN perforezs the actual pattern matching for the
primitive function SPAN. It checks each character in the
substring of the subject string pointed to by CURSOR against
the argument string stored in ARGLIST. If the current
character appears in the argument string, CURSOR is advanced
to the next character in the suhject string. The process
continues until a character which does not appear in the
argument string is reached or the end of the subject string
is reached. Pattern matching succeeds if at 1least one
character matches. The CURSOR is advanced to the 1left of

the character which is not in the argument string.

3. MBREAK performs actual pattern matching for the
primitive function BREAK. It starts at thé character in the
substring of the subject string pointed to by CURSOR. If
the character is not in the arqument string, CURSOR will be
advanced to the next character. The process continues until
a character in the subject string is found in the argument
string. Pattern matching succeeds when a break character is
found. The CURSOR is positioned at the left of the break

character wvhen pattern matching stops.

4. MLEN performs actueal pattern matching for the primitive
function LEN(N). It checks the length of the subject string
from the character pointed to by the CURSOR. If this
substring has N or more characters, pattern matching
succeeds, and CURSOR is moved N positions to the right of

its current position.
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For the above four subroutines, the pnumber of positions
CURSOR is advanced in a successful match is saved in the
stack CPOS, if the ALT field of the current component is
non-zero. If pattecn matching fails, CURSOR will stay at
the same position as when the current pattern matching

operation started, and RCODE will be set to 1.

Before pattern matching starts, a subject string is
read into INSTRING. When pattern matching starts, NEEDLE
will be pointing to the first component in the PATLIHK data
structure, and CURSOR will be pointing to the beginning of
INSTRING. HMATCH searches LBV for the pattern component in
PATLINK and decides which subroutine it should call. After
returr frowm the subroutine call, HMATCH &ill check the value
6f RCODE. If matching succeeded (RCODE=0), it will check
the value of BINGO. If BINGO is '0¢B which means this is
the first successful match, the value of CURSOR before the
match will be assigned to FIRST to mark the beginning of the
substring matched. Then MATCH will check the CAT field of
the current cozponent. If it is non-zero, its value will be
assigned to NEEDLE for the next matching operation and the
non-zero ALT field will be saved on ASTK in case NEEDLE
needs to be backed up. 1A zero value in the CAT field means
there are no more subsequent components in the pattern. The
value of CURSGR is saved in LAST and control returns to the
calling point in MAIN2., If matching fails, MATCH will check
the ALT field of the current component for an alternate. If
the ALT field is non-zero, WEEDLE will get the value in the

RLT field, and RCODE will be reset to 0 before continving
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pattern matching. If the ALY field of the current component
is zero, WHEEDLE and CURSOR have to be backed up by pbpping
the top of ASTK. for an alternate and the top of CPOS for a
former CURSOR, provided both stacks are not empty. If there
vas no previously successful match (BINGO='0¢B), MNEEDLE will
start again from the first component in the pattern, and

CURSCR will be advanced by 1 to try again.

HATCH will not be cailed if the value of RCODE returned
from PARSER is non-zero. MAIN2 will detect the non-zero
RCODE and print out an error message according to the error
condition. If the value of BCODE from HATCH is zero, MAIN2
will print cut the substring matched and the message
*PRTYTERN HKATCHKING SUCCEEDED.'. If the value of RCODE
returred from MATCH is 1, MAIN2 will print out the message

*PATTENRN MATCHNING FAILED.®.
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Chapter & Using the Program

Y.t Innput Specification

This program is designed to perform parsing and pattern
mnatching orn sets of test éata. The execution of the progran
will continue until all input data is exhausted. Each set
of test data has at least six input values, The following

is a description of each input value:

1. The first input is the flag bit FLAG2 which controls
the tracing facility. It is punched in the first column of
the first data card. The value '0'B turns off the tracing,

and the value *1'B turns on the tracing.

2. The second input is the valae of W which is the number
of characters in the pattern and is used to allocate the
controlled variable PATTERN, It should occupy the first
three columns of the second input card. The value of N must
be the same as the length of PATTERN in order to allocate
the correct size array, otherwvise, an error will occur later

in parsing.

3 The ¢hird input is the value of PATTLRH. Tt should
start on the second card, directly atfter the value of ¥ and
continue for as many cards as necessary. It will be recd in

one character at a time and stored in the array PATTERN.
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L., The fourth input is the value of M which is the number
of components in the pattern. # ®ill be used to allocate
the size of PATLIKK and LBV. It should appear in the first

tvo cuiunns of the next data card.

5, The f£ifth input is the value of the subject string,
LUSTRI#G. This valvre should begin on the sare data card as
K and should be enclosed in a pair of quotes. There can bhe
seveiral imput subject strings to match the same pattern
stracture. The pattern matching procedure will contince for

different input strings until a string 'END' is reached.
For example, if the pattern has the value
"A* LEN(4) | SPRH{'XIY")

and the subject string is XYXYXYZ', and the tracing

facility is turned on, the data cards would be

Card 1 ] 1

o

Coluaun 1

Card 2 (23E'A‘hLEE(u)ElHSPEH('KI'}

Coluomn 1

Card 3 EEE#E‘XYKYEYZ'Eﬂ'EHD‘

VColﬁmn 1
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h,2 Tracing_and Debuuging Facilities

FLEGT and FLAG2 are used in the program as two cne-bit
flagé. The value of FLAG2 is inpput from the first data
card. FL4G2 controls tracing of the execution of the
progrome IL FLAG2=Y1'B the program will print out the narce
cf zach -case heing executed, the name of each subroutine
calleﬁ. the status of all stacks CSTK, ASTK and CPOS, and
the important variables CURSOR and NEEDLE, at each stage of
execution. The value of FLAG1!1 is dependent on the value of
RCODE, If PARSER has been executed without error, upon
returning to MAIN2, FLAG1 will be set to *i'B +to print out
the contents of the PATLINK data structure. FLAT? will be
set back to *0¢B before MATCH is called. If HATCE has been
executed successfully, FLAG1 will be set to '1'B again to
print out the substring matched and the message F‘PATTERH

HATCHIKG SUCCEEDED.Y.
For example, using the same pattern
YA' LEN{4) | SPAN('XY®)

and tiz subject string SXYXYXYZY, if FLAG2=%0"'B, the progranm

will print out the following:

THE_PATFZRN_TO_BE_USED_IS:

YAY LEH(U) |} SPARE("XY%)



fhy

B 1 J STRING
3 , FSTRING
3 2 3
1 1 1
N 2 LEN
o
i 0 0
8 1
3 SPAR |
B FSPAN
B 0 0
B 2 1

THE STRING TO BE MATCHED IS: *XYXYXY2®,
SUBROUTINE HMATCH BMATCHED SUBSTRING °*XYXYXY®,

PATTERN MATCHING SUCCEEDED.

Ecwever, with FLAG2 turned on ('1'B), the program will print

outs



*AY LEN(4) | SPAN(*XY®)

SUBROUTINE PARSEER ENKTERING CASE 2 -
CALLED.

SOBROUTXINE PARSER ENTERING CASE
ERCOUNTERED.

STATUS OF AS3K:
8

STRTUS OF CSTK:

STATUS CF ARGLIST:
A

SUBROUTLIRE PARSER ENTERING CASE 4 -
CALLED.

SUBROUTIKE PARSER ENTERIRG CASE
ERCCUNTERED.

STATUS OF ASTK:

STLTUS OF CSRI:
2

STATUS OF ARGLIST:
A

SUCROUTEIKE PARSER ERTERING CASE 4 -
CELLED.

STRTUS OF ASTK:
3

STATUS OF CS5TK:
2
3

STATUS OF ARGLIST:
A
X
b4
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SUBROUTIRE STRING

5 = OPERATOR

SULRCUTINE PATREC

5 - OPERARTOR

SUBROUTINE PLTREC



1 STRING
} FSTRING
B 2 3
—““1 1
TEINE N N R ————
2 LEN
B FLER
o |
i 4 1
B 3 SPRR
FSPAN
B a 0
I i 2 2

THFE STRING TO BE MATCHED IS: *XYXYXYZ°®.

THE LENGTH OF INSTRING IS 7.

THE VALUE OF HREEDLE - 1.

THE VALUE OF CUESOR - 1.

STRTUS CF CPOS:

STLTUS OF LROTR:

SUBROUTIKE KATZCH ENTERIHNG SUBROUTIHNE MSTRING.
STR - A

THE VALUE OF FEERDLE - 3,

TEE YLRLUE OF CURSOR - 1.
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STATUS OF CPOS:
STATUS OF RSTR:
SUDROUTIKE HATCH ERTERING SUBROUTIKE HSPANW.
HSPail HATCHED SUBSTRIEG X.
EZPAN HMATCHED SUBSTRING Y.
ESPAH MATCHLD SUBSTRING X.
ESPAR HARTCHED SUBSTRING Y.
BS5PLY HATCHELIN SUBSTRING X,
BSPal HATCHEL SUBSTRIHG Y.
PIEET ~ 1
LAST = 7
SUBROUTINE MATCH MATCHED SUBSTRING 'XYXYXY*®.

PATTERN MATCHING SUCCEEDED.

¥ith tracing facility turred on, an error in the

piogram will be very easily spotted.

4.3 Implementation-of the program:

Because of the structure of the prograr, additional
SHOBOLY features can be added without difficulty. For
exanple, if another priegitive function is desired, the size
of PROTRB can be increased to include the nevw feature. 2

subroutine perforrming the function unust be 2dded to BATCH.

For implementing operators such as the velue assignment
¢perators, additional cases vodld be reguired in  PLBSIR to
recognize the operator and @ subrostine performing the

assiqnuent zust be added to PARSER. f9his vould reguire more
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than adding patterns matching features but could be

avoopplished without too wmuch effort.

sets
been
used

test

Testing_of the Program

“he program has Leen tested extensively using different
of data to rake sure all cases and subroutines have
covered and work correctly. En extra long pattern was
and executed without any error. & selected group of

data and the result of their execution are included in

hppendix B.
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The najor coacern of this proiject was the design and

izpl=2mantation of &« progrem which performs pattern matching

of a suhset of SKOBOLU patterms., The folloving tasks have

been accomplisked during the developrent of tkis project:

1. Pamiliarization with SHOBOLH pattern mwmatching
operations

2 Design of the basic data structures

3. besign of the parsiang and pettern mztching podules

i, Codingy

5 Testing

6o Documentation

Softwvare tools played an important reole in designing

the meodules. Structured progranming technigues were used to

pcke coding and weodification less complicated. A& flag bit

controls tke +tracing facility im the procram. Yhen

ternci on; the program priats out the valiues

it is

of tlhe

variazbles at each stage of execation. The tracing facility

has greatly aided the debugging of the progran.
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The program has been tested extensively and proven tu

vor correctly for a subset of SHOBOLU patterns covered in
this project, L source listing of the progran is included

in Appondix Al
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SUBROUILIHY PARSER EHYRERING SUBROUTINE
SPDBRCULIRE PARSER LDUVYL4RIKG CACE 5.

STETUS OF A5TK:

STATUS OF CSTK:

STETUS OF ARGLIST:

SUBRGUTIRE PARSER EEYERING CLSE 4.
SUBEOUTIKE PLESER LUTERING SUBROUTIRE

STKRTUS CF ASTK:
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2

STATUS OF CSTK:
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1
2

STLTUS OF ARBRGLIST:
A
B

SUBRODTI¥E PARSEER EXRTERIUG CASE 3 -} ENCUURTERED.

STATUS OF ASTK:
S¥Eails G CSTR:

STLYUS OF AI'GLIST:

STRING,

PATREC.



SUBROUTIKE PARSER EWTERING CASE &,
SUBROUTIEE PARSER ENIERXING SUBROQUTIEE PATREC.

STATUS Q¥ ASTK:

3

SPATUS OF CSH5TH:
3

STATYS OF RRGLIST:

A
1]

\ ! |
i 1 | STRIEG |
1 @ L ; I
i i
{ FSTrLIRG |
— L
{ 1 {
i 3 i 2 i
- SRR T N DA, 1
i i !
i 1 | 2 i
A . |
! t i
i 2 t LEEK i
53 i} ____.:_
1

| FLER ]
| i
| 1 i
| 3 | 0 l
1 1 .
1 i |
{ 4 i i i
1 - ! 21
[ I |
| 3 i BREARK |
b- | — 1
| {
| FIDREAK i
1- o i
i i i
i 0 { 0 !
1 ! {
i | i
i 3 { L i
- i 1

B3



THF STRING TO DE MATCHED 1IS: ¥ SHOBOLY PROGRAM.'.

THE LEHWGIH OF IFETRIEG IS 16.
THD VLLUE GI NEESDLE - 1.

THL V:ZLyE OF CUERSCR - 1.
SILTUS OF CFOSs:

STATUS COF ASTE:

SUBROUTIVL EATCH EMTERIYG SUBINOUTINE KSTLRING,.

STR -~ LB

fRE VALUE OF NEEDLE - 2.
THZ VALUE OF CURSOR - 1.
STATUS OF CPOS:

STATUS OF ASTK:

SUBRCUTINE MATCH ENTERING SUBROUTIHE ELEH.

ELER HIETCHED SUBSTRI®G *SHOB*t.
THE VALGE OF NELDLE - 3.

THY V¥RLUE OF CURSOR - 75.
STATUS OF CPO?:

STATYS GF ASTK:

SUBROWITINE HATCH ENTERING SUBROUTIKE MBREAK.

MBREAK SKIPPED SUBSTHEIKG *0°f,
UBREAK SKIPPED SUBSTRIKNG 'L'.
HBREAX SKIPPED SUESTEIHG TLE
HBREAK SKIPPID SUBSTRINC * ',
BBELLF SEIPEED SUBSTNLNG tRPY,
HBELELK SXLIPPED SUGPSTIRIHG 'RY,
iBREAR SKIPPED SUBSTRING fo0€,

BEBRLAE SHIPEED SUBSTRING 'GS.

84



MBREAK SKIPPED SUBSTERING *R®.
.HBREAK SKIPPED SUBSTRING *r?t,
EBREAK SKIPPED SUBSTEING tlif,
HBREERK FOUED BREAK CPRLRACTER ¥.°%.
FIRIT - 1

LASY - 16

SUBROUTINE BATCH HBRTCHED SUBSTRING *SUCBCLU PLOCGRLEY,

PRTYERN MATCHING SUCCEEDED.

THE STRING TO BE MATCHED IS: ‘'SHOWWHITE®'.
THE LENGTH OF INSTRING IS 9.

THE VRLUE OF BEEDPLE - 1.

THE VALUE OF CURSOR - 1.

STATUS OF CPOS:

STATUS OF

-4
1))
|
=
T

SUBROUTINE HATCH ENTERING SUBROUTINE MSTRING.

STK = AB
THE VALUE OF NEEDLE - 2.
THE VALUE OF CURSOR - t.

STATUS OF CPOS:

STATUS OF ASTK:

SUDBROUTINE HMATCH ENTERIHG SUBROUTINE HLEY.
BLEY MRTCHED SUBSTRIRG 'SNOWT.

THS YALLUS OF NIMDLL - 3.

508 VALUE CI CLRSCR -~ 5.

STLTUS OF CPOS:

STELTUS OF BSYKH:z



SUDROUTIINE HATCH ENTERING SUBROUTINE HBREAK.
BBRE:YE. SKIPPED SUBSTEIRG SE¢,

HBLEAK SEIPPED SUBITRING 'HY,

FBREAK SWIPEEDR LUBZTEING *1t.

BBREAL CHIPEED SULSTRIYG 7%,

BBREAK SEIPPED SUDSTKING 'E°.

ERELN CUHr2LOTERS RGT FQUND.

EATTELD BATCHIEG FRILED,



THE_PATTERN TO _BE USED_1IS5:

(*BY | 'R') ('EY | *EA') (*D' | 'DS')

SUBROUTINE PARSER ENTERING CASE 1 - ( ENCOUNTERED,
SUBROUTINE PARSER ERIERING SUBROUTIHE STRING.
SUBROUTYNE PARSER ERTERIRG CASE 5.

STATUS OF ASTK:
98

STATUS OF CSTR:
98
1

STATUS OF ARGLIST:
B

SUBROUTINE PARSER ENTERING CARSE 2.
SUBROUTIKE PRRSER ENWTTEILG SUCROUTINE STRING.
STRTUS OF ASTH:
98
2
STRTUS OF CSTK:
98
1
2
STATUS OF ARGLIST:
B
R
SUBROUTINE PARSER EWTERING CA3E 3 - ) ELCOUNTERED.
STATUS OF ASTK:
STATUS OF CSTK:
STATUS CF RRGLIST:

B
R
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88

SUBROUTINE PARSER ENTERING CASE 1 - ( ENCOUNTERED.
SUBROUTZIHE PARSER ENTERING SUBROUTINE STRING,
SUBROUTINE PARSER ENTERIKG CTASE 5.

STATUS OF ASTIK:
c8

STATUS OF CSTK:

I ERGLI

w
ri
oa

SUBROUTINE PARSER ENTERING CASE 2.
SUBROUTINE PARSER ENRTERING SUBROUTIHE STRING.

STLTUS OF ASTK:
98

STRTUS O
&

STATUS OF ARGLIST:

okt 0t

SUBROUTINE PARSER ENIERIYG CASE 3 - )} IKCCUUIY'ERED.
STATUS OF ASTK:
STATUS OF CSTK:

STRTUS OF ARGLIST:
B
R
L
L
L



SUBRCUTINE PARSER EHTEEING CASE 1 - ( ENCOUKTERED.
SUBROUTINE PARSER ERIERING SUBROUTIRE STRING.
SULROUYTINE PARSER ENTERING CRSE 5.

STLTUS OF ASTH:

pEH]

STLTLG CF

{4 )
©n
[
-3
a8

5

STLTUS OF ARGLIST:

SO m O

SUBROUTINE PARSER ENTERING CASE 2.
SUBRGUTIVNE PERRSFR EFTERIKG SUBROUTIIE STRING.

STATUS OF ASTK:
48
6

. STATUS OF CSTK:
3 98

5

6

_STATUS OF ARGLIST:

oo

SUBROUTINE PARSER EHTERIPG CRSE 3 - } EBECOUHTERED.

Soatlls CF aSTH:
S8
6
95
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STATUS OF CSTK
98
99

ARGLIET

STATUS CF

meEMEgaaon

f o o o] e ] s e ]

STRING

e

|
B

1

ITRING

&5

F

[2"

STRING

[
[
_l- =

2

- ey

FSTRING

STRING

L HG

FSY¥RI

1

3
§ SRS S——— |



| i I
| L | STRING |
1 TR 1
[ !
t FETRIKEG i
ki g D 1
i i i
o 5 | 0 {
B I EI §
i | [
| 4 { 2 |
- : ! st 1
I t -
i 5 | STRING |
s = 1 1
i i
i FSTRING |
1 e s 1
| | |
| 0 | 6 I
- 3 1_. T |
o ] !
| 6 | L i
I | 1
i | |
I & | STRING |
1 : 1 4 !
| i
| FSTRING i
e R 1
| | |
| 0 | 0 I
i | L
{ | |
I 7 | 2 |
1 e .

THE STRING TO BE HATCHED IS: *I READ.'.
THE LERGTH OF INSTRIEG XIS 7.

THE VALUE OF HLERLE - 1.

THE VELUR OF CURSOR - T

STATNUS OF CPGS:

STATHS OF RSTE:
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SUBROUTIHRE HKATCH ENTERIEG

STK = B
THE VALUE OF HEEDLE - 2,
THE VALUZ OF CURSOR - 1.

STLLUS OF CPOS:
STRTUS OF ASEK:

SUBECUTINE MATCH ENTIRILG

SEE - R

THE VALUE OF NEEDLE - 1.
THE VALUE OF CURSOR - 2.
STATUS OF CPOS:

STATUS 27 ASTX:

92

SUBRODUTIKE MSTRING.

SUBRDULINE EST2IIG.

SUBROUYINE MATCH ENTERIKG SUBROUTINE MSTRING.

STk - &
THE VALUE OF HEEDIE - 2.
THE VALUE OF CURSOR - 2.

-

STATUS OF CPOS:

STATUS OF ASTK:

SUBROUTIHE KATCH ERTERIEG SUBROUTINE MSTRIUG.

STR - R
THE VRLUE OF VNFEDLE - 1.
THE VALUE OF CURSOR - 3.

STATUS QF CPOS:

STATUE OF wITH:



SUBROUTINE HATCH ENTERING

S{h - B
THE VALUE OF HEEDLE -~ 2.
TUE VALUE OF CGRSOR -~ 3.

ST7.57US OF CPOS:
STLTUS OF RSTR:
SUBROUTINE KATCH ENTERING
SiR - R

HSTRING MATCHED SUBSIRING
THE VALUE OF NEEDLE - 3.
THE VALUE OF CURSOR - 4.
STATUS OF CPOS:

STLTUS OF aSTa:
SUBROUTINE LATCH ENTSRIUG
STR - E

KSTRING EATCHED SUBSTIRILG
THE VALUE OF NEEDLE - 5.
THE VALUE OF CURSOR - 5.

STATUS OF CPOS:
1

STATUS OF ASTK:
4

SUBROUTILE MARTCH EMTERING
STR - D
THE VLLUE OF FEEDLE - ©G.

THE VALUE OF CURSQR - 5,

SUBROUTINE MSTRING.

SUBROUTINE KESTIRIHG.

'RC.

SUBROUTIRE HSTR1KG.

lEl.

SUBROUTINE HSTRING,



STATUS OF CPOS:
1

STATUS OF ASTK:
G

SUBROUTIHE HATCH ENTERIEG

STR = LS
THE VILUE O WEEDLE - 4.
THE VALUE OF CTURSCE - L,

SGTLTUS OF CPOS:

STATUS OF ASTR:
SUBLOUTZIPE HBATCH ERTERIHG
STR - ER

HSTRIKG HRTCHID SUBSIRING
THE VALUE OF FEEDLE - S.
THE YLLUE OF CODRSOR - 6.
STETUS OF CPOS:

STATUS OF ASTK:
SUBEOUTIRE HATCHE ENTERIRG
STR - D

HSTRING HATCHED SUBSIRIKG
FIRST - 3

LAST - 7

94

SUBROUTINE HSTRIYG.

SUBROUTIHE HBSTRING.

*EAS,

SUBROUTINE MSTIRING,.

'D‘c

SUBROUTIHE HATCH MATCHED SUBSTRING 'READ®.

PAYTTENR HATCHIKG SUCCEEDED.



THE_PATTERN TO_BE_USED_IS:

(FXY* (®A®* | 'B®) | *CY) epe
SUBROUTINE PARSER ERTERIKG CASE T — ( ENCOURTERED.
SUBRCUTINE PARSER BHIERIIG SUBRQUTIFE STRILC.
SUDROUTIKE PLRSER ENTIERIRE CLIE L.

STATUS COF ASTK:
98
1

STATUS OF CSTR:
Y8

STATUS CF ARGLIST:
b4
X

SUDROUTINE PARSCLR ENTERING CASE 1 - ( ERCOUKTERED.
'SUBROUTINE PARSLER HNTERING SYUBROUTINE STRIKG.
SULRGUTIHE PARSER BETERINIG CLSE &5,

STATUS OF ASTK:
98
1
S8

STATUS OF CSTK:
38
98
2

STATUS OF ARGLIST:
X
Y
A

SUBROUTIRE PARSER EKRIERING CASE 2.
SUDRCUTINE PARSER DHNTERING SUBROUTINE STRILEG.

CTARTES CGF O LSTKR:
g2
i
as
3

g5



STATUS OF
98
98
2
3

£¥LTUS OF

o B bt

SUBLROUTIEE

STRTUS OF
98
1

STATUS OF
98
98
2
3
9s

STRATUS OF

0 b g 3

CSTK:

LHGLIST:

FARSER EPFLETLNG CAESE 3 - )

ASTK:

C5TK:

LRGLIST:

SUBROUTIFE PARSER ENTERIHG CASE 2.

LECOGUETERLD.

SUBROUTINE PARSER ENTERING SUBROUTINE STRING.

STATUS OF
S8

i

4

STETUS OF

ASTK:

CSTRz:

g6



STATUS OF ARGLIST:

X

Y

.

B

C
SGRrOoueIRE PARSER ENIERIEG CRSE 3 -~ ) EBEZCUJTERED,
STAIUS OF ASTR:

STATUS OF CSTK:

STRTUS CF ARGLISY:

X
Y
A
B
C

SUBROUTINT PLARSER ENTERILEG CASE 2.
SUSKOUTIRE PRLOER TRIERZFE SUERCUTIEE STRIYNG.

STATuUs QF RSTK:

5

STLTUS OF CSTK:
5

STATUS OF ARBRGLIST:

= NoN. NN
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: 1
| STRING |
1

1

FSTRIKG

[ =]

FSFYRING

2

N -

STRING |

|
{
1

FSTRIKG

3

,— '
— rlll

i

] e e ]

STRING

RS

I'STRINRG

|I|I|4||!JIA¥,I:1
&
<
(=] - =4
2|
Ba
P S N 4
i ]
b
I | B
* e
|59
{'g] 3] i
i _
I !
| }

R

B




THE STRING TO BE MATCHED IS:

THE LENGTH OF INSTRIHNG IS

THE VALUE OF NEEDLE - 1.
WiIE YALUE OF CURSOR - 1.
STRTUS OF CPOS:

STATUS OF ASTK:
SURROUTINE HATCH EXTERING
STR = X%

THE VALUE OF NEEDLE - 4,
THE VALUE OF CURSOR - %,
STATUS OF CPOS:

STATUS OF ASTK:
SUBROUTIVE MATCH EETERIKG
 STR - C

THE VALUZ CI NEEDLE - 1.
THE VALUE OF CURSOR - 2.
STATUS OF CPOS:

STATUS OF ASTK:

SUBROGTINE MATCH ENTERIXE
STR - XY

THY VRLUE OF HEEDLE - 4,
THE VALUE CP Ccunrson - 2,
STLIUS OF CPO5:

STRYTUS O LETK:
SUBROUTIKE HATCI! EETERING

STR - C

S,

SORROUTIKE BSTRING.

SUBROUTIEE ESTEING.

SUBZOUTIHE

SUBLRGUYTIEE

*ABCDE'.

HSTEING.
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THE VALUE OF NEEPLE - 1.
THE VLLUE OF CURSCE - 3,
STATUS OF CPOS:

STAYTUS OF ASTER:
SURROUTINDG HLTCH EDHTERILC
STR - XY

THE vALUE OF NESDLE - &
TRE YiLUE CF CURSCOR - 3.
STATUS OF CPOS:

STATUS OF ASTK:
SUBROUTINE MATCH EHTERING
STR = C

MSTRING HMATCHED SUBSTIRIKG
TES VRLUE OF BRELLE - 5,
THE ¥ALUE OF CURSCR - .
STATUS OF CPOS:

STATUS OF ASTK:
SUBROUTINE MATCH ENTERING
STR - D

BSTRING MATCHED SUBSTRING
BIRSE - 3

LAST - 5

SUGBROUTIHE BSYRII .

SUBROUTINE MSTRING.

‘cr.

SUBROUTINE MSTRING.

|D!-

SUBLROUVIRE MATCH LARCUED SUBSTRIYG *'CLY.-

PATT:L2H LLTCRLEG SUCUEEDED.

t16d



PHE_PATTERN_TO BE_USED_IS:

(LEN(9) | *SNOB®) EBLDEAK({*UL*} SPRN(°LY)

SUDRCUTIEE PARSELR ENTERING CASE T - ( EHCOUNYERELD.

SUBRCGUZIVE PARSTZ LLTERIUS SUBROUYIRL

SUBROUTINZ PARSZEYW LETERLEG CLsSE 5.

STATYS OF ARGLIST:
SUBROUTINE PRRSER ENTIERING CASE 2.
SUBDOUTIHE PARSER ENTERING SUBROCUTIHE

STATUS OF LSTK:
98
2

STLTUS OF CSTK:
- 98
i
2

STATUS OF ARGLIST:
5
N
0
B

SUBROUTINE PARSER ERTERING CASE 3 - ) ENCOUNTERED.

STATUS OF ASTK:

STETUS OF CSTK:

STLTHS C¥ RRGLIST:
5
i
0
n

PATREC,

STRING,
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SUBEOUTINE PARSER ELTLRING CASE 4.
SUBROUTINE PEGSER ENTERING SURROUTINE PRULREC.
SURLQUTIRE IFARSER EMTERIEG CLSE 5.
STRYEGS OF ABSTH:
&
STLTLUs OF CS?h:
STATUS OF ARCLYLST:
S
|}
0
B
&
SJBROUTINE PAESER EWTIERIKG CASE 4,
SUBROUTINE PARSER ENTERING SUBROUTINE PATREC.

STATUS OF ASUE:

STLTUS OF CSTH:

LA
=
o
[
c}
n

102



103

FLEH

|
|

5 LIRS IRy |

i

— mm

STRIKG

|
i

2

!
|

! A )

FSTRY KRG

{ BRERK |

3
A T .

— ] — ——

SHE N (Y.

l
|

FBREAK

SPLN

4
NUNE S NOS——

|
|
J
|
|
1
|
!

FSPAN

e s Lt

— e e ner e s Pl rm e o e B nmn

|
¢
Az,
i
l
Az

1
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THE STRING TO BE HMATCHED IS: 'SHECGEBOLY PROGRAN®,
THE LEHEGTH OF INSTRIXG XS 15.

THE VYALUE OF NEEDLE - 1.

THE VILUE OF CUHSCR ~ .

STAFUS QF CroS:

STATUS OF LS%HK:

SUBROUTIKE HRYTCH ENTFRYZC SUBIOCUTIRE HLEXN.

ELER HARTCHED SUBSTRING *SHOECLH4 pv,

THE VRLUE OF NEEDLE - 3,

THE VALUE OF CURSOR - 10.

STATUS OF CPOS:
9

STEYUS OF ASTH:
2

SUBROUTIRE HATCH ENTERIWG SUBROUTIHE HMBRERE,
FERERK SEIPPED SUBSTIRING 'R¢,
EBREAK SKIPPED SUBSTRIKG t0O°.
HBREAK SKIPPED SUBSTRING °'G°.
EBrREXK SKIPPED SUBSTEING 'RY,

BOREAK SKIPPED SUBSTRIKG 'AS,

HBREAK SKIPPED SUBSTRING t'H°,

BRELK CHARACTERS NOT PCUND.



TEX VALUE OF NEEDLE - 2.
THE VALOE OF CURSOR -~ 1.
STATOS OF CPOS:

STATUS OF RSTE:

SCBROUTIHE ULATCH EZVPRLUTEG SUBROUTIRE HOLTRIHG.

STHE - SHOB

BSTRING HATCHED SUBSTRIHG 'SEOB,

THl VALUE GF HEEDLE - 3.

itkZ VALUE OF COURSOR - 5.

STRTUZ OF CPCS:

STARTUS QF ASTK:

SUBROUTINE MKATCH EKTERING SUBROUTINE MBREREK.
BOFUER SRIP2TE0 SUBSLHLEG '0Y,

BBEEAK SKIPPEZED SUBSYRIKG 'L°.

{PEERK FOLUHD BRELX CHRRMLCPER L9,

THL VALUE OF KELDLE - 4,

THE VALUE OF CURSCR - 7,

STATUS OF CPOS:

STATUS OF ASTK:

SUBROUTINE HATCH ENTERING SUBROUTIRE MSPAN.
HSPAN MATCHED SUBSTRIRG U4,

FIRST - 1

LAST - 8

SUEBRCUTINE UATCH EATCHED SVBSIRING TSEORDILLY,

PLTLILEE HETCHIRG SUCCELDEL,
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THE_PATTERN TO_BE_USED _IS:

'A' LEN(4) | SPAN(*XY?)

SUBROUTINE PARSER ENTERING CASE 2.
SUBROUTINE PARSER ENTERING SUBROUTINE
SUBROUTINE PARSER ENTERING CASE 5.

STATUS OF ASTK:
|

STATUS OF CSTK:

STATUS OF ARGLIST:
A

SUBRCUTINE PARSER ENTERIUG CASE 4,

STRING.

SUBROUTINE PARSER ENTERING SUBROUTINE PATREC.

SUBROUTINE PABSER ENTERING CASE 5.
SYATUS OF ASTK:

STATUS OF CSTK:
2

STATUS OF ARGLIST:
A

SUBROUTINE PARSER ENTERING CASE 4.

SURROUTTHE PARSER ENTERING SUBROUTINE PATREC.

STATUS OF ASTK:
3

STATS OF CSTK:
2
3

SPLhTRS OF ARSLIST:
A
X
X
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|
: : 1 STRING |
- | 1
| |
1 FSTRING \
1 - |
| | |
i 2 | 3 i
- - 1. i
| | |
| 1 | 1 |
1- - l . |
i | |
| 2 | LEN |
I- : 1 L
i t
I FLEN I
d- - 1
| l i
| 0 | 0 |
1 i1 1
| | |
t 4 | 1 l
1 1 A |
| | i
| 3 | SPAR |
- | T )
| |
i FSPAR |
1 o . 1
| I i
| 0 [ 0 |
1- ] 1
| | |
| | 2 |
1 1 |

THE STRING TO BE MATCHED IS: *XYXYXYZ!.

THE LENGTH OF IRSTRING IS 7.

THE VALUE

OF HNEEDLE -

THE VALUE OF CURSOR -

STATUS OF

STATUS OF

CPOS:

ASTK:

1.

1.
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SUDROUTINE MATCH ENTERING SUBROUTINE MSTRING.

SfR - &
THL VYALUE OF NEEDLE - 3,
YHE YALUE OF CURSCR - 1.

SrAwHn OF CPOSt
STEYGS OF ASTK:

SURLOUTTINE MATCH ENTERING SUBROUTINE HSPAN,
LSPLE EATCHED SUBSTRING X.

BSVEE MATCHED SUBSTRING Y.

HSPiH MATCHED SUBSTRING X.

KSPAN MATCHED SUBSTRING Y.

B3PAN MATCHED SUBSTRING X.

HSPRN BATCHED SUBSTRING Y.

FIRST - 1

LAST - 7

SUBROUTINE MAYCH MATCHED SUBSTRING °*XYXYXY®.

PATTERR MATCHING SUCCEEDED,

THE SIRIRG TO BE HMATCHED IS: YPANTASTIC®,
THE LERGTH OF IKSTRIKRG IS 9.

THE VALﬁB OF NEEDLE - 1.

THE VRLUE OF CURSOR - 1.

STATUS QF CPOS:
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SUBRCUTIRE MATCE ENTERING SUBROUTINE MSTRIKG.

THYR VALUE OF NEEDLE - 3,

ZiHE VALUE OF CURBRSOR - 1.

THEZ YILUOF OP NEEDIE - 1.
TiE VALUOE OF CURS0E - 2.
STATUS OF CPOS:

STATUS OF ASTK:
SUBROUTIVE HATCH ENTERING
sTR - A

HLERING MATCHED SUBSTRING
TE¥ VALUE OF NEEDLE - 2.
THE VALUE OF CORSOR - 3.

STRTUS OF CPOS:
1

STATUS OF ASTK:
3

SUBROUTINE

SUBROUTIKE

‘AT,

SUBROUTINE HATCH ENTERING SUBROUTINE

KLEX HATCHED SUBSTRING 'HTAS®.

FIRST - 2

L2ST - 7

HSPAH.

BESTRING.

MLEN.

SUDROUTIHE HLYCH METCHED SUDSTRIHG YAETAS®.

PLETERN HATCHIKG SUCCEEDED.
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*A® LEN(&) | SPAN{*XY®)

THE STRING TO BE
FIRST - 1
Lage - 7
SUDEZUTIHE KATCH

PLYTERN MATCHIKG

HATCHED SUBSTRIKG

i | {
i 1 | STRING |
s | =i
| |
i FSTRING i
N, R Y SO, S
i i i
l 2 i 3 I
i - — 1 1
t i i
l 1 | T
Y, - . W |
| i [
| 2 i LEK {
1- L_. o1
} |
" FLEHN |
| 1
i l |
l 0 | 0 |
i . | i
| | i
l 4 { 1 |
L- : 1 i
| | {
i 3 | SPRR |
A= l_: l
[ |
i FSPAN |
L | 1
l | |
l 0 | 0 |
I 1
i | |
I 2 | 2 [
leoo o] 1

#HETCHED ISz " EXXYXYZ2Y,

SUCCEEDED,

EXYXYXIY®.
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tpe

sCe

PATTERN TO_BE USED IS:
*pE

!EE
ey

z

0 L) O _
= ] ]
- o L= () = - I < — -
1 = : 4]
g B+ B4 |
L72] 2 wvi | w (L] “
= = o
e 1 - - I
I & i B = |
5] 9] | wv ! }
|£5 ] ] By i '
Lo & - o~ L} ™ ™ (=] “ o~
|
i ! |

v e ] e s e

1

STRIKG

i
1.
i
{

FSTRING

i
4

|
|

§| O N —

l
{
k5
!
i
.



THE STRING TO BE

FIRST - 1
LRET - 3
SUBLCUTINE MATCI

PLETHREN MATCHILG

THYE STRING T0 BE

FIRST - 1
LaST - 2
SUBROUTINE HATCH

PATTERD UATCUING

112

MATCHED IS: ‘*BCDE‘.

MATCHED SUBSTEIKG fEC?,

SUCCEELED.

BATCELD IS: ¢RBCD-.

MATCHED SUBSTRING *®A¢.

SUCCLEDLED,.
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PATTERN_TO_BE_USED_IS5

ZHE_

| D%

(ICI

i EBI)

(Eh'

— ] ]
(]
o
el
furt
-
wn L&)
2.
wof
— 34
=~
/o TR |
TR
-
i I:II.'_

—— e

1

N [ S——
{
|

1

1

STRING

2

|-

(L)
o
(=] - -~
[=-1
&
|5 72 I [4:]
= =
b= : =
(=] L e [+ =]
B+ &4
) |
) U R
" m o~ " ;
i
!

T

|~

STRIRG

{
{
B Y PN ——

m

T
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THE STRIWG TO BE HATCEED IS: *'BCDE®,

FIRST - 1
LAST - 3
SUPRFOCTINRE KATCH HRTCHED SUBSTRING 'BCt.

PRTREDE EATCHING SUCCEEOEL.
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The goal of this project was to design and implemeat a
prograa that performs parsing and pattern matching for a
sehset of SHOBOLY patterns. The prograa reads in a SHOEOLY
pattern, evaluates it and orestas @ pattzrn structure. Then
asing the patteru structure, it perforwms pattern matching_on
& scbject string. ¥hen an errcr occurs, such &8 an illagzl
pattecn detected during parsing, the proagrea will prict ont
an error message hefore ceantinuing with the next parsiag and
pattern wmatching task. Othzrwise, at the end of each
parsing ard pattecn matching task, the program will print
out a nessiye indicating whether or not pattern matching

sacceried and, if it succeeded, the substriny matchei.

Bafore the design phase of the project, thke SHOBOLY
pattern ratching operation was studied and severzl sieple
SKOHGLY programs were run and exanined for their output.
Hext the basic data structures and the major modules of the
progras wer2 designed. Structured prograeseing technijgaes
vers used in desiguing ard coding the program which zoasists
of a &river routine and nine subroutines, totally abouat six
hec2red and thirty lines of sovwrze codz. R tracing facility
vas included for ersier debugginge.

Suveirail different sets of test Gata were crestsd to
test the correctness of the projrak. The pingrae hzs heen

cxtepsively and the results vwere successfel for zach

or
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