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Simple IR(K) Grammars:

Definition and Implementation

ABSTRACT

We define herein a class of context-free grammars,
called the "Simple LR(K)" or "SLR(k)" grammars, which have
been shown to include the weak precedence énd the simple .
precedence grammars as proper subsets, We also show how
to construct parsers for the SLR(k) grammars.- aa;_parser
constructing techniques have been implemented (see Appendices II
and II1) and by direct comparison have been shown to be
‘superior to precedence techniques, not only in the range of

grammars covered, but also in the speed of parser construction

and in the size and speed of the resulting parsers.
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Simple IR(K) Grammars:

Definition and Implementation

I. Introduction

This paper reports some of the results attained in the course
of thesis rgsearch* by the author. We define a class of context-
free grammars, called the "Simple IR(k)" or ”SLR(k)” grammars,
which have been shown (DeR 69) to include the weak précadence
(I&M 70) and the simple precedence (W&W 66) grammars. We
also show how to construct parsers for SIR(k) grammars. The
construction technique can be extended (DéR 69, 70a) to an
algorithm for constructing a parser for any LR(k) grammar
(Knu 65); i.e., any grammar which generates strings‘each of
which can be parsed during a single deterministic scan from
left to right without looking ahead more than k symbols,

We also present in Appendix IT an implementation of our
++

S1R(k) techniques The presentation is in the form of a

*The thesis research was supported in part by Project MAC, an
M.L.T., research project sponsored by the Advanced Research
Projects Agency, Department of Defense, under Office of

Naval Research Contract Nonr-4102 (01).

he implementation was supported in part by NASA under grant
number NGR05-061-005. I



debugged, operating program written in the language XPL (MHW 70).
The program analyses grammars and, if they are SLR(1l), it
punches tables which can be plugged into the ''skeleton" given

in Appendix IIT1 to form syntax analysers for the grammars.

The syntax analysers can then be used in syntax-directed

compilers for languages based on these grammars (see MHW 70).

II. Terminology.

A context-free (CF) grammar is a quadruple Ve Vy S, P)
v - ?

3

where V..'is a finite set of symbols called terminals, Vy is a
finite set of symbols distinct from those in VT callied

nonterminals, S is a distinguished member of Vy called the

starting symbol, and P is'a finite set of pairs called productions.

Each production is written A - g and has a left part A in Yy

and a right part y in V“; where V = Vg U VT V" denotes the

set of all strings composed of symbols in V, including the
empty string.

Without loss of generality we assume that one production
is of the form S - B ST - » where 5' is a subordinate starting
symbol and S and -the terminal "pad" symbols f and 4 appear in
none of the other productions. We use Latin capitals to
denote nonterminals, lower case Latin letters and special
symbols (e.g., +, ¥, :, etc.) to denote terminals, and lower
case Greek letters to denote strings. We use |g| to denote
the length of (number of symbois in) the string 8, and k:g

to denote the first k symbols of g if |p! 2k and g otherwise.



In the sequel, we cften use for examples the grammar

G]. = ([(S)Ji,T)+: l" ) "l }: {Sa E, T, P}:Ss Pl)

where Py consists of the following productions:

S - EA T-PtT  -Pai
E-F +7T T - P P~ (E)
E - T

If A - w is a production, an immediate derivation of one

string ¢ = p w g from another o' = p A g is written a' - a.
The transitive completion of this relation is a derivation
and is written o' - o, which means there exist strings

Qs Gpseons O such that o' = g SOt .. 2oy T for n = 0.

" We choose as our canonical derivation the right derivation; i.e.,

the derivation in which each.step is of the form pA 8 = p w B
where g is in V.

A terminal string is one consisting entirely of terminals.

A sentential form is any string derivablé from S. A sentence
is any terminal sentential forﬁ, The 1anguage L(G) generated
by a CF grammar G is the set of sentences; i.e., L(G) =

{n € V; | s S n}. We assume that G has no useless productions;
i.e., we assume that for each production A - y there exists

a derivation S ¥ cABRB=0uw B = c & B where ¢, §, and B

are terminal strings. Well known methods exist for detecting

and removing useless productions (H&U 69).



Loosely speaking, a parse of a string is some-indication
of how that string was derived. In particular, a canonical
parse of a sentential form ¢ 1s the reverse of the sequence
of productions used in a canonical derivation of a. We
refer to the action of determining a parse as parsing, and a

parsing algorithm is called a parser.

ITI. Parsers for LR(0) Grammars

In this section we briefly review the results of Knuth
(Knu 65) regarding IR(0) grammars., We use a combination of
the terminologies of Earley (Ear 70) and McKeeman (McK 70).

To construct an LR(0) parser for a CF grammar

G = (VT VN S, P) we compute configuration sets. Each
3 3

member of a configuration set is called a configuration and

it is a production in P with a special marker (we use a dot ".")

in its right part. There is an initial configuration set,

namely 8, = {S - . F S' 4 3}, and the other sets are computed
as indicated below. .
Each non-empty configuration set has one or more

successors, other configuration sets. For instance, S0 has

a single successor (in particular, a } -successor) which

contains the configuration S = } . S' {, among others.

In general, a configuration set Si has an s-successor for,

each symbol s in V such that there exists a configuration

in Si with a marker preceding an instance of the symbol s.
This s-successor consists of a basis set unioned with a

closure set. The basis set consists of all configurations
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in 5, having a marker before an s, but with the mdrker moved

to follow the s; i.e., it is fA-ws . u' | A =w . s o' € 5;1.
The closure set is defined recursively to be the largest set

of configurations of the form A - . @ such that A - W is in P .
and there exists a configuration with a marker before an A in
either the basis set or the closure set,

In the special case of a configuration with a marker to
the right of all symbols in the right part of the production,
the corresponding successor is the empty set and is called the
"#, ., -Successor' where A - y is the production involved.

An TR(0) parser for a grammar G, then, is represented by
the set of all configuration sets computed by starting with SO
and adding to the set all successors of members already in
the set.

As an example we begin the computation of the LR(0Q) parser

' for our example grammar Gy. As usual,

Sy ={8~-. FEL L.

SO has only a |- -successor, call it S¢ whose basis set is
>

8-fF .E4}
and whose closure set is

(E - .E+T,

2o T T B
i
g



Sl has an E-successor (call it 82), a T-successor (86), a
P-successor (87), an i-successor (Slo), and a (-successor

(Sll)' Set 82 has the basis set

8- F E.-,

E-E .+ 7T}
and an empty closure set. The entire LR(0) parser is indicated
in Figure 1.

We can abstract from a set of Eonfiguration sets and their
successor relations the essential structure and get a finite-
state machine (FSM). For each configuration set there is a
corre5ponding-state in the FSM; the empty configuration set
corresponds to the final state. The transitiong of the FSM
cbrré3pond to the successor relations. This FSM has been

called (DeR 69) the characteristic FSM (or CFSM) of the

grammar. The CFSM of grammar G1 is illustrated in Figure 2,
Any CFSM state with transitions under symbols in V only

is called a read state. Any-state with but one transition,

and it under one of the special #, | w-Symbols, is called a
reduce state, States having both kinds of transitions are

called inadequate states.

In our terminology Knuth showed that a CF grammar G is
LR(0) if and only if its CFSM has no inadequate states. (Thus,
grammar Gy is not LR(0).) Also, he showed that the following

parsing algorithm is correct for an LR(0) grammar G.



State
Names Configuration  Successor
(Numbers) Sets Relations
0: S-. FE4) 1
1: {S - F .E A E ,
E—- ,E4+T T
E = T — b6
T - P11+ T p ;
T ~» P
. i
P - i —5 10
P~ .(E) L
2: (S~ FE. 4,3
E- E . +T o
#S-)t-E-i
3: {S- FE A s 14
T
b {E~E+ . T — 5
T - Pt T
P
T ~ . P >_’7
P-.i —3 10
_ #E-E+T
5. {E"‘E""T- ._>14
6: (E - T.) 2T 1,
Figure 1.

State
Names Configuration  Successor
(Numbers) Sets Relations
7: {T = P.t T #—H 8
8 {(T-P 1t. T AR 9
T-.PtT
P
T - .P >_’ /
P - i -5 10
P-.(E) } .__(__, 11
9 (TPt T. ) ‘#E:*.ET&
10: (P = i.] #P1 "
D e
E - .T s 6
Tao.PtT -
T = ,p >_> /
P~ .i 5 10
Po(EY 1 -G
12: (P ~(E.) 13
E=E, +T} ts4&
13; P-(E) .1 "EAE)
14: i}

The configuration sets and successor relations of the LR(0)

parser for our example grammar Gl
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LR(0) parsing algorithm:
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if "this

algorithm is applied to a string not in L(G), the CFSM will

at some point enter a read state that has no transition under

the next symbol to be read; i.e., it has been shown that the

algorithm fails for strings not in L(G).

The history of the above algorithm using the CFSM of

Figure 2 and applied to the string n = t i+ 14 in L(Cl)

<43 3sdly sdol

-f.
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TABLE I.

The history of the CFSM of Figure 2
applied to the string n =} 1 + i -.

Stack| | Input Outpu‘t Line #
of |F 1+ 1 4 1
0]—1 i+ i 2
L.i + i 3
0 E 10 1 - +
P + i 4
01_1 7 i T p
T + i 5
07176 L E - T
oF1E2*s| |1 1 7
o 1E2% 10| |1 - 8
L. E,+,P : 9f
or 18214 F7 _': rop
E,+,T 10
o 1527475 B 47
oF1E2| |1 11
E, 4 12
dr1f2t st E 4
0 ' ' fini

"Note that there is some magic in lines 4 and 9.
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is indicated in Table T. Note that the decisions whether to

read, K or reduce at lines 4 and 9 were made somehow magically
since the associated state 7 is inadequate.

Intuitive explanation: Since each CFSM state-name

corresponds to a configuration set, it is as if the parsing
algorithm were storing configuration sets between symbols
on the stack. The configuration sets merely represent the
"state of the parse" at various points in the string.

For instance, the state of the parse at the beginning is
represented by {8 - . } E - }, indicating that we are
expecting an instance of an S which is composed of a |~ followed
by an E followed by a 4. The marker "." before the |- indicates
" that the next thing to be matched is a } .
If |- is the next symbol in the string, we read it and proceed

to a state represented by {S - - . E 4,E-~.E+ T, E - . T,

T-.,.PtT,T~,P,P-.1,P-.(E) }; otherwise the string
is in error (not in L{G)). The latter set indicates that the
next symbol must be an E, which may be in the form of an E + T
or a T, and the T may be in the form P t T or P, and the P
may ﬁe in the form i or E. So, we may expect an E, T, P, i,
or (, next.

1f the next symbol is, in fact, an i, it is clear that the
pertinent configuration was P - ., i. Thus, we read the i and
proceed to a state of the parse represented by {P - 1 . 1},
indicating that we have just read the right part of the production

and may replace it with the left part.


http:Thus,.we
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Upon doing so ﬁe return to the state of the parée which
existed before reading the right part (the i) and find out
what to do when the left part (P) is the next symbol, In
the case at hand the pertinent configurations are T - . P t+ T
and T - ., f, so we read the P and proceed to the state
represented by {T - P . + T, T - P . 1.

The latter set corresponds to an inadequate state and our

parsing algorithm, as it stands now, fails.

IV. Parsers for Simple LR(k) Grammars

When our CFSM enters an inadequate state we do not know
whether to stop and make a reduction or to allow the CFSM to
.continue reading. The notion of a Simple LR(k) grammar’arises
from a particular, simple solution to the indecisiveness
associated with inadequate states. We first comsider SLR(1)
grammars and then generalize to SLR(K).

SLR(1) Grammars. A CF grammar G is said to be SLR(1)

if and only if each of the inadequate states of its CFSM has

‘mmtually disjoint simple 1l-look-ahead sets associated with its

terminal- and #-transitions.

A simple l-look-ahead set is associated with each transition
from an inadequate state. For a transition under a symbol s in
V the set is {s}l. For a transition under a symbol #A -, where
A -y is in P, the set is Fr(A) = {s € V| S ¥ pA s p for
some p, p}; i.e., the set of terminal symbols which may follow
the nonterminal A in soﬁe sentential form. |

As an example we compute F%(P) for grammar Gy: P appears

in the right parts of two productions. The production T - P t T
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implies that t is in FL(P). The production T - P implies that
all tﬁe strings in F%(T) are also in F%(P). E~E+Tand E - T
each imply that the members of F%(E) are also in F%(T). S - }E A
implies that { is in F%(E); E-E+4+ T ;aés +; and P ~» (E) adds
My, Thus, we have determined that F%(P) = {1,44, +, ) 1, and

in the process that F%(T) = F%(E) = {4, +, ) }. In Appendix

T we give a method for finding simple l-look-ahead sets
directly from the CFSM.

Grarmar Gy is SIR(1) since the inadequate state 7 of its
CFSM has the disjoint simple 1l-look-ahead sets: {t} for the
t-transition and F%(T) = {4, +, )} for the #T . P-transition.

To get a parser for an SLR(1) grammar we must modify (a)
the CFSM and (b) the parsing algorithm.

(a) Each inadequate state N of the CFSM is replaced by a

look-ahead state N' such that, for each transition from N to

some state M under a symbol s and with associated simple 1-look-
ahead set L, there exists a transition from N' to some new state
M' under the set L and from M' there is exactly ome transitionm,
namely one under s to state M,

The appropriately modified state 7 for the CFSM of grammar G1

ig illustrated below:

PR 7 [-l:+))} . 141 #T”P — 14

k (13 o [s L
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.(b) Our parsing algorithm must be modified in two ways.
First, it must treat lock-ahead states properly: if and when .
the CFSM enters a look-ahead state N, investigate but do not
read the néxt symbol s and cause the CFSM to enter next the
state to which goes the transition under the look-ahead set
containing s. Second, the aigorithm must never push on its
stack the hame of any of the new states (M' of above) to which
go transitions from look-ahead states.

The magic in lines 4 and 9 of Tuble I can now be explained.
For example, we detail below the actions of the modified
parsing algorithm using the modified CFSM to accomplish the

task of line 4 in Table I.

CFSM
State Stack Input Qutput ) Line #
7 . P i
o 1 %y i 4
141 P + 4!
0 |-1 7 L T - P
6 T i 5
0 h. 6 ﬁ

Generalization to SIR(k). Conceptually, the generalization

from SLR(1l) to SLR(k) is simple. Instead of using'F%QA) for
%
look-ahead sets, we merely want to use F%(A) = {o ¢ Vo | S =% pAp

and ¢ = k : g for some p and B);
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i.e., the set of strings of

k or‘less terminals that may follow the nonterminal A in some
sentential form. The intent is that the parsing algqrithm
would look 'k symbols ahead, rather than just one, whenever
necessary to make a parsing decision. .The techniques described
below, then, need to be used only for inadequate states with
overlapping simple l-look-ahead sets associated with their
terminal- and #-transitioms; i.e., only for states for which
one-symbol look-ahead is inadequate.

Unfortunately, the following rather long-winded definitions

are required to precisely define SIR(k).

Definition. (Recursive on the value of k.) Let

G be a CF grammar and k be a positive integer.
There is associated with each transition of G's

CFSM a simple k-look-ahead set which is as

follows. For a #A . w—transition, where A - g

is a production, the set is F%CA). For a
transition under a symbol s in V the set is {s} if
s € Vy or if k = 1 and otherwise {spg ¢ V; | the
s-transition is to a state N and g is in a simple

(k-1)-look-ghead set associated with some terminal-

or #-transition from N},
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Although for ease of definition sets are associated with
every transition of the éFSM, we are interested only in the
sets for transiticns from inadequate states.

For the value as an example we illustrate the computation
of the simple 3-look-zhead set for the t-transition in
Figure 2. The computation is actually unnecessary for grammar
G1’ since G1 is SLR(1l), as we saw above,

First, we follow all paths leading from state 7, starting
with the t-transition, until either a string of length three
is "spelled out" or until the terminal state is reached. The

strings spelled out by all such paths are 1T#TﬁPtT’ TP#T&P’ tPt,

tif, 4s t(E, t(T, 1(P, t(i, and t((. Next, the desired set of
strings can be derived from these strings as follows. First,
each string in V% is in the desired set. Second, for each

string of the form o¥, " where A - w is a production, o
3

is in V;s and |o| = n, every string which can be formed by
concatenating ¢ with a member of Fi-n(A) is in the desired
set. In our special case the latter means ti concatenated
with the members of F%(P). Thus, the simple 3-look-ahead
set for the t-transition is { (i, t((, tit, tiqd, ti+, ti) 1.
Note:that if we are parsing a terminal string, no non-
terminals can appear in the second or greater positions ahead;
however, a nonterminal can appear in the first position

ahead, due to the last clause of part (iii) of our parsing

algorithm given above. If we were interested in parsing
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strings with some nonterminals in them, e.g., in incremental

compfling, then strings with nonterminals in them would be

considered tod+.

Finally we come to our main definition.

Definition., Let k be a positive integer. A CF

grammar G is Simple LR(k), abbreviated SLR(k),

if and only if for each inadequate state N (if any)
of G's CFSM the simple k-look-ahead sets associated
with the terminal- and #-transitions from N are
mutually disjoint. G.is SLR(0) if and only if it
is LR(0O).

3

Parsers for SLR(k) grammars are constructed in a manner
similar to that described for SLR(1l) grammars above, the only
differences being (1) that the look-ahead sets contain strings
of length k rather than one, and (2) that when the CFSM is in
a look-ahead state, the parsing algorithm must investigate
the next k symbols to be read.rather than the next one.

It should be clear that the computation of look~ahead
sets for a given inadequate state is independent of that for

any other state; i.e., we can have a different value of k for

I a paper to follow (DeR 70b) we describe a generalization of
LR(k) in which the parser reduces a string little by little as
it scans back and forth over the string. There, too, strings
containing nonterminals must be considered.
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each inadequate.state. (In a sense, each reduce state has

ﬁ = 6.) Further, the strings in a given look-ahead set L need
not all be the same length: each string in L may be of
minimum length such that it is not a prefix of some other
string in another look-ahead set Ly of the same inadequate
state. Clearly, minimizing the lengths of strings in this
manner leaves the look-ahead sets mutually disjoint.

Extension to LR(k) Grammars. In (DeR 69) and in a

forthcoming paper (DeR 70a) a method is described for
extending the above techniques so that a parser can be
constructed for any LR(k) grammar. Conceptually the method
is simple, although the details get tedious. Basically

the method involves computing corresponding pairs of left !
and right contexts that are pertinent to the decisions that
must be made when the CFSM enters an inadequate state, and
using these pairs to split states of the CFSM and to compute
more restricted look-ahead sets,

In essence, the parsing algorithm uses the CFSM to
remember pertinent facts about the history of parses. The
state-splitting enhances the memory of the CFSM and thus the
capabilities of the parser. The more restricted look-ahead
sets are merely subsets of the simple k-look-ahead sets and
they contain only right contexts which correspond to specific

left contexts remembered by the CFSM,
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V. Conclusion.

fhe SLR(k) grammars appear to be an important class of CF
grammars. 1t has been shown in (DeR 69) that the SLR(1l)
grammars include the weak precedence (I&M 70) and the simple
precedence (W&W 66) grammars aé proper subsets. Furthermore,
the SLR(k) techniques are extendable (DeR 69, 70a) first to
cover all "right bounded context" grammars (Flo 64), and then,
" with a bit more work, to cover all LR(k) grammars; i.e.,
grammars whose sentences can be parsed during a single
deterministic scan from left to right with no more than k
symbols of look-ahead.

An SLR(1) system has been implemented here at UCSC (see
Appendix II) and at the University of Toronto+, and they have
been compared with a similar system based on the extended
precedence methods of McKeeman (McK 66, MHW 70). The precédence
and SLR(1) systems were used to generate parsers for the
languages XPL (MHW 70), SPL (M&R 69), and PAL (Eva 69). The
SﬁR(l) system generated parsers for XPL and SPL in about one
fifth the time required by the extended precedence system; the
parsers generated by the two systems require comparable space
and rumning times. An SLR(1l) parser was generated for PAL,
but én extended precedence parser could not be constructed for
it without modifying the grammar; i.e., PAL's grammar is not

extended precedence.

+ o ,

Personal communication from Professor James J. Horning, Computer
Systems Research Group, University of Toronto, Toronto Canada,

6 August 1970,
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APPENDIX T

Definition: (restatement of above)

F%(A) = {s € Vi | S =% p A s. g for some p, B € V¥ },

Observation: S -% p A s g implies either

S =% p' A' g' - p' " A s g''"pg' = pA s por
S =% p' A' g' = p' p" A" s g" ' % p p" 0" A s Bg"p' = pAs B,

Definition. [A] = {B &€Vy | B =% p' A for some p" € V#}.
Theorem. F%(A) = {5 € VT | for some B in [A] there exists

a B-transition in the CFSM to a state having an s-transition}t.

Example: For grammar G1 [T] = {T, E} since T =% T by de-
finition and E =% p' T, in particular, E « T and E = E + T,
Thus, FL(T) = {4, +,)} since in G;'s CFSM we find
2 E — | 3 4
——————
-
—
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X P L COMPILATION — U OF © AT SANTA CRUZ - ¥COM [l VYERSIQON COF APRIL 27, 1970. CLOCk

TCDAY IS SEPTEMRER 23, 15§70. C1OCK TIME = 11:3:33,65.

1 | J 4% 3 3 ok e e v ode ofe e ool e o oz e e o e ok S s ade o ok e il ol e o i ofe e o o ik o ok e o o e e e e e e el el ok ok el ok kol R oo ke ke ek R kel ek |
2 1 {
3| t
4 | A SIMPLE LR{K} GRAMMAR ANALYSFR i
5 1 {
6 | BY i
T 1 ]
8 i FRANKLIN L, DE RFMER 1
9 | I
10 1 UNIVERSITY OF CALIFORNIA i
11 | SANTA CRuUZ, CALIFNRNIA |
12 | AUGUST 31, 1970 i
13 1 !
14 1 1
s | PREFACF [
s 1 ) |
17 | THE FOLLOWING PROGRAM IS AN IMPLEMENTATION OF THE SIMPLEST RFSULTS i
18 {PRESFNTED IN THE AUTHOR'S DISSERTATION (DER 69}, THF PROGRAM REANS A4 GRAMMAR |
19 1AND ATTEMPTS TO CONSTRUCT A SIMPLFE LR{!}) PARSER FOR IT. THF PROGRAM EITHER 1
70 1SUCCEEDS AND PUNCHES TABLES THAT RFPRFSFNT THF PARSFR, QR IT PRINTS MFSSAGES i
21 IRELATFD T0O THE REASDONS WHY IT CANNDOT BE SUCCESSFUL. IF THE PROGRAM FAILS, ]
22 |THE GIVEN GRAMMAR IS EITHER T0OO LARGE IN SOME ASPECT OR IT IS NOT SIMPLE LR{1): 1
2% 11.F.s THF PROGRAM WILL SUCCFFED. EXCEPT FOR SPACE LIMITATIONS, FOR ANY SIMPLFE |
24 |LR{1) GRAMMAR, 1
25 | IT IS TO BE CMPHASIZEN THAT THIS PROGRAM IS INTENEDED MORE AS DNCUMENTATIONT
26 |THAN AS THE MNSY EFFICIENT IVMPLEMENTATION NDF SLR(1Y TECHNIQUES. THUS, RY AND i
27 {LARGFE, WE DPTED FOR RECADARILITY RATHER THAN EFFICIENCY WHEN THE Tw( WERF IN |
78 ICONFLICT. FURTHFRMORF. THE TARLFS GENERATED BY THF PR{OGRAM REFPRESFNT A PARSER |
29 {WHICH WILL EXECUTE QUICKLY RUT WHICH IS QUITE SPACE-INEFFICIENT. THE SIZE 1
30 I0F THE TABLFS GENERATED COULD BE REDUCED TN ABOUT ONE QUARTER THE CURREMT SIZ7E |
31 |RY SEPARATING TRANSITICNS UNDER TERMINALS FROM THOSF 1UNDER NONTERMINALS, i
22 |COMBINING EQUIVALETT ROWS IN THF RESULTING MATRICES, AND PFRHAPS IMPLEMENTING i
33 ISTATES WITH DNLY A FEW TRANSITIONS VIA £ISTS RATHER THAN MATRICES. !
34 | i
35 | 1
36 | HOW TO USE THE ANALYSER i
37 {
38 | INPUT TO THE PROGRAM 1S MADE VIA CARDS. CARDS WITH THF CHARACTER wat IM |
39 JTHE FIRST COLUMN ARE TREATED AS COMMENT CR CONTROL CARNS, AS DESCRIBED AT THE [
40 1BEGIMNING CF THF PRNGRAM, PBLANK CARDS ARF IGNDRFN, GRAMMARS MAY BE RATCHFD RY |
41 |SEPARATING THEM WITH CONTROL CARDS BEGINNING WITH ®aFnG®, DN NOT PUT SUCH A 1
42 |CARD AFTEFR THF LAST GRAMMAR, i
43 1 PRODUCT ICINS ARF PLACFED ONE TO A CARD.  IF THE FIRST CNLUMN IS NNN-RLANK, |
44 |THE FIRST TCKEN ON THE CARND 1S TAKEN TO BF THF LEFT PART OF THE PPONUCTION: {
45 JOTHERWISE, THF LFFT PART IS TAKEN TO RF THE LEFT PART NF THE PRECEDING PRMDUC— |
46 JTION. THE BALANCE OF THE CARD IS TAKEN Tf) 8E THF RIGHT PART Nk .THF PRAODUCTION, |
&7 |ANY TOKEN THAT DCES NOT OCCUR AS A LEFT PART IS A TERMINAL SYMRQO(. : ANY TOKFN 1
48 ITHAT QCCURS ONLY AS A LEFT PART IS A GOAL SYMROL (THERE SHOULD BE AT MOST ONF |
49 |PERP GRAMMAR)., ALL PRODUCTIONS WITH THF SAME LFFT PART MUST RF GROUPED, |
S0 | A TOKEN IS EITHER H
81 {(1)} THE CHARACTFR %<" FOLLOWFD RY A BLANK, DR |
82 {1(2) ANY CONSFCUTIVE GROUP OF NMN-RLANK CHARACTERS NOT RBFGINNING WITH stem AND |
53 | FOLLNWED RY A P1LANK OR THE END 0OF THF CARD, OR ]
S4 {(3) THF CHARACTER ®m<d™ FOLLOWED RY A NON-RLANK CHARACTER AND THEN ANY STRINA OF |
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There are no T-transitions to states having transitions under

any symbols in Vg

Proof of theorem: Given the observation above and the
definition of [A] we need only prove that, if A' - p!' Bs g

is a production, there will be in the CFSM a B-
transition to a state having an s~transition. But this
follows from the fact that we assumed there were no useless
productions and from the method of computing the successors
of configuration sets, Thus, the configuration A' - p".B s g"
must appear in some configurafion set which will have a B-
successor éontaining A" = p" B . s p", and the B-successor

will have an s-successor containing A' = p'" B s . g". Q.E.D.

Conclusion: One can compute F%(Aﬁ as follows. First, compute
[A] directly from the grammar via fast bit matrix techniques
(Che 67). Second, starting with ;n empty. set L, scan the
transitions of the CFSM: -for each transition under a symbol
in [A7] to some state N, add to L each symbol s in Vp such
that there is an s-transition from N. This step can also be
done with bit matrix techniques (see Appendix II) . The

resulting set L is the desifed set Fi(a).
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THE GROSS STRUCTURE OF THF PROGRAM, ALONG WITH LINE "NUMBERS AND SOME
COMMENTS, IS GIVEN BELOW:

LEINE
NO. SUBJECT

170 LANGUAGE EXTENTIONS {LITERAL NECLARATIONS):
BCCLEANs, TRUE, FALSF, PUNCH, EJFCT_PAGE, DNOUBLE_SPACE,
AT, BLANK,. BLANK_CARD, HALF_LINE, X12.

190 SYSTEM TOGGLES:
MORE_GRAMMARS, CONTROL, 21, AG, aC, AF,
AL, aP.

218 UTILITY PROCEDURFS: ODDy MIN, MAX, FRROR{ERROKR_COUNT?,
LINE_DUY, PRINT_DATE, PRINT_TIME (FIRSY_TIMF,
THIS_TIME. LAST_TIME),

293 GRAMMAR REPRESENTATION: PROD_ARRAY, PROD_ARRAY-PTR, PRUD START
RT_PT_S12E, FIRST_PROD_FOR, ON_LEFT, DON_RIGHT,
Ve #_PRODS, #_TERMINALS, #_NTS, GOAL_SYMBOL,
[S_NONTFRMINAL, LEFT_PART.

323 PRINT_G: /* A PRODECURF TO PRINT A GRAMMAR IN STANDARD FORMAT. =% f

4027 RFEAD_G: f%* A PRCCEDURF T READ A GRAMMAR, * /
FIND_GOAL:
SORT_V:
SCAN:
GETTING_CARDS:
F+ THE BODY OF READ_G. ¥ /

|
!
|
}
|
}
}
i
}
}
]
i
i
i
}
i
t
|
!
!
|
|
!
[
}
{
i
1
i
]
]
|
{
i
|
|
| 626 CFSM REPRESENTATION: READ_XITIONS_TABLE,

i SYM_BEFORE, #_TO_POP, SYM_TO_READ,

| NEFAULT_XITION, IS_INADEQUATE, IS_REDUCE,

| IS_LRCs [S_SLRl, EXIT_STATE, ERRNR_STATE,

1 IS_LA_REDUCE, IS_READ, #_LA_REDUCE_STATES,

] INC_#_LA_RETCUCE_STATES, #_READ_STATES,

1 INC_#_REAN_STATES, READ_XITION, UPDATE_READ_XITION,
[ FLAGs UNFLAGy I_TO_Sé.

I

1

695 PRINT_CFSM:z /% A PRDCEDUPE-TO PRINT A CFSM, = /
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STR_LNTH_ 8=
/% THE RODY GF PRINY_CFSM, =* /

COMPUTF_CFSM: /% A PROCEDURE TO COMPUTE A CFSM, * /

MAKE_CONFIG:

PROD:

DOT:

SYM_AFTER_NOT:"

DOT_AT_END: :

SUCCESSORz

{BASTS_STACK, RS_START, BS_SIZE}

(CONFIG_SFT, #_CONFIGS, INC_#_CONFIGS}
COMPUTE_CONFIG_SET: -

(STATE}

PRINT_CS:

ADD_SUCCS_TO_CS:

SORT_CS:

/*THE RODY DF COMPUTF_CONFIG_SET. * /
(READ_TO_INAD, STATE_PTRS)
ADC_SUCCESSORS_TO_RS:

(STATE, BASIS_SFT, INC_BASIS_SFT_SIZE)

LOOK_UP_READ: .

LDOK_UP_REDUGE:

/% THE BODY OF ADD_SUCCESSORS_TO_B8S. * /
/% THE RODY 0OF COMPUTE_CFSM. % /

SLR{1) LOOK—-AHFAC SET REPRESENTATION:
{LCOK_AHEAD_TABLE}
VALIDATE_LA_XITION:

IS_VALID_LA:
INCLUDED:
[NCLUDF?
INTERSECT:

PRINT_SLRI_LA_SETSs /* A PROCEDURE TO PRINT SLR(1} LONK-AHEAER SETS5. * /

STR_LNTHI13z:
/% THE BCDY 0OF PRINT_LOCK_AHEAD_SFTS, * /

COMPUTE_SLRI_LA_SFTS: /%A PROCENURE TO COMPUTE SLR({1) LOOK-AHFAD SETS.=* /

NOT_StR1:
/% THE BORY OF COMPUTE_SLRI_LA_SFTS. = /

PUNCH_DPDA: /% A PROCEDURE TO PUNCH SLR(1} PARSERS. * /
PUNCH_CARD:
CCNVERT:
/% THE RODY OF PUNCH_DPDA, * /

MAIN PROGRAM.
FND OF PROGRAM,

e oo e 9 o e ok sl ol e e oo o o ook oo ok e o e ok ok sl o o ol oo e o e b o e KR 0 o ook e ko o Ak oK A o el e o ok Xk ok /

/HFTRST SCME LANGUAGE EXTENTINNS,  doaeds solodeoded ook e s ek ode e ool oo el ool el ek e e e e ke f

DECLARE BOOLFAN LITERALLY *BIT(117,
TRUE LITERALLY "1+,
FALSE LITERALLY *f0Q7,

llll'!,
'loll!'

EJECT_PAGF LITFRALLY *nQUTPUTI(LY
DOUBLE_SPACE LITERALLY *fQUTPUTI(1}



177
178
179
180
181
182
1R%
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
2095
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237

HALF_LINE LITERALLY "2

I‘I'

| PUNCH LITERALLY *2¢%,

| BLANK LITERALLY *BYTE(tY *V)*,

1 AT LITERALLY 'BYTE('*Q*%)?,

| BLANK_CARD LITERALLY '

1 ree, /% IMAGE OF A BLANK CARD., */
| .

|

|

DASHED_LINE LITERALLY *** o

DECLARE FRROR_COUNT FIXEND;

| X1z LITERALLY 9t¢ et /%

i

1

| JENEXT SOME SYSTEM TOGGLES . ) adn e e e ol ol ol s s ol el ol e e ol e ol ol el sl o e e e e e ook de e ofe e ok kol e e e e f
| .

1 DECLARE MORF_GRAMMARS BOMNLEANS

i 7% CCNYROLS THE BATCHING OF GRAMMARS, */

1

] DECLARE CCNTROL{25S5) ROOLFEAN,

1 /% A D IN CCLUMN ONE OF A GRAMMAR CARD SWITNHES THf TOGGLE

i /% INDICATED BY YHE CHARACTER IMMERIATELY FOLLOWING THE .

i

1 21 LITERALLY *BYTE[®rfere)r, A
| /% 31 CONTROLS LISTING OF INPUT GRAMMAR CARDS: INITIALLY OFF,
I -

i AG LITERALLY 'YBYTE(trGreyy,

| /* &G CONTRCLS LISTING OF REFORMATTED GRAMMAR: INITIALLY ON.
i ;

{ AC LITERALLY TBYTE(1'CY )1,

1 /% AC CONTROLS LISTING OF CONFIGURATION SETSs INITIALLY OFF,
i

1 AF LITFRALLY YRYTE(rEreye, .

i /% QJF CONTROLS LISTING OF CFSM; INITIALLY ON.

i

i AL LITERALLY *RAYTE{*rLrY)r,

| /%* aL CONTROLS LISTING OF LOOK-AHEAD SETS3: INITIALLY ON,

1

1 AP LITERALLY *BYTE(ttproyr;

! /% AP CONMTROLS PUNCHING 0OF DPDA: INITIALLY ON.

i

‘ . H
| JENOW SOME UTILITY PROCEDURES. Heoke Aol e e de e e ek ol ook R ek e ek ke ok e e ok Ak kg e o R S
{

1 4]

10DD:  #/ /% THE PREDICATE 0OOnD, %/

1 DFCLARE ODD LITERALLY ¢

|

{MIN:

| PROCEDURE (I, J} FIXED:

| NFC1 ARE (I, J} FIXED;

| IF I < J THEN RETURN I3 ELSE RETURN J3

i END MIN:

|

IMAX:

{ PRACEDURE (I, J} FIXED;

1 NFCLARE (1, J) FIXED:

{ IF I > J THEN RETURN I: £LSE RETURN J3

| ENN MAX:

i

{

|

%

TWELVE BLANKS,

GLORAL VARIABLE,

FRROR: fx PRINT AN ERRNR MESSAGE, INCREMENT ERROR_COUNT, %/

¥/

*/
*/

%/
%/
*/
*/
*I.

* f

*f



PROCEDURE {MESSAGE):
DECLARE MESSAGE CHARACTER:
QUTPUT = t#x% FRROR, ' || MESSAGE:  DOUBLE_SPACE:
ERROR_COUNT = ERROR_COUNT + 13

END ERROR;

LINE_DUT: /% NUMBER A LINE AND PRINT IT. */
PROCEDURE (NUMBER,y LINE};

DECLARE NUMBER FIXED, LINE CHARACTER;

DECLARE NUM FIXED, N CHARACTER:

N = NUMRER3 /% CONVERT N TO CHARACTER, */
NUM = 6 = LENGTH{M): /% 6 = MARGIN, */
QUTPUT = SUBSTRI{X12, 0, NUM) ] N }} * |1 LINFE:

END LINE_QUTS

PRINT_DATE: /% PRINTS A MESSAGE FOLLOWED BY A DATE, %/
PROCEDURE (MESSAGE, DATE}); .
DECLARE MESSAGE CHARALTER, DATE FIXED:
DECLARE MONTHI11) CHARACTER INITIAL
{TJANUARY T, 'FERRUARY?, 'MARCH?Y, TAPRILY, YMAY?, ¢ JUNE®,
*JULYT, 'AUGUST?®, *SEPTEMRER', 'OCTOBER', 'NOVEMBER', TDEGEMBFRY),
DAYS{11) FIXED INITIAL )
{0y 31, 60+ 914 121, 152, 182, 213y 244, 7?74, 305, 335):
DECLARE (YEAR, DAY, M) FIXED:
DAY = DATE MDD 10003
YEAR = DATE/1000 + 19003
IF (YEAR & 3) == 0 THEN IF DAY > 59 THEN DAY = DAY + 13
M= 113 - .
DO WHILE DAY <= DAYS{M): M = ¥ - 13 END;3
QUTPUT = MESSAGE 1 MONTHIMY |1 * * || DAY-DAYSIM) §{ v, ¢ {]
YEAR 11 *.*3 DOUBLE_SPACES
END PRINT_DATES

DECLARE (FIRST_TIME, THIS_TIME, LAST_TIME)} FIXED;3 /¥ GLOBAL VARIABLES, =/
PRINT_TIME: /% OUTPUT ELAPSED TIMES. ¥/
PROCEDURES

DECLARE (I, J) FIXEDy T CHARACTER3

THIS_TIME = TIME3

I THIS_TIME — LAST_TIMEZ

J =1 MND 1002

I =1 71003

T = *TIME USED SINCE THE LASY TIME PRINTOUT IS * J] I 1] *v,v;
IF J <€ 10 THEN T = T (|} 03

QUTPUT = T Il 3 11 * SECONDS,.':

I = THIS_TIME — FIRST_TIME:

J = I MOD 100%

I = § / 1003

T = YTOTAL TIME USERD SO FAR IS * || I |1 *.7:

IF J < 10 THEN T = T || *"0*:

OUTPUT = T |1 J {1 * SECONDS,*3 NOLBRLE_SPACES

LAST_TIME = THIS_TIMEs
END PRINT_TIME: 3% 3k e o ek s s o kol s stk skl e e e o e o e ot o ke o o e e ol e el e e o e ek A Aok

FENEXT THE REPRFSENTATICN OF A GRAMMAR,  sdkoksokof sk ook de ool s sl e ool o e e e oo ofe o e e e e f

DECLARE PROD_ARRAY {7047} RITI(8),
PROD_ARRAY_PTR FIXED,
PROND_START {255) BIT{1l6},

D e iy o ——— o . bt —
- — T S ER S R SR vl s ehe aep S e o vmmh el b i emi WEA ey W SR s et el - ] 8 —pf W rmw e mami e L oy —— dn o vum ains el

RT_PT_SIZE {255) BIT{8}Y,



299

| FIRST_PROD_FOR {255} BIT{16),
300 1 {CN_LEFT, ON_RIGHT)(255) ROOLEAN,
3c1 | - v {255} CHARACTER,
302 | (#_PRODS, #_TERMINALS, #_NTS, GNAL_SYMROL) FIXED,
303 i INC_PROD_ARRAY_PTR LITERALLY
3064 | "IF PROD_ARRAY_PTR < 2047 THEN PROD_ARRAY_PTR = PROD_ARRAY_PTR + 1:
305 | ' ELSE D03 CALL FRROR('ITHE GRAMMAR 1S TO LARGF,'*):
306 | PROND_ARRAY_PTR = 20373 END',
307 | INC_#_PRODS L ITERALLY '
308 | tIF #_PRODS < 255 THEN #_PRONS = #_PRODS + 13
309 | FLSE CALL ERRNDR('*T0O0 MANY PRODUCTIONS,f*')f*3:
310 :
311 /%
312 | IS_NONTERMINAL: %/
313 | DECLARE IS_NONTERMINAL L ITERALLY *ON_LEFT*;
3t4 | C
315 | IE:
316 | LEFT_PART: #/
317 | NECI ARE LEFT_PART LITERALLY '"PROD_ARRAY{PROD_START'S
318. 1
319 |}
320 |
321 | /%*THFN A PROCEDURE TN PRINT A GRAMMAR IN STANDARD FORMAT, ik sikikikkskkax/
322 1 .
373 |PRINT_G:
324 | PROC EDURF:
325 |
326 | /% PRINT THE VOCABULARY. %/
- 327 1 .
328 | QUTPUT =
329 | - ' THE VOCABUL ARY':
330 | DOURLE_SPACE: _
331 | ouUTPUT = ¢ TERMIINAL SYMBOLS '
332 | 1] NONTERMINAL S*:
333 |’ DOURLE_SPACES
314 | . :
335 NDECLARF N FIXED, LINE CHARACTER:
336 1 DO N = ] TO MAX{H_TERMINALS, #_NTS}: /% PRINT THE VOCABULARY, *f
337 IF N <= #_TERMINALS /¥ TERMINAL SYMBDLS, */
338 | THEN LINE = SUBSTR{VIN) || HALF_LINE, 0,y 66)3
339 | FLSF LINF = HALF_LINE:
340 1 IF N <= #_NTS THEN /% NONTERMINAL SYMBOLS. */
34l | LINF = ULINE || VIN + #_TERMINALS);
342 CALL LINE_CUTIN, LINE}:
343 | END3
344 | DOURLE_SPACES
345 |
346 | nuTPUT = )
347 | ' ) * {} HALF_LINF §1 VIGOAL_SYMBOL) §!* IS THE GOAL SYMBOL.':
348 | IF MAX{#_TERMINALS, #_NTS} > 20 THFN EJECT_PAGE; ELSF DOURLE_SPACE:
349 |
350 | /% PRINT THE PRODUCTIONS. *®/
351 |
352 | QUTPUT = ¢ THE PRONDUCTIONSH:
353 | DOURLE_SPACE: /% THE PRODUCTION ADDEN AUTOMATICALLY %/
354 | DON=1TO #_PRODS - 13 /% IS NOT PRINTED. %/
355 | DECLARF SYM FIXED; . :
356 | SYM = PRON_ARRAY(PROD_START{N)}}; /% SFT UP THE LEFT PART, ¥/
357 1| IF SYM = PRON_ARRAY{PROD_START(N - 1))
358 | THEN ne:
359 | DECLARF L FIXED:



360
361
362
163
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
3483
3184
385
386
387
388
389
390
391
392
393
394
395
396
357
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420

i : L = LENGTH(V(SYM))z:
1 LINF = SURSTR{HALF_LINE, 0, L} 1} ? b END:
ELSF D03
DUTPUT = 113

LINE = y(SyM} ] ¢ END

DECLARE {S+ VAR) FIXFD; /¥ ADD ON THE RIGHY PART, */
VAR = PRON_STARTIN}:
DO S = VAR + 1 FO VAR + RT_PT_SIZF{N}:
LINE = LINF {1} * v || V{PRON_ARRAY(S)):
END;
CALL LINE- NUTIN, LINF}3
END3
FJECT_PAGF:

/% PRINT STATISTICS ON THE GRAMMAR, */

*SOMFE STATISTICS NN THE GRAMMAR:t': DDURLE_SPACF:

! NUMBER DOF TERMINAL SYMANLS = * || #_TERMINALS;

' NUMBER OF NONTERMINAL SYMBOLS = * || #_NTS:

' TOTAL NUMBER OF SYMBOLS = * || #_TERMINALS + #_NTS:

'I;

' NUMBER OF PRODUCTIONS = * {!| #_PRODS - 13 . ‘

i

|

|

|

|

|

|

{

i

i

[

{

|

!

|

| nuTeuT

{ QUTPUT

{ QUTPUT

| NUTPUT

i NUTPUT

| NUTPUT

| /* THF PRODUCTION ANDED AUTOMATICALLY IS NOT COUNTED, #/
| SHR{#_PRONS, 2)3 /% REALLY (2 % #_PRODSY / 8 FOR

| . ON_LFFT AND ON_RIGHT, %/
{ + PROD_START!#_PRODSY + 33 /% FOR PROMICTIONS, PER SE, %/ .
| + 5 *® #-PRONSS /% FOR PROD_START (2 BYTES EACH,

| RY_PT_SI17E+ AND FIRST_PROD_FOR, #*/
] N = N + 43 /% FNR #_PRODS, ¥_TERMINALS, #_NTS., AND GDAL_SYMAROL, %/
1 NUTPUT = ¢ SPACF REQUIRFD TO STORE THE PRODUCTIONS = * || N || .
| " BYTES, NOT INCLUNDING THE VNCABULARY,':
1

{

|

]

|

{

|

|

{

]

|

{

|

|

1

]

{

{

i

i

|

{

|

[

|

]

1

1

1

o ofo B

N

h

N = N
N = N

LINE = 100%* {PROD_START{#_PRODS) + 3 — #_PRONSY / #_PRONS:
ouTPyYT = ¢ THE AVERAGE LENGTH NN1F THE RIGHT PARTS OF PRONDUGTICONS =
1l SUBSTRILINE, O, 1} 1| *ov || SUBSTR{LINE, 1y 2Y }1 ' SYMBOLS.':

FJECT_PAGE:
END PRINT_G3 J 33 Ak e e s etk An A B ok ok o S %6 0 A e o 0K ¥R o e 2 3 o 3 e 3 e e 3 o 3 e ofe o et s e e e e o o e e o e

FETHEN A PROCEDURF TN READ A GRAMMAR, e sedosiosol ool oo s sfe e sie e ool st ol o st ol e o o ool e oo ofe ool ke e e e f

READ_G:
PPOCEDURES
DECLARE #_SYMS BIT(8), /% GLOBAL TN SORT_V, FIND_GOAL, SCAN, * /
INC_#_SYMS LITERALLY /% AND GETTING_CARDS, */
t1IF #_SYMS ¢ 255 THEM #_SYMS = #_SYMS + 1:
ELSF CALL FRROR{**+T00 MANY SYMAQOLS.**}?:

/% FIRST SOMF USEFUL PROCEDURFS. %/

FIND_GOAL: /% FIND GOAL SYMBROL, ADD BRACKETTING PRODUCTION, %k#/
PROCENURFS

DECLARE SYM FIXED:

GOAL_SYMBOL = 0% X

DO SYM = 1 TD #_SYMS: /% FIND GOAL SYMBDL. %/

IF ~ON_RIGHT(SYM) THEN

IFf GOAL_SYMBOL = O
THEN GNAL_SYMROL = SyM;
ELSF CALL ERROR{'MORF THAN ONF GOAl SYMROL WAS FOUND: ' 1]



421
422
423
474
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426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
4472
443
444
445
446
447
448
449
450
451
452
453
454
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456
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458
459
460
461
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463
464
465
466
467
468
469
470
471
472
4713
474
475
476
477
478
479
480
481

i En din . v . e M i v e TR e vHE e avte AL e Mmoo N e e AL mii el bl e  wdl SO RN i) M b AL sy S Mt o S L AL A e S h W dwms S i LS wa T e e e ——

f %

VIGOAL_SyYMRNILY |1 ¢ USEDR, ¢ 1] vi{svyM) I ¢ IGNORFD.'}:

END2
IF GDAL_SYMROL = O THEN Doz
GOAL_SYMBOL = PROD_ARRAY(PROD_START(1I}}Vs ’
QUTPUT = *'NO EXPLICIT GOAL SYMAROL wWAS FOUND. ' 1|
VIGOAL_SYMBOLY {1 1 WILL RE USED AS THF GNAL SYMROL.':
DOURLF_SPACF3 END T

NOW ADD <SYSTEM_GS>
INC_#_PRNDDS:
PROD_START{#_PRODNS) PROD_ARRAY_PTR:
RT_PT_SIZE(#_PRODS)Y = 33
PRCD_ARRAY (PRON_ARRAY_PTR)
INC_PROD_ARRAY_PTR:

o

1= _|_ <GOAL_SYMBOL> _|_ T0O THF GRAMMAR, =*/

[]
o
-h

f%* <SYSTEM_GS> */

PRCN_ARRAY (PROD_ARRAY_PTR) = 13 fx  vi1Yy = “_|_*v %/
INC_PROD_ARRAY_PTR:
PRUD_ARRAY{PROD_ARPAY_PTR) = GDAL_SYMROL3
INC_PRIID_ARRAY_PTR 3
PRCD_ARRAY(PRCD_ARRAY_PTRY} = 1z /% V(1Y) = '_]F' =/
END FIND_GDAL: /e e sleske e s e s o ool ok sk e ok ok ok etk e Rk R R e ok skl sl ook s d o
SORT_vz /% SORT THE VYOCARIJLARY: TERMINALS FIRST., dekddcfdodsadk/
/% ALSO SET #_TERMINALS AND ¥ _NTS, AND */
PROCEDURF % FILL IN FIRST_PROD_FOR, =/

/*

/3%

/%

/%

%

DECLARE INDEX{255) BIT(8}, NFW_INDEX{255} RIT{8},
{Ly Jy TEMPY FIXED, T CHARACTER;

RECORD THE INDICES. #/
NO I = 1 TO #_SYMS: INDEX{I} = I3 END3

BURRLE SORT. #/
NO I = 3 TO #_SYMS? /% VIOY AND V{11 ARE SYSTEM SYMRDLS. %/
J = #_SYMS:
DO WHILE J >= I3
IF ON_LEFT(J — 1) & =-ON_LFFT{J} THEN nes
ON_LEFTCJ — 1} = FALSF3 ON_LEFT{J) = TRUE:
/¥ DON_RIGHT BECOMES MFANINGLESS. */
TEMP = INDEX{J — 11: INDEX(J - 1) = INDEX(J): INDEX(J) TEMPy
T = V(J =~ 193 viJ - 1) = ViJYs ViJYy = T3 ENM s
J - 13 .

J =
END 3
FND3

COMPUTE NEW INDICES. #*/
DO I = 1 TO #_SYMS3

NFW_INDEX{INDEX{I)) = I3
ENDS

SUBSTITUTE THE NEW INDICES INTO THE PRONDUCTIONS., =#/
GOAL_SYMBOL = NEW_INDEX{GGAL_SYMROLY:
PO 1T = 1 T0O PROC_START{#_PRNNSY + 33
PRDO_ARRAY{TY = NEW_INDEX(PROD_ARRAY(I})3
END3

ALSO FILL IN FIRST_PRAN_FOR. */
PO 1 = 1 TC #_PRODS:
J = PROD_START({)3
[F PRON_ARRAY(J) ~= PRED_ARRAY(PRNN_START(E — 1)) THEN
FIRST_PROD_FCR{PROD_APRAY{J}) = I3



482
483
494
485
486
487
4R8
489
490
49)
492
493
494
495
496
497
498
499
5G0
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
537
533
534
§35
536
537
538
5§39
540
541
542

END3

/% COUNT THE SYMANLS. */
#_TERMINALS = 13
‘NC WHILE -~0ON_LEFT{#_TERMINALS + 1)3
B_TERMINALS = #_TERMINALS + 13
END3

[F #_TERMINALS > 127 THEN CALL FRRORU'TOD MANY TFR”INAL SYMBNLS. )3

H_NTS = #_SYMS -~ #_TERMINALS:

IF #_NTS > 127 THEN CALL ERROR{'TOO0 MANY NONTERMINAL SYMROLS.*):

END SORT_V3: £ 3 sk s e st o o e et ok o oo e o s e o o e o ofe afe ol o o o o ok ook g e o ol o ke e ol ol o sl ek ek f

DECLARPE CARD_TMAGE CHARACTER, CARD_PTR FIXEDZ

SCAN: /% GET A SYMBOL FROM THE INPUT CARPD IMAGE, kdkk¥kkikks/
PROCEDURE BITISB}s
LOOK_yp: /¥ GET INDFX 0OF SYMBOL IN V. okkkdksckkddkokkmrkk/

PROCEDURE (SYMBOL) RIT{B8):
DECLARE SYMROL CHARACTER;S

DECLARE J FIXED:

DO J = 2 70 4_SYMS3 /% IS SYMBOL ALREADY IN V2
IF viJ) = SYMBOL THEN RETURN .J3

END3 /% VI0) AND VIl) ARE SYSTEM SYMROLS. %/

INC_#_SYMS3 /% NO, SO ADD SYMBOL 70O V.

VI#_SYMS) = SYMBOL;
RETURN #_SYMS3

END LOOK_UPs3 /#******#****#*****#******#**********#********/

/* THFE BODY GF THE PROCEDURE MSCAN®T,  fskdrdokaoiokskdoiokkdd g fikhd ks /

DECLARF LEFT_BRACKET LITERALLY 'RYTE(*'C11y),
RIGHT_BRACKFT LITERALLY 'RYTE('i1>re),
END_OF_CARD LITFRALLY *79¢;

NG CARD_PTR = CARD_PTR TO END_OF_CARD:
/% WATCH FJR ARNNRMAL EXITS FROM THIS LONP. */
IF BYTE{CARD_IMAGF, CARD_LPTR}] -= BLANK THEN

DECLARF {LP, STOP) FIXED;:

LP = CARD_PTR: /% MARK LFFT BOUNDARY. */

IF RYTEICARD_IMAGE, LP} = LEFT_EBRACKET &
BYTE{CARD_IMAGF, LP ¢ 1} == BLANK

THEN STNP = RIGHT_BRACKET:

ELSE STNP = BLANK:

/% NOW LOCK FAOR STOP, %/

NECL ARE NO_STOP_FQUND BOQLFANG

NO_STOP_FCUND = TRUE:

DO WHILE NO_SYOP_FOUND & CARD_PTR < END_DF_CARD:
CARMO_PTR = CARN_PTR + 113
IF BYTE{CARD_IMAGE, CARN_PTR} = STNP THFN

NO_STOP_FOUND = FALSE:
ENDS

/% IN CASF MATCHING RIGHT BRACKET IS NOT FOMUND, %/
[F NC_STCP_FOUND & STOP = RIGHT_RRACKET THEM

nos

nnz:



543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568

' 569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
SR8
589
590
591
597
593
594
595
596
597
598
599
6C0
6C1
402
603
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CALL ERROR({FUNMATCHED BRACKET: <*}: .
CARD_PTR = tP: /% ERROR RECOVFRY, */
CARD_IMAGF = CARD_IMAGE 1] v ¢
DC WHILE BYTE{CARD_IMAGE, CARN_PTR) -= RLANK;
CARD_PTR = CARD_PTR + 13
END: FND3

/* GET THE SYMBOL AND RETURN. #*/
DECLARE SYMBOL CHARACTER: !
IF STOP = RIGHT_BRACKFT | CARN_PTR = END_OF_CARD THFN

CARD_PTR = CARND_PTR + 13 . f% PICK UP LASY CHARACTER, */
SYMBOL = SUBSTRICARD_IMAGFs LPy CARD_PTR - LP}3.
, RETURN LOOK_UP({SYMBOLYS ' END 3
END3 .
RETURN O3 /% WHFN AT END 0OF CARD., */
EMND SCAN: F e e desde s e e e el dhe o e sle e sl e oo e e ook e ke e sl e de e ot i e e e ol el ke e ok ol e ke e e e e e f
GETTING_CARDS: L] REAT GRAMMAR CARDS. 0 e e e e e 200 e oie e e o o g e e dee ok e e e el ok

/%

/=

/=

PROCEDURE ROCLFANS

CARD_PTR = 03

DO WHILE TRUE: /%  ALL EXITS ARE ARNORMAL, */
CARD_IMAGE = INPUT; /% GFT THE CARA, %/
IF LENGTHU(CARD_IMAGF)} = 0 THEN DO

f* END OQF FILE DETECTED., %/

MORF_GRAMMARS = FALSE:

IF CONTROL(QT) THEN FEJFCT_PAGE:S

RETURN FALSE; END 3
IF CONTROL{RI) THEN NUTPUT = CARD_IMAGE;
IF BYYF{CARD_IMAGE} = AT

THEM /% CCNTROL CARD QR COMMENT, %/ nos
IF SURSTRICARD_IMAGE, 1, 3} = 'E0OG!' THEN DOs

IF CONTROL (a1} THEN EJFCT_PAGE: .

+ RETURN FALSE; FND3

CONTROL(BRYTE{CARD_IMAGE, 1}) = ~CONTROL{RYTE(CARD_IMAGE, 13}Y3;END:
FLSE 1# CARD_IMARE -~= BLANK_CARD THEN RETURN TRIUE;
END3
END GETTIMG_CARNS: /R dek R doote e ook s deok ke e e ok sk ek o Aok ok R Kok kb R /

NOW THF BODY OF THE PROCEDURE "READ_GY. #kkkkkskiors sk ok /

INITIALIZATION. %/
NDECLARE [ FIXEDS
N0 I =0 TO 2553
ON_LEFTI{I), ON_RIGHT{I} = FALSE;:

EMD

V{0) = *<CSYSTEM_GS>'3 ON_LFFT{0) = TRUF; /% A SYSTEM SYMARNOL, #*/
vIily = *_{_*: ON_RIGHT(1) = TRUE: /% A SYSTFM SYMBOL, */
#_SYMS = 132 /*  LSYSTEM_G,S> IS NOT COUNTED IN #_SYMS, */
#_PROGS, PROD_START(CY, PRNOD_ARRAY(O) = 03

NOW READ THE CARTS. =/
PRON_ARRAY_PTR = 1%
DO WHILE GFTTING_CARDS;S /* WATCH SIDE EFFECTS. =#*/

INC_#_PRONDS: /% ADD A PRODUCTION, %=/
IF RYTE{CARD_IMAGE, 0} = RLANX '
THEN T = PRON_ARRAY{PROD_START{#_PRNNS ~ 1});



6C4
605
606
607
607
609
610
611
812
613
614
615
616
617
618
619
620
621
622
623
624
€25
&76
627
628
629
630
631
632
633
634
- €35
£36
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638
639
640
641
642
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£45
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£53
&54
65%
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664
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ELSE I = SCAN:
ON_LEFT(I}) = TRUE:
PROD_START{#_PRODS} = PROD_ARR
RT_PT_SIZE(#_PRODS) = -1t
DO WHILE T > C3 7 1 =0 I

PROD_ARRAY (PROD_ARRAY_PTR)
INC_PROD_ARRAY_PTR;

RT_PT_SIZE(#_PRUDS) = RT_PT
I = "SCAN3
ON_RIGHT({I) = TRUE;

END3

IF ERRQR_MCOUNT > 15 THEN
CUTPYUT = *TO0 MANY FRRORS.
D0 WHILE GETTING_CARDS; E
END3
CALL FIND_GOAL:
CALL SORT_V:

END READ_G3 J % g e ok ok A Aok Ak

/*THE REPRESENTATION OF A CHARACTERIST
DECLARE READ_XITIONS_TABLE(32767)

SYM_BEFQRE {255)
XLATION_RULF (1271
#_TO_POP- (127
SYM_TN_READ (127
DEFAULT_XITINN {127
1S_INADEQUATE {127}
1S_REDUCE {127}
(1S_tRO, IS_SLR1)
EXIT_STATE LITERALLY
ERROR_STATE LITERALLY
IS_LA_REDUCE LITERALLY
IS_READ LITERALLY
v (255)

(#_TERMINALS,#_NTS,#_PRODS)

(#_READ_STATES, #_LA_REDUCE_
INC_#_{ A_REDUCE_STATES LITER
YIF #_LA_RFERUCF_STATES = 127
THEN CALL ERRNR(*9TOQ MANY
ELSE #_LA_RFNUGF_STATES =

INC_#_READ_STATES LITERALLY
‘IF #_READ_STATES = 127
THEN CALL ERROR{'4TQ0 MANY
ELSE #4_READ_STATES =
READ_XITION: /% ACCESS A READ TR
PROCEDURE (STATF, SYM) 31T(8):
DECLARE (STATE, SYM) 3[T(8):
RETURN READ_XITTONS_TARLE( SHL(
END READ_XITION;

UPDATE_READ_XITION:
PROCEDURFE {STATEL,
DECLARE [STATEL,

SYM, STATE2}s
SYMy STATE2)

AY_PTR;

*/
®/

MPLIES END 0OF CARD REACHED RY SCAN.
= I3 /= RECANRD THE PRONDUCTION,

_SIZE(H#_PRNDS) + 1z

nos
EXECUTION TERMINATED FOR THIS GRAMMAR,':
ND 5 END3

e e e e e de s o o o e we v e a3 ofe e e e e o sl e ok ok o o sl ofe o e ol sl e e e ok

IC FSM, ook skl sodokokod o doeal e s oo o o o ool st kel ok f

BIT(R},
BIT(8RY,
BIT(8),
BITIA),
BIT{R),
BIT{R),
BOOLEAN,
BOOLEAN,
BOOL EAN,
1ge,
g,
t128 >,
1127 <y,
CHAPACTER,
FIXED,

*f
*/

A REDUCF STATE.
A READ STATE,

/%

IE:
fx  ALSO,

AND

ARE PART OF BOTH THF

GRAMMAR AND THE CFSM, ¥/

STATESY FIXED,
ALLY

LOOK—-AHEAD~-—-REDUCE STATFS.t'?)3

#_LA_REDUCE_STATES + 17,

READ STATES.T'');

#_READ_STATES + I13

ANSITION, */
STATE, 8) | SYM);
RIT{8}):



665
666
667
668
669
670
671
612
6732
674
)
676
6§17
618
679
480
681
687
583
684
685
6R6
687
688
689
690
691
692
693
694
695

- 696

697
698
699
100
701
102
TC3
T04
. 105
106
107
7¢a
109
710
711
112
113
114
115
716
117
TR
719
720
121
122
123
124
125
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READ_XITIONS_TABLE(SHL{STATFl, 8) | SYM) = STATEZ2: RETURNS
END UPDATE_READ_XITION:

/%

FLAG: . */ /¥ READ STATES ARE FLAGGED [N THF TABLFS. #/

DFCLARE FLAG LITERALLY ""{1}1000000G" 3

/%

UNFLAG: %/

DECLARF UNFLAG LITERALLY #%(1)01111111" £¢g

{_TD_S4:

THEN Do

IF STATE = EXIT_STATE THEN RETURN *EXIT1:
S = STATF: /% CONVERT STATE TO CHARACTER, */
RETURN SURSTRIX17?, O, 4 -~ LENGTHIS)Y |1 S END

FLSE Doy
STATE = UNFLAG{STATE);
IF STATE = ERROR_STATE THEN RETURN ¢ ts
§ = v*v || STATE: /% THF ® [NDICATES A READ STATE. */
IF LENGTH(S) = 4 THEN RETURN S3
RETURN SUBSTRIX12, 0, & — LENGTH{S)} {{ S5t END:

END I_TO_S4;
PRINT_CFSM: /% A PROCEDURE TO PRINT THE CHARACTERISTIC FSM, kksmkkikikdy,
PROCEDURF:
STR_LNTH_B:
PROCFDURE {STRINGY CHARACTER:

NECLARE STRING CHARACTER3:

If LENGTH{STRING) < 4

THEN RETURN SUBSTR{X12:; 0, 4 — LENGTH{STRINGIY |] STRING ] * LM

FLSE IF LENGTH{STRING} »>= 7

THEM RETURN SUBSTR{STRINGs Oy T} |1 v '3
ELSE RETURN STRING |1 SURSTR{X12, O, 8 — LENGTH{STRING));

/%

PROCEDURE (STATE} CHARACTERS
PDECLARE STATE FIXEN;
NECLARE S CHARACTERG
IF IS_LA_RENUCEISTATFE}

END STR_UNTH_AR;

THE BCNY OF THE PROCEDURE WPRINT_CFSMM, kool oot gopdotof otk stk okl /

DECLARE (I, J) FIXED, (LINF1, LINE2} CHARACTER:
DEGLARE VAR CHARACTER:

AYTPUT = *THF GFSM FOR THE GRAMMAR IS AS FOLLOWS:!:
NOURLE_SPACES '

/% EIRST PRINT THE LOOK—AHEAD-—REDICE TRANSITINNS. %/
NUTPUT = X12 ||

f T HE LODK - AHEADND-—-REDUCLCE TR ANSITI TI ON
NOURLF_SPACE;

auTlPuT = 'L OCK-AHFAD t DEFAULT NUMBER SYMROL 'S

gQuUTIPYUT = v REMUCF | TRANSIYION OF STATES ™t

QUTPUT = STATE i TO STATE TO PQOP READ '3

NOURLE_SPACES
NECLARE STATE FIXED]Z
DO STATF = 1 TN #_LA_RFDUHCE_STATES:

S



726

2r

728
729
730
731
732
733
134
735
736
737
138
739
740
741
742
743
T44
745
746
747
748
149
750
751
752
753
154
75%
756
757
758
759
760
761
762
763
764
765
766
767
768

769,

T70
771
772
113
174
775
176
7177
178
179
180
781
182
7R3
84
785
786
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VAR = 1_TO_S4{DEFAULTY_XITION(STAYE)}
LINE] = ¢ ] T vaR ]
LINEL = LINEL || #_TO_POP(STATE) ] ¢

CALL LINE_DUTISTATE, LINELl);
END3
IF #_{A_REDUCE_STATES > 21 THEN EJECT_PAGE:

/% NEXT PRINT THE READ TRANSITIONS, */
NUTPUT = ¢ THF
NOURLE_SPACE:

ouTPUT = ¢ OUTPUT = *1t32

SYMBOLS?®3

DO I = 30 TO #_TERMINALS + #_NTS + 29 BY 30;

L INF1 = 'READ '3 LINEZ = T5TATES
DO J =1 - 29 70O MIN(T,

VAR = STR_LNTH_R{(VIJI )3

READ

'3

vl VISYM_TO_READ(STATE) Y
ELSE DOURLE_SPACE;

TRANSITIONS:

1

#_TERMINALS + #_NTS3)g

10 + 4%MIN{30, ¥_TERMINALS + #_NTS + 30 - [}):

IF OGPD{J} THEN LINEL = LINEL {]| VAR
ELSE LINE2Z = LINEFZ Il VAR:
END3
QUTPUT = LINEL : QUTPUT = LINE?;3
OUTPUT = SUBRSTR(DASHED_LINE, 0O,
DD STATF = 1 TO #_RFAD_STATESS
VAR = I_TO_S&4(FLAG(STATE)) 3
LINEL = * v |1 vaR |{ ¢ ivs
DO J =1 — 29 TO MIN(I, #_TERMINALS + #_NTS):
VAR -= I_TO_S4{READ_XITION{STATE, J)}s
LINEL = LINEL 1} VAR:
END;
OQUTPUT = LINF13
END3 .

IF # LA _REDUCE_STATES + #_READ_STATES > 16 THEN EJECT_PAGE:

END3

ELSE DDUBLE_SPACE;S

f% NCW PRINT THE SYMBOLS PRECFDING THE STATES. #*/

AuTPUY = ¥ THE SYMBOLS

DOURLE_SPACE:

. QUTPUT = ¢ {A-RETUCE

QUTPUT = ¢ STATFE SYMBOL BEFORE THE STATE

DOUBLE_SPACE:
VI{0) = *ERROR_TOKEN'SZ

BEFDORE THE

S TATE S*:

READT:
STATE SYMAOU BFFORFT ||

* THE STATE':

{} VISYM_BFFORE{FLAGISTATFI} )3

HALF_LINE, 0O, ?3)
1 LINELYS

PO STATE = 1 TO MIN{#_LA_REQUCE_STATFS, #_READ_STATES}):
LINEl = I_TO_S4{FLAG(STATEY):
LINFL = ¢ *{1 LINEL || ¢ '
CALL LINE_DUT(STATE, SUBSTRIV{SYM_BEFORE{STATEY) ||
END3
IF #_LA_REDUCE_STATES > #_READ_STATES
THEN

D0 STATE = STATE TO #_LA_REDUCE_STATES:

CALL LINF_OUT(STATE, V{SYM_BEFORE(STATE)}}%

END3
FLSF
DN STATE = STATF TO #_READ_STATFS:
LINE!I = I_TO_S&[FLAG{STATF));
NUTPUT = SUBSTR(HALF_LINE, O, 37) {1 LINFL |1 1 t 1y

VISYM_BFFOREIFLAG(STATEY) )

END:
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807
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811
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BL7
R18
819
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FJECT_PAGE:

/% FINALLY, PRINT SOMF STATISTICS ON THF CFSM, =/
OUTPUT = 'SOME STATISTICS ON THE CFSGM:vg
DOURLE_SPACE:

QUTeUT = ¥ NUMBER OF LOOK-AHEAD—PRENUCE STATES = || #_LA_RFNOUCF_STATES:
OUTPUT = NUMBFR OF READ STATES = t )} #_RFAN_STATES:
auTPYT = ¢ TOTAL NUMBER OF STATES = ' |1 #_{A_RENUCE_STATFS +

. #. REAN_STATES:
QUTPUT = 113
ouTPUT = SPACE REOUIRED FOR LOCK—AHEAD--REDUCE TRANSITIONS = ¢ |}

#_LA REDUCF_STATES % 4 1] * ABYTFS.':

I = (H#_TERMINALS + 7} / B % #_NTS:
auTPUT = ¢ SPACE REQUIREND FOR LODK—-AHEAD SETS = * ] I I} * RYTFS.':
J = #_READ_STATES * (#_TERMINALS + #_NTS + 1)1
OUTPUT = SPACE REQUIRED FOR READ TRANSITIONS = * !] J 1. RYTES.':
DUTPUT = TOTAL SPACE REQUIRFN FOR THE CFS¥ = ¢ || I + J + & =%

#_LA_REDUCF_STATES 1| * RYTES, NOT INCLUDING THE VOCABULARY.':
DOUBLE_SPACE: DOUBLE_SPACE;

END PRINT_CFSM; % e e ool e ok o o o s e o g oo e o o o ool o ot ol e e e sl o o o e sl ol ok o e sl ol kol oo A o f

/%A PROCFDUPE TO COMPUTE THE GRAMMAR'S CHARACTERISTIC FSM,  sokwsoiofdokskok ok /

COMPUTE_CFSM:
PROCEDURES

f%  FIRST SOME USFFUL DEFINITIONS,. ksl stk deaor oo do e ook o st akok e o ook f

MAKE_CONFIG:

PRACEDURE (P, DOT)Y BIT(16)3
DECLARE (P, DOT) RIT(8}Y:
RETURN SHLIP, A) | DOT;

EMD MAKE_CONFIG:

PRNOD:

PROCEDURE {(CONFIGY BITI(R):
DECLARE CONFIG B8IT(16):%
RETURMN SHR{CONFIG, R})j

FMD PROD:

noTs:

PROGCETURE (CONFIGY BIT{8});
NFCLARE CGNFIG RITI1A}s
RETURN CONFIG & "QOFFw;

END DCT3

SYM_AFTER_NOT:

PROCEDURF (CONFIG) BIT(R}:
NDECLARE COMFIG BIT{16})%
IF DOT(CONFIG) < RT_PT_SIZE{PRODI(CONFIG))
THEN RFTURN PROD_ARRAY(PRON_START{PROND(CONFIG)) + NDT(CNNFIGY + 1)
FLSF RETURN O: /% INDICATES DOT {S AT END NF THE PRONUCTION, %/
END SYM_AFTFR_DNT:

1%

POT_AT_END: %/,

NDFCLARE DOT_AT_END LITERALLY fQ = SYM_AFTER_NOT';
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8973
894
895
896
897
8GR
899
900
901
902
903
904
905
906
907
908
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.I*
SUCCFSSCRT ¥/
DECLARE SUCCFSSOR LITERALLY "1l#'s

[% SPACE USED IN COMPUTING THE CFSM, skttt e dede ool deose ook oo o sl dmeokos f

DECLARE BASIS_STACK {511) RIT(l6),

RS_START {255) RIT(161,
RS_SIZF {255) BIT{R),
CONFIG_SET  {127) BIT(16]),
#_CONFIGS BIT(8)3

DECLARF INC_#_CONFIGS LITERALLY

11F A_CONFIGS < 127 THFN #_CONFIGS = #_CONFIGS + 13 ELSF nD0gj

CALL ERROR{**THE CONFIGURATION SET FOR STATE ** || STATF {]
v

0 IS TOO LARGF.' ') CONTROL(2C) = TRUES END

COMPUTE_CONFIG_SET: /% A PROCEDURE TN COMPUTE e N s SR gl e e ol f

PROCEDURE (STATE); /% CONFIGURATION SETS, %/

NECLARF STATE FIXEDN: f* GLORAL TO PRINT_CS AND ADD_SUCCS_TO_CS.
PRINT_CS: . f% A PROCEDURF TO PRINMT e ke e A e e e e e ok /
PRCCEDURES /¥ CONFIGURATION SEYS. %/

DECLARE (I1,J4P} FIXED, LINE CHARACTER:
QUTPUT = *THE CONFIGURATION SFT FOR STATE *¢||STATE!]|Y ISzt
DD I = 1 TC #¥_CONFIGS:
P = PROD {CONFIG_SFT{I}}3
LINE = VILEFT_PART ({P))) || v —-> 13
DO J = 1 TO RT_PY_SI7E (P)s

IF DOT (CONFIG_SET (I}} = J-1 THEN LINF = LINE {1' .3
LINE = LINE {|* *]| v (PROD_ARRAY {PRON_START {PYeJ)):
END:
IF LOT(CONFIG_SET(I)) = J — 1 THEN LINF = LINE || * .73
CALL LINE_OUT (I, LINE}:
END 3
NOUBLE_SPACE:
END PRINT_CS: J 3% Sk oo e 3 s 3ok ok e A e o ok sl e o e o ool o ol e o s e ok ke ol ek ke e e de 3 f
ADD_SLCCS_TO_CS: /% A PROCEDURE TO CNMPUTE CLOSURE SETS. #¥%/

PROCENURF (SYM) 3
DECLARF SYM FIXFN;
NECLARE [ FIXED: [ = 03
DO WHILE LFFT_PART(FIRST_PRON_FARISYMY + []) = SyM:
INC_#_CCNFIGS:

CONFIG_SET{#_CONFIGS) = MAKF_CONFIG{FIRST_PRON_FOR(SYM) + 1,
I = 1 + 13
END 3
FND AND_SUCCS_TO_CS: o ¥ el ofe o e ook oo e e e ol ol o ok o e okt ook s de ook ko e f
SORT_CS: /% SORT A CONFIGURATION SET. ekskhis/

PROCEDURE _ ,
DFCLARE (14 Js K, SYMy TEMP) FIXEDS

*,

01:



909
910
911
n912
913
qls4
315
916
917
318
919
920
921
]22
923
G224
925
376
927
928
529
930
931
932
G33
934
935
536
937
938
339
340
941
947
943
944
945
946
947
948
949
950
a51
952
953
GR4
Q55
356
987
95R
959
360
961
-662
963
964
965
66
967
96R
969

TR mmn S} e A S il MBS A o i ikl S AR il e i it i TE ottt o A A} iy S bl vk it A i mmhn Ak b bk il el rwam A s MRS M M R N SR b b mih il i e

: . 1
7% MOVE LATER INSTANCES 0OF A SYMBOL UP WITH IT*S FIRST INSTANCE. */ |
NO I = 0 TO #_CONFIGS - 13 /% PRUBBLF SORT. %/ !
IF I = O THEN SYM = Q3/*CAMFIGURATIONS ‘WITH DAT AT END AT TCP,%/1
. ELSE SYM = SYM_AFTER_DOT(CANFIG_SET(I1}3
IF SYM - = SYM_AFTER_DOT(CANFIG_SET(I + 1}) THEN
PDJ =1 ¢ 2 TO #_CONFIGSS

[F SYM = SYM_AFTER_DOT(CONFIG_SET(J)} THEN b0s
TEMP = CONFIG_SETI(J) 3 '
K = .}z

DO WHILE K > [ + 13 '
) =

CONFIG_SFT(K
K=K-13
FND 3
CONFIG_SET{K) = TEMP; /# K =1+ 1. X/
I = K3 fF* INCREMENT I. %/ . END:

CONFIG_SFTIK-1)3

END3
END S
FND SORT_CS: £ % et s e o o e 6 ot ot e b ot bt e ok o ke o oot o e o e e o/

f# THE BONY CF THE PRAOCENDURE “"COMPUTF_CONFIG_SFETV,  kdkiokikdkkks /

/* FIRST PICK UP THE BASIS SET. */
DO #_CONFIGS = O TO BS_SIZF{STATF) - 13

CONFIG_SET(#_CNONFIGS+1) = RASIS_STACK(RS_START(STATE) + #_CONFIGS):
END1

f*  NOW CCMPUTE THE CLOSURE SET:  ADD IT TO THE CONFIGURATINON SET, =/
DECLARE NCOT_DONF{255} BOOLEAN, SYM FIXFD;: )
NC SYM = 0 TO #_TERMINALS + ¥_NTS3
NOT_DONF{SYM™) = TRUE: f#= NO SUCCESSNRS YFT. =/
FND3

NECLARE I FIXEDS I =13
O WHILF 1 > #_CONFIGS:

SYM = SYM_AFTER_DOT{CONFIG_SET(I)): .

IF IS_NCNTFRMINALISYM) & NOT_DONF(SYM} & SYM == O THFM nns
CALL ARD_SUCCS_TO_CSC(SYM) 3 /% TINCREMENTS #_CONFIGS. %/
NOT_NONE(SYM} = FALSES /* THIS SYMBOL HAS REEN DONE., %/ FND

I =1 + 13

END: .
IF #_COAONFIGS > 1 THEN CALL SORT_CS;3
IF CONTROLI(ACY THEN CALL PRINT_CS: .

END CCMPUTE_CONFIG_SET: £33 3 e e e vl e e S ol sl el s gk sl sl ok e e ool e ol ek s ook e ik ek ool f

NECLARE READ_TC_INAD(I27) RIT{(R}:
NECLARE STATE_PTRS (127) BIT{8):
AND_SUCCFSSORS_TO_RS: /¥ A PROCEDURE TN COMPUTF THE BASIS SETS %S
PROCEDURE {STATEY: /* DF STATES THAT ARF SUCCESSORS NF STATE.*/
CECLARE STATFE FIXEN;

NECLARF BASIS_SFT{15) RIT{l6):

NECLARF INC_RASIS_SFT_SI7E-LITFRALLY : -

*1F BASIS_SFT_SI7F < 15 THEN BASIS_SET_SIZ7E = RASIS_SFT_SIZF + 1t FLSF
CALL ERRDPR{YITHF BASIS SET FOR STATF v9 {{STATEl] ** [S TON BIG.1v )0

LOOK_UP_READ:® F¥ GET [NDEX OF RASIS_SFT IN RS_STACK,  #atwxxk/

{
|
]
]
|
1
f
[
i
!
t
|
!
1
1
!
I
1
|
i
|
|
!
|
I
|
|
|
i
i
f
|
i
]
|
!
!
1
|
|
{
|
|
|
i
1
{
{
|
|
{
|
|
|
i
i
PROCFNURFE {SET_SIZF) BIT{R/): i



970
971
372
73
974
375
914
977
978
973
930
981
982
9R3
984

CEL

CLT
aQnr7
988
989
990
991
992
993
$94
995
996
997
998
999
1000
1001
1002
1003
1004
1005
1006
1oc7
1008
1009
1010
1011
1012
1013
1014
1C15
1016
1017
1018
1019
1020
1021
1022
1023
1074
1025
1026
1027
L028
1029
1030

Iz

f*
DECLARE 1 FIXED: I = 13
NO WHILF I -> #_CONFIGS & DOT_AT_ENDICONFIG_SET(IV);

DECLARE SFET_SIZE FIXED3

DECLARF (1., Jo STATF) FIXED, (ALL_SAME, ONE_SAMF) BOALFAN:
DO STATE = 1 TG #_READ_STATFS:
IF BS_SIZF(STATE) = SET_SI7E THFN
ALL_SAME = TRIES
DD T = BS_STARTISTATE) YO BS_START{STATFY + SET_SIZE - 1l:
ONE_SAMF = FALSF:
PN g =1 11 SET_SIZFs :
ONF_SAME = ONE_SAMFEIBASIS_STACKI(I) = BASIS_SFT(J);

ENDS

ALL_SAME = ALYL_SAME & DNE_SAME;
END3
IF ALL_SAME THEM RETURN FLAG(STATE);

END3

GET HERE ONLY IF RASIS_SETY IS NOT FOUND IN BS_STACK, */
INC_#_READ_STATFS: f%  AND BASIS_SET T3 BS_STACK, %/
NECLARE VAR FIXED:
VAR = BS_START[STATE — 1)3
BS_START(STATE) = VAR + RS_SIZF(STATE - 113
RS_SIZE{STATE) = SET_SIZE;
IF RS_START{STATE) + SET_SIZ7E > 511 THEN
CALL FRROR ('CFSM(THE SET DF BASIS SETSY IS TO0 LARGE.'):
BS_STARTISTATF) = 512 —- SFT_SIZE:
PO T = 1 TO SET_SI17F:
BASIS_STACK{RS_START(STATF) + I — 1)V = BASIS_SET(I):
END3
RFTURN FLAG{STATE):

ENN LCOK_UP_READ: 4 e e ol oo s okl o e e e et e ook ek ek ok skelok o ek o /

LONK_UP_RENUCE: /¥ GET INDEX OF A REDUCF STATE.  #kddcddedkdskardn/
PROCEDMIRE {P) BIT(AR):

DECLARE P BIT(R):
IF P = #_PRODS THFN RETURN FXIT_STATE:
IF STATE_PYRS(P) = 0 THEN
INC_#_LA _REDUCE_STATES:
STATE_PTRS(P} = #_LA_REDUCE_STATES:
IS_REDUCE(#_LA_REDUCE_STATFS) = TRUF3:
PEFAULT _XITION(#_LA_REDUCE_STATES) = FLAG(FRROR_STYATE};
XLATION_RULE(# _LA_RENUCE_STATESY = P3
¥ _TO_POPU#_L & _REDUCE_STATES) = RT_PT_SIZELP) - 13
SYM_TO_READ{#_LA_REDUCE_STATES) = LEFT_PART(P)};
RETURN STATE_PTRS{P):

FND LOOK_UP_RENUCE* e e o ol e oot e ke el o o o e e et o e s o okl e sl e e e

/% THF BCDY OF THE PROCEDURE PANN_SUCCESSORS_TN_BSM,  dekdomkpsdgd/

FIRST PROCESS REDUCE TRANSITINNS, IF ANY, %/

NECLARE P AIT(A: B = PRONDICONFIG_SET(I)}:

INC_#_LA_REDUCE_STATES:

H_TO_POP(#_LA_RFDUCE_STATFS) = RT_PT_STZE(P) - 13

SYM _TO_RFAD(H_LA_RENUCF_STATESY = LEFT_PART(P)}:

SYM_REFORE{H#_LA_REDUCE_STATES) = SYM_RFFARF{FI AG{STATE)}:

IF I =1 f#*  #_CONFIGS MWILL BE >1 SINCF SINGLETPN
CONFIGURAYION SFTS ARE NEVER CGENERATEND, %/

THFNM



1031
10732
1033
1034
1035
1036
1G37
1028
103a
1040
1041
1C4?2
1043
1044
1045
1044
1047
1048
1049
1050
1051
1052
1053
1054
1055
1056
1457
1058
1059
1060
1061
1062
1C63
1064
1665
10656
1C67
1068
1669
1070
1071
1072
1673
1074
1075
1076
Lo77
1078
1079
1GRC
1681
10R2
1083
1084
10RR
1Ce6
1GaT
1088
1089
1990
1091
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/*

[S_INADEQUATE(#¥_LA_REDUCE_STATESY = TRUE:
READ_TO_INADISTATE) = #_LA_REDUCE_STATES:
ELSE IF I < #_CONFIGS

THEN DFFAULT_XITIONC# LA _RPENDUCE_STAYES-1) = #_LA REDUCE_STATES:

ELSE /% THF LAST TRANSITION FROM THIS INAPDEQUATE =/

/% STATE 1S A PREDUCE TRANSITION. %/

NECLARF VAR FIXED:3 VAR = #_LA_REDUCE_STATES:
CEFAULT_XITION({VAPY = {DOXK_UP_RENUCE(P) 1
T =1+ 13 -

/¥ FINALLYs PROCFSS THE READ TRANSITIONS, IF ANY, */
IF T > #_CONFIGS £ I -~= 1 THEN
’ DEFAULT_XTITICN(#_LA_REDUCF_STATES) = FLAG{STATF}s
NG WHILE 1T => #_CONFIGSs
DECLARE BASTS_SET_SI7Z7E BIT(R); BASIS_SET_SIZE = 03
DECLARF SYM™ BIT(AR)3 SYM = SYM_AFTER_DOT{CONFIG_SFT(I))3
NN WHILF SYM = SYM_AFTER_DOT{CONFIG_SET{IN) £ I => #_CONFIGS:
INC_BASIS_SET_SI7E:
BASTS_SEY{RASIS _SEY_SIZ?E} = SUCCESSOR(CONFIG_SET{I))z
I =1+ 1:
FNDY S

NECLARE NEXT_STATE RIT(8):
[F BASIS_SET_SIZ7E = 1 & DOT_AT_END(BASIS_SET{LIN)
THEN NEXT_STATE = LOOK_UP_REDUCE(PROND{BASIS_SETILY) )3
ELSE NEXT_STATE = LOOK_UP_READ(BASIS_SET_SIZE}:
CALL UPDATF_RFAD_XITIONISTATF, SYM, NEXT_STATE):
SYM_REFORE{NEXT_STATF} = S¥YMm3
END3 ’ .
END ADRD_SUCCESSORS_TO_RS3 /e s e e e e ool o s e sl e e sl ol sl o e e e e e el ol o ke e e ko e ke

THE RCDY OF THF PROCEDURF "CCMPUTE_CFSMM,  sdekokirsrsob koot koo bok i /

/% INITIALIZATION, */

DECLARF T FIXFH;

D0 I =0 10 127¢
READ_TO_INADCI) =
STATE_PTRSEIY = O
IS_INADEQUATEL(I} FALSF
IS_REDUCE(I) = FALSF3
READ_XITIONS_TARLEI(I)

ENDY S

no 1 =1 TO 327673
REAP _XITICONS_TABLE{T)

END:

FLAG(I):

L

Y]

L[}

FLAG(ERRNR_STATF}:

FLAGIERROR_STATE):

/%  START WITH <SYSTEM_GS> = o _[_ <GNAL_SYMRDL> _{_ %/
#_RFAD_STATES = 13 #_LA_REDUCE_STATES = 03
BS_START{#_REAr_STATES}Y = 03

RS_STZE(# _READN_STATES) = 11

BASIS_STACK(Q) = MAKE_CONFIG(#_PRODS, 0);

/%= ENTER THE FXIT STATE WHEN REANDY T0O QEDUCE TO <SYSTFM_G6S>, %/
STATF_PTIRS{H_PRNDS) = FXIT_STATE:

£%  NCW ITERATIVELY COMPUTE THE RFST NF THE STATES. #/
DFCt ARF STATE FIXED: STATE = 13
N0 WHILE STATE -> #_READ_STATESS

e
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1092
1093
1094
109%
1096
1697
1098
1099
1100
11C1
11¢2
1103
1104
1105
1106
LiCT
1108
1109
1110
1111
1112
1113
1114
1115
1116
1117
1118
1119
1120
1121
1122
1123
1124
1125
1126
1127
1128
1129
1130
1131
1132
1133
1134
1135
1136
1137
1138
1139
1140
1141
L1142
1143
1144
1145
1146
1147
1148
L149
1150
1151
1152

CALL COMPUTE_CONFIG_SET(STATE)S
CALL ADD_SDCCESSORS_TO_BS(STATE)
/%  INCREMENTS #_RFAD_STATFS: ALSO RECDRDS SUCCESSOR  */

/% RELATICONS IN READ_XITIONS_TARLEs ETC. */

STATE = STATF + {3
IF ERROR_COUNT > 15 THFN

QUTPUT = *T0OAR MANY ERRORS,. EXFCUTION TERMINATED FOR THIS CFESM,!
STATE = #_READ_STATES + 13 f% TERMINATES DO LOOP. %/

ENDS )

/% "FIX UP THE TRANSITIONS TO INADEQUATE STATES, IF ANY. X/
DO STATE = 1 TO #_LA_REDUCE_STATES:
IF IS_INADEQUATE(STATE} THEN
IS_LRO = FALSE:
PECLARE{SYNM, S) RIT{R): SYM = SYM_REFORE(STATE}):
N0 § = 1 TC #_READ_STATES?S .
TF READ_XITION(S, SYM) > 127 THEN
CALL UPDATE_REAN_XITION{S, S¥YM, REAND_TO_INAD{
UNFLAGIREAD_XITION(S, SYMI}))s
END3
END3

N

END:

nos

et GABD M dkls et gl L i s . ke m—

END3
!

END COMPUTE_CFSM3 ~ s e e e e el e o o s el b e ot ol o o ke oo ol sl ol g kR R kR kR Aok ok sk ek sk ek /|

/% THE REPRESENTATION OF SLRU1Y LOOK—AHFAD SETS.  sakddoiokdkkddkiidok ki kiokiok ki dor f

DECLARE LOOK_AHEAT_TARLE(1023) BITI32}):

DECLARF MASK LITERALLY *v{1)10000000000005006000000000000C00"" 5
VALIDATE_LA_XITICON:
PROCEDURE (NT_SYMy SYM)3
DECLARE (NT_SYM, SYM) RIT(8), SUB BIT{16), B RIT(32):
SUB = SHLINT_SYM=#_TERMINALS, 3) 1| SHR{SYM, 5}3
B = LOOK_AHFAC_TABLE(SUR}:
R =R | SHR(MASK, SYM £ W{1}11111");
LOCK_AHFAP_TABLEISUB) = 83
END:

IS_VALID_LA:
PROCERURE [NT_SYM, SYM} ROOLEAN;S
NECLARE {NT_SYM, SYM¥) RIT{R), SUB BIT{l6}):
SURB = SHLINT_SYM - # TERMINALS, 31 | SHR(SYM, 514

RETURN 0 ~= {L0OOK_AHEAD_TABLEF{SUB) & SHR(MASK, SYM & "{1)11lLt"))s

END3

INCILUDEDS .
PROCFDURF {SYM, PRED) BOOLEAN:
NECLARE (SYM, PRED)} RIT(B}, ..
{SYM_START, PRED_START, T} RIT{16}1, INCL BOOLEAN?Z
SYV_START = SBLUSYM — # TERMINALS, 3):
PRED_START = SHL(PRED - ¥_TFRMINALS, 3}
INCL = TRUF3
ng 1 =0 TO 33
DFCLARE WORN BIT(32)3
WOPD = LOOK_AREAD_TARLE{SYM_START + [) §
LOOK_AHEAD_TABLF(PRFD_START + [13
INCL = TNCL & LOCK_AHEAD_TARLE{PRFD_START + [} = WHORD
END;S
RETURN INCLS
END TACLUDFDS

"
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1163
1154
1155
1154
1157
115R
1159
1160
1161
1162
1163
1164
1165
1166
1167
1168
1169
1170
1171
1172
1173
1174
1175
1176
1177
1178
1179
1180
1181
1182
1183
1184
1185
1186
L1RT
1188
1189
1190
1191
1192
1193
1194
1195
1196
11987
1198
1199
1200
1201
1202
1203
1204
12C5
1206
12C7
120R
1209
1210
1211
1212
1213

INCLUDF:
PROCEDURE {SYM, PRED}:
DECLARF (SYM, PRED} RIT{R},

. (SYM_START, PREN_START, I) RIT(16)}
SYM_START = SHBLISYM =~ #_TERMINALS, 3):
PRED_START = SHLIPRED, - #_TERMINALS, 3):
no1 =0 7T0 73

NECLARE WORD BITU32)3%
WORD = LONK_AHEAD_TABLETSYM_START + 1)
LOOK_AHEAD_TABLF{PRED_STARY + 1}
LODK_AHEAD_TABLFISYM_START + [} = WORD:
FNTY3 *
END INCLUDE:

FY]

INTFRSFCT:
PROCEDURE {NT_SY¥1, NYI_SYM2) BOOLEAN3
DECLARF (NT_SYM1, NT_SYM?) RIT(&),
{SYM]_START, SYM2_START, I} RIT(16)
SYMI_START = SHLU(NT_SYMI - # TERMINALS, 3)
SYM?_START = SHL{NT_SYM2 - #_TFRMINALS, 3}
INTER = FALSF;:
Do 1 =0 10 33

b b @

END3
RETURN INTER:
END INTERSECT:

f%A PROCEDURE TC PRINT THE SLR{1} LOOK-AHEAD SETS.

PRINT_SLRI_LA_SETS:
PROCEDURE?

STP_INTHI3:
PROCEDURE {STRING) CHARACTERS
NECLARE STRING CHARACTER:
IF LENGTH{STRING) >= 11
THEN RETURN SUBSTRISTRING, 0, 111 ] ¢ |*:

END?

DECLARE LINE CHARACYER, (NY_SYM, T_SYM) RIT(8)
IF #_NTS > 18 THFN EJECT_PAGF

QUTPUT = ¥ T HE LD ODOK~- AHREFA
DOUBLE_SPACE:

OUTPUT = *NONTFRMINAL
LINE = ¥ SYMBOLS 13
PO T_SYM = 1 TO #_TERMINALS BY 2:

TERMINAL SYMBOLS':

IF T_SYM < 10 THEN LINF = LINE Il 1 L |
FLSE LINE = LINE |1 = ¢« |}
END
DUTPUT = LINF3
LINE = ¢ R

DO T_S8YM = 2 T0O ¥4 _TERMINMALS BY 21

i s S A AL e L il i e mih L e memm S o} ik mmma i e s e e Ak AT Al el s EA ek Vel i g Sl el il il e ear ari e e i e bre el M AW mei e e o e e e mma W vear we e
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N

INTFR BDOLEAN:

3t 3 2 e e e o e s e sk e e e el e dfele e e el e

ELSE RFTURN SUBSTR(X12, Oy 11 — LENGTH(STRING})

S'F T Stz

INTER = INTER | (LOOK_AHEAD_TABLE{SYMI_START + I} £
LODK_AHEAD_TABLE{SYMZ_START + 1)

Ty

at e

IF T_S¥YM < 100 THEN LIMF = LINE I} ¢ LR
ELSE LINE = LINF |1 * ¢ |}
END3
QUTPUT = LINES
OQUTPUT = SURSTR(T v Il DASHED_LINE, 0O, 13 + 2 % #_TERMINALS):

-k Tme o A MM A A mem e cmam As e ik MR i M s ek ks e e e i camm e A M AR Al et by e S e e v M AMUS e Gt NS ek sk e o e e o mme e maim s ety o il o vam



1214
17215
1216
1217
1218
1219

1220
1221
1222
1273
1224
1225
1226
1227

1228

1229
1220
1231
1232
1233
1234
1235
1236
1237
1238
1239
1240
1241
1242
1243
1244
1245
1246
1247
124R
1249
1250
1251
1252
1253
1254
1255
1256
1257
1258
1259
1260
1261
1267
1263
1264
1265
1266
1267
12468
1269
1270
1271
1272
1273
1274

/*

/%

./*

]

|

_ !

IF ES_VALIN_LAINT_SYM, T_SYM) THEN LIME = LINE {1 * 1'3 {

. ELSE LINE = LINE (|| ¢ *3 |

ENDIS |
NMUTPUT = LINE: 1

END3 }
FJECT_PAGE: : . ' {
FND PRINT_SLRI_LA_SFTS: 3 S e e sl X e e e she e e e o b e e o ool ol o ol o st sbeode e e ok e e e e o il e e e ke ]

/%A PROCENURF TO CCMPUTF SLR{1). LOOK-AHEAD SETS. ks skt /

COMPUTE_SLR]1_EA_SETS:
PROCEDURE?

50 NT_SYM = #_TERMINALS #+ 1 TO #_TERMINALS + #_NTS3
LINF = STR_INTHIZ(VINT_SYM});
PO T_SYM = 1 TO #_TERMINALS:

NOT_SLR1: .
PROCEDURF (STATE, S)3 .
DECLARE (STATE, S) BIT{AR)Y:
[S_SLR1 = FALSE: .. .
OUTPUT = 7 sesie e oo oot e ofe ook e 00 sl sk obe e ofe e e e s e ol ol ook ol ol o ol o o e e ol it e e ol e oo sk el e e e 0
11w st s e e s s s o ol e e s e e s sl e e ok e e oo o e e ook e kool ek sk ool sk e o e ke ke 8 3

DOURLE_SPACE: ) [
DECLARF VAR CHARACTFERj VAR = I_T0N_S4(S); {
OUTPUT = '"THF GRAMMAR IS NOT SLR(1}: THF LOOK—AHEAD SFT NF STATE ¢ |
11 STATE {1 * INTERSECTS THAT DOF STATE ' }| VAR [} v,'; i
|
{
i

DOUBLE_SPACES .
OUTPUT = ¢ Sakssedede sk srodesofade fegedaseok ool dedefofool deofe e e e s e e e e o e se e e i e le sl ik e e vl ool el e

1] '**##**********#*##*#*******##**###ﬁ#*#**##*****#*t#*#***':

NOURLE_SPACET’ {

END NOT_SLARL: |

i

NDECL ARE {STATE, SYM) BIT{8), I FIXED: |

ne L = 0 TO 1023: /% ALL ENTREES FALSE. %/ |

LOCK_AHEAT_TARLE(I) = *{1100000000000000000000000000000000"3 {

ENDS |

|

GET THE EXPLICIT LDOK_AHFAD SYMROLS. %/ {

ND STATE = 2 TO H_REAN_STATESS |

§YM = SYM_REFNRE{FLAG(STATF)}: 1

IF IS_NONTERMINAL{SYM) THEN- nns |

NECLARF T_SYM BIT(A}: !

PO T_SYM = 1| TO #_TFRMINALSS {

IF READ_XITION(STATF,T_SYM) -= FLAGIERRNR_STATE} THFN |

CALL VALIDATE_LA_XITIGN(SYM, T_SYM): 1

END3 , . FND s

END3 f

1

NOW GFT THF SUCCESSOR RELATIONS AMONG NNONTERMINALS. */ t

N STATE = 1 TD #_LA_RFDUCE_STATFS: i

SYM = SYM_AFFCRF{STATE): . 1

IF IS_NONTERMINALISYM) K # _TO_POP(STATE) >= 0 THEN 1

CALL VALINATE_LA_XITION{SYM, SYM_TO_RFAD{STATE}): {

ENDz i

i

COMPLETE THE (ONK~-AHFAR SETS. =/ |

DECLARE CHANGING BOOLEANG CHANGING = TRUE; i

DN WHILE CHANGINGS {

CHANGING = FALSF;: I

|

DECLARE NT_SYM RIT(R):



L27%
1276
1277
1278
1279
1280
1281
1282
1283
1284
1285
1286
1287
1288
1289
1290
1291
1292
1293
1294
129%
1296
1297
1298
1299
1300
1301
1362
1303
1304
1305
- 1306
1207
1308
1209
1210
1311
1312
1317
1214
131%
L1216
1317
123118
1319
1320
1321
1322
1323
1324
13?75
1374
1327
1328
1379
1330
1331
1332
1323
1334
1315

END COMPUTE_SLPI_tA_SETSS

/%A PROCFDURE TO PUNCH THE NPDA.

e S i . A e o e e R e e M R T MR e A M i . i L R ek iy ARAE ol NN N . e jmak G ek el A e wmsl R e SEER SR S e Mmem R M e e L Ak i o oy G

NG NT_SYM = # TERMINALS + 1 TO #_TERMIMNALS + #_NTS:
DECLARE PRED_SYM RIT(AR}:

DO PRED_SYM = # TERMINALS + 1 TO #_TERMINALS + #_NTS3

IF IS_VALID_LA(MT_SYM, PRED_SYM} THEN
TF ~INCLUDEN{NT_SYM, PRED_SYM)! THEN
CHANGING = TRUE3
CALE INCLUNEI{MT_SYM, PREN_SYM):
END;
END:
FND:

/% SEF IF THF GRAMMAR IS SLRI1}. %/

N STATE = 1 TO #_LA_REDUCE_STATFS:
TF IS_INADEQUATF{STATE) THEN )
DECLARE S RIT(8B); S =" DEFAULT_XITIONI{STATE) 3
N2 WHILE IS_LA_REDUCE(S)Y &

~INTERSFCT{SYM_TO_READ(STATE}, SYM*TB_READ(5333

S = DEFAULT_XITION(S};
END
IF I5_LA_RFDUCE(S) THEN CALL NOT_SLRI({STATE, St:
ELSE f%* S IS A READ STATE., %/
DECLARE DISJOINT ROOLEAN: DISJOINT = TRUE;
nNO SYM = 1 TN #_TERMINALS:
IF IS_VALID_LA(SYM_TO READ(STATEY, SYM) THEN

IF READ_XITION{UNFLAG(S), SYM) = (FLAG{FRROR_STATE))

THEN DISJOINT = FALSES
END3
IF DISJCGINT
THEN
[S_ENADEQUATF(STATF} = FALSE:
[F IS_LA_RECUCE(NEFAULT_XITION{STATF)) THEN

IS_INADEQUATE(NEFAULT_XITION(STATF}) = TRUE:

FLSE  CALL NOVT_SLR1(STATF, S)3
END?

PUNCH_DPDA®
PROCEFDURE:

DECLARE CARD_IMAGF CHARACTER:
PUNCH_CARD:
PROCFDURE {ITFM)s
DECLARE ITFM CHARACTER:
IT LENGTH(CARD_IMAGE} + LEMGTHIITEMY ->R0

THEN CARD_IMAGF = CARD_IMAGE [ ITfM:
FLSF
OUTPUT(PUNCHY = CARD_IMAGE:
CARD_IMAGF = ! t -l ITEM:

END PUNCH_CARD:

CONVFRT: 7% (CHANGE THF STATE NAMFS, %/
PRGCENURFE (NFEXT_STATEY RIT(8):
CFCLARF NEXT_STATE BRIT(8):4
IF NFXT_STATF = FLAG(ERROR_STATE)
THEN NFXT_STATE = #_LA_REDUCF_STATES + # RFAN_STATFS
FLSF IF NEXT_STATE = EXIT_STATF

o)
2
e

T
=z
!
-t

o
3
Ll

nns

Dy

etk T i wan wmah ek el el - v ik ity b vadh el i et —_ s Ak o i Y e

ENDz
EMDIFND %
|
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1336
1337
133R
1339
1340
1341
1342
1343
1344
1345
1346
1347
1348
1349
1350
1351
1352
1353
1354
1355
1356
1357
1358
1359
1360
1361
1362
1363
1364
1365
1366
1367
1368
1369
1370
1371
1372
1373
1374
1375
1376
13177

1378.

1379
1380
1381
1382
1383
1384
1385
1386
"1387
1388
1389
1390
1391
1392
1393
1394
1395
1396

A i s . 88 i ik el P AR W rrd ARE pun e e — — e it
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FA

/%

THEN NEXT_STATE = #_LA_REDUCE_STATES + # _READ_STATES:
FLSE IF IS_LA_REDUCE{NEXT_STATE)
THEN NEXT_STATE = NEXT_STATE - 13
ELSE NEXT_STATE = #_{ A _REDUCE_STATES +
NEXT_STATE — 1293
RETURN NEXT_STATE:S
END CONVERT:

FIRST PUNCH THE VvOCABULARY, ETC. */

DECLARE SYM BIT(R)S

DUTPLT{PUNCH) = ¢ DECLARE #_TERMINALS LITERALLY *Y9[|# _TERMINALSTI" 1,3
OUTPUTIPUNCH) = ¢ #_NTS LITERALLY '**]]|#_NTS fleee,vsl
AUTPUT(PUNCH) = ¢ #_SYMS LITERALLY ?¥v ]| . 1
H_TERMINALS + # _NTS{]trvrs13]

CARD_IMAGE = ¢ DECLARE V{#_SYMS) CHARACTER INITIAL {'s |
NGO SYM = 1 TO #_TERMINALS + #_NTS: ]
CALL PUNCH_CARD{* 13y [] V{SYM) || *rer, )3 |
ENP3 |
CALL PUNCPE_CARD{f*"ERRCR_TOKENTT)39}2 1
CALL PUNCH_C ARD{RLANK CARD) . 1
|

NEXT PUNCH THE LOOK—AHEAD REDUCE STATES. */ ]
{

OUTPUT(PUNCH) = 1 DECLARE #_LA_REDUCE_STATES LITERALLY 7v*t¢ 1
. |

|1 #_LA_REDUCF_STATES |} vrervgeg

NECLARE VAR FIXEDs VAR = (#_TERMINALS + 7) / &: |
OUTPUT(PUNCH) = DECLARE #_BYTES_PER_NT LITERALLY "** {] WAR 1] v2t3v; |
7% THE SLR{11 LOOK~AHEAD SETS. */ ]
CARD_IMAGE = DFCLARE LOOK_AHEAN_TABLE(t{] #_NTS * {
((H#_TERMINALS + 7) 7 8) | *y BIT(8) INITIAL ('+ |

DO SYM = 1 TN #_NTS;: i
NECLARE (WORD_#, BITE_#Y RIT{8}s {

DC WORD_# = 0 TO T3 1

no BITE_# = 0 TO 33 i

IF SHL{WORD_#, 5) + SHL{RITE_#, 3} < #_TERMINALS 1

THEN ’ g nos |

DECLARE BITE BIT{4}, WORD BIT(32}: i
WORD = LOOK_AHEAD_TABLE(WORD_¥ + SHLISYM, 3}}: 1
[F BITE_# < 3 . |
THEN RITE = SHR(WORD, 23 — SHL(BITE_¥#, 3}): i
ELSE IF LODK_AHEAD_TARLE(WORD_# + SHL{SYM, 3) + 1) ¢ 0 |
THEN BITE = SHL{WORD, 1} | L3 !

ELSE BRITE = SHL{WORD, 113 {

CALL PUNCH_CARD(BITE 1] *, *}: ENDs
ENDS . ]
END3 |
ENDs |
CALL PUNCH_CARD{'0})35t13 i
CALL PUNCH_CARD{BLANK_CARD) i
|

{

i

i

]

i

{

]

j

/% THE NUMBER OF SYMBOLS TO POP T EFFECT A REDUCTION., %/
CARD_IMAGF = 1 DFCLARE #_T0_POP(* )] #4_{A_REDUCE_STATES - 1
1 71 RITI8Y) INITIAL (3

CDECLARE STATFE RIT(8)3

PO STATE = | TO #_LA_RFDUCE_STATES — 1t

CALL PUNCH_CARDUH_TO_POPTSTATE) I1 *, *})3
FND:
CALL PUNCH_CARD{¥_TO_POP(STATE) ] '13¢):



1397 | - CALL PUNCH_CARN{RLANK_CARDY: |
1398 | }
1399 | /% THE SYMBOLS TC READ AFTER REDUCTIONS ARE MADRE., %/ . |
1400 | CARD_IMAGE = DECLARE SYM_TQO_READ{* || #_ULA_REDUCE_STATES - 1 1
1401 | . 11 *Y BIT{B) IMITIAL (*: 1
1402 | DO STATE = 1 TO #_LA_REDUCE_STATES - 13 i
1403 | SYM = SYM_TO_READ(STATEY: {
1404 | 1F SYM = 0 THEN SYM = #_TERMINALS + #_NTS3 I
1405 1 ELSE SYM = SYM — 1% ’ i
1406 | CALL PUNCH_CARD(SYM {] vy t}3 {
1407 1 END3 . |
1408 | CALL PUNCH_CARD{(SYM_TO_READ{STATEY — 1 [ "yz:)s |
1409 | CALL PUNCH_CARD(RI. ANK_CARD) 3 1
1410 | ) i
1411 | /% THE STATES TO FENTER WHEN LOODK-AHFADS FAIL. %/ i
1412 } CARD_ TMAGF = ¢ DECLARE DEFAULT_XIFINN(* {] H_LA_REDUCE_STATES — 1 i
1413 | {1 "y RIT(ARY INITIAL {(*: |
1414 | N0 STATE = 1 TO #_LA_REDUCE_STATES - 13 ’ |
1415 | CALL PUNCH_CARDICONVERTIDEFAULT_XITIONISTATEY)Y | *, ®)3 1
1416 | END3 ’ 1
1417 1§ CALL PUNCH_CARDICONVERTI{DEFAULT_XITION{STATE)Y | v135v13 {
1518 | CALL PUNCH_CARD(RLANK_CARDY: |
1419 | {
1420 1 /% NOW PUNCH THE READ STATES. */ {
1421 1 |
1422 1 QUTPUT{PUNCH)Y = * QFCLARE ¥ _READ_STATES LITERALLY rert |
1423 | 11 #_READ_STATFS }] ves vy
L1424 | QUTPUT(PUNCHY} = ¥ _LAR_PLUS_READ_STATES LITERALLY ¢! i
L1425 | {] #_LA_RFDUCE_STATES + #_READ_STATES ] vr13vsd
1426 | CARD_TMAGE = DECLARE READ_XITIONS_TABLE{' || ¥_READ_STATES =* |
1427 1 . [#_TERMINALS + H_NTS) 1] *) BIT(8) INITIAL (':i
1428 | DO STATE = 1 TD #_REAND_STATESS {
1429 | DC SYM = 1 TO #_TERMINALS + H_NTS; {
1430 | CALL PUNCH_CARD{CONVERT(READ_XITION(STATE, SYM)} 1{ *y ®): {
1431 1 END: |
1432 1} ENB3 |
1433 | CALL PUNCH_CARD{I0)st Y3 |
1434 | CALL PUNCH_CARD(RLANK_CARD): {
1435 | J
1436 | /¥ PUNCH THE SYMBOLS THAT PRECEDE THE STATES. &/ A
1437 | i
1438 | CARND_IMAGE = 1 DECLARF SYM_BEFORE{"' | #_tA_REDUCE_STATES + |
1439 | # READ_STATES 4+ L |1 *y BIT{(8} INITIAL {*3]
1440 | NO STATE = 1 TO #_LA _REDUCE_STATESS: i
1441 | CALL PUNCH_CARD{SYVM_BEFORE{STATEY — 1 !§ ', )3 f
1442 | END3 1
1443 CALL PUNCH_CARD{#_TFRMINALS + #_NTS || ¢, ¥ /% FIRST READ STATE., */1
1444 | N STATE = 2 TN #_READ_STATES: |
1465 | CALL PUNCH_CARD{SYM_BEFORF(FLAG{(STATEY) —~ 1 |1 *, *): i
1446 1 END? 1
1447 | CALL PUNCH_CARD{%0, * 1| 1
1448 | ’ H_TERMINALS + #4_NTS || "1 V3 {
1449 | CALL PUNCH_CARD(RLANK_CARD) 3 1
1450 | i
1451 | /% FINALLY, PUNCH THE TRANSLATION RULE NUMBERS ASSOCTIATED WITH i
1452 THE LOOK-AHEAT-—RENUCE STATES. */ {
1453 1 |
1454 | CARDN_IMAGE = ¢ DECLARE XLATION_RULE{(" || #_tA_RFDUCE_STATES - 1 |1 !
1455 | £}y BRITIR) I[NITIAL{': {
1456 | DO STATE = 1 70O #_LA_REDUCE_STATES - 1% i
1457 | CALL PUNCH_CARD{XLATION_RULE(STATE} {1 v, )3 |



1458
1459
1460
1461

1462
1463
1464
1465
1465
1467
1468
1469
1470
1471

1472
1473
1474
1475
1476
1477
1478
1479
1480
1481
1482
1483
1484
1485
1486
1487
1488
1489
1490

1491

1492
1493
1494
1465
1496
1497
1498
1499
1500
15C1

1502
1503
1504
1505
15Cé
1507
1508
1509
1510
1511
1512
1513
1514
1515
1516
1517
1518

FND . |
CALL PUNCH_CARDIXLATION_RULE(STATE) 1] 313"t |
f

CALL PUNCH_CARDI(PRI ANK_CARDY):
END PHUNCH_DPDA % s vk e ool o el e o e e ok ok e ol e sl s o e ook e e Rk ok ok ko ok ko ok /|

|
{
1
1
7 e ek ook sk ek bk ke e e de e e MAIN PROGRAM ——— S{R{1} ANALYSER e s et e e e e e e e e e ek ok ok ke de ke /|
: |

MORE_GRAMMARS = TRUF3 /% GLOBAL VARTABLE. */
N0 WHILF MCRE_GRAMMARS: i
{
|

!

CALL PRINT_DATE{*SIMPLE LR(1) ANALYSER DF ', DATF_OF_GENERATION);

CALL PRINT_DATE{'TORAY IS '+ DATE): |

EFROR_COUNT = O3 /* GLORAL VARTABLE. */!
CCONTRCL (1) FALSES /* DO NOT LIST THE GRAMMAR CARDS. %/

TRUE: /% D0 LIST THE REFORMATTFD GRAMMAR, %/

FALSES /% DO NOT LIST CONFTIGHRATION SETS., =%/

TRUF f% DD LIST THE CHARACTERISTIC FSM. %/ i

TRUE: /% -DO LIST THE LOOK-AHEAD SETS. */

|

CONTRCL(AG)
]
{
TRUE S /% DO PUNCH THE DPDA,., */ |
|
!

CONTROL{AC)
CONTRCL(AF)
CONTROL (AL}
CONTRCL (aP)
FIRST_TIME, LAST_TIVME = TIMF:3 /% GLOBRAL VARIARLES. =/

i w o

1
!

t

1

|

!

|

|

|

|

|

i

|

!

|

{

|

|

!

1

i

|

| OUTPUT = *START READING THE GRAMMAR, '3 CALL PRINT_TIME; .

i CALL RFAD_G: K
i QUTPUT = 'THE GRAMMAR HAS BEEN READ.*:  CALL PRINY_TIME:. i
|

i IF ERROR_COUNT == 0 THEN . : nosz

| NECLARE STR CHARACTERS |
! IFf ERRCR_COUNT = 1 THEN STR = 'THERE WAS ONE ERROR, '3

| ELSE STR 'THEPE WFRE ' || ERROR_COUNT |{ * ERRORS, *3
{ OUTPUT = STR || *THEREFORF THE GRAMMAR WItL NOT BE ANALYSED.':
i = L]
|

l

I

1

|

|

|

!

|

!

!

|

|

|

|

1

|

i

!

i

|

|

|

i

|

|

]

i

1

n o

-
H

QUTPUT = *THE GRAMFMAR IS LISTED AELOW FOR DERUGGING PURPNSES.
DOUBLE_SPACES FND:

IF CUNTRleaGl ! ERROR_CGUNT —= 0 THEN nozs
EJECT_PAGF; ; -
CALL PRINT_GS? ' END

.

[F ERRCGR_COUNT = C THEN DNt
QUTPUT = YSTART CCNSTRUCTING THE GRAMMAR''S CHARACTERISTIC FSM, '3

CALL PRINT_TIMES

IS_LRCy IS_SLRY1 = TRUF3

CALL COMPUTE_CFSM:

QUTPUT = *THE CFSM FOR THE GRAMMAR HAS BEEN COMPUTFD, '3

CALL PRINT_TIMES

EJECT_PAGES

IFf CONTROL(AFY 1 FRROR_COHNT == 0 THEN CALL PRINT_CFSM3 ENMD

i

{

t

H

{

f

t

|

|

|

]

|

]

1

i

|

!

t

|

|

i

)

|

IF ERROR_COUNT -~ = 0 |

THEN QTPUT = *SINCF THE CFSM IS IN ERRORy ANALYSIS WILL BF TERMINATED.': (|

E1 SE nas

IF IS_LRO !

THEN GUTPUT = 'SURPRISE THE GRAMMAR 1S LR{DVY,': |

ELSF pos: 1

QUTPUT = *THE GRAMMAR IS NOT LR{O}. LOOK-AHEADN MUST RE ADDFD,*: i

DOURLE_SPACE: !

OUTPUT = 'START COMPUTING LOOK—AHEAD SETSa.': CAEL PRINT_TIMF3 |

CALL COMPUTE_SLRI_LA_SFTS: H

NUTPUT = 'LMNK-AHEAL SFETS HAVE REFN COMPUTED, '3 t
TF IS_StR]1 THFN QUTPUT = 'THF GRAMMAR IS SLR{1)

}

NOURLE _SPACT:

CALL PRINT_TIME:
L I



1519 IF CONTROL{ALY | =1S_SLR1 | ERROR_COUNT -= 0O THFN

| !

1520- 1 CALL PRINT_SLRI_LA_SETS: {
1521 | IF CONTROLt{AP) & ERROR_COUNTY = O 1
1522 1 THEN nos ¢
1523 | OUTPUT = *START PUNCHING THE DPDA.‘; CALL PRINT_TIME; !
1524 | CALL PUNCH_DPDA3 CALL PRINT_TIME: END:
1525 | FLSE 1
© 1526 | IF ERROR_CCUNY ~= 0 THEN ’ !
1527 1 QUTPUT = *SIAGCE THE LODDK-AHEAD SETS ARE [N ERRQOR, EXECUTION ' {l 1
1528 | 'WILL BE TERMINATED.': END 3END 3t
1529 | QUTPYT = "ALL DONE. 1
1530 | EJECT_PAGF: !
1531 |ENPS /****#**#********#*###**##**#****##*##*#**#**#***#***##*#*##**#***##*#*[|

1532 |EGF EQOF EOF EOQOF EQF EOF

epite e Lon i 144
u;r('ral Wcm:tw‘c>fcn Com el g tng Al

™

# FILE CONTROL RLCCK 22800 56000 57 140 400 188
* LOAD FILF WRITTEN.
END OF COMPILATION SEPTEMBER 23, 1970. CLOCK TIME = [1:7:2%.24,

16932 CARDS CONTAINING 737 STATEMENTS WERE COMPILED.
NC ERRORS WERF DETECTED.
22580 BYTES 0OF PROGRAM, 47481 OF DATA, 2236 OF DESCRIPTORS, 5860 OF

e

EQUIREMENT
TCTAL TIME IN COMPILER  023:51.T4. REQUIREMENT

SET UP TIME 0:0:16.37,
ACTUAL COMPILATION TIME (023:14.17.
PCST-CCMPILATION TIME 0:0:21.20.

COMPILATION RATE: 473 CARDS PER MINUTE.

180

STRINGS., TOTAL CORE

79365 ByTES,


http:0:0:21.20
http:0:3:14.17
http:0:0:16.37
http:0:3:51.74
http:17:25.24

SIMPLF [.R({1) ANAIYSER NF SFPTEMREP 27, 1070,
TANAY TS STPTFMAFR 7?2, 197n,

START READTANG THE NRAMMAPR,
TIMFE IISFN SINCE THF {AST TIMFE DRINTANT- TS D.N1 SFIOANDS,
TATAL TIME USED SO FAR 1S (0,01 SECANNS,

ACONF TAIRATION SETS
FF + 7T
T

T D %% T

NP EXPLICIT GNAL SYMBOL WAS FRUND, E WITL BF HSFD AS THF GDAL SYMROL,

THE NRPAMMAR HAS AFFN READ,
TIME HSED STINFE THE LAST TIMFE PRINTNIT TS 1.40 SFCONNS,
TOTAL TIMFE HICFA S FAP TS 1,41 SFCANNS,



THF VOO ARIITL ARY

TEFR M, T N AL SYMRAOL S - NNNTERMTNATLS

1 . F
? + T :
3 ook P
4 1
5 {
6 Y
F IS THE GOAL SYMBNL.
THE PrRDONDUCTTYT ONS
1 F o= E+ 7
2 i T
3 T ::= P *x%& T
4 1 »
5 Pot2= I
6 ' C F )

SOME STATISTICS NM THF GPAMMAR:

NIIMRFR NF TFRMIMAL SYMARNLS = &
NITMAER NFE NNNTERMTNAL SYMROLS = 2
TOTAL NUMRER 0FE SYMRNOLS = Q

NUMRER NF PRAMICTINNG = A
SPACF RFQIUIRFD TN STORE THE PRANUCTIANS = 62 BYTES, NDT INCLUNTNG THE VNCARIL ARY,
THE AVFRAGE LENGTH OF THE RIGHT SARTS OF PRANLCTIONS = 7,14 SYMRNLS.



START CGQSTRUCTING THE‘GRAMM&R'S CHARACTEﬁISTIC FSM, -
TIME (ISFN SINCE THE LAST TIME DRINTOUT 1S 0,45 SFCONDS,
TOTAL TIMF USED SC FAR 1S5.1.8& SECONNS,

THE CONFTGURATION SFT FOR STATE 1 TSt
1 <QYSTFM_GS> -> . _{_F _)_

THE CONFIGURATINN SFT FOR STATE 2 1S

1 CSYSTEM_ 68> => N R I
2 E: -> » F + T

3 E “> O-T

4 T => « PokE T

q T -> L ] P

F) p "') [ _I .

7 P ‘) L] ( E }

THF CONFIGURATINN SFT FOR STATE 3 IS:
] CSYSTFM_GS> > o F e Y

THE COMFIGURATION SET FOR STATE 4 1St
1 T > p,
2 T > P, Rk T

THE CONFIGURATION SFT FOR STATF 5 IS:

? E > « F + 7T
3 E‘) cT

4. T > . P ¥ T
5 T => P

& P > .1

T P ~> t(E’

THE CONFIGURATION SET FOR STATE 6 TSt

1 E - E+ . 7T
4 T -> o P ®% T
3 T -3 « P

5 P o I F )

->

THE CONFIGURATION SET FNR STATE 7 1S:

1 T > PRk T
2 T => o P F% T
3 F -> .P
4 P =2 « I

THE CONFIGURATIDON SET FOR STATE 8 IS:
1 b '-> ( F . , *
2 E - E o &7


http:SYSTEM.rS

THF FSM FNR THF GRAMMAR HAS BEEN COMPHTED. :
TIMF 1JSFN SINCE THF LAST TIMF PRINTOMT IS 5.45 SECONDS,
TOTAL TIME USFED SO FAR IS 7.31 SECONDS,

THE CFSM FNP THFE GRAMMAR IS AS FOLLAWS:

THE LonoK-AHEAD-—REDUCE TRANSITION
LONK—AKFADR - | DNEFAULT NUMRFR SYMRNL
RENUCF | TRANSITION OF STATES 0
STATF | T0 STATE ™ PQOp READ
1 | 0 F
2 | 0 p
1 ! *4 0 T
4 f ? £
5 | ? T
& } ? P
T HE RE AD TRAMSITTIONS
SYMROL S
R EAD Y ok { £ P
STATES + 1 } T
*1 1 =%
) 1 ? %5 3 1 3
%3 1EXTIT  *6
*4 1 *7
*5 | 2 %5 %R 1 3
*h i 2 %5 4 3
*7 { 2 *5 5 3
*R H *6 6

T H E S YMRBRNOL S R F F NR

il
-4
=

15 STATES

LA-RFDUCE BEAD ..
STATF SYMBROL BEFNRE THF STATE STATE SYMROL REFNRE THE STATE

1 T *1 FRROR_TNKEN

? T *2 N

2 b : *#3] E -

P x4 LD

5 T ®5 {

& 1 L *6, +

St T ki

*8  F



SOMF STATISTICS ON THE CFSM:

NUMBFR 0OF- LONK-AHEAD-—RENUCF STATFS = 6
NUMRER NF READ STATFS = R
TOTAL NUMRER 0OF STATFS = 14

SPAGF RFOUIRED FDR LDOK-AHEAD--REDUCE TRANSITIONS = 24 RYTES,
SPACE REOUIREN FOR tONK—AHEAND SETS = 3 RYTES,
SPACE RFOUTRED FNR RFAD TRANSITIONS = 80 RYTES, -
TOTAL SPACE RFOUIRFN FNR THE CFSM 107 BYTES. NDT INCLUDING THE

i

THE GPAMMAR TS NOT LR(O). LANK~AHEAD MUST BE ADDED.

START COMPUTING LNDNK-AHEAN SFETS,
TIME USED STNCE THE LAST TIME PRINTOBT IS 0.R82 SECONDS,
TNTAL TIMF USED SO FAR IS R,13 SFCONDS.

LOOK-AHFAD SETS HAVE REFEN COMPUTEN,
TIME USEN SINCF, THF LAST TIME PRINTOUT IS O, 23 SECONNS,
TRTAL TIME USED ST FAR IS R,%36 SECNNDS,

THE GRAMMAR 1S SLRIU1},

THE LOOK-AHEAD SETS

NCNTFRMTINAL TERMINAL SYMBALS
SYMROLS 1 3 5
2 4 6
Fl 11 1
T1 11 1
1l 111 -1

START PUMCHING THF DPDA.
TIME USEDN SINCFE THE LAST TIME PRINTOUT 1S -0. 20 SECCNDS.
TAOTAL TIMF USED S0 FAR IS 8.56 SECONNS,

TIME USFR STNCE THF LAST TIME PRINTOUT IS 1.52 SECONNS,
TOTAL TIME USED SN FAR IS 10,0R SENONDS,

ALL NONE.

VOCABUL ARY,



APPENDIX IIT )
¥ P L COMPILATION - &1 OF ¢ AT SANTA CRUZ — XCOM  T1T VERSIAN OF APRIL 27, 1970, CLACK

TANAY 1S CSEPTEMPER 22, 1970, CLNrx TIMF = 9:141:28,22,
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1

21 '

2| A SIMPLF {R(1) SKFLFTON

4 | ’

5 | AY

At

71 FRAMKLTN L. NDF REMER

A i

CI UNIVFRSTTY OF CALIFNRNIA fﬂﬂﬂ,,~f”””~ﬂfﬂﬂvgi/\
10 1 SANTA CRU7, CALIFNRNTA L

11 1 AUGUST 31, 1970 oT REPRODUC\B
12 1 \/ﬂﬁﬁfﬂgﬂ,,,~»”’””d”/
13 1
14 | PREFACFE
15 ) ’
16 1 THE FAOLLAWING PPOGRAM TS A SKELETAL CAMDTLFR NESTGNEN ARAIND THE. HISE NF

17 ISTMPLF LRPIX) PAPSING TECHNINUFS, TT CAMSISTS PRIMARTLY NF A PARSING PPNCEDIRF,
18 INDPNA_PARSFR, WHIMH IISEFS TAR{FS GFNFRATED ER0OM A GRAMMAR AY AOUR STMPLF [ P{KY

19 IGRAMMAR AMA|YSFR, NDTF THAT WE HAVE NOT AS YET WRITTEN AN ERRNR~REMOVFRY

20 1RAUTINF FNP THF PARSER: PART OF WHAT IS NMFENFD 1S A NANNETFRMIMISTIC PUSHNNWN

21 VAUTOMATON (MPDAY, - ALSO, NOTFE THAT WE HAVE NOT SPFCIFIED FITHFR THF  ExICAL

22 TANALYSFR NR THF SYNTHESTIFR (CANE GENFRATNR] TN BF |USEN WITH. THE PARSEP SINLF

27 {THFSF QNUTINFS ARE, NF CNUYRSF, TPRFLEVANT FOR R PURPNSFS HERF: APPRNAPRIATF

24 1SUCH ROUTINFES MAY RF EASTLY ADAPTEN FROM THNSE IM THF XPL SYSTFM,

25 | IT SHAULD RF NATED THAT WE HAVE LSFD THE XYPL COMPILFR TD ASCFRTAIN THFE

7h ISYNTACTIC CORRFCTNFESS OF THIS DPPOGRAM, RIIT WE HAVE NOT DERIGGED A RUNNING

27 IVERSION "NnF 1T,

R .

29 I*********##**#*#*****##****#####********#**#******#*#*#******#********#***#**#*/
an

1
1
|
i
1
|
i
!
1
|
|
1
1
]
1
i
!
|
l
|
1
I
!
|
f
|
1
!

1 !
2t | !
LV |
33 | /% FIRST SOME { ANGUAGF FXTEMTIONS, %/ 1
24 | !
35 | DFTLARFE PRAM| FAN LITFRALLY 'RET{1y1, 1
245 | TRUF LITFRALLY *17v, !
27 | FALSF LITFRATLY *(Qovs {
3R | !
39 | !
40 Ik NFXT WE INTTTALT7E THF GLORAL COMSTANTS THAT NEPEND (IPNN THE JMDYT ]
&t | GPAMMAR, THFE FOLILOWING CARNS ARFE PIMNAHFD RY THE S P{1) GRAMMAR ANALYTER, #*/1
47 | i
43 | f% THFE TARLFS RBELNW WFRE GEMERATFED FNR THE FOLLAYING GRAMMAR : . 1
an | Fots= F 4+ 7 !
45 | i . |
&6 1 T t11= B k% T t
&7 | 1 1
an | B 1= 1 |
49 |1 1t F ) !
&0 | FMD NFE RRAMMAR, %/ . |
51 | !
57 |1 DFCLARE # TEDMINAIS LTTERALLY tht, !
53 | #_NTS LITFRALLY tar, i

1 1

YA H_SVMG ILITFRALlY 101


http:Q:41:?R.2A

-
56
57
58
59
60
A1
A2
A%
64
65
Ah
67
60
A9
76
71
77
72
T4
75
T4
77
75
79
a0
R1
ap
a7
84
25
86
a7
ag
a9
a0
a
az
93
94
95
Q4
a7
an
Q<

100
101
107
103
114
105
10A
107
108
109

110

I
112
113
114
115

tY1, 1Dt

NFCLARE #_BR
NFCLARFE LA
DECLARF #_ 7
OFCILARF SYM
NECLAPF DFF
NECT ARFE #_R

19¢ 15,
15« 15,
15, 15,
16, 15,
NFCLARF SYM
2e Ay Do
NFCLARSE XLA

SCAN: kA

PROCFMIRFE B
NECLARF
RFETURN N

EMPY SCAN:

SYNTHFSI7F:

PROCENURPE |
NEFE ARF
NYTPIT =
RFEFTURN®

END SYNTHES

NONA_DARSER:
PROCFMIRF:

NECLARF
/%

NDECTL ARF

Mt R NS il arh oAl evEr W M e AR e RS M WM S e e i AmhS mam dem e e ol i cf B gl mbh e ik mid el et il ram e v e e e e i mmm e ok rwm il e e el SR i s o

_TN_PFAN{(RY) RTIT(])
AR T_XTITIAN(S) RIT{A)Y INITIAL (15,
FAD_STATES LITCRALLY tar,
#_LAR_PLUS_RFAN_STATES LITFRALLY t*{4ar:
NFCILARF READ_XTTIONS_TARLF{72) RIT{R} TNITTAL (7, 15, 15, 15: 15, 15, 15,

e "ERROR_TNAKFHMT Y2

YTES_PFR_NT | ITERALLY 1
K_AHEAD_TARLF(3) RITI8)
N_PNP{R) RIT(RY TNITTAL

15, 15, 15, 1, 10, 15,
15, 12, 15y 15« 15+ 1599

NFCLARF #_IA_REDUCF_STATFS LTTEPALLY 'a'3

112
INTTIAL (195, 199, 231, N):
{Os Qo Ny 29 24 22

INTTIAL (&, Ry, Ty Ay T, 132
'Sy 9y 15, 15, 1812

15, }, 10, 15, 15, 3, 2., 15, 15, 15, 1, 10, 15, 1%,

15, %, 15, 15, 15, 012

_RFFNRE{15) RIT{R) INITIAL {7+ 3, Ry Ty Ty H¢ Q¢ Oy

Q)3
TINN_RULF(S) RITIRY TNJ

LEXTIMAL SCANMFR, %/
ITIR)+
NEXT_SYMROL RIT({8Y:

J%  END DF CARDS PUNCHFD 8Y THE GRAMMAR ANMALYSFER,

FXT_SYMAQL 3 /% TEMPORARY, X/

f¥ A CPNF GFNFRATNR,
YLATTAM_RHLF_#)2
XLATTOM_RINTE_# RIT{R) 3
IPROAPBIICTIPN MIIMRER = ¢t
/%  TFMPARARY, %/
1.7F 2

STATF_STACK{127Y RIT( Q)

SP ONINTS TN THF FLFEMENT ARMVE THF TOPR-NF-QTACK,

CHRRENT_STATE { ITFRALLY

Rl 0! 2' 147 tlv lev 1‘31 151 15’
15¢ 15, 16, 15y 1R, 1,y 10y 15,
by
2R
TIAMI?, By Ty 19 2y 6)2
*/
1T XLATTON_RULF _#:
e SP RIT(7),
*/

1ISTATE_STACK(SPY Y,

DUSH_CIRPRENT _STATE_NN_STATF_STACK | ITFRALLY

fIF SP ¢ 127 THFN SP

= S + 1 .

158, 1

12,
2.

8B«

FLSF FALL FRRNPR_RECNVERY{ " 1PARSF-STACK NVERFINW,T* )7,
PREV_STATE LITERALLY fSTATF_STACKI(SP ~ 111,
MEYT_STATF | ITERAILY 'STATF_STACK(SP + 111,

READ LITFRALLY 'TRIFY,

LONK_AHEAD L TTFRALY fFALSE '

T<_L A_PFMUCE {TTERALLY -
15_RFAN LITERALLY
TS_EXIT {ITEDAL Y
START_STATE LITFRALLY

'#_LA_RENUCF_STATES >t,
t5_| AP_PLUS_RFAND_STATFS >,
t4_{AR_PLUS_PEAN_STATFS =1,
'¥_{ A_REDUCF_STATES? 2

e
15,

4y

NFECILARF VI{#_SYVS) (HARA(TER }NITIAL {9 1 9, ten, tmxe . apr, M(f, TyO, tEw,

Sy
2
11,

1,

*/f
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177 CALL SYNTHESTZE(YLATION_RIN FLCURRENT_STATE)) ¢

1 |
178 -1 IF 4_TN_PAP(CUPRENT_STATF) -~= -1 1
179 | THEN SP = §P — #_T0O_PNP(CHRRENT_STATEY: !
180 1 FLSE /% SPFrlAL CASFE FNR EMPTY RIGHT PARTS, %/ ooy |
181 | FHPRENT_STATFE = ULTIMATE_PFAD_STATE_NF(CHPRENT_STATFY !
142 1 PIISH_CURRFMT_STATE_NN_STATE_STACK® FANg
183 | CURDFENT_STATF = RFAN_XITINN{PREV_STATE, SYMY 3 SRR
1R4 | FLSF |
1r5 | CHRPRENT_STATE = DERAUYLT_XITIOM(CIRRENT_STATFEY: gnng
18& 1 FLSF |
1R7 1
1RR 1 TF JS_READICURRENT_STATF) THEM nn: |\
1”9 | NFXT_STATE = READN_XITIONICHURRENT_STATF, INPUT_QUFUFIREANY) ¢ 1
190 | PUSH_CHRPFENT _STATF_DPN_STATE_STACK 2 ENP
191 1 Fi SF n
192 1 t
1972 | TF IS_FYIT(CURRENT_STATEY THEN RETHRM: 1
194 1 FLSF /=* |
195 | !
196 1 TF IS_FRROR(CHURRENT_STATEY THEN %/ !
197 | TALL FRROR_RFCOVEPY{'TLLEGAL SYMRNL PAIR.')3 1
198 1 ENDY ) 1
199 t 1
200 EMD DPNA_PARSFR: 1
201 1 i
202 | 1
2n3 | . {
204 b/ etk dogodok ook o sle sk e el ok skl e deole el MATN PRNAGRAM e o o ok e e ol e e e ek ok e ook ol sk e kR ke kok f |
208 | |
206 1 /= SET UP FPR CAMBILATION, %/ /% TEMPORARY, &/ 1
207 | i
200 | CALL DPDA_PARSEPR: /% PDRIVFS RATH SCAN AND SYNTHESIZE. */ [
709 | 1
710 1 /¥ PRINT SUMMARY TNFENRMATION, ETC. */ /¥ TEMPNRARY, */ |
211 1 |
212 1 fAokekmnk dotadog & desdeak ok ek sk ook datolotokadolook R ok kookskookokod tolok ok ek ook ok R ok ko el B ik kook ok /|
213 IFNF ENF FNF FDF i

* FILF CONMTROL BLNIK 2400 2400 &6 ) 400 400 60

¥  LOAN FIIF WRITTEREM,
END NF CAMPTLATION SEPTEMAER 27, 1970, C(LNCK TI¥ME = 91423:172,.53,

213 CAPDS CONTATNINGM 6% STATFMENTS WRRF COAMPILFN,

NC FRPORS WFRF NETFCTEDR,
77398 BRYTFS 0OF PPAGPAM, 1709 AF NATA, R4 NF DFSCRIPTNRS, 7A4 OF STRINGS,

TOTAL TIME IN CMMPTIFP N:0464,41,

SET UpP TIMF Q:n1h LR,
ACTIAL CHAMPILATIAN TIME (0:0:71.28,
POST-{OME JLATINM TIME QiNMA 65,

COMPTIATION RATF: AQ0D (ARDS PFR MINNTF,

TNTAL CORF RREOUI
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116

117

118
110
170
1721
122
123

124-

125
124
127
128
120
130
131
137
133
134
134
136
- 1R7
138
132
140
141
142
143
144
145
146
147
148
149
180N
1581
152
1873
1564
158
156
157
158
189
160
1A1
167
163
164
165
166
167
148
169
170
171
172
173
174
175
175/
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REAN_XITION:
T OPRACEDIPE {(STATF, SYM} RIT(R):
) NFCLARF (STATE, SYM) BIT(813 .
RETIRN REAN_XITINNS_TARLE(#_SYMSKk({STATE — #_1A_REDUCE_STATES)+ SYMy<

EMP e

NECLARF MASKITY RIT(9) IMITTAL )
(vr1110000000", w (1101000000, "[1)00100050%, "{1}10C010000",
HE1Y000010NNY, N(1100000100"y WL1I0000001CY, "{1)C00CO0GLMYS
TS_IN_LDDK_AHEAN_SET: :
PROCENUPE (STATE, SYM) RODLFAN:' - .-
NFCLARF (STATF, S¥YM)} RIT{R}:
PFCLARE MT_SYM BRIT{R}YS
MT_SYM = SYM_TN_PEAN{STATE) — #_TFRMINALSS
RETHRN {LONK_AHFADN_TARLF{#_RYTFS_PFR_NT * MT_SYM + SHR(SYM, 3})
£ OMASKISYM £ "(1)111")) -~= Ot
END?

ILTIMATF_RFAN_STATR_DF:

PROACENURE (STATFY RIT{AY:
NECLARF STATE RITIA}:
NN WHILF-IS_RFAD{STATE):

STATE = DFFAULT_XITION{STATF)

FND
RETURN STATF:

FAaln e

FRROR_PFLOVERY:
DROACEDIRE {MFSSAGE):
NDFCILARE MFSSAGE CHARADTER:
ALY EXIT: /% TEMPMRARY,., =/
FaDS

NEFLARF QUFHFLRY RIT{R)Y, QP RIT{2YV:
JNPUT_QUFUF: )
DRACENNRE (TO_RFADY RITIAY:
NFCLARE TOA_READ BNAGLFANG

IF TO_RFAD THFN nns
QUFUFIQPY = SCAM:
NP = 0P + 1 F w{1Y11": FNID 2
RETHRN QUIFUFIOBY:
ENDS

/% THE 80ONY NF THE PPNLENURE "APNA_PAPSFR", =/

noOP = 0 TN R OUFUE(QP) = SCANT  FNNg oP = 0
gp=n: CURPENT_STATFE = START_STATF:

no WHILE TPIF: /% FXIT VIA A RFETHRN RY THF FXIT STATE. %/

[F TS_UA_RFPIUICRE{CUPRENT_STATFY THREN .
IF TS_TN_LNOK_AHEAN_SET{CURRFNT_STATF, TNPUHT_QUFRIFILNNK_AHFAD)}
THEN ’ atet
NDFCLAPE SY@ RIT{R}: SYM = SYM_TN_KRFAD(CIHRRFNT_STATF) 3

nn:



