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Summary 

An algorithm to recognize and translate sets of character strings 

specified by canonic systems is presented. The ability of canonic systems 

to define the context sensitive features of strings and to specify their 

translation allows the algorithm to recognize and translate real computer 

languages. It is also applicable in other language systems. 

Canonic systems are discussed, and several examples of their use are 

given. The algorithm is described, and examples of canonic translation 

are presented using a program which implements it. 
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A Canonic Translator 

The development of a generalized compiler whose function is directed 

by a formal language specification has aroused significant Interest and 

effort. This thesis presents an algorithm for the recognition and translation 

of character strings belonging to a set of strings whose syntax and translation 

have been defined by a canonic sybwem. Since these systems are capable 

of defining context sensitive features of language, the algorithm can 

recognize and translate real computer languages. It is applicable to an 

even wider class of language systems. Including boolean algebras and 

theorem proving, which can be characterized by this method. 

Canonic systems form the basis and motivation for this work. The 

first task of the paper is to discuss briefly and informally the improved 

specification of syntax and translation made possible by the development 

of canonic systems. The discussion includes a description of the form of 

the systems and several examples, among them a complete forma! description 

for the syntax of the string processing language SNOBOL. The contribution 

of this thesis lies in the presentation of an explicit algorithm which 

employs a canonic system characterizing the syntax and.translation of a 

set of source strings to recognize a particular source string and perform 

the translation. The latter part of the thesis describes the algorithm and 

the program which implements it. 
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I. Formal Syntax Specifications 

Backus Naur Form is the most widely known formal specification of 

syntax. It provides a convenient starting point for a discussion of 

canonic systems. The general form of a rule or production of a BNF 

specification is as follows: 

<n*me 1> ::- terminal 10 <name 11> , ^ 
me us ... <name ln> terminal In 

t.raln.1 2» 22> ... <niae 2n> terinlniI 2„ | 

»e ::- .hou,, b. te,d ,.„y r.pUce<l by.. .„d the vettlci, Ur 

P e.ent. or . Ih. n.«. «nclo.ed within bt.cket. .r. .rbitr.r, d.,isn.tlon. 

for «.fin.« ,,t. of .tti„g.. „.finition My b. r.outslve; th.t the 

..t on «b. loft n.y b. d.fin.d in t.ra. of lt..l, if tho „„ of th. .« 

.1.. .PP..r. on th. right. ••t.™i„i „ ... d..,gMt.. .rbitr.ty .tri„g 

.f c.rmin.1 ch.r.ct.r., p„..,bl, th. nnl, .tri»g. n. . Co„ct.t. 

consider the following BNF system. 

<.-.ignment> <ietter> - <exPres.ion> 

<.«pr...ion> :,. | <l.tt.r> t <„pr...10„> 

<lettcr> :X | Y | Z 

A. .^1. of . .trin, which i. . «^.t .f th« ..t <..,ig„«„t> t., 

T - X + z 

If. .erinba cWri.i^ . .« . ,Hp ,y.t.. lpp„t 

to b. g.„.„t.d . "top-down" manner, th. higb..t 1.,., „.finition 

( < ...lgnment> ) i. g.n.r.lly pl.c.d fir.t. 0„. rcr^lly „.d. . 

,HF tUl* ft°" l,ft “• '““• -- « -I« •»« ln.lgbt into th. for. 

'”d “tUr* °f ““"1C --- --- —‘"d 1»» . form! d.fi„„i„„, 

conaider tnrning . prodnotion .roond .„„ edifying th. pn.ctn.tion .o«wh.t. 

1. 
ilUíí + « «Eîîîîion (- , - , .„ignm»nf 

Th. ,««r c... letter. (, end „ „. vnruh,.. r.prc»c»tl„g .tring. 

© 

... 
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ch...„ fro. their respective ..t, (letter .„d expression'. The of 

«h. set. ere -derllned c.n.d ^dlrere,. n. definition he read 

..r, elaborately ., toUous; v r.pre..ot, . ,trillg c|,016n (rm ^ 

..t letter, If x repre.eot. . .tried chosen fro. the set express,o„. 

then the strict for-id by conc.ten.tlnd the string represented by , .ttb 

.» equals .,8„ .„d the strln, represented by , 1. . «„b,r of the 

«iíín-ent." Tb. 4 .ct. ., t(l. ... ^ ^ |_ ^ 

« .. ..section sign, A string of verleb,., end t.r.lne, eb.r.eter. (,.,. v-x, 

1. • tjr.. end . ter. followed b, . pr.die.t, tb, „„n.r .b... ,. . 

aS-ck. Tbose remarks to tb. left of ... sign .re referred to 

.. EMlflll those to tb. right a. conclusions. This exaeple nio.rr.t,. 

Che „.t beslc for. of • «00» In . tenon,e syst,.. * „r, fot„, description 

-y be found Donovan (2) .„d ponov.n and L.dg.rd (3,. tb,. discussion 

Will remain highly informal. 

«he, Inprovenents tb. definition of . do c.nonlc 

PT-tl The principal weakness of BNF system ,. their Inability to describe 

the conte« sensitive feeture. 0, a set of strings, for eh. 

requirement In .ost coûter language, thet all reference label. . 

be alngl, defined a. statement lebels. This restriction could only be 

loosed ,»p notetlon by .0« process ekln to defining ..cb p„..,bl. 

legal progra.. In toto. In a separate ggy tul.. certainly all ..t. 0f 

strings which can be defined ggy b. d.fm.d by a c.nonlc system by 

transfer.,ng tb. rules the ~„„,t lllu.tr.t.d ebove. m addition, on, 

~y "cross-reference", or us, a variable more than once on the left. 

2. 
x iîîiSS ^ |" x label nan«» 

¿abelname Is the intersection 

Strings which are members of both 

of Ubel and name; that is, only those 

the set Ubel and the set nme are members 



-9- 

of the set labelname. No such formulation is possible within a BNF system. 

The power of canonic systems rests principally on the ability of a 

remark to contain more than one term. More clearly put, it is possible to 

define a set of ordered pairs (or triplets, etc.), „hose elements are strings 

which bear some relationship to each other. It will be demonstrated shortly 

that it is possible to define a set of ordered pairs whose first elements 

are letters, and whose second elements are lists of letters separated by 

commas. This set will be so defined that the letter which comprises the 

first element of one of the ordered pairs cannot be found in the list of 

letters forming the second element. Assume the list of letters to be the 

list of statement labels encountered up to some point in a MAD program. 

The relationship described would have to be satisfied by the next statement 

label encountered. Otherwise, the program would be rejected by the computer 

because a statement label is multiply defined. 

A few abbreviations w 11 be introduced in order to simplify the 

definition of the set. Consider the following canon. 

3* I“ A letter 

This canon should be read. »The terminal string A is a member of the set 

latter", or more simply, "A is a letter". There are no premises to be 

satisfied before the conclusion of this canon may be asserted. Rather 

than present 26 canons to describe all the members of the set letter, we 

introduce the following abbreviation. 

... A X A Y A Z letter 

The signAserves to separate the strings which form the terms of the 

26 separate conclusions to be asserted from the single canon. In the 

definition of the more complicated predicate under discussion, which we 

shall call not in, the two terms which form the el 
ements of the ordered 
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p«ir will be separated as follows: 

^Xt Y,> ÜSíJLl! 

The terminal string A is the first element and the terminal string X, Y, 

forms the second element of this member of the set notin. A predicate has 

—■gre- e<lual to the number of its terms. Not in is a predicate of degree 2. 

In order to define notin, we begin with the definition of a predicate 

describing a relationship between single letters. 

5* I" <A<B>a <A<C><a <A<D>a ...a<B^C>a <B<D>a ... 

A <Y< 2> differ 

6. <x<y> (" <y < x> differ 

The two canons assert that all pairs of different letters make up ordered 

peirs which are members of the set differ. The second canon halves the 

number of conclusions which must be included in the first. 

We begin the definition of not in with a canon which form«, a convenient 

•tartlng point. 

7. £ letter !-<* * not in 

The sign A indicates the null string. Obviously, if there are no letters 

in the list making up the second element of the ordered pair, then the first 

letter cannot be found in that list. The canon provides 26 members of the 

set notin upon which to build more elaborate ordered pairs. Tie canon used 

to complete the definition is recursive. 

8. <d<^> notin 4 <d<n> differ h <d<n,£> notin 

This canon states in effect that one may add any letter to the list comprising 

the second element providing that letter is different from the letter which 

la first element of the pair. This canon completes the definition of notin, 
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and makes ic possible to generate all ordered pairs with the property 

described. 

A concrete example of the production of a particular member of a 

defined set will perhaps serve to clarify the nature and recursive properties 

of canonic systems. Assume we wish to show that <A<X. Y»> is a member 

of the 8£t notin. Using canon 4, we may assert 

A letter. 

We may then substitute this result into the premise of canon 7, and assert 

that 

<A< A > notin. 

We then derive from canon 5 that 

<A<X> differ 

<A<Y> differ. 

Finally, we apply canon 8 twice as follows: 

<A<A> not in ^ <A<X> differ <A<X,> notin 

<A<X,> notin ^ <A<Y> differ h <A< X. Y. ^ notin 

Note that we use the conclusion from the first application of the canon to 

establish the premise in the second application. 

Now that the reader has grasped some of the power and elegance of 

canonic systems, a short history of their development is in order. This 

work is based completely upon the presentation of canonic systems by Donovan 

and Ledgard (3) and Donovan (2), who is responsible for their appearance 

in present form. His work evolved from an applied variant of Smullyan's 

elementary formal systems (6) and Post's canonical systems (4). The present 

canonic systems are so named in recognition of Post's work. 

To further Illustrate canonic systems, I present a complete syntactic 

definition of a restricted computer language MINI MAD. The present example 

and the foregoing example of notin both draw heavily from the examples 
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presented in Donovan (2). 

MINI MAD will permit only a few principal types of statements: an 

assignment statement, a transfer statement, and a statement formed by 

combining a simple conditional with one of the two other statements. 

All programs must terminate with an unlabeled END OF PROGRAM statement. 

The only boolean operator allowed is arithmetic equality (.E.), the only 

arithmetic operator allowed is addition (+), and only arbitrary length 

integers will be permitted as constants. The permissible statement labels 

are the single letters A, B and C; the variable names allowed are the letters 

X, Y and Z. In addition, restrictions on statement length will be omitted 

and no blanks will be allowed save those which are part of the statement 

definition (e.g. TRANSFER TO). The character * will be adopted as an end- 

of-card character, analogous to a carriage return. It should be understood 

that all restrictions and omissions are introduced for the sake of simplicity. 

A complete formal syntactic definition of the string-processing langage 

SNOBOL may be found in appendix 2. 

The following example is a member of the set MINI MAD program, with a 

carriage return substituted for the character *. 

A X-15 

B X-X+l 

WHENEVER X .E. 123, TRANSFER TO A 

TRANSFER TO B 

Three canons will suffice to define the set of arbitrary length integers. 

9. [" 0ala2s ... a 8 a 9 digit 

10. d digit I" d integer 

11. d digit j' i Integer f~ di integer 

The use of the predicate notin, defined previously, will later implement 

the restriction that no statement labels be multiply defined. 
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12 h < A<B>a <AcC>^ <B<C> differ 
13. <x<y> differ [“ <y<x> differ 

IA. d digit [” < d< A> not in 

15. <x<y> not in cj' <x<d> differ |~ <x<dJ y> not in 

One should keep in mind that only lower case letters are used as 

variables representing strings. The signs ^ , A are punctuation 

signs in the canonic system itself. All other characters are drawn from 

the alphabet of the language being defined. 

The definition of the predicate _in will serve to implement the restriction 

that all reference labels be defined. The set Tn will consist of pairs of 

letter lists such that all letters in the first list appear somewhere in 

the second list. If the list of reference labels and the list of statement 

labels in a program satisfy this relationship, we know that there is at 

least one statement label corresponding to every reference label. 

16. I” Aa B a C label 

17. |- </\< /\ > in 

18. < x<y> in 4 / label |- <x < ¿ly> in 

19. < x^ y> in 4- /label I" <4* <'l y> in 

20. <x<y> _in 4 <2<y> In f-<[xz<y> ¿n 

Canon 17 provides a simple starting point for the recursive production 

of the more elaborate members of _in, and corresponds to a program with 

neither statement nor reference labels. The next two canons describe the 

ways in which one may add to the lists of statement and reference labels. 

We may of course add a label at will to the list of statement labels, and 

may add a label to the reference label list as long as we also add it to 

li®f of statement labels. The last canon provides for multiple referencing 

of a statement label. Using canons 16 through 19 alone, it is not possible 

to produce the following member of in 
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^ B» B# ^ A* B> C,> 

We may define the set expression as follows. 

i- Xa Y . Z variable 

I- 

21. 

22. V variable f" v expression 

23« i integer f" i expression 

24. v variable X expression [* v + x expression 

25 i integer ^ x expression f* i + x expression 

The predicate next defined, conditional, will permit us to transform 

•ny unconditional statement into a conditional statement when a string from 

the set is placed before the unconditional statement. 

26. A conditional 

27. x expression 4 X expression [ WHENEVER X .E. Y, conditional 

Canon 26 allows us to produce a string which leaves the statement unchanged. 

Canon 27 defines a set of strings which will change any unconditional MINI 

MAD statement (e.g. X - 3) into a conditional statement (e.g. WHENEVER 

X + Y .E. Z, X - 3). 

The "building block" sets defined so far will permit us to define the 

•et of MINI MAD programs in fairly short order. A convenient vehicle for 

the task ir a predicate of order three. The first element of the ordered 

triplets which make up the set program with label list, will be a list, 

punctuated by commas, of all statement labels used. The third element will 

be a similar list of reference labels. The second element will be the 

•tring of statements in which these label, are used. Again, we begin with 

a convenient starting point for later recursion. 

28. |"< A < A <A > program with label lists 

29* <*<j><r> program with label lists 4 v variable 4 

r < 
x expression 4c conditiona 

»< CV -X *pc r program with label lists 

30. <.<P<r> program with label lists 4^jabel 4 v variable 4 x expression 4 

ç conditional s> notin 

I“ <-/ls<^ CV-V *p«r> program with label list« 
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Canons 29 and 30 describe the way in which we may add an assignment statement 

either conditional or unconditional. Using the first canon of the two, 

we may add an unlabeled assignment statement; using the second, we may 

add a labeled statement. Note that the use of noLin in canon 30 imposes the 

restriction that the label used must not be in the list of previous statement 

labels. 

30, <s<P^r> I>£°gram wi.h label H s f.s <f ,/Ubel 4 c conditional 

h <SC C TRANSFER TO X* p^ /,r> program with label lists 

31. <s<rPcr> ¿rogram with label lists + Am Ubel 4 c conditional 4 

K. œ< s notin 

I“ B18<m C TRANSFER T0Í* Pc^r program with label lists 

These two canons allow use to construct strings which include labeled 

and unlabeled, conditional and unconditional transfer statements in a 

manner analogous to that of the preceding pair of canons. We now need but 

one more canon to produce strings which are legal MINI MAD programs. 

32. <s«p^r> program with label Hsr* 4- <r<s> Id 

p END OF PROGRAM* MINI MAD program 

This canon insures that all reference labels in the members of the set 

MINI MAD program are defined, and that all programs are properly terminated. 

This completes one of many possible canonic system definition or programs 

in MINI MAD. The canons are collected in sequence in appendix 1. 

If the reader has clearly understood the manner in which canons may 

define, by production, the syntax of real r0mpUter languages, one further 

illustration may provide some insight into the manner in which these systems 

may also define translation. Assume one wishes to translate MINI MAD into 

another language, for instance an assembly language such as FAP. In order 

to accomplish this, one might expand program with label H.rc to lnclude 

a fourth term which would contain the translation of th 
e string of statements. 
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The canon for an unconditional, unlabeled TRANSFER TO statement might 

appear as follows. 

33- <»<P<rct> program with label Hsts ami tr.n,lai-,„„ <1 ^ iabu 

F“ < s< TRANSFER TO L* p^ TRA Z*> 

£rogram with label lists and translation 

«.is possibility of canooie specification of translation „ill be pursued 

further in the description of the algorith. which fores the contribution 

of this thesis, to which I now turn. 
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II. The Recognition and Translation Algorithm 

Canonic systems will prove very useful in explicitly and concisely 

defining sets of strings such as computer languages. Such definitions would 

eliminate many ambiguities existing in language manuals. These systems 

ould prove of greater value, however, if a canonic system could be used 

as a basis for recognizing strings from the defined set. In addition, if 

the members of the defined set are ordered pairs, triplets, etc., the 

usefulness of canonic systems would be still further extended if the 

algorithm could be used to produce the missing terms corresponding to a 

given term. The remaining part of this thesis discusses such an algorithm, 

the program which implements it, and the nature of the constraints imposed 

on the canons in order that the program be able to interpret them. 

This algorithm is an extension of the algorithm presented by Cheathem 

and Sattley (1), which is capable of recognizing strings produced by a 

Backus-Naur system. The modifications to their algorithm, which appears 

here in quite different form, reflect the greater power of canonic systems 

in defining strings. These modifications include mechanisms for handling 

predicates of degree greater than one, for properly interpreting the 

multiple use of a variable among the premises, and for generating the 

translation specified, in the case of a canonic system where all predicates 

are of degre» one, and no "cross-referencing" is used, the algorithm operates 

in a manner almost identical to that of Cheatham and Sattley. 

The program which embodies the algorithm divides into two parts. A 

preliminary phase checks the syntax of the canonic system used. It insures, 

for example, that all variables used in the conclusion of a canon are to be 

found in the premises, and that all predicates used as premises are defined 

somewhere as conclusions. Further restrictions, which will be clarified 
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later, are imposed on the form of the canons and are checked at this point. 

The program then assembles the canons into a list structure which reflects 

their form and content, and control is passed to the evaluative phase of 

the program. The SLIP list-processing system, developed by Weizenbaum (7) 

vastly simplified the implementation of the algorithm. 

INPUT STRINGS 

\ t 

scan of 
input strlng(s) 
and generation 
of translation 

> / 

TRANSLATION 

Fig. 1. Structure of Program 

The second part of the program represents the principal programming 

effort. This phase scans the input string, determines whether it satisfies 

the canonic definition, and generates any associated translations. The 

algorithm is principally "top-down"; it attempts first to match the input 

string against the final predicate in the canonic system (e.g. MINI HAD program!. 

and it arrives only through recursion at a lower-level predicate, (e.g. 

l.nteRe.r or d_lgit). Consider the following simplified statement of the 

algorithm for the case of a canonic system involving only predicates of 

degree one. The simplified algorithm will be later expanded to include 

more general cases. Imagine an arbitrary character string, with a mental 
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pointer to the left of the first character} and a canonic system defining 

a set of strings. We wish to determine whether the character string is 

a member of the set. 

1. The program considers in sequence those canons directly defining the 

string in question, and performs the following steps (2 through 6) for 

each such canon. 

2. The conclusion of the canon is matched, item by item, against the 

input string. If the item in the conclusion is a terminal character, 

step 3 is performed; if a variable, step 4 is performed. If the end of the 

canon is reached, the algorithm proceeds to step 5. 

3. The item in the conclusion is a terminal character. It is compared 

with the character in the input string to the right of the mental pointer. 

If they are identical, the program returns to step 2 to consider the next 

item in the conclusion, with the pointer shifted one position to the right. 

If not, the scan fails and the program returns to step l to consider any 

remaining canons for the string. 

4. The item in the conclusion is a variable, and the program must operate 

recursively to determine the definition of the variable in terms of the 

input string. In other words,it must determine the number of characters 

from the input string, commencing with the character to the right of the 

pointer, which should be alloted to the definition of this variable. To 

accomplish this, the program assembles a new input string which is a copy 

of all input characters to the right of the pointer, and picks a predicate 

among the premises of the canon which contains the variable. After saving 

its present state, the program returns to step i to determine the definition 

of the variable by examining the canons defining the premise predicate 

chosen. If there is no response upon return, the scan fails and the 

program returns to step 1 to consider alternative definitions of the string. 
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If there is a response, the program conpares it with the original input 

atring to determine the definition of the variable and moves the mental 

pointer to its new position following the definition of the variable. 

The algorithm returns to step 2. 

5. The scan of the conclusion is complete, and the definitions, in terms 

of the input characters, of the variables appearing in the conclusion have 

been recorded. The algorithm now inspects the premises. Those premises 

uaed in step 4 to determine the definitions of the variables in the conclusion 

-y already be asserted, since they were used to generate the definitions. 

However, a variable may appear twice in the premises, and we must insure 

that the string which forms the definition of the variable is a member of 

both sets. The algorithm forms an input string from the definition of the 

variable and operates recursively to determine if the other premise 

containing the variable is also true; i.e., if the string which is the 

definition of the variable is also a member of the second set named as 

« premise predicate. Upon return, if there is no response, the algorithm 

returns to step I to pursue alternatives as before. If there is a response, 

the program insures that the string has been fully scanned. there are 

•till more unchecked premises, it treats them in the same manner. After 

all such premises have been successfully verified, the simplified algorithm 

proceeds to the last step. 

6. The results of the scan at this level, which constitute the response 

for the next higher level, are assembled. There are no results if the 

•can failed. Otherwise, they consist of the input string with the mental 

pointer resting at the point where the scan of the conclusion was completed. 

The algorithm now returns to step l, if there are more canons directly 

defining the set of which the input string is possibly a member. Since 
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each canon could com o Í val, 1 y add to the results, the proBram must actually 

be equipped to handle multiple «suits and hence multiple responses at the 

next higher level, and check out each possibility. The example which 

follows will serve to clarify the problem. If there are no further canons, 

the program prccecds to step 7. 

7. The program "pops" its state; that is, it returns to pick up where it 

left off at the next higher level. If the highest level has been reached, 

then the results are examined for a completely scanned input string. If 

auch a response is found, the input string is a member of the originally 

defined set. If not, there exists a syntax error in the string. It is 

not clear that the set of all syntactically incorrect sets will be recognized 

by the algorithm. This recognition may be unsolvable in general. The 

algorithm is flowcharted below. 

A simple example will serve to Illustrate the process and the problems 

involved in multiple answers. Consider the following canonic system. 

34« (~ 1 digit 

35. I" 2 digit 

3fi. F 3 digit 

37. d digit I" d integer 

38. d digit js i Integer [• di integer 

This system defines integers as arbitrary length strings of 1, 2 and 3. We 

wish to determine by use of the algorithm whether the string 31 is an 

integer. The process is described in the shorthand fashion below. 
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Recursion Input 

■§i£P String 
£i2°2 Next 
Considered Résultés) Action 

6 

7 

8 

9 

10 

11 

12 

13 

U 

0 

1 

1 

1 

0 

1 

2 

2 

2 

15 1 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

1 

2 

2 

2 

1 

2 

3 

3 

3 

2 

2 

3 

3 

3 

2 

l 

0 

31 

31 

31 

31 

3.1 

. 31 

31 

31 

31 

V 

4 

4 
4 

4 

I 

37 

34 

35 

36 

37 

38 

34 

35 

36 

38 

37 

34 

35 

36 

37 

38 

34 

35 

36 

38 

37 

34 

35 

36 

37 

38 

34 

35 

36 

38 

38 

38 

Push for digit 

F®!!8 Next Canon 

F®*!8 Next Canon 

y 
3^1 integer 

Falls 

Fails 

1 jiglt 

Hg It 

Fails 

Pop 

Next Canon 

Push for digit 

Next Canon 

Next Canon 

Pop 

Push for integer 

Push for digit 

Next Canon 

Next Canon 

Fails pop 

Integer 

1 , digit 

Fails 

Falls 

Fails 

Falls 

Falls 

Fails 

Falls 

Fails 

Fails 

Fails 

Integer 

31 ^ Integer 

3^1 integer 

Next Canon 

Push for digit 

Next Canon 

Next Canon 

Pop 

Push for integer 

Push for digit 

Next Canon 

Next Canon 

Pop 

Next Canon 

Push for digit 

Next Canon 

Next Canon 

Pop 

Pop 

Pop 

Done 
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Flowchart of Simplified Algorithm 

ENTER 
with input string and 

predicate 

f EXIT I 

Set pointer to left 
of input string 

Check for fully 
scanned string 
output results. 

ft- 

V-±_ 
_Z (Another) canon defin- 
' ing this predicate? 

YES 

LEVEL 0? 
NO 

YES 

scan 
fails 

NO 
Identical to 

next 
character in 
input string? 

Another item in 

conclusion of canon? 

NO 

NO 

-) POP 

YES 

ERMINAL 
Mhat type?] 

VARIABLE 

(Another) premise^ NO 
' in canon? 

Select premise predicate 
with the variable. 
Create new input string 
of characters to right 
of pointer. 

YES r 
YES 

_JL-_ 
Used to generate 

definition of variable? 

NO 

Use definition of 
variable as input 
string 

PUSH 

RETURN 

© Save definition 
sf variable 

YES Response with 
lacanned input? 

"PUSH" means save state, go to "ENTER". 

"POP" means pop state, go to correct "RETURN". 4. 
Assemble results, 
consisting of 

scanned input string 
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At this point, the algorithm has arrived at tun an 
amvea at two answers; i.e., that 3 

and 31 are both integers. The first could not be immediately rejected 

beC*USC the ale0tIth" has "■> S"”’"' vhich Infor„s u that thcre 

ï tie type following Integer which would account for the rest of th< 

string. *t level zero however, we „y elininate such results, end the 

•ingle essertion that 31 is indeed an ,„,eg.r remains. 

We now consider the problem of left recursion c., 
recursion. Suppose one wrote 

canon 38 in the following manner. 

3». 1 integer ‘f'd digit (■ id integer 

The defined set integer has not been altered, but the algorithm will „o 

longer function correctly, hotc that whenever the program operates 

recursively to determine the de,in,t,on of ^ue^er (steps ,, 20), 

She length of the Input string has been reduced by one character. Unless 

She scan proceeded from right to left, the program using the canon above 

would be caught in an endless loop, term,„ted only by the eshaustlon of 

«mory. Although ,t would be possible to devise a scheme to avoid the 

problem and still Interpret the canon correctly, this would require 

some substantial effort which adds nothing to the scope or generality of 

Shi. work, instead, the canons are Inspected for left recursion and rejected 

If It occurs. This constraint doe, not prevent the definition of any set 

of Strings which tfould otherwise be defined. 

The example bring, out one other problem. At different points In the 

psocedure <e.g. step, « and 43), the program must handle several possible 

answers which result from the various ways In which the canons may define 

She .„put, on a theoretic, level this presents no problem, but In practice 

She manipulation of multiple large and nearly identical list, my exhaust 

■»»oty. For this reason, one should follow two suggestions 1„ using the 

system. Firstly, all syntactic types should be defined in 
as little 
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context as possible, so that the legality of a particular string is inviu. cl iate iy 

apparent, and does not depend on a construction occurring much further 

along in the input. In particular, the canonic systen should not allow 

the input string to be parsed in several different ways, only to discover 

much later that only one is legal. To do so involves the risk of exhausting 

memory. Secondly, the canonic system should be unambiguous; that is, a 

particular string should be generated by only one production or path of 

application through the canons. Otherwise, both productions will give rise 

to results. Although the ambiguity could be eliminated by checking foi 

identity among the results at any particular point, the comparisons would 

be extremely time consuming. 

We turn now to an extension of the algorithm for the case in which 

we wish to consider evaluating a predicate of degree greater than one, for 

which one or more of the terms are not known and are desired as translated 

output. The algorithm is presented at an arbitrary recursive level with 

input of arbitrary degree. For some of the input terms a character string 

is provided; some are merely marked "needed". Imagine a pointer positioned 

as before to the left of every term of the input set for which c. character 

string is provided. 

1. The program considers in sequence those canons directly defining the 

input in question, and performs the following steps (2 through 7) for each 

such canon. 

2. The algorithm assembles a list of undefined variables which occur 

in those terms of the conclusion corresponding to "needed" terms in che 

input set. These are variables which would not normally be defined during 

the scan of the conclusion, but for which definitions must be obtained in 

order to generate the required translations. Variables appearing only in 

the premises of the canon and not in the conclusion are also added to the 

list. 
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3. The input strings provided are matched in sequence against the corresponding 

terms in the conclusion of the canon. The program skips conslusion terms 

corresponding to "needed" terms in the input set. If the item in the 

conclusion at any particular point is a terminal character, the algorithm 

performs step 4; if a variable, the algorithm performs step 5. When the 

scan of a term is complete, the program leaves the pointer where it rests 

and proceeds to the next term for which input is provided, when all such 

terms are scanned, the algorithm proceeds to step 6. 

4. The item in the conclusion is a terminal character. It is compared 

with the character to the right of the pointer in the input string. If 

they are identical, the program returns to step 3 with the pointer shifted 

right one position. If they differ, the scan fails at this point and the 

algorithm returns to step 1 to pursue alternative definitions for the input. 

5. The item in the conclusion is a variable, and the algorithm must operate 

recursively to determine its definition. The program assembles a tew input 

sequence from one of the premises in which the input appears. For the 

other terms in the premises, it assembles a character string if the variables 

therein have been defined. If one or more of the variables is undefined 

and in the "needed" list, it marks the termas "needed". Otherwise, the 

term is marked as unneeded. The program saves its state and returns to 

step 1 with the assembled input set for the chosen premise predicate. 

Upon return, if there is no response, the scan fails. If there is a 

response, the pointer of the input string is advanced accordingly, the 

definition of the undefined variables recorded, and the algorithm returns 

to step 3. 

6. The scan of the conclusion is complete. Those premises which were 

not employed during the scan to generate definitions must now be verified. 

For these premises, the proper input strings for the terms are assembled 
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from the now-defined variables, and the algorithm operates recursively 

to determine whether the premise is satisfied. When all unchecked premises 

have been satisfied, the algorithm proceeds to the final step. If the 

return from recursion produces no response, or an input string not fully 

scanned, the scan fails and the algorithm returns to step 1 to consider 

any remaining canons. 

7. If the scan succeeded, the results for the next higher level of recursion 

are assembled. For each term given as a string, the string is returned 

with the mental pointer moved to a position following the last character 

inspected in the conclusion scan. For each "needed" term, the definition 

of the term is assembled from the terminal characters and the now-defined 

variables in that term of the conclusion. If there are more canons to be 

considered, the algorithm returns to step 1. If not at level 0, the program 

then pops to the next higher level. If the zero recursion level has been 

reached, th .■ evaluation is nearly complete. The results are checked to 

determine if there is a response in which all given terms have been fully 

scanned. If so, the "needed" terms are outputted. If not, there is a 

syntax error in the input. The expanded algorithm is presented as a flowchart 

below. 
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Flowchart of General Algorithm 
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A step-by-step example seel, ,s the previous table would be unduly 

lensthy „hen considering a non-tr,vial evaluation of a predicate of degree 

greater than one. Instead, consider as an example the action of the algorithm 

At the highest level of recursion as it seeks to determine „„ether an 

input string is a legal HINI ptogra„. Ih„ 0„ly relrv,„t ,s 

the last one. 

40' < s< P c r 's program with label list. <r s> in 

r P EKD 0K PROGRAM « MINI HAli nrn.ra- 

Ihe algorithm is presented with an input string „hid, is possibly a „ember 

»f MINI. HAD program. Before beginning to scan the i„p„,. the 

program determine, that , and r cannot be defined in terms of the input, 

and place, these variables in the undefined list. It then begins the 

»atch of the input string against the conclusion of the canon. Since the 

Item in the conclusion is a variable, it turn, to the first premise, „hich 

contain, p as a variable, order to determine the definition of p 

terms of the input string, since a and r are in the undefined list, i, 

»•rks these term, as ■'needed", and operates recursively to determine 

whether p is valid, and to produce s and r. The algorithm is presented at 

the next lower level with an ordered triplet in which the first and third 

elements are "needed" flag,. ,„d the second element an input string. „ 

the input is indeed valid, excluding the r.guirement that all reference 

labels be defined, the algorithm scan the input string at progressively 

deeper levels of recursion, eventually pacing „„t the statement labels, 

the various statements, etc. Since the first and third terms of program with 

—Ust; *rB ""Ceded"’ “ '•“‘X ep these terms from the various 

at.tem.nt and reference labels in the program, as directed by the canons 

g^-wlth label Use. Eventually, the algorithm ,1 

return to level tero. If there is no response returned from the lower level, 

the scan failed. If there is a response, it will consist of the input 
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string with the pointer shifted to the right, and the accompanying lists 

which comprise the first and third terms of program with label lists. The 

remaining part of the input string is then checked to see whether it consists 

of END OF PROGRAM*. S and r are now defined. In order to verify the 

second premise, the algorithm assembles an input set from r and s, and 

operates recursively to determine if the two lists satisfy the relationship 

in. Upon return, if there is a response, the program checks to see that 

both terms are fully scanned; that is, that the definitions of r and s 

agree in both premises. Since both premises are now satisfied, the 

algorithm returns the scanned input string as a response; The program is 

at level 0, and control is given to a final routine which insures that, if 

there is a response, the input string has been fully scanned. The routine 

prints out a message to the effect that the input was or was not legal 

MINI MAD. 

We turn now to the problems which may be encountered in evaluating the 

input in this manner. The potentially most disastrous problem is that of 

deciding how to generate the definition of variables not defined by the 

input. In the example above, there is no deterministic way of discovering 

from the one canon alone why the algorithm should not employ the second 

premise to generate the label lists. In this case, both terms of an input 

aet would be marked "needed", and the canon would operate recursively to 

determine the members of the set. The definitions would be inserted, one 

at a time, into the first premise until the correct ordered pair for 

the particular input were found. Unfortunately in is an infinite set. 

Thus, if both terms are marked "needed", the algorithm sets about generating 

all possible members of the set and speedily exhausts memory. On the other 

hand, when the definitions for r and s are determined in conjunction with 

the scan of p as terms in program with label lists, only one ordered pair 
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of label lists will be produced and inserted in the second premise. A 

similar but less serious problem might arise in determining the definition 

of p, if there were more than one premise containing p. Again, the choice 

of one premise over the other as a vehicle for determining the definition o. 

p might result in a markedly different number of returned responses. These 

problems have been solved by transferring the decision to the user, who 

indicates how the definitfon of a variable should be determined by marking 

one appearance of the variable in the premises with a prefixed dollar sign. 

When the program encounters the variable in the conclusion, it will employ 

the premise in which the variable appears with the dollar sign as the 

vehicle to determine its definition. If there is no dollar sign, the program 

uses the premise in which the variable first occurs. Similarly, when 

considering the other terms of the chosen premise, the algorithm will 

nark the term as needed only if the variables therein are prefixed with 

the dollar sign, or if there is no other term in which they appear. 

Another simplification is introduced in order to ease the programming 

effort. The restriction that premise terms contain one and only one 

variable reduces the complexity of the list manipulation which the program 

must perform. Again, this does not prevent the definition of sets whose 

definition is otherwise possibly. The premises in the canonic system which 

defines MINI MAD contain one and only one variable. An important point 

1. that with the restriction we have placed on canonic systems we have in 

no way diminished their power. 

This completes the description of the algorithm on the procedural 

level. The details of the use of the program, with examples, are described 

in appendix 3. We now turn to the intriguing question of the practicality 

of the canonic translator as a useful compiler. 



-32- 

The present program is wholly experimental, and we intend to use it 

to study the translation process. Three limitations exclude it from serious 

consideration as a practical device* 

1. Speed. The program uns, conservatively, over 1000 times more 

slowly than a normal compiler. 

2. Limitations on input. The program cannot accomodate large 

qu ititics of input data. 

3. Error indications. If the scan fails, the program pinpoints 

the last character inspected in the input string, but goes no further. 

Thus, only one syntax error is detected per compilation. 

I feel these limitations can be overcome, and that an implementation 

Of the algorithm might be extremely useful in acting as a trial compiler 

in the design of a language, or as a regular compiler for lesser used 

languages where the additional efficiency of a dedicated compiler is not 

worth the effort necessary to produce one. I shall not consider the use 

Of the algorithm for other language systems, such as the proof of theorems 

in boolean algebra. The further restrictions imposed on the generality of 

the algorithm in order to overcome the three limitations will probably reduce 

its usefulIness in other more exotic areas. The proposals follow in order 

of increasing returns and commensurate restrictions on the algorithm. 

1. Redesign and rewrite the program in. assembly language. The 

program as it now stands is the MAD language in neither elegantly designed 

nor brilliantly executed. The pressure of time and the necessity to have 

the program work no matter how clumsily, prevented extensive streamlining. 

2. Develop, perhaps in conjunction with propos.-1 1, a list processing 

system or data structure designed specifically for the algorithm. The 

SLIP list-processing system is elegantly designed, but its generality 

necessarily reduces its efficiency for this task. Measure 1 and 2 might 

provide a five-fold increase in speed, and a doubling of input handling 



-33- 

capacit y. 

3. Presently, all strings must be members of defined sets in order 

for premises to be asserted. Consider placing the left of the assertion 

sign premises which are true if and only if the definition of the variables 

are not members of the defined sets. Presently, it requires on the order 

of 26 2/2 canons to define the predicate differ for all letters of the 

alphabet. By defining a predicate same, as below, one could reduce this 

to 27 canons. 

s<Z c Z>; j^amo <x y> sane f <x y> d i f fer • • • • Ä* 

The signor indicates that the ordered pair x<y must not be a member 

of the set same in order to be a member of the set differ. This procedure 

would involve problems in originally defining variables, but could be used 

in premises which would only be verified after the variables have been 

defined. A moderate increase in speed would result, but the mathematical 

basis for canonic systems might well be destroyed. The possible implications 

of such a modification are vast and unexplored. 

4. The compilation of a program never produces two different 

translations. This fact raises questions about the efficiency of handling 

multiple results at many points in the procedure (e.g. in the example for 

the simplified algorithm). A program, at any point in the scan of the 

source statement, is either possibly syntactically valid or definitely 

invalid. The source statements cannot be construed in several different 

syntactically valid ways. Consider establishing the mle that the algorithm, 

at any point in the recursion, returns only the first valid definition it 

discovers for the predicate. Assume the definition of integci were as 

follows. 

41. d digit ^ i. integer di integer 
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Note that the recursive definition precedes the simpler canon, and the 

program considers it first. The action of the algorithm will be such that 

it continually operates recursively,eliminating a digit at each level, 

until it encounters a character other than a digit. The algorithm then 

"backs-up" one level, considers the alternative definition, and returns 

only one answer - an integer of the longest possible length, which is the 

definition actually desired. The implications of such a restriction are 

vast. By suitably positioning the non-recursive canons, one immediately 

eliminates more than half of the searching the program must perform. More 

importantly, such a rule eliminates all the list manipulation and duplica¬ 

tion the program must presently execute. The manipulations are largely 

responsible for the complexity and inefficiency of the present implementa¬ 

tion. Finally, such a restriction eliminates much "back-tracking", and 

makes it possible to contemplate a single, top-to-bottom pass of the input 

from auxiliary storage. Likewise, only one set of translation and "needed" 

lista must be built up, and this makes it possible to arrange the lists in 

a more conventional and more efficient, format. The careful and imaginative 

implementation of this restriction might improve the speed of compilation 

by a factor of 50, and make the input capacity of the program comparable to 

that of conventional compilers. The usefulness of the translator for more 

general purposes would be, however, severly restricted. 

5. One might consider using external subroutines to perform those 

functions (e.g. Jji and notin) clumsily handled by an algorithm which must 

essentially reverse the canonic production of the defined strings. If, as 

a result of proposal 4, the lists were arranged in a more conventional 

fashion, such subroutines might be easily implemented. 

6. Finally, "system predicates" might be useful. The implementation 

of the algorithm would consider such elementary predicates as letter, digit 
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and differ to be understood, so that they need not be defined. Determining 

that A differs from B by testing whether or not B is one of the other 25 

letters is hardly an efficient procedure. Such a provision might greatly 

speed the compilation. 

We have not considered the uses of the algorithm in areas other than 

language translation, and the implementation of some of these measures, part¬ 

icularly 4, would severely hamper the ability of the algorithm to perform the 

intent of the canonic system. Other measures, particularly 1 and 6, might 

still prove useful. Ihave also avoided proposing a means of dealing with 

the problem of error indications. This problem might well be the most 

difficult to solve, but should probably consist of meclianism whereby the 

algorithm backtracks one syntactic type (e.g. statement) from the one in 

which the error was detected, skips the syntactic type, and proceeds from 

there on. Such a procedure might well produce fast and efficient syntax 

error elimination similar to that produced by a normal compiler. 

Canonic systems are extremely powerful mechanisms for the definition 

of complicated strings. The areas in which canonic systems are applicable, 

and the possibilities for future study, are both vast and exciting. The 

possibility of a truly practical generalized compiler implemented through 

canonic systems deserves further investigation. 



Appendix 1. 

A.Canonic system specification of the syntax of MINI MAD. 

Digit I" 0 ¿ 1 ¿ 2 ... ¿8ll9 digit 

Integer d digit f d integer 

d ¿igit ;| 1 integer ^ di integer 

Label J" B.: C label 

Differ j" <A<B>d <A<C> <B<;C> differ 

<x<y> differ <y< x> differ 

Not in fi _label notin 

<x ^ y> notin cj. <X< differ j. <X<J ,y> nottn 

In J- A > in 

<x< y> in C(- label <x^ , y> ^ 

<x< y> in ^ label <^,x<i',y>in 

<x* y> in ^ <z< y> J. <X2^ y> ^ 

Variable |- Yw. Z variable 

Expression v variable f- v expression 

i integer j. i expression 

v ^table f X expression |- v+x expression 
i integer | x expression i+x expression 

Conditional |- ^ conditional 

x expression f y expression (- WHENEVER x .E. y, conditional 

Program with label lists 

(- <A¿ A< A> _program with label H«i-« 

<'^ r> “tth label l,.r, ^ v I x gxpr0!i8lon , 

c concUtlonal <s CV-X ♦ p, r> ?roarm vtth ,,„.T 
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<s^ P< r> program with label lists ¿ s> not In J- 

v variable x expression i|. c conditional |- 

< £,s< cv=x * p r> program with label lists 

<s< P« r> program with label lists <|. m label ^ c conditional 

f- <s^ c TRANSFER TO m * p„ m, r> 

program with label list 

<8< P< *> program with label lists <j, m label | <^s> notin 

f c conditional \<j ,s<j? c TRANSFER TO m * m>s> 

program with label lists 

11. MINI MAD program 

<«< P< r> program with label lists «f- <r < s> in 

|- p END OF PROGRAM * MINI MAD program 



T 
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B. Canonic system specification of the syntax and translation of MINI MAD 
into PSEUDO FAP. The dollar sign in PSEUDO FAP indicates "this location". 

1. Digit I" 0ú.1¿2a ... a. 8 a 9 digit 

2. Integer d digit [ d integer 

d digit i integer [“ di integer 

3. Labe 1 |~ A a B a C label 

A. Differ [ <A<1B>a <A^C>a<B^C> differ 

< *<y> differ <y^x> differ 

5. Notin J label |- </<A> not in 

<x<y> no tin ^ < x c ^ > differ (■ < x<^, y> notin 

6. In )" < A\<A, > in 

<x<y> in label f- < x^/, y> in 

< x<y> in £ labe 11- < -^x,, 6 y > in 

<x <y> in <4- <x<y> in f- <xz<y> Ln 

7. Variable I" X¿ Ya Z variable 

8. Expression v variable [- v < CLA v*> expression 

i integer (- CLA «i expression 

v variable 4 < * < y^ expression (■ < v+x <y ADD v* ^ expression 

1. integer 4'<x< expression f < i+x<. y ADD «i* > expression 

9. Conditional |" < A^A > conditional 

<x^y> expression 

f- < WHENEVER x 

SUB IMP* 

<u<v> expression 

“ j < y STO TMP* 

TNZ $+3> conditional 

10. Program with translation 

|- < A< A<A > program with translation 
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<«< Pc f< t> program with translation c|. v variable 

j"<x< y> expression cj, <c<. d> conditional j. 
<s< cv=x * r«; y STO TNP * 

d CLA TNP * STO V * t> 

program with translation 

<s< P< t> program with translation [ < ^ s > not in (j- 

v variable j <x y> expression | <c.; d> conditional 

J- i s< ^ cv=x* p< r^ 

/ y STO TNP* d CLA TNP* STO V * t> 

<8^ p< r< t> program with translation -.j. m label <c< d> conditional I- 

<8^ c TRANSFER TO m * p.. m, r< d TRA m * NOP * t> 

program with translation 

<•< P< r-t t> program with translation m label | »> notin I c conditional 

|-<J? ,8<^ c TRANSFER TO m * p< m, s<;/ d TRA m * NOP* t > 

program with translation 

MINI MAD - PSEUDO FAP 

<«< P<r r«r t > program with translation gf <r<S> in 

(• < p END OF PROGRAM* t HLT* 

IMP DEC* TNP DEC* END * > 

MINI MAD - PSEUDO FAP 
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As an example, the program given previously in the text is reproduced 
below with the equivalent PSEUDO FAP program. 

A X = 15 
B X = X+l 

WHENEVER X .E. 123, TRANSFER TO A 
TRANSFER TO B 

A CLA =15 
STO X 

B CLA =1 
ADD X 
STO X 
CLA X 
STO TNP 
CLA =123 
SUB TNP 
TNZ $ + 3 
TRA A 
NOP 
TRA B 

TMP DEC 
TNP DEC 

HL1 
END 
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Appendix 2. 

A canonic system specification for the syntax of SNOBOL. 

The canonic system presented in this appendix defines the syntax 

of SNOBOL as implemented on the 7094 CTSS system at MIT. The language 

is used for string processing and contains statements for string 

matching, replacing, deleting and inserting. The language also 

has a few arithmetic capabilities. Those not familiar with th' 

language may find reference 5 useful. 

The canonic system is listed below. X. represents a space. 

1 

2* f- 0Al¿2 ••• 7^8¿9 digit W dlgit 

4. X name character - x . '* + -/?* 
— AAA A A l' . . — ■ Va ¿*4VaVaV -^el character 

5 x name character -x . ( \ * a. / i m 
â * A ' A ' A i A * A * A * 4 ?a“û$ string character 

x string character 

7. ‘ +a "a4 * 0Perator 

8. . ^ tab 

9. 

10. x spaces L x vx spaces L 

13. x str 

12 x string character string j. xy string 

x string L 'x' literal 

15 

14. x letter x la-tter <^-y dj^it <j z label character a label j. x^y^az label 

x jigit y integer L yx integer 

z label character x^y^az label 
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16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

x string name <j-y literal |- x^y operand 

x¿y operand ¿j z expression cj- v operator s spaces 

|- xsvsy^ xsvsz^ zsvsy^ (z) expression 

x operand y expression cj-z term cj- s spaces 

y A zsx A zsy term f 
x term j- x concatenation 

name 

x string name J- *x* variable name 

xA y string name cj'z integer J- *x/y*A »x/'z'* fixed length 

x string name |- *(x)* balanced name 

x string name c[ y literal ¿J1 uA v term cj-w indirect name 

cj's spaces $x ¿ $y¿ $(w)A $(usw)A $(wsu)^ $(uswsv) indi rect name 

a^<cX* * • a^<C)4‘ differ 

a a e a ^ string 4 differ |- (ace^abf^different 

(x< y) different |- ^y< x^o if ferent 

x label y list j- A¿ yxu list 

x llg-È [• (A< ^ in 

x4 y Mst«|<^w< xy^in «^1 label J- ^wlu^ xlwyjjji 

xy)in < xy)lil J' ^wu<x^in 

[ (*<a) x label notin 

notin label x y^ different 4<x ^ z^ not in |- ^x ^ zyu) 

x string name ^ y concatenation t| s spaces 

j-xs^sy assignment statement 

x operand cj-y expression cj u variable name <1 'v fixed length name 

4v balanced name Q z indirect name k uv.wxv z I j ¿a AAA 

scan operand 



X scan operand scan Cps spaces j- xsz scan 

X operand cj y concatenation 4 z scan s spaccs 

xsz^ xszs«sy scan statement 

f 
f 

-EJECT^j -LISTa -NULLOP OP^ -PCC a -SPACE 4 -TULE 

A -UNLIST control word 

X operand cj'a arguments j. x^ a,x4 x,a A (a) arguments 

X string name rj, a ^uments (• x<a) name if 

x(a) system function 

x if^Si f Y indirect name j. reference label 

<x<y)i(\x) reference label |. (/(^ y^/F(x)<y^ 

4 ^SixjFiw)^yz^ branch 

x scan statement fy assignment statement i z system function 

(u<v) branch ^) » spaces |- A^tSU^V^ 

/ysu<v)a(z<^)a4 su<v} right hand side 

<x<y) right hand side |- ^ENDÍx<y^A^END< ^ end card 

KA<A<A) program string 

(p<<1<r)£-roSram st:rlnR fx control word j- ^P^<lxJ<r^ program string 

(P<q<r) Program string f ^x<y^ right hand side fu label 

if {u<p} notin |- (p<qlxJ<ry)4^puoj<quix^< ry) program string 

(p<q/r) program string cj ^ENDcd\ not in f ^y) end card 

f(ry< p} in |_ qx} program 
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Appendix 3. 

Use of Program. 

The program which implements the algorithm allows the user to type in 

a series of canons defining a se of strings, followed by the input he wishes 

to have analyzed. The program then scans the input string or strings for 

correct syntax. If the input is syntactically correct, a message to this effect 

is printed. Further, if the input is defined as only one of several terms 

in the final predicate of the canonic system, the other terms corresponding 

to the input may be produced. If the scan fails, the program identifies 

the character in the input string which was the last character inspected. 

The sequence of messages and the proper responses as the program 

executes on the MIT CTSS system are as follows. 

INPUT CANONS. 

A set of canons may now be input, subject to the restrictions described in 

the text and summarized briefly below. 

1. Canons may contain only one conclusion. 

2. The terms of the premise predicates may contain one and only one 

variable, and no t. rminal characters. 

3. Left recursion in all terms of a predicate is not permitted. Partial left 

recursion evokes a warning message. 

The user inputs the canons according to the following rules which implement 

the punctuation of the canonic system. 

1. ^ rings of terminal characters must be enclosed in break characters 
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C/or *). 

2. The digit 1 and the digit 2 when not enclosed ;n breaks represent 

respectively a tab and a carriage return. 

3. Letters represent variables. All variables used in the conclusion must 

be defined in the premises. 

4. Predicate names must consist of six characters or less, and be enclosed 

in hyphens. 

5. The terms of a predicate are separated by periods. 

6. The premise remarks of a canon are separated by commas. 

7. An equals sign replaces the assertion sign. 

8. Spaces and carriage returns are ignored except when enclosed in breaks, 

but each line may not contain more than one canon. 

The examples at the end of this appendix will serve to clarify the syntax rules. 

After the last canon, the user types 'end' at the beginning of a line. The 

program responds with the following sequence after checking that all predicates 

used as premises are defined as conclusions. 

CONSITENT SET OF CANONS. 

LIST OF DEFINED PREDICATES AND DEGFEES. 

The predicates typed in are then listed in the order in which they first appeared. 

INPUT OF SOURCE STRINGS. 

TYPE FINAL PREDICATE. 
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The user responds by typing the predicate name which defines the input stri ng 

he wishes the program to consider. 

TYPE -NONE ED-, -NEED - OR -INPUT- FOR EACH TERM. 

TERM NUMBER n OF -predicate- 

At this point the user declares which terms of the final predicate he wishes to 

input and which terms he desires as translation. ’Noneed’ indicates that he 

wishes neither to input the term nor receive it as output. ’Need* indicates 

he wishes to receive the term as a translation. 'Input' means that he wishes 

to type in an input string for the term. In this case, the program responds. 

INPUT STRING. EXTRA CARRIAGE RETURN INDICATES END. 

The user may now type in input which will be verified for syntactic correctness, 

and for which the program will produce output corresponding to 'needed' 

terms. Carriage returns are counted as characters. If the user wishes instead 

to input card images, he may do so by typing in 80 characters or more. The 

input is truncated at 80 characters and in this case the carriage return will 

not be counted. 

After all terms of the final predicate have been considered, the program types 

this message. 

TYPE 0, 1 OR 2 FOR DEPTH OF COMMENTS. 

The user responds by typing a single number. If 0, the program will print 

only the final results. If 1. it will remark on extraordinary conditions which 

occur. Typing 2 results in messages whenever the program "pops" or "pushes". 

A larger number will result in the output of various lists which comprise the 

intermediate results of the scan. These lists, while useful during program 
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I 
i 

during program debugging, are rather incomprehensible except to those 

familiar with both the program and the SLIP system. 

The program then types 

SCAN BEGINS. 

When the program returns to the zero level of recursion, it will type out the 

results of the analysis. If the scan succeeds, and if terms are ’needed’, 

these terms are printed. If there is more than one translation, all will 

be printed. In the examples which follow, the execution time, which is 

printed in seconds at the end of the run, indicates the problems of execution 

speed to be overcome if one wishes to make a practical canonic translator. 

There are three examples of canonic translation. The first is relatively 

simple. It illustrates a scheme for coding messages by replacing the 

letters in the message with their successors in the alphabet. The 

second example demonstrates the construction of an expression in MINI MAD 

and the corresponding PSEUDO FAP instructions. The third example, 

an extension of the second, demonstrates the construction of an assignment 

statement in MINI MAD and the translation into PSEUDO FAP. Note that 

no data cells were reserved, although this could haNe been easily implemented. 

A final example illustrates the error analysis of the program. 
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resume thesis 
W 2121.4 
INPUT CANONS. 

“ 'a'.'b' -palr- 
■ 'b'.1c' -paIr- 
^ 'c'.'d' -palr- 
- 'd'.'e' -pa!r- 
« 'e'.'f -pa l r- 
■ 'f'.'a' -palr- 
x.y -pair- = x.y -code- 
x.y -pair-/ u.v -code- * xu.yv -code- 
u.v -code- = u2 . v' Is the coded message for *u2 
end 

CONSISTENT SET OF CANONS. 

LIST OF DEFINED PREDICATES AND DEGREES. 

1. - PAIR- 2 
2. - CODE- 2 
3. -MESSAG- 2 

INPUT OF SOURCE STRINGS. 
TYPE FINAL PREDICATE, 
messag 

TYPE -NONEED-/ -NEED- OR -INPUT- FOR EACH TERM. 

TERM NUMBER 1 OF -MESSAG- 
Input 

INPUT STRING. EXTRA CARRIAGE RETURN INDICATES END. 

abcdef 

TERM NUMBER 2 OF -MESSAG- 
need 

TYPE U, 1 OR 2 FOR DEPTH OF COMMENTS. 
0 

SCAN BEGINS. 

SCAN SUCCESSFUL. 
TRANSLATED OUTPUT (IF ANY) FOLLOWS. 

TERM NUMBER 2. 

BCDEFA IS THE CODED MESSAGE FOR ARCDEF 

END OF RUN. 
EXITM CALLED. GOODBYE. 
R 7.150+6.983 

-messag- 
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resume thesis 
^ 2127.5 
INPUT CANONS . 

* 'x' -variaB- 
■ 'y* -varlab- 
* 'z' -varlab- 
■ '1' -dlglt- 
■ '2' -dlglt- 
- '5' -dlglt- 
d -digit- = d -Integ- 
d -digit-, I -Integ- a dl -Integ- 
I -Integ- * l . ' cla -expres- 
V -varlab- = v . ' cla 'v2 -expres- 
I -Integ-, x.y -exprès- - l'+'x . y' add »'12 -exprès 
WARN I NP,- PARTIAL LEFT RECURSION IN LIME NUMBER 11 
V -varlab-, x.y -exprès- « v' + 'x . y* add 'v2 -expre i 
WARNING- PARTIAL LEFT RECURSION IN LINE NUMBER 12 
x.y -exprès- « x2 . 'this Is the translation for. 'x22 

y' end'2 -exampl- 
end 

CONSISTENT JET OF CANONS. 

LIST OF DEFINED PREDICATES AND DEGREES. 

1. -VARI AB- 1 
2. - DIGIT- 1 
3. - INTEG- i 
4. -EXPRES- 2 
5. -EXAMPL- 2 

INPUT OF SOURCE STRINGS. 
TYPE FINAL PREDICATE, 
exampl 

TYPE -N0NEED-, -NEED- OR -INPUT- FOR EACH TERM. 

TERM NUMBER 1 OF -EXAMPL- 
input 

INPUT STRING. EXTRA CARRIAGE RETURN INDICATES END. 

x*123*y*321*z 

TERM NUMBER 2 OF -EXAMPL- 
need 

TYPE Ü, 1 OR : FUR DEPTH OF COMMENTS 
0 



-51- 

SCAH BEGINS. 

SCAN SUCCESSFUL. 
TRANSLATED OUTPUT (IF ANY) FOLLOWS. 

TERM NUMBER 2. 

THIS IS THE TRANSLATION FOR X* 12;>♦ Y*521*Z 

CLA Z 
ADD =321 
ADD Y 
ADD =123 
ADD X 
END 

END OF RUN. 
EXITM CALLED. GOODBYE. 
R 16.735+4.363 
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resume thesis 
rf 215U.5 
INPUT CANONS. 

'x' 
•y. 

'z' 
'I' 

'2 ' 

'3' 

-variab- 
-varIab- 
-varlab- 
-dlglt- 
-dlgit- 
“dlg|t- 

d -digit- * d -Integ- 
d -digit-, I -Integ- = d! -Integ- 
I -Integ- s I • ' cla -^2 -expres- 
y -yarlab- - v . ' cla 'v2 -expres- 
I -Integ-, x.y -exprès- * I'*»* y' 
NARHIMn- PARTIAL LEFT RECURSION Ín LINE 
v -varlab-, x.y -exprès- * v''*-1- ••1 
WARNING- PARTIAL LEFT RECURSION 
v -varlab-, x.y -exprès- » v1 
x.y -assign- » x2 . 'this Is 

IN 
y 
LINE 

end 
end'2 -exampi- 

“ x 
the 

add »'12 -expr »s- 
NUMRER 11 
add *v2 -expr2s- 

NUMRER 12 
sto 'v2 -assign- 

translation for 'x22 

CONSISTENT SET OF CANONS. 

LIST OF DEFINED PREDICATES AND DEGREES. 

1. -VARIAR- 1 
2. - DIGIT- 1 
3. - INTEG- 1 
4. -EXPRES- 2 
5. -ASSIGN- 2 
b. -EXAMPL- 2 

INPUT OF SOURCE STRINGS. 
TYPE FINAL PREDICATE, 
exanpl 
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TYPE -NOHEED-, -NEED- OR -INPUT- FOR EACH TERM. 

TERM NUMBER 1 OF -EXAMPL- 
I nput 

INPUT STRING. EXTRA CARRIAGE RETURN INDICATES END. 

y=x + 123 + y*-32 il + z 

TERM NUMBER 2 OF -EXAMPL- 
need 

TYPE U, 1 OR 2 FOR DEPTH OF COMMENTS. 
U 

SCAN BEGINS. 

SCAN SUCCESSFUL. 
TRANSLATED OUTPUT (IF ANY) FOLLOUS. 

TERM NUMBER 2. 

THIS IS THE TRANSLATION FOR Y«X*123+Y+32li*Z 

CLA Z 
ADD -3211 
ADD Y 
ADD «123 
ADD X 
STO Y 
END 

END OF RUN. 
EXITM CALLED. GOODBYE. 
R 18.866+8.400 
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resuf.ie thesis 
W 2200.4 
INPUT CANONS. 

* 'this Is a test sentence'2 -exampl- 
end 

CONSISTENT SET OF CANONS. 

LIST OF DEFINED PREDICATES AND DEGREES. 

1. -EXAMPL- i 

INPUT OF SOURCE STRINGS. 
TYPE FINAL PREDICATE, 
exampI 

TYPE -NONEED-, -NEED- OR -INPUT- FOR EACH TERM. 

TERM NUMBER 1 UF -EXAMPL- 
Input 

INPUT STRING. EXTRA CARRIAGE RETURN INDICATES END. 

this Is not a test sentence 

TYPE 0, 1 OR 2 FOR DEPTH OF COMMENTS. 

SCAN BEGINS. 

SCAN FAILED. SYNTAX ERROR IN INPUT STRING(S). 
NO TRANSLATED OUTPUT. 

LAST CHARACTER INSPECTED IN TERM 1 NAS N IN MIDST OF FOLLOWING CONTEXT 

THIS IS NOT A TEST SENTE 

END OF RUN. 
EXITM CALLED. GOODBYE. 
R .583+2.766 
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Appendix 4. 

Program Listing. 

The program listing for the program which implements the canonic 

translation algorithm is contained in this appendix. The program may 

be divided into three parts: a preliminary phase which verifies the 

syntax of the canons typed in and assembles them into a SLIP list 

structure, the recursive scanning routine which forms the major part 

of the code, and a final routine which inspects and prints the 

results. Understanding the code requires a thorough comprehension 

of the SLIP system developed by Weizenbaum (7). The lack of elegance 

in the program is quite the fault of the author. 

The following table identifying the major parts of the code 

may prove useful. 

Label Lines Purpose of Code 

NEWORD 57-74 

107-285 

383-395 

396-434 

EVAL 444-472 

PUTIN 505-574 

Inputs a line from the typewriter, feeds characters 

one at a time to the canon-analyzing routine. 

Reads predicate names and makes various checks 

(left recursion, degree same as before, etc.) and 

assembles into list structure. 

Identifies next variable to be encountered should 

be marked as the one to use if the variable is 

needed in the later phase. 

Inputs variable and assembles into SLIP structure. 

Checks that all variables are defined. 

Assembles list structure for input to scan program 

at zero level. 
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LUPOOO 592 Beginning of recursive routine. It is to this point 

that the program returns when "pushing". 

603-617 Makes an "object time" check for left r«_:ursion. 

OUTCHK 621-671 Creates the 'needed' list of variables for which 

definitions must be found from other than the input 

string. 

LUP008 677-697 Handles multiple results, each of which must 

be analyzed in turn. 

717-855 Compares input string with conclusion, "pushing" 

to find definition of variables if necessary. 

PUSHIT 871-893 Saves state of program and returns to the beginning 

of the scan routine. 

PRMCHK 897-977 Checks premises of a canon. 

ASSMBL 981-1038 Assembles results of scan for next higher level 

before "popping". 

POP 1042-1075 Uncovers the state of the program and goes to 

appropriate return routine. 

POPI 1080-1164 Analyzes return resulting from "push" daring 

scan of conclusion. 

POP2 1165-1196 Analyzes return resulting from "push" during 

check of premises. 

THKGOD 1200-1344 Outputs results of scan. 

HERAUS 1348-1350 Exit. 

1355-1381 Obtains character from input data area, using 

pointer furnished by culler. 
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1385-1394 Reads answers using input routine at top. 

1-62 Subroutine to print out the content and structure of lists 

for debugging. 
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M5364 

BEGINS 

LOOPl 

SKIP 

NEMPKK 

NEWTKP 

NEMORD 
RO LI NE 

5163 THESIS MAO FOR M5364 
R 
R 
R 
R CANONIC TRANSLATION PROGRAM. 
R THIS PROGRAM EMPLOYS A CANONIC SYSTEM AS A BASIS 
R FOR RECOGNIZING DEFINED SETS OF STRINGS. THE 
R FIRST PART OF THE PROGRAM VERIFIES THE SYNTAX OF 

THE CANONIC SYSTEM WHICH iS INPUT AND 
ASSEMBLES IT INTU A SLIP LIST STRUCTURE. 

J«EJ^C0ND PART 0F TH£ PROGRAM OPERATES RECURSIVELY 
TO DETERMINE WHETHER A GIVEN STRING IS A MEMBER 

0F STR,NGS* °R whether the given 
STRING IS ONE ELEMENT OF AN ORDERED N-TUPLE 
WHICH IS A MEMBER OF A DEFINED SET. IN THE LATTER 
CASE» THE OTHER ELEMENTS OF THE N-TUPLE MAY BE 
OUTPUT AS TRANSLATIONS. 

5163 

R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
N'S INTEGER 
BOOLEAN EQUAL, EOLIND, STRTND, ERRS. 

1 .LEMPTY, INP, OOLIND 
DIMENSION BUFFER 114), INPUT (1000) 

R 

RIMTIALIZATION OF SLIP SYSTEM. 
R 

NOTIN, in, SOMERC, allrc 

IMTAS. (0) 
LIST. (SYSTEM) 
LIST. (NAMES) 
LINE « 0 
CEFNUM » 3 

R 

RIMTIALIZATION OF SYSTEM 
R 

PRINT COMMENT (INPUT CANONS.* 
PRINT COMMENT ( $ 
T'O SKIP 

R 

RIMTIALIZATION PRIOR TO READING A CANON 

IRALST. (VAR) 
IRALST. ,( SVEVAR ) 
OEF « LIST. (9) 
LIST. (VAR) 
LIST. (SVEVAR) 
NEED * LIST. (9) 
CCLIND a jB 
CCND a i 
EQUAL a OB 
ECLIND a ib 
PREM * LIST. (9) 
TRMNUM a j 

^TERM a LIST. (9) 

<UCJUST.O i;™«; CHARACTER, RIGHT 
R 

W*R .NOT. ECLIND, T'O GETW 
NUMB a RDFLXC. (BUFFER, B4) 
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LINE = LINE ♦ 1 
ECU ND = .'B 
PCS = 6 
I = -1 
STRTND = IB 
W*R POS .GE. 6 

POS = 0 
1 = 1 + 1 
WORT = BUFFER ( I I 

E 'L 
W'R NUMU .E. J, T'O ROL I NE 
NCMB = NUMB - 1 
W'R NUMB .E. J. EOL INO = 1B 
PCS = POS ♦ 1 
WC RD = WORT .RS. 30 .V. $ 
WCRT = WORT .LS. 6 

0$ 

RCHECK TO SEE IF READING ANSWER TO QUESTIONS. 
R 

W'R COND .E. B 
T•0 RDANS 

R 
RCHECK FOR REMARK AND END CARDS 
R 
CR ST KINO 

STRTND = OB 
W'R WORD .E. t *»* T•O RDL1NE 
W'R BUFFER (01 .A. 77777700C0JOK ,E. $ENOO„3t 

W'R COND .E. 1, T'O EVAL 
PRNTP. (ERRi) 
VS ERRI = SLAST CANON IS INCOMPLETE», 377777777777 

1K 

E'L 

T ' 0 ERRIN 
E'L 

RCHECK TO SEE IF READING 'LITERAL' OF TERMINAL CHARACTERS 

R 
W'R COND .E. 6 

W'R WORD .E. BREAK 
COND * 2 

O'E 
NEWBOT. IWORD, TERM) 
W'R EOLINO, NEWBOT. ! 606060606055K, TERM) 

E'L 
T'O NEWORD 

O'R WORD .E. I t 
T'O NEWORD 

R 
RCHECK TO SEE IF READING PREDICATE 
R 
CR COND .E. 7 

W'R WORD .NE. * -t 
LENGTH * LENGTH ♦ 1 
W'R LENGTH .E. 7 

PRNTP. ( ERR2 I 
VS ERR2 « »TOO MANY CHARACTERS IN PREDICATE» 

1, 3T7777777777K 

E'L 
T'O ERRIN 

It 
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LOOPS 

L00P4 

LOOPS 

RBUILD UP PREDICATE, CHARACTER BY CHARACTER 
R 

NAME * NAME .LS. 6 .V. WORD .A. OOOÜOOOOOS77K 
T'O NEWORD 

R 

RSAVE PREDICATE NAME JUST READ IN 
R 

O'E 

EQUIV * ITSVAL. INAME, NAMES) 
W•R EQUIV .E. 0 

DEFNUM « OEFNUM ♦ 1 
EQUIV « DEFNUM .V. TRMNUM .LS. 18 
NEWVAL. (NAME, EQUIV, NAMES) 

E *L 
CHKNUM - EQUIV .RS. 18 
EQUIV « EQUIV .A. 777777K 

R 

RCHECK DEGREE OF PREDICATE 
R 

1H*- IN 

W*R TRMNUM .NE. CHKNUM 
P'T ERR15, NAME, LINE 

VS ERR15 * *H • DEGREE OF PREDICATE -‘.Cò, 
LINE NUMBER*, IS,H* NOT AS PREVIOUSLY DEFINED'•i 

T • 0 ZAPALL 
E * L 

R 

RIF CONCLUSION, MAKE VARIOUS CHECKS AND ADD CANON TO SYSTEM 
R 

VR EQUAL 
R 
RCHECK FOR LEFT RECURSION 
R 

1 

IS 

.A. 777777K 

LRECUR « SEQROR•(DEF) 
CHKPRM « SEQLR. (LRECUR, F) 
W*R F .G. 0, T'O CHKILL 
PRMPRM » TOP. (LSTNAM. (CHKPRM)) 

W'R PRMPRM .NE. EQUIV, T'O LOOPS 
CHECKC ■ SEQROR. 
CHECKP « SEQROR. 
SOMERC « OB 
ALLRC * IB 
TERM? « SEQLR. (CHECKP, 
TERMC ■ SEQLR. (CHECKC, 
W'R 

(PREM) 
(CHKPRM) 

F) 
C) 

377777777777K 

F .G. 0 .OR. G .G. O 
VR SOMERC .ANO. ALLRC 

PRNTP. (ERRll) 

V'S ERRll ■ SCOMPLETE LEFT RECURSION 

1 RECURSION IN 

T'O ERRIN 
O'R SOMERC 

P'T ERR 12, LINE 
VS ERR12 « SH'WARNING- PARTIAL 

L TNE NUMBER*,I3*S 
E'L 
T*0 LOOPS 

E'L 
TERM! « SEQROR. (TERMP) 
TERM2 - SEQROR. (TERMC) 
PPPREM « SEQLR. I TERNI, F) 
CONCLU » SEQLR. (TERM2, G) 

LEFT 

riÉÉ à 



T'O LOOP* 

CHKILL 
ADVANP 

ADVANT 

ADVANV 

GOOF.1 

L00P6 

AOVANL 

1 CHKPKM .AND. 

WR F .G. j .OR. G .G. 0, 
WR F .L. 0 .AND. G .L. O 

WR PPPREN .E. CONCLU, T'O LOOP5 
O'R F .E. j .AND. G .E. O 

WR TOP. (LSTNAH. (CONCLUI) .E. 
PPPREM .E. CONCLU 

SOHERC » IB 
T'O L00P4 

E'L 
E ' L 
ALLRC * wB 
T'O LOOP4 

R 
RCHECK FOR ILLEGAL VARIABLE CONSTRUCTION, I.E. 
RA PREMISE TERM WITH MORE THAN A VARIABLE. 
R 

1 

1 

READP = SEOROR. (DEF) 
PREMP * SEOLR. (READP, FI 
WR F .G. 0, T'O NOUSE 
READT * SEORDR. (PREMP) 
TERMP » SEOLR. (READT, F) 
WR F .G. Û, T'O ADVANP 
NOTIN * OB 

377777T77777K 

IN - OB 
VARCNT « 0 
REAOV * SEORDR. (TERMP) 
VAR I AB * SEOLR. (READV, F) 
WR F .G. O 

WR VARCNT .G. I 
PRNTP. (ERR16) 
VS ERR16 * $ VAR I ABLE NOT ISOLATED» 

377777777777K 

T'O ERRIN 
O'R VARCNT .L. 1 

PRNTP. (ERR22) 
VS ERR22 « »TERM WITHOUT VARIABLE» 

T'T ERRIN 
E'L 
T'O ADVANT 

P'T NOTTV 
VS NOTTY 

I 7777777777K 

E'L 
WR F .L. 0, T'O GOOFOI 
VARIAS » TOP. (VARIAS) 
VARCNT - VARCNT ♦ I 
REAOC * SEORDR. (SVEVAR) 
TERMV « SEOLR. IREADC, F) 
WR F .G. 0 

NOT IN - IB 
REAOL * SEORDR. (NEED) 
TERML ■ SEOLR. (READL, F) 
WR F .G. J 

NEWBUT. (VARIAS, NEED) 
, VAR I AB 
■ »H'NEEO '.Có"» 

T'O ADVANV 
O'R VARIAB .A. 7777777777K E. TERML .A. 

1 (READL)I 

E'L 

SUBST. (VARIAB .V. 77K1Û, SEQPTR 

T'O ADVANV 
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NOUSE 
AD VA NN 

ADDCAN 

T'O ADVANL 
O'R TERMV .E. VARIAS 

IN * IB 
T'O ADVANV 

E'L 
T'O LOOP6 

RCHECK FOR 
RIN CANON) 
R 

UNUSED VARIABLE (ONE WHICH OCCURS ONLY ONCE 

READL * SEORDR. (NEED) 
TERML * SEOLR. (READL, F) 
W'R F .G. 0, T'O ADDCAN 
W'R TERML .A. 77K10 .E. 77K IO 

TERML « TERML .A. 607777777777K 
T'O ADVANN 

IH* IN LINE 

E'L 
P'T 
VS 

NUMBER' 

R 
RIF 
R 

ERRI7, TERML, LINE 
ERR17 * SH'WARNING- VARIABLE ',RC1 
13,H* UNUSED'*» 

DELETE. (SEQPTR. (READL)) 
T'O ADVANN 
MAKEDL. (PREM, DEF) 
MAKEOL. (NEED, PREM) 
EQU *• I TS VAL • (EOUIV, SYSTEM» 
W'R EQU .E. 0 

EQU * LIST. (9) 
NEWVAL. (EQUIV, 

E'L 
NEWBOT. (DEF, EQU) 
COND * 1 
T'O LOOP1 

EQU, SYSTEM) 

NOT CONCLUSION, SAVE PREMISE AND PREMISE PREDICATE 

O'E 
NEWBOT. (PREM, DEF) 
TEMP * LIST. (9) 
MAKEDL. (TEMP, PREM) 

NEWBOT. (EQUIV .V. TRMNUM .LS. 18, TEMP) 
COND * 3 
T'O NEWPRM 

. E'L 
E'L 

R 

RCHECK FOR BREAK BETWEEN TERMS 
R 

CR WORD .E. t .» 
W'R COND .NE. 2 

PRNTP. (ERR 3) 

VS ERR3 ■ »MISPLACED PERIOD», 377777777777K 
T'O ERRIN 

O'E 
NEWBOT. (TERM, PREM) 
TRMNUM - TRMNUM ♦ 1 
COND * 4 
T'O NEWTRM 

E'L 
R 

RCHECK FOR BEGINNING OF NAME 
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R 
C’R WORD .E t -> 

WR COND .NE. 2 
PRNTP• (ERR4) 
VS ERR4 « IMISPLACED HYPHEN», 377777T777T7K 
T'O ERRIN 

O' E 
- CONO * 7 

LENGTH « 0 
NAME * » » 
NEWBOT. (TERM, PREM) 
TRMNUM * TRMNUM ♦ l 
T'O NEWORD 

E'L 
R 
RCHECK FOR BEGINNING OF TERMINAL CHARACTER 'LITERAL' 
R 

C'R WORD .E. $ •$ .OR. WORD .E. * •» .OR. WORD .E. 
1 t /» 

WR COND .E. 3 
P'T ERR13, WORD, LINE 
VS ERRIJ « »H.MISPLACED '.,RC1,H.' IN LINE NUMBER 

1,13*» 
T'O ZAPALL 

O'E 
BREAK * WORD 
CONO - 6 
T'O NEWORD 

E'L 
R 
RCHECK FOR COMMA AFTER PREDICATE 
R 
C'R WORD .E. t , t 

WR COND .NE. 3 . 
PRNTP. (ERRS) 

. . VS ERRS - »MISPLACED COMMA*, 377777777777K 
T'O ERRIN 

O'E 
CONO « 4 

..T'O NEWORD 
E'L 

R 
RCHECK FOR EQUALS, BEGINNING OF CONCLUSION 
R 

C'R WORD .E. t «* 
.- - WR COND .NE. 3 .AND. COND .NE. 1 

PRNTP. (ERR6) 
-.VS ERR6 - »MISPLACED EQUALS SIGN», 377777777777K 

T'O ERRIN 
O'E 

EQUAL - IB 
COND » 4 
T'O NEWORD 

E'L 
R 
RCHECK FOR TAB 
R 

C'R WORD .E. » 1» 
WR COND .E. 3 

PRNTP. (ERR13) 
VS ERR13 • »MISPLACED TAB», 377777777777K 

111 'flSliiini1 
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T'O ERRIN 
O'E 

NEWBOT. (6060606G6C72K. TERM} 
COND «2 
T'O NEWORO 

E'L 

RCHECK FOR CARRIAGE RETURN . 
R 
CR WORD .E. » 2$ -- -— -- 

W'R CONO .E. 3 
PRNTP. ( ERR 14 I 
VS ERR14 - «MISPLACED CARRIAGE RETURNS, 3777777777 

177K 
T'O ERRIN 

O'E 
NEWBOT. I 606060606055K, TERM) 
CONO « 2 
T'O NEWORO 

E'L 

RCHECK FOR $. INDICATES VARIABLE NEXT ENCOUNTERED 
R SHOULD BE MARKED FOR NEED. 
R ..-. ... . ... 
CR WORD .E. 60606D606053K 

W'R CONO .E. 3 .OR. EQUAL ..- _ 
PRNTP. IERR25) 
VS ERR25 • »MISPLACED DOLLAR SIGN», 377777777777K 
T'O ERRIN 

O'E 
OOLINO - IB 
T'O NEWORO 

E'L 

RASSJME CHARACTER IS VARIABLE 
R -.. 

C'E 
W'R CONO .E. 3 . 

PRNTP. (ERR7) 
VS ERR7 ■ »MISPLACED VARIABLE», 377777777777K 
T'O ERRIN 

O'E 

17777K 

CONO - 2 
VARIAB > ITSVAL. (WORD, VAR) 
W'R EQUAL 

W'R VARIAB .E. 0 
PRNTP. (ERRS) 
VS ERR« ■ »UNDEFINED VARIABLES, 37777777 

E'L 
T'O ERRIN 

O'E 

NEWBOT. (VARIAB, TERM) 
NEWBOT. (WORD, SVEVAR) 

W'R VARIAB .E. 0 
VARIAB - LIST. (9) 
TEMP - LIST. (9) 
MAKEOL. (TEMP, VARIAB) 
NEWBOT. (WORD, VARIAB) 
NEWVAL. (WORD, VARIAB, 

jJUtm 

VAR) 
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ONLYON 

ERRIN 

ZAPALL 

EVAL 

LOOP2 

TYPOUT 

FNDN^B 

SPCNf'B 

O* R OOLI NO 
POPTOP. (LSTNAM. ( VAR I AB>» 

0' E 
T'O ONLYON 

E'L 
NEWBOT. (PKEM, LSTNAM. (VARIAB)) 
NEWBOT. (VARIAS, TERMI 
DOLI NO = OB 

E'L 
T'O NEWORD 

E'L 
E'L 

RIN CASE OF ERROR, CANON IS ERASED AND MAY BE RECONSTRUCTED 
R 

P'T ERR, LINE 
VS ERR * $H' IN LINE NUMBER',I3»t 
IRALST. (TERMI 
IRALST. ( PR EM I 
IRALST. (DEF) 
T'O L00P1 

RVARIOUS ERROR CHECKS FOLLOW 
R 
RCHECK TO SEE IF ALL NAMES ARE DEFINED 
R 

ERRS * 5B 
DL1ST = LSTNAM. (NAMES) 
SEQCHK = SECRDR. (OLIST) 
NAME = SEQLR. (SEQCHK, F) 
CEFNUM = SEQLR. (SEQCHK, TEMP) .A. 77777TK 
U'R F .G. J 

k'R ERRS 
PRNTP. (C0MM2) 
VS C0MM2 = »PLEASE DEFINE ABOVE PREDICATES.», 7777 

I77777777K 
T'O LOOP 1 

E'L 
PRINT COMMENT t t 
PRNTP. ( COMM I ) 
VS COMM 1 * »CONSISTENT SET OF CANONS.», 77777777T777K 
T'O TYPOUT 

E'L 
DEFCHK = ITSVAL. (DEFNUM, SYSTEM) 
VR DEFCHK .E. 0 

ERRS * IB 
P'T ERR9, NAME 
VS ERR9 * »C6, H' UNDEFINED'»» 

E'L 
T'O L00P2 

R 
RPR I NT LIST OF PREDICATES. 
R 

PRINT COMMENT t t 
PRINT COMMENT »LIST OF DEFINED PREDICATES AND DEGREES.* 
PRINT COMMENT ( t 
I * 0 
I « I ♦ 1 
SEQCHK * SECRDR. (LSTNAM. (NAMES)) 
NAME * SEQLR. (SEQCHK, FI 
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PUTIN 

RETRY 

DÍFNUM = SEQLR. (SEQCHK, G) 
PRMNUM = DEFNUM .RS. 18 
DEFNUM = DEFNUM .A. 777777K 
H'R F .G. D, T•0 PUTIN 
WR DEFNUM .E. I 

P•T NOTE31 I. NAME, PRMNUM 
VS NOTE3 » »13,H*. - •, C6, H • - ' , I 4» t 
T•O FNONMR 

E'L 
T'O SPCNMB 

R 
RINPUT OF SOURCE STRINGS AND 'NEED* FLAGS. 
RA POINTER TO THE INPUT STRING IS USED IN 
RTHE LIST, RATHER THAN THE INPUT ITSELF. 
RTFE ADDRESS PORTION OF THE WORD CONTAINS THE 
RNUMOER OF THE LAST CHARACTER INPUTTED 
RAND THE DECREMENT CONTAINS THE NUMBER OF 
RTHE FIRST. THOSE PARTS OF THE STRINGS 
ROE RIVED FROM THE CANONIC DEf INT IO'; S 
RARE LEFT AS SINGLE CHARACTERS IN A SLIP 
RCELL. 
R 
LIST. I MAX INP! 
IRALST. (NAMES) 
PRINT COMMENT t t 
PRINT COMMENT »INPUT OF SOURCE STRINGS.» 
PRINT COMMENT »TYPE FINAL PREDICATE.t 
READIN. (NAME! 
ECUIV * ITSVAL. (NAME, NAMES) 
CHKNUM = EQUIV .RS. 18 
ECUIV * EQUIV .A. 777777K 
M'R EQUIV .E. 0 

P•T COMMA, NAME 
VS COMMA « »H ' - ', C6, H ' - NOT FOUND'»» 
T'O RETRY 

E'L 
LIST. (SEARCH) 
INP ■ OB 
LNECNT » J 

PRINT COMMENT t » 
PRINT COMMENT »TYPE -NONEEO-, -NEED- OR -INPUT- FOR EACH TERM 
.» 
THROUGH READY, FOR TRMNUM * l, 1, TRMNUM .G. CHKNUM 

PRINT COMMENT ( t 
P'T C0MM3, TRMNUM, NAME 
VS C0MM3 * »H'TERM NUMBER •, I 2, H • OF -'.Cò.H'-'*» 
READIN. ( ANSWER ) 

. W'R ANSWER .E. t NEED» 
NEWBOT. (»NEED», SEARCH) 
T'O READY 

O'R ANSWER .E. tNONEEDt 
NEWBOT. (»PLEASE», SEARCH) 
T'O READY 

O'R ANSWER .E. t INPUT* 
INP » IB 
PRINT COMMENT t t 
PRINT COMMENT »INPUT STRING. EXTRA CARRIAGE RETURN 

1INDICATES END.* 
PRINT COMMENT t * 
SAVI * (LNECNT • 6 ♦ 1) .LS. 18 
TEMP * LIST. (9) 
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ROI NP 

SVEIPS 

FILL 

READY 

SCAN 

LUPO, j 

LUPO 1 
LUPO 2 

NEWROT. (TEMP, SEARCH) 
NEWBOT. (LIST.(9), TEMP) 
TEMPI = LIST. (9) 
NEWOOT. (TEMPI, TEMP) 
W • R LNECNT .G. 9ÖÜ 

PRINT COMMENT 4CANN0T ACCEPT MORE INPUT.» 
T'O SVE1 PS 

O' R LNECNT .G. 963 
PRINT COMMENT »ONLY ONE MORE LINE OF INPUT.» 

E'L 
NUMR = RDFLXR. (INPUT (LNECNT), 120) 
W'R NUMÖ .LE. 1 

SAVI * S AVI .V. (LNECNT * 6) 
NEWBOT. (SAVI, TEMPI) 
NEWBOT. (LNECNT • 6, MAXINP) 
T'O READY 

O'R NUMB .G. 80 
NUMB = 8J 

E'L 
REMNUM = NUMB - <NUM8/6)»6 
LNECNT = LNECNT ♦ (NUMO ♦ 5)/6 
HOLD “ INPUT (LNECNT - 1) 
W'R REMNUM .E. 0, T'O ROINP 
THROUGH FILL, FOR N » 0, 1, N .GE. 6 - REMNUM 
HOLD » HOLD .V. 77K .LS. (N*6) 
INPUT (LNECNT - 1) « HOLD 
T'O ROINP 

0' E 
TRMNUM * TRMNUM - 1 
T'O READY 

E'L 
CONTINUE 
PRINT COMMENT * » 
PRINT COMMENT »TYPE J, 1 OR 2 FOR DEPTH OF COMMENTS.» 
READIN. (ANSWER) 
SWITCH * ANSWER .A. 7K 

W'R .NOT. INP .AND. SWITCH .G. C 
PRINT COMMENT »WARNING- NO INPUT.» 

E'L 
W'R SWITCH .G. 4, PRTLST• (»SYSTEM», SYSTEM) 

R 
RSTART SCAN OF INPUT STRING(S). 
R 
LIST. (STACKA) 
LIST. (STACKB) 
PRINT COMMENT tt 
PRINT COMMENT »SCAN BEGINS.» 
PRINT COMMENT »» 
CEF * SEQROR. (ITSVAL. (EOUIV, SYSTEM)) 
W'R SWITCH .G. 2 

PRTLST. (»SEARCH», SEARCH) 
E'L 
LIST. (ANSWER) 
LIST. (STACK!) 
LIST. (STACK2) 
T'O LUP¿Ó2 
IRALST. (NEED) 
DEFINE = SECLR. (DEF, F) 
W'R F .G. 3, T'O POP 

R 
RCHECK FUR LEFT RECURSION. 
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RECUkr 

OUTCHK 

LUPO 3 

LUPO 5 

PRTNED 

LUPO 4 

LUPO 6 

LUPOlj 

STR TSC 

R 
CHKR = SEQRCR. (STACKS) 
O-Kl = SEQLR. (CUKR, F) 
CFK2 = SEOLR. (CHKR, TEMP) 
h'R F .G. 3, T'O OUTCHK 
W'R CHKl .NE. DEFINE, T'O RECURR 
WR LSTEQL. (SEARCH, CHK2 ) .E. Û 

W'R SWITCH .G. 0 
PR^INT COMMENT ÍLEFT RECURSION DETECTED.» 

T'ü LUPOU2 
E'L 
T'O RECURR 

R 
RCEVELOPE 'NEED* LIST. 
R 

FIND = LSSCPY. (SEARCH) 
TEMPI = LIST. (9) 
KAKEOL. (TEMPI, FIND) 
NEWTOP. (SEOROR. (FIND), TEMPI) 
TEMP » LSTNAM. (DEFINE) 
NEED = LSSCPY. (LSTNAM. (TEMP)) 
PREM * SEORCR. (TEMP) 
LCOK « SEORCR. (FIND) 
LIST. (NONEED) 
PRMISE * SEQLR. (PREM, F) 
W'R F .G. 0, T'O PRTNED 
SEE ■ SEOLR. (LOOK, F) 
FNDTRM ■ SECRDR. (PRMISE) 
VARIAR * SEOLR. (FNDTRM, G) 
W'R G .G. 0, T'O LUPÜJ3 
W'R G .E. 0 

VARIAS * TOP. (VARIAS) 
W'R SEE .E. »NEED» 

NEWBOT. (VA IAB, NEED) 
O' R F .E. 0 

NEWBOT. ( VAR I AC, NONEED) 
E'L 

E'L 
T'O LUP005 
W'R LEMPTY. (NONEED), T'O LUP306 
TEMPI ■ POPTOP. (NONEEC) 
FNDTRM . SEOROR. (NEED) 
VARIAS * SECIR. (FNDTRM, F) 
W'R F .G. 3, T'O PRTNED 
W'R VARIAS .NE. TEMPI, T'O LUP004 
CELETE. (SECPTR. (FNDTRM)) 
T'O LUPj04 
IRALST. (NONEED) 
W'R SWITCH .LE. 1, T'O STRTSC 
TEMPI * SEQRDR. (NEED) 
TEMP2 * SEOLR. (TEMPI, F) 
W'R F .G. 3, T'O STRTSC 
P'T NOTEJ, TEMP2 
VS NOTE J * »H* NEED ',RCl,H'.'»$ 
T'O LUP313 

R 
RGET CONCLUSION OF CANON. 
R 

NEWBOT. (FIND, STACK2I 
W'R SWITCH .g. 4, PRTLST. (»NEED», NEED) 

OBitkiAM 
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LUPO 7 

LUPO d 
LUPO 9 

LUPOll 

LUPO 15 

CCNCL = SEQkDR. (TEMPI 
TERM = SEOLR. (CONCL, Fl 
W ' R F .G. Dt T'O PRMCHK 
ECLIND = IB 
IN * DR 
INP * OB 

R 
RGET NEXT TERM OF CONCLUSION. 

R 
PIECE * SEQRDR. (TERMI 
T*0 LUPjU 
WR INt T'O CETINA 
IN - DB 
WR LEMPTY. I ST ACK1 I 

WR INPt T'O LUPDJ7 
EOLIND = OB 
CHAR * SEOLR. (PIECEt Gl 
WR G .G. O 

WR EOLIND 
INP « IB 

O'E 
T'O LUPO07 

E'L 
E'L 

R 
RCHECK TO SEE IF SCAN HAS FAILED. 

R 
WR LEMPTY. (STACK2I, T'O LUPJD1 

TEMP » STACKl 
STACK1 * STACK2 
STACK2 « TEMP 

E'L 
FIND * POPTCP. (STACKl» 
SEE * LSTNAM. (FINDI 
READS * POPTOP. ( SEE I 
WR EOLIND 

SEQLR. (RE 80S t F) 
WR F .L. O .OR. INP 

NEWTOP. ( READS t SEE I 
NEMBOT. (FIND, STACK2I 

INP - IB 
T'O LUP0G9 

E'L 
TEMP - CONT. (SEOPTR. IREAOSI ♦ Il 
HCLDP * TOP. (TEMPI 
HCLDT * BOT. (TEMPI 
WR G .L. 0 

R 
RTERMINAL CHARACTER IN CONCl'JSION. CHECK STRING. 

R 
WR LEMPTY. (HOLCTI, '0 NGQOD 
MORO * POPTOP. (HOLD.. 
STRTND » OB 
WR WORD .L. D 

WR CHAR .E. WORD 
NEWBOT. (WORD, HOLOPI 
NEWBUT. (FINO, STACK2» 
NEWTOP. (READS, SEEI 
T'O LUPO08 
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LUPO 19 

TRAOVR 
SKPOVR 

JMPOVR 

NGOOl) 

LUP021 

LUP02J 

LUP02 7 

0' E 

E'L 
T • O NGOOD 

0' E 

1 .E. «WORD 

OBJECT ■ CHARAC. «WORD) 
WR OBJECT .E. CHAR 

TEMPI * WORD .A. 777777K6 
W'R LEMPTY. «HULOP ) • T'O TRAOVR 
TEMP ■ POPBOT. « HOL DP ) ____7T1., 
W'R TEMP .G. O .ANO. «TtMP .A. 777777K) 

.RS. 18) - it T'O SKPOVR 
NEW«)OT. «TEMP, HOLDP) 
TEMP » TEMPI «V« (WORD .RS. 18) * 1 
TEMP * TEMP ♦ l 
NEWOOT. «TEMP, HOLDP) 
W'R TEMPI .GE. WORD .LS. 18, T 0 JMPOVR 
WORD ■ WORD ♦ 1K6 
NEWTOP. «WORD, HOLOT) 
W'R STRTND, T'O LUP015 
NEWBOT. «FINO, STACK2) 
NEWTOP. «READS, SEE) 
T'O LUPOOB 

O'R OBJECT .E. »OONULL» 
STRTND - IB 
T'O LUPO 19 

O'R OBJECT .E. tOOOENOS 
T'O LUP015 

O'E 
IRALST. 
W'R IN 

«FIND) 

E'L 
T'O 

CHAR - SAVECH 
G > SAVEG 

LUP0J9 

E'L 
E'L 

IN CONCLUSION. 
SEE IF VARIABLE PREVIOUSLY DEFINED. RVARIABLE 

RCFECK TO 
R 

C'E VARUS - TOP. «CHAR) 
DUST ■ ITSVAL. « VARIAB, FIND) 

. W'R DL1ST .NE. 0 
SAVECH - CHAR 
SAVEG - G 
IN > IB 
G ■ -l 
OUST » SEQROR. (OUST) 
CHAR « SEQLR• « DL I ST , F) 
W'R F «G. O, T'O GETOUT 
W'R CHAR .L. J, T'O LUPJ27 
I ■ CHAR 
CHAR * CMARAC . « I ) 
t « I ♦ 1K6 
W'R CHAR .E. tOOOENO», T'O 
W'R CHAR .E. »OONULLt, T'O 
ALLRC ■ IB 
T'O LUPOl5 
ALLRC ■ OB 

LUP021 
LUPC23 
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;¡ 

GE TI Ni 

GETOUT 

LUP031 

LUPO 35 

T • U LUPJlí 
FIND * POPBOT. (STÄCK2I 
READS ■ POPTOP. I SEE I 
W'R ALLRC, T'O LUP023 
T'O LUP321 
CHAR = SAVECH 
G * SAVEG 
NEWBOT. (FINO, STACK2) 
NEWTOP. (READS, SEE» 
T'O LUPJ33 

¡VARIABLE IS NOT YET DEFINED, SO PROGRAM 
( KUST SEARCH RECURSIVELY. SEL F C T PREMISE WITH WHICH 

t TO SEARCH FOR VARIABLE. 

PRPNTR * TOP. (LSTNAM. (CHAR)) 

RCHECK OTHER TERMS (AND VARIABLES) )N CHOSEN PREMISE. 

R 
LIST. (PUSHES) 
REMPTR « SEQRDR. (PRPNTR) 
TERM ■ SEQLR. (REMPTR, FI 
W'R F .G. O, T'O PUSHl 
TEMP * TOP. (TERM) 
11 EL - TOP. (TEMP) 

RIKSERT STRING FOR VARIABLE PRESENTLY SOUGHT. 

R 
W'R 11 El .E. VARIAS 

TEMP * LIST. (9) 
NEWBOT. (TEMP, PUSHES) 
TEMP2 « LIST. (9) 
NEWBOT. (TEMP2, TEMPI 
TEMPI - LSSCPY. (HOLOTI 
NEWBOT. (TEMPI, TEMP) 
ABANDN. (TEMPI) 

O'E 

RSEE IF OTHER VARIABLES PREVIOUSLY DEFINED. 

R ISITOF » ITSVAL. (ZIEL, SEE) 
W'R ISITOF .NE. 0 

TEMPI * LSSCPY. ( ISITOFI 
TEMP2 « LIST. (9) 
TEMP ■ LIST. (9) 
NEWBOT. (TEMP2, TEMPI 
NEWBOT. (TEMPI, TEMP) 
ABANDN. (TEMPI) 
.jd-ionT ITCMD. PUSHES) 

O'E 
R 
ROECIOE WHETHER 
R 

I T'O LUPO37 

TO FLAG AS 'NEED' OR 'PLEASE* 

W'R PRPNTR .NE. TOP. (LSTNAM. 

NDPTR « SEOROR. (NEED) 
CKNEED « SEQLR. (NDPTR, F) 
W'R F .G. 0 

( TEMP) I , 

Ih X 
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LUP037 

PUSH 1 

PUSH2 

PUSH IT 

PRHCHK 
LUPOSl 

E'L 
E'L 
T'O 

O' R 

O'E 

E'L 

E'L 
LUP031 

NEHHOT. (»PLEASE», PUSHES) 
ZIEL .E. CKNEED 

NEWBOT. (»NEED», PUSHES) 

T'O LUP335 

PUSH EOR',I3»t 

R INFORMAT I ON FOR RECURSION ASSEMBLED, SO SAVE STUFF 
RFCR THE PUSH. 
R 

SCMERC - uB 
h'R SWITCH .G. I 

P'T NOTE1, PRMNIUM 
VS NOTE 1 ■ JH* SCAN PUSH FOR',!3«t 

E'L 
T'O PUSHIT 
SCMERC « IB 
W'R SWITCH .G. 1 

P'T NOTEA, PRMNUM 
VS NOTEA « tH'PREMISE 

E'L 
NEWTOP. (OEF, STACK A I 
NEWTOP. (EOUIV, STACKA) 
KEWTOP. (NEED, STACKA) 
NEWTOP. (SEARCH, STACKB) 
NEWTOP. (DEFINE, STACKB) 
NEWTOP. ISTACKl, STACKA) 
NEWTOP. (STACK?, STACKA) 
NEWTOP. (CONCL, STACKA) 
NEWTOP. (PIECE, STACKA) 
NEWTOP. (FIND, STACKA) 
NEWTOP. (SEE, STACKA) 
NEWTOP. (READS, STACKA) 
NEWTOP. (HOLOP, STACKA) 
NEWTOP. (HOLOT, STACKA) 
NEWTOP. (CHAR, STACKA) 
NEWTOP. (VARIAR, STACKA) 
NEWTOP. (PRPNTR, STACKA) 
NEWTOP. .( ANSWER, STACKA) 
NEWTOP. (SOMERC, STACKA) 
NEWTOP. (EOLINO, STACKA) 
ECUIV « PRMNUM 
SEARCH « PUSHES 
T'O LUP333 

RCHECK WHETHER PREMISE CONDITIONS ARE SATISFIED. 
R 

PIECE « SEORDR. (DEFINE) 
W'R LEMPTV. (STACKl) 

W'R LEMPTV. (STACK?), T'O LUP331 
PRPNTR « SEQLR. (PIECE, F) 
W'R F .G. O, T'O ASSMBL 
TEMP ■ STACKl 
STACKl * STACK? 
STACK? « TEMP 
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LUPO‘-> 3 

LUPObT 

FINU = POPTOP. (STACKll 
SEE * ISTNAH. (FINO) 
READS = POPTüP. (SEE) 
PRMNUM = TOP. (LSTNAM, (PRPNTR)) .A. 7TT777K 
OUST « ITSVAL. (PRPNTR .A. 7777ÍK, FIND) 

RPREMISC HAS NOT BEEN PREVIOUSLY VERIFIED WHILE 

«SEARCHING CONCLUSION. 

R 
WR DLIST .E. 0 

LIST. (PUSHES) 
TERM “ SEOROR. (PRPNTR) 
TOPS * SEQLR. (TERM, F) 
W'R F .G. O, T *C PUSH2 
TOPS * TOP. (TOP. (TOPS) ) 
DLIST * ITSVAL. (TOPS, FIND) 

W'R DLIST .E. 3 

«VARIABLE NOT YET DEFINED. INSERT 'NEED* 

^ NEWBOT. (SNEEOt, PUSHES) 
W'R SWITCH .G. 3 

piT NOTCH 
VS NOTED ■ tH- • NEED ' REQUEST IN PREMISE CHEC 

IK.-» t 
E'L 
T'O LUP353 

E • L 
TEMPI » LIST. (91 
NEWBOT. (TEMPI, PUSHES) 
TEMP2 » LIST. (9) 
NEWBOT. (TEMP2, TEMPI) 
TEMP2 « LSSCPY. (OLIST) 
NEWBOT. (TEMP2, TEMPI) 
ABANON. (TEMP2I 
T'O LUPD53 

C'E 

RPPEMISE HAS BEEN PREVIOUSLY GENERATED IN SCAN 

RCF CONCLUSICN. 

R 
SOMERC « OB 
PUSHES « LSSCPY. (OLIST) 
TERM « SEQRDR. (PUSHES) 
TEMP * SEQRDR. (PRPNTR) 
TOPS * SEQLR. (TERM, F) 
TEMP3 » SEQLR. (TEMP, HI 
W'R F .G. O 

W'R SOMERC, T'O PUSH2 
IRALST. (PUSHES) 
NEWTOP. (READS, SEE) 
NEWBOT. (FINO, STACK2) 

T'O LUP3S1 
O' R F .L. 0 

SCMERC « IB 
TEMP3 * TUP. (TOP. ( T E MP 3)) 
DLIST * ITSVAL. (TEMP3, FIND) 
W'R DLIST .E. 0 

P'T NOTED 
SUBST. UNEED», SEQPTR. (TERM)) 
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T'O LUP057 
E'L 
TEMPI » LIST. «9» 
SUBST. (TEMPI, SEQPTR. (TERM)) 
TEMP2 ■ LIST. (9) 
NEWBOT. (TEMP2, TEMPI) 
TEMP2 * LSSCPV. (OUST) 
NEWBOT. (TEMP2, TEMPI) 
ABANON. (TEMP2) 

E'L 
T'O LUP057 

E'L 
R 
RASSEMBLE CONCLUSION TO BE TRANSMITTED UPSTAIRS 
R 

ASSMOL W'R LEMPTV. (STACK2I, T'O LUPJOI 
FIND * POPTOP. (STACK2I 
READS « POPTOP. (LSTNAM. (FIND) I 
TERM » SEQRCR. (FINO) 
PREM > SEQRDR. (LSTNAM. (DEFINED 

LUP067 TCPS * SEQLR. (TERM, C) 
CCNCL - SEOLR. (PREM, F) 

R 
RASSEMBLED, ADO TO ANSWER AND RETURN. 
R 

W'R F .G. 0 
NODLST. (FIND) 
NEWBOT. (FIND, ANSWER) 
T'O ASSMBL 

R 
RIF TERM SCANNED, SKIP IT. 
R 
CR G .E. 0 

T'O LUP067 
R 
RIF NEED OR PLEASE, ASSEMBLE. 
R 

O'R G .L. 3 
SOMERC * OB 
TEMP « LIST. (9) 
TEMPI « SEQRDR. (CO,(CL) 

LUP071 TEMP2 ■ SEQLR. (TEMPI, F) 
W'R F .G. ) 

W'R SOMERC .OR. TOPS .E. »NEEDS 
TEMPI - LIST. (9) 
SUBST. (TEMPI, SEQPTR. (TERM)) 
NEWBOT. (TEMP, TEMPI) 
TEMP2 » LIST. (9) 
NEWBOT. (TEMP2, TEMPI) 

O'E 
IRALST. (TEMP) 

E'L 
T'O LUP367 

O'R F ,E. 0 
SOMERC * IB 
DLIST « TOP. (TEMP2) 
ANTWRT » ITSVAL. (OtlST, FIND) 
W'R ANTWRT .E. 3 

W'R TOPS .E. »NEED» 
PRINT COMMENT »'NEED* ERROR.» 



POP 

POPI 

E'L 
IRAI ST . (FINO) 
T'O ASSMBL 

E • L 
TEMP3 * LSSCPY. (ANTWRTI 
IMSTR. (TEMP3, (CONI. (TEMP .A. 

1 I7777KI» .RS. 18) 
IRALSÎ. ( TEMP 3) 

O'R F .L. 0 
NEWBOT. (TEMP2, TEMP) 

E'L 
T'O LUPO71 

E'L 
R 
RPCP-UP ROUTINE 
R 
h'R SWITCH .C. 2 

PRTLST. (»ANSWERS. ANSWER) 
E'L 
IRALST. (STACK1) 
IRALST. (STACK2) 
W'R Li MPT Y. (STACKA), T'O THKGOD 
IRALST. (SEARCH) 
RTRN1 * ANSWER 
ECLINU * POPTOP. (STACKA) .E. 1 
SCMERC * POPTOP. (STACKA) .E. 1 
ANSWER - POPTUP. (STACKA) 
PRPNTR * POPTOP. (STACKA) 
VARIAR « POPTOP. (STACKA) 
CHAR « POPTOP. (STACKA) 
HCLOT * POPTOP. (STACKA) 
HCLDP = POPTOP. (STACKA) 
READS * POPTOP. (STACKA) 
SEE - POPTOP. (STACKA) 
FIND * POPTCP. (STACKA) 
PIECE * POPTOP. (STACKA) 
CCNCL - POPTOP. (STACKA) 
STACK2 * POPTOP. (STACKA) 
STACK1 * POPTOP. (STACKA) 
DEFINE -- POPTOP. (STACKBI 
SEARCH ■ POPTOP. (STACKS) 
NEED * POPTCP. (STACKA) 
ECUIV * .POPTOP. (STACKA) 
DEF « POPTOP. (STACKA) 
G - 0 
W'R SWITCH .G. I 

P'T NOTE2» EQUIV 
V'S NOTE2 * tH'POP BACK TO•. I 3,H•.•t 

E'L 
W'R SOMERC. T'O POP2 

R 
RRETURN TO CCAN OF CONCLUSION AFTER PUSHING 
RFCR DEFINITION OF A VARIABLE. 
R 

W'R LEMPTY. (RTRN1) 
IRALST. (RTRN1) 
IRALST. (FIND) 
INP « 08 

W'R SWITCH .L. A, T'O LUPJOO 
PRTLST. (»STACK1», STAC 1 I 
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PRTLST. ((ST ACK2S« STACK2» 
T'O LUP009 

E • L 
FNDCPy » LSSCPY. (FINO» 
TEMP « SEQROR. (FIND) 
TEMP3 - SEORDR. (FNOCPYI 

LUP079 TEMPI » SEQLR-. (TEMP, F » 
TEMP2 . SEOIR. (TEMP3, H» 
WR F .G. 0 

T'O LUP080 
CE 

M'R TEMP .E. READS 
CPYHOP « TOP. (TEMP2) 
CPYRDS « TEMP3 
LINKS - CONT. (TEMP2 .A. 777T7K» .RS. 18 

E'L 
T'O LUP079 

E'L 
R 
RSAVE THE RETURN ANSWER, AND DEFINE VARIABLES 
RARO PREDICATES AS GIVEN FROM PUSH. 
R 

LUPOSJ TEMPI « POPTOP. (RTRN1I 
TEMP3 * SEORDR. (TEMPI» 
TEMP2 « SEORDR. (PRPNTR » 

LUP081 TEMP4 « SEOLR. ( TEMPS, HI 
TEMPS ■ SEOLR. (TEMP2, F* 
WR F .G. O 

NEWVAL,. (PRPNTR .A. 77777K, TEMPI, FNOCPYI 
ABANDN. (TEMPI! 
NEWTOP. (CPYRDS, LSTNAM. (FNOCPYI» 
NEWBOT. (FNDCPY, STACK2I 
T'O POPI 

CR H .L. 0 
WR TEMP4 .E. »NEED» 

PRINT COMMENT »'NEED' ERROR.» 
E'L 
T'O LUP081 

O'E 
TMPVAR « TOP. (TOP. (TEMPS)» 
PRVDEF » ITSVAL. (TMPVAR, FNDCPY) 

R 
RVARIABLE PREVIOUSLY DEFINED. COMPARE DEFINITIONS. 
R 

W'R PRVDEF .NE• 0 
W'R LSTEOL. (PRVDEF, TOP. (TEMP4I) .NE. 0 

IRALST. (FNOCPYI 
IRALST. (TEMPI) 
T'O POPI 

E'L 
O'E 

R 
RACO DEFINITION. 
R 

NEWVAL. n.(PVAR, TOP. (TEMPAI, FNDCPY) 
W'R VARIAS .E. TMPVAR 

SUBST. (POPBOT. (TEMPA), LINKS) 
CHKO * LSSCPY. (TOP. (TEMP4I) 
NEWTOP. (LIST. (91, TEMP4I 
W'R LEMPTY. (CHKÛ), T'O LUP081 
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LUP06l 

POP2 

LUPO-Vl 

LUPO73 

LUPO74 

THKGUD 

THKGU1 

CHK1 * TOP. (CHKOI 
WR LEMPTY. (CPYHDP)t T'O LUP087 
CHK2 * BOT. (CPYHDP) 
WR CHK1 .L. O .OR. 

1CHK2 .L. O, T'O LUPjöT 
WR CHK I .RS. 18 .E. (CHK 2 .A. 

1 777777K) ♦ 1 
CHK « lCHK2 .A. 777777K6) .V. 

1 (CHK1 .A. 777777K) 
POPTOP. (CHKOI 
P0P30T. (CPYHOP) 
NEWBOT. (CHK, CPYHDPI 

E'L 
1NLSTL. (CHKO. CPYHOP .A. 77777KI 
IRALST. (CHKOI 

E'L 
E'L 
T'O LUP081 

E'L 
WR LEMPTY. (RTRN1I 

IRALST. (RTRN1I 
IRALST. (FINDI 
T'O LUPO51 

E'L 
TERM » SEORDR. (PRPNTRI 
TEMP = POPTOP. (RTRN1I 
TEMPI * SEORDR. (TEMPI 
WR LEMPTY. ( RTRNl I 

FNDCPY « FINO 
LIST. (FINDI 

CE 
FNDCPY - LSSCPY. (FINDI 

E'L 
TEMP2 * SEOLR. (TEMPI, Fl 
WR F .G. 0 

NEWTOP. (READS, LSTNAM. (FNDCPYII 
NEWBOT. (FNDCPY, STACK2I 
IRALST. (TEMPI 
T'O POP2 

CR F .L. 0 
WR SWITCH .G. O 

PRINT COMMENT »'NEED* ERROR.» 
E’L 
T'O LUP094 

CR .NOT. LEMPTY. (BOT. (TEMP2II 
IRALST. (FNDCPYI 
T'O LUP093 

E'L 
VARIAR * TOP. (TOP. (SEQLR. (TERM, Hll» 
NEWVAL. (VARIAS, TOP. (TEMP2I, FNDCPYI 
T'O LUP091 

R 
RPR I NT-OUT OF RESULTS OF SCAN. 
R 

PRINT COMMENT tt 
SCMERC * OR 
ALLRC * 08 
MAXCHK = SEORDR. (LSSCPY. (MAXINPII 
T'O TMKG02 
IRALST. (HOLD) 
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THKG02 

LUPIG > 

LUPEKR 

ERRLUP 

IUPSIE 

WR LEHPTY. (ANSWER) 
W•R ALLRC, T'O HERAUS 
WR SUHERC 

PRINT COMMENT »SCAN COMPLETED. SYNTAX ERROR IN I NP 
IUI STRING. * 

PRINT COMMENT »PARTIS) OF INPUT OR NEED STRING(S) NOT SCANNED 
1.» 

T'O LUP153 
O'f 

PRINT COMMENT »SCAN FAILED. SYNTAX ERROR IN INPUT 
ISTRING(S).» 

E'L 
PRINT COMMENT »NO TRANSLATED OUTPUT.» 
CHKNUM * 0 
MAXI « 0 
CONCHK * SEOROR. (SEARCH) 
SEECHK « SEOLR. (CONCHK, F) 
WR F .G. 0, T'O HERAUS 
CHKNUM « CHKNUM ♦ I 
WR F .L. 0, T'O LUPERR 
I * SEOLR. (MAXCHK, F) 
OLDMAX * MAXI 
MAXI * T .A. 777777K 
MAX2 - I .RS. 18 
PRINT COMMENT ( t 
WR CHARAC. (I * 1K6> .E. tOJNULI « .AND. MAXI - MAX2 

1 . L. 6 
P'T N0TE4, CHKNUM 
VS NOT£4 ■ »H• INPUT TERM',12,H* COMPLETELY SCANNED 

!.'•» 
O'E 

MAX3 * CHARAC. I I I 
P'T NOTES, CHKNUM, MAX3 
VS NOTES • »H'LAST CHARACTER INSPECTED IN TERM* 

1,12,H' WAS '.RCl.H* IN MIDST OF FOLLOWING CONTEXT.••» 
PRINT COMMENT t t 
LINE1 - (MAX2 - 1)/6 - 2 
LINE2 » (OLOMAX ♦ 5)/6 - 1 
LINE3 - (MAXI - 11/6 
THROUGH ERRLUP, FOR I - 0, 1, I .E. 5 

WR LINE1 * I .LE. LINE2 .OR. LINE1 ♦ I .G. 
1 LINE3 

P'T 
VS 

BUFFER( I I - 575757575757K 
O'E 

BUFFER«I) « INPUT!LINE 1 ♦ I ) 
E'L 
CONTINUE 

N0TE6, BUFFERIO),...,BUFFER(4) 
NOTE6 * »SC6* » 

LUPERR 
C'E 

SOMERC - IB 
HOLD * POPTOP. (ANSWER) 
ENOCHK • SEOROR. (HOLD) 
T E MP4 * SEOROR. (SEARCH! 
SEECHK * SEOLR. (ENOCHK, F) 
TEMPS * SEOLR. ( T E MP4, HI 
WR F .G. 0, T'O ALL ÜVR 
WR TEMPS .E. »PLEASE», T'O LUPSEE 

JMMhUMfca 
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ALLOVR 

Aligne 

LUPour 

tupi;o 
LUPl i 

CHKEPP 

grout 

LUPl 5 
LUPl.7 

TEMP = BOT. (SEECHK ) 
W•R .NOT. LEMPTY. (TEMP) 

TEMPI * POPTOP. (TEMP) 
W'R .NOT. LEMPTY. (TEMP), T'O THKGD1 
TEMP2 « TEMPI .RS. 18 
TEMP3 » TEMPI .A. 777777K 
TEMPI = CHARAC. (TEMPI) 
W'R TEMPI .NE. tOOOENOt .AND. TEMPI 

1 IDDNULL* .OR. TEMP3 - TEMP2 .G. 5, T'O THKGD1 
E'L 
T'O LUPSEE 

E'L 
R 
RSCAN WAS SUCCESEUL. PRINT OUT 'NEEDED* TERMS. 
R 

NE. 

W'R ALLRC 
PRINT COMMENT t i 
PRINT COMMENT tACOITIONAL SUCCESSFUL SCAN.» 
T'O ALLGNE 

C'E 
PRINT COMMENT SSCAN SUCCESSFUL.* 
ALLRC * IB 
PRINT COMMENT »TRANSLATED OUTPUT (IF ANY) FOLLOWS.* 
CONCHK « SEORDR. (SEARCH) 
TRMNUM » 0 
CONCL * SEQLR. (CONCHK, F) 
SEECHK - SEOLR. IENDCHK, G) 
TRMNUM * TRMNUM ♦ 1 
W'R F .G. O, T'O THKGDl 
W'R CONCL .NE. »NEED*, T'O LUPOUT 
PRINT COMMENT t ( 
W'R SEECHK ,E. »NEED*, PRINT COMMENT {'NEED* ERR* 
P'T NOTE7, TRMNUM 
VS NOTE7 * *H ' TERM NUMBER • , 12, H'. • •* 
PRINT COMMENT ( » 
SEECHK * TOP. (SEECHK) 
INP * OB 
THROUGH LUP101, FOR I * o, 1, I 14 
BUFFER ( I I - 575757575757K 
BUFFER (14) « 77777 7 777777K 
I - 0 
G * 33 
WROCNT « 0 
W'R G .LE. -6 

G « 3) 
WROCNT * WRDCNT ♦ I 

E'L 
W'R I .E. 80 

PRNTP. (BUFFER (01) 
T'O LUP103 

E'L 
W'R INP 

INP - IB 
TEMPI ■ CHARAC. (TEMP) 
TEMP « TEMP ♦ 1K6 
W'R TEMPI .E. »U0NULL t, T'O LUP1C/7 
W'R TEMPI .E. »DJ3END*, T'O LUP109 
T'O LUP113 

LUPl.9 
O'E 

W'R LEMPTY. (SEECHK) 
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LUPl13 

HERAUS 

SERCH 

SIRCH 

M*R I .NE. 0. PRNTP. (BUFFER I0>» 
T'O LUPOUT 

0* E 
TEMPI * POPTOP. (SEECHK) 
M*R TEMPI .G. 3 

TEMP « TEMPI 
T*0 LUP105 

O'E 
INP ■ OB 
H'R TEMPI .E. 606060606055K, T*0 CROUT 
BUFFER!WRDCNTI ■ BUFFER CWRDCNT) 

1 .A. (.N. (77K .LS. G)) .V. (TEMPI .A. 77KI .LS. G 
G ■ G - 6 
! « I ♦ I 
T *0 CHKEMP 

E'L 
E‘L 

E'L 
E'L 

R 
RFINAL EXIT ROUTINE. 
R 

PRINT COMMENT » % 
PRINT COMMENT »END OF RJN.» 
EXECUTE EXITM. 

R 
RRCUTINE TO RETRIEVE ONE CHARACTER AT A TIME 
RFROM THE INPUT STRING. 
R 

INTERNAL FUNCTION (POINTAI 
E'0 CHARAC. 
PI > POINTA ,RS. 18 
P2 » POINTA .A. 777777K 
WR PI .G. P2, F'N tOOOEND* 
P3 * SECRDR. (MAXINP I 
PA ■ SEOLR. IP3. P5I 
M'R PS .G. 0 

PRINT COMMENT »POINTER ERROR.« 
T'O SIRCH 

E'L 
PS » PA .A. 777777K 
M'R PS .L. PI. T'O SERCH 
P2 > PA .RS. 18 
M'R PI .G. P2» SUBST. (PI .LS. 18 .V. PS, 

1 SEQPTR. (P3I) 
P2 ■ (Pl-ll/6 
PI ■ (PI - P2 • 6 - II • 6 
MORT » INPUT (P2I 
MCRT • ((MORT .LS. PI I .RS. 331 .V. t 0» 
M'R HURT .E. 606063606377K, F'N »33NULL» 
M'R SWITCH ,G. 2 
P'T NOTt67, WORT 
VS NOT E67 » *H.DELIVER • . , RC 1. H. • . • » 

E'L 
F'N WORT 
E'N 

R 
RRCUTINE TO ASSEMBLE ANSWERS FROM CONSOLE. 
R 

INTERNAL FUNCTION (OUMMYI 
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E•0 RE AO IN< 
CCND * 8 
DUMMY * Í t 
T'O ROL I NE 

ROANS W'R WORD .E. » -% .OR. WORD .E. * At T'O SKIPIT 
DUMMY » DUMMY .LS. 6 .V. WORD .A. 77K 

SKIPIT W'R EOLIND, FUNCTION RETURN 
TO NEWORD 
E'N 
E'M 

: 

! 
I 
I 

L 
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M5364 

START 

AROUND 

RE TURN 

COBACK 

READER 

5163 PRTLST 
EXTERNAL FUNCTION (NAME 
N'S INTEGER 

MAD FOR 
L STOUT I 

(01 
> I6*t 

ECOLEAN LEMPTV 
E *0 PRTLST. 
PRINT COMMENT i S 
P'T NOTEBB, NAME, GETMEM. 
V*S NOTEUB « tC6,H» MEM«*, 
1*0 
LIST. (STACKI 
LISSNM « LSTOUT 
NUMBER « ITSVAL. (LISSNM, STACK) 
W'R NUMBER .NE. 0 

P'T N0TE2, NUMBER 
VS 
VR 

O'E 

N0TE2 » AH'L1ST• , I3«t 
LEMPTY. (STACK) 

PRINT COMMENT $ « 
IRALST. (STACKI 
function return 

S ■ POPTOP. (STACKI 
POINT * POPTOP. (STACK) 
NUMB * POINT .A. 7777T7K 
POINT - POINT .RS. 18 
VR POINT ,E. 1, T• 0 RETURN 
T'O GCBACK 

E'L 
E'L 

M5364 

I ■ I ♦ 1 
NUMB « I 
NEHYAL. (LISSNM, NUMB, STACK I 
P'T N0TE3, NUMB 
VS NOTE3 * AH'BEGIN', I 3,H'. 
S • SEQROR. (LISSNM) 
L « LSTNAM. (LISSNM) 
VH L .NE. 3 

CE 

PRINT COMMENT AOLIST.A 
NEWTOO. (NUMB .V. 1K6, STACKI 
NEWTOP. (S, STACK) 
LISSNM « L 
T'O START 
PRINT COMMENT SEN J DLIST.A 

E'L 
M * 
VR 

C'R 

C'E 

PRINT COMMENT AND DLIST.A 

SEOLR. (S, FI 
F . G. O 
P'T N0TE6, NUMB 
VS N0TE6 ■ AM* END*, I 3,H* . A 
T'O AROUND 

F .E. 7 
VR M .A. 70DDD07K5 .NE. 0, 
PRINT COMMENT AL1ST NAME.A 
NEWTOP. (NUMB, STACK) 
NEWTOP. (S, STACKI 
LISSNM * w 
T'O START 

T'O READER 

P'T NOTES, W. W 
VS NOTES « AH. -.,06,^. 

SI 63 OS 

' .,K12,h.*..» 
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