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(See, in connection with this Primer the diagnostic file for 

This is a most elementary primer aimed at introducing developers and interested parties  to the basics of Logos Model underlying OpenLogos.  The material will be presented in a series of short sections taking the reader progressively through the system at an elementary level..  Where appropriate, we illustrate the processes involved using a simple sentence, The sky is blue.  The target language in this illustration is German.
An equal, related  purpose of this primer is to aid users in interpreting the difficult-to-read system diagnostics whose endless numbers are forbidding, to say the least.  Note that Appendix A provides actual system diagnostics (with commentary added) for this sentence, The sky is blue.
Readers may also wish to consult the Glossary of Terms which appear in Appendix B of this primer.

Section One: - How language is represented in Logos Model.

1. Natural language (NL) is represented by an abstract representation language known as SAL (for semantico-syntactic abstraction language). 
a. If NL can be said to be a first-order language, then SAL can be thought of as a second-order language.  Every word in NL has a corresponding word in SAL, but at a more abstract level.
i. Thus, for example, the NL words ‘automobile’, ‘train’ and ‘airplane’ (and any other type of vehicle) are all represented in SAL by the single word COvehic.

a. The CO stands for the Concrete Noun superset.

ii. As NL words are distinct objects, so too are SAL words distinct objects.  

iii. SAL words are treated as objects by the system. Thus, both a NL sentence and a SAL sentence consist of a string of objects, bounded by beginning-of-sentence and end-of-sentence markers.
2. SAL represents a NL word internally using a triplet code, a code with three distinct fields. These are: 

i. Word class (i.e. part-of-speech)

ii. Semantic type, which breaks down into three sub-components: superset, set, and subset.

iii. Morphology (showing inflection. For uninflected words, this field is used for other intelligence) 

b. As evident from the above, “semantic type”  in SAL constitutes a taxonomy. (NOTE: Consult the Logos System Archives website for the entire SAL taxonomy:  http://logossystemarchives.homestead.com 

c. Here are some examples of SAL semantic types in their symbolic representation:
i. PL is a superset code for all Place nouns. 
ii. CO is a SAL superset code for all Concrete nouns.
iii. PLnagcom is a SAL set code for all Non-agentive common-noun Place nouns (e.g., sky, beach, forest, neighborhood, ocean)
iv. COagen is a SAL set code for all Agentive Concrete nouns
v. COvehic, COmeter, etc., are SAL subset codes within the agentive Concrete noun set.  

vi. NOTE: Some sets do not have subsets, e.g., the Place noun set PLnagcom has no subsets 
3. SAL elements are expressed internally as numbers rather than as symbols.

a. Superset number for PL is 9 

b. Set number for PLnagcom is 29
c. Subset number for COvehic is 611

d. Note that the number range is indicative of taxonomic level:

i. 1-16 is for supersets
ii. 17-99 is for sets
iii. 100-998 is for subsets
iv. NOTE: This arrangement has proven to be of distinct value in pattern-rule application, as will be explained subsequently.
4. SAL covers all open and closed class words.  

a. The part-of-speech numeric for the noun word class is 1
b. The part-of-speech numeric for the adjective word class is also 1
c. The part-of-speech numeric for the determiner word class is 14 (for definite articles ) and 15 (for indefinite articles)

d. The part-of-speech numeric for the verb word class is 2 
5. Thus, the simple NL sentence’ “The sky is blue” would be represented by SAL with the following numeric codes: 
a. The (definite article) (  14  1/1/101   3
i. 14 (for word class);  
ii. 1 (for superset), 
iii. 1 (set code repeated from superset) 
iv. 101 (for subset) This code is unique to “the” 
v. 3 ( for form field)
vi. NOTE:  The repetition of the superset code 1 in the set field (for definite articles) is an exception to the normal practice.)

vii. NOTE: In a pattern-rule, this would normally be written 14 101 3. as the 

superset and set values are already implicit in the subset.

b. sky (noun)  (  1  9/29/29/  1
i. 1 (for noun word class), 
ii. 9 (superset, for place nouns), 
iii. 29 (set code for non-agentive geographic locations), 
iv. 29 (supertset, repeated from set code). 
v. 1 (for form field, signifying singular) 
vi. NOTE:  As stated, some set codes do not have subsets, in which case the set code is repeated in the subset field.  
vii. NOTE: In a pattern-rule, this would normally be written 1 29 3. as the superset values is already implicit in the set value.

c. is (main verb) (  2  11/60/886   3
i. 2 (for verb word class), 
ii. 11 (superset for existential intransitive verbs), 
iii. 60 (set code for the verb be), 
iv. 886 (suibset code for the verb be).  This code is unique to the verb “be”
v. 3 (for form field, signifying present tense, third person singular)
vi. NOTE:  In a pattern-rule, this would normally be written as 2 886 3, as the superset and set values are implicit in the subset value.
d. blue (adjective) (  1  6/40/609  13
i. 1 (for adjective word class)

ii. 6 (for superset)

iii. 40 (for set)

iv. 609 (for subset)
v. 13 (for form field). The form field value of 13 here serves to distinguish adjectives element from nouns, both of which are wc 1
vi. NOTE:  Once again, in a pattern-rule, this would normally be written 1 609 13, for the reasons stated above.
6. Thus, the sentence “The sky is blue” would receive the following representation 
in SAL:  

a. Note that the sentence is bounded by punctuation codes which are always wc 20.

i. BOS (Beginning-of-sentence
ii. EOS (: End-of-sentence

	NL Word
	SAL WC
	SAL Semantic Type
	Form

	
	
	Superset
	Set
	Subset
	

	BOS
	20
	1
	1
	1
	1

	The
	14
	1
	1
	101
	3

	sky
	1
	9
	29
	29
	1

	is
	2
	11
	60
	886
	3

	blue
	1
	6
	40
	609
	13

	EOS
	20
	10
	19
	110
	1


7. The above table illustrates what a NL sentence will look like after it has been looked up in the dictionary and converted to a SAL sentence.

a. It is this SAL sentence array that is submitted to the next modules of OpenLogos for analysis (RES and TRANs), leading to a target language translation.
b. We ignore for the moment the function of the RES module which is to disambiguate words having more than one part-of-speech to the part of speech the word has in the given sentence.  

i. RES also marks all clauses and embedded clauses of a sentence, affording a top-down view of the sentence for use by the TRAN modules..
c. In effect, then, we go directly to the first of the TRAN modules.

i. There are four TRAN modules, executed sequentially. 

ii. The output of TRAN1 serves as input to TRAN2 and so on.

iii. In effect, the TRAN modules produce a single parse of the sentence, moving progressively in bottom up fashion to the most abstract parse-tree level in TRAN4.

iv. The reader is referred to the Logos Archives website (cited above) for helpful graphics.   

Section Two: - Overview of How language is analyzed by the TRAN modules in Logos Model
Note:  The serious reader may wish to consult the RES Primer available in the RES folder on this website in order to first understand the macro-analysis performed by the two RES modules preparatory to the TRAN micro-analysis discussed below. 

The SAL output from dictionary look-up (as disambiguated by the two RES modules) now serves as input to TRAN1, the first of the four TRAN modules that perform analysis of the source sentence. As the source parse tree is being built, notations are made regarding target language equivalents for each source tree constituent.
1. TRAN1 analyzes and concatenates simple noun phrases as NP, among other basic functions appropriate to a bottom-up parse.  

a. Each element of the input sentence, including punctuation, now becomes an entity known as an SWORK, standing for semantico-syntactic work record.  

b. SWORKs now take the place of NL words, one SWORK for each source word or phrase matched in the dictionary.

i. An SWORK comprises the SAL code triplet described above:


namely., Word Class, Semantic Type, Morphology. 

ii. Unfound words and punctuation also become SWORK entities.

2. We repeat, the NL string has now become an SWORK string, or string of SWORKs.  

a. It is on this SWORK string that all subsequent TRAN functions operate. (See table below)

b. In effect then, the procedure is as follows:

NL STRING ( SWORK STRING ( SOURCE PARSE TREE (
TARGET EQUIVALENT TREE (  
TARGET NL TRANSLATION
c. NOTE:  The SOURCE PARSE TREE is in the form of an SWORK 
ARRAY and is displayed at the end of each TRAN module. 

i.   The TARGET EQUIVALENT TREE is only implicit and is not 

      displayed.

SWORK INPUT STREAM
	NL Word
	SAL WC
	SAL Semantic Type
	Form

	
	
	Superset
	Set
	Subset
	

	BOS
	20
	1
	1
	1
	1

	The
	14
	1
	1
	101
	3

	sky
	1
	9
	29
	29
	1

	is
	2
	11
	60
	886
	3

	blue
	1
	6
	40
	609
	13

	EOS
	20
	10
	19
	110
	1


3. Each TRAN module has its own set of TRAN pattern-rules.

a. TRAN pattern-rules have three working components: (1) SWORK pattern, i.e. the pattern in the SWORK input stream to which the pattern-rule pertains; (2) Constraint component, specifying conditions that must be met for the pattern-rule to fire; and (3) an action component (called a VTR for vector transform) which effects source parse and equivalent target tree notations where appropriate.
· Pattern-rules are stored in the form of pattern dictionaries and are indexed on the first SWORK and second SWORK of the SWORK pattern.
· In effect, pattern-rules are stored by word class, and then within word class by Semantic Type (subset, set and superset, in that order)

· Pattern-rules are also matched in that order, i.e., the more semantically specific pattern-rules are looked at first.

· The SAL pattern dictionaries associated with the TRAN modules contain between two and three thousand pattern-rules each and have the potential to have many times more that number.
b. The pattern dictionaries are accessed much as any NL dictionary is accessed.

· In other words, the SWORK input string serves as search argument to the SAL pattern dictionary of each TRAN module.

c.  NOTE:  It is important to realize that in OpenLogos, it is NOT the case that pattern-rules are applied to the input stream, no more than that is the case in looking up NL words in dictionary .  The case is just the opposite:  The input stream is applied against the pattern-rulebase, as in dictionary look-up..
· This search order may be unique to Logos Model, namely, that the SWORK input stream seeks a match in the pattern-rulebase, not the other way around.  
· A huge advantage of this order is that, since the TRAN pattern dictionaries are well indexed, only TRAN pattern-rules that are pertinent to a given  SWORK stream will be looked at.  This has obvious benefits to system efficiency.
· The second advantage of this is that:such pattern-rulebases can grow arbitrarily large and therefore become more comprehensive, just as can dictionaries, with sublinear impact on performance.

· A third big advantage is that pattern-rules need not be restricted to syntax alone (as is the general practice) but may be semantico-syntactic, thus increasing their power.
· It is this particular database property that enable OpenLogos to produce a single, deterministic parse rather than a parse forest which must then be pruned.
d.  Pattern-rule matching is based on two match principles, in this order:

· Within word class, match on SAL Subset first, then, if no match, on Set, Superset, and finally on the  ‘universal set,’ in that order.
· Always effect longest match within the SAL level. 
e. In sum, then, the SWORK input string serves as search argument to the SAL pattern dictionaries, seeking the most specific semantic match first and then, within that, the longest match.

.
4. Subsequent TRANs (TRAN2-4) concatenate lower level SWORKs into higher 

level entities, much in the manner of a bottom-up parse.
a. For example, the string NP Prep NP coming out of TRAN1 may, under the appropriate circumstances, become NP coming out of TRAN2 (e.g., “a book about computers” ( NP 
· The semantics of this NP is “book.”  

· The fact that this NP contains a concatenated PP is reflected in a so-called “Scon” data array associated with this NP’s SWORK.(Every SWORK has a Scon array associated with it. See paragraph 6, below and the section on Scons elsewhere in this Primer) 
5.    SUMMARY:   NL string ( SWORK String ( SWORK search argument    

( Look for Match in TRAN pattern dictionary ( On MATCH (assuming 

all pattern-rule constraints have been satisfied) perform pattern-rule’s ACTION (VTR).
6. SWORKs and Scons. Every SWORK entering TRAN1 has a Scon record..   

a. At the point where SWORKs enter TRAN1 (after RES2 is completed), each SWORK is assigned a control record known as a Scon.  Scons store supplemental information pertinent to its SWORK.  

· Initially, these Scon records only store lexical information derived from the dictionary look-up, such as gender, person, case or tense pertaining (if relevant) to the target transfer provided by the dictionary. As analysis proceeds through the TRANs the Scon record becomes filled with additional intelligence about its source SWORK, as well as notations to guide target generation.
· Some of the information in the upper positions of a Scon record are from the RES macro-parse, such as, e.g., the nature of the clause a given SWORK happens to reside in, and so on.

· A Scon record has 100 positions any of which may be accessed by both the ‘constraint’ and/or ‘action’ portion of a pattern-rule, for both source analysis and target synthesis purposes.
b. Also associated with each SWORK is a pointer to the target word or phrase that translates the source word or phrase represented by the SWORK.  
· As TRAN1 pattern-rules process a source SWORK, it loads its target word pointer into an array called OPADR, for output address array.  All the target words (actually pointers to these target words) for a given source constituent are loaded into the OPADR. Obviously, target word pointers are loaded in target word order.
· Pointers to target words in place of, or quite apart from, those provided by the dictionary may also be loaded into the OPADR as the target equivalent of the source sentence is being formed.

· It would be helpful to remember that each parse constituent has associated with it an OPADR.  As constituents get concatenated in higher TRANs, so too do their OPADRs get concateinated.  In the end, then, at the conclusion of TRAN4, pointers to the targets words of the target sentence all reside in a single OPADR.  

· SUMMARY:  Match a given source SWORK against a pattern-rule ( Satisfy the pattern-rule’s CONSTRAINTS, if any ( Perform pattern-rule’s ACTION (its VTR) ( (1) Build source parse tree, (2) Where needed, make notations in the SWORKs Scon, (3) Where needed, set communication Cells for benefit of subsequent pattern-rule matches; 4) where appropriate, load OPADR associated with this SWORK with pointer to target transfer.  
· Some of these actions will be done by specifically source functions, others by specifically target functions. This is illustrated below.
· NOTE: Loading of target pointers into the OPADR may be done indirectly by placed the instruction for this load into a so-called Slot, with the understanding that this Slot will be processed by the VTR of a subsequent pattern-rule.  

· The use of Slots for delayed ACTION like this is a widespread feature of Logos Model, particularly in NP processing in TRAN1, and in TRAN4 generation of the target S (the top element of a bottom-up parse, representing the entire target sentence)
· Use of Slots will be illustrated in the next sections.

· It might be helpful to keep in mind that there is just one OPADR for each constituent of the source parse tree. In effect, the OPADR represents the target parse tree equivalent of the source constituent it is associated with.  Of course, the target word pointers in the OPADR are in target word order.  .

· The Scon associated with each SWORK is now also associated with each target word in the OPADR, and information in the Scon will be used to guide the inflections of target words where appropriate. 

· Target words in the OPADR that are introduced by the target linguist (i.e. did not come from the dictionary) are also given a Scon record for generation purposes.

· Reminder:  As lower parse tree constituents get concatenated in the higher TRANs, so too do the OPADRs associated with them. In TRAN4, all the source constituents wind up in S at the top of the parse tree. This S has a single OPADR that contains all the target words in target word order. This OPADR then, in effect, is the target S.  (The source S has no associated SWORK since there is no subsequent need for an SWORK.  Nor is a source S actually displayed in the diagnostics.)
· The following graphic seeks to show the inter-relationships between the key elements in each of the TRAN levels.  The graphic illustrates TRAN1, but the same relationships obtain in TRANs 2 and 3.  TRAN4 is different (It produces no new SWORK). At the end of TRAN4, target generation takes place, drawing upon the OPADR (as concatenated) and  the Scons associated with each address pointer in the OPADR..

.


[image: image1]
7. TRAN pattern-rules have four components:

a. Comment line (a non-working line for benefit of developer only)

b. SP Line: Semantico-Syntactic Pattern line, or, in other words, a string or pattern of  SWORKs.  The SP line becomes the search argument when looking up matching pattern-rules in the pattern-rule base.  SP lines are limited to 10 SWORKs.  However, up to three of these may be Kleene stars (so-called “stretch SWORKS”), allowing for virtually unlimited range of a pattern-rule. 

c. Constraint line: specifies conditions that must be satisfied for the pattern-rule to fire. (Not all pattern-rules have constraint lines.) 

· Constrain lines may test Cells for intelligence set by some previous pattern-rule
· Constrain lines may test information in the Scon of one or more of the SWORKs in the matched pattern.
· Constraint line often also contains a string of SAL codes to supplement the Semantic Type field of an element in the SP line (i.e. where the pattern-rule is intended to match on any one of a string of semantic SAL codes, rather than just the one code allowed in the Semantic Type field of an element in the SP line.)

d. Action line: effects an action leading to source parse, and optionally also to target parse.
· The Action lines consists chiefly of switches, which are programmed functions or operators. 
· There are about 58 switches, many of which have a great many variations. Some switches are specific to source action, others to target action, many to both.
· Pattern-rule writers do not have general programming facilities. All operations in the Action line are effected via a rich library of pre-determined functions with parameters, viz., these so-called switches.
· Switches will be illustrated in the next section when we look more closely at the Action line of a pattern-rule.  
· The Action line typically (but not necessarily)  also contain switches that perform target work such as

· Loading OPADR with target addresses

· Placing relevant intelligence in one or more of the Scons of the SWORKs in the matched pattern

· As stated, any number of target languages can feed off of a source pattern-rule’s Action line.
· The ‘Action line’ is more properly called a vector transform or VTR

· In the VTR, all specifically target actions are accomplished via switches that call 30-, 40- and 50-Tables. These tables also contain switches, as explained below.

· Every target language has its own set of these tables.  Source pattern-rule call the target tables of whatever target language was specified at run time. 

· In effect, then, any number of target languages can operate off of a single English parse via these tables.
8. Target Language Actions. 

a. To repeat, target actions are effected in the VTR by means of switches that variously call so-called 30- 40- and 50-tables.  

· These tables in effect are target VTRs.  They too consist basically of switches, some of which are unique to target work, others which are the same as source language switches. 

b. Any number of targets may make use of a single source pattern-rule, making OpenLogos a multi-target system. 

· This means that a single source analysis may contributed to the generation of any number of target languages, assuming that the appropriate target data files are in place.
c. Target tables will be discussed further below.


Section Three -  Highly Simplified Example of TRAN1 processing
of “The sky is blue.”
NOTE:  See Appendix A to this Primer for system diagnostics showing TRAN1 processing of the simple noun phrase, “The sky” as NP.

In what follows, we illustrate in very simple, reduced terms the basic operations associated with the formation of NP out of the noun phrase “the sky” in the sentence, “The sky is blue.”  The pattern-rules shown below are all those actually involved in the TRAN1 process that creates this NP, but it should be understood that the depiction of the Action lines in these pattern-rules has been very greatly simplified.  
1. Coming out of RES, we have an SWORK array as follows:

	Word
	SAL WC
	SAL Semantic Type
	Form

	
	
	Superset
	Set
	Subset
	

	BOS
	20 
	1
	1
	1
	1

	the
	14
	1
	1
	101
	3

	sky
	1
	9
	29
	29
	1

	is
	2
	11
	60
	886
	3

	blue
	1
	6
	40
	609
	13

	EOS
	20
	10
	19
	110
	1


2. TRAN1 software performs longest match look-up (with the SWORK string as search argument) in the TRAN1 pattern-rulebase (pattern dictionary).  

3. The following pattern-rules are in fact the TRAN1 pattern-rules that were matched in processing the sentence “The sky is blue.” 
a. Only the Comment line and SP line for these pattern-rules are displayed here. 
b. However, the Action components for the pattern-rules involved in NP formation for “the sky” are shown (in greatly simplified form) further on, in blue. 

c. One can see the pattern-rules in their entirety in the diagnostic output shown in Appendix A.  

d. The diagnostic provides fairly extensive commentary on all aspects of the pattern-rules.
TRAN1 Pattern-rules Matched for the Sentence: ‘The sky is blue.’
(Only Comment line and SP line are shown here)

Match on BOS with  backspacing 1 (-1)

**809 BOS = -1 / T90,F02/CK FOR ? (ADD VC108 FOR ADV-S287)  
1 (20 1 1)
Match on punctuation (BOS). Pattern-rule does not backspace.  

PUNC = PUNC                                                          

1 (20 -1 -1)  (See elaboration below)

Match on the determiner “the”.  Pattern-rule does not backspace.

DET = DET                                                         

1 (14 -1 -1)  (See elaboration below)

Match on the noun “sky”. Pattern-rule backspaces 2 (-2).
N(91) NON-N = -2 / CK S3                                             

2 (1 -1 91)  (-3 -1 -1)
Match on the noun “sky”. Pattern-rule does not backspace.
**107 N = N / CK FOR F20,39,PN                                    

 1  (1 -1 -1) (See elaboration below)

Match on the verb “is”.  Pattern-rule does not backspace.

**156 V = V E1                                                 

 1  (2 -1 -1)

Match on the adjective “blue”.  Pattern-rule backspaces all the way (-2)

N(91) NON-N = -2 / CK S3                                             

 2  (1 -1 91)  (-3 -1 -1)

Match on the adjective “blue”.  Pattern-rule does not backspace.

**107 N = N / CK FOR F20,39,PN                                    

 1  (1 -1 -1)

Match on end of sentence punctuation.

EOS = EOS /ADDED 091                                           

1 (20 10 1)

 NOTES  ON  MATCHES  RELATING TO  NP  FORMATION
a.  PUNC = PUNC (Comment line of pattern-rule matching on BOS)                                                       
(20 -1 -1)(SP line: -1 means universal set and form)  

              083  0   -1   0   084  0   999          (VTR line. Line is executed from left to right)  
· 83 (and 84) are so-called Slots into which some previous pattern-rule may have placed a portion of its Action line (VTR) for delayed execution. These Slots are emptied now and any such instruction would be executed at this point.  In the present case, these slots are empty.  (The leading zeros can be ignored, as can the zero following the Slot number).

· -1 0 is a relational pointer, instructing the system to load the target address of the 1st  element into an output address array (OPADR) for use in eventual target generation.  This particular action of loading the OPADR is one of the most basic actions of all pattern-rules.
· The 0 after the -1 in this relational pointer is a parameter, which is mostly zero (i.e., not used).  

a. However, when set to 2, it signifies that the target address of the alternate word class of the element is to be loaded rather than the regular dictionary transfer for this word. 

b. When set to a number from  120  to 998, it signifies that a high frequency constant is to be loaded into the OPADR  instead of the transfer supplied by the dictionary.. This is one of the means linguists have for overriding dictionary transfers.
· NOTE: The VTR automatically forms an  SWORK for this element. This SWORK  will be part of an output  SWORK array that will serve as  input to TRAN2
a. Unless instructed by a switch to do otherwise, every VTR automatically forms an answer based on the last element of the SP line. Switches are avail able to (1) prevent this from happening or (2) modify the WC, Type and Form values of the SWORK being formed..
b. DET = DET (Comment line for handling of ‘the’)                                                        

   (14 -1 -1) (SP Line)
   -20   0 -11 075 107 -1 0 999  (VTR line) 
· -20  0  is a switch that prevents the automatic formation of an SWORK. The zero parameter has no meaning. 

· -11 075 instructs the system to load into slot 75 the balance of the VTR up to 999 (VTR end marker).
a.   The -11 switch is fundamental to the concatenation of the elements of a noun phrase into an NP constituent in TRAN1.
· The VTR so loaded into this slot (or any slot after a -11 switch) will be executed later, when the slot is unloaded in the Action line (VTR) of  a subsequent pattern-rule 
· In effect, this -11 switch is a mechanism for specifying actions that are to be delayed until a later pattern-rule. 
· The 107 is a so-called ‘variable constant’ (VC) which in the above pattern-rule is being loaded into slot 75. 
a.  VC’s are receptors into which are inserted target addresses of source elements. The relational pointer -1 0 points to the source element whose target address is to be inserted here into this VC.
· These VC’s are loaded into the OPADR during handling of a source constituent and its target implications. 
· Because of the -ll switch in the above pattern-rule, VC 107 containing the target address of -1 0 will not be loaded into the OPADR until slot 75 is unloaded by a later pattern-rule.
· The reason for inserting target addresses into a VC is to make it possible for a pattern-rule in a higher TRAN to address this VC for purpose of altering the target address it contains.  
c. N = N  (Comment line for handling of ‘sky’)
(1 -1 -1)  (SP line)

-42  10 107 1 1  -63  0 802 1  999  (VTR line) 

· -42 switch sends the system to attempt a match at WC 10 Type 107. No match was found. Had a match been found, the VTR of the WC 10 pattern-rule have been executed in place of the calling VTR. 

a.   The -42 switch mechanism allows for nested pattern-rule matching.
b. The third (1) and fourth parameter(1) of this -42 switch indicate where matching in the originating SP line is to begin and end.  In the present case, there is only one SWORK in this SP line. (A nested WC 10 pattern-rule may only need to match on a portion of the SP line).
· The -63 switch calls 30-Table 802.  30-Tables are target language tables. The system retrieves this table and executes its code. Code of a 30-Table also consists of VTR-like switches,  a number of which are common to both source and target functions..
· NOTE: From this point on we must greatly simplify 

Main 30 table #802

-64   0 139   0 999  
· The 30-Table calls 40-Table 139 to make use of re-usable code. 
· NOTE: Where 30-Tables are unique to a given TRAN pattern-rule, 40-Tables contain reusable target code and is callable by any 30-Table.
Main 40 table #139  
-66 127 199 -81   2 206 777 -81  13   5  60
· -66 switch is a variable length, condition-testing switch bounded by 60. . This switch is testing whether Scon 2 has the value 206 AND Scon 13 has the value 5.  On TRUE:the branch to branch point -57 1 where code is executed until branch point -57 2, and then execution resumes at branch point -57 7.  On FALSE, branch to branch point  -57 1, and continue to end at 9(99) (i.e. end of this 40-table).   In this case the result if FALSE and the branch is to Branch point -57 1 
· It is not necessary to show all the branch points here, only those relating to this particular NP formation, e.g., branch points -57 1, -57 5 and -57 8

-57   1 102   0  75   0 107   0  83   0  73   0 103   0 105   0 108   0 106   0  71   0  77   0 101   0  
·      -57 1 Branch point:  The instructions following branch point -57 1  now begin to build the target NP.  VC 102 is loaded into the OPADR  (See Glossary for meaning and use of VC’s).  Slot 75 is emptied and any switches therein are executed, e.g., any relational pointers and any VC’s it may contain are now loaded into OPADR.  NOTE that Slot 75 was previously loaded with the address for the target word for “the.”  This target address was stored in VC 107 as it was loaded into Slot 75. This is not the VC that is next being loaded into the APADR.  (The OPADR will have two VC 107s in a row. Only the first of which will contain an actual target address (for the target word for “the.”)
·       All of the elements loaded into the OPADR here will stand in front (to the left of) the head nou, and will thus appear before the head noun  in the target generation of this NP. The head noun itself  gets loaded at subsequent branch point -57 5, below.) 
-57   5 -25   0  -1   0  (Processing continues at this branch point))
· The -25  0 switch is critical to NP formation. First, the relational pointer(-1  0)  to the right  identifies the noun that will be the NP’s head. .The resultant SWORK will have the values of the head, except as otherwise modified to reflect, e.g., presence of a determiner, etc (by a change to the value in the form field).  
· Secondly, it causes all elements loaded into the OPADR at this time to receive the number and gender values of this head noun. In effect, the Scon’s of any article and adjective(s) receive the number and gender settings of the head noun.  

· The parameter of the -25 switch is normally zero. If it had a value it would spacify a case setting that would go into the appropriate position in the Scion for this head noun and any other inflectable elements in the OPADR for this NP.
-57   8 104   0  74   0 112   0  79   0  96   0 110   0 -55  70   0   0  999

(Processing continues at this branch point))
· The instructions following this branch point loads VC 104 into the OPADR 
 (whether it contains a target address or not).  Subsequent pattern-rules can address this VC and alter its contents.) Then it empties Slot 74 and processes any instructions contained therein. Next, it loads VC 112 into the OPADR, and so on until 999

· All of the elements loaded into the OPADR here will stand in front (to the right of) the head noun of the target NP when it is generated.  In this case there were no target words being loaded at this branch point. (The case would of course have been different if the target were French rather than German)
· This ends the processing of the noun phrase “the sky” and the creation of NP
4. At the completion of TRAN1 processing, a new SWORK will have been formed to serve as input to TRAN2, as follows:
***** THE SWORKO TABLE IN tran2  *****

  20  900   2  1      1   29  17  3      2  886   3  4    1  609  90  5    20   10   1  6       

    BOS                 sky                is               blue                   EOS                

· NOTE:  The 17 in the form field for the SWORK for “the sky” was set by the -25 switch when the head noun “sky” was processed.  17 stands for singular NP with definite article.
· This ends the commentary on NP formation in the given sentence.  In Appendix A, the reader will find system diagnostics (with extensive commentary) showing actual processing of this sentence.
APPENEDIX  A
TRAN1 Diagnostics for handling the simple noun phrase, “The sky” as NP.
***** A MATCH STARTING AT   1 LEVEL   1       ON ELEMENT  1jj              tran1 

Tran pattern-rule #4161, ID: 4160

**809 BOS = -1 / T90,F02/CK FOR ? (ADD VC108 FOR ADV-S287) ST286 EGSP1          

 1  (20 1 1)

   -42  10 809   1   1 -20   0 108   0 -55  19 -81  62 -55  70   1   0 -55  99   1   0 -46 -81   0   900   2 -41   1 999    0   0

1. Comment Line:  this pattern-rule matches on beginning of sentence pattern, checks for interrogative, and backspaces.  

2. SP line:  20 001 01 is unique SAL code for BOS

3. VTR Line:

1- -42 switch causes system to branch and continue matching on special nested WC 10 pattern-rules, looking to match on an WC10 pattern-rule whose sp line has its its first element 10 809 1. if match occurs at wc 10 pattern-rule, then vtr of that pattern-rule rather than that of the calling pattern-rule is executed 

i. apparently no pattern-rule match was made on any WC10 pattern-rule so system continues with match on VTR of current pattern-rule.

2- -20 000 Switch.  Supresses new SWORK formation by this TRAN pattern-rule
a.  (Note: The -20 swotch has a single parameter which can specify several highly specizlised functions but is used rather infrequently.)

b. IMPORTANT:  Unless a TRAN pattern-rules’s VTR has a -20 switch surpressing this action, each TRAN pattern-rule will automatically cause a new SWORK (sometimes referred to as NSWORK) to be formed, based on the wc/type/form values of the last SWORK of the SP line after taking backspacing into consideration (or as otherwise modified by a -46 switch).  

i. Of course, as stated, nny such SOWRK formation takes into account the actions of the -41 switch.

1. Thus an SP line with three SWORKS whose VTR has no -20 switch and which has a -41 001, i.e., backspaces one, will cause a new SWPRK to be formed based on the values of the second element in the SP line. 

a. A -46 switch however can modify any of the wc/type/form values 

ii. This new SWORK will be part of the SWORK output array of the current TRAN. which serves as input the the subsequent level of TRAN. 

3- 108 000   This is a VC (variable constant) that is now added to the output address array (OPADR).  

a. Once a VC is loaded into the output address array, it can be addressed by switches for that purpose at any point, and can be loaded with elements, constants, or other VC’s.  Initially VC’s are empty when initially loaded into the OPADR.

4- -55 switch sets values into a clause-level cell array.  

a. -55 has three parameters. 

b. There are two variants to the -55 switch.  Unfortunately I do not have adequate documentation on the first variant of this switch.

i. 1st variant (cf first instance of -55, above).  

1. 1st parameter specifies a cell in the clause-level cell array that is to be affected by this action. 

2. 2nd param is a relational pointer, some value associated with which is to be placed in specified cell.  

3. 3rd param specifies source of that value. Unfortunately I not have up-to-=date documentation on the meaning of 62    

ii. 2ndst variant (cf second and third instances of -55, above).  

1. 1st param specifies a cell, as in first variant. 

2. 2nd param specifies the value to be placed in the cell.  

3. 3nd param is always null

5- -46 switch re-labels the SAL type field and the form field of the first element of the SP line.  It does not, in this case, affect the element’s wc field.   

6- -41 001. Backspacing switch. Parameter specifies number of SWORK elements to be backspaced when system resumes matching function (in this case a backspace of 1 SWORK of the SP line). As may be seen, -20 switches are frequently used in conjunction with the -41 switch, allowing for iterative processing of the same SWORK input segment. 

a. Note:  because of the backspace, the original SWORK is being matched on again, but now it has a different form field value and therefore will not match on the same TRAN pattern-rule but on a different pattern-rule.

REVIEW:  Number ranges in VTR’s are meaningful.  Here is an overview:

1. -1 to -10 (with one param) = relational pointers, indicating an element in the SP line,    
    E.g., -1 0, -2 0, -3 0, etc.
2. -11 to -98  (with variable number of param’s) = switches
3. 70 to 98 (with one param) = slots (slots are receptors for VTR actions.  Slots get filed by an early pattern-rule (or pattern-rules) and get emptied by a later pattern-rule.  I.e., slots allow for delayed action.
4. 101-120 = VC’s  VC’s are also receptors into which target addresses are loaded. VC’s are loaded into slots, but because their address is constant, they are addressob;e by a later pattern-rule that wants to modify their content.  
5. 121-998 = target constants.  Target constants are target words that linguists can use to replace a target transfer from the dictionary, or to introduce an entirely new target word into the output array 
DEFINITIONS:

1. SP = semantico-syntactic pattern

2. Tagsets = supplemental SP lines that allow for expanded specification of SAL types, and also other functions.

3. VTR = vector transform, the action component of a pattern-rule.
4. Relational pointer (e.g., -1) = pointer to an SWORK in the SP line (-1 points to first SWORK)

5. Switches = the means by which both source and target actions are taken 

6. Slots = recepticals for receiving elements, switches, target constants, and VC’s.  Slots are loaded by switches and are unloaded when the slot appears in some subsequent VTR.  Slots have single parameters.

7. VC = Variable constant. VC’s are generally similar to slots and what is true of the loading and unloading of slots is also true of VCs.

8. Target Constants – numeric pointers to target string addresses.  Useful for introducing additional target strings not provided by original dictionary look up, or for replacing transfers so provided.

***** A MATCH STARTING AT   1 LEVEL   1       ON ELEMENT  1jj              tran1 

Tran pattern-rule #4075, ID: 4074

PUNC = PUNC ST1184 EGSP1                                                        

 1  (20 -1 -1)

    83   0  -1   0  84   0 999     0   0

1- Comment Line: The SWORK is matched and, by default action, a new SWORK is being formed with the same wc/type/form values of the old SWORK (done automatically as a by-product of the match, unless inhibited by the -20 switch or modified by the -46 switch).

2- SP line:  Here we have a match on a single wc 20 element of any type or form field (wc 20 stands for any sort of punctuation, including parens etc.)

3- VTR:  

a.  83 0 (0 is a satalite paramaeter).  In VTR’s, positive numbers from 70 to 99 followed by a single4 parameter are so-called slots into which relational pointers, constants, VC’s and switches may have previously been loaded by means of swsitches, and which now at this point get unloaded. Unloading means that any relational pointers that were placed in 83 will now cause the target address associated with the pointed-to SWORK to be loaded into the OPADR.  

i. Any target constants (numbers pointing to target strings) found in the slot are also loaded into the OPADR.  

ii. If a slot contains switches, such switches would also be executed at this point. 

iii. Thus it is possible to delay the execution of switches by this means. One advantage of this is that it allows delayed switch execution to benefit from any analysis that may have occurred subsequent to the moment when switch was loaded into the slot. Slots are positive numbers ranging from 71 to 98 (but I am not certain of this upper range).

iv. Slots and VC’s are the principal tool for effecting target word order. 

1. Slots are available for use in any way linguists see fit, in accordance with overall strategies.    

b. -1 0  This is a relational pointer (with its parameter), pointing in this case to the first element in the SP line. 

i. The appearance of a relational pointer in the VTR cause the target address of the pointed-to SWORK to be loaded into the OPADR. 

ii. Target addresses are loaded into the OPADR in the order in which they occur in the VTR.

iii. relational pointers have a single parameter. 

a. A positive number in this param from 101-998 identifies a target constant which is to replace the target string initially associated (in the dictionary) with the SWORK. 

i. This is one of the main mechanisms for overriding dictionary-level transfers of source words.  

b. In the current pattern-rule, above, the relational pointer’s parameter is 0 (null), meaning that the original dictionary target string associate with the SWORK is loaded into the OPADR (not the string itself, of course, but a pointer to it).

c. Note that target constants are addresses of (pointers to) literal target words stored in a separate target language constant dictionary.   

c. Slot 084 is now unloaded into the OPADR.  

i. The OPADR will now have target addresses of either the original dictionary-level transfer for the sosurce word, and/or a target language constant. Such target-language constants may be in addition to, or a replacement for, the target string originally provided for the SWORK (source word) in the main dictionary.

1. As stated, all target addresses will appear in the OPADR in the order in which they were loaded.

d. 999 signals end of VTR

***** A MATCH STARTING AT   2 LEVEL   1       ON ELEMENT  2jj              tran1 

Tran pattern-rule #3174, ID: 3173

DET = DET E1 ST282 MMT287                                                       

 1  (14 -1 -1)

   -20   0 -31  15

   -63   0 458   1 999     0   0

1- Comment Line:  Comment line here is misleading and should read DET = (DET)

i. The parens indicates that DET is not to receive its own new SWORK (because of the -20 switch)

ii. Tnis is part of the process by which NP is formed.

2- SP Line:  wc14=Determiner.  This pattern-rule pertains to any type of Determiner, whether definite or indefinite (e.g., the, a, his, this, no, etc.) 

3- VTR: 

i. -20 suppresses new SWORK formation

ii. -31 is a utility switch that performs the function specified in the single parameter. 

1. param setting 15 causes a definite article flag (ARTDEF) to be set to value of 1.

a. This ARTDEF setting will be tested later to determine whether to alter the form field of the head noun ‘sky’ to a 17, signifying a NP introduced with a definite article.

i. It is interesting that NP will be identified this way, given that the SP line does not test for a definite article SAL code.  I cannot say for sure but I believe the action taken here is a default action, taken because no other pattern-rule has been matched which would have prevented this action. The Logos system makes extensive use of default pattern-rules which infer a condition in the absence of anything else having happened to preclude the default action.

iii. -63 switch.  All target actions in the system are introduced by the -63 switch which points the system to a 30-table, here 30-table 0458.  

1. Each 30 table is linked to a particular TRAN pattern-rule
2. Three parameters of the -63 switch:  first two pertain to the 30-table number (e.g. 0458) Unfortunately I not recall purpose of the third param, or even if it has any. (I do not have an up-to-date switch manual at my disposal. However, if I am not mistaken, I believe OpenLogos provides an on-line switch manual.  (I do not have the OpenLogos system at my disposal either)

3. In the present case, the only function of 30-table 0458 is to call a 40-Table via the -64 switch. 

-Main 30 table #458

   -64   0 115   0 999

iv. -64 switch.  This switch calls a 40-table (0115). In other respects it is like a -63 switch. 

1. As stated previously, 40-tables are sharable and callable by any 30-table. Because of the efficiencies of this arrangement, most of the target work is done in 40-tables.

Main 40 table #115

   -56   1 199 299  42  74

   -57   1  83   0  73   0  71   0

   -57   2 -55  14   1   0 -55  31 -81   2 -55  33 -81  13

   -66 399  56 -81  60 140  60 -36  45 -81 -11  75 107 -81 -31  11

   -57   3 -31 -81

   -57   4 999

v. 40-table 0115: Note that both 30- and 40-tables are essentially target VTRs.  

1. Some of the switches in these tables are unique to target functions, others are common to both source and target work.  

2. -56 switch:  This switch tests a cell in the clausal cell array and effects a branch within the VTR depending on results of test (TRUE or FALSE). The number of parameters varies, as follows:

a. 1st param establishes the number of conditions to be tested, in this case only 1 (i.e. whether cell 42 has the value 74). 

i. Each test condition entails two parameters, one for the cell, one for the value.  

ii. In multiple test conditions, the test can be either OR or AND.  

1. OR is the default.  

2. AND is expressed by inserting 777 777 (signifying AND) between each of the cell/value test pairs.

b. 2nd param identifies three points in the VTR to which system will branch, as follows

i. 1st digit is branch point for FALSE (cell has the value being tested for)

ii. 2nd digit is the end point for processing when true

iii. 3rd digit is the re-enter point at which to continue processing

c. 3rd param identifes the three points in the VTR for FALSE match test. The three digits of this parameter have the same significance as for TRUE

d. the 9’s in the second and third parameters stand for the 999’s which end the VTR.

e. Branch points are nomrlally identified by switch -57. 

f. In the example, above, cell 42 is being tested for a value of 74. 

g. See the bold-=faced code below for what happens in the present 40-table:
3. -66 switch:  I do not have documenmtation on this switch but it is also a branching switch akin to a -56 switch where rather than testing a cell, an element’s SCON is being tested for the specified value.  Here, ANDing is expressed by 777 (rather than 777 777, as in -56sw)  

4. -36 switch:  utility switch. Do not have documentation on function 45 but believe it is related somehow to -31 switch where param is 15, which causes the ARTDEF cell to be set (turned on). Perhaps this switch sets a cell to the .

5. -11 switch:  This switch causes the slot in identifies in its one parameter (075) to be loaded with all that follows in the VTR.  

a. This slot and all that has been loaded into uit will get unloaded by a later pattern-rule (the pattern-rule for the head noun).

6. -31 switch is a utility switch (as seen earlier). 

a. I have no documentation on the function specified by param=11.    .

SEE AFTER NEXT TRAN PATTERN-RULE FOR A SUMMARY OF -56 AND -66 SWITCHES

 CELL 42  =    0

 -56 SWITCH TEST: CONDITION FALSE

 BRANCH TO -57  2   EXECUTE UNTIL -57 99  JUMP -57 99

 SCON( 60,-81) =    0

 -66 056 CONDITION AT  32,                              CONTINUE TO THE RIGHT

 BEFORE- SLOTAD,SLOTA2,SLDUMP   5   0   0 SLOT

     0

 AFTER- SLOTAD,SLOTA2,SLDUMP   5   0   0 SLOT

   107-10381   999     1

***** A MATCH STARTING AT   3 LEVEL   2       ON ELEMENT  3jj              tran1 

Tran pattern-rule #549, ID: 548

N(91) NON-N = -2 / CK S3 STS586 EGSP1                                           

 2  (1 -1 91)  (-3 -1 -1)

   -20   0

   -63   1 352   3 -36  56   0 -41   2 999     0   0

1. Comment Line:  Match is on a noun plus a non-noun SWORK. Pattern-rule backspaces its entire length. 

2. SP line:  

a. the 91 in the form field of the 1st element is a superform that includes a small set of form values.  

i. I do not have documentation available on what values this particular superform covers, but can infer that it must refer to values that are singular. 

b. The -3 in the wc field of the 2nd element denotes a small set of wc’s that are to be excluded fronm the match. 

i. Here again, I do not have documentation about the exact nature of this set, except to infer that it excludes nouns, and any wc that relates to simple NP’s.  

3. VTR line:

a. -20 0 switch suspends automatic new SWORK formation

b. -63 switch:  This switch invokes 30-table # 1352 for target action

Main 30 table #1352

   -55   3 -81 351

   -56   3 399  56   3  18   3   8   3  38

   -66 299  56 -81  45   9 777 -81   2 789  60

   -66 299  56 -81  45   9 777 -81   2 123  60

   -66 123  56 -81   3   9  60

   -66 299 399 -81   3   6  60

   -57   1 -54   1 -81   3   1 -48  13   3 -81 -54   1 -81   5   2

   -57   2 -54   1 -81   3   1 -48  13   3 -81 -54   1 -81   5   1

   -57   3 999
i. -55 switch:  This switch tests cell 3 with (I believe) the original form field value of -81. (I believe this is the significance of 351)

ii. -56 switch:  This is the conditional branching switch discussed previously.  

1. In the current example above, there are three tests (indicated by the 3 in the 1st param)

a. All three tests check cell 3 for values of 18, 8, and 38.   

b. Diagostic below indicates cell 3 has value 1, so test is FALSE 

i. I don’t recall (and have no documentation) of what 56 means in the FALSE branch field.  It appears to mean to continue processing the VTR after the -56 switch.

iii. -66 switch:  This too is a conditional branching switch, discussed previously.

1. In the above example, Scons 45 of the SWORK pointed to be -81 is tested for value 9 AND Scon 2 vor value 789.  l believe the 60 makes the end of this particular -66 switch. 

a. Since the test result is FALSE (as we can see from the diag below), the negative branch 56 is taken, signifying to branch to the end of this switch and continue processing the VTR (i.e. after the 60)

2. The next -66 switch makes a similar test but in this case tests Scon 2 for value 123.

a. Test result here is also false.  Branch is to point after switch (after 60)

3. The final -66 switch:  first param indicates branch points for TRUE, viz. 123, which means branch on TRUE to -57 1, exit at -57 2 and then resume at -57 3.

a. Test result however is FALSE, which means go to end of -66 switch and continue. This happens to be end of VTR (999), so VTR processing stops. 

b. System now attempts to match on a new TRAN1 pattern-rule.

iv. -54 switch (not executed):  This switch sets values into a Scon cell.

1. 1st param indicates number of Sconcell/value pairs

2. 2nd param points to the SWORIK whose Scon is being set

3. 3rd param identifies the Scon
4. 4th param specifies the value to be set

 CELL  3  =    1

 CELL  3  =    1

 CELL  3  =    1

 -56 056 CONDITION AT  13,                              CONTINUE TO THE RIGHT

 SCON( 45,-81) =    0

 -66 056 CONDITION AT  22,                              CONTINUE TO THE RIGHT

 SCON( 45,-81) =    0

 -66 056 CONDITION AT  33,                              CONTINUE TO THE RIGHT

 SCON(  3,-81) =    1

 -66 056 CONDITION AT  40,                              CONTINUE TO THE RIGHT

 SCON(  3,-81) =    1

 -66 SWITCH TEST: CONDITION FALSE

 BRANCH TO -57  3   EXECUTE UNTIL -57 99   
REVIEW OF -56 AND -66 SWITCHES

1. -56 switch:  conditional testing of clause-level cells
a. first param specifies number of cells to be tested.

i. Testing is OR testing, unless test pairs are separated by 777 777, in which case AND

b. second param specifies branch points on TRUE: n1n2n3, where n1 is where TRUE processing begins, n2 is where it ends for this switch, and n3 is where VTR processing continues.
i. Branch points are indicated by -57.  E.g. if n1 has value of 2, then branch is to -57 2, etc.
c. third param specifies branch points on FALSE.
i. Branching is same as for b.
ii. If 56, however, signifies that branch is to end of -56 switch where VTR processing resumes.

d. Tests pairs are cell/value combinations, as many sets of these as specified by first param

2. -66 switch:  conditional testing of one or more Scons of an SWORK

                i. Testing is OR, unless test pairs are separated by 777, in which case AND

a. end of -66 sw is indicated by 60

b. first param specifies branch points on TRUE, as in b. above

c. second param specifies branch points on FALSE, as in c. above

d. third param specifies SWORK whose Scon is to be tested.

e. Test pairs are Scon/value combinations, as many as appear before 60 (switch-end indicator)

***** A MATCH STARTING AT   3 LEVEL   1       ON ELEMENT  3jj              tran1 

Tran pattern-rule #1, ID: 0

NOTE  PATTERN-RULE BELOW IS A MOST IMPORTANT HEAD NOUN PATTERN-RULE WHERE ALMOST ALL SIMPLE NOUN PHRASES END AT, NO MATTER HOW MODIFIED.  FOR THAT REASON THE TARGET COMPONENT OF THE VTR IS ESPECIALLY COMPLEX.

**107 N = N / CK FOR F20,39,PN E1 ST985 MMT287                                  

 1  (1 -1 -1)

   -42  10 107   1   1

   -63   0 802   1 999     0   0

1. Comment line:  

a. **107 signifies that system will branch to set of nested pattern-rules, all beginning with wc10 in the first element of the SP line (this is merely an address, not a SAL value). 

i. In this case, branch is to 10 107 01

b. N = N signifies that match is on a N and this causes (=) new SWORK to be formed.

i. Certain checks are made for forms, 20, 39, and for PN (process nouns)

2. SP line  As stated above, this is the head noun pattern-rule for any simple NP.  The system matches on this pattern-rule by default (i.e. in the absence of any other pattern-rule pre-empting it (as, e.g., in the case of “blue”, below)).

3. VTR:

a. -42 switch:  this is the switch that causes branch to nested wc10 pattern-rules.

i. Second param specifies the wc10 address (addness not a SAL code value)

ii. Can’t recakk what 3rd and 4th param signify here (perhaps will become clearer as we proceed)

b. -63 switch:  this invokes target 30-table (#802) 

Main 30 table #802 (NOTE: commentary here explains all operations, NOT just the operation applicable in this particular case)
   -55   5 -81 351  cell 5 is being set to the original form field value of -81 (believe this is right but not certain)
   -56   1 199 399   5  50  cell 5 is tested for value 50. Result is FALSE and branch is to -57 3

   -57   1 -46 -81  19   0   0  -57 1 (branch point on TRUE) where -46 sw alters wc of -81, then process goes on to next switch (-22)
   -22   1 -81   1  -1  57 -46 -81   1   0   0   -22 sw which sends -81 to SEMTAB (discussed later), then

   -56   1 299 399   2   1    new -56 sw which tests cell 2 for value 1

   -57   2 -46 -81   1   0  57   -57 2 (TRUE branch) executed -46 sw which alters wc and form of SWORK -81

   -57   3 -64   0 138   0 999   -57 3 (FALSE branch) Process now invokes -64 switch 
 CELL  5  =    1

 -56 SWITCH TEST: CONDITION FALSE
 BRANCH TO -57  3   EXECUTE UNTIL -57 99  JUMP -57 99

Main 40 table #138

   -64   0  40   0 -64   0 139   0 -64   0  41   0 999    


c.  40-table 138 executes three -64 switches, which successively call 40-table 40, then 40-table 139, and finally 40-table 41.

Main 40 table #40

   -54   1  30  30 -81 -54   1  31  31 -81 -54   1  32  32 -81 -54   1  33  33 -81 -54   1  34  34 -81 -54   1  35  35 -81 -54   1  36  36 -81 -54   1  37  37 -81 -54   1  38  38 -81 -54   1  42  42 -81 -54   1  43  43 -81 999

d. -54 switch:  This -54 switch is quite different from the -54 switch desribed in a previous TRAN pattern-rule.

i.  It’s function is to Copy the value in the cell (P2) to a scon (P3) of an element (P4).How cell 30 got loaded previously is unclear at this point (possibly this was an automatic program function, not sure) Not sure what cell 30 is used for (It’s supposed to be an interlingual cell)
ii. the second -54 switch, in the 40-Table above, tells the system to copy cell 31 the into Scon 31 of SWORK -81, and so on with the subsequent -54 switches in this 40-table.

a. cell 31 contained the SAL subset code of the article “the”, which is now loaded into Scon 31 of -81 (“sky’). 

i. See the effect of this in the Scon readout at the end of TRAN1.

SWITCH REVIEW:  -54 1st parm=function; 2nd parm=cell; 3rd parm=Scon 4th parm=SWORK pointed to whose Scon is being loaded.   
Main 40 table #139

   -64   0   7   0 -64   0  39   0 -64   0  45   0   -64 switches call 40-table 7 and then 40-tables 39 and 45
            After invoking these 40-tables (see below), 40-table 139 then proceeds with remainder of its code

   -66 940   6 -81  20  70 -81  20 171  60 -55   5 -81 351 -55   6 -81  11 -55   7 -81  13 -55   8 -81  14

         -66 sw tests Scon 20 of -81 for value 70 OR 171.  On TRUE branch, branch to 40-
Table # 6.  On FALSE, continue to right.
         The remaining series of -55 switches are setting cells (1st param) to values of specified Scon (3rd param) of -81.  (Note: I have incomplete (not entirely up-to-date) documentation on assigned meanings of Scon cells and their values, too extensive to reproduce here.)  

   -56   7 940  27   5  57 777 777   6  75 777 777   7  12 777 777   8   1   

-56 sw AND-tests cells 5,6.7,8,  Note that the 777 777 pairs are counted in the number of TEST pairs specified in the 1ast param (7). On FALSE, branch to 40-Table 27. On TRUE branch to -57 7
   -66  56 199 -81  31   0 777 -81  32   0 777 -81  33   0 777 -81  35   0 777 -81  36   0  60

-66 sw:  continue to next switch at right on TRUE branch (i.e. after 60).  On FALSE, begin at -57 1, continue to 9(99), end at 9(99)

   -66 127 199 -81   2 206 777 -81  13   5  60


-66 sw: branch to -57 1 on TRUE, end at -57 2, resume at -57 7.  On FALSE, branch to -57 1, continue to and end at 9(99) (i.e. end of this 40-table).       
   -57   1 102   0  75   0 107   0  83   0  73   0 103   0 105   0 108   0 106   0  71   0  77   0 101   0

-57 1:  The instructions following this branch point now begin to build the target NP.  VC 102 is loaded into the OPADR.  Slot 75 is emptied and any switches are executed, any relational pointers and any VC’s are loaded into OPADR, etc. etc.  All of the elements loaded into the OPADR here will stand in front (to the left of) the actual head noun of the target NP, which gets loaded at a subsequent branch point (-57 3, -57 4,  or  -57 5) 

   -57   2   Each of the following -56 switches AND-test cell values, cell 8 for 2 AND cell 45 for 57. A FALSE causes continued execution of the next switch to the right.  A TRUE result branches to various -57 branch points.  In effect, what is being tested is the nature of -81 as indicated by these clause-level cells.
   -56   3 348  56   8   2 777 777   5  57 -55   1 -81  20

   -56   3 678  56  19 864 777 777   1  79

   -56   3 458  56   5  57 777 777 408   0

   -56   3 348  56   5  50 777 777   8   0

   -56   3 348  56   5  57 777 777   8   0

   -66 568  56 -81   1  16 777 -81  20  79  60


-66 tests Scon 1 of -81 for 16 (viz., tests whether -81 = wc 16 (arithmate) AND whether Scon 20 have value 79

   -66 458  56 -81   1  16  60

   -66 678  56 -81  62 851 -81  62 848 -81  62 849 -81   2 848 -81  20 848  60

   -66 568 458 -81  20  79  60

   -57   3 -54   1 -81   8   2 -54   1 -81  13  15 -25   0  -1   2 117   0 -54   1 -81   7   0

   -57   4 -25   0  -1   0 -54   1 -81   7   0

   -57   5 575   0 864   0 865   0 -25   0  -1   0 -54   1 -81   7   0

   -57   6 -64   0  14   2 -81  -1

   -57   7 -64   0   3   0

   -57   8 104   0  74   0 112   0  79   0  96   0 110   0 -55  70   0   0 -54   1 -81  20   1 999

Main 40 table #7

   -66 124  56 -81  20 101 -81  20 171  60

   -66 234  56 -81  20 315  60

   -56   1  56 499  31 315

   -66 499  56 -81  12   9  60

   -66 499  56 -81  13  15 -81  13   7 -81  13   4  60 -55   5 -81 351

   -56   1 499  56   5  70

   -66 499  56 -81  46 101  60

   -66 499  56 -81   2 733  60

   -66 499  56 -81  13  15 -81  13  16  60

   -66 399 499 -81   3   7 -81   3   8 -81   3   9  60

   -57   1 -40   0 -11  75 107 131 -31  11 -54   1 -81  46 101

   -57   2 -40   0 -11  75 107 532 -31  11 -54   1 -81  46 315

   -57   3 -36  45   3 -31  16 -48  13   9 -81 -44 -96 107 140   0 -54   1 -81  46 140

   -57   4 999

NOTE: all values in the pattern-rules involve triplets (dating back to use of IBM cards to write these pattern-rules). This accounts for leading zeros. Thus, value 56 is originally written as 056. The diagmostic program sometimes expresses expresses it one way (56), sometimes another (056). The significance is the same.  E.g. relational pointers in VTRs were written (by linguists) as -01.  The diagnostic program normally displays this as -1.

 SCON( 20,-81) =    0

 SCON( 20,-81) =    0

 -66 056 CONDITION AT   7,                              CONTINUE TO THE RIGHT
 SCON( 20,-81) =    0

 -66 056 CONDITION AT  14,                              CONTINUE TO THE RIGHT

 CELL 31  =  101

 -56 SWITCH TEST: CONDITION FALSE

 BRANCH TO -57  4   EXECUTE UNTIL -57 99  JUMP -57 99

Main 40 table #39

   -56   3 199  56  37 140 777 777  31 101
   -56   3  56 399  30 140 777 777  31 101

   -57   1

   -66 235  56 -81   3   4 -81   3   5 -81   3   6  60

   -66 399  56 -81   3   7 -81   3   8 -81   3   9  60 -55   5 -81 351

   -56   1 399  56   5  10

   -56   1 235 399 505  71

   -57   2 -36  45   1 -44 -96 107 131   0 -44 -96 107 457 -97

   -57   3

   -56   1 499 599  31 338

   -57   4 -16 -81   2 -81   0 -81

   -57   5 999

End of Diagnostics for handling of “The sky” as NP

APPENDIX B  

GLOSSARY OF TERMS
OpenLogos Glossary of Terms

(v. 2, September, 2010)
	Term
	Meaning

	Alternate Word Class
	Certain word classes have secondary target transfers, called its “alternate word class.”  In the dictionary, certain word classes (adjectives, adverbs, process nouns, verbs) have not one but two target transfers. This is to allow pattern-rules the ability, e.g., to transform certain adjectives into adverb, or process nouns into verbs, etc.  

· Alternate word class of verbs is a process noun

· Alternative word class of a process noun is a verb.

· Alternative word class of a participial adjective is a verb

· Alternative word class of certain classes of adjectives are adverbs and vice versa.

· Thus, e.g., an English source construct like “specific indication”, if desired, can be rendered in the target as “indicate specifically.”  

	Cells
	Communication areas used by RES and TRAN pattern-rules to record and/or test information about a constituent or sentence during analysis.

· Cells 1-10 are local to any given pattern-rule and are initialized at the end of each pattern-rule processing.

· Cells 11-98 are arbitrarily defined by each language pair

·  Cells are employed for both intra- and inter-TRAN purposes.

· RES cells are not directly accessible to the TRANs, but  the values in certain RES Cell are stored higher positions of the Scons associated with each SWORK in the TRANs.

	Constants
	Constants are addresses to target words stored in a special target dictionary separate from the main dictionary.

· When a pattern-rule-writer wishes to introduce a target word not provided for by in the initial dictionary look-up, he or she may draw upon terms stored in separate target dictionaries

· Pointers to words in these target dictionaries are via numbers.  

· Constants numbered 121-998 are considered high-frequency constants.

· Constants numbered 1000 to 9998 are low-frequency constants.

· When a constant is loaded into the OPADR (q.v.) it receives its own Scon (q.v.)



	Constraint Line
	Constrain lines are a component of a TRAN pattern-rule, appearing below the SP line, and specifying constraints that must be satisfied for the pattern-rule to fire. Thus, even though the SP line may have matched on a pattern-rule, the constraints associated with the pattern-rule must also be satisfied. Constrain line will test either cells or Scon positions for the presence or absence of some value or set of values.  The constrain line may also contain tagsets (q.v.)

	Multi-Target
	OpenLogos is a multi-target system, meaning that one source analysis may feed into any number of target languages for which appropriate data bases are available.

 

	Negative Word Classes
	If an SWORK has a negative value in its WC field, this value stands for a set of word classes. E.g., WC -8 stands for WC 1 (nouns), WC 14 (definite articles), WC15 (indefinite articles), and WC 16 (arithmates).  Negative word classes only appear in pattern-rules. I.e., a pattern-rule with an SWORK with -8 in its WC will match on any of the word classes cited above.  (See Tagsets, below)

	OPADR
	OPADR is the target language ‘output address array’ that is built by the linguist during analysis of a source constituent.  

· The OPADR consists of  pointers to target-word equivalents  for the words of a source constituent.  

· In sum, OPADRs are target word equivalents of a source constituent, and get built at the point where analysis of a source constituent is completed.

· Thus, OPADRs, one for each target parse tree constituent, constitute the target sentence in formation, prior to actual generation.



	Overflow Fields
	These terms  refers to fields in the dictionary record of an early,  initial (1970) version of Logos Model, before the SAL representation language, when only a single type code was assigned for the semantics of a word. 

· When SAL was introduced, the original type field was used to store the SAL set code, and the subset code (if any) was placed in a field called Overflow1, and the superset code was placed in Overflow4. Overflow 2 and 3 were used to record target word features, e.g., reflexives, etc.  

· Though no longer meaningful in the OpenLogos relational database, these terms still appear in diagnostics and early documentation.



	Relational

Pointer
	Relational pointers occur in the VTR line and serve to point to elements in the SP line.  There are two kinds of relationaol pointers: 

(1) relational pointers in the parameters of switches (e.g., -81, -82, etc). tell the switch which element in the SP line the switch function pertains to.  E.g., -81 signifies the first element (SWORK)in the SP line. In switches, the relational pointer always has the form  -8n.  Their range is from -81 to -89 (-90 is a possibility too I believe but SP lines rarely have 10 elements) 

(2) relational pointers in the VTR line (outside of a switch) have the form -1 0 , -2 0, etc.. They instruct the system to load the address pointer of the designated element in the SP line into the OPADR.  The relational pointer her always has a parameter which is usually zero. If it has the value 2, it tells the system to load the address pointer of the so-called “alternate word class” instead. (See above.)

	RES

RES pattern-rules
	RES1 and RES2 are major program modules executed immediately following dictionary look-up. Their function is to match the SAL SWORK input stream against associated RES pattern-rules (a large body of pattern-rules for each of the RES modules), and that, upon a match, to then execute the instructions provided by the action part of the pattern-rule. 

· The RES pattern-rules may be understood as accomplishing a macro-parse of the input sentence.

· Marco parse is limited to: (1) part-of-speech homograph resolution and (2) clause identification. 

· RES1 resolves parts of speech where the context makes POS unambiguous, e.g., the term ‘house’ (noun or verb) is resolved to noun when preceded by a determiner.

· RES2 makes final decisions about all ambiguous parts of speech and identifies the nature of each clause, including embedded clauses

· Top-down parse information is supplied to the TRAN modules which then perform a bottom-up a micro parse of the sentence, using information from RES analysis as necessary.



	SAL
	Semantico-syntactic abstraction language, the symbolic language by which natural language is represented internally in OpenLogos.

· SAL is considered a second-order language (NL being a first-order language)

· NL strings easily map to SAL strings

· SAL is a taxonomy with supersets, sets and subsets (though not all sets have subsets)

· SAL has about 1000 entities covering both closed and open classes. As such it occupies a mid-point between the sparseness of syntax and the richness of natural language.

· Both the input stream and the pattern portion of pattern-rules are expressed as SAL patterns. This fact is what allows TRAN and RES pattern-rulebases to be accessed like a dictionary and accounts for the very large number of pattern-rules in these databases.

· SAL seeks to characterize language at the point where syntax and semantic intersect, i.e. at the point where syntax and semantic influence each other, as, e.g., in the sentence “keep the book on war on the table,” where the meaning (and parse) of ‘on’ in both instances is a function of other words in the sentence, and where the meaning of the verb ‘keep’ itself is a function of the second preposition. 

· SAL is expressed numerically internally to the system, e.g., the SAL code for ‘book’ is:

· superset: 12 (information)

· set:  76 (recorded data)

· subset:  none for this word.



	Scon
	Semantico-syntactic control record.  

· Scons supplement and embelish the information associated with an SWORK.

· Each SWORK has associated with it a 100 word record into which is stored such details as 

· gender, person, number, case 

· SAL superset, set, subset

· other pertinent data regarding the element, or its context

· Information from RES about the nature of the clause, etc. is stored in higher positions of a Scon.

· Scon positions are accessed by switches in a VTR



	Semtab
	Semantic Table containing a very large number of semantically focused pattern-rules whose purpose is to resolve polysemous words to the meaning appropriate to a given context. 

· Semtab pattern-rules are nested pattern-rules invoked by TRAN pattern-rules at any point in source analysis. TRAN sends some portion of the input stream it is dealing with to Semtab for a nested match.

· Semtab pattern-rules look and function very much like a TRAN pattern-rules, i.e., they consist of an SP line (semantico-syntactic line, or  SAL Pattern, q.v.) .and an action  portion which is executed when a match occurs. 

· Semtab pattern-rules however are considerably more restricted in what they can do.

· Like the TRAN and RES pattern-rulebases,  Semtab in effect is a highly indexed pattern dictionary, where the patterns are in the representation language known as SAL. (q.v.)



	Slot
	Slots appear in the Action line (VTR) of a pattern-rule. They are receptors into which a portion of the VTR can be loaded for delayed executed by a subsequent pattern-rule. Slots range in number from 70 to 98 and are loaded via a -11 switch (e.g., -11 073  -1 0  loads the relational pointer -1 0 into slot 73.  Leading zeros are an old convention and have no meaning).  In effect, Slots are mechanism for specifying a delayed action.  A subsequent pattern-rule whose VTR contains a Slot will automatically execute any such instructions that may have been previously loaded in the Slot.

	SP Line
	This is the semantico-syntactic pattern of a TRAN pattern-rule that must match on a corresponding pattern in the input stream for the pattern-rule to become active. SP line can have up to ten elements, three of which can be Kleene Starts  (Note: Before the pattern-rule can actually fire it must also satisfy any of its pattern-rule constraints.)



	SUBCHG
	Subset Change.  SAL Subset in an SWORK may be temporarily or permanently changed, during dictionary look up or by RES, to signal some property of the SWORK needed for processing later on. For example, RES1 will change the SAL Subset field of an SWORK (its sometimes-called TYP field) to 862 to indicate that the element is a possible transitive verb (PVT), allowing a RES2 pattern-rule to effect that resolution. This sort of SUBCHG does not survive into the TRANs.  Other SUBCHG values have to do orthography, e.g., an an initially-capped unfound word will receive a SUBCHG value of 859. In this case, the SUBCHG value would be permanent. NOTE: Unfound words are assumed to be nouns.

	Superform Values
	A superform value is form field value that will match on the set of primitive form values associated with it.  

The SP line in pattern-rules will commonly have a superform value in the form field of one or more of its SWORKs to enable to pattern-rule to match on a relevant variety of primitive form field values in the SWORK input stream.  

	Switch(es)
	Programmed functions occurring in the action portion (VTR) of a TRAN pattern-rule.  
· Switches are introduced by a negative number and have parameters the number of which depends upon the particular switch. 

·  Switch numbers range from -11 to -68. (Some numbers are not used)

	SWORK

 
	Semantico-syntactic work record.  Each word of an input sentence is converted into an SWORK at end of dictionary look-up. 

· A NL sentence thus becomes a string of SWORKs prior to analysis.

· All operations within RES and TRAN are performed on SWORKs.

· SWORKs in effect are entities (objects) in the same sense that NL words are entities or objects.

· SWORKs are synonymous with SAL words.

· An SWORK has three fields:

· Word class (expressed as a number, e.g., wc for nouns = 1. for verbs = 2, etc.

· Semantico-syntactic (SAL) Type (three numbers, one each for superset, set and subset). (See SAL in this glossary.)

· Only one of these fields as actually displayed (usually the subset) but all are available for matching purposes.  

· The Scon record associated with each SWORK will have the full set of SAL values, among other information supplemental to the  SWORK.

· Morphology.  E.g., a 1 in the form field of a noun signifies singular, 2 signifies plural 

· For uninflected words, this field may be used to store other kinds of intelligence.  

· For example, prepositional phrases that are seen to complement a verb (i.e., are converbal) will be assigned a form field of 53 by the TRANs..

· A forth value associated with SWORKS is the SWORK number, corresponding to the word number in the input sentence.  

· This 4th number allows the linguist to relate SWORKs to their origins.

· In the course of the parse, SWORKs become concatenated and thus, e.g., the multiple SWORKS of a noun phrase will be represented by a single SWORK for the head noun. 

· Once concatenated, elements of the noun phrase such as determiners, adjectives, and modifying nouns are no longer displayed in the higher TRANs.

· Thus, the SWORK string becomes more and more abstract as analysis proceeds across the TRANs, much in the fashion of  a parse tree.

	Tagsets
	Tagsets are a set of SAL supersets, sets, and/or subsets that replace the single value in the Type field of an SWOPRK.  Tagsets appear on the Constrain line of a TRAN pattern-rule.  When composing a pattern-rule, if the linguist places a -02 in the Type field of an SWORK, he or she will insert a line immediately beneath the SP line containing a set of SAL codes.  The pattern-rule generator will replace the -02 with a pointer to an address where the set of SAL codes are stored. This set of codes is a targset, and it enables pattern-rules to match on multiple SAL codes. (See Negative Word Classes, above).



	TRAN(s)
	Program modules that, along with the RES modules, perform analysis of the source system and create its parse.  

· There are four TRAN modules, numbered from 1 to 4, which are executed sequentially. 

· Associated with each TRAN module is a large body of TRAN pattern-rules (also called SP pattern-rules). 

· The output of TRAN1 serves as input to TRAN2, etc.



	TRAN Pattern-rules
	Pattern-rules associated with the TRAN modules, one body of such pattern-rules for each of the TRANs.

· TRAN pattern-rulebases are databases organized like a dictionary, indexed on the SP line.

· During analysis of a sentence, the input stream (sentence), itself now a string of SAL words or elements, is matched against the TRAN pattern-rulebases  much in the way that words in a NL text are matched against a dictionary.

· TRAN pattern-rules have four data components:

· Comment line (for linguist’se only)

· The line typically summarizes in telegraphic style the pattern-rule action, shown after “=”.

· E.g., = N would mean that the noun is (1) being added as NP to the output SWORK array which will serve as input to the next TRAN; and  (2) that all the target words associated with this NP are being loaded into its associated OPADR (q.v.)

· E.g., = (adj) would mean that the adjective which the pattern-rule has matched on is being concatenated with an element yet to be processed, (which may or may not be the head noun). I.e., no SWORK is being formed and no target addresses are being loaded into the OPADR at this point..

· -1, -2, etc., signifies the number of SWORK elements the pattern-rule is backspacing on, i.e., where the next match will begin. It’s absence means no backspace.

· -A*1, a backspace indicator for pattern-rules that have stretch elements (Kleene stars) in their SP line.  It means ‘backspace all but one element.’ 

· -A*0 means ‘backspace all the way.’

· SP line, the semantico-syntactic pattern line (SAL Pattern) to which the pattern-rule pertains and by which the pattern-rule is indexed.

· Constraint line, the conditions which must be satisfied.  When the SP line of a pattern-rule is found to match some portion of the input stream, any and all constraints in the Constraint line must be satisfied otherwise the pattern-rule will not fire.

· Constraints can pertain to almost anything previously understood and recorded  about the sentence by RES or some earlier TRAN pattern-rule.

· Constrain lines test inter- or intra-TRAN communication Cells or Scons, q.v.)

· Action line, or VTR (q.v.), where the action takes place once a pattern-rule is fired.  Actions pertain to source parse analysis and, optionally, to target work parse tree work.

· Optional target work is accomplished by links to 30-, 40- and 50-tables wherein target work on the SP line of this pattern-rule is specified.

	VC
	Variable constant, so-called because the label is constant but the contents will vary.  VC’s serve as labeled receptors into which target words are inserted during execution of the action portion of a TRAN pattern-rule.

· VC’s were designed to allow the linguist to specifically address and alter a target word that has been previously dealt with when handling a source constituent, provided it was inserted into a VC.

· VC labels are numbers ranging from 101 to 119.

· VCs (along with target words not previously   

        inserted into VC’s) are loaded into the target 

        OPADR at the point where source constituent 

        analysis is completed and its target equivalencies 

       are established..

·  OPADR is the ‘output address array’ containing pointers to target-word equivalents  to the words of a source constituent.  In effect, OPADRs are target equivalent of a source constituent, and gets built at the point where analysis of a source  constituent is completed.

· Thus, OPADRs, one for each target parse tree constituent, constitute  the target sentence in formation.

· As an example of VC usage, determiners that have been concatenated with their head noun in TRAN1 sometimes need to be altered or removed at a higher TRAN level, because of some context. Because the transfer for this determiner was inserted into a specific VC before it was loaded into the OPADR, the linguist can now address that VC and alter its contents.

	VTR  

   
	VTR means vector transform.  It is the action part of a RES or TRAN pattern-rule.  

· The VTR deals with source actions (analysis and source tree parse), and optionally with target issues, e.g, making notations for target equivalents for a given source constituent.

· Target actions within a VTR are accomplished in so-called 30-, 40-, and 50-Tables (q.v.).

· Any number of targets may feed off a given source pattern-rule, making OpenLogos a so-called multi-target system.

· Virtually all source and target actions are effected by switches (q.v.).

· At the end of the VTR, the -41 switch indicates how many elements the system is to backspace on for the next match.  

· -41 101 means ‘backspace all the way but one’ (used for pattern-rules whose SP line has stretch elements, i.e.,  where the actual number of elements in the pattern-rule is unspecifiable

· -41 100 means ‘backspace all the way.’ .



	30-, 40-, 50-Tables
	These tables store the target actions. They are linked to during execution of the VTR of a TRAN pattern-rule.

· Like the VTR of a TRAN pattern-rule, the pattern-rules in these Tables consist of switches, some of which make condition tests and have branch points..

· 30-tables are always uniquely (albeit optionally) linked to a single source pattern-rule. I.e., the VTR of that pattern-rule optionally links to a 30-table specific to that particular pattern-rule, in order to accomplish some desired target action on the SP pattern which the TRAN pattern-rule is dealing with.  . 

· 40-tables have sharable functions and can be linked to by any VTR or 30-table, or by other 40-table.

· 50-tables are a special inter-lingual form of 40-table.  It’s actions are designed to be language neutral.


--end--
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