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ABSTRACT 

An automatic programming system whlch produces 
simulation programs from information obtained 
through natural language dialogue has been imple- 
mented under CP/CMS on the IBM 360/67. In the 
current version the information obtained from an 
English conversation about a simple queuing 
problem is used to build a language-independent 
entlty-attrlbute-value data structure. From this 
structure both an English description of the 
problem and a GPSS simulation program for it can 
be produced. This processing is done by a FORTRAN 
program which interprets sets of decoding and 
encoding rules written in a specially developed 
grammar-rule language. The paper includes a complete 
sample problem with a discussion of its processing 
and examples of decoding and encoding rules. 

i. INTRODUCTION 

An automatic programming system which pro- 
duces simulation programs from information 
obtained through natural language dialogue has 
been implemented under CP/CMS on the IBM 360/67. 
The current version can carry on a conversation 
in English about a simple queuing problem and 
then write a GPSS program [5] for it. This 
system consists of sets of "named record 
definitions" and "decoding and encoding rules" 
which are interpreted by a FORTRAN program that 
provides a general language processing capability. 

The intent of this paper is to furnish an 
introduction to this work for those people 
interested in automatic programmfng. A small 
sample problem is given and its processing is 
described, including dlscussions of named 
records and rules for decoding and encoding. 
Ref. 3 contains the same sample problem, but 
with a different dialogue, and Ref. 4 contains 
a somewhat larger example. In both of those 
papers, though, the emphasis is on details which 
are of more concern to people interested in 
simulation programming. The entire system and its 
implementation are described in great detail in 
Ref. 2. 

2. A SAMPLE PROBLEM 

Figures I through 3 show a sample problem done 
with the system. All lower case typing is the user's 
and all UPPER CASE is the computer's. Using the 

terminology from Balzer's recent report on 
automatic programming [i], these three figures 
correspond approximately to the phases of problem 
acquisition, model verification, and automatic 
coding. 

In Figure i problem acquisition can be seen 
to consist of a natural language dialogue between 
the user and the system. The user began by making 
four statements about the problem and then asking 
the system to question him to obtain whatever 
add~_tional information it needed. The system 
responded b~ asking a number of specific questions, 
each of wKfch was answered 5y the user, and then 
tee system stated £n llne 24 that it had a complete 
problem, i.e. one for which it could write a GPSS 
program. Finally, the user asked the system two 
questions in ifnes 25 and 28, which it answered in 
lines 26 and 29, and he changed a previously stated 
value in llne 27. 

MedeX verification £n Figure 2 consists of 
Eavi~ng t~e system produce its own English descrip- 
tion of the problem from the information it has 
been given. The user can decide from this whether 
he has been understood or not. This kind of 
output can be requested at any time during the 
dialogue. 

Automatic coding results in the GPSS program 
shown in Figure 3. There is some amount of model 
verification included here also, in that the 
program contains English comments and meaningful 
symbolic names to aid the user in relating it to 
his problem. 

This sample problem was done on a 360 con- 
figuration which has four core boxes (I024K bytes) 
and three paging drums. The virtual CPU time used 
for Figures I, 2 and 3, respectively, was 130 
seconds, 26 seconds and 45 seconds, for a total 
of less than 3 1/2 minutes. With 30 users on 
CP/CMS the elapsed time from start to finish was 
less than a half hour. The virtual memory required 
by the system is 350K. 

3. THE INTERNAL PROBLEM DESCRIPTION 

The Internal Problem Description (IPD) is an 
entity-attribute-value data structure for holding 
information about a particqlar problem in a 
language-independent form. An IPD consists of 
"records", each of which is a list of attribute- 
value pairs. Some of the records in an IPD 
represent physical entities, such as a car or a 
dock, and others represent abstract entities, such 
as an action or a function. 
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I. when a vehicle arrives at a station, it leaves there 
immediately if the length of the line at a pump 
in the station is not less than 2. 

2. 75 percent of the vehicles are cars and a fourth are trucks. 

3. there is just I pump. 

4. a simulation run time of 8 hours is desired. 

5. ask questions for further info. 

6. HOW OFTEN DO THE VEHICLES ARRIVE AT THE STATION? 

7. the arrivals of vehicles are normally distributed with 
a mean of 8 minutes. 

8. WHAT IS THE STANDARD DEVIATION OF THE NORMAL DISTRIBUTION? 

9. I mlnute. 

I0. OTHERWISE, WHAT DO THE VEHICLES DO? 

II. what? 

12. AFTER ARRIVING AT THE STATION, IF THE LENGTH OF THE LINE AT 
THE PUMP IN THE STATION IS NOT LESS THAN 2, THE VEHICLE WILL 
LEAVE THE STATION . OTHERWISE, WHAT DO THE VEHICLES DO? 

13. they are serviced. 

14. WHERE ARE THE VEHICLES SERVICED? 

15. at the pump. 

16. HOW LONG ARE THE VEHICLES SERVICED AT THE PUMP IN THE 
STATION? 

17. vehicle service times are exponential. 

18. THE TIME FOR THE VEHICLES TO BE SERVICED AT THE PUMP IN THE 
STATION IS EXPONENTIALLY DISTRIBUTED. WHAT IS THE MEAN OF 
THE EXPONENTIAL DISTRIBUTION? 

19. 5 minutes for cars and 9 minutes for trucks. 

20. AFTER BEING SERVICED AT THE PUMP IN THE STATION, WHAT DO 
THE VEHICLES DO? 

21. leave the station. 

22. WHAT IS THE BASIC TIME UNIT TO BE USED IN THE MODEL? 

23. 30 seconds. 

24. THE PROBLEM STATEMENT IS COMPLETE. 

25. how often does a vehicle arrive at the statio~? 

26. THE TIME BETWEEN ARRIVALS OF THE VEHICLES AT THE STATION IS 
NORMALLY DISTRIBUTED, WITH A MEAN OF 8 MINUTES AND A 
STANDARD DEVIATION OF I MINUTE. 

27. the standard deviation of the time between arrivals should 
be 2 minutes. 

28. are vehicles serviced at the pump? 

29. YES, THE VEHICLES ARE SERVICED AT THE PUMP IN THE STATION. 

Figure i. Problem acquisition. 
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30. 

31. 

state the complete problem in english. 

THE VEHICLES ARRIVE AT THE STATION. THE TIME BETWEEN 

ARRIVALS OF THE VEHICLES AT THE STATION IS NORMALLY 

DISTRIBUTED, WITH A MEAN OF 8 MINUTES AND A STANDARD 

DEVIATION OF 2 MINUTES. 75 PERCENT OF THE VEHICLES ARE 

CARS, AND THE REST ARE TRUCKS. AFTER ARRIVING AT THE 

STATION, IF THE LENGTH OF THE LINE AT THE PUMP IN THE 

STATION IS LESS THAN 2, THE VEHICLE WILL BE SERVICED AT THE 

PUMP IN THE STATION. OTHERWISE, THE VEHICLE WILL LEAVE THE 

STATION. THE TIME FOR THE VEHICLES TO BE SERVICED AT THE 

PUMP IN THE STATION IS EXPONENTIALLY DISTRIBUTED, WITH A 

MEAN OF 5 MINUTES FOR THE CARS, AND 9 MINUTES FOR THE 

TRUCKS. AFTER BEING SERVICED AT THE PUMP IN THE STATION, 

THE VEHICLES LEAVE THE STATION. 

THE SIMULATION IS TO BE RUN FOR 8 HOURS, USING A 

BASIC TIME UNIT OF 30 SECONDS. 

Figure 2. Model verification. 

A queuing problem typically deals with 
physical entities, such as cars or ships, moving 
through a system to be serviced in some manner 
at other physical entities, such as a pump or a 
dock, in the system. Here, the former of these 
are termed "mobile entities", and the latter are 
called "stationary entities". As the mobile 
entities move through the system, they engage 
in "actions"at the stationary entities. Some of 
these actions are instantaneous, such as arrive 
and leave, and are called "events"; others, such 
as service and load, consume time and are 
referred to as "activities". 

The IPD describes the flow of mobile 
entities through a system, by specifying the 
actions which take place there and their inter- 
relationships. Figure 4 is a graphic portrayal 
of the IPD built by the system for the sample 
problem. In the figure each record of the IPD 
is represented by a box, with a name for reference 
purposes appearing at the top of the box. In each 
box the attribute-value pairs of the record are 
shown, with the attribute name or number on the 
left and its value on the right. Many of the 
values are pointers to other records in the IPD, 
in which case an appropriate arrow is drawn. 

The MEMORY record shown there plays a rather 
central role in the IPD, being used both to hold 
global information about the problem (e.g., pro- 
blem time and the basic time unit) and to serve as 

sort of a directory into the rest of the IPD. The 
only portion of the "directory" included in this 
drawing, though, is the "action list" ('ACTNLIST'), 
which contains pointers to each of the three 
action records. Not shown in the drawing are the 
lists for mobile entities, stationary entities, 
distributions, and successor descriptors. 

Each action record in the IPD has either an 
AGENT or a GOAL attribute which points to a mobile 
entity record. The AGENT of an action is the one 
doing the action, and the GOAL is the one to whom 
the action is being done. Each action record also 
has a LOCATION attribute pointing to a "location 
descriptor" record, which in turn points to a 
stationary entity record. An event like 'ARRIV' 
or IENTER' has an IETM (inter-event time) attribute 
to specify the time between occurrences of the 
event, and an activity (e.g. 'SERVIC' or 'LOAD') 
has a DURATION attribute to specify the time taken 
to perform the activity. These times can be given 
as constants, standard probability distributions, 
functions, or combinations of these, some of which 
can be seen in the drawing. REC42 in the drawing, 
for instance, is a function which has the records 
for car and truck as its X values and the records 
for 5 minutes and 9 minutes as its Y values. 

Each action record, except a ILEAV', has a 
SUCCessor attribute to specify which action the 
mobile entity of this action is involved in next. 
The value of SUCC may simply be a pointer to 
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32. 

33. 

produce the gpss program. 

SIMULATE 
RMULT 277,423,715,121,655,531,999,813 

STATI EQU I,F,Q 
PUMP2 EQU 2,F,Q 
CAR2 EQU 2,T 
2 TABLE MI,I,I,2 
TRUC3 EQU 3,T 
3 TABLE MI,I,I,2 
I FUNCTION RNI,C24 

0.0,0.0/0.i00,0. I04/0.200,0.222/0.300,0.355/ 
0.400,0.509/0.500,0.690/0.600,0.915/0.700,I.200/ 
0.750, I.390/0.800, I.600/0.840,i.830/0.880,2.120/ 
0.900,2.300/0.920,2.520/0,940,2.810/0.950,2.990/ 
0.960,3.200/0.970,3.500/0.980,3.900/0.990,4.600/ 
0.995,5.300/0.998,6.200/0.999,7.000/1.000,8.000/ 
2 FUNCTION RN2,C29 

0.0,-3.000/0.012,-2.250/0.027,-1.930/0.043/-1.720/ 
0.062,-1.540/0.084,-1.380/0.104,-1.260/0.131,-1.120/ 
0.159,-1.000/0.187,-0.890/0.230,-0.740/0.267,-0.620/ 
0.334,-0.430/0.432,-0.170/0.500,0.0/0.568,0.170/ 
0.666,0.430/0.732,0.620/0.770,0.740/0.813,0.890/ 
0.841,1.000/0.869,1.120/0.896,1.260/0.916,1.380/ 
0.938,1.540/0.957,1.720/0.973,1.930/0.988,2.250/ 
1.000,3.000/ 
3 FUNCTION RN3,D2 

0.750,CAR2/I.000,TRUC3/ 
4 FUNCTION PI,D2 
CAR2,10/TRUC3,18/ 

FVARIABLE 16+4"FN2 I 

ACT2 

ACT3 

THE VEHICLES ARRIVE AT THE STATION. 
GENERATE Vl 
ASSIGN I,FN3 
TEST L Q$PUMP2,2,ACT2 
TRANSFER ,ACT3 

THE VEHICLES LEAVE THE STATION. 
TABULATE P1 
TERMINATE 

THE VEHICLES ARE SERVICED AT THE PUMP. 
QUEUE PUMP2 
SEIZE PUMP2 
DEPART PUMP2 
ADVANCE FN4, FNI 
RELEASE PUMP2 
TRANSFER , ACT2 

TIMING LOOP 
GENERATE 960 
TERMINATE 1 
START 1 
END 

Figure 3. Automatic coding. 
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another action record, or it may be a pointer to a 
"successor descriptor" record. RECbl in the drawing 
is an example of a "queue-type" successor descriptor 
and can be interpreted as saying, "If the length of 
the line at the pump (SUCARG) is less than two (MAXQ), 
go to be serviced (OPENACT); otherwise, leave 
(CLOSACT)." 

Every IPD record, except MEMORY and the list 
records, has a SUPerset attribute pointing to the 
"named record" representing the concept of which 
this record is a specific instance. For example, 
the SUP attribute of the first action record 
(RECII) points to the named record 'ARRIV', indi- 
cating that this action (vehicles arrive at a 
station) is a specific instance of the concept 
"arrive". 

A named record is just a record that has a 
NAME attribute, with a character string value of 
eight or fewer EBCDIC characters which is con- 
sidered to be the name of the record. A named 
record is defined by giving its name, followed by 
the values of its attributes in parentheses. This 
information is punched on cards and entered into 
the system prior to problem acquisition. 

For each word that is to be recognized during 
the English dialogue there is a corresponding 
named record with information about that word and 
about whatever concept may be associated with it. 
For example, a typical definition would be 

SERVIC ('ACTIVITY',E,ES,ING,ED, 
TRANS,AGORGL='GOAL') 

which could be loosely interpreted as saying that 
the concept SERVIC is in the set ACTIVITY, the 
verb-stem SERVlC can take the endings E, ES, ING, 
and ED, the verb SERVIC is TRANSitive, and the 
mobile entity in a SERVlC action would be the 
GOAL of the action. 

Whenever a name appears in single quotes in 
any definition or rule, it is considered to be the 
name of a named record. Whenever such a name 
appears by itself, such as 'ACTIVITY' in the 
example above, it means that the value of the SUP 
attribute is a pointer to that named record. 

The SUP attribute may be used to bring 
related concepts together in a hierarchical 
fashion. For example, the SUP of 'ARRIV' and 
'LEAV' is 'EVENT', the SUP of tSERVIC', 'LOAD t, 
'UNLOAD', etc. is 'ACTIVITY', and the SUP of both 
'EVENT' and 'ACTIVITY' is 'ACTION v A superset 
structure is imposed on most other concepts in a 
similar manner. This semantic information struc- 
ture is useful during processing of the user's 
English statements. 

The current system has about 300 named 
record definitions. 

4. PROBLEM ACQUISITION 

The object of the problem acquisition phase 
is to build a "complete" IPD, i.e. one from which 
a GPSS program can be generated. The user may 
state the entire problem, or he may state Just 
some portion of it and then let the system ask 
questions to obtain the rest. The flow of mobile 
entities through the queuing system is described 
by saying something about each action that takes 
place there, and how it is related to other 
actions. Each mobile entity must "arrive" at or 
"enter" the system. Then it may go through one or 

more other actions, such as "service", "load", 
"unload", and "wait". Then, typically, it "leaves" 
the system. The order in which these actions take 
place must be made explicit by the use of sub- 
ordinate clauses beginning with such conjunctions 
as "after", '%4hen", and "before", or by using the 
adverb "then". If the order of the actions 
depends on the state of the system being simulated, 
an "if" clause may be used to specify the condition 
for performing an action. Then, a sentence with 
an "otherwise" in it would be used to give an 
alternate action to be performed when the condition 
is not met. In the sample problem, sentences i, 
13, and 21 describe the flow of vehicles through 
the station. 

Other information needed to simulate the 
system, such as the various times involved, must 
also be furnished. It is necessary to specify the 
t~me between arrivals, the time required to per- 
form each activity, the length of the simulation 
run, and the basic time unit to be used in the 
GPSS program. Also, the quantity of each 
stationary entity should be specified. Other 
information, such as that of sentence 2 in the 
sample problem, may also be given. Many examples 
can be seen in Figure I. 

At the start of the problem acquisition the 
IPD consists only of the MEI~RY record with 
pointers to empty llst records. As the problem 
acquisition dialogue progresses, records are 
created and connected and sometimes later modified. 
When the system is directing the conversation, it 
scans the partially built IPD for missing or 
erroneous information and asks questions to obtain 
values for specific attributes. For example, 
question 12 was asked because RECbl was missing 
an OPENACT attribute. The answer in statement 13 
resulted in the creation of RECI3 with SUP, IDNO, 
MTR and GOAL attributes. Also, the OPENACT 
attribute of RECbl and attribute 13 of ACTNLIST 
were established at that time as pointers to the 
newly created RECI3. Then questions 14, 16 and 
20 were asked to obtain values for the LOCATION, 
DURATION and SUCCessor attributes of RECI3, and 
SO on. 

The user can ask questions of the system, 
also, such as in lines 25 and 28, to check on 
specific pieces of information in the IPD. He 
may change previously entered data, too, such as 
in llne 27. 

The manner in which the user's input is to 
be processed is specified to the system by sets 
of "decoding rules" entered on cards initially. 
These are written in a rule language developed 
for this system and are interpreted by the 
FORTRAN program in the fashion of a bottom-up, 
parallel-processlng syntax-dlrected compiler. 
The rules are basically phrase structure rules but 
with the important addition of arbitrary conditions 
and record-building actions. Rather than simply 
symbols, the objects referred to in these rules 
are records. These are called segment records 
and are of the same form as IPD records and named 
records. 

Typical of the lowest level English rules is: 

VERBS(ED) E D --> 

VERBP (SUP (VERBS), PASTPART, PASTF) 

This rule could be interpreted as saying that 
if there is a segment of text described by 
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a verb-stem record with an ED attribute (to in- 
dicate that it can take an "ed"), followed by an 
"e", followed by a "d", then create a verb-part 
record to describe the entire segment and give it 
the same SUP as the verb-stem and attributes for 
past-particlple and simple-past-form. (The SUP 
might be a pointer to the named record 'SERVIC', 
for instance.) 

Typical of the rules in the next higher level 
is: 

VERB('BE') VERBPH(PASTPART) --> 

VERBPH(PASSIVE,VFORM=VFORM(VERB)) 

This rules says essentially that any form of the 
verb '%e" can be put together with a past- 
participle verb-phrase to create a new verb-phrase 
that has all the characteristics of the old verb- 
phrase, except that it is passive and has the 
same verb-form (e.g. present-third-person- 
singular) as the verb on the left. (e.g., This 
rule would apply to the phrase "is serviced".) 

A typical rule from the highest level is: 

ATRSENT --> 

OK(@ATTRIB(ATRSENT) (ENTITY(ATRSENT))= 
VALUE(ATRSENT)) 

This rule would apply after a sentence has been 
completely analyzed and determined to be giving 
the value of some specific attribute. (e.g., 
"The quantity of pumps is three.") In the segment 
record covering the entire sentence ATTRIB would 
contain the name of the attribute, ENTITY would 
point to the referenced record in the IPD, and 
VALUE would hold the value being given. Appli- 
cation of this rule would result in the 
specified value being stored in the appropriate 
place in the IPD. 

As can be seen from the above examples, a 
decoding rule consists of a list of one or more 
segment types on the left of an arrow to indi- 
cate which types of contiguous segments of text 
can be put together to form a segment of the type 
on the right of the arrow. Conditions which must 
be satisfied in a segment in order for a rule to 
be applicable may be stated in parentheses on the 
left side of the rule, and operations to be 
performed when a new segment is created may be 
stated in parentheses on the right side. 

Each condition specification is basically 
of the form value.relation.value, but there are 
a number of notational shortcuts that may be 
used. For example, 'BE' in the second rule 
shown is equivalent to SUP.EQ.'BE'. Each 
creation specification is basically of the form 
attribute=value, but again there are a number of 
notational shortcuts that may be used, such as 
SUP(VERBS) instead of SUP=SUP(VERBS) in the first 
rule. The @ notation seen in the third rule is 
for indirect specification of the attribute name 
or number, providing the capabilities usually 
associated with indirect addressing. 

All information existing in record form may 
be directly accessed with the rule notation. If 
it is necessary to deal with other information or 
to do processing not expressable in the rule 
language, FORTRAN routines may be called from the 
rules. The names used for attributes and non- 

terminal segment types in a set of rules are 
arbitrary. 

Because of the parallel processing nature of 
the decoding algorithm, when a segment record is 
created to describe a portion of the input text it 
does not result in the destruction of other records 
describing the same portion or parts of it. Local 
ambiguities caused by multiple word senses, idioms 
and the like may result in more than one segment 
record being created to describe a particular 
portion of the text, but usually only one of them 
is able to combine with its neighbors to become 
part of the analysis for an entire sentence. 

The idea of unrestricted conditions and 
structure-building actions is central to Woods' 
grammar [7] also. Currently there are about 300 
English decoding rules for this application. 

5. MODEL VERIFICATION 

To observe the contents of the IPD at any 
time the user may request the system to produce an 
English description of it, as was done in Figure 
2. The overall manner in which this description 
is produced can be seen by care~ully comparing 
Figure 2 with the IPD in Figure 4. 

The first paragraph is produced by going down 
the action list and saying something about the 
attributes of each action. The very first action 
is simply stated with a simple sentence containing 
information about the type of action, its AGENT 
and/or COAL, and its LOCATION. If the IETM or 
DURATION attribute has a simple value, it will be 
included also, as a prepositional phrase (e.g. 
"every 8 minutes" or "for 5 minutes"). Otherwise, 
a separate statement will be made about the IETM 
or DURATION, as can be seen in the figure. If the 
action has an ASNDISTR, a statement will then be 
made about it, as also can be seen in the figure. 
Finally, a statement beginning with "after" is 
produced from the SUCC attribute. The exact form 
of this statement depends upon the type of value 
which SUCC has. It can be seen in the figure that 
a 'QTYP' successor descriptor results in two 
sentences, with the first one having an "if" clause 
and the second one beginning with "otherwise". 

When describing an action which has already 
been mentioned in a successor statement, it is not 
necessary to produce a simple sentence about that 
action. If the action has a non-simple DURATION 
and/or a SUCC, the appropriate statements about 
these can immediately be made. This is the case 
for the 'SERVIC' action in the example. No output 
was produced from the 'LEAV' action, because it 
had already been mentioned in a successor statement 
and it had no additional attributes to be described. 

If a stationary entity has a QUANTITY or 
CAPACITY attribute with a value greater than i, 
a statement will be made about it shortly after 
the entity is first mentioned in an action 
sentence (e.g. "There are 2 pumps in the station." 
or "The capacity of the station is 8 vehicles.") 
After describing the actions and the entities, a 
separate one-sentence paragraph is produced with 
the values of PROBTIME and TIMUNIT of MEMORY. 

Theprocessing just described is specified to 
the system by sets of "encoding rules" entered 
initially on cards. As will be seen in the 
examples which follow, an encoding rule has the 
name of one segment type on the left and a list of 
one or more segment types on the right. Conditions 
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may be specified in parentheses on the left to help 
determine if a rule is applicable, and creation 
specifications may be given in parentheses on the 
right to determine the characteristics of the 
segments created. The condition and creation 
specifications available for encoding rules are 
the same as for decoding rules. 

Typical of the highest level English encoding 
rules is: 

STATENTY (QUANT ITY . GT . I) --> 

SENT(¢STATENTY,ATTRIB='QUANTITY') 

This rule says that if a stationary entity record 
has a quantity attribute with a value greater than 
i, produce a SENT segment which is a copy of the 
stationary entity record, but which also has an 
ATTRIB attribute with the value 'QUANTITY'. This 
SENT segment would then be expanded by lower level 
rules to eventually produce a sentence of the form, 
"The quantity of pumps is 3", or "There are 3 
pumps." 

Typical of the rules in the next lower level 
is: 

VERBPH(PASSIVE) --> 

VERB('BE',VFORM=VFORM(VERBPH)) 

VERBPH(-PASSIVE,-VFORM,PASTPART) 

This rule says that a passive verb-phrase is to be 
expanded to a verb which is a form of 'be" (with 
the particular verb-form coming from the verb- 
phrase), followed by a new verb-phrase which has 
all the characteristics of the old verb-phrase, 
except that it is not passive and it has past- 
participle in place of its old verb-form. 

A typical rule from the lowest level is: 

VERBP (PAS TPART) -- > 

VERBS (SUP (VERBP)) E D 

This rule specifies that a past-participle verb- 
part is to be realized as a verb-stem with the 
same SUP, followed by an "e", followed by a "d". 
This particular rule could be considered as sort 
of a default to be applied in the case when none 
of the rules for irregular verbs is applicable. 

The sets of English encoding rules in the 
latter two levels described above are also used by 
the system when it is asking or answering questions 
during the problem acquisition phase. Different 
sets of highest level rules are used, however. For 
example, question 6 in Figure i "How often do the 
vehicles arrive at the station?" was initiated by 
a rule like the following: 

ACTNREC(~IETM,'ARRIV'I'ENTER' ) --> 

SENT(¢ACTNREC,ATTRIB='IETM') 

This rule says that if an action record with a 
SUP of 'ARRIV' or 'ENTER' has no IETM attribute, 
produce a SENT segment which is a copy of the 
action record, but which also has an ATTRIB 
attribute with the value 'IETM'. This SENT seg- 
ment would be expanded by the same sets of lower 
level rules to produce the question. 

The encoding algorithm begins with a single 
segment record on a stack. At each cycle through 
the algorithm the top segment is removed from the 
stack. If it is a non-terminal segment, an appro- 
priate rule is found and applied, resulting in one 
or more new segments being placed on the top of the 
stack according to the right side of the rule; if it 
is a terminal segment, its name (e.g. "e") is simply 
put into the output stream. This differs from 
random generation in that there is a specific piece 
of information to be expressed, held in the initial 
segment record. This information is used to guide 
the processing as parts of it are passed down from 
rule to rule according to the creation specifi- 
cations. 

A scheme for producing meaningful text which 
bears some resemblance to this is described in a 
recent paper by Simmons and Slocum [6]. The 
current system has about 400 English encoding rules. 

6. AUTOMATIC CODING 

The manner of producing the GPSS program is 
similar to that for the English description, but 
it involves using several lists, not just the 
action list. As was stated earlier, these other 
lists are not shown in the IPD drawing in Figure 
4. Their contents will be given in parentheses 
at appropriate points in the following discussion, 

however. 
First a standard SIMULATE card and RMULT card 

are put out. Then a pass is made down the 
stationary entity list (REC31, REC32) to produce 
an EQU card for each stationary entity, to relate 
its IDNAME and its IDNO and to define it as a 
facility or a storage and a queue. (The value of 
IDNAME is formed by concatenating the first three 
or four letters of the NAME of the SUP of a record 
with the value of its IDNO.) Then a similar pass 
is made down the mobile entity list (REC21, REC22, 
REC23) to output an EQU card and a TABLE card for 
each type of mobile entity that will appear in the 
simulat ion. 

Next, a standard FUNCTION i for the exponential 
distribution and a standard FUNCTION 2 for the unit 
normal distribution are produced if they are 
required by the problem. Then a pass is made down 
the distribution list (REC43, REC44, REC41, REC42) 
to define a FUNCTION for each record that requires 
one. In the example, FUNCTION 3 comes from REC43, 
and FUNCTION 4 comes from REC42. This is followed 
by a similar pass down the successor descriptor 
list (RECSI) to define a FUNCTION for each record 
that requires one. This pass produced nothing in 
the example. Then the records in the distribution 
list are looked at once again to define an 
FVARIABLE for each normal distribution used in 
the problem. One of these appears in the example. 

After the definitions have been taken care of, 
a pass is made down the action list to produce the 
executable blocks which describe the flow of 
transactions through the program (which corresponds 
to the flow of mobile entities through the actual 
system). For each action an English comment is 
put out first, utilizing a portion of the English 
encoding rules, followed by the blocks appropriate 
to the action. 

The group of blocks produced from an action 
has two parts, the first of which depends upon the 
type of action and the second of which depends 
upon the type of value the SUCC attribute has. 
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For example, an 'ARRIV' usually produces a GENERATE 
and an ASSIGN, a 'LEAV' produces a TABULATE and a 
TERMINATE, and most activities produce a sequence 
like QUEUE, SEIZE, DEPART, ADVANCE, and RELEASE, or 
minor variations thereof. A ,QTYP' successor 
descriptor results in a TEST, followed by a 
TRANSFER (if necessary), and a simple SUCC results 
in an unconditional TRANSFER, as can be seen in the 
example. 

The contents of most of the argument fields 
of the various blocks depend, of course, upon the 
attributes of the records in the IPD. For example, 
argument A of the GENERATE block is VI here because 
FVARIABLE i corresponds to the normal distribution 
which is the value of the IETM attribute of the 
'ARRIV' action. Arguments A, B, and C of the TEST 
block and argument B of the TRANSFER come directly 
from the attributes SUCARG, MAXQ, CLOSACT, and 
OPENACT of the 'QTYP' record. The LOCATION 
attribute determines the A argument for such blocks 
as QUEUE, DEPART, SEIZE, and RELEASE. The B 
argument of the last TRANSFER gets its value 
directly from the SUCC attribute of the 'SERVIC' 
action. All actions are referenced by names of 
the form "ACTi", where i is the value of the 
action's IDNO attribute. 

Finally, after the blocks for the actions are 
put out, a, standard "timing loop" is produced to 
govern the run length of the simulation. The value 
in the A argument of the GENERATE block comes from 
PROBTIME of MEMORY. In the example this value is 960, 
because there are 960 30-second periods in 8 hours. 

The processing just described is also 
specified to the system by means of encoding rules. 
The following are typical of the rules for GPSS: 

ACT('LEAV',-TSUCC) --> 

BLOCK('TABULATE',LABNO=IDNO(ACT), 
ARGA='PARAMI') 

BLOCK ( ' TERMINAT ' ) 

BLOCK --> 

NEWLINE2 LABEL(LABNO(BLOCK)) 

COLUMN8 BLOKNAME (SUP (BLOCK)) 

COLUMNI9 ARGS (¢ARGA(BLOCK)) 

LABEL(LABNO) --> 

A C T NUMBER(NUM=LABNO(LABEL)) 

LABEL --> NULL 

The first of these rules says essentially that 
a "leave" action with no successor should result in 
a TABULATE block followed by a TERMINATE block in the 
GPSS program. Each of the BLOCK segments would then 
be expanded by the next rule shown, which puts out 
segments for the individual fields of the block, 
along with some segments to control the column 
pointer associated with the output buffer. The 
last two rules shown expand a LABEL segment. The 
first one would apply when there is a LABNO 
attribute, which would have been passed down from 
the BLOCK segment (as in the case of the TABULATE 
block). The second one would apply otherwise. 

There are about i00 GPSS encoding rules for 

the current system. 

7. DISCUSSION 

The distinction between the general system 
and the specific system should be noted. The 
general system, which is called NLP for Natural 
Language Processor, consists of the FORTRAN 
program and the rule language, and is intended 
to provide a general-purpose language processing 
capability. It is predicated on the notion that 
attrlbute-value record structures are a powerful 
and convenient computer representation for informa- 
tion and that "augmented phrase structure rules" 
of the sort described here are a powerful and 
convenient means for specifying the processing to 
be done. 

• The specific system, called NLPQ, consists of 
sets of named record definitions and decoding and 
encoding rules which make it possible for the 
FORTRAN program to converse in English and write a 
GPSS program for a simple queuing problem. All 
of its limited knowledge of English, queuing, 
simulation, and GPSS resides in these records and 
rules, not in the FORTRAN program. With different 
sets of records and rules other languages could be 
accommodated and other tusks could be performed. 

The system described in this paper appears to 
have much in common with that proposed by Balzer 
in his report on automatic programming [i]. His 
system would have four phases: problem acquisition, 
process transformation, model verification, and 
automatic coding. The first phase would consist 
of a natural language dialogue in "problem domain 
terms." He states that, "The requirements for such 
users is no longer a comprehensive knowledge of 
computers, but rather the ability to completely 
characterize the relevant relationships between 
entities of the problem domain and the actions in 
that domaln." He is thinking in terms of much 
broader classes of entities and actions than NLPQ 
deals with, but nevertheless the basic idea is the 
same. Also he would llke the system to be able to 
obtain the knowledge it needs to solve the problem 
at this time rather than having it pre-stored in 
as specific a manner as it is in NLPQ. 

In the second phase the system would mani- 
pulate the information obtained during the first 
phase to transform it into a high level process 
for solving the problem. In NLPQ there is no need 
for a transformation to a process because the 
target language itself is non-procedural. However, 
there is a set of encoding rules referred to as 
"the massager" whose task it is to "clean up" the 
IPD prior to producing the GPSS program. For 
example, it generates the symbolic entity name 
values for the IDNAME attributes. Part of the 
reason why so little "process transformation" is 
required is that the forms of the various types of 
IPD records were devised with GPSS in mind, 
resulting in some manipulations being done during 
problem acquisition. 

"The third phase is used to verify that this 
process is the one desired and that it is adequate 
for the problem solution." Balzer proposes doing 
this primarily by means of running test cases, 
which the user can then pass Judgment on. He 
would also like the user to be able to query the 
system about the process in problem domain terms, 
especially to be able to ask '~hy". In NLPQ, 
model verification mainly takes the form of an 
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English description of the problem, produced 
directly from the internal model (i.e. the IPD). 
This description is itself a model of the queuing 
problem, but in problem domain terms. It shows 
the entities and actions and their interrelation- 
ships in very explicit English. In the GPSS 
program the use of comments and symbolic names 
related to the problem are intended to aid the 
user in verifying its correctness. NLPQ currently 
does not support "why" type questions. 

The fourth phase "optimizes the process and 
produces the actual code to solve the problem." 
In NLPQ work so far not much emphasis has been 
placed on optimizing the code. For example, in 
the program of Figure 3 the groups of statements 
for actions 2 and 3 could have been reordered to 
eliminate the need for the two unconditional trans- 
fers. Optimization of this kind could be done as 
part of program production or as a separate post- 
processing step. 

It is felt that the problem acquisition phase 
is the one for which the system described in this 
paper has the most to offer and that the 
techniques developed for it could be profitably 
used by any automatic programming system of the 
type proposed by Balzer. Also, it would seem that 
the sort of model verification done here could 
serve as either an alternative or a complement to 
the test case approach, and the grammar-based 
program generation scheme used here could 
facilitate the automatic coding task. 
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