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SYstem. sUmmariZi ng progress made during the past two years.
PSi svntheaiies eilicsent programs from several types of abstract The enti re PSi system can be rim by a knowledgrable user. ~ispecs ñcauons. The paper presents a brief summary of PSI. an number of tests of the entire system have oeen mane. PSI hat
example dialogue demonstrating its performance, and a $uccetsfully produced LISP c~~e that implensente@ the
aiscu sason of Its present capabilities. Explanation of the specifications given in English dialogues For four var iants oft detailed operauon of the system is omitted in th is short paper. CLASS. a symbolic pattern classification program.
For an overview of prior work, see ~Green.76~ (or more details
see (Gtnspsrg.781 SndnOerg.79L (Banww.7~J, and ~Kasst.79J. CLASS is a simple program that inciudes many programming
( iieimsnn.7~j surveys related work in he automatic ~ q~tjij c~ necessary for more complex program s. CLASS first
programming iel~• Inputs a sample sat of items (e~ç, a list of jo b quakl$cassonss .

Then the program repeatedly inputs a trial set (e.g. thet Keywords md pAres.:. A uto m atic programmi ng knowledge qualln cattons of an applicant), tests whether the sample set
based programlning, program synt hesis . program (required quailhcatio rn) Is a subset of the tr ial set (applicant
speciflcatioii. program acquialtioe. qualifications), and pnnts 1k’ or ‘didn’t fit’ accordingly. The

program Is exited If the word ‘quit’ is typed instead of a trial
- set.

1. Summar y of the PSi Program 1nthesus System
2.1 Acq uis it Ion Phase

m. psi program synG~t~ss system is a computer program that
acquires high level desaipoons of programs and produCes r~. rouowlng dialogue was held with the PSI acquisition

~~~ program from it. Simple symbol ic computation programs are USER: CLASS.

effi cient irnplenmentations of them. PSI’s operation ii FZCZOrtd phase to spec ify CLASS.
into two pas ta the acqw.siZion pAss., which acquire the high
level description, and the tyiUhertm frAnK. which prodUces ~ PSI: What Is the maine of the program you want to write?

p 0..... specified through dialogues between the uses’ and PSI. Time PSi: Does CLASS have a special program type?
specification tecnntques availab le Include natural language. USER: Classification. r1nput .out put pairs . parnal traces, and a high level spec ificatIOn PSI: Please desaibe CLASS.C.) language currently under development. These specificatIons are USER: CLASS fi rst inputs a concept Then it repeatedly
integrated in the program model. It is also possible to specify a accepts an input scene from the user. slassifes it based on

LU problem directly in the modelling language. LISP programs are wheth er or not It flu the concept. and outputs this
,.,J produced from the model, but expenments have Shown that the classificatIon to the user.

L.~
_. sys tem can be extended to product code in a block structured PSIt What is the structure of the concept?

language such as PASCAL USER: A concept is a collection of relations. Each relation is
just a str ing.

The dealgu and Implevnesitatlan of PSI have Involved many PSI: What Is th, exit test of the loop?
_____ people. The syst em’s modules are currently the responsibility of USER: Stop when the user types ‘quit ’ instead of a scene.

the following indlvidua it psrserlint~ryi 4~ . Beverly PSI: What is the structure of the scene?

~~~~~ Kedzserskl; explainer, Richard Gabflek tram and examp le USER: The same as the conceoc.
inference expert and doma in expert. Jorge PhiUIps program PSIs Please define what It means (or a scene to fit a concep t.
model builder. Brian McCunst and efficiency expert, Elaine USERs A scene fits a concept if all the relations in the concept
Kant Additional personnel have worked on various projects are in the scene.
within these experts. Steve Tappel wro te the rule expand er for PSI: Whet a the Format of the classification output?
the program model buslde~ Stephen Westfold enhanced the USER: Output ‘fit’ if the scene fit, ‘didn’t fit’ if it diOnt.
ex amoles compon ent of the inference expert. A description of PSI~ Are we finished?
the interactio ns of the phase and modules of PSI can be found USER: Yes.
in (Gr,en.7’fl.
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Froin the above dialog ue the psrsodi nhe~.retet ~GLnsparg•7$I Preliminar y designs are complete for an additional program
produces a program net, a common representational base usia specification technique, a formal system with the flavor of a
by all module, of the acquisition phase. The parserIIflt.~i~retUr very high level prog ramming language. The language allows

~tn0eruan0i over seventy programming concep ts inc has a mani pulation of abstract algeora ic stru ct ures such as mappings

~ocso uiary of mor. than 175 wor ds. Its programming concepts and sets. Time semantic suppo rt available through ~he oomain
inc lude data sf10 cantr ~l structures. primitive operations. ~~ ex pert will allow the use of oomasn specific jargon in thu
more complicated algor ithmic o hs (e.g.. user.prograin language. The language w ill allow the user to specify quickl y
interchange. set construction, quantification). The ~~fl can and precisely program oecr ipt ion* that have already been well
sonie,sm.s o msrms ne the meaning of unknown words (e.g . what thought out.
concept th ey represent ) from the context in which they appear.
The dialogues that the system has Understood include those The program model bui lder (McCune- 771 uses the program net
specifying many varian ts of CLASS. several variants of NEWS produced by the ocher acquisition mooules to corotruct a
a news story retrieval pregrami. TI (a learning program that complete and consistent model of the program. There are

uses CLASS as a subroutinel , arid graph reschaoility. about 350 rules in the model builder s iinowleage base. ~ules
incor porate knowledge of mappin gs and primitive operations

The dialogue moderator (Steinberg.711 chooses which of the for accessi ng them, of procedures and procedure invocations.
questions posed by time parserl.nierpretur to ask neat. A and of type coercion. The model builder also resolves tYpe.
number of simulated dialog ue have been gathered, w ith a token ambiguities and transfor ms expressions to canonical
member of the PSI group playing the role of PSI and people forms. Jr has built a number of prog ram rnuoels that are
not part of the group as users. Th. question choosing var iacuonm of CLASS as part of the PSI system. Separately he
algori thm of the dialogue moderator has been improved by model builder has successfully const ructed a moael for
compari ng its behavior with the data from thee dialogues. RECIPE.
The moderator alec hu mecimanumns (not yet interfaced to the
rest of PSII to answer the question. Wtmere am wer, amid most The rule expander (or model building rules makes writing such
of the nechanum needed to handle a request or change topic. rules easier. Rule prsnmdatsons are writ ten in a concise
The moderator has handled dialogues (or NEWS and var iants dec larative language. Then the rule expander trans lates time
of CLA SS. declara tive for m into the required fetch and test operations,

taking Into account any ordering constraints that the
The questi ons that are u sed of he user are quit, readable and precasiditions may have and avo iding recessing preconcitiOns
coherent. q,uestions u the same terms as the UIst’ dId in unnecessarily.
prev ious ~~~~~~ of the dialogue. Far ex ample. rather than
asking for the definition of ‘AdOll ’. PSI Wa what it means for A program has been written that prints concise. readable
‘a scene to fit a concept’. The question generation system has vermcns of program models. Tim. internal repmencauon of the
been used in the dialogues (or CLASS, NEWS, RECIPE (a model is designed Icr programming efficiency and a hard for
recipe retr ieval progrs ni). and TI. it produces about tW~it7 people to understand. Listings in the concise notation are thu s
substantiall y different sentence types. Tb, question generator is valuable for debugging. The model is printed in a very high
being expanded into a more general explainer that will explain level language. using a syntax simi lar to PASCA L Any or all —

P5 1’s understanding of th. program specificatIon given by the of the parts of a model mae be printe d, and cross.reference
User . tables are available to index the concise listing and the original

model.
PSI allows programs to be ipecsllsd by the use of traces and
examples. The trace componen t of the inference expert Thn program model i..terpreter executes models interpr etively
(PhiIlIps.77J hand les simple cop and data sms~~re inference as an alternative to coding them and runn ing the target
such as hat needed for the CLASS and TI dialogue. The program. It correctly interprets all program models available.
examples component determines from sit example input.output The interpreter parses arbitrary input dais, includIng chose
pair for a certain data object a suitable program transtcrmnation wh ich are of any type occumag in a tree of legal alternatives.
that cou ld have tamed the objeet from is initial to Is ?aial
stat’.

An initial version of a domain expert (or information retrieval
has been ImplesnenImi. using the program ma as as inmrf ate
wi th the ret of she system. The doma in espert has bests used
in the generation of a vlnamlt of NEWS.
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