Ex periences w ith Domain-Based Parsing of

Natural Language Requirements

Vincenzo Ambr io la am briola@di.unipi.it

Vincenzo Gervasi gervasi@di.unipi.it

Dipartiment o di Infor matica ˙ Pisa, Italy

Intr oduc tion

Requir ement engineer ing is thepart of soft wareengineering that concer ns theident ification, expr ession, validation and analysis of thereal-world goals and constraints for a softwaresyst em. In particular, requir ement engineering offers tools, met hods and techniques to bridgethegap bet ween (oft en va gue) customer´s desir es and a precisespecification of thesyst emt hat can beused to design and build a concr et e syst emsatisfying therequir ements stated.

Despit ethewidearray of for malisms devised to expr ess requirements for softwaresyst ems, natural language requir ements arestill themost common for mof requir ements found in practice. Natural language requir ements havetheundesirableproperty that it is often ver y difficult to proveproperties on them(e. g.:

non-r edunda ncy, consist ency, coverageof all possiblecases) duein part to their inher ent ambiguit y, and in part to their low amenabilit y to automatic processing. On theot her hand, natural langua geplays a key rolein communication wit h thecust omer, and is also thebest expressivemediumin theinitial ^brainstor ming~ part of a requirement process, so it cannot besimply discarded as inconvenient.

For thesereasons, an environment supporting requirement engineer ing activities has to devot ea special attent ion to t heha ndling of natural langua gerequirements. Most commer cially availabletools offer a good support to techniques liketracing theevolution of r equir ements, linking requirements to ot her documents, structuring, mer ging and splitt ing r equir ement documents, assigning authorities over requirements to differ ent individuals, etc. All theset echniques, however, treat natural languagerequirements as black-box objects, without gett ing t o their mea ning.

In this paper, wediscuss a techniquefor shallow parsing of natural languagethat wehavefound t o be particularly effect ivein thecaseof soft warerequir ements. Thet echniquedescribed her eis implement ed in a component na med Cico 1 of our cooperativer equir ement engineering environment Circe[1], and has been used to perfor mpartial validation of some of therequirements for theInt ernational SpaceStation [2].

1 The name is a shameless playon the acronym GIGO, itself standing for ^Garbage In, Garbage Out~.

Peculiar ities of require me nt doc ume nts

Weconcentrateon t heparsing of natural languager equir ements in thecont ext of a requir ement engineering supporting envir onment. Thecaseweareint er est ed in lends itself well to several simplifications, summarized in thetablebelow, wit h respect to thegeneral case.

NLP for Requirements NLP for arbitrary text

Explicitness is desired Elliptical, depends on context

Mostly interactive redaction Often batch processing

Restricted dom ain Arbitrary domain

Reduced vocabulary Vast vocabulary

Well-defined terms Mostly approximate definitions

In particular, explicitness ensures us that all theneeded part of discoursewill bepresent in thet ext;

interactivity allows us to consider parsing failur es as non-crit ical failures; restrictions on thedoma in and on thevocabulary makehugeknowledgebases unnecessary, and thestrict definition of ter ms allows us to assumea 1:1 correspondencebet ween t er ms and concepts. Thelast two peculiarities call for theintroduct ion of an explicit glossary document, defining thevocabulary, to go alongsidet herequirement document that uses thet er ms defined in it.

Cico: a parser for natural language requireme nts

In our system, a glossary consists of a list of terms ; each t er mhas an associated set of tags , describing the doma in-specific properties of thet erm, and a set of synonyms , that areconsider ed equivalent to thebase ter m. 2 Besidet heglossary explicit ly specified by thewrit er of therequir ements (the user glossary) , a number of system glossaries exist, defining common t er ms typical of a certain doma in. Theseglossaries areused, toget her wit h a lexical nor malizer, to put requirements in canonical form : in a canonic requir ement, all synonyms aresubstituted by thecorresponding baseterm, and all tags of each ter mareappended t o each occurrenceof thet ermin thet ext. As an example, a statement like^ The terminal sends thepassword to the server ~ could becanonized as ^ terminal/IN/OUT sends password/INF to server/IN/OUT/ELAB ~, wher ethe

/IN, /OUT, /ELAB, and /INF tags aredoma in-specific (in this case, thedoma in is that of data flows).

Aft er canonization, Cico applies a doma in-specific set of MAS-rules . Each ruleconsists of a model , which is a tag-based t emplat eof a statement, of an action , which is execut ed when a match occurs, and of a substitution , that replaces thematched fragment in thetext. A matching can beimperfect in several ways

(order ing can bediffer ent, somet er m may bemissing, extra ter ms may bepresent, etc.); thedegr eeof correspondence, det er mined according to a fuzzy metric, is recorded and used in theend to select theoverall

2 Currently, our parser lacks a morphological component, sosynonyms are also used toencode morphological variations.

best matching tree. Cico can t hus beseen as an enginefor theapplication of a fuzzy rewriting system using backtracking and minimax strategies to det er minean optima l parsetreefor a statement.

It is important to not icethat this approach does not build syntax trees. On thecontrary, theparsetreerecords infor mation on thesema ntics of therequir ement, as implicitly defined by thedomain-specific rulesets and glossaries.

As an exa mple, consider thefollowing requir ement :

When the server receives from the terminal thepassword, the server stores the signatureof the password in the system log

Let us assumethat theuser glossary contains server/IN/OUT/ELAB , terminal/IN/OUT , pass word/INF , signature/ATTR , system log/STORE , and that thefollowing MAS-rules aredefined, among ot hers, in the syst em: 3

M odel Action Substitution

W HEN event/EVT action/ACT Out DEPEND $action $event

Rec eiver/IN RECEIVES data/INF FROM s ender/OUT Out DFLOW $sender $data $rec eiver $ID/EVT

Agent/ELAB STORES data/INF IN datas tore/STORE Out DSTORE $agent $data $datastore $ID/ACT

Attribute/ATTR OF object Out ATTR $attribute$object $ID/INF

Then, theparsing treecorresponding to our samplerequirement would bethefollowing:

Froma forest of similar parsing trees, other tools in theC irceenvironment extract a number of differ ent representations, including data flow diagrams, ent ity-relat ionships diagrams and event charts. Also, consist ency checking and metrication is performed on thesealt ernativer epresentations. All thesechor es are ma deconsiderably easier by thefact that domain-specific knowledgeis exploit ed alrea dy in theparsing process.

3 In our syntax, lower case parts are variables, while upper case parts are constants. $ is the usual variable substitution symbol, with

$ID being a special variable holding a unique identifier that is used toreference a node in the parsing tree. ^Out~ is a system action to store a tuple in Circe´s repository.

DEPEND

DSTORE

DFLOW server

               signature password

                                                                        system

                                                                             log

                                                                                                  terminal server
password

                                    ATTR

                                                    ACTION EVENT

                                                                                                   SENDER
RECEIVER

DATA

            AGENT

                                               DATA

                                                                DATASTORE

                                                         OBJECT
           ATTRIBUTE

Evaluation and limitations

Despit e the apparent combinatorial factor implicit in the backtracking strategy, Cico has proven quit e
satisfactory perfor ma nce-wise. It can parse a document containing 150 requir ements, applying a set of 169

MAS-rules and producing over 700 tuples to inject in the syst em repository, in slightly mor e than 3 seconds
on a standard-class PC. This is largely due to the fact that doma in-based MAS rules are much mor e specific,
and thus select ive, tha n usual syntax-based rules. The fuzzy matching t echnique also ma kes Cico quit e robust
with r espect to errors or perturbations in the t ext of the r equir ements. Cico´s coverage, on the ot her hand, is
very restrict ive: doma in-specific rules t end to combine much less fr eely than syntactic rules. This, however,
is not ent irely undesirable in the case of requirements, as discussed above, and also encourages the adoption
of a defined style  in requir ement documents.

A similar point of view ca n be taken on the need for an explicit user glossary: the effort spent in ident ifying
releva nt ter ms, and in giving them appropriate doma in-specific tags, is an important part of every
requir ement elicitation process. Perfor ming it with t he help of a supporting syst em 4  can actually simplify life.

All the factors that make doma in-specific parsing palatable for use in requir ement engineering also have a
posit ive effect on the size of the parsing engine. Cico only ext ends for less than 3,000 lines of codes, and its
knowledge base (including MAS rules and syst em glossaries for a handful of differ ent doma ins) takes
currently less than 20 Kbyt es of t extually encoded information. Moreover, MAS rules are not difficult to
define and evolve. In particular, adaptation to a differ ent language ma y be obtained to a great ext ent simply
by translating the rules model parts.

Wit hin the limitations of a restrict ed and well-defined application field, in our case that of requirement
engineering, we believe t hat doma in-specific parsing is an adequat e and efficient t echnique for extracting
sema nt ic infor mation from natural language sent ences. Experiences have also shown that documents
accept ed by a domain-based parser tend to be mor e precise and far less ambiguous than uncontrolled natural
language t exts.

References

[1] V. Ambriola, V. Gervasi. Processing Natural Language Requirements . Proc. of the 13 th  IEEE Confer ence
on Aut omat ed Soft ware Engineering. IEEE Press, 1997.

[2] V. Ger vasi, B. Nuseibeh. On the Lightweight Validation of Natural Language Requirements . Submitted
to the First International Workshop on the R equir ement Engineer ing Process, 1999.

4  Cico supports so-called speculative tagging : if a term is given a special ^unknown~ tag, the parser can suggest a set of tags that
would be appropriate for it in order to maximize the matching score in the contexts where it appears.