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Abstract

In this paper we present a prototype translator from Natural Language expressions into Temporal
Logic formulae. The translator is realized using a general development environment for Natural
Language processing and it has been interfaced with a verification environment of behavioural
properties on concurrent systems specified by process algebras. This tool can be viewed as an aid
to override the many imprecisions that frequently occur in the passage from informal requirements

expressed by means of Natural Language expressions to Temporal Logic formulae.

1 Introduction

A critical phase in the classical software life cycle is the capturing of informally stated requirements
into a formalized design or specification of a system.

This step is particularly critical in the case formal verification is used, which requires rigorous
formal description of the specification, against which the later products of the development process
will be formally verified to prove their correctness. A failure in embedding the informally stated
requirement into the formal specification will invalidate the later verification efforts.

The problem is therefore to concentrate on the ability to extract the intended meaning of informally
stated requirements and to express it formally.

Temporal Logic, which has been recognized suitable for the abstract specification of properties and
requirements on concurrent systems, happens to be a good candidate as a formalism to aid this
step. In our experience on the specification and verification of properties by means of Temporal
Logic, we have verified that many imprecisions frequently occur in the passage from informal
requirements expressed by means of Natural Language expressions to Temporal Logic formulae,
due to the inherent ambiguities of Natural Language, and sometimes also to the difficulties in
understanding the deep meaning of the logic operators. We have hence looked for an answer to
these problems in the current state of the art in Natural Language Understanding.

Development environments are available which support the construction of Natural Language
Processing applications. Among these, PGDE is a general development environment for Natural
Language Processing [12], aimed at the construction, debugging and testing of Natural Language
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requirements established in the system analysis phase into a Temporal Logic formalism; our work
is situated in this sphere and it aims to provide an aid in this translation, in the context of the
checking problem in a formal software development environment, as represented by the waterfall
model in Fig. 1.

Also maintenance and enhancement of requirements can be achieved, due to the benefits obtained
from the verification phase about the requirement refinement cycle; starting from the concrete
model (say, a formal specification) of the system and from the formalization of abstract
requirements (a list of Temporal Logic formulae), the verification of the latter on the former - by
means of a model checker - may provide useful information to adjust both the specification and the
expression (and then formalization) of the requirements.

capture requirements

'~ Tt

rements w

capture requirements

informal
requirements

maintenance
and
enhancement

interpretation

Temporal Logic
formulae

)

derive tests

transform verify

) . validate
specification_k

implement

implementation

Fig 1: The waterfall model of software development

The prototype we present is a first step in this direction; to simplify the development of the tool we
have chosen to take into account a particular model checker [3] (whose input models are LTSs and
the underlying Temporal Logic is ACTL) and a precise application domain, in order to have a small
set of verbs to manipulate. The application domain that has been chosen is a vending machine. As
an example, consider a machine able to give a coffee or a tea if someone inserts a coin and a soup if
two coins are inserted (this example has already been used in [9]).
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3 The Branching Time Temporal Logic ACTL

The action based logic ACTL [5] is a branching time Temporal Logic whose models are Labelled
Transition Systems. The choice of ACTL to express formally the requirements of concurrent
systems, described by means of process algebras was due to the following reasons:

ACTL is an action based logic whose models are Labelled Transition Systems, therefore it is
more suitable to speak about properties of systems interpreted on Labelled Transition Systems
than logics as CTL , whose models are Kripke structures [2].

In the space of action logics, that ranges from HML [6] to the p-calculus [8], ACTL seems to
be the most interesting. In fact it is more expressive than HML, and it is sufficiently powerful
to express interesting properties of concurrent systems without introducing the overhead of

formulae with fixed points, hard to understand, as in the p-calculus.
A verification environment is available, which uses ACTL for the verification of logical
properties of concurrent systems described by means of process algebras.

The syntax of ACTL, a subset of ACTL* [5], is defined by the state formulae generated by the

following grammar, where @, @', ... range over state-formulae, y over path formulae and y and %'
are action formulae, that is, formulae which describe the occurrence of actions (for a detailed
presentation of action formulae see the Appendix):

¢:=true |l~plos ¢ lEYlAY
ya=x{elT ol [0 {(x)uix}y @11 [¢ (XU ¢

The meaning of the boolean connectives and of the existential and universal quantifier are the usual
ones. The indexed next modalities X { } @, T say that in the next state of the path, reached

respectively with an action in % or with a 1, the formula ¢ holds; the indexed until modalities
introduced above are better clarified in Fig. 3:

O {xIU{x'1 o ¢ {xIUQ

¢ o
Tvby a<v_
o o
a(sN Tvby
¢ _ ® . length 20
_ u
o o
a<v= a<v:
o ¢
a

<

where byl=y, ...b l=yandal=y'



19A0QE 9S8O 9Y) UL 93I] “IX3U00

ay1 woy ATuo 3[qeALIsp uoneuLIojur uo Surk[aIay; 01 1o ‘sjuswannbar jo Junum 3yl ut $a10RINSORUL
01 onp oq Aew pury Syl Jo sapmIiquie ‘1xo1u0d Syl uf ‘suoissardxs ofenSue [winieN ul
punoj oq ueos ey senmsiquie oyl jo sjdwexs ue 1snl st sy, (,<g> serjdwt <y>,) uoneoydwr ue
SB poOoIsIapun SI SaWIowos pue ‘(,<g> ‘da1s 1xou 9yl 18 ‘usyl <y> JI,) SIUIAD JO UOISSIOONS B S
PO0ISIopUN SSWINDWOS ST T :2INIONMS , <G> UdY] <> J1,, Y] JO UOUR[SURT JUAISJJIP oY ur jusredde
ST s1y1 o[dwex? 2yl JO SOnUBWIAS Y} JO 9Fpapmouy oyl woiy paping useq sey uonesuen ayi (o
{$90UBIUSS QY] JO SIUAWFIS O1J103dS WO PAIORNXS U2q ARY SI0IRUTISOP UOTIOR (q

‘s101819d0 01307 [R1odwia, repnonted 01 puodsarios A[JUSPIAD YOIyM SaInjonns

3Ie 219Y) ‘TeIdUSd U 2I0W ‘pUB ‘OB[NULIOJ IB[IWIS O] PEI| 2INIONKS IB[IWIS YIIM $I0USiuas (e
SUOTIBAISSQO K93 SuIMO[[0] a3 $15933ns ISI] SIYT,

ONII{e83}XFIY [UTOD]
831 B 9ABY 01 2]qIssod aq [[im 1T A[[BNIUSAD PILIASUL UD9q SBY UIOD B I10)je 2

9NII<IDIIOO> <— SNIIKLI1>
991300 ® 9ARY 01 9[qissod St i1 uay) Bal B 2ARY 01 2[qissod stityr @

3NI1 <10BTTOD2IA>OY
U109 B 199[0221 03 9[qissod sAeme St @

SNI1 <UTOD>HY
uroo B uesul 01 9[qissod sAemye stit @&

snxl <dnos> [uToo] [uToD]
dnos aaey 01 91q1ssod ST 11 PILIASUL ST UIOD IOYJOUR IS}JB USY) PSLISSUL SI uioo e J1 =

[onx1 {utod} N {dnos~} anz1] ¥ [UTOD]
pauasut ST u10d 1oyioue [nun dnos B 9Aey 01 9[qIssod 10U ST 11 POLISSUL U9S] SBY UIOD B 118 2

[enx3 {308TTOOSx | 2237300 | ®231} N {osTe3I} onxa] v [uToD]
UL09 33 309[[0031 IO 39]J0D 10 B3] 9ABY 01 A[u0 3[qIssod SI It PIlIasul usaq S8y uloo ® Iaje =

:4Jsnes pInoys suryorIA SUIpua A 9yl 18yl SIUSWANNDAI [BUWIOJUL 9Y1 T LDV Ul $S31dXe MOU UBD DA

‘h~ <> ~ 10 O[] e
‘b <> snx3 10 O <A>o
‘[ n{este3z} dla Jog b<>d o

‘(0 {eln{estez}dla 103 O <e> b
13I8 [{] Ut [uun yum d180] JSU[IA-ASSAUUH JO 2s0y) O Tepiuis [G1]
SINI[EPOW PIALISP IO “(SAemie) h9 ‘(A[femiuaad) b g ‘(serdwr) b <— b “(10) b | & ‘@sTez
:PeONpODUI ST SIUO J1ISBQ YI WOLJ PIALIAP sauIjepow pue siojerado [eo130[ Jo 1S ® ‘[ensn Sy

“xtpuaddy Y3 ut pajreIap St 9v[NULIO) 1)V 10J UOLB[L UOLIORJSHES 9y,
"SaNIfepow [run paxaput dy) jo Jutueow Y], :¢ ‘S



7

d) all the formulae above give a "weak" interpretation of the requirements, in the sense that they
allow the vending machine to perform internal actions between, say, the insertion of a coin and the
delivery of a coffee. A "strong” interpretation of the requirements could be possible, in which case
corresponding strong formulae should be generated (e.g. AGEX{coin}true in place of
AG<coin>true).

All these observations need to be taken into account when attempting the mechanization of the
work of translating informal requirements into ACTL formulae.

4 An automatic translator from Natural Language

The first step in the construction of NL2ACTL has been the collecting of a corpus, i.e. a set of

Natural Language expressions representative of the language to be characterized, with the related

Temporal Logic expressions. For this purpose, we have generated a number of sentences

expressing different temporal properties of systems of the "vending machine"” class, trying on one

hand to be as much as possible exhaustive, and on the other hand to extract as much information as
possible in the form of the observations made before.

The corpus analysis allowed for the individuation of some regularities in the sentences. This lead to

a distinction between:

a) structures strictly related to a possible temporal logic expression of the property (e.g., the
structure "it is possible <action_phrase>", where <action_phrase> stands for a sentence
fragment that individuates an action like "insert coin"”, corresponding to the formula
EX{coin}true; another kind of structure is "if <action_phrase> then <sentence>", where
<sentence> individuates a complete ACTL formula; so "if a coin is inserted then it is possible
to recollect” corresponds to the formula: [coin] EX {recollect} true);

b) structures of segments of the sentences which express the occurrence of an action; these can be:

bl) simple verb phrases, or fixed locutions of the type "action is performed", "action occurs",

"action is possible", which can be considered general enough for every application domain;

b2) typical complex sentences of an application domain, like "coin is inserted", "recollecting the
coin”, ._mow a tea" etc., in the vending-machine domain.

According to a general Natural Language Processing approach, the construction of the grammar
had two main tasks: to recognize as many sentences as possible, and to define a semantics for each
sentence. The former task has been pursued by the identification of as many structures as possible
of the sentences related to ACTL formulae; the latter has been pursued through the identification of
the semantics of each fragment of the sentences with the translation into the corresponding ACTL
formula. The semantics of a whole sentence is therefore compositionally constructed from the
semantics of every single fragment.

A main novelty of this tool is that it differentiates from a pattern-matching approach, where pre-
defined structures are selected to represent the structure of input sentences (see, for example, [13],
where this approach is used for an automatic derivation of Abstract Data Types from informal
specifications). In such an approach the possible alternative is between recognized patterns and
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give in input a file containing a set of sentences, the requirement document. To each sentence, be it
typed separately or stored with other sentences in a file, corresponds, if it is recognized, an
immediate ACTL translation. The output is presented to the user, which is supposed to understand
its formal meaning and to check whether this corresponds to what was the intended meaning of the
informal requirement; if it is not, it is likely that either the requirements was not precisely stated, or
its intended meaning was not understood by the user. In both cases, a rewriting of the informal
requirement is advisable. If no analysis can be derived, the writing "Parses not found" appears
under the sentence, warning the user that the sentence does not belong to the language which can
be translated into ACTL formulae. In the case the sentence allows for more than one ACTL
formulae as its translation, all of them will be returned. The input sentences and the output
formulae appear on distinct windows (see Fig. 4).

v

& File Edit Tools

Input Window #0
it is always possible to insert a coin
after a coin is inserted it is possible to have a tea

0] tACTL Formula(e) #0
it is always possible to insert a coin
Farsed in-. 133 secs

AG <coin> true
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after a coin is inserted it is possible to have a tea
Fersed in 267 secs.
{coin] ctea> true
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Fig. 4 Input-Output Windows of NL2ACTL

It is obvious that no notion of correctness of the formal description of a requirement with respect to
its informal description can be defined; only the experience of the user can tell whether they are not
conflicting; anyway, we believe that such a tool has at least the effect to force the specifier to a very
accurate consideration of the informal requirements.

The NL2ACTL output for the requirements listed in section 2 is the following:

after a coin has been inserted it is possible only to have tea or coffee or recollect the coin
Parsed in: .767 secs.
[coin] A [true {false} U {((tea | coffee) | recollect)} truel
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The current version of NL2ACTL runs on a Macintosh, and the integration with the ACTL model
checker described in [3] is via cut and paste of formulae among the NL2ACTL windows and
windows connected to the Unix-running model checker: a closer integration is planned in the next
future.

A deep analysis of the interaction between ACTL and Natural Language has been necessary for
the construction of the tool NL2ACTL; this puts in evidence the possibility to extend the set of
sentence structures related to ACTL expressions, and particularly the structures of segments of the
sentences which express the occurrence of an action.

Another possible extension is to give by the possibility to the user to define his own set of
actions and action phrases, and hence his particular domain. This is possible making the grammar
parametric, and providing a preliminary dialogue with the user to establish his set of action
(phrases).

In order to realize these extensions more experimentation is needed, especially on different and
wider domains of application, so to achieve a sufficiently general corpus to be encoded in the
grammars and dictionary of the tool.
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We let Ap = Actu{t}); Ag = Actu{e}, e ¢ Ag. Moreover, we letr, g, s ... range Over states; a,

b, ... over Act; o, B3, ... over Arand k, ... over Ag.

h@w Syntax J

pr=nill . pipaiplédl Ipplp+pix!recx. p
where pe Actu{t)

CCS Semantics

ac)  H.p-H—p

res) pl-p—p2and pe( o, —o } imply pI\ o— p—p2\ o

rel)  pl-p—p2 implics p1(¢}- o()—p2[ ¢]

sum) pl-p—-p2 implics pl+p—pu—p2 and p+pl—p—p2

com) pl--p2 implies plip — p—p2ip and plpl-p—plp2
pl-1-p2 and p'—-A—p2 imply plip't-1—p2ip2

/_,oov pllrec x.p1/x}- k—p2 implies rec x.pl—- u—p2. \

Fig. 5: CCS Syntax and Semantics

The Satisfaction Relation for ACTL

Paths over a LTS, A = (Q, Act, -, 0q), are now introduced:
* A sequence (q0,00.q1) (Q1,0¢1,92)... € — is called a path from qq; a path that cannot
be extended, i.e. is infinite or ends in a state without outgoing transitions, is called a
Sfullpath; the empty path consists of a single state q € Q and it is denoted by g;
«if T = (q0,®0.q1) (q1,¢1,92)... we denote the starting state, qq, of the sequence by
first(m) and the last state in the sequence (if the sequence is finite) by last(n);
» concatenation of paths is denoted by juxtaposition: ® = p8; it is only defined if p is finite
and last(p)=first(0).
When ©t = pO we say that 0 is a suffix of m and that it is a proper suffixif p#q,q e Q.
We write path(q) for the set of fullpaths from q and let &, p, ¢, 1 range over paths.

The actual models that we use are assumed to have only infinite fullpaths; it is not a strong

constraint since it is always possible to extend finite fullpaths with t-loops. This choice is
dictated by a requirement of the verification environment where we are working.

The collection Afor of action formulae over Act is defined by the following grammar where ¥,
X', range over action formulae, and ae Act:

yo=al~xlyiy
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