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Abgract. In this paper we review DMSumm, an automatic summary generator based
on adiscourse modd that combines semantic, rhetoricd and intentional knowledge. We
as%ss the automtic reults in the light of three basic condraints: gist preservation,
communicative god satisfaction and textudity.

1 Introduction

In this paper, we pinpoint some of the main aspects of the DM Summ system, the Discourse
Modeling SUMMarizer described in (Pardo and Rino, 2001), predominantly focusng on
discourse organization. This addresses a specid three-leve text planner (Rino, 1996a), bring-
ing together intentiona (Grosz and Sidner, 1986), rhetorical (Mann and Thompson, 1987,
Hobbs, 1985) and semantic rdaions. These, in turn, address information content on the basis
of the Problem-Solution (P-S) modd (Winter, 1977; Jordan, 1980) and resemble Jordan's
(1992) clausd relations. We thoroughly show how discourse production is carried out (Section
2), illugrating the DM Summ reasoning (Section 3). Then, we assess the automaticaly pro-
duced summaries (Section 4), in order to discuss the DM Summ potentidities (Section 5).

2 Summary Generation

Summary generation, here, refers solely to the problem of taking an input message and recog-
nizing its mog relevant information to gppear in a sUmmary, organizing it according to com-
municative goas, and redizing the resulting summary plan into the text itsalf. Thisaddressesa
3-gep pipeined text generator, whose input message is dready an internd representation of a
source text, as it is shown by the DMSumm architecture in Fig. 1. The input message is a
compastion of three information units: two single ones—the Central Propodtion (CP) and the
Communicative God (CG) — and a complex, semantically structured one — the so-caled
Knowledge Base, or KB. In limiting DMSumm to this setting, interpretation is assumed to
have been carried out previoudy, and, actudly, it has been so far carried out by hand, by hu-
man ecidigs Defined in thisway, the input indicates that the main components of discourse
production are what brings about the primary discourse motivation (the CP), what depictsthe
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intertwining of discourse segments, aiming at building up the discourse (the CG), and what
allows content to be handled (the KB). Summary generation proceeds thus under three basic
condraints, namely, gigt, or CP, preservation (Congraint 1), CG satisfaction (Condraint 2),
and textudity warranty! (Condraint 3) (Rino, 1996a). In Rino’'smodd, CP is congdered to be
asingleinformation unit. Conversdly, gist isamore generd concept, in thet it involves not only
the CP, but dso CG. However, in our automatic summarization (AS) scenario, CP preserva
tion has barely been dedt with on its own, for discourse production is dso based upon CG
satisfaction. Here, we will see how the referred condraints are handied in DM Summ, by
briefly describing its processes, which are introduced in (Pardo and Rino, 2001). Readers
should refer to thet article for further details on the DM Summ description and its operation.
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Figure 1. DMSumm Architecture

2.1. Content Sdection

This heurigtic-based process has been originaly proposed by Rino and Scott (1994) and has
been refined in DM Summ. The heuristics are based on the ssmantic structure of the KB, which
takes dfter the P-S paradigm (Winter, 1977; Jordan, 1980). In this way, content selection ad-
dresses the P-S well-defined logica sequence of super-components. Additionally, it focuses
upon information units that are semantically related through clausal relations (Jordan, 1992).
The main underlying assumptions of such heurigtics are the following: &) source texts usualy
address technica issues; b) readers are knowledgesble enough to handle implicit information;
¢) the P-S paradigm is reasonably common and can be found in a wide variety of texts, no

! Textuality, here, is understood as the property of a text being meaningful to the reader. For
this reason, it addresses both, the coherence and cohesion of atext.



metter their genre or domain (Hoey, 1983; Rino, 1996b; Jordan, 2000); d) by ddineating the
KB informetion segments on either the P-S or the clausal account, the heurigtics can address
KB pruning by congidering either of them; and, findly, €) the CP can vary according to the
writer’ sintentions in focalizing information. Assumptions (d) and (€) are of utmost importance
in DMSumm, for they provide the means to vary discourse structuring, even when the input
message remainsinvariable. The heurigtics are shown bellow, with judtificationsin brackets:
H1: sdlect only the problem and solution segments of a KB (provided that gist addresses
ether problem or solution, these segments are enough in asummary);

H2: sdect every information but results (these should not convey substantia informetion);
H3: exclude actions pre-conditions (readers can infer them);

H4: exclude ingtruments and events purposes (reeders can infer them);

H5: exclude any proof segment of the KB (one should avoid too much detail);

H6: exclude effect from causal rdlations (readers can infer them);

H7: exclude objects atributes, details, or examples (these are not essential);

H8: exclude evauations (in technica and objective communication, persona opinions
must be avoided);

» H9: exclude events reasons (in certain contexts, these may be superfluous);

» H10: exclude stuation (avoid background informetion if shared with reeders).

Pruning verifiesthat 8) CP, which isaleaf in KB, be dso aledf in the resulting pruned KB (cf.
Congrant 1); b) CG lead to intentions that ddinesate contributing discourse segments (cf.
Congraint 2) and ¢) end up relating CP to other segments (cf. Condraints 1 & 3).
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2.2. Summary Planning

This process builds upon the mapping of semantic and intentiond relations onto rhetoricd
ones. Table 1 shows some examples of the condraints to be observed at both, semantic and
intentiond levels, to rhetoricaly organize a summary, consdering that 1) semantic organiza-
tion is provided as input in the KB; 2) the intentiond accourt, i.e, the GSDT (Grosz and
Sidner Discourse Theory) relations satisfaction-precedes (), dominates (dom), supports (sup)
and generates (gen), and the Rino's rdlation symmetry (symm), is previoudy defined between
every two KB potentid information units. In DM Summ, this mapping is carried out by plan
operators, or POs (Maybury, 1992; Moore and Pearis, 1993), triggered by CGs. The only CGs
addressad by Rino (1996a) are describe, report, and discuss, but they are further refined to
observe the contributing GSDT discourse sdtting. In thisway, diverse planning strategies have
been devised.

Table 1: Mapping of intentions and semantics onto rhetoric
Semantics Rhetoric I ntentions
enable(Y ,X) meang(X,Y) XsY,Y domX
caus(X,Y) nonvolresult(Y,X) | Y X, XdomY,Y genX

The steps below depict an interpretation of Table 1 in planning a summary, considering thet
we want to generate a MEANS rdlation between two discourse segments X and Y (X isthe
god to be achieved through ). Fig. 2 shows a PO that operates on such amapping to report a
concept X. Currently, DM Summ amountsto ca. 89 POssmilar to that.

1. if thereisan enablerelation between information segments X and Y inthe KB and

2. if ypand dom relaions hold between them at theintentiond level, then



3. generateaMEANS rdation a the rhetoricd level.

Name report-by-MEANS

Header report(X)

Effect know(R,X)

Congraints | not know(R,X), enable(X,Y), p(X,Y), dom(Y ,X)
Nucleus report(X)

Satdlite know(RMEANS(X,Y))

Figure2: Example of PO

2.3. Linguigtic Redlization

Linguistic realization has been so far simply undertaken by considering a template-
based approach. This provides just canned text spansin the final summaries, linked by
discourse markers. In linearizing a summary plan (SummPlan), a template choice
takes place according to the focused rhetorical relation and this indicates the appropri-
ate discourse markers (see Fig. 3, for the MEANS rhetorical relation). The rhetorically
inter-related propositions are, thus, mapped onto the canned text spans and connected
at the surface. This processis based on Marcu’ swork (1997), in that it specifies order-
ing and clustering constraints to linearize a summary plan. Ordering features pinpoint
which text span comes before the other; clustering ones indicate whether text seg-
ments will involve a single sentence, adjacent sentences or even different paragraphs.
In defining DM Summ templates, canned text spans are entirely and literally extracted
from source texts, except when they involve context dependencies. These have been
so far hand-resolved, for both clarity and keeping text spans independent from each
other. This is particularly convenient for the template-based approach, but should be
improved in a more elaborated linearizer.

To assess DM Summ, we have specified two linguidtic redization engines by defining two
template sats: one for English and another for Brazilian Portuguese (heresfter, referred to just
by Portuguese). This process has not been troublesome, since we could reuse mogt of the
English-based counterpart.

MEANS

Ordering nucleus before satdllite
Clugtering sdngle sentence
Discourse markers by means of

Figure3: MEANStemplate

3. DM Summ at Work

In this section, we explore automatic summarizing through the *Using Computersin Manufac-
turing' text (Jordan, 1980, p. 225). Its segmented verdon is shown below, consdering that
esch text ssgment corresponds to an informetion unit, which in turn will be corresponding to a
proposition at the discourse level. This segmentation Strategy has been formerly undertaken by
many other RST human andyzers (e.g., Marcu, 1997).



Using Computers in Manufacturing

1. Whether you regard computers as a blessing or a curse, the fact is that we are all becoming
more and more affected by them.

2. Yet, in spite of this, the general level of understanding of the power and weaknesses of
computers among manufacturing managers is dangerously low.

3a. In order to counteract this lack of knowledge, the Manufacturing Management Activity
Group of the IprodE is organizing a two-day seminar on “Computers and manufacturing
management”

3b. to be held at the Birmingham Metropole Hotel at the National Exhibition Centre from 21-22
March 1979.

4. The seminar has been specially designed by the IprodE for managers concerned with
manufacturing processes and not for computer experts.

5. The idea is that delegates will be able to share the experiences of other computer users and
lear of their successes and failures.

6. The seminar will consist of plenary sessions followed by syndicates where delegates will be
arranged into small discussion groups.

Fig. 4 illustrates a KB corresponding to such a source text. Nodes in italics represent semantic
relations; underlined ones signd P-S super-components, and leaves indicate the basic informar
tion units, dready annotated by P-Stags. It isimportant to stress that, dthough such a structure
resembles arhetorica one, it is purely informative, for it relates content on adomain basis, and
not on adiscourse basis.
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Figure4: KB Figure5: Pruned KB

To illusrate how DM Summ works, we assume that we want to report a problem. So, the
DMSumm input message is completely defined by the following three components: the KB,
the CP = probl(2), and the CG = report. Fg. 5 shows the pruned KB when we apply, eg.,
heuristic H7 during content selection. Along with CP and CG, such a KB amounts to the con-
densed input message to the summary planner, comprising the very same input CP and CG,
but now the pruned KB (refer to Fig. 1). By applying every possble DMSumm planning
Srategy, we generated 11 summary plans for this example. Two of them are shown in Figs. 6



and 7, dong with possible linguidtic redlizations. They make evident that different degrees of
compression are feasible, dways preserving the CP at the leftmogt nuclei.

MEANS
-

probl(2) sol(3a)

The general level of understand-
ing of the power and weaknesses of
computers among manufacturing
managers is dangerously low. In
order to counteract the lack of knowl-
edge, the Manufacturing Management
Activity Group of the IProdE is orga-
nizing a two-day seminar on com-
puters and manufacturing manage-
ment.
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Whether you regard computers as
a blessing or a curse, the fact is that
we are all becoming more and more
affected by them.

The general level of understand-
ing of the power and weaknesses of
computers among manufacturing
managers is dangerously low. In
order to counteract the lack of knowl-

edge, the Manufacturing Management
Activity Group of the IProdE is orga-
nizing a two-day seminar on com-
puters and manufacturing manage-
ment, and, explaining, the seminar
has been specially designed by the
IProdE for managers concerned with
manufacturing processes and not for
computer experts.

Figure6: Plan1 Figure7: Plan2

4. Assessng DM Summ

We followed severa approaches (Sparck Jones and Galliers, 1996; White et d., 2000; Mani,
2001) to assess DMSumm in the light of its three posed congtraints. We used atest corpusin
Portuguese (Fdltrim et al., 2001), hereafter named Thesis Corpus, composed of 10 postgradu-
ate introductions (of MSc. monographs and PhD. theses) in Computer Science, for the experi-
ments described here.

4.1. Experiment 1: |dentifying CPs

Nine judges, computationd linguists and native speskers of Portuguese, were given the Thesis
Corpus and asked to sdlect a sentence that best mirrored each source text, assuming that just
one, the mogt voted, sentence would Signd that source text CP.

Mogt judgments (60%) indicated solution as the CP,; the others related it to method, prob-
lem, result and general proposition (only once, for the remaining source texts). This makes
evident that 1) the P-S super-gructure played its role in determining texts centraity; 2) since



indicative phrases were usudly explicit in the pinpointed sentences, they may have been the
bas's for mogt judgments, reinforcing previous work on extracting the main topics of a text
(eg., Paice, 1981; Hoey, 1983). We used such results to define our CPsin Experiment 2.

4.2. Experiment 2: Assessing Summaries

Ten judges, aso computationa linguists and native speskers of Portuguese, were given the
very same Thesis Corpus, dong with 4 summaries for each source text — 3 automatic and the
authentic one. The automatic ones corresponded, in average, to 40% of the source texts length
and were completely produced by DMSumm. The judges task was twofold: to identify the
authentic summary (Task 1) and to score each summary according to two decison points
textudity and gist preservation, considered atogether (Task 2). The score range is shown in
Table 2. In most cases, the judges readily identified correctly the authentic summariesin Task
1. This can be judtified by the fact that such summaries usudly convey information that not
necessarily appears in the corresponding source texts (due to the author's background knowl-
edge) and/or have aricher syntactic structure than the automatic ones.

Table2: Scoresfor assessing summaries

Textuality Gig Score
Kept Preserved 6
Damaged Preserved 5
Kept Patidly Presarved 4
Damaged Patidly Presarved 3
Kept Not Preserved 2
Damaged Not Preserved 1

Chart 1 synthesizesthe judges evauation in Task 2, showing the average scoresfor automatic
and authentic summaries”. Following White et d. (2000), the means measure, of the judges
answers, was calculated for such average scores, yielding a basdine score 3 for satisfactory
summaries. Aswe can see, most automatic summaries are acceptable, when we consider textu-
ity and gist preservation. Actudly, only two of them are below the basdline. Moreover, they
have been judged quite smilarly to the authentic ones, in what concerns most of their corre-
sponding scores distances, which show very few qudity discrepancies. Promising results are
aso achieved when we consder the distribution of automatic summaries judgments per score
(84% above the basdine): 25% were given the score 6; 6% the score 5; 31% the score 4; 22%
the score 3; 7% the score 2; 9% the score 13,

Now, if we consider only textudity as a good indicator of summary quaity (Mani, 2001),
the mgjority (67%) of automatic summaries were considered to keep it. However, the corre-
sponding rate cannot be consdered satisfactory, when compared to the judgment on the au-
thentic summaries (90% were considered textual). Such alow percentage is partly due to the
performance of the linguigtic redizer, but it may aso be the case that assuming CP as con-
veyed by a unique information unit isatoo strong congtraint to assess textudity. Actualy, most

2 Throughout this paper, solid lines signa automatic summaries and dotted lines, authentic
ones.

3 However strange it may be to include the baseline in the acceptance level, we stress that we
follow White et a.'s approach. This certainly should be reviewed in further work.



often parse informetion is also important in asserting a CP, but this is not considered in our
experiment. Such a problem is aso evidenced by the gist preservation digtribution of the auto-
matic summaries; 61% of the automatic summeries preserved only partidly the gist and 31%
totadly preserved it. In contragt, dl the authentic summaries preserved gist, according to the
judgments.

Chart 1. Average scores of dl the summaries per sourcetext
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Mani till suggests that a readability score can indicate how close to their authentic summaries
and correponding source texts the automatic ones are. Chart 2 shows the readability scoresfor
the summaries and the source texts (dotted lines with square markers), following the Flesch
scores, now adapted to Portuguese (Martins et d., 1996). The bigger the score, the easier it is
to read thetext (interval 25-50 signals difficult texts; 0-24, very difficult ones).

Experiment 2 adso dlowed for a comparison between summaries, by measuring their se-
mantic informativeness, i.e,, the amount of content information that is conveyed by both the
summaries and related source texts (Mani, 2001). The higher the score (maximum=1), the
more informetive the summary. Chart 3 shows the average scores of our summaries for each
source text. The biggest discrepancy, when comparing the scores of the authentic summearies
with the corresponding autometic ones occurs only once (source text 3).

A comparison between the automatic and authentic summaries has dso been carried out.
In this case, our ided solutions are the information units present in the authentic summaries.
DM Summ performance yielded the following rates for precision, recall and f-measure, respec-
tively: 44%, 54%, and 48%. Although authentic summaries can present more information than
the source text, this problem was minimally detected in the Thesis Corpus and did not dter
significantly the obtained resuilts.

Chart 2: Readability scores
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Source texts




Chart 3: Semantic informativeness scores of dl the summaries
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5. On DM Summ potentialities

It is evident that DMSumm is actudly only atext generator that reasons on summarizing con-
draints. For this reason, we assume thet its input message is congstent with the related source
texts and proceed in assessing DMSumm as if the automatically produced summaries were
corresponding to source textsingtead. Our assumption proved harmless by the results shownin
the previous section. These make evident that the automeatic summaries do not present sgnifi-
cant coherence problems and are close to the source texts. Moreover, gist is preserved, in spite
of the CP being only partidly kept in most cases, since gigt is dso conveyed by satisfying the
CG. It ssemsto usthat CG stidfaction is quite sraightforwardly guaranteed due to the techni-
cdlity of our corpus. However, further exploration is needed for other text genres.

With respect to the AS task, DM Summ is deeply dependent upon the P-S account, adding
an extra leved of complexity to DMSumm and, actudly, condgting of its main bottleneck.
Given that DM Summ has so far referred to text generation, such a problem is mogdtly sgnifi-
cant under text planning, which is quite complex due to its strategies based on three different
types of discourse knowledge. Actually, both intentions and semantics refer back to the P-S
setting. Since semantics is hypothetically addressed at the input, message, level, this should
not be the focus of the current DM Summ improvement. Our questionis, thus, how to get rid
of the P-S dependency with no prejudice of its input. Thisimplies questioning the need for
the intentional level. Our firgt attempt was to suppress such a representation level and run
DMSumm again. Although the automatic results showed thet there was a substantia perform-
ance decrease, the results are il inconclusive and further investigation shall be pursued in the
future,
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