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Abstract. This paper describes an extension to the natural language require-
ments specification quality model that is the basis for the QuARS (Quality Ana-
lyzer of Requirements Specification) tool. The extension takes into account am-
biguities that were not handled before.

1 Introduction

In the requirements elicitation (RE) phase of a project to develop a computer-based
system (CBS), knowledge about the CBS under construction is acquired. The output
of this phase is a document, called therequirements specification(RS), specifying the
requirements for the system, that is written usually in a natural language (NL). The use
of NL for specifying requirements has some advantages such as the ease with which the
RS can be shared among the stakeholders of the CBS, including the customers and the
developers. In fact, a NL RS can be used in different ways, and in different phases of
the development of the CBS. It may be provided as input to the architects, the coders,
the testers, and the user manual writers. It may be used also as a contract between the
customer and the developer or as a source of information for the project managers [1].

Because of NL’s universal accessibility, mostly NL is used in the software industry
for specifying CBS requirements, despite NL’s inherent ambiguity and informality that
make determining a NL document’s correctness difficult. There are other problems with
NL RSs, such as

– the volatility of a CBS’s requirements during the CBS’s development, leading to
many changes to the CBS’s RS.

– the large variation in people’s writing skills, leading to large variations in the lin-
guistic quality of a RS,

– the large number of sources for a RS, leading to inconsistent linguistic styles within
one RS [2]



2 D.M. Berry, A. Bucchiarone, S. Gnesi, G. Lami, & G. Trentanni

These problems make writing a RS in NL a higly risky venture if quality of the RS is
paramount.

There is certainly a need to evaluate and improve the quality of a NL RS. However,
evaluating and improving—i.e.,proofing—a RS are time consuming, tedious, and error
prone when they are done by a human being. Automated tool support for the clerical
parts of the proofing task would free up the human for the parts of the task requiring
human intelligence. Such a tool will have to process the NL text of any input RS.

Two different approaches have been used to construct automatic NL text processors:

– the linguistic approach, based on a parse of the text into a structure of its linguistic
components [3], and

– the statistical approach, based on frequencies of elements of the text, often deter-
mined by breaking the text into only lexical elements [4],

This paper provides a linguistic method for analysis of NL RSs, based on a quality
model (QM) [5] developed by some of the authors of this paper and some others. This
QM is hereafter called “QM1”, to distinguish it from the QM, called “QM2”, that results
after adding the enhancements proposed in this paper. QM1 addresses a significant por-
tion of expressiveness and structural consistency problems of NL RSs that can be dealt
with at the linguistic level. The developers of QM1 have implemented QuARS (Quality
Analyzer of Requirement Specification) [6], an automatic tool supporting proofing of
NL RSs based on QM1. QM1 has been used successfully to proof several RSs obtained
from industrial projects [7–9].

2 General QM for NL RSs

A general model for the quality of a NL RS is shown in Table 1. It shows that there are

Quality Characteristics Manifestation

Family Subfamily Lexical SyntacticStructuralSemantic
Readability

Understandability Uniguity
Testability

Consistency
Completeness

Corectness

Table 1.General QM for NL RSs

three families of quality characteristics:

– understandability: the ease by which humans understand the meaning of the NL RS
at hand,
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– consistency: the lack of contradictions and incongruities in the NL RS at hand,
– completeness: the lack of missing information in the NL RS at hand, and
– correctness: (1) the lack of factual errors about the domain of the CBS under con-

struction and (2) matching what the customer wants.

The understandability family has three subfamilies:

– readability: the ability for a human being to read the NL RS at hand,
– uniguity1: the lack of ambiguity in the NL RS at hand, and
– testability: the ability to test that a CBS implements what is specified in the NL RS

at hand.

These subfamilies can overlap. For example, an ambiguous sentence is not testable, and
an unreadable sentence may be ambiguous.

Each family or subfamily can have up to four manifestations in the NL RS at hand.

– lexical: involving words in the NL RS at hand,
– syntactic: involving the parses of sentences in the NL RS at hand,
– structural: involving physical relationships between parts of the NL RS at hand, and
– semantic: involving meanings of parts of the NL RS at hand.

Sometimes, a characteristic can have more than one manifestation. For example, there is
a potentialmeaning problemwith the word “only” when it appearsimmediately before
the main verb of a sentence.

The portion of this general QM that can be used in a purely linguistic tool must
necessarily exclude the last, “Semantic”, column of the table. Nevertheless, many a
potential problem that can occur in a NL RS can be detected by purely linguistic means.
We say “potential problem” because it may be necessary to take semantics into account
to determine if the potential problem is indeed a real problem. For example, the potential
meaning problem with the word “only” when it appears immediately before the main
verb of a sentence is a real problem only if the writer intended to limit with “only”
a word in the sentence other than the main verb. Fortunately, when a human being is
shown a linguistically detected potential problem, he or she can look at it and usually
determine by his or her understanding of meaning whether the potential problem is a
real problem.

Even a characteristic that is traditionally thought of as semantic can have a non-
semantic manifestation and thus be detectable by purely linguistic means. For example,
the consistency family includes characteristics dealing with the lack of structural contra-
dictions and incongruities in the NL RS at hand. Thus, the consistency family includes
the following processes:

– Mutual referencing checking: detection and correction of missing or incorrect ref-
erences in the NL RS;

– Clustering for discrepancy detection: grouping of portions of the NL RS that have
similar contents in order to facilitate determination by a human of discrepancies,
conflicts, and duplications.

1 We have invented the word “uniguity”, i.e.,one meaning, to not have to use the heavy mouthful
“nonambiguity”.
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Linguistic methods can deal also with some issues of correctness. For example, in
some circumstances, it might be worth searching for specific phrases that make clearly
incorrect statements, such as “never make mistakes” in “The authors of this paper never
make mistakes.”2

Of course, not all RS quality issues can be addressed with the same depth and the
same ease. In fact, formally validating that the CBS defined by the RS is the CBS that
the client wants is impossible. Verifying that the CBS matches its RS needs the power
of rigorous formal methods [10, 11] and is beyond the power of either a linguistic or
statistical approach.

3 QM2

The enhancement to QM1 to make QM2 is to include those ambiguities described by
Berry, Kamsties, and Krieger in various documents [12–15] that are not already in QM1.

QM1, and thus QM2, consists of a set of indicators of low quality in NL RSs, each
element of which can be detected linguistically, i.e., using lexical, syntactic, and struc-
tural processing of the NL RS at hand. Each indicator falls under one or more families
of subfamilies of characteristics. QM2 specifies that both the single sentences of a RS
and the whole RS are evaluated. Each indicator measures the quality of a sentence in
the RS or the RS itself. In other words, each indicator has its own scope.

QM1 and QM2 are described simultaneously by a table, which has been split into
page-sized subtables, Tables 2, 3, 4, 5, and 6. The portion of the table that describes
the original QM1 is typeset with a sans serif typeface. The portion of the table that
describes the extensions to QM1 that make QM2 is typeset with a serif typeface. Thus,
the full table describes QM2.

For any row, the “Indicator / (Manifestations)” column names one possible indictor
of low quality and gives its manifestations in parentheses after the name; the “Scope”
column tells whether the scope of the indicator is a single sentence or the whole RS;
the “Characteristics / (Sub)family” column entry for the row gives the characteristic
family or subfamily to which the indicator belongs; the “Description” column entry for
the row describes the nature of the indicated problem; the “Notes” column entry for the
row gives some additional notes relevant to the description of the nature of the indicated
problem; and the “Negative Examples” column entry gives one or more examples of a
sentence with the indicated problem, with each instance of the indicator in bold face.3

Note that the names for the indicators were chosen after analysis of several industrial
RS documents [5, 16–19].

QM2 does not cover all possible defects in RS quality, but it is sufficiently specific
that it can be applied, with the support of an automatic tool, to verify the quality of
NL RSs, perhaps on a comparative basis. Furthermore, the set of properties in QM2 is

2 The description of QM2, in Section 3, has some better examples, but we do not want to reveal
them now!

3 Space limitations precludes describing any indicator both in the text and in the table. Since the
tables are intended to be portable to any paper, they must be complete. Hence, all descriptions
of indicators are in the tables.
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sufficient to include a large fraction of the syntactic defects of a RS along with a number
of interesting semantic defects.

Only those cases of an indicator that are more likely than not to be erroneous are
detected. For example, consider the “only” variant of the “misplaced limiter” indicator.
The only time an instance of “only” is to be reported as a potential problem is when
it immediately precedes the main verb of its sentence. If an “only” appears elsewhere
it its sentence, it is assumed to be correctly placed. Since it is so unusual in English
for an “only” not to be immediately preceding the main verb of a sentence, an “only”
elsewhere has probably been placed where it is consciously and correctly after a bit of
careful thought. It would not be worth reporting such an “only”. Of course, the fairness
of this assumption must be checked during the validation of the tool suggested for future
work.

The tool QuARS is applied to a document which has been broken into sentences.
Whenever QuARS finds at least one potential problem categorized in QM1 in a sen-
tence, QuARS highlights the sentence and gives the indicator for each potential prob-
lem QuARS has found in the sentence. It is left to the user to determine if a potential
problem is a real problem and if necessary to correct it.

4 Future Work

The tool QuARS must be extended to search for the new indicators that have been added
to QM1 to make QM2. The resulting new QuARS has to be tested for effectiveness and
usefulness on real-life RSs.

The current version of QuARS only4 highlights each so-called offending sentence
that contains at least one instance of an indicator of low quality. Since QuARS uses a
parser to identify the parts of a sentence before searching for indicators in it, a possible
extension for QuARS is for QuARS to construct something that can alert the user as to
the exact difficulty with an offending sentence.

Perhaps for an ambiguity, QuARS could display the alternative constructions. For
example, with “You get a soup or a salad and a vegetable.”, QuARS could show, “You
get (1) a soup or (2) a salad and a vegetable. AND You get (1) a soup or a salad and
(2) a vegetable.” or “You get (a soup) or ((a salad) and (a vegetable)). AND You get ((a
soup) or (a salad)) and (a vegetable).”

Perhaps for an arbitrary offending sentence, QuARS could formulate a question or
clarifying sentence that makes it clear what the offending sentence actually says. For
example, with the offending sentence, “I only nap after lunch.”, QuARS could ask, “Are
you sure that: The only thing I do after lunch is nap?” or “Are you sure that: I ONLY
nap and not do something else after lunch?”

These possible extensions to QuARS need to be explored.
As a test of the effectiveness of QuARS, each NL document written about either

QM or QuARS should be submitted to QuARS for an evaluation of its writing quality.

4 Notice that this “only”, though preceding the main verb, is in the right place, since the author’s
intent is to limit the verb, to say that the only thing that is done to an offending sentence is to
highlight it!
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Doing so would amount to a good self test. Also, it would help eliminate the potential
of embarrassment coming from not following our own advice.
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is
to

put
a

lim
iter

im
m

ediately
pre-

ceding
the

m
ain

verb
ofthe

sentence,even
if

the
verb

is
not

to
be

lim
ited.

D
oes

the
exam

-
ple

I
o

n
ly

n
a

p
a

fte
r

lu
n

ch
.m

ean
O

n
ly

I
n

a
p

a
fte

rlu
n

ch
.,Io

n
ly

n
a

p
a

fte
rlu

n
ch

.,In
a

p
o

n
ly

a
fte

r
lu

n
ch

.,orIn
a

p
a

fte
r

o
n

ly
lu

n
ch

.?W
hen

a
lim

iter
is

put
before

a
w

ord
other

than
the

m
ain

verb,
it

is
highly

likely
that

the
lim

iter
w

as
put

there
correctly,

because
putting

the
lim

iter
there

goes
againstthe

norm
.

Ionly
nap

after
lunch.

Ialso
nap

after
lunch.

D
angerous

P
lural

(S
yntactic)

S
entence

U
niguity

T
he

sentence
includes

a
plural

subject
and

pluralm
ain

verb.
T

he
correspondence

betw
een

m
em

bers
ofthe

subject
set

and
the

m
ain

verb’s
com

pleter
is

unclear.In
the

firstexam
ple,does

each
ofthe

three
girls

lift
a

table
or

do
allthree

girls
to-

gether
lifta

table?

T
hree

girls
lifta

table.[20]
E

ach
term

,students
take

4
or

5
courses.

E
ach

term
,students

take
hundreds

ofcourses.

N
um

ber
E

rror
(S

yntactic)

S
entence

U
niguity

T
he

sentence
includes

pluralpronoun
for

sin-
gular

referent.
E

itherthe
sentence

has
a

gram
m

aticalerroror
the

pronoun
refers

to
a

pluralnoun
in

a
previ-

ous
sentence.In

the
exam

ple,if
th

e
irrefers

to
E

ve
ryb

o
d

y,
the

gram
m

aticalerror
is

a
plural

pronoun
referring

to
a

singular
subject

noun,
and

a
correct

version
of

the
sentence

is
E

v-
e

ryb
o

d
y

kn
o

w
s

h
is

o
r

h
e

r
h

o
m

e
a

d
d

re
ss.
If

th
e

irrefers
to

a
pluralnoun

in
a

previous
sen-

tence,e.g.,as
in.
.
.

th
e

le
a

d
e

rs.
.
.

.
E

ve
ry-

b
o

d
y

kn
o

w
s

th
e

ir
h

o
m

e
a

d
d

re
ss.
,

there
is

no
gram

m
aticalerror.

E
verybody

know
s

their
hom

e
address.

Table
4.Q

uality
M

odelQ
M

2
in

Tabular
F

orm
,P

art3



New Quality Model for NL Requirements Specs 11

In
di

ca
to

r
S

co
pe

C
ha

ra
ct

er
-

D
es

cr
ip

tio
n

N
ot

es
N

eg
at

iv
e

(M
an

ife
st

a-
is

tic
(S

ub
)-

E
xa

m
pl

es
tio

ns
)

fa
m

ili
es

S
pe

ci
al

Im
pl

ic
ity

(L
ex

ic
al

&
S

yn
ta

ct
ic

)

S
en

te
nc

e
U

ni
gu

ity
T

he
se

nt
en

ce
ha

sth
is

us
ed

as
a

no
un

,
ei

th
er

as
th

e
su

bj
ec

to
r

as
an

ob
je

ct
.

T
he

re
fe

re
nt

of
th

is
is

un
cl

ea
r.T

h
is

ca
n

re
fe

r
to

an
y

am
ou

nt
of

te
xt

pr
ec

ed
in

g
th

e
se

nt
en

ce
co

nt
ai

ni
ng

th
is

.

T
hi

s
is

th
e

re
as

on
fo

r
th

e
er

ro
r.

T
he

re
ad

er
ca

n
un

de
rs

ta
nd

th
is

.

U
nc

le
ar

S
co

pe
of

Q
ua

nt
ifi

er
(L

ex
ic

al
&

S
yn

ta
ct

ic
)

S
en

te
nc

e
U

ni
gu

ity
T

he
se

nt
en

ce
in

cl
ud

es
m

or
e

th
an

on
e

un
iv

er
-

sa
lo

r
ex

is
te

nt
ia

lq
ua

nt
ifi

er
eq

ui
va

le
nt

.
T

he
sc

op
e

of
th

e
qu

an
tifi

er
s

is
un

cl
ea

r.
U

ni
ve

rs
al

qu
an

tifi
er

eq
ui

va
le

nt
s

in
cl

ud
e:al

l,
e

a
ch

,e
ve

ry
,.
.
.
E

xi
st

en
tia

lq
ua

nt
ifi

er
eq

ui
va

-
le

nt
s

in
cl

ud
e:

a,
a

tl
e

a
st

o
n

e,s
o

m
e,
.
.
.

In
th

e
ex

am
pl

e,
do

es
ea

ch
lin

gu
is

t
pr

ef
er

hi
s

or
he

r
ow

n
th

eo
ry

or
is

th
er

e
on

e
th

eo
ry

th
at

ea
ch

lin
gu

is
tp

re
fe

rs
?

E
ac

h
lin

gu
is

tp
re

fe
rs

a
th

eo
ry

.

D
an

ge
ro

us
U

ni
ve

rs
al

(L
ex

ic
al

&
S

yn
ta

ct
ic

)

S
en

te
nc

e
C

or
re

ct
ne

ss
T

he
se

nt
en

ce
in

cl
ud

es
a

un
iv

er
sa

lly
qu

an
ti-

fie
d

st
at

em
en

t.
A

n
in

di
ca

tiv
e

un
iv

er
sa

lly
qu

an
tifi

ed
st

at
e-

m
en

t
th

at
is

pr
ob

ab
ly

fa
ls

e
in

re
al

lif
e.

In
di

-
ca

to
rs

of
un

iv
er

sa
lly

qu
an

tifi
ed

st
at

em
en

ts
in

-
cl

ud
e:

a
ll,

e
a

ch
,e

ve
ry
,n

o
o

n
e,

n
o

n
e,

a
lw

a
ys

,
n

ev
e

r,
.
.
.

S
of

tw
ar

e
de

pe
nd

in
g

on
th

e
co

r-
re

ct
ne

ss
of

th
e

st
at

em
en

t,
an

d
no

t
ch

ec
ki

ng
th

at
it

is
tr

ue
,w

ill
no

tb
e

ro
bu

st
.I

n
th

e
ex

am
-

pl
e,

a
gi

ve
n

pe
rs

on
m

ig
ht

ha
ve

m
or

e
th

an
on

e
or

no
na

tio
na

li
de

nt
ity

nu
m

be
r.

E
ac

h
pe

rs
on

ha
s

a
un

iq
ue

na
tio

na
l

id
en

tit
y

nu
m

be
r.

N
on

pa
re

n-
th

et
ic

al
P

ar
en

th
es

es
(L

ex
ic

al
)

S
en

te
nc

e
U

ni
gu

ity
T

he
se

nt
en

ce
in

cl
ud

es
at

le
as

t
on

e
pa

re
nt

he
-

si
s.

T
he

m
ea

ni
ng

of
th

e
pa

re
nt

he
si

ze
d

ex
pr

es
si

on
is

un
cl

ea
r.

W
he

n
th

er
e

is
(n

ot
)

an
al

ar
m

,t
ur

n
th

e
po

w
er

of
f(

on
).

In
an

em
er

ge
nc

y
(fi

re
,e

ar
th

qu
ak

e,
hu

rr
ic

an
e)

,
sh

ut
of

ft
he

po
w

er
.

D
an

ge
ro

us
S

la
sh

(L
ex

ic
al

)

S
en

te
nc

e
U

ni
gu

ity
T

he
se

nt
en

ce
in

cl
ud

es
at

le
as

to
ne

sl
as

h,
“/

”.T
he

m
ea

ni
ng

of
th

e
sl

as
h

is
un

cl
ea

r,
pa

rt
ic

u-
la

rly
in

a
n

d
/o

r.
W

he
n

th
e

in
pu

ti
s

in
co

rr
ec

ta
nd

/o
r

un
re

as
on

ab
le

,d
o

X
.

T
he

cu
st

om
er

s/
cl

ie
nt

s
w

an
tX

.

Ta
bl

e
5.

Q
ua

lit
y

M
od

el
Q

M
2

in
Ta
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r
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m
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Indicator
S

cope
C

haracter-
D

escription
N

otes
N

egative
(M

anifesta-
istic

(S
ub)-

E
xam

ples
tions)

fam
ilies

U
nder-

specifica-
tion
(S

yntactic)

S
entence

C
om

plete-
ness

T
he

subject
of

the
sentence

contains
a

w
ord

identifying
a

class
of

objects
w

ith-
out

the
w

ord’s
having

a
m

odifier
specify-

ing
an

instance
ofthe

class.

A
w

ord
needing

to
be

m
ore

specified:
flow

(control
flow

,
data

flow
,
.
.
.),

ac-
cess

(authorized
access,

read
access,

rem
ote

access,
w

rite
access,

.
.
.),

test-
ing

(acceptance
testing,

functional
test-

ing,
structural

testing,
unit

testing,
.
.
.),

.
.
.

T
he

system
shall

be
able

to
run

also
in

case
ofattack

.

U
nder-

reference
(Lexical&
S

tructural)

W
hole

R
S

C
om

plete-
ness

T
he

sentence
contains

an
undefined

ref-
erence.

U
ndefined

references
include:

an
acronym

not
defined

in
the

acronym
dictionary,

a
bibliographicalcitation

to
an

item
not

in
the

bibliography,
a

sentence
num

ber
not

num
bering

any
sentence,

a
technical

term
not

defined
in

the
glossary,

.
.
.

T
he

softw
are

shallbe
designed

according
to

the
rules

of
object-oriented

design
.

T
he

handling
of

any
received

valid
T

C
shallbe

started
in

less
than

one
C

U
T

.

C
om

m
ent

Frequency
(S

tructural)

W
hole

R
S

R
eadability

T
he

docum
ent’s

com
m

ent
frequency

in-
dex,

C
F

I
=

N
C

/
N

R
,

w
here

N
C

is
the

to-
talnum

ber
ofsentences

in
the

docum
ent

having
one

or
m

ore
com

m
ents,

and
N

R
,

is
the

total
num

ber
of

sentences
in

the
docum

ent.
R

eadability
Index
(Lexical&
S

tructural)

W
hole

R
S

R
eadability

T
he

docum
ents’s

autom
ated

readability
index,

A
R

I
=

W
S

+
9×

S
W

,
w

here
W

S
is

the
average

num
ber

of
w

ords
per

sen-
tence

in
the

docum
ent,S

W
is

the
average

num
ber

of
letters

per
w

ord
in

the
docu-

m
ent

D
irectives

Frequency
(Lexical&
S

tructural)

W
hole

R
S

R
eadability

T
he

docum
ent’s

directives
frequency

is
the

num
ber

of
instances

of
a

reference,
e.g.,a

line
num

ber,a
figure

num
ber,a

ta-
ble

num
ber,a

footnote,to
another

partof
the

docum
ent
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