






















expressed by writing that the domain 
of sol is at least as large as the domain 
of goal, and thai sol is included in goal 
(both being defined as Sets of pai rs): 

dom (goal) C dom (sol) 
and sol C goal 

This way of presenting a specifica· 
tion is of very general applicability for 
programs performing input·to-output 
transformations. Such a program may 
be viewed as the implementation of a 
certain function (sol) which must en· 
sure that a certain relalion (goal) is 
satisfied between its argument and its 
result ; in mathematical terms, the 
function is included in (is a subset of) 
the relation . To speci fy the problem is 
10 define Ihe relation; to construC1lhe 
program is 10 find an implemenlable 
fu nction sol satisfying Ihe above can· 
ditions. ) 

Characters a nd seq uences . The 
principal sct ofinterCSI in ou r problem 
is the set of characters, which we de· 
nOte by CHAR. The only properly of 
CHAR that matte rs here is that 
CHAR contains two clements of par­
ticular interest, blank and 
We call BREAK_CHAR the subset of 
CHA R consisting of Ihese two ele· 
ments: 

BREAK_CHAR . I blank, !lel'dille I 
The basic concept in this problem is 

that of seq uence. If X is a set, we 
denOle by seq IX I the set whose ele-­
ments are finit e sequences of clements 
of X. Such a sequence is written, for 
example, as 

<a, b. a, C, C, d > 
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shor'-./Jrea/(s (r) 
COMPACTED (F) 

IImiled--.Jength (r) FEWEST_ LINES 
TRIMMED(F) 

.. -+---
• 

• • 
o 

(acceptable 
out puis) 

Figure 4. O"erall structure of the speci fi cat ion: (r) indicates a relation. ( t' ) a 
function . 

Baslc set and logic notations 
The definitions marked (*) introduce predicates. that is, expressions 

which may have value "true" or "false." 

I u. b, C, ... I: the set made lip of elemellls a, b , C, ••• 

xEA:xis an clement of A(*). 

xf,'A: x is not an clement of A (*). 

A C B: A is a subset of B (all clements of A arc elements of B) (*). 

IXEA I p(x) I: The (possibly empty) subset of A made up of those 
clements x which satisfy property P. 

't'xEA, P (x): All clements xof A, if any, satisfy property P (or: no ele· 
ment of A violates P); holds in particular whenever A is empty (*). 

3.\'EA, P(x): There is at least one clement xin A which satisfies property P; 
may only hold if A is nonempty (*). 

uz!> b: a implies b. 

a .. b: the integer interval cOlllaining all the integers i such that a si sb; 
empty if a>h. This notation is borrowed from Pascal. 

The symbol . means "is defined as." 

17 



and has a length that is a nonnegative 
integer; thus, length is a function from 
seq (XI to the SCI of natural numbers. 
Elements are numbered starting at I; 
the i-th element of a sequence s (for 
I :Si:slength(s» is wrillcn s(i). A 
subsequenct of s is a sequence made of 
zero or more of the clements of s, in 
the same order as ins; for example. if s 
is the above sequence, then some of ils 
subsequences arc 

<0, b. c, d > 
<b, C, c> 

On the other hand, < b. d, c> is nOi a 
subsequence of s because the original 
order of its elements in s is not pre­
served. 

The sct of subsequences of s will be 
written SUBSEQUENCES (s). 

The concept of sequences is well 
known, and we rely on the reader's 
understanding here. A formal defini­
tion of sequences and of the above no­
lions is given in the box on theadjacent 
page. 

Minima and maxima. If X is a set, 
and/is a function from Xto the set of 
natural numbers, 

MIN SET (X,J) 

denotes the subset of X consisting of 
the elements for which the value of / 
is minimum. For example, if X is the 
following set, containing four se­
quences 

X-I <a, C, b, a >, <a, b>, 
<b, U, b>, <C, c> I 

and / is the lenglll function on se­
quences, then MIN_ SET (X, /) will 
be the set consisting of the shortest of 
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these sequences, namely, the second 
and last. 

In the same fashion, we denote by 

MAX_SET (X,J) 

the subset of X consisting of the ele­
ments for which the value of/is max­
imum; thus, in the above case, MAX_ 
SET (X,f) is the set I <a, C, b, a> I, 
containing just one sequence. 

MAX_ SET, however, is not always 
defined; we have to be careful 10 apply 
it only to SetS X which are finite; other­
wise, there might be no maximum 
value for f. Note that the results of 
MIN_ SET and MAX_ SET are a 
subset of X rather than a single ele­
ment, since there may be more than 
one clement with minimum or max­
imum/value. These subsets are non­
empty if and only if X is nonempty. 

We will also need a way to denote 
the minimum and maximum elements 
of a set of natural numbers SN. They 
will be written, in the usual fashion, 
min (SN) and max (SN). Thus, if SN 
is the set 

SN-134I,7,),6S41 

then min (SN) is) and max (SN) is 
654. Note that min and max, contrary 
to MIN_SET and MAX_SET, yield a 
natural number, nOI aset. Also in con­
strast to MIN_SET and MAX_SET, 
which are defined for empty sets (they 
yield an empty result), both min and 
max are defined only if the scI SN is 
not empty; max further requires that 
SNbe finite. It is essential to check for 
these conditions whenever using these 
functions. 

Input and output sets. In the prob­
lem at hand, the input is a sequence of 
characters; we choose to describe the 
output as a sequence of characters as 
well. Thus, we define the two sets: 

INPUT _ seq [CHARI 

OUTPUT - seq [CHAR] 

Note that, as mentioned above, 
another interpretation could have 
defined the set of possible outputs as 
seq (LINE], with LINE itself being 
defined as seq (CHARI (or possibly 
seq (WORD] with WORD _ seq 
[CHARI. plus information on leading 
and trailing breaks). 

We will now define the relations 
shorLbreaks and Iimile{Llenglll and 
the function FEIVESLLlNES. 

The formal specification 
Shorl breaks. Let a be a sequence 

of characters. We define SINGLE_ 
BREAKS (a) as the set of subse­
quences of a such (hat no two con­
secUlive characters are break charac­
ters: 

SINGLE_BREAKS (0) _ 

Is E SUBSEQUENCE (a) I 
vi E 2 .. lenglh (s). 

sU-I) E BREAK CHAR 
- sci) f BREAK_CHAR I 

Note thaI we use the Pascal notalion, 
a .. b, to denote the (possibly empty) 
set of integers i such that as i s b. 

Ncxt, we define COMPACTED (a) 
as the subset of SINGLEJ)REAKS (a) 
containing those sequences of maxi­
mum length: 

COMPACTED (a) I!i MAX_SET 
(SINGLt."'JJREAKS (a), length) 
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As stated abovc, MAX_SET (X,f) 
may be be undcfined if X is an infinitc 
SCI. This cannOt occur here. howevcr, 
si nce SINGLE BREAKS (a) is a 
subse t of SUBSEQUENCES (a) 
which, for any sequence of charactcrs 
at is finite. 

Note lhal any sequence b in COM­
PACTED (a) must have rctained 
from aall non break characters (if such 
a character had been omitted, it could 
be inserted illlo b and yield a longer 
clement of SINGLE BREAKS (a», 
and has a single break character whcre 
D had one or morc consecutive break 
characters. 

Thus, the relation shorLbreaks (a, 
b), which holds betwccn aand bifand 
on ly if a and b are made o f the same sc­
quences of words and breaks but the 
breaks in b consist of a single break 
character, can be expressed simply by 

shorLbreaks (a, b) • 
bE COMPA CTED (a) 

Limited length , The relation lim­
ile(L/englh (b, c) holds between se­
quences b and c if and only if 

• c is the same sequcnce as b, except 
that it may have a new_line wher­
ever b has a bialik, or conversely; 
and 

• the maximum line length of c, 
defined as the maximum number 
of consecutive characters none of 
which is a lIew lille, is less than or 
equal to MAXPQS. 

This is expressed more precisely as 
fo llows: 

fimite(Llellglh (b, c) • 
c E TRIMMED (b) 
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A deflnltlon Of sequences 
The following presentat ion is based on the formal specification of 

sequences given in the Z reference manual. 11 

N wi ll denOle the set of natural numbers. 

IJtofinilion: 

!Irq [X), the set of finite sequences of elements of X, is defined as the set of paoial 
functions from N to X whose domains arc intervals of the fonn I .. n for some 
natural number n. 

So a sequence is defined a~ a partial function: for example, the se­
quence s= <u, b, D, c> is the function defined for arguments 1,2, 3, 
and 4 only, and whose value is a for 1 and 3, b for 2, and c for 4. The 
following is a pictorial representation of s: 

s 
a 

2 
I 
b 

3 

• 

4 
I 
c 

l 6 7 N 

x 
Note that the above definition allows 1/=0 (empty interval, thus 

empty function - that is, empty sequcnce) and that it justifies the nota~ 
tion sCi) for the ith element of sequence s(which is the result of apply­
ing function s to element i). 

The lenglh of a sequence is defined as the largcst integer for which 
the associated partial function i~ defined (i.e .• n in the above defini­
tion). 

Now let s be a sequence of elements of X and g be a (total) function 
from X to some set Y. The composition 

g os 

is a partial function from the set of natural numbers to Y. which has 
the same domain as s; thus, it is a sequence of elements of Y. with the 
same lenglh as s. This sequence is obtained from s by applying g to all 
the elements of s. Again, a picture may help (we set g(a)=o', elc.): 

2 3 4 l 6 7 N 
s I I 

a b a c X 
g I I I 

a' b' .' c' Y 

Now take for X the set N of natural numbers. A sorted sequence of 
natural numbers is an clement s of seq IN] such that 

"'i E 2 .. length (s), s(i-I) ssU) 

With this definition, it becomes easy to formally define Ihe notiOIl of 
subseq uence used in the texl. 

Definitio n: 

Let s be an clement of ~q IXI for some sel X. A sub~equence of s is a se­
quence of the form s. II where u is a SOrted sequence of natural numbers. 

The following picture shows how <a abc> is obtained as a subse-
quence of <a b a a b d (' d> using the above definition. The sorted 
sequenccllofnatural numbers used here is <3 4 5 7 >: < 1 357> or 
< I 4 5 7> would also work. 

I 2 3 4 l N 
u "-.... I /~ 

I 2 3 4 l 6 7 8 9 10 N 
s I I I I 

(J b (J a b d c d X 
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where 

TRIMMED (b). 
{s E EQUIVALENT (b) { 

mQ.Lline_lenglh (s) s MAXPOS I 

EQUIVALENT (b) . 
Is E "",[CHAR[ I 

length (5) = lel/gth (b) and 
(V; E I. .Iength (b)' 
sO) ;o! b(i) ~ 

sU) E BREAK_CHAR and 
b(i) E BREAK_CHARI I 

mox_line_lenglh (s) _ 
max (\) - i l 

Osisjslengrh (s) and 
(V k E i+ I. .j, 

s(k) ;It new_line) I) 
A few explanations may help in 

understanding these definitions. If s is 
a sequence of characters. maLlin(L 
length (s) is the maximum length of a 
line in s, expressed as the maximum 
number of consecutive characters, 
none of which is a new line. In other 
words. it is the maximum value ofj- i 
such that s(k) is nOI a new line for any 
k in the interval i+ t. ,j. (We will have 
more to say about this definition 
below.) EQUI VALENT (b) istheS(!( 
of sequences that afe "equivalent" to 
sequence b in the sense of being iden­
tica110 b, except that new_linecharac­
ters may be substituted for blank 
characters or vice versa. Finall y, 
TRIMMED (b) is the set of sequences 
which are "equivalent" to band havc 
a maximum line length less than or 
equal to MAXPOS. 

Fewcst lines. Let SSC be a set of se­
quences of characters. These sc-
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quences can be interpreted as con­
sisting of lines separated by new_line 
characters. We define the set FEW­
ESLLlNES (SSC) as the subset of 
SSCconsisting of those sequences that 
have as few lines as possible: 

FEWEST LINES (SSC) • 
MIN_SET (SSC. 

nllmber of_new_lilles) 

where the function number of new_ 
lines is defined by: 

number of_new_lines (s) • 

card ( liE 1 .. length (s) 
sCi) = new_line!) 

and card (X), defined for any finite 
set X, is the number of elements (car­
dinal) of X. 

The basic (('Ialion . The abovc defi­
nitions allow us to define the basic re­
lation of the problem, rdalion goal, 
precisely. Relalion goal (i, 0) holds be­
tween input i and output 0, both of 
which are sequences of characters, if 
and only if 

o E FEWESLLlNES (TRANSF (i» 

TRANSF (i) is the set of sequences 
related to i by the composition of thc 
two relations shorLbreaks and lim­
ited_length: 

TRANS!' U) • Is< "'" [CHARI I 
tr(i,s) I 

with 

(r 91 IimiletLfenglh . sharcbreaks 

The dot operator denotes the composi­
tion of relations (sec box). A look at 

Figure 4 may help explain t he role of 
the various functions and relations in 
the above specification. 

Existence of solutions. Once wc 
have a formal specification. wha! can 
we do with it? Relying on thespecifica­
tion as a basis for the next stages of the 
software life cycle-program design 
and implementation (e.g .. transla ting 
... s into loops) is the most obvious use. 
However. we'd like to emphasize two 
others. One usc, studied in the next 
section, is as a staning point for beller 
natural-language requirements. The 
other, to which \"e now turn, is query­
ing the specification to learn as much 
as possible about properties of the 
problem and valid solutions. 

What can the given specification 
teach us about the Naur-Goodenough 
IGerharl problem and its solution? 
First, let's determine when solutions 
doexist.lt iSl rivialtoprovethal,given 
a sequence of characters a, there is 
always at least onc sequence b such 
that relation shari_breaks (a, b) 
holds. Given b, however, the necessary 
and sufficient condition for the ex­
istence of at least one sequence c such 
Ihat IimiletL/englh (b. c) holds is that 
b contains no word (i.e .. contiguous 
subsequence of non-break characters) 
of length greater than MAXPOS. This 
follow s from the definition s of 
TRIMMED and max_line_lellglh used 
in the definition of IimiletLlengtit. 
Thus, the domain of definition of the 
relation Ir, which is a lso the domain or 
the function TRANSFand thus of the 
relation goal, is Ihe set of input texts 
containing no word longer than MAX· 
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POS. This can be formulaled as a 
theorem: 

dom (goo/) = 
Is< seq ICHARI I 

vi E I . . Ienglh(s) - MAXPOS, 
3j E i . . i + MAXPOS, 

sUI' BREAK_CfIAR I 
The property expressed by this 

theorem is that the domain of relation 
goo/consi51S of sequences such that. if 
a character c is followed by MAXPOS 
other characters, at least one character 
among cund the other characters must 
be a break. 

An important problem, not ad­
dressed here, is how the specification 
deals with erroneous cases-t hat is, 
with inputs not in the domain of the 
goal relation - like seq uences with 
oversize words. Clearly , a robust and 
complete specification should include 
(along with goal) another relation, say. 
exceplionaLgool. whose domain is IN­
PUT - dom (goo/) (set difference); 
this relation would complement goal 
by defining alternative results (usually 
some kind of error message) for er­
roneous inputs. Formal specification 
of erroneous cases fa lls beyond the 
scope of this article. but a discussion of 
the problem and precise de finitionsof 
terms such as "error," "failure," and 
"exception" can be found in a paper 
by Cristiano ~ 

Iliscussion. What we have obtained 
is an abstract specification-t hi s is. a 
mathematical descript ion of t he prob­
lem. It would be difficult to cr itici ze 
this specification as being oriented 
toward a particular implementmion: if 
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composition Of relations 
Let r and I be two relatiom: r i\ 

from Xto Yand I is from )'to 7 
(see figure). 

The composition of the .. e two 
relations, written I . r (note the 
order), is the relation w between 
sets X and Z such that w (.\. ;:) 
hold<; if and o'n ly if there i<; (at 
leasl) one elemenlY in }'such tha i 
both r (x. y) and, (x. y) hold. 

Thus, ;, the example illu~-

trated . w holds for the pairs <XI' 

Zl>' <xl.Z2>.and <X,.Zl> 
(and for these pairs on ly). 

X Y Z 
r--. "......, /' 

XI Y, " ~ Xl Yl " 
xJ )'J 'J 

V X, 

V~ 
x, 

y I I , , 
I I 

w= I. r 
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followed to the letter, the specification 
would lead to a program that (as illus­
trated in Figure 4) would first generate 
all possible distributions of the input 
over lines of length less tha n or equal 
to MAXPOS and then search the re­
sulting list for solutions with minimum 
number of new_line characters-not a 
very efficient implementation! 

An clement that does seem [0 point 
toward a particular implementation 
technique is the composition of rela­
tionsshorcbreaksand limitecl length, 
which seems 10 imply a two-step pro­
cess (first remove break characters. 
then CUI inlo lines). A first design 
could indeed use a two-slep solution. 
The Sleps could then be merged using 
coroutine-like concepts. such as the 
Unix notion of pipe or the "program 
inversion" idea of Jackson's program 
design method. 5 

We chose 10 model the problem's 
object and operations with very simple 
mathematical notions (sets. relations. 
functions, sequences). Because of the 
specific nature of this problem, an­
other approach would have been to re­
lyon a more advanced theory. such as 
the theory of regular languages. As 
emphasized below, a realistic specifi ­
cation system shou ld permit reuse of 
existing theories. 6 

Starting from the above definition, 
the specificat ion should of cou rse be 
refined, taking into account the physi­
cal form of the data structurc (in­
duding. for example, the cnd-of-file 
marker) and tht; particular response 
that should be given by the program in 
case of erroneous input. 
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conclusion 
Although natural language is lhe 

ideal notation for most aspects of 
human communication, from love let­
ters to introductory programming lan­
guage manuals, there arc cases 7 where 
it is nO! appropriatc. Software specifi­
cations, for exam pic, require more rig­
orous formalism. 

The use of formal notation docs 
nOl, however, preclude that of natural 
language. In fact, mathematical speci­
fication of a problem usually leads to a 
bener natural-language description. 
This is because formal notations 
naturally lead Ihe specifier to raise 
some questions thaI might have re­
mained una sked. and Ihu s unan ­
swered, in an informal approach. 

Mathematical ddinition. Formal 
specificat ions help cxpose ambiguities 
and contradictions because they force 
the specifier [0 describe fealUres of the 
problem precisely and rigorously. The 
problem studied in thisanicle contains 
many examples of this. For example, 
let us try 10 redefine the function 
fIIa.cline_lengrh using Ihe definition 
of "line" taken from Goodenough 
and Gerhart's specification (line 24: 
"between successive NL characters"). 
Writing this definition mathematical­
ly. we oblain somcthing like 

max fine lenglh (s) • 
mal:" ( I/imdength (s. i) I 

I sisfengrh (s) and 
s(i) = new line I) 

where line_length (s, i). the length of 
the linc beginning after the new_line at 

position i in sequence s. may be de­
fined as a minimum: 

line_length (s, i) IE 

min<lk I 
Osk<lenglh (s-i) Dnd 
s(i+ k + I) ::0 new_'ine I) 

Howevcr, as mentioned above, the 
maximum or minimum of a sct of 
natural numbers is defincd if and only 
if this sct is noncmpty and. in the maxi­
mum case, finite; so using malhemati­
cal notation prompts us to check for 
these conditions. Finiteness presents 
no problem, but we see immediately 
that thc sel whose ma'(imum is sought 
in the definition of max_lint!_lenglll 
will be empty ifthesequencesdoes not 
conlain any new_line charactcr. Even 
if it contains one, line_lengllt (s, i), 
itselfa minimum, will not be defined if 
therc is no othcr new_fine further in 
the sequcnee. This prompts us to look 
for a beller definition. 

A fairly natural reaction at this 
paim is to sec that we rcally don't need 
to define the concept of "line." only 
that of maximum line length. Once we 
have noticed this, it's easy to come up 
with a correct definition: Ihe max­
imum /lumber of cOllseculivf' char­
aclers, nOlle of which is a lIew /iI/e. 
This is the dcfinition that was given 
abovc: 

max_line_length (5) -
fIIax (Ij-i I 

Osi:5.j:5. lenglh(s) a nd 
(vke i+1. .j, 

s(k) "# ne"'-'ine) I) 

Note that we have been carefu l to 
apply maxto a set that always contains 
at least one value (zcro, obtained for 
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i = ) = 0), even if s is an empty se­
quence (see box). 

Natural language definilion. Once 
such a mathematical definition has 
been produced, it may in return in­
nuence the natural language defini­
tion. In this exam ple, the formal 
definition suggests that we shou ld 
Terrain from trying to define the con­
cepe of "a line in the text" which , 
although intuitively clear, is slightly 
tricky when one altempts to specify it 
precisely, as Goodenough and Ger­
han's text shows. Instead, we should 
focus on the not ion of "maximum line 
length," which is always defined. even 
for a text consisting of new_line 
c~aracters only. Once we have ob­
tained the specification of 111ax-/ine_ 
length, wecan build on it and include it 
in the English problem definit ion a 
sentence such as 

The maximum number of con<;ecmive 
characters. none of which is a new_line, 
should nOI exceed MAXPOS. 

This sentence, a direct translat ion 
from the formal definition, is nOl, ad­
mittedly. of the most gracious sytle; 
but it is easy to remove the double 
negat ion, yielding 

Any consecutive MAXPOS + I charac­
ters should include a new_line. 

The main advantage of natural 
language texts is their understandabili­
ty. One shou ld concentrate on this 
asset rather than trying to use natural 
language for precision and rigor, 
qualities for which it is hopelessly in­
adequate. Understandability is seri-
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TIle reasoning behind fOnnaI specificationS: 
tile exalllple of RIU_ _ length 

How does one obtain a formal expression such as the one defining 
max_line_length'! let's analyze the different steps involved. 

We want to express the fact that max line length (s) isthemaximum 
length ofa line ins. A definition that avoids thepitfa\ls mentioned in the 
analysis of Goodenough and Gerhart's text is. informally, "the max­
imum number of consecuti ve characters. none of which is a new line." 

To translate this definition into a formal description, we have to ex­
press the notion of a contiguous subseq uence of s that does not contain 
a new_line. A contiguous subsequence can be given by its end indices, 
say, iand). The seq uence comprisi ng the elements bctween indices iand 
) will have length) - i+ I; if it is to yield a line length. then s(k) should 
be a character other than new line for any k between iandj, inclusive. 
Thus, a first try might yield 

max line_ length (s) _ max (LINE. LENGTHS) 

where the set LlNE_ LENGTHS is defined as 

LINE_LENGTHS -I) -;+ I I I sisjslenglh (s) lind 
(vk E i .. j, s (k) 'F new line) I 

But beware! One should only apply max to nonempty sels. With the 
above convention , wc can cnd up with LINE. LENGTIIS being empty 
if sisan empty sequence or a ll its characters are new line; in either case. 
no i, j pair satisfies the conditio n. Now. if we write a program for the 
Naur-Goodenough/ Gerhart problem and put in in to a library. sooner 
or later someone wilt apply it to a sequence that is empty or entirely 
made of new /inecharacters, so we had better deal with these cases in a 
clean fashion. 

The culprit is the condition is), which prevents us from fi nding a 
satisfactory i and) in the borderline cases mentioned. The problem 
disappears, however, if we replace this condition by i - Is). Then, for 
a sequence having only new_line characters or no character at all, the 
set LINE_LENGTHS will contain one element, 0, obtained for i= I 
and) = O. For these values, the interval i .. j is empty; thus, the v ... 
clause is true. (Remember that a property of the form Vx E E. P (x) is 
always true when the set E is empty, regardless of what property Pis.) 
Thus, we obtain the following replacement: 

LINE_LENGTHS -I)-i+ I IOsi-1 s)slength (s) lind 
(Vk E i .. j. s(k) ;t new_line) I 

(The first condition has been written Osi-I instead of l s i .) 
We have chosen to simplify slightly the writing of this condition by a 

change of variable (use i for i - I. thus eliminating + I and - I terms): 

LINE_LENGTHS _ 1) -i 'Osisjslenglh (s) and 
(vk E i+ I..), s(k) ;t new_line) I 

This new version is defined in all cases. 
It should be noted that this kind of analysis, which at first sigh t might 

seem quite remote from programmers' concerns, is in fact closely con­
nected to typical pallerns of reasoning about programs. Anyone who 
has tried to debug a loop that sometimes goes one iteration too few or 
laO many, or works improperly for empty input s or other borderline 
cases, will recogniL.e the line followed in the above discussion. It is our 
contention, however, that such analysis is beller performed at the 
specification level, dealing with simple and well-defined mathematical 
concepts, than at program debugging time , when the issues are ob­
scured by many irrelevant detail s, implementation-dependent features, 
and idiosyncrasies of programming languages. 
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ously hindered when nut ural language 
requirements become ridiculously long 
in a vain attempt 10 chase away silence, 
ambiguity, contradiction. elc. Such at­
tempts. as shown by the text studied 
here, only make matters worse. The 
length of many requirements docu­
ment s found in actual industrial prac­
tice, often extending over hundreds or 
even thousands of pages, is due to sllch 
misuse of natural language. Natural 
language descriptions should remain 
reasonably short; Iheexacl description 
of fine points, special cases, precise 
details, etc., should be Icftlo a formal 
speci fication. 

The advantages of brevity cannol be 
overemphasized. It CQuld even be ar­
gued that Naur's slX'Cificalion, once 
the problems of termination and con­
secutive break characters are tackled 
properly, is preferable to Goodenough 
and Gerhart's because it is shorter and 
doesn' t fuss unnecessarily. 

New specification. It would be fair 
game for the reader at this point to ask 
what natural-language specification 
we have to offer in lieu of both Naur's 
and Goodenough and Gerhart's texts. 
To answer such as request, we'd try to 
capitalize on the lessons gained from 
writing the mathematical definition. 
We'd propose something like the text 
in Figure 5, which is directly deduced 
from that definition (see in particular 
its relation to Figure 4). 

No doubt Ihis text deserves some 
criticism of ils own. In particular, it 
still needs to be refined. For example, 
the implememor mUSt know how 10 
"report the error" before embarking 
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upon detailed design and coding; he 
must know what the allowablecharac­
ters are apart from blank and new_ 
line, etc. Also nOte that this text avoids 
defining specific concepts (e.g., line 
length , word) explicitly; rather, il 
substitut es the definition for the con­
cept when needed. Although this de­
vice can lead to interesting literary ex­
periments,8 it is certainly not recom­
mended for large requirements docu­
ments where one must repeatedly refer 
10 the same basic concepts. 

It seems to us. however. that the 
above statement of the requiremenlS 
embodies the essential elements of the 
problem and achieves a reasonable 
tradeoff between the imprecision of 
Naur's and the verbosity of Good­
enough and Gerhan's specifications. 
(Its length is in facl slight ly more than 
double the former's and half the 
latter's.) lis mOSt important feature is 
that it draws heavily from the lessons 
gained in writing the formal specifica­
tion, while retaining (we hope) clarity 
and simplicity. 

End-users. An objcction that is 
often voiced against formal specifica­
tions relates to the needs of end-users. 
who request easily understandable 
documents. Such an objection, we 
Ihink. is based on an incorrc(:1 assess­
ment of what specification is about. 
There is a need for requirements docu­
ments that must be read, checked, and 
discussed by noncomputer scientists, 
but there is also a need for technical 
documents used by computer profes­
sionals. The difference is the same as 
thai between user requirements and 

engineering specifications in other 
engineering disciplines. Of course, 
there must be a way to communicate 
back the contents of technical specifi­
cations (for example, in the case of 
changes). As we have seen. the exist­
ence of a good mathematical specifica­
tion is a great asset for improving a 
natural-language description. 

Other ways can be found for 
translating formal clements into forms 
lhat are more easily understood. Many 
people like graphical descriptions. 
which playa basic role in such (non­
formal) specification methods as 
SADT'iI or SREM. 10 A picture may be 
worth a thousand words al times, but 
it can also be dangerously misleading. 
On the other hand. a pictorial explana­
tion ora well-defined concept certainly 
does no harm. If the picture 

A B 
--Q]-----+ 

is considered more understandable 
than Ihe function definition 

j-A-B 

then why not have graphics tools 
generate the picture from the formula 
for the benefit of those who want il? 
There is certainJy a great need for soft­
ware tools of this kind in specificalion 
systems. 

Techniques. The last point we want 
to emphasize is that formal specifica­
tion is lIor lIecessarily difficult. The 
reader who is familiar with specifica­
tion techniques will have noted that the 
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example did nOl rely (at least explicitly) 
on such notions as abstract data types, 
finite-state machines, and attribute 
grammars. In fact, it used only very 
simple notions from elementary set 
theory and logic. These notions are no 
morc difficult than the basic core of 
college calculus, even if most of today's 
university students are regrettably less 
at case dealing with such concepts as 
sets. relations, partial functions, com­
position . and predicate calculus than 
with other mathematical objects and 
operations that are better established 
in the traditional curriculum. 

Of course, the example studied here 
is a small problem. Experience with the 
Z language I 1.12 and subsequent work 
prompted by this experiencel1.15 shows, 
however, that the same basic concepts 
can be carried through to the descrip­
tion of much more complex systems. 
The main limitation of the problem 
studied here is that it is defined by a 
simple input-to-output relation, where­
as most significant programs can be 
characterized, in our view, as syslems 
that offer various services in response 
to possible user requests. We are cur­
rentlyworking on methods, notations, 
and tools for the modular specification 
of such systems. 16 

Reust. An essential requirement of 
a good specification formalism is that 
it should favor reuse of previously 
written elements of specifications. For 
example, the notion of sequence and 
the associated operations should be 
available as predefined specification 
elements. Languages Z and Affirm, 
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Given are a nonnegatlve Integer MAXPOS and a character set in· 
cluding two "break characters" blank and new.-llne. 

The program shall accept as Input a finite sequence of characters 
and produce as output a sequence of characters satisfying the follow· 
Ing conditions: 

• It only differs from tha Input by having a single break character 
wherever the input has one or more break characters; 

• any MAXPOS + 1 consecutive characters include a new.-llne; 

• the number of new....Jlne characters Is minimal. 

If (any only If) an Input sequence contains a group of MAXPQS + 1 
consecutive nonbreak characters, there exists no such output. In this 
case, the program shall produce the output associated with the initial 
part of the sequence, up to and Including the MAXPOS·th character of 
the first such group, and report the error. 

Figure 5. Yet another statement of the requirements. 

among others, provide for such li­
braries of basic specifications. More 
work is needed to share and reuse the 
work of formal specifiers. Along with 
the availability of simple and efficient 

software tools, this is one of the condi­
tions that must be met before fonnal 
specifications become for software en­
gineers what, say , differential equa­
tions are for engineers in other fields. 0 
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