






focused attention on the adverbs and conjunctions 
themselves, leading to a recognition of their role 
and to the adoption of the term operators to refer 
to them. 

In reviewing the syntax of operators we were dis­
turbed to realize that the slash used for reduction 
applied to the (function) argument to its left, and 
even considered the possibility of reversing the or­
der to agree with the behavior of monadic func­
tions . However, Adin Falkoff soon espoused the 
advantages of the established scheme, pointing out 
that the adoption of a "long left scope" for oper­
ators would alIow the writing of phrases such as 
+ . x / to denote the function "inner product re ­
duction," which might be applied to a rank-3 array. 

We also realized that the use of the slash to denote 
compression (as in 1 0 1 0 1/ ' abcde ' to yield 
, ace ' ) seemed to imply that the slash was ambig­
uous, sometimes denoting an operator, and some­
times a function. This view was adopted in NARS 
and in the precursor to APL2. Alternatively, adverbs 
and conjunctions could be assumed to apply to both 
nouns and verbs, giving different classes of derived 
verbs in the different cases. In this view, compres­
sion was not a dyadic function denoted by the slash, 
but was rather the derived function resulting from 
the application of the adverb / to a noun. 

The application of adverbs and conjunctions to 
nouns was adopted in SHARP, 22 SHARP/HP, SAX, and 
J, but was resisted in other dialects, in spite of the 
fact that the phrase cj:J [3] for applying reversal on 
axis 3 furnished an example of such usage in early 
APL, and in spite of the implied use of nouns in 
Heaviside 's notation D 2 f for the second derivative 
of f. 

In calculus, the expression f+g is used to denote the 
sum of functions f and g, that is, (f+g) x is defined 
as (f x)+(g x). The utility of such constructs as f+g 
and f x g was clear, and I realized that they could be 
handled by operators corresponding to the func ­
tions + and x . What appeared to be needed was an 
adverb that would apply to a function to produce a 
conjunction . However, I was reluctant to compli­
cate the grammar by introducing results other than 
functions from adverbs, and I began by suggesting, 
in Reference 23, a limited solution using composite 
symbols such as + overstruck by an overbar. 

Somewhat later I discussed this matter with Arthur 
Whitney, and he quickly suggested an operator 
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that we modified slightly and presented as the 
til operator in Reference 24, using the definition 
x (f t il g) y is (g y) f x. The fork discussed 
in the section on grammar and order of execution 
now provides a more convenient solution, using ex­
pressions such as f+g and f x g. 

In mathematics, the notions of inner product and 
outer product are used in rather limited areas. In 
APL systems, operators provide generalizations of 

The need for parentheses will be 
reduced by executing compound 

statements from right to left. 

them that not only broaden their uses, but make 
them more readily comprehensible to non mathe­
maticians. Much the same is true of "duals" in 
mathematics, but because the generalization of APL 
is not so widely known or used , it merits some at­
tention here. 

It is useful to view almost any task as performed in 
three phases: preparation, the main task , and un ­
doing the preparation. In programming terms this 
would appear as i n versep mai n p argu me nt. 
In other words, the main function is performed un­
der the preparation p. 

In J the under conjunction is denoted by &. and is 
defined as folIows: 

m&.p y ~ in ve r sep m p y
 
x m&. p y is inversep (p x ) m (p y)
 

For example, since 1\ . denotes the natural loga­
rithm in J, the expression a +& .1\ . b yields the 
product of a and b. The under conjunction is com ­
monly used with the function open (whose inverse 
is box) discussed in the section on atomic repre­
sentations. 

Name assignment 

In mathematics, the symbol = is used to denote 
both a relation and the copula in name assignment 
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(as in "let x=3"). In APL, the arrow was first used 
for the copula in Reference 18, and has been used 
in all dialects until the adoption of = . and = : in J. 21 

The use of the copula was initially restricted to 
nouns, and names were assigned to user-defined 
functions by a different mechanism in which the 
name of the function was incorporated in the rep­
resentation to which the function DFXwas applied, 
as discussed in the previous section on functions. 
The use of the copula for this purpose was proposed 
in Reference 23, implemented in SHARP/HP, and 
later adopted in Dyalog" and in J. These imple­
mentations provided for adverbs and conjunctions 
in the same manner. However, this use of the cop­
ula has not been adopted in other implementations, 
perhaps because the representations used for func­
tions make its adoption difficult. 

Indirect assignment was first proposed in Reference 
26, and is implemented in J and defined in Refer­
ence 21. Two copulas are used in J, one for local 
assignment (=.), and one for global (=:) assign­
ment. 

Grammar and order of execution 

Grammatical rules determine the order of exec u­
tion of a sentence, that is, the order in which the 
phrases are interpreted. In Reference 3, the use of 
parentheses was adopted as in mathematics, to­
gether with the rule (Reference 3, page 8) that "The 
need for parentheses will be reduced by assuming 
that compound statements are, except for interven­
ing parentheses, executed from right to left." 

In particular, this rule implies that there is no hi­
erarchy among functions (such as the rules in math­
ematics that power is executed before multiplica­
tion before addition) . Long familiarity with this 
hierarchy occasioned a few lapses in my book, " but 
the new rule was strictly adopted in the APL\360 
implementation. APL\360 also introduced a hierar­
chy, giving operators precedence over functions. 

The result was a simple grammar, complicated only 
by the bracket-semicolon notation used for index­
ing. This was later complicated by the adoption, in 
most systems, of the statement separator (denoted 
by a diamond). The utility of the statement sepa­
rator was later vitiated in some systems (including 
SHARP, SAX, and J) by the adoption of dyadic func­
tions lev and dex, which yielded their left and right 
arguments, respectively. 
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The grammatical rules left certain phrases (such as 
a sequence of nouns) invalid. In NARS and in APL2 
meanings were assigned to a sequence of nouns: if 
a and b are the nouns "hold" and "on," then the 
phrase a b yields the two-element list of enclosed 
vectors. The adoption of such "strands" led to a 
modification of the grammatical rules based upon 
left and right "binding strengths" assigned to var­
ious parts of speech, as discussed in References 27 
and 28. In particular these rules required that the 
phrase 2 3 5 [ 1 ] be replaced by (2 3 5) [ 1 J. 

Other changes in grammar were adopted in J: the 
bracket-semicolon indexing was replaced by a nor­
mal dyadic verb from; and any isolated sequence of 
verbs was assigned a meaning based upon the hook 
and fork , first proposed in Reference 29 and briefly 
explained next. The result is a strict grammar in 
which each phrase for execution is chosen from the 
first four elements of the execution stack, and eli­
gibility for execution is determined by comparison 
with a 14 by 4 parsing table as shown in Reference 
21. 

Because the hook and fork (as well as several other 
previously invalid phrases) playa significant role in 
the tacit programming discussed in a later section, 
they are further elaborated here. Briefly, if 

mean= .+/ %i! 

then 

mean x 

is equivalent to 

(+/x) %( i!x) 

The dyadic case is defined analogously. If 

diff s q=. +*­

then 

a d i ffs q b 

is 

( a+b) *( a- b) 

The hook and the fork may be expressed graphi­
cally as follows: 
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FORK	 HOOK 
9 9 9 9 

/	 \ / \ / \ / \ 
f h f h y h x h 

/ /I I \ \ I I 
y y x y x y y y 

Two further points should be noted: 

1. A longer train of verbs will resolve into a se­
quence of forks and hooks. For example, 
t aut=. <: =<+.= is equivalent to two forks, 
as in taut=. <: = « +. = ), and expresses 
the tautology that less than or equal « :) equals 
( =) less than « ) or (+. ) equal ( = ) . 

2.	 In the expression (+ / %it) 2 3 4 5 to produce 
the mean of the list 2 3 4 5, the parentheses 
are clearly essential, since +/ % /I 2 3 4 5 
would yield 0.25, the sum of the reciprocal of the 
number of items. However, it must be empha­
sized that the parentheses perform their normal 
function of grouping, and are not needed to ex­
plicitly produce forks, as may be seen from the 
earlier examples. 

Atomic representations 

It is commonplace that complex constructs may be 
conveniently represented by arrays of simpler con­
structs: a word by a list of letters, a sentence by a list 
of words, a complex number by a list of two real 
numbers, and the parameter of a rotation function 
by a table of numbers, and so on. 

However, it is much more convenient to use atomic 
representations, which have rank 0 and are there­
fore convenient to combine into, and select from, 
arrays. For example, the representation 3j 4 used 
for a complex number in APL systems is an atom or 
scalar. 

In Reference 30, Trenchard More proposed a rep­
resentation scheme in which an enclose function 
applied to an array produced a scalar representa­
tion of the argument. This notion was adopted or 
adapted in a number of APL systems, beginning with 
NARS, and soon followed by APL2. 

A somewhat simpler scheme was adopted in SHARP 
in 1982,was presented in "A Dictionary of APL,, 6 in 
1987, and later adopted in SAX and J: a function 
called box (and denoted by <) applied to any noun 
produces an atomic representation of the noun that 

can be "decoded" by the inverse function open (de­
noted by » to yield the original argument. 

A desire for similar convenience in handling col­
lections of functions led Bernecky and others to 
propose (in References 31 and 32) the notion of 
function arrays. These have been implemented as 
gerunds in J by adopting atomic representations for 
functions. 

Implementations 

Because of a healthy emphasis on standardization, 
many distinct implementations differed slightly, if 
at all, in the language features implemented. For 
example , the IBM publication APLSV User's Manu­
al " written originally for APLSV applied equally to 
VS APL and the IBM 5100 computer. 

Despite the present emphasis on the evolution of 
the language itself, certain implementations merit 
mention: 

1.	 The IBM 5100 mentioned above is noteworthy as 
one of the early desktop computers, and as an 
implementation based on an emulator of the IBM 
System/360* and a read-only memory copy of 
APLSV . 

2. The	 I-APL implementation provided the first 
shareware version of APL , aimed at making APL 
widely available in schools. 

Implementations representing the two main lines of 
development mentioned in the introduction are 
now discussed briefly. The first is the nested array 
system NARS conceived and implemented by Bob 
Smith of STSC and incorporating ideas due to Tren ­
chard More" and J. A. Brown (Doctoral thesis, 
University of Syracuse). In addition to the enclose 
and related facilities that provide the nested arrays 
themselves , this implementation greatly expanded 
the applicability of operators. In the APL2 imple­
mentation, Brown has followed this same line of 
development of nested arrays . 

Somewhat after the advent of NARS, the SHARP APL 
system was extended to provide boxed elements in 
arrays, as reported in Reference 22. New operators 
(such as the rank) were also added, but their utility 
was severely limited by the fact that operators were 
not (as in NARS) extended to apply to user-defined 
functions and derived functions. In the succeeding 
SAX and J implementations such constraints have 
been removed. 
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Tacit programming 

A tacit definition is one in which no explicit mention 
is made of the arguments of the function being de­
fined . For example: 

s um= . +/
 
mean= . sum % If
 
li stmean=. mean"l
 

[a= . i . 5 
8 1 234 

sum a 
18 

mea n a 
2 

[ t abl e=. i . 3 5 
8 1 2 3 4 
5 6 7 8 9 

18 11 12 13 14 

mean ta ble 
5 678 9 

l is t me an tabl e 
2 7 12 

By contrast, definition in most APL dialects makes 
explicit mention of the argument(s): 

DFX 2 7 p 'Z ~SUM X Z~+/X ' 

SUM 

Tacit programming offers several advantages, in­
cluding the following: 

1. It is concise. 
2.	 It allows significant formal manipulation of def­

initions. 
3.	 It greatly simplifies the introduction of program­

ming into any topic. 

Since the phrase +/ produces a function, the po ­
tential for tacit programming existed in the earliest 
APL; but the restrictions on the copula prevented 
assignment of a name to the definition, and there­
fore prohibited tacit programming. 

In any case, the paucity of operators and the re­
strictions that permitted their application to (a sub­
class of) primitive fun ctions only, made serious use 

of tacit programming impossible. In later dialects 
these restrictions have been removed, and the num ­
ber of operators has been increased. 

I now provide a few examples of tacit programming 
in J, first listing the main facilities to be exploited . 
The reader may wish to compare such facilities in 
J with similar facilities defined by Backus 13 and by 
Curry." For example, Curry's combinators W (el­
ementary duplicator) and C (commutator) are both 
represented by the adverb ~ in J, according to the 
following examples: 

/ : ~b is b/ : b (that is, a sort of b) 
a	 %~ b is b%a (that is, a into b) 

The facilities to be used in the examples include the 
hook, fork , and ~ already defined, as well as the 
following which, although defined in terms of spe­
cific verbs, apply generally. It may be necessary to 
consult Reference 21 for the meanings of certain 
verbs, such as * : (square), %: (square root), and 
/\ (log). Five examples follow . 

1. 2 &/\ Y is 2/\y (Called currying) 
/\2. & 2 y is y/\2 (Called currying) 

_3. -s- .y is /\ .y Composition 
4.	 x - &/\ . Y is ( /\ • X ) - ( /\ • y) Composition 
5.	 x - @/\ Y is - x/\y Atop 

Some examples from statistics are shown next. 

s um=. + /
 
mean=. sum % If
 
norm=. - mean
 
s t d=.% : & sum & *: & norm
 

Entry of a function alone causes a display of its 
definition, a display that can be captured and ma­
nipulated as a straightforward boxed array. Thus: 

s t d 
+- - - - - - - - - - - - - - - - - + - + - - --+ 

+ - - - -- -- ---+ -+ - - + & norm
 
+ - - +-+- - - + & * :
 
1%:I&l suml
 
+ - - +- + - - -+ 

+ - - - - - - - - - -+ - + --+ 
+ - - - - - - - - - - - - - - - - -+ -+ - - --+ 

In function tables, the f outer product of APL is in 
J the dyadic case of f / . For example : 
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[a=. b=. i . 5 
8 12 3 4 

a +/ b 
8 123 4 
1 234 5 
2 345 6 
3 456 7 
4 567 8 

a*/b 
8 8 8 8 8 
8 1 2 3 4 
8 2 4 6 8 
8 3 6 9 12 
8 4 8 12 16 

a!/b 
1 1 1 1 1 
8 12 3 4 
8 813 6 
8 881 4 
8 888 1 

Such a table can be mad e easier to interpret by 
displaying it with appended arguments, using the 
following tacit definitions: 

over= .({., .@;} .)& " :@,
 
by=. (,-"_1 ' ' &; &, . ) ­

a by b over a ! / b
 

+-+- -- - --- - -+ 
I 18 1 2 3 4[ 
+-+- - - - - - - - - + 

8 1 111 1 
1 8 1 2 34 
288 1 36 
388 8 1 4 
4 8 8 8 8 1 

+-+--- - - -- - -+ 

Adverbs may be defined tacitly in a num ber of ways, 
as follows: 

sum \ a 
8 1 3 6 18 

scan=. / \ 
+ scan a 

8 1 3 6 18 

-	 scan a 
o 1 1 _2 2 
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ta ble=. /( [ 'by ' J 'ove r ') \ 
2 3 5 *t abl e 1 2 3 4 5 

+ -+ - -- - - - -- - -- --+ 

I	 11 2 3 4 51 
+- +- ------- -----+ 

2 2 4 6 8 18
 
3 3 6 9 12 15
 
5 5 18 15 28 25
 

+ -+ - - - - - - - - - - - - - + 

a <t able b 
+- + --- - -----+ 
I 18 1 2 3 41 
+ -+ - - - - - - - - - + 
881 1 1 1 
188111 
2 8 8 8 1 1 
3 8 888 1 
4 8 8 8 8 8 

+-+- -- - ---- -+ 

• Trademark or registered trademark of International Business 
Machines Corporation. 
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Books
 

Exploring Requirements: Quality Before Design, 
Donald C. Gause and Gerald M. Weinberg, Dorset 
House Publishing, New York, 1989.291 pp. (ISBN 
0-932633-13-7). 

This book comes as a breath of fresh air at a time 
when system designers can begin to feel stifled by 
the formal methodologies and computer-aided de­
sign technologies that are the focus of attention. 
Gause and Weinberg provide us with the assurance 
that it is still the human mind, not the machine, that 
is the system designer's most important tool. 

The subject of the book is the requirements proc­
ess, the earliest part of the development cycle in 
which designers attempt to discover what is desired. 
Part I, "Negotiating a Common Understanding," 
begins by telling us why methodologies are not 
enough. Gause and Weinberg are true masters of 
the anecdotal example, a technique they often use 
to underscore their points. 

Most significant system problems found in test and 
operational use (where the cost of fixing errors is 
greatest) can be traced back to ambiguity in the 
requirements. Early attacking of ambiguity lowers 
development costs in the end. Unfortunately, sys­
tem designers are so anxious to get going that they 
often ignore or minimally perform the require­
ments exploration phase. If every designer assigned 
to a new project were to heed the advice in this 
book, it would surely prolong the requirements 
analysis, but the overall development process would 
be made more efficient. Inefficiencies caused by 
requirements ambiguity is at the heart of this book's 
message, and there are many sources for ambiguity. 
The authors' style is unique in that they do not 
simply enumerate those sources, but allow the 
reader to experience the ambiguities firsthand. In 
fact, much of the book gives the reader the sense of 
attending a live lecture rather than reading a book. 
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Part II addresses every system designer's biggest 
problem-getting started. The authors' techniques 
serve to slow down the beginning of a project, al­
lowing the mind to do its work of grasping a better 
understanding of the problem. A chapter on "Get­
ting the Right People Involved " provides the prac ­
tical means to accomplish today's market-driven 
approach of involving the user throughout the sys­
tem definition, design , and development phases. 
The message Gause and Weinberg give is clear, 
which is that the practice of definition, design , and 
development and system understanding are the 
same. 

"Exploring Possibilities" is the subject of Part III. 
These possibilities include providing more how-to 
techniques, conducting idea-generation meetings, 
using right-brain methods, and selecting a project 
name so as to have a theme or rallying point toward 
which to work. An excellent discussion is made of 
facilitation and facilitators, a concept that the au­
thors expect to reach maturity in the '90s. Part IV, 
"Clarifying Expectations," brings us still farther 
along the path of eliminating requirements ambi­
guity by addressing functions, attributes, con­
straints, preferences, and expectations. A number 
of subtle yet key points are made. For example, 
"only the strength of the client 's fears or desires 
determines which is a constraint and which is a 
preference." Such thought-provoking assertions 
are often brought home by an enjoyable anecdote 
to give the reader an innate understanding of the 
key point. The how-to techniques offered in the 
book are highly usable and by following them the 
reader should achieve positive results. 

The final part of the book, "Greatly Improving on 
the Odds of Success," addresses ambiguity metrics, 
technical reviews, measuring satisfaction, test cases, 
study of existing products, and making agreements. 

C>Copyright 1991 by International Business Machines Corpo ­
ration. 
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The authors conclude with a little philosophy on 
ending the requirements exploration phase. In each 
chapter they include a section on helpful hints, vari­
ations, and a useful summary that captures the 
ideas by using those tried and true editorial stal­
warts: why, when, how, and who. 

The pace of the book is very comfortable. It ebbs 
and flows such that every once in a while a burst of 
excitement comes with a new idea, followed by ex­
planations that allow the reader to ride the wave. 
The numerous diagrams, done with intentional in­
formality, keep an interesting and personal tone. 

The principles discussed can most definitely be ap­
plied by a committed team and management, and 
they should contribute to the success of a project. 
It is up to creative individuals to find ways to apply 
the principles within their own environments, 
through the inspiration of the authors. Gause and 
Weinberg foresee the '90s as a time in which use of 
systems with higher complexity will grow. They en­
vision more reliance on computer-aided design 
technology, and customers with higher expecta­
tions. Gause and Weinberg provide practical meth­
odologies and techniques that allow system design­
ers to bring their project-development practices to 
a level that meets expected system, technology, and 
environmental complexity. 

Donna H. Rhodes 
IBM Federal Sector Division 
Owego 
New York 

Knowledge Engineering, Dimitris N. Chorafas, Van 
Nostrand Reinhold, New York, 1990. 380 pp. 
(ISBN 0-442-23969-6). 

This book is aimed at computer professionals who 
want to upgrade their skills, and stay competitive in 
understanding the field of knowledge engineering 
and the methodology of knowledge acquisition. 
The author envisions a bright future for knowledge 
engineering and artificial intelligence (AI), in gen­
eral. 

Despite the author's optimistic forecast for the 
field, he does not minimize the many obstacles be­
tween "here" and "there." The discussions fairly 
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balance the difficulties and advantages of specific 
approaches. There are a liberal number of sche­
matic illustrations. A minimal amount of technical 
jargon is used for a book dealing with this type of 
subject and, for this reason, it should be easy to read 
for a diverse audience. 

The book represents a comprehensive survey of the 
field of knowledge engineering. It provides an over­
view of what is currently going on for those who 
have not been directly involved with AI. For people 
who already are involved, it may suggest other 
projects where the same skills are useful. A part of 
the author's purpose seems to be to attract new 
people to the field. He suggests that the need for 
such experts will grow 25 percent per year during 
this decade. Viewed in this light, the book may well 
open new vistas of opportunity. Although it pro­
vides little insight into the detail required for the 
actual implementation of programs, this may per­
haps be presumed by his target audience of com­
puter professionals. 

Included in the book is an appendix that outlines a 
training program for knowledge engineers. How­
ever, this is not a textbook in the sense of a book 
that might form the basis for a curriculum. The 
book is a comprehensive survey and, as such, should 
appeal to a number of people. 

The specific examples cited tend to be discussed 
from the perspective of business applications, 
rather than research or scientific contributions. Al­
though the bibliography contains 200 references, 
these are not cited in the text; the few citations that 
do occur in the text do not appear in the bibliog­
raphy. The index also is not as helpful as one might 
desire. In short, the book does not serve as a schol­
arly treatise or as a reference source. 

The author is a consultant who has written 65 
books. In many ways, this book reminds me, in ex­
panded form, of some of the reports I have received 
from consultants. Such reports tend to be compre­
hensive, easy to read, well organized, and noncon ­
troversial, though they do not expand the field. 
While the author may be correct in predicting the 
future success of the field of AI, eventual success 
may not directly depend on many of the current 
methods and theories, but may require as yet un­
foreseen breakthroughs. 

The book goes into enough depth to make its sig­
nificant points. It is easy to read, is up to date, and 
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covers most topics of current interest. I would rec­
ommend it to anyone contemplating knowledge en­
gineering as a possible vocation, and to anyone who 
wants an overview of what this might entail. 

W. D. Hagamen, M.D. 
Professor of Cell Biology and Anatomy 
Cornell University Medical College 
New York 

VSAM: A Comprehensive Guide, Constantine Kan­
iklidis, Van Nostrand Reinhold, New York, 1990. 
440 pp. (ISBN 0-442-24641-2). 

If you are interested in acquiring a good overall 
knowledge of how VSAM works, this is definitely the 
book for you. Constantine Kaniklidis has done an 
excellent job of consolidating vast amounts of avail­
able information into one easily comprehensible 
book. He also provides the reader with many good 
practical suggestions for using VSAM effectively, 
with occasional editorial comments expressing his 
likes and dislikes of the access method. 

The book begins by presenting the reader with a 
short evolutionary synopsis of VSAM from its in­
ception in 1973 up to the present. It then proceeds 
to describe, in detail, the functional components of 
VSAM, including catalog and data set structure and 
operation, and the use of IDCAMS in defining, load­
ing, and listing catalogs and data sets. With the 
functional components having been laid out, sev­
eral chapters follow that present various options for 
data set security, backup, and recovery, with the 
final chapter being devoted to VSAM optimization, 
including such topics as control interval size calcu­
lation , free space distribution, buffer allocation, 
and data set sharing. Throughout the entire book, 
each topic is accompanied by examples that help to 
clarify the information presented. 

Having spent many of my years at IBM working on 
the VSAM access method, I think that the reader will 
find this book very informative. While the infor­
mation included in the book appears to be techni­
cally accurate, it is difficult to evaluate its factual 
contents down to the "bits and bytes" level, due to 
the volume and detail of information presented and 
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the ever-changing nature of the subject. It is there­
fore my recommendation that the reader consult 
the appropriate IBM publication for verification 
whenever a high degree of detail is required. 

Gale A. Burt 
IBM Storage Systems Products Division 
San Jose 
California 

Note-The books reviewed are those the Editor thinks might be 
of interest to our readers. The reviews express the opinions of 
the reviewers. 
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Erratum 

The paper " Transaction Security System" by 
D. G. Abraham, G. M. Dolan , G. P. Double , and 
J . V. Stevens that appeared in the IBM Systems 
Journal , Vol. 30, No .2, page s 206 through 229, 
omitted reference to the source of the signature 
verification algorithm. pen design , pen data ac­
quisition and signal processing design , and signa­
ture recognition reliability data used in thi s sys­
tem . The authors regret the omission and now cite 
the following as a key reference to this work : 

T. K. Worthington, T . J . Chainer, J. D. Williford , 
and S. C. Gundersen , " IB M Dynamic Signature 
Verification," Computer Security: The Practical 
Issue s in a Troubled World, Proce edings of the 
Third IFf? International Conference on Computer 
Se curity , Dublin , Ireland (1985), pp. 129-154. 
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