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ABSTRACT 

A universal computer language must be 
able to evolve to satisfy the needs of its 
current and future users. This gaper des- 
cribes such a language, called Speakeasy. 
The paper emphasizes those features of 
Speakeasy that relate to its naturalness and 
to its extensibility. Extensibility in the 
Speakeasy sense means the ability to bring 
diverse sets of routines under the umbrella 
of the system and thus make them available to 
users. Interfacing a routine through the con- 
struction of a linkable module, called a link- 
yle, extends the capabilities of Speakeasy in 
a general and unrestricted way. The concept 
of the linkule is explained and illustrated 
by examples. In order to provide some back- 
ground a few illustrative examples of the 
Speakeasy language are given. 

I. 'INTRODUCTION 

Speakeasy is a computer language that is 
designed with the primary goal of answering the 
needs of users. One means of attaining this goal 
is by providing a language syntax that closely 
parallels that of the user. Modeled on convention- 
al mathematical notation, the Speakeasy language is 
easily learned and tolerant of unimportant syntac- 
tical deviation. The language is therefore char- 
acterized by its naturalness and by its understand- 
ing. It is generally conceded that Speakeasy is 
the easiest computer language to learn; a typical 
introductory lecture of only a few minutes is 
sufficient to enable even a complete computer 
novice to begin to carry out relevant and mean- 
ingful calculations. 

That a language that.is easily learned can at 
the same time be one of great power is perhaps 
less easily understood. None the less, it is 
rapidly becoming apparent that this language is one 
of the most powerful interactive computational 
languages currently in use and it will become even 
more potent in the future. This strength lies not 
in the language syntax but rather in the structure 
of the system in which the language processor re- 
sides. 

Work performed under auspices of the U.S. Energy 
Research and Development Administration, Division 
of Physical Research. 

Designed over a decade ago, the system is truly 
extensible; the structure itself enables Illore and 
more power to be made available without n~odifica- 
tion of the basic processor. The growth C C  the 
Speakeasy system, manifested in the growti? of its 
vocabulary, is now clearly the major feature that 
attracts new groups of users. 

The first section of this paper describes the 
basic Speakeasy language. Examples of the sim- 
plicity and naturalness of the language are given, 
primarily to demonstrate the overall atmosphere 
in which the user carries out the formulation of 
his problems. The second section involves the 
structure of the systen. It is the disjoint 
nature of Speakeasy, the separation of the lan- 
guage processor from the mathematical operators of 
the system, that gives it its true power. The last 
section is a description of the interface to the 
linkules and a demonstration of the ease with which 
new abilities are added to the language. A sample 
of a linkule is supplied. 

11. SPEAKEASY - A COIWUTER LANGUAGE FOR PEOPLE 

The design of any computer language requires 
that certain decisions relating to efficiency, 
clairty etc. be made. In most ,cases such deci- 
sions reflect an attempt to provide the user with 
access to the real capabilities of the computing 
hardware. Languages such as PL/I and Fortran let 
the bulk of the language specifications provide 
such information. The precision for numerical 
representation, the variety of data types and the 
means of formatting input and output are all re- 
lated directly to the hardware of the computer. 
The difference between integer and floating point 
arithmetic, though of great importance in the act- 
ual implementation of the calculation, are not nat- 
ural concepts to a person interested in formulating 
a problem for quick results. A Fortran diagnostic 
resulting from attempting to take the square root 
of an integer, though educational, hardly makes the 
computer more endearing. The rules that result in 
Fortran programs evaluating 3/2 as 1 or PL/I 
programs evaluati.ng 25 + 1/3 as 5.333... , though 
meaningful to knowledgeable programmers, are not 
really natural to most people and represent an 
unnecessary burden to a casual computer user. 

Speakeasy is designed with the needs of such 
casual users in mind. The overall objective is 
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* t6 carry out the users stated problem with a mini- 
mum of hassle. The Speakeasy language specifica- 
tion is simple. If the statement is clearly and 
'unambiguously specified, and it looks correct to 
the use?, then it is the task of the processor to 
nroperly interpret that statement. While it is 
lot always possible to meet this simple specifi- 
-ation, it is the philosophy implied that is impor- 
tant. Rel-ieving that the user's prejudices are 
almost always right leads to the development of a 
language that is guaranteed to be acceptable to 
users. 

The conventional approach to creating a lan- 
guage is to specify it before implementation. All 
ambiguities and uncertanties are resolved prior 
to actual construction of the language processor. 
While such an approach is clearly advantageous to 
the language implementors it suffers from the 
same basic problem that confronts the development 
of any large predefined system. The first oppor- 
tunity available for users of the system to pro- 
vide meaningful feedback is after a major portion 
of the system is operating and much of the system 
is rigidly fixed. There is thus little opportuni- 
ty for the eventual users of the program to influ- 
ence the specifications of the system. 

Speakeasy has been a production language for 
many years. During that. period, although used by 
many people, it has had no rigid 1anguage.specifi- 
cation; rather it evolved under the influence of 
its users and has grown into a language that is 
highly readable and very understandable. While it 
might now be possible to completely specify Speak- 
easy and its notation, it is believed that the 
lack of such specifications were important during 
the initial evolution of t . h ~  system. The capabil- 
ities of the processor have evolved greatly over 
the years of use, always in the direction of in- 
creased power but always with a concern for the 
users of the system and their real needs. 

111. EXAMPLES OF THE LANGUAGE 

Speakeasy is best learned by using it in an 
interactive environment. In such usage it can be 
viewed as a powerful programmable desk calcula- 
tor able td do simple computations and at the 
sane time, a calculator rich in available facil- 
ities. In this section we will only illustrate 
some of its basic capabilities. Shown below is 
a sample of the simple desk calculator feature. 
The colon underscore (:-) is the Speakeasy 
prompt indicator. It means that the processor 
is waiting for a request from the user. All 
user input is shown in lowercase letters on the 
lines beginning with :- . All other lines in the 
examples are output from Speakeasy. 

: 2+2 
2T2 = 4 
: cuberoot (8) 
CUBE ROOT(^) = 2 
: answer+2 
GswER+~'= 4 
: x=9 - 
: x*x - 
X*X = 81 
: - x=1,2,2,3,4,5,6,7,8,3 

: average(x) 
AVERAGE(X) = 4.1 
: sum(x) 
SUM(X) = 41 
: - ~=rnatrix(3,3:1,2,5,6,3,6~2,6) 
: X - 
X (A 3 BY 3 MATRIX) 
1 2 5  
6 3 6  
2 6 0  
: x*x - 
X*X (A 3 BY 3 MATRIX) 
23 38 17 
36 57 48 
38 22 46 

: l/x 
. 1 7 ~  (A 3 BY 3 MATRIX) 

-.26087 .21739 -.021739 
.086957 -.072464 .I7391 
.21739 -.014493 -.065217 

: rationalize . - 
: answer 
ANSWER (A 3 BY 3 MATRIX) 
-6/23 5/23 -1/46 
2/23 -5/69 4/23 
5/23 -1/69 -3/46 

These few lines demonstrate the ease of use 
of this language. Words such as AVERAGE or SUM 
are known to Speakeasy and carry out the opera- 
tions that are familiar to everyone. No explana- 
tion of their use within the programming language 
is really necessary. Although definitions of 
objects such as the matricies and operations such 
as CUBEROOT presuppose some specialized uncler- 
standing of these words, the words are used in the 
conventional way. No explanation to the user who 
knows these words is needed. It is this natural- 
ness of notation that makes Speakeasy so easily 
learned - there is in fact no educational process 
at all. It is only necessary to provide the po- 
tential users with a few examples so that they 
feel confident enough to use the system. The 
processor is designed to be friendly and resilient 
to misuse. The worst that can happen if an erro- 
neously formed request is entered is a response 
from the processor indicating a possible cause for 
the misunderstanding. 

The sample session below illustrates some of 
the common error messages. Note that it is not 
necessary to restart a calculation if an error 
is detected, rather it is possible to continue the 
calculation by reformulating the particular state- 
ment that resulted in the error message. This 
atmosphere lends itself to learning about the ca- 
pabilities of Speakeasy by using it. The only 
surprise that is usually expressed by new users is 
that the processor seems to know ~i~ore than is ex- 
pected. (This is merely a reflection of the long 
evolutionary period to which the system has al- 
ready been exposed. ) 



': 2+3 (4-6) 
IN LINE " 2+3(4-6) " IMPLIED MULT. 7 

. : 2+3*(4-6 
-IF LINE " 2+3* (4-6 " PARENTZIESIS IMBALANCE. 
: 2+3*(4-6) 
2T3* (4-6) = -4 
:'d14=345.66 - 
: di4*5 
DI~ IS NOT DEFINED IN LINE " DI4*5 " 
: di4=d14 - 
: retry 
~y4*5 = 1728.3 

IV. STRUCTURE OF THE SYSTEM 

Speakeasy is designed to work with structured 
objects and thus provides the environment in which 
a wide range of distinct operators can be made 
available. For instance, in the first illustra- 
tions an.object was defined that is a square 
matrix. The existence gf such an object as an 
entity within the users definitions means that it 
is possible to provide all of the operators that 
are associated with such matrices within the lang- 
uage. Words such as DETERMINANT, TRACE, IPNERSE, 
and TRANSPOSE, are therefore available. Also the 
binary operators acquire their conventional mean- 
ings when used between two such objects. Similar- 

, ly,since statisticans make use of the system,the 
large number of basic operations associated with 
that discipline such' as KURTOSIS and MULTIREGRES- 
SION,are also defined. The power of Speakeasy, in 
fact, rests on the availability of a large number 
of clearly defined words. The growth in the capa- 
bility of the larlyuage processor has been by the 
accummulation of large numbers of distinct opera- 
tions that can be described by well-known words. 
It is the completeness of the system coupled with 
the ability to grow to meet new requests that 
insures a really satisfied user community. 

Clearly if a system is to attract a wide 
audience it is necessary to provide a vast number 
of operations. To build such operations into a 
system by the conventional method involving con- 
struction of a single large prograv would neces- 
sitate a major and continued programming effort. 
So large and so complex a program would be certain 
to have innumerable errors and would be plagued by 
all of the prollen~s that relate to such a system. 
The introduction of any new operation into the 
program would require major studies of the impact 
that it would have on the existing system and 
would be carried out slowly to avoid the possible 
unforseen impact of the new section of program. 
It is hardly likely that a really broadly based 
system could, in fact, ever be constructed as a 
single program even if it could be clearly 
specified. It would probably be obsolete before 
it could be made operational. 

Speakeasy was originally conceived of as a 
system that would marry a simple yet powerful user- 
oriented language to the computational resources 
available in a large computer complex. The idea 
was to match the needs of users by interfacing to 
facilities available within the machine. It was 
clear from the outset that the.system would evolve 
under the influence of actual users and that it 

would therefore have to have growth capability 
within its structure. In fact the original system 
was conceived of as two distinct parts. The first 
was the basic processor designed to analyze 
through interpretation the request of the users. 
General operations such as input and output, 
storage of temporary information and simple def- 
initions were built into this part of the system. 
In order to aviod inhibiting later growth no ' 

attempt was made to build in more than the basic 
operations. Instead, great effort was expended 
in the design of a truly library oriented system. 
A geveral interface routine was built into the 
processor. This interface provides the means for 
extending the language by adding new operations 
to libraries that are attached to the system 
while it is in use. 

The separation of the processor from the 
computational libraries provided many assets. The 
power of this approach cannot be over emphasized. 
Rather than being forced to develop a complete 
initial vscabulary it was possible to begin with a 
relatively primitive system and allow it to grow 
by the accummulation of new operations. At the 
same time it was possible to allow the relatively 
small processor to evolve on its own into a more 
and more powerful interpreter. 

The means of storing defined information is 
of great importance to a system such as this one. 
All information must be available not only to the 
processor but to each of the operators of the 
system. In Speakeasy a special'dynamic storage 
scheme, called Named storage2, is a component of 
the processor. This storage facility provides the 
mechanism for defining and retrieving the struc- 
tured objects. In this storage scheme each de- 
fined object has associated with it a description 
of its structure alonq with particular vallles fnr 
its elements. Most importantly, the object and 
its descriptive information can be referenced by 
name. The name is all that is needed to locate 
any defined object, to determine everything about 
its structure and to use it in a calculation. 

Each defined object in Named Storage has 
descriptive information appended to it that desig- 
nates its class, the type of data in its elements 
and its dimensionality. The allowed ranges for 
these designators has been made large so that new 
data types, new classes, etc. can be supported in 
later developments. Since no computational capa- 
bilities are contained in the storage package it 
is possible to extend the capabilities of Speak- 
easy entirely through additions to the operators . 
attached to the system. 

Individual operators in the Speakeasy system 
are designed to operate on objects defined in 
Named Storage and to produce new objects there. 
The overall structure of this system is very much 
like a conventional mathematical system with 
operators, operands and resultants. The domain 
of the operators is the space defined by Named 
Storage. It is this quasi-mathematical structure 
that has led to the ease of development of the 
overall system 
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In order to allow for coherent yet indepen- 
dent development of the processor and the librar- 
ies is necessary to provide an invariant inter- 
face between the two. The overall design of the 
interface between the Speakeasy processor and 
the libraries is of utmost importance. This 
interface must be flexible, qeneral and reasonably 

Note that the operator SOMEOP resides in a 
library and is.really entirely independent of the 
processor. Since all information is passed to it 
and only a resultant is expected from it, the 
operator can be programmed entirely separately 
from the processor; it can be tested and made 
operational without any modification of the 
Speakeasy system. 

concise. It is obviously also important that it This rather open-ended approach has obvious 
be possible to write the language extensions in a advantages. Since each operator is programmed 
high level language. For Speakeasy such an inter- independently there can be no subtle interactions 
face was orginally designed in a relatively between them. Since any number of linkule 
straightforward way with the intent of allowing libraries can be attached in any session it is 
user-written Fortran extensions to the language. possible for individuals or groups to have private 
The concept of the linkable module, i.e., a mod- libraries of operations. Users are therefore 
ular operator library that is accessed through the not dependent on the facilities available within 
dynamic LINK facility of the I.B.M. Operating . 

the standard system, but may augment the opera- 
System, proved both straightforward and sufficient- tions there or replace them by more powerful ones. 
ly powerful to enable us to construct an extensi- - - 

ble system of great power. More importantly, it There is no logical difference between a 
was psslble to document the means of extension system linkule and a private linkule. The trans- 
and to enlist tP.2 aid of others in providing fer of private operations into the system' is 
extensions into fields not originally planned. 

straightforward and only involves proper docmen- 
tation. It is the ease with which the system can 

Speakeasy statement processing is very acquire new operations (sometimes whole libraries 
straightforward. A user written statement is 

of operations) that accounts for the large and 
interpreted and calculations are carried out in 

diverse capabilities of the current version of 
an order corresponding to a standard mathematical . Speakeasy. 
hierarchy. Whenever a word is encountered an 
attempt is made first to find that name in the 
user-defined variables. If it cannot be locaked VI. A LINKULE EXAMPLE-CUDEROOT 

there, then a search of all the linkule libraries The Fortran silbroutine shown below is a 
that are attached to the system is made. If the slightly truncated version of a linkule in the 
word cannot be found as an operator defined in any standard library. (The truncation is only to 
of these libraries then an error message is issued avoid obscuring the structure of a linkule for 
and processj.ng continues with the next line of this discussion.) The argument list to the 
user input. linkule is the standard one for all linkules. It 

If the name corresponds to a member of one 
of the linkule libraries,then that operation is 
dynamically brought into the computer, a descrip- 
tion of the operands involved in this particular 
use of the operator is supplied through the inter- 
face and control is transferred to the linkule. 
'I'he linkule, modeled on a mathematical operator, 
defines its resultant in Named Storage and returns 
control to the Speakeasy processor. Once its task 
is complete the linkule is no longer part of the 
system and can be logically ignored. 

For exa~nple the following series of statements: 

would result in transfer of control to the lirikule 
SOMEOP with the statement that there were three 
arguments in the invocation; that the first argu- 
-7ent is a scalar number, that the second argument 
:s a 3 by 3 matrix and that the third aryu~nent is 
d 3 component array. The specific values of the 
elements of each of the argi~ments could also bc 
obtained. Hopefully, the operator SOblEOP.in turn 
would define an answer that could later be multi- 
plied by 2 and assigned the name T. The operator 
should represent some meaningful and useful 

represents the actual interface .between the pro- 
cessor and the linkule. All information about the 
actual invocation of this operation in the Speak- 
easy statement is conveyed through this argument 
list. (Additional auxiliary system functions 
for linkules are provided through special sub- 
routines that indirectly use this same argument 
list.) In the listing below only those arguments 
that play a role in the linkule are in capital 
letters. Since the interface is genera1,no link- 
ule is likely to use the complete argument. list. 
The arguments of importance for this particular 
linkule are: 

NOARGS 

LOC(1) 

KIND ( 1) 

KLASS ( 1) 

NROWS (1) 
NCOLS ( 1) 
ICLRES 

ANS 

the number of arguments appearing in the 
particular call to this linkule; 
the location in ALLOC of the first ele- 
ment in the first argument; 
the kind of the argument (2 is a REAL 
number). ; 
the class of the argument (matrix; array 
etc.) ; 
number of rows in the argument; 
number of columns in the argument; 
the subroutine call that defines a new 
object in the allocator; the functional 
value is the location of that object in 
ALLOC ; 
the name that is to be assigned to the 
results of the linkule. 
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FIJNCPJOI~ LINKf.(ANS, i l loc ,  NOARGS, icol,  i c o m ,  
i d o m ,  a c c .  

l a r g , v a l ,  i v a l ,  KIND, KLASS, NROt!S, NCOLS, n e l s ,  
~ L O C ,  A l , L X ,  I C L W S ,  iqucry, i f r e e ,  i q u r c s , a l i a s )  

I I 4 P L I C I T  N<AL*O !A-H ,O-Z) 
DIPENSION KII.lD(1) ,KWLSS ( 1 )  ,HROlPS (1) ,NCOLS ( 1 )  

l t o c ( l ) ,  A l , J X ( l )  
LINKUL=O 

C 
C CHECK FOR PROPER 1.IUI.USBR OF ARGUMEIITS. 
C 

IF(NOARGS.NE. 1 )  G o  '1'0 9 0 3 1  
C 
C CHECK THAT ARGUMENT I S  DEFINED. 
C 

I F ( K I N D ( 1 )  .EQ.O) W TO 9 0 0 2  
C 
C CHECK THAT ARGUMENT I S  REAL. 
C 

I F ( I h B S ( K I N D ( l ) ) . N E . Z )  GO TO 9 0 0 3  
C 
C DEFINE RESULTANT TO MOCK ARG ( 1 )  STIIUCTIIRE 
C 

50 LOCANS=ICLRES (ANS.2,KLnSS ( 1 )  ,IiROWS ( 1 )  ,li;OLS ( 1 )  ,u)c) 
C 
C PERFORM 0PERRTISI.I ON EACH ELEMENT OF ARGUMENT. 
C 

NELSl=NELS ( 1 )  
DO 100 N=l , ; IELSl  

loo ALW (LOCANS~N-~)=DCUBRT (ALLOC ( L O C ( ~ )  + ~ - 1 )  ) 
LINhWL=l 
RETURN 

C 
C 
C ERROR RETURNS 
C 
C 

C WRONG NUMBER O F  ARGUbIENTS 
9 0 0 1  CALL T E S S  ( ' S C U B E R W  IKIST HAVE 1 ARGUEIENT. $ ' ) 

m u m  
C ARGUIENT I S  NOT DEFINED. 

. 9 0 0 2  CALL T N E S ( A R G ( l ) , ' $ l S  NOT DEFINED.$ ' )  
JUZTUNJ 

C ARGUElENT I S  NOT REAL. 
soas c u r  T ~ S  (nnc ( 1 )  , S I W ~ T  BE REAL. $ I )  

RETURN 
END 

In the above routine, DCUBRT is a standard 
routine available in the Fortran library. It is 
designed to carry out the computation of the cube 
root of a scalar. This linkule is an interface 
to that routine and makes it availab1.e to Speak- 
easy. From the linkule writer's viewpoint this 
routine can be viewed as a standard Fortran 
function routine that is called by the'speakeasy 
processor when the word CUBEROOT is encountered. 
Error checking, error messages and array process- 
ing facilities are built into this linkule. The 

- linkule writer has the responsibility of seeing 
that checks are made to insure that the linkule 
is properly applied an? that appropriate error 
messages are issued. The functional value 
(LINKUL=~) is used to indicate whether or not the 
operation was successfully completed. 

The description of the linkule as given above 
is brief and incomplete. A complete description 
is given as a chapter in the Speakeasy Reference 
kIanual3. That the description th~re is adequate 
has been verified by the ability of numerous 
teople to construct language extensions with no 
.~ther information. . 

VII GROWTH1 BY ACCUMULATION 

That Speakeasy provides an environment for 
growth is clear. Users of the system create 
operations that are lacking in the overall system 
to meet their own needs. In addition, since an 
audience for these new features exists, they are 
usually anxious to make them available for use by 
others. The growth of the overall computational 
capabilities of the system is therefore, to a 
large extent, in the hands of the users of the 
system. The Speakeasy Center, at Argonne National 
Laboratory, now plays the role of'devel~~ment and 
maintenance center and at the same time acts as 
the distribution center for externally developed 
contributions. Several major packages are now 
contained within the Speakeasy system as part of 
its standard system libraries. 

For example EISPACK~ is a well documented, 
state of the art package of routines designed to 
carry out eigen-analysis on a wide variety of 
types of matrices. Speakeasy's words EIGEhVALUE 
and EIGENVECTOR are interfaces to that package. 
They provide the power of this advanced system 
directly to the users of Speakeasy. The interface 
automatically selects that path through the pack- 
age of routines that is appropriate for the matrix 
involved. The following few lines of Speakeasy 
illustrate this. 

T (A 3 BY 3 MATRIX) 

: - eigenvalues (t) 
EIGENvALUES(T) (A VECTOR WITH 3 COMPONENTS) 

-1.5066 -.057396 11.564 

: - x=matrix(3,3:1,2,5,6,3,6,2,6) 
: X - 

X (A 3 BY 3 MATRIX) 

1 2 5  
6 3 6  
2 6 0  

: eignevalues (x) - 
IN LINE " EIGENVALUES(X) ENTERED COMPLEX DOMAIN. 

: domain complex - 
: - retry 
: EIGENVALUES(X) (A VECTOR WITH 3 COMPONENTS) - 
-3.2471+1.6146i -3.2471-1.6146i 10.494 



-. ,, . John H. Reynolds of COMSAT Laboratories has 
pGvided users with one of the most powerful 
interactive graphics packages currently available. 
It is distributed as part of the standard system 
and continues to evolve in power with each new 
release. The examples below are produced by enter- 
ing just a few lines on a Tektronix terminal. 

: - graphics tek4012 
: - x=grid(O,lO) 
:_y=sin (x) *exp (-x/5) 
: - graph(y:x) 

produces the first curve and the axis labeling 

A complete econometric package has been added 
to Speakeasy at the Board of Govenors of the 
Eederal Reserve Board. Speakeasy was originally 
accepted by the economists at the Board because 
of its built in matrix algebra. When it became 
known that the power'of the system could be ex- 
tended to include access to locally produced data 
bases, then it was decided to enlarge Speakeasy's 
vocabulary to make it into an econometric 
language. A team of programmers undertook the 
development of a language extension referred to 
as FED EASY^ that contains operations of great 
interest to their own users. This library is also 
destributed as part of the Speakeasy system and 
is heavily used at many places. 

VIII. CURRENT STATUS OF THE SYSTEM 

Speakeasy i s  an operational comput'er system. 
It is currently in use in about 100 sites and has 
several thousand users. The audience consists of 
scientists, engineers, statisticians, economists 
and a gcncral stlrdarlh ppularibn. It is available 
for use under most I.B.M. Operating Systems. Pre- 
liminary translations to DE-2, UNIVAC and FUJITSU 
machines exist. Adaptations to other machines 
are currently underway. Although few operating 
systems have t h e  LINK feature described above, 
it has been possible to adapt the basic concept of 
a linkule to other systems and to obtain a logic- 
ally equivalent system. 

The growth of the Speakeasy audience now 
seems assured. There are now sufficient users of 
the system to justify the creation of special 
libraries of operations tailored to specific 
groups. The growth of libraries of routines such 
as FEDEASY should become more cormon in thc future. 
Since the power of the system rests in the com- 
pleteness of facilities available, this growth will 
in turn attract new sets of users. 

: addgraph (deriv(y :x) :x) - 
adds the second curve to the original display. 
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