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Dr. David A. Pope* 

On-Line Scientific Applications 

CONCEPTS OF ON-LINE COMPUTING 

ONE OF THE MOST INTERESTING recent develop­
ments in computing is the on-line concept of 
rapid interaction between the digital com­
puter and the user. This development has im­
mediate application in the area of scientific 
computing, particularly in those problems 
which might be characterized as research 
computations, rather than production comput­
ing. In the former type or problem, very often 
the specific algorithms to be used in the nu­
merical solution are unknown, and a major 
part of the problem is to find a reasonable set 
of such algorithms and to demonstrate that 
they do, indeed, work for the specific problem. 
In this effort, the possibility of a dialogue 
between the user and the computer presents 
some real advantages. 

An on-line computing system in this context 
might be characterized in the following way. 
Access to the computer should be immediate, 
at least on the user's time scale. In practice, 
this means a delay never exceeding a few 
seconds, and usually less than 0.1 second. The 
results of a computation should be available 
immediately, and in a form easy for a human 
user to comprehend. Finally, the program­
ming should be easily modifiable so that 
changes in the algorithms can be made quickly, 
on the basis of intermediate results. 

The computational requirements both for 
the problem being investigated and for the 
software package necessary to implement the 
on-line system mean that a digital computer 
of moderate to large size is involved in the 
system. This means that, for economic reasons, 

*Chief of Programming, UCLA Computing Facility 

most on-line computing systems will need to 
have the large central computer shared by 
several users; thus some kind of time sharing 
scheme must be provided which does not con­
flict with the immediate availability require­
ment above. Therefore we are led to· the con­
cept of a central computer provided with a 
number of time shared user consoles, each 
console provided with convenient input-output 
devices. 

THE CULLER-FRIED APPROACH 
TO ON-LINE COMPUTING 

One such approach is the on-line system 
developed by G. J. Culler and B. D. Friedl. In 
this system the user is provided with two type­
writer keyboards for input, and a storage CRT 
for output. The data is presented to the user 
and computed functionally. That is, the basic 
unit which the user manipulates is a single 
real or complex valued function, which is rep­
resented in the computer by a pair of vectors 
of up to 125 points each. The output CRT dis­
plays a pair of vectors as a set of point pairs 
(Xj, Yj), j=l, 2, ... 125, with the adjacent 
points (Xj, Yj) and (Xj+b Yj+l) connected 
by a straight line. This gives the appearance 
on the CRT of a smooth curve, which may be 
interpreted as a real valued function, or as a 
curve in the complex plane. One typewriter 
keyboard is used for the designation of storage 
addresses, each address being given by a 
number and a letter, such as lA, 3F, etc. This 
keyboard is also used for typing alphanumeric 
information on the display CRT. 

The other keyboard is used to designate 
operations on the functions. On the basic 
levels, the computer can be operated as a glori-



fied desk calculator. The arithmetic operations 
add, subtract, multiply and divide are supple­
mented by the commoner mathematical func­
tions such as square root, sine, cosine, log­
arithm, exponential, forward difference, and 
sum. Each operation key, when depressed, 
initiates a subroutine in the computer which 
performs the operation on the entire function. 
To supplement these, there are also operations 
to load and store functions, and to display one 
or more functions on the CRT. Thus the user 
can manipulate functions, displaying the re­
sults instantly whenever a display is wanted. 
As an example of this, we may take the gen­
eration and display of the function 

x 2/ y = e- /2' 

for -1 ~ x ~ + 1. The operation keys to be 
depressed would be: J -generate, square, divide, 
-2, exponential, store, 1, E, display, 1, A. The 
J-generate is an operation which generates the 
standard linear function y=x, for 
-1 ~ x ~ + 1. This function is then squared, 
divided by the constant function -2 (entered 
by numerical keys on the operation keyboard), 
exponentiated, stored in location IE, and then 
displayed on the CRT. 

However, this system would be of limite? 
usefulness without some method of convenI­
ently building up more complex algorithms 
from the simple ones provided. This is done by 
using the concept of console programming. A 
special program key is provided which, when 
depressed, puts the computer in a program 
writing mode. While it is in this mode, a list 
is formed of any keys depressed, and this list 
is assigned to a chosen vacant key. Thereafter, 
whenever the chosen key is pushed, the com­
puter automatically pushes the entire list of 
h:eys which was assigned to it. Furthermore, 
one key on the list may itself be a programmed 
key and call on a sublist of operations. This 
is done, of course, by automatically providing 
appropriate linkages between the basic sub­
routines. 

Thus, by nesting subprograms, a singl~ key 
may be constructed to perform an algorIthm 
of almost any complexity, involving perhaps 
thousands of operations. In this way, the full 
power of the digital computer can be utilized, 
and yet controlled and monitored in detail by 
the user. This idea also simplifies the modifi­
cation of programs by the user, since any pro­
grammed key, being a subroutine, can be 
changed without modifying the program of 

which it is a part, and without influencing 
programmed keys which went to make it up. 
In this way, a user can explore his problem, 
making up and discarding programs, while 
watching the results of his computation on 
the CRT. A computing algorithm will thus 
evolve which will solve his problem, or else 
perhaps enough will have been learned about 
his behavior so that it can be reformulated 
and a fresh attempt made. 

EXISTING CULLER-FRIED 
ON-LINE SYSTEMS 

The Culler-Fried system, as described above, 
was first developed at the TRW Canoga Park 
facility, and a two station prototype system is 
now there, using one RW 400 computer for 
each console, with no time sharing. An ad­
vanced model is currently being delivered to 
TRW jSTL in Redondo Beach, which will have 
four consoles, time sharing one RW 340 com­
puter. Also a Culler-Fried system similar to 
the prototype system is being developed at the 
UCLA Computing Facility, which uses the 
IBM 7094. At present the UCLA system has 
one console and ties up the 7094 completely, 
but in a few months it is planned that the 
Culler-Fried system, along with other on-line 
systems such as the PAT language will share 
the 7094 memory together with standby 7094 
problems, and the on-line computation will be 
done on an interrupt basis, but without the 
necessity of exchanging memory. 

KINDS OF PROBLEMS AMENABLE TO 
THE CULLER-FRIED APPROACH 

Various problems have been tried on the 
prototype system in Canoga Park for approxi­
mately two years. The problems for which this 
computing system is particularly suited may 
be characterized as "fixed point" problems in 
a function space. That is, a function f is 
thought of as an element or "point" in a set of 
functions, or function space. There is, in this 
type of problem, an operator T on the space, 
which maps the function space into itself, and 
the problem is to find a function f which is 
"fixed" under T; that is, f satisfies the equa­
tion T [fJ =f. A simple example of this kind of 
problem is the solution of an ordinary differen­
tial equation y'=f(x, y) with initial condition 
y(a) =b. If this is written in integral form, 

we have IX 
y (x)=b + a f (t, y (t» d t 
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We identify the integral operator T as 

T[YJ=b+lxf (t,y (t» dt 

and we have the problem expressed in the 
fixed point form T [y] = y. The Picard iteration 
for the solution can then be written 

Yn+1 =T[Yn]' 

yielding successive guesses Y b Y 2, • • • from 
an initial guess yo. Other problems with essen­
tially this same structure are found in partial 
differential equations, calculus of' variations, 
integral equations, control theory, and other 
mathematical and physical problem areas. 

Given such a formulation of a problem, the 
problem analyst uses his experience to set 
up algorithms for solving the fixed point prob­
lem, usually with some iterative scheme. It 
becomes immediately apparent during the 
computation whether or not the algorithm is 

converging and, if it is not, just where the 
difficulty lies. This information is then used 
by the analyst to revise the algorithm and try 
again. In practice it is found that a great deal 
of insight into his problem can be obtained by 
a skilled user. 

One of the most significant advantages of 
this type of on-line system, in fact, seems to 
be that the human user of the computer does 
not need to be a computer expert, or indeed to 
know very much about computers. What he 
does need to know is that area of mathematics 
and numerical analysis which is involved in 
his problem. The role of the computer is to do 
the tedious work, including the tedious pro­
gramming bookkeeping, and free the problem 
originator to think about his problem. 

REFERENCE 
lG. J. Culler, B. D. Fried, and D. A. Pope "The TRW 
Two-Station, On-Line Scientific Computer", TRW / 
STL Physical Research Division Report 8587-6002-
RU-OOO, Vols. II, III, IV, July 1964. 



Dr. R. B. Talmadge* 

Structuring Compilers 
for On-Line Systems 

INTRODUCTION 

RECENTLY a number of systemst have been 
produced for on-line operation of a computer 
job shop which have aimed at improving user 
productivity by allowing continuous man­
machine interaction, while at the same time 
preserving compatibility with previous sys­
tems. Most of these have employed modified 
versions of compilers written for a batch 
processing environment. As might be ex­
pected, the internal techniques used for 
handling multiple input strings, especially re­
source sharing techniques such as multipro­
gramming and program commutation (time 
sharing), conflict with the single string orien­
tation of the original implementation. In par­
ticular, the program segments themselves, and 
the intermediate data retained, are much too 
large; so that system response is degraded 
because of wasted blocks of core and excessive 
swap times. 

Most of the proposed remedies, such as in­
core compilers, and the use of read-only code, 
while salutary, apply equally well to any pro­
gram operating within that envoronment. The 
oquestion naturally arises as to whether dis­
tinctly different principles of organization, as 
contrasted to techniques of mechanization are , 
desirable. This in turn leads to consideration 
of the compiler as a system component, to its 
role in the relation between system and user, 
and to the question of how much compiler 
design is influenced by the process one wishes 

tThree well-known examples are discussed in refer­
ences 1, 5 and 8. 

to optimize (in whatever sense that word is 
being used). 

I t is the purpose of this paper to suggest 
that a critical examination of the overall 
objective of the compilation process leads to 
an organization founded on the requirements 
of providing optimal user! system interaction; 
that this structure is, to a large extent, inde­
pendent of internal techniques; and that past 
experience will therefore prove a valuable 
guide to future development. 

USER/SYSTEM INTERACTION 
The basic starting point in this exploration 

is the functional relationship between user 
and system. This is outlined in Figure 1, which 
illustrates the paths of information flow and , 
the functions involved. For the system, these 
functions are compilation and execution; for 
the user, formulation, mod1:fication, and check­
out. Interaction then occurs in the following 
way. 
1. The user's original formulation of his prob­

lem in some source language, or combina­
tion of source languages, is entered into the 
system through the compiler. 

2. At some point in the course of the compila­
tion, misuse of the language is detected. 
Information is returned to the user which 
causes him to modify the original formu­
lation. 

3. When the modified formulation seems sat­
isfactory to both user and system, the prob-

* Manager, Experimental Systems Group, Los Angeles 
System R&D Department, IBM. 
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USER/SYSTEM INTERACTION 

lem proceeds to execution. As a result, in­
formation is generated which leads the user 
to produce further modifications, and 
statements intended to help check out the 
program. 

4. Eventually (it is hoped) execution is suc­
cessful, and the program is considered op­
erational. 
It is important to realize that this process 

is essentially the same irrespective of the 
number and timing of the interactions, and 
the rate of information flow in the data paths. 
The picture is not affected, for example, 
whether or not compilation proceeds to a 
nominal end before messages are conveyed to 
the user, or whether execution is interruptable 
immediately upon the occurrence of some 
unforeseen condition. Thus, although an opti­
mal system involves some compromise between 
minimizing the number of iterations of the 
process, the time per iteration, and the cost of 

the equipment, there is firm reason to believe 
that certain structural principles remain in­
variant to any adjustment. 

This discussion, of course, covers only a 
portion of the actual system. To the user, 
however, it is the most important part; indeed, 
it is virtually the only part. For the term 
compilation, as used here, represents the 
entire program preparation activity. So that 
a compiler is a system processor, primarily a 
language processor, whose function is to turn 
the user prepared formulation of his problem 
into a form suitable for use within the hard­
ware-software complex. This is an enlarge­
ment, perhaps, of the traditional notion of 
compiler, but it is pertinent to the course of 
the discussion. As a complement to this, the 
term execution is used to represent the carry­
ing out of the intent of the formulation; that 
is, the actual performance of the stated algo­
rithms. 



Thus the interface between compilation and 
user is fixed, as determined by external con .. 
siderations; the interface between compilation 
and execution is variable. As will be seen later, 
adjustment of this interface can be used to 
improve the overall operating efficiency. To 
see how this is possible, to get an idea of the 
minimum point to which compilation should 
go and the maximum beyond which it should 
not proceed, it is necessary to make a closer 
examination of the user functions (Figure 1)' 

Formulation. Although the mechanics of formu­
lation may be rather complicated, interface 
with the system reduces to expressing the 
problem in processing languages. For this dis­
cussion interest centers not in the details of 
a particular language, but in characteristics 
observable of programming language usage in 
general. The important point is that the num­
ber of problem oriented languages in use today 
is large, and the number of dialects within 
these languages is even larger. This trend is 
not likely to be reversed however much one 
might wish to the contrary. Linguistic expres­
sion is rather personal, so that users tend to 
specialize in forms which suit their tempera­
ment as well as their particular class of prob­
lems. Furthermore, even if one were to pro­
duce a language capable of expressing all data 
processing activity, balkanization would occur; 
not especially out of pertinacity, but because 
user efficiency is enhanced by languages which 
permit simple and clear expressions of the 
problem. Therefore, it is really the responsi­
bility of the compiling portion of the system 
to handle a variety of languages; and to do so 
in such a way as to permit easy intercourse 
between them. 

At the same time, it remains a fact that 
processing requirements are much the same 
for large classes of problems. Hence, under­
neath their obvious differences, problem ori­
ented languages fall naturally into families 
whose members express virtually the same 
functional capability. An outstanding example 
of this is that class whose most well known 
members are FORTRAN, COBOL, and AL­
GOL. 

Modification. There are two ways that modifi­
cations to existing programs are done in 
current systems, depending upon the facilities 
provided, and the preference of the individual 
user. First, changes may be expressed in mod­
ification units which are independent of the 

content of the program. A common method, 
for example, is the ALTER mechanism for 
replacement, insertion, or deletion in card 
record files. Second, changes may be expressed 
in terms of the content of the program.; that 
is, in units depending upon the formal syntax 
of the source language. For instance, a par­
ticular symbol in the program might be re­
placed, or a string of characters inserted at 
some arbitrary point. For maximum use and 
flexibility, the compiler must find a simple 
way of reconciling these two distinct types of 
procedure. 

Checkout. Checkout embraces all activity re­
quired to obtain a correct program statement, 
from detection of misuse of the language to 
debugging the logic of the problem. The 
former is clearly the province of the compiler. 
As for the latter there are two points of view. 
Some users regard debugging as a general 
problem which should be handled in a general 
way. If this principle is adopted, it leads to 
the formulation of a separate debugging lan­
guage, and so to another language responsi­
bility for the compiler. On the other hand, 
some prefer to use statements in the original 
source language; and hence to use one of the 
two modification methods to insert the debug­
ging requests. In either case, the volatile 
nature of these changes requires that they be 
inserted at a point which is effectively beyond 
the permanent information retained by the 
system. 

Most important, however, is that changes, 
whether permanent modifications or tempo­
rary debugging statements, should be on an 
incremental basis; that is, should not require 
the entire resubmittal of the program. Reduc­
tion in the amount of superfluous data trans­
mitted between elements of the complex is 
the biggest single factor in obtaining superior 
performance from both user and system. 

FIRST PHASE OF COMPILATION 
These considerations, which obviously apply 

to any system, lead naturally to the expecta­
tion that the convergence of function for a 
related family of languages can be profitably 
paralleled by a similar convergence in the 
compilation process; and hence, that the first 
phase of compilation should be the production 
of a standard program representation, free of 
external irregularities, and permitting easy 
incremental modification. This is, in fact, the 
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FIRST PHASE OF COMPILATION (Family of Languages) 

method adopted in most recent compilers~ It 
results in a functional organization like that 
illustrated in Figure 2. 

1. The source languages of the family are 
treated by individual conversion processors 
to produce a primary (internal) represen­
tation of the program. 

2. Errors detected by these processors are 
sent to the user by whatever means are 
natural for the system. In an off-line sys­
tem, for example, they would be collected 
and dispatched as a group. In an on-line 
system, with the user at a responsive input 
device, they would be sent immediately, as 
individual messages leading to possible in­
tervention. 

3. In either case, the resulting modifications 
are handled by a modification processor 
which replaces individual statements in the 
primary representation. 

*Such as 7090/94 IBCBC (IBM), 1107 FORTRAN 
(Computer Sciences Corporation), and QUIKTRAN 
(IBM). For an excellent discussion of the primary 
representation used in the last of these, see refer­
ence 4. 

4. Similarly, debugging statements which the 
user generates as a result of execution are 
passed through the debugging processor. 

Of course, the modifications and debugging 
processors, which are shown in the diagram 
as separate from the conversion processors 
because they represent separate functions, 
would, in practice, be entirely absorbed in 
them. 

As for the conversion processors them­
selves, their functional capability is delimited 
by the properties and information desirable 
in the primary representation. Some of these 
can be fairly clearly established at this time. 
First, since the representation is to be free of 
language errors, conversion must, at least, ac­
complish a complete lexical and syntactical 
analysis of the program. Second, as the repre­
sentation contains all the symbolic informa­
tion of the original, and serves as the basis for 
modifications, it must contain explicit markers 
for modification units and be structured so as 
to facilitate these changes. This puts an upper 
limit to the amount of processing which can 
be done in conversion. For, since even the 
simplest external change can have profound 
effects on the meaning of a program, it is ex-



ceedingly wasteful to attempt any instruction 
generation, or even to make tentative attempts 
at optimizing execution efficiency. At the same 
time, good practice dictates that as much in­
formation as will be useful should be col­
lected from the program string as it is con­
verted, and placed in a form most suitable for 
later processing. Hence the representation will 
consist of, and the conversion processors must 
produce, some combination of lists tables and , 
formal expressions which display the explicit 
structure of the program (particularly loops 
and transfers), the usage of symbols, and the 
characteristics of the data; and facilitate the 
functions of optimization, instruction genera­
tion, and (as will be seen) direct execution. 
Of the many advantages of this organization, 
the following are probably the most note­
worthy. 

1. Production of the primary representation 
effectively isolates the external world from 
the interior of the complex. This makes a 
substantial part of the system immune to 
language changes, emendations, and ad­
ditions. It also permits the introduction of 
a new language into the family by simply 
constructing another conversion processor, 
most of whose pieces are already available. 

2. Retention of the primary representation 
within the system as the permanent sym­
bolic form of the user's program permits 
additional useful services to be supplied, 
as well as providing the user with the oper­
ational convenience of handling small vol­
umes of data. Special system processors 
can be easily designed to exploit the precise, 
explicit information available. A natural 
one, for example, would be a flow charting 
program. 

3. Data flow is, of course, drastically reduced. 
Further efficiency is obtained because re­
compilation starts from an advanced base: 
an appreciable fraction of the work of 
compilation is expended in the data gather­
ing and syntactic analysis of conversion. 
This, in effect, gives a specific meaning to 
the somewhat loose term incremental com­
piling (and probably the only sensible one). 

There are thus persuasive reasons dictated , 
by general considerations of user convenience 
and overall efficiency, for adhering to the 
structure so far described. It is, therefore, of 
some interest to turn to the systems functions 
to see if these reasons are reinforced· and if , , 

so, to determine how much can be deduced 
about the structure of the rest of the compiler. 

DIRECT EXECUTION 
With the basic statements of the program 

resident in the system in internal form the , 
next step is to consider the boundary separat­
ing compilation and execution. The primary 
factor influencing adjustment of this bound­
ary is the desire to attain a favorable resolu­
tion of the inevitable conflict between service 
to the individual user and service to an entire 
group of users. Here, for the first time, a dis­
tinct difference becomes apparent between an 
off-line system and a responsive on-line 
system. 

In the latter case, there are a substantial 
number of programs for which the overall 
efficiency will be markedly improved by direct 
(interpretive) execution from the primary in­
ternal representation. This arises for the fol­
lowing reasons: 
1. There are a number of jobs in any instal­

lation which are processed repeatedly by 
the compiler, and (partially) executed 
many times solely for the purpose of exe­
cuting correctly once. Examples abound, 
but the most obvious ones are student prob­
lems at universities, and the desk calcu­
lator type so common in the open shop 
installations of the aerospace industry. On­
line systems are, of course, aimed directly 
at this class of personal computing:'< Direct 
execution can significantly reduce the total 
effort by bypassing much work that is ordi­
narily wasted in compiling, re-compiling, 
and executing incorrect instructions. For 
in this mode of operation, the immediate 
availability of debugging information, in 
fact the absolute necessity of supplying 
error information which the user could not 
have anticipated he would need, together . 
with his presence on-line, cuts short the 
execution of most unwanted sequences. 

2. One of the touted advantages of an on-line 
system is the use of the computer as an 
intelligence amplifier. In this form of oper­
ation the user designs his program as he 
goes along, presumably building on the re­
sults of previous (partial) executions to 
decide what to do next. Direct execution 
supplies a convenient, readily available tool 

*To use the apt classification of R. L. Patrick7• 
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for conversational interaction between pro­
gram and user. Furthermore, even though 
such programs are undebugged almost all 
the time, the interpreter is in full control 
and so supplies automatic protection for 
other programs concurrent in the system. 
Errors which occur result in messages to 
the individual user without requiring sys­
tem interruption. The resultant reduction 
in overhead tends to improve overall effi­
ciency and maintain satisfactory response 
times. 
N one of this applies to a batch processing 

system because the real advantages of the 
direct method (which still exist) are nullified 
by the temporal length of the communication 
paths, and the right granted every program 
to exclusive use of the machine. 

Nevertheless, however well suited direct 
execution is for some problems, there are 
others, more numerous in most installations, 
for which the necessity of repeated high level 
interpretation is a serious drawback. Even 
the least experienced user can, and will, write 
programs for which this would become a 
problem for him: programs, for example, with 
loops traversed many times, programs which 
once checked out are to be used repeatedly; or 
programs so large as to overstep reasonable 
limits for interpretation. 

These considerations are reflected in current 
responsive on-line systems, which exhibit a 
complete dichotomy of attitude. On the one 
hand, systems which encourage the user to 
build his programs on a piecemeal basis are 
dedicated to a particular language and are 
fully interpretive. * On the other hand, com­
patible systems provide for interpretation only 
as a user program, thereby severing any 
direct connection between this mode of oper­
ation and the system processors. The result 
is an appreciable drop in effectiveness, and 
hence an overall diminution of system utility. 
Therefore a system which is to be seriously 
regarded as general purpose must find a way 
to integrate both modes easily into a common 
framework. 

Figure 3 illustrates how this can be done. 
Starting from the primary representation, 
processing follows one of two paths: either 
to direct execution, or to compilation in the 

*Of these, JOSS9 and QUIKTRAN3 are perhaps 
best known. 

more traditional sense. The decision as to 
which path to follow might be left entirely 
to the user. More likely the total interest 
would be better served by having system con­
trol make the choice subject to general rules 
laid down by installation management. A 
simple rule, for example, which would serve 
many installations well, would be to go to 
direct execution with (pieces of) programs 
which are yet undebugged. More sophisticated 
rules depend upon how much the installation 
is willing to acknowledge direct execution as 
an important option in any well designed on­
line system. 

An interesting observation on this point is 
that since many currently announced compu­
ters use read only memory for control and 
instruction interpretation, a little care in the 
design of the primary representation would 
make it possible to do most, perhaps all, of 
the interpretation in the hardware. This is 
tantamount to direct execution of a symbolic 
program (hence the choice of a name), a sub­
ject of some interest today6). The gain in 
efficiency would greatly enlarge the class of 
programs for which direct execution is a dis­
tinct advantage. 

SECOND PHASE OF COMPILATION 
If the choice is to proceed to hardware exe­

cution, the second phase of compilation is 
entered. The object of this phase is to convert 
the primary representation to program text 
which is the interface to system execution 
control, and hence to execution proper. Pro­
duction of this text, the analogue of the relo­
eatable code used in most current systems, is 
carried out in the following manner, by a 
process which separates naturally into the 
functions of optimization, instruction genera­
tion, and ,assembly (see Figure 31. 

Optimization. The first step is to apply an opti­
mization procedure to the primary represen­
tation, in order to improve the execution 
performance of the program. This involves 
such activities as flow analysis; noting where 
auxiliary calculations may be better per­
formed, and where they may be suppressed; 
analysis of loop structure to determine posi­
tional indicator usage, common expression 
pre-calculation, and the possibility of loop col­
lapse; all of which are done now in most 
compilers, though not, perhaps, at quite the 
same place. That this is the proper place for 
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such action is not hard to justify. It must 
occur following all modifications, since it is 
meaningless to optimize without knowledge of 
the entire context of the program; and it 
should precede any instruction generation, 
since preventive measures are always better 
than remedial ones. 

There is a further advantage in that it per­
mits the easy mechanization of considerable 
latitude in the amount and type of optimiza­
tion applied to any given program. A user, 
for example, might choose to skip all, or part, 
of the procedure if he has good reason to 
believe it will not notably improve his pro­
gram. In this connection, the box marked 
"(weak) optimization" in Figure 3 merely 
signifies that some type of gross optimization, 
for example the loop collapsing analysis, 
might well be useful prior to direct execution. 

It should also be noticed that this step com­
pletes the catalogue of information desirable 
in the primary representation, and so serves 
in implementation for the final determination 
of the functions undertaken by the conver­
sion processors. 

Instruction Generation. The function of instruc­
tion generators is to interpret statements 
within the (optimized) context of the pro­
gram, and the hardware to be used for execu­
tion, to decide which instructions are to be 
used. At this stage, the verbs of most proce­
dural languages can be handled by autono­
mous processors. Within these processors most 
remaining decisions can be made by selecting 
one of several pre-planned possibilities, ac­
cording to the descriptions of operands within 
the scope of individual operators. For exam­
ple, if the expression A + B is to be calculated, 
the addition generator would examine the 
data descriptions of A and B: if they were 
floating point numbers, a simple floating addi­
tion sequence would be used; if fixed point, 
some preliminary scaling Il1ight be required, 
as well as the use of fixed point hardware 
operations. Thus the organization favors a 
high degree of modularity in the compiler; it 
also localizes treatment of most changes in the 
interpretation of a statement to an easily 
accessible place. 

It must be clearly understood that the gen-
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erators, in spite of their name, are confined 
to making decisions about what instructions 
to use, but do not themselves act to issue the 
instructions. This takes on added significance 
in view of the fact that these decisions are 
the same as those made in the implementation 
of direct execution, for it means that the same 
routines can serve this function in both paths 
of the compilation process. 

First Assembly is the name given to a small set 
of routines which operate concurrently with 
instruction generation to implement the deci­
sions made by the generators. Hence, the main 
functions undertaken by these routines are to 
substitute particular instances of operands 
into lists of instruction forms, to (logically) 
separate and count the independent streams 
of instructions, and to record usages of sym­
bols which will result in interprogram refer­
ences. In this effort considerable use is made 
of advanced assembly techniques such as mul­
tiple location counters and deferred symbol 
definition. First assembly, however, should 
not be confused with the first pass of a typical 
assembler, most of whose work is expended in 
conversion. 

In the direct mode this function is replaced 
by execution. More precisely, first assembly is 
supplanted by a routine which carries out, or 
attempts to carry out, the intent of the in­
structions produced after the operand substi­
tutions are made. 

Final Assembly embraces preparation of the 
form required by execution control; and, per­
haps, production of supplementary informa­
tion for the user (such as a listing). Little can 
be said about the implementation of either of 
these functions since the processing is very 
much dependent on the form adopted for the 
program text, and the sophistication of the 
techniques used to take advantage of the 
available hardware. It should be noted, though, 
that the supplementary information, so com­
mon in off-line systems, is of no practical 
utility to an on-line user and might well be 
eliminated. 

RELATION TO ON-LINE SYSTEMS 
The organization thus described embraces 

all the functions assigned to the compilation 
process, so that the picture of compiler struc­
ture is essentially complete. Furthermore, the 
discussion has emphasized that the consider­
ations used in developing this picture apply 

to most systems, being based on overall opti­
mization of the user/system relation. But in 
actual practice the compiler must operate, and 
produce code which operates, consistently well 
within the internal conventions and tech­
niques of a particular environment. There­
fore, to verify that the description is sound, 
that the structure is not just suitable but 
desirable, it is necessary to consider require­
ments which are peculiar to dynamic environ­
ments, particularly on-line systems. 

The salient feature of such systems is that 
they attempt to amplify the effective com­
puting power of the hardware by the use of 
techniques which permit mUltiple concurrent 
users. Multiprogramming and multiprocess­
ing, for example, exploit the possibilities of 
parallelism, while time sharing exploits the 
disparity in human and computer speeds. 
Much of the advantage gained by these tech­
niques would be dissipated without effective 
resource allocation and minimization of sys­
tem overhead. Segmentation of programs into 
fairly small pieces is by far the most signifi­
cant factor in this effort, on both counts. 
First, it improves core utilization by reducing 
the occurrence of unused blocks. Second, it 
reduces system overhead because the presence 
of pieces of many programs in core at the 
same time has a double effect in diminishing 
the number of words swapped between core 
and backup storage. 

Now, it has already been observed that the 
organization presented is favorable to frag­
mentation of the compiler itself. Moreover, 
the functional division simplifies use of tech­
niques for dynamic reduction of the operating 
size. For example, the independence of indi­
vidual instruction generators permits imple­
mentation in which only those generators 
actually in use by any program need be 
brought into core, where they can remain un­
til not needed. Further improvement can be 
obtained by designing the primary represen­
tation to separate the global information from 
the local, which reduces the· amount of data 
that has to be swapped in compilation; and by 
limiting the size of any segment which is com­
piled down to program text, thus limiting the 
space needed for such data. 

Limitation of the size of segments is a tech­
nique practiced in many current systems. Its 
success depends upon having an execution 
control which can readily build, and efficiently 



operate, a program composed of smaller seg­
ments. In attempting to do this for on-line 
systems, there is much to be learned from 
software solutions already in use. That sub­
j ect, however, would need a lengthy discourse 
to do it justice. In this discussion, it is pos­
sible only to touch briefly upon a few topics 
of general interest. 

First of all, program segmentation has its 
darker side. It increases the core management 
problem because of the appearance of frag­
ments: small pieces left over in allocation 
which must somehow be collected into useful 
sizes. Similarly, program protection is more 
difficult, for occasions arise when non-contig­
uous segments of the same program must 
reside in core simUltaneously. The difficulties 
of interprogram communicatipn are also mag­
nified: the smaller the pieces, the more likely 
references will be external to a given segment. 
The first two of these problems occur only in 
dynamic systems, while the last has been 
around for some time. In attacking it, current 
systems have developed program text and 
loading techniques which could be quite useful 
if properly converted to a dynamic environ­
ment. 

In those systems, program text consists of 
instruction strings in which the addresses are 
supplemented by relocation bits whose normal 
function is to indicate whether the address 
is constant or relative. For interprogram ref­
erences, however, the encoding refers toa 
dictionary in which enough symbolic infor­
mation is retained to identify the desired ref­
erence. It is the function of that portion of 
execution control called the loader to combine 
various segments into a single operating pro­
gram, as desired by the user. In this process, 
the text is translated to specific core locations 
by interpretation of the relocation bits in con­
junction with the combined dictionaries. In 
addition, for programs too large to fit into 
core, the user indicates how the program is 
to be prepared for retrieval of specified parts, 
(called overlays) by execution control. 

N ow in on-line systems this pre-planned 
retrieval and pre-calculated translation is 
better· done dynamically. Not only would this 
improve efficiency by fetching only those por­
tions of a program actually needed during a 
particular execution, but also it would provide 
relief from the fragmentation problem by 
severing the ties to specific locations. But 

implementation of such dynamic control en­
tirely by software involves considerable over­
head during swaps, and in execution, so that 
some hardware assistance is required. Two 
approaches are currently in vogue. First, 
there are page schemes in which segmentation 
and retrieval are tied to core blocks of hard­
ware determined size and location. Second, 
there are address translation schemes in 
which the illusion of a contiguous program is 
obtained by comparing all effective addresses 
generated during execution with a translation 
dictionary to obtain a true address. Again 
the page concept is in evidence, since the 
translation shifts the low order bits of the 
address. 

Neither of these methods really eliminates 
much pre-planned effort on the part of the 
user or the system. Therefore it is surprising 
that there have been no serious attempts to 
embed the loading function into the hard­
ware; that is, to design the CPU to execute 
program text directly, relocation bits, diction­
ary, and all. Such an approach, which requires 
no more hardware than others proposeo, has 
several distinct advantages. 

1. It is quite conservative of space. The relo­
cation bits can be absorbed into the address 
without any practical limitation on seg­
ment size. Furthermore, the dictionary is 
only as large as required by the given 
program. 

2. It is efficient in execution. Address com­
parison occurs only for instructions which 
specifically request it. 

3. Segmentation is performed according to 
the natural division of the user. The elimi­
nation of artificial fences in core relieves 
system processors, for one, of the problem 
of adjusting recalcitrant segments to pre­
specified block sizes2 • 

4. Apart from the dictionary, the programs 
are absolutely location independent. If read 
only code is used, very little additional soft­
ware is needed to implement a scheme in 
which segments of operating programs are 
swapped in, but need never be swapped 
out. 

S. Flags in the dictionary can be used to pro­
vide program protection on an individual 
basis, not tied to any particular core loca­
tions, and for any number of independent 
programs. Similarly, dictionary flags can 
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be used to trigger a segment retrieval 
mechanism. 
For these reasons, design of a program text 

in conjunction with hardware merits serious 
consideration. In this design, it is, of course, 
desirable to make use of negative as well as 
positive information gained from. previous 
software experience. For example, the pro­
gram text of several current systems, contains 
a dictionary for debugging as well as a dic­
tionary for interprogram reference. Because 
of the reduction in symbolic content, and be­
c~use the nature of undebugged programs is 
such that one cannot anticipate what infor­
mation will be needed, or when it should be 
obtained, considerable skill is required of the 
user to keep this dictionary of manageable 
size and still have it fulfill its purpose. More­
over, loading is complicated by having to 
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SOURCE 
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.. 

undertake the additional functions of inter­
pretation and insertion of debugging requests 
into the program prior to execution. It is oper-

. ationally superior in all respects to eliminate 
the debugging dictionary and rely upon inser­
tion of requests into the primary represen­
tation. 

Objection might be raised that this is not 
suitable for code produced by assemblers. 
Such, however, is not the case. With the 
previous discussion as background, it is not 
difficult to quickly arrive at the functional 
organization of a processor for an assembly 
language family. Figure 4, for example, shows 
the plan of a macro assembler which would 
take source language through conversion and 
first assembly to a primary representation, 
and from there through final assembly to pro­
gram text identical in form to that produced 
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by any other . system language processor. The 
primary representation, which is naturally 
quite different from that of a problem ori­
ented language family, again serves as the 
resident symbolic form of the program, and 
as the point for incremental modifications. A 
significant feature of~ this structure is that 
instruction generation and first assembly oc­
cur prior to output of the preliminary repre­
sentation. Hence the processing time from it 
to program text is substantially less than that 
of other families. Thus, user convenience, uni­
formity of procedure, and overall operating 
efficiency combine to form a powerful induce­
ment for a return to completely symbolic 
debugging. 

SUMMARY 
But to pursue these ideas farther would 

necessitate a depth of detail far beyond the 
scope of this paper. So, in conclusion, it is 
perhaps in order to summarize the main 
points of this discussion. First, consideration 
of the basic relationship between user and 
system, of the existence of many languages 
and the need for incremental changes, leads 
to a compiler whose first phase is dedicated 
to the production of a primary, internal, 
representation intended for residence in the 
system. This step is independent of any inter­
nal considerations. Second, because of rapid 
intercommunications, on-line systems are par­
ticularly suitable for direct, interpretative, 
program execution. The primary representa­
tion then provi<les a means of unifying two 

distinct modes, interpretation. and conven­
tional compilation, at the same operational 
level. Third, a functional organization for the 
second phase of compilation based on current 
practice fits nicely with the special require­
ments of the internal dynamics of on-line sys­
tems. Finally, past experience indicates how 
compiler output might be designed, in con­
junction with hardware, to alleviate some of 
the problems of segmentation, core allocation, 
and program protection. 
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John H. Morrissey* 

The Quiktran System 

INTRODUCTION 

SYSTEMS involving access to a central com­
puter by geographically distant users have 
been employed experimentally since the very 
earliest application of computers themselves1• 

During the early 1950's, these systems were 
commonly oriented towards the substitution of 
data transmission for the physical transporta­
tion of the user or his data between remote 
locations and a central computer site. This en­
abled some people to gain computer access and 
provided others with increased convenience 
and improved job turn-around times. 

During the second half of the last decade, 
military command and control systems (e.g. 
SAGE) involving concurrent access to a large 
computer from numerous consoles, provided 
a first indication of the potential advantage 
of coupling man and machine in processing 
complex problems. 

These early military systems stimulated the 
commerci~l application of the man-machine 
concept in the airline, brokerage, and banking 
industries. These systems are often character­
ized by special purpose equipment and tailored 
software which are oriented towards a specific 
commercial application with emphasis on the 
maintenance and retrieval of data files. 

At the present time such customized tele­
processing systems are being generalized as 
general purpose equipment and comprehensive 
on-line operating systems which are oriented 
towards a wide spectrum of scientific applica­
tions with emphasis on both the processing of 
programs and manipUlation of data files. 

*Il3M System Research and Development Department 

SYSTEM CONCEPTS 

There are several feasible system approaches 
to provide remote scientists and engineers 
with many of the computing services long 
available to users located close to a digital 
computer installation. 

Batch Processing 

One is to envision the remote terminals as 
merely another type of 110 device. The 
simplest form of this approach is to limit 
these terminals to operating system input! 
output (e.g. SYSIN and SYSOUT) and ex­
clude their assignment to user problem pro­
grams. Programs, data, and associated control 
information are entered and stored awaiting 
computer availability. This can be scheduled 
in several ways: the simplest is to await com­
pletion of the current job, and then inter­
sperse the stacked remote job into the input 
stream. Following conventional processing, re­
sults are stored awaiting later transmission 
to the remote output unit. If no other remote 
jobs are ready for processing, the operating 
system selects the next job from its regular 
input source. Concurrently, results are trans­
mitted (under control of either the main 
processor itself or else an -associated I/O 
processor) back to the remote sites. 

This remote batch approach has several ad­
vantages 
1. It requires a minimum of extra equipment 

and little additional software development. 
2. It is a logical extension of conventional 

batch processing procedures. 
3. Processing efficiency is high. 
4. Turnaround time is improved. 



5. It is particularly suitable for "express jobs" 
(e.g. those involving small I/O volumes, no 
operator set up, and limited execution 
times.). 

But it has the following limitations: 
1. Output print volume often (especially dur­

ing program testing) overwhelms the ca­
pacity of the communications terminal 
equipment. 

2. Although turnaround is improved, there is 
no opportunity for direct, sustained man­
machine communication. 

Shared Processing 

A second, and currently more popular, ap­
proach is to envision the remote terminals as 
computer consoles. This implies that the re­
mote user should have immediate and sus­
tained control over the central computer. 
Since it is economically unfeasible to have one 
user dominate the computer, its facilities 
(time and storage) are dynamically shared 
among a number of users. This form of multi­
programming is often called time sharing, 
although another term such as "facility shar­
ing" or "resource sharing" would be more 
appropriate since much more than the sharing 
of computer time is involved. 

SYSTEM REQUIREMENTS 
In the design of any computer system the 

following major considerations must be an­
alyzed and evaluated: Who is the user, what 
functions are needed, at what cost, and for 
what purpose? More specifically, what size 
computer, how many users, what functional 
capability, and at what cost per user? 

The first factor can be recast into a ques­
tion of extending an established market by 
enabling conventional computer applications 
to be performed in a new or improved manner 
and creating a new market by providing new 
capabilities not previously available. 

Capability must be structured in terms of 
price and function. In 1960-1961, when the 
first generation of time sharing systems were 
being designed, analysis of existing computers 
indicated the following: 
1. A comprehensive service could be made 

available to 20-30 terminals time sharing a 
large-scale computer. Quantitatively this led 
to the approximation of $4,000 per user per 
month; ($100K system) / (25 users). 

2. A limited service could be made available 

to 30-50 terminals time sharing a medium 
scale computer. Quantitatively this led to 
the approximation of $1,000 per user per 
month; ($40K system)/(40 users). 
$4,000/month computers were widely avail-

able and undergoing rapid improvement; 
$1,OOO/month computers were not commonly 
available. Two markets were considered: in­
stall computers on large customer premises 
for shared usage by his employees, and service 
small users by leasing time from central IBM 
Data Center installations. The basic system 
goal was to realize new marketing and techni­
cal innovations; consequently, it was the med­
ium scale system with limited capability ap­
proach that was selected. 

The next consideration was to determine 
what functions should be provided. This can 
be subdivided into two areas: qualitatively, 
what does the market need; and quantita­
tively, what performance is possible. 

The qualitative factor can be recast into an 
evaluation of the relative merits of a commer­
cial or of a scientific orientation. The follow­
ing factors were analyzed: 

1. Amount of program development vs. pro­
duction work 

2. Importance of job turnaround vs. com-
puter throughput 

3. Amount of I/O vs. computing 
4. Amount of retrieval vs. computing 
5. Programming languages in use 
6. Conversion and transition problems 
7. Amount of application support required 
8. Random storage requirements (space, 

speed, and price) 
9. Density of potential users 

10. Reliability requirements 
11. System load-up rate 
12. Sales expense 
13. Customer training requirements. 

It was concluded that, although the com­
mercial market was undoubtedly much larger, 
there was substantially greater immediate 
revenue potential and lower technological ex­
posure associated with a scientific oriented sys­
tem. 

The quantitative factor can be recast into 
how computer performance is considered. 
First, the computer engineer is concerned 
with throughput, that is, the raw processing 
power of the system (often expressed in micro-
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second units). Next, the computer center man­
ager is concerned with turnaround time; that 
is, the interval between submission of a job 
and the return of output (often expressed in 
hourly units). Finally, the computer user is 
concerned with solution time; that is, the time 
interval between the decision to utilize a com­
puter and the receipt of correct results (often 
expressed in weekly or monthly units). 

It was decided to place primary emphasis on 
the last factor since it is of paramount impor­
tance to the new user and is a main source of 
dissatisfaction with many current users. 

SYSTEM DESIGN 

Obiectives 

These system requirements were then trans­
lated into the following design objectives. First 
the price, a $40,000 per month central com­
puter configuration would be shared by 40 re­
mote terminals. 'Next, performance; speed 
would be extrapolated downward from exist­
ing small scientific computers. Relative to this 
class of computer: response rate would be 
under 10 seconds; execution speed would be 
in the range of 0.1-1; and compilation speed 
would be in the range of 10-100. Space would 
be equivalent to that available in small com­
puters; that is 3,000-4,000 words. Finally, 
language; a source language would be con­
sistently used for program statement, prob­
lem debugging, and terminal operation. 

TERMINALS EXCHANGE 

Approach 

It was immediately realized that the com­
puter price objective would be exceeded if 
special device design or equipment modifica­
tions were undertaken. Hence, a design con­
straint to use only standard computer prod­
ucts was imposed. 

It was also soon apparent that the perform­
ance objective could not be realized merely 
by tailoring existing compilers for operation 
in a time shared environment because they: 
1. Were too large for either in-core residence 

or for segmented swapping 
2. Strongly emphasized object performance 

at the expense of compiling speed 
3. Were not well designed for efficient re­

compilation 
4. Were not effective for source language de­

bugging 
s. Generated far too much output data for 

terminal operation. 
It was conciuded that a new program de­

sign was necessary. Two influences were para­
mount in deciding on the approach. First, pre­
vious experience in using the 701 Speedcode2 , 

705 Print3 , 705 Sale4 , and G-15 Intercom5 sys­
tems had demonstrated the power of interpre­
tive execution in the formulation and debug­
ging of small to medium scale scientific pro­
grams. 
Second, previous exposure to list processing 
concepts in IPL-V6 had indicated that list 
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techniques should be particularly applicable to 
the design of incremental language transla­
tors. 

It was relatively simple to settle on the best 
approach to meet the language objective. Be­
cause of the importance of language compati­
bility, extent of usage, and ease of learning, 
it was decided to base the language on a sub­
set of FORTRAN equivalent to that available 
on small computers. 

EXTERNAL SPECIFICATIONS 
Since detailed information on QUIKTRAN's 

external design is available7, only a brief 
outline is presented. 

Equipment Configuration (Figure 1) 

1050 terminal for user console 
7740 exchange for communications control 
7040 computer for all processing 
7320 drum for program swapping 
1301 disk for user program libraries 

Language Specifications 

1. Program statements, a FORTRAN subset, 
are used to write programs. 

2. Console statements are used to load pro­
grams, to start and stop execution, and to 
enter and display data. 

3. Alteration statements are used to insert, 
change, and delete program statements. 

4. Display statements are used to display 
source program listings and storage dumps, 
pre-execution cross reference listings, in­
execution data and flow tracing; and post­
execution history of data usage and control 
flow. 

Operating Modes 

1. Batch: for the remote entry of a complete 
job for conventional execution. 

2. Command: for use of the remote terminal 
as a symbolic desk calculator. 

3. Program: for the conversational entry and 
execution of FORTRAN programs. 

Operation 

Use of the system can be best illustrated by 
seeing it in actual operation. * 

The terminals shown in Figure 2 are con­
nected on a typical operation. 

Equipment components are shown in Figure 1 . 

* A 20-minute motion picture was shown at the Sym­
posium. 

QUICKTRANI' 

Line No. Yw:... Location ~ 

1 University S;:n Fr~cisco, Ca.;if. 3,0,~0 
2 Aero,~pa.ce 
3. L~s An~~les, Ca.;if. 
4 
5 
6 Chemical Charlestown, W. V. 500 
7 Petroleum N~W Yor:, N. I;' 1 
8 Education 1 
9 ~,M En~eering Poughkeepsie, N. Y. 75 

10 Endicott, N. Y. 150 
11 ~f'1 Sys~ms RE;~. San Francisco, Calif. 3,000 
12 Boston, Mass. 150 
13 N;w Yo,;k C~?' 1 
14 1 
15 Demonstration a 

(MOIie) 

*Users on system when filming movie (9/24/64). 
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TERMINAL LOCATIONS 
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SYMBOLIC CALCULATOR 

When the terminal is in use as a symbolic 
desk calculator (Figure 3) each user action 
elicits a computer response and vice versa. 
Each entry is used to introduce a new concept: 
integer values, floating point values, output 
formatting, arithmetic operation: +, -, *, /, 
* *, use of parenthesis, high precision, scaling, 
function evaluation, and expressi.?nevaluation. 

119 



120 

102. +IlEAOY 

103. +REAOY 

PROGRAM ROOT 

1 Z-0.5*(Z+X/Z) 

no TO 1 

104. +READY CC X-25 

104. - X· 0.25000000E 02 

105. +REAOY CC Z-X 

105. -

106. +REMY 

Z- 0.2S000000E 02 

START 0 

HALT 

103. -BREAK EXECUTION INTEqRUPTEO BY TERMINAL USER-LAST 

EXECUTEO 102. 

107. +REAI)Y CC Z-Z 

107. • z. 0.49999999E 01 

FIGURE 4 

CONSOLE OPERATIONS 

In the program mode (Figure 4) (e.g., entry 
of a program) some of the console commands 
are start, stop, entry, and display. The user in­
dicates his intention to enter a program (by 
typing PROGRAM) and gives it a name (e.g. 
ROOT) so that he can later retrieve it from his 
library. The program consists of only two 
statements: the first to evaluate Newton's (or 
Heron's) formula for the square root; the 
next to set up an infinite loop. The user in­
dicates the number whose root he desires 
(X = 25) and initializes the iteration variable 
(Z). Then he begins execution (via START 0), 
lets it run a few seconds, and then stops execu­
tion (via HALT). The system indicates the 
location of the last statement executed (anal­
ogous to a console's instruction counter lights). 
The user then displays the current value of 
the square root and it is seen to be very close 
to the exact answer. 

Entering a program to solve the differential 
equation dy/dx=X*Y, Xo=O, Yo=1, is an 
example (Figure 5) which illustrates many of 
the common clerical and syntactical errors 
usually committed in writing a FORTRAN 
program. The system immediately responds 
with a diagnostic message and the user can 
then easily correct the error. Such 'mistakes 
although trivial, often use up several machine 
runs, each involving several hours delay in 
advancing towards a checked out program. 
Notice also that the user may execute sections 
of the program as they are entered and verify 
results as he proceeds. 

102. +RF.AOY 

PROGRAM 0 I FF.Q1 

OF.LX-0.2 

103. +REAOY 1 X-O 

104. +REAOY v-·.) -
104. +ERIlO~ INPUT r.ANCELLED 

104. +REA~V Ya1 

105. +REAI)V PRlNT 2 

107. +REAnY PRINT 1 

107. +ERROR STATEMENT 1 PREVIOUSLY DEFINED OR REFERRED 

TO AS EXECUTABLE 

108. +READY PR I NT 2 

109. +REAOY FORMAT(5X) 

109. +ERROR THIS STATEMENT MUST BE NUMBE~EO 

110. +REAOY 

111. +REAnY 

112. +REAOY 

113. +REA')Y 

108. -0 02 

111. -0 04 

2 FOR""I\T( 5X, 1HX, 5X, 1HY) 

PRINT 4,X,Y 

4 FORrlATCF7.2,F8.5) 

STMT 0 

O. 

Y 

1.00000 

112. -CYCLE END OF PROr,qAM ENCOUNTERED DURING EXECUTION 

114. +REAnY 

115. +READY 

116. +REAOY 

116. + ERROR 

117. +READY 

117. +ERROIl 

118. +REAOY 

119. +REAOY 

119. +EI1ROIl 

120. +IlEA"Y 

121. +REAOY 

121. +ERROR 

122. +REAOY 

OELY-X*Y*DELY 

Y-Y+OEL Y 

IF(X-IH,3,5 

~IXED MOnE 

I F(X-l. 3,3,5 

PARENTHESES NOT, I N BALANCE 

IF(X-1.H,3,5 

PAUSF. 1 

C;TATE'IE'IT AFTER IF, GI) TO, STOP, 

'lUST BE ~IUMf\EIlE!) 

5 PAUSE 1 

GO TO 2 

STATEMENT 2 PREVIOUSLY DEFINEn 
OR IlEFF.I!REO TO AS FORMAT 

GO TO 1 

FIGURE 5 

PROGRAM ENTRY 

Oil I!ETlJRN 

Figure 6 illustrates program testing. The user 
has pursued his completed program. He initi­
ates execution (via START 0) and an alpha­
betical heading and a line of numerical values 
print correctly. Then the system indicates that 
at line 114 an attempt has been made to use 
a variable before it has received a value. The 
user detects his error, deletes line 114 and re­
places it with the corrected formula. He then 
indicates the end of alteration (so that the 
system can run a check to insure that he 
did not introduce new errors while making the 
change) and starts execution again. 



108. -0 02 

111. -0 04 

START a 

O. 1.00000 

114. -EI1RnR VAlIlE nF VAIl I ARLE IIAY NOT BE USEn 

IINTI LIT liAS BEEN SET 

125. +REAnY 

114. +ALTEI1 

114.1+AL TER 

126. +REArlY 

108. -0 02 

111. -0 04 

ALTF.R 114./114. 

ALTER* 

START a 

Y 

O. 1. 00000 

118. -ERROR TRANSFER POINT N DOES NOT EXIST 

127. +REMY 

111. +ALTER 

lll.1+ALTER 

128. +READY 

108. -0 02 

111. -0 0 .. 

111. -0 04 

111. -0 04 

111. -0 04 

111. -0 04 

ALTFR 111./111. 

3 PRINT ",X,Y 

ALTER* 

START a 

Y 

O. 1.00000 

O. 1. 00000 

O. 1.00000 

O. 1.00000 

O. 1.00000 

HALT 

112. -BREAK EXECUTION INTERRUPTED BY TERMINAL USEq-LAST 

F. XECUTEO 111. 

FIGURE 6 

PROGRAM TESTING- 1 

Another error shows up at line 118 where 
an attempt is made to transfer to a non­
existent statement (note: in later versions of 
the system this error is detected before execu­
tion). The user corrects this error by n umber­
ing the statement at line 111 with a label of 3. 
He starts execution again. Everything looks 
fine except that nothing is happening! The 
user performs a HALT, quickly begins to 
make a correction (Figure 7), cancels it, and 
then inserts, after line 113, a statement to 
increment the independent variable X. Once 
again, he _ starts execution and (finally) the 
program runs to completion (P1 at line 120). 

Being curious about the effect of step size 
on precision, the user then changes the step 
(DELX=0.25), and executes again (being 

129. +REAny ALTEq 113./113.XXXX-

129. + Eq[lOR INPUT CMJ(~F.LlED 

129. +REAnY ALTER 113. 

113.1+AlTEIl X=x+nELX 

113. 2+AL TEll AL TF.:q. 

130. +REAnY START 0 

108. -0 02 X Y 

111. "0 04 O. 1. 00000 

111. .. 0 04 0.20 1. 04000 

111. =0 04 0.40 1.12320 

111. .. 0 04 0.60 1.25798 

111. =0 04 0.80 1.45926 

111. =0 04 1.00 1. 75111 

120. ..p 1 

131. +REAnY CC OElX"0.25 

131. .. DElX- 0.25000000E-00 

132. +REI\OV START 1 

108. .. 0 02 X y 

111. -0 04 O. 1.00000 

111. -0 04 0.25 1.06250 

111. "0 04 0.50 1.19531 

Ill. -0 04 0.75 1. 41943 

111. .. 0 04 1.00 1.77429 

120. -p 1 

133. +REAnY 

FIGURE 7 

PROGRAM TESTING-2 

careful not to execute the program statement 
that initializes DELX). The program runs 
to completion and he notes that an increase 
in step size (DELX=0.25 instead of 0.20) 
caused a difference (Y=1.77429 instead of 
1.75111) in the value of Y. This illustrates 
some of the potential of close man-machine 
interaction in the area of numerical analysis. 

The next example (Figure 8) illustrates use 
of some of the source language debugging 
features. First, there is a DUMP of memory 
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134. +REAf)Y 

135. +READY 

136. +READY 

INDEX 

INnEX 

IN,)EX 

INDEX 

IN,)EX 

INDEX DELX 

INDEX DELY 

DUMP 

DELX- 0.25000000E-00 

DELY- 0.55446625F. 00 

X- 0.12499999E 01 

y. O.23287582E 01 

EnITCF15.8) 

DUMP 

DELX- 0.25000000 

DELY- 0.55446625 

X- 1.25000000 

Y- 2.32875824 

INDEX 

+103. -122. 

+110. -108. 

+111. -118. 

+112. -111. 

+120. -118. 

+102. -113.1 -114. 

+114. -115. 

INDEX *OIFE'll 

INDEX X +103. -111. +113.1 -114. 

137. 

138. 

139. 

INDEX Y +104. -111. -114. +115. 

+REAIW INDEXCX) 

INDEX X +103. -Ill. +113.1 -114. 

+REArW CHECK 

CHECK *OIFEQ1 

+REA'>Y AUI)IT 

AUDIT 122. /123. NOT XEO 

AUDIT OlFEQ1 NOT SF.T 

FIGURE 8 

DISPLAY STATEMENTS 

-118. 

-118. 

under control of two different output formats. 
Next there is an INDEX cross reference list­
ing of control flow and data usage. Finally, 
there is a CHECK for potential errors, 
followed by an AUDIT, a post-execution his­
tory of actual control flow and data usage. 

In the next example (Figure 9) the user per­
forms a LIST of the program he just finished 
testing. A variation of this would enable him 
to punch a card deck ready for processing by 
any other FORTRAN compiler. 

101. • 

102. • 

103. • 

104. • 

105 •• 

108 •• 

110. • 

Ill. • 

112. • 

113.1-

114. • 

115. • 

118. • 

120. • 

122. = 

123. • 

141. +REAOY 

CF 

LI ST 

PROGRAM DIFEQ1 

DELX·0.2 

1 x-o 

PRlf4T ! 

PRINT 2 

2 FORMATCsX,lHX,sX,lHY) 

3 PRINT 4,X,Y 

" FORMATCF7.2,F8.S) 

X=X+DELX 

OELY=X*Y*OElX 

Y=Y+OELY 

IFCX-1.>3,3,5 

5 PAUSE 1 

GO TO 1 

END 

FIGURE 9 

PROGRAM LISTING 

INTERNAL DESIGN 
Introduction 

Since detailed information on QUIKTRAN's 
internal design is available8 , only a brief 
outline is given here. The system is structured 
into two major sections (Figure 10), The proc­
ess subsystem translates source statements to 
an equivalent intermediate representation that 
is then interpretively executed. The I/O sub­
system controls the communications network 
and the swapping of programs between pri­
mary (e.g. core) and secondary (e.g. drum 
and disk) storage. 

Records (Figure 11) 

The processor translates all source state­
ments into two types of internal records. The 
fixed length element records, corresponding 
to source data and procedural elements, con-
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INTERNAL ORGANIZATION 

Element Id 11I~: I Size 

I 
I 

U 

Next Address tain the usual information collected in the 
early phases of all compilers (e.g., symbolic 
name, value attributes, and addresses). In 
addition, these records contain the value it­
self and list control information. The variable 
length statement records, in one-to-one corre­
spondence with source statements, contain the 
source data in a form that is more compact 
(to save space) and more suitable for execu­
tion (to save time). 

Indicators Dim/Com/Equ Address 

Lists 

All records are organized by lists. Element 
records are chained on to one of 26 lists each 
containing all elements with the same initial 
letter. This not only reduces symbol search 
time but also facilitates the generation of 
alphabetized memory dumps and cross refer­
ence listings. All statement records are chained 
onto two lists: one organizing the statements 
in entry order; the other classifying state-

Symbolic Name 

Numeric Value 

Element Record 

Statement Id Size Next Entry Address 

Indicators 

R(C) 

* 
R(D) 

R(C) 

Code Label Next Class Address 

Null Null 

R(A) R(B) 

FUNOP R(SQRT) 

+ TT +-

Statement Record 

C = A * B + C/SQRT (D) 

FIGURE 11 

RECORD FORMATS 

Null 

PAROP 

/ 

T R(C) 

T 
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ments by type. The former is used to deter­
mine proper ordering when reconstructing the 
source program and when executing the inter­
mediate text; the latter facilitates interstate­
ment error checking. 

Addressing 

Essentially three distinct types of address­
ing are employed; associative list searching 
for symbol matching, look at addressing for 
mapping internal identifiers to relative loca­
tions, and implicit addressing (e.g., push­
downs) for storage of intermediate arithmetic 
values and for control of DO nesting. 

Blocks (Figure 12) 

Each user program block consists of two 
parts; the header contains the control, re­
location, and addressing data; the body con­
tains the intermixed element and statement 
records. Each time a program block is 
swapped into primary storage, parts of the 
header are processed to reflect storage re­
location and to accumulate usage statistics. 

Checking 

Checking is performed at four levels. First, 
composition checking for correct syntax with­
in a statement (e.g. parenthesis imbalance). 
Second, consistency checking for proper as­
sociation between statements (e.g., GO TO A 
FORMAT). Third, completeness checking for 

~/ 

Process Control Data 

Element Control Table 

Statement Control Table 

Element Address Index 

Statement Addre s s Index 

Parameter Stack 
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Program List 
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proper DO nesting, label referencing, and 
control flow. Fourth, limit checking for arith­
metic spills, proper subscript values, and valid 
control branching. 

Control 

A 7740, a separate communications com­
puter, controls the network of remote termi­
nals performing such functions as terminal 
polling, code conversion, error checking, and 
buffering of messages awaiting computer at­
tention. 

Scheduling (Figure 13) 

A section of the 7040 program continually 
samples a small in-core terminal status table 
to determine which user program will next 
receive service. 

Logging (Figure 14) 

Another 7040 control routine continually 
records usage statistics on magnetic tape for 
later off-line analysis and summarization. 

EXPERIENCE 
The system has been in experimental oper­

ation since mid-1963. Early human factor 
analyses led to some revision in system func­
tion and operating procedures9 • Preliminary 
evaluation led to the decision in August 1964 
to announce the system as a standard IBM pro­
gram product to be available for customer use 

Id Circuit Type 

User 
Id Priority Quantum 

Terminal 
Components Id Formats 

Id Job Time In 

Time Job Space 

System Indicators Program 

Program 
Name 

Size 
Program 

Location 

Program 
Calling Program Name 

Circuit Index 

Program is evicted when: 
1) allotted time interval has expired 

and successor program has arrived 
2) input data is requested 
3) output buffer is filled 
4) external subprogram is called 

FIGURE 13 
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+ 

Revised Training Methods 

User Evaluation 
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LOGGING 

in April, 1965. Further evaluation led to the 
December, 1964 announcement of Datacenter 
access to be available by mid-1965 from ter­
minals installed on client premises. 

Initial operating experiences can be partly 
summarized by the following observations. 

The remote user must have the ability not 
only to state his program but also to control 
its execution. Thus, many functions conven­
tionally performed by the console operator or 
by monitor control cards must be identified, 
structured, and defined by simple, yet com­
prehensive, language commands. 

The remote user is, more often than not, an 
engineer or scientist, not a professional pro­
grammer. Unnecessary sophistication (no 
matter how elegant ) in the system language 
and operating procedures must be avoided. 
Remember too, the remote user does not 
usually have ready access to expert helpers 
and consultants. 

The remote user must be given the impres­
sion that he is the only user. All possibility of 
interference by others must be prevented. The 
response rate should be reasonably uniform; 
uneven response fluctuations are particularly 
disturbing. In addition, some periodic terminal 
indication of action (e.g., console "blink") 
helps reassure the user that his program is 
running. Finally, there must be ways for the 
user and central operating personnel to com­
municate both by transmitted messages and 
also by verbal exchanges. 

The terminal itself is a potent training tool. 
The ability to proceed at one's own pace, 

coupled with the immediate detection of most 
programming errors, enables most people to 
start using a' terminal with very little formal 
training. 

Conversational, source language techniques 
benefit amateur users relatively more than 
professional programmers who already under­
stand machine language and know how to 
debug effectively. Experienced programmers 
are strongly conditioned to traditional batch 
computing techniques and have considerable 
trouble in adapting to the conversational ap­
proach. 

The types of problems run from remote 
stations differ from those entered at a con­
ventional computer installation. There are 
many more relatively simple problems pre­
viously processed on desk calculators, slide 
rules, or small computers. Problems with large 
input/ output volumes are obviously not suit­
able for remote operation. This is also true 
of many production type problems where ob­
ject efficiency is important and there is little 
need for the injection of human insight, judg­
ment, or experience. Conversely, the debugg­
ing of complex programs is greatly facilitated 
not only in terms of elapsed time and expense, 
but also in terms of the user skill level. 

Time .sharing systems are very complex, 
difficult to develop, and challenging to debug. 
The system must be designed with these 
factors in mind. In particular, it is essential 
to provide means of measuring such factors 
as user and system response rates, use of 
language features, causes of errors, and equip­
ment utilization factors. This data can be used 
to simulate alternative system configurations 
and scheduling algorithms and thereby lead to 
improv~~d system performance. Analysis of 
this data is also essential to designing im­
provements in the language specifications, 
operating procedures, and training methods. 
Finally, the data provides a means of equitably 
allocating overall system expenses among the 
individual users. 

Man-machine systems are no magical pana­
cea. Properly applied they can be very effec­
tive; improperly used, they prove to be a very 
expensive novelty. 

EXTENSIONS 
Although the QUIKTRAN system uses type­

writer oriented consoles, other terminal equip­
ment could be employed: dictation to a remote 
terminal operator, dialed input with audio 
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response 1 0, or graphic input with visual dis­
playsll. 

System performance could be greatly en­
hanced by computer organizations that pro­
vide improved interrupt capability, object time 
address protection and relocation, larger pri­
mary storage, and secondary storage equip­
ment with faster access times and data rates. 

System performance could also be improved 
by a program design that permits the inter­
mixed generation of object code along with 
the interpretive intermediate representation. 
Execution efficiency of the intermediate code 
could be improved by incorporating some of 
the frequently used interpretive functions into 
micro-programmed logic contained in a read 
only storage12• 

I t is also profitable to explore the transla­
tion of several different source languages into 
the same intermediate form. This would not 
only reduce implementation time and expense 
but would also serve as a useful vehicle for 
translation between related source languages13 • 

From a marketing viewpoint, small systems 
14. 15 like QUIKTRAN will undoubtedly be 
absorbed as subsets of larger time sharing sys­
tems16• 17. 18. However, it is also probable that 
the stand alone, shared system will continue to 
provide functional capabilities in the range 
between the desk calculator and the small 
computer. Initial use will include the areas 
of scientific computing, text editing, computer 
assisted instruction, and certain commercial 
applications. 

CONCLUSIONS 
The QUIKTRAN system demonstrates that 

a standard medium scale computer can be 
time shared to provide an economical, but not 
fully general, form of computer service. It is 
also indicative that effective remote comput­
ing requires not only different real time oper­
ating systems but also new approaches to 
translation (e.g., incremental) and debugging 
(e.g., source language) techniques. 

It appears that the system offers little, if 
any, economic improvement over conventional 
small computers if measured in established 
throughputl 9 • 20 units. However, there are sig­
nificant advantages in terms of improved con­
venience, faster turnaround, higher manpower 
productivity, low'er personnel skill levels, and 
greatly reduced total solution time and expense. 

Most importantly, such systems not only per­
mit old problems to be solved in new ways, but 
also enable new users to solve new problems in 
ways not hitherto possible. It is this factor that 
will lead to wide utilization of similar man­
machine systems in a wide spectrum of ap­
plications. 
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Glen D. Johnson* 

THE PAT LANGUAGE 

THE SYSTEM to be described is an on-line 
interpreter for a structured, algebraic lan­
guage. This interpreter is operating on the 
UCLA Computing Facility 7094 with the 
SW AC computer used to maintain a type­
writer console. There is also a similar inter­
preter for the IBM 1620. The 1620 version 
was produced by Dr. H. Hellerman of the IBM 
Advanced Systems Development Division in 
Yorktown Heights, New York, where it has 
had several hundred hours of productive use. 

The language is called the Personalized 
Array Translator-just PAT for short. The 
PAT language is a subset of the IVERSON 
language which was designed by Dr. Kenneth 
Iverson of IBM as a mathematical description 
tool. The character set used by Iverson has 
been reduced to a manageable size in the PAT 
implementation. 

A program in the PAT language operates 
on data which is highly structured. The basic 
data structure is considered to be a vector. 
Each symbolic name is specified by the sys­
tem's operator to be either a scalar, a vector, 
or a matrix. Data names specified to be mat­
rices or vectors also must have their maxi­
mum sizes specified. There are statements in 
the language to access and modify the sizes 
of variables. 

Each variable is stored by the system as a 
vector with matrices represented as a series 
of column vectors stored in the computer. 
Scalar data items are represented as vectors 
of unit length. 

Currently, the 7094 system allows Boolean 
and floating point data items. Floating point 
constants are represented as numbers with or 
without a decimal point. False is represented 

by 0, true by 1. A constant may appear any­
where that a variable is allowed. 

P AT allows portions of data items to be 
operated on using a subscripting rule. All 
subscripting is zero-origin with Xo as the first 
element of X. A single element may be selected 
from a vector by using one subscript or from 
a matrix by using two subscripts. A vector, 
either row-wise or columnwise, may be 
selected from a matrix by giving one subscript 
with an indication that the other subscript is 
empty. 

For example, let S be scalar, V be a vector, 
and M be a matrix. Then: 

VS is a scalar 
M SI S2 is a scalar 
M S is a row vector 
M . S is a column vector 
A . indicates an empty position 

Most statements are of the form: 
Variable = Expression 

They have the conventional meaning: the 
value of the expression is computed and stored 
in the variable on the left. 

This meaning is extended by allowing vari­
ables to have more than one element. An ex­
pression is evaluated using the first element 
of every variable contained in it to form 
the first element of the resulting variable. The 
expression is then evaluated using the next 
element of each argument to form the next 
element of the result, and so on until the 
resulting variable is filled. 

For example, if 
X=l, 2, 3, 5 

and 
Y=7, 11, 13, 17 

*UCLA Computing Facility 
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and the current size of Z is 4, after execution 
of 

Z=X+Y 
the value of Z is 

8, 13, 16, 22 
If the end of any variable in an expression 

is reached before the left part of the statement 
is filled, indexing on this variable is restarted 
at its first element. 

This may be formalized by considering each 
operand, having a length L to be periodic of 
period L. The interpreter stores the first cycle 
of each variable and generates later cycles 
as copies of the first cycle. 

There are three types of data combination 
operations allowed by the PAT system. They 
are binary operations, unary operations, and 
reduction operations. Binary operations are 
represented in infix form as an operator be­
tween two variables and include addition, 
subtraction, multiplication, division, and maxi­
mum, minimum, and, or, and relational opera­
tors. 

BINARY STATEMENTS 
X=Y+Z 
X=Y-Z 
X=Y*Z 
X=Y@DIV Z 
X=Y@MIN Z 
X=Y@MAX Z 
X=Y@EXP Z 

Note: Operation names are preceded by "@", 
and only the first character of name is 
used. 

Unary operations include trigonometric and 
logarithmetic operations. 

UNARY STATEMENTS 
X=@SINE Y 
X=@COS Y 
X=@ABS Y 
X=@LN Y 

Reduction operations are binary operations 
across data structures. Summation is a spe­
cific case of reduction. In general, any binary 
operation is applied to a vector or a matrix 
as: 

+ / Vector Summation 
o / V Generalized 

V0 0V1 0V2 ••• Vn 

o / Matrix Row Reduct~on 
o / / Matrix Column Reduction 

For example, to compute: 
n n 

L:x. L: (X_X)2 
o 1 s=, 0 

x= 
n 

we write: 

XB=+ / X 
XB=XB @DIV N 
T =X-XB 
T =T * T 
S =+ / T 
S =S@DIV N 

n 

sum X 
over N 
differences 
squared 
summed 
over N 

To read and print data for this, we write: 

@GET N 
@DIM X,N 
@D T,N 
@G X 

{ } 
@TYPE XB 
@T S 

A statement line may be labelled. If a line 
is given a name, the name starts in the first 
position of the line. Otherwise, the first posi­
tion is blank. 

Normal sequencing of a program is from 
top to bottom, left to right. Sequencing may be 
changed and explicit looping effected with a 
compare statement. 

1=0 
L ZI. = X . I 

I = 1+1 
I @CMPN, L, L, 0 

The console has a series of commands used 
to communicate with the program. These have 
a * in the first typed column of a line. They 
are: 

*R 
** 

Reset system 
Define symbols, followed by 

(name j ~:~~~: t ~BFloalting t [dim1] [dim2]) 1 Matrix ~ ~ 00 ean ~ 
*E [name] Enter program statements 

(program statements) 
*X [name] Execute program 
* D name Display 



David V. Savidge* 

An Example of 
M ul ti -Processor Organization 

INTRODUCTION 

As the purpose of this meeting is the free 
exchange of ideas, it is necessary to estaplish 
the means of communication by defining the 
terms in this title. We hope to continue on­
line throughout this discourse. 

The justification for the inclusion of this 
subject in this symposium is the fact that at 
some point in time someone will put together 
a system to handle a multiplicity of problems 
on-line. Before programs can be run on such 
a system they must be organized in such a 
manner as to facilitate their execution. By 
exploring ways to organize programs now we 
will be better able to utilize the hardware 
when it becomes available. 

DEFINITIONS 
The kind of example we will show is that 

of a method. References to hardware will only 
be used to demonstrate feasibility and the 
fact that the ideas discussed are not novel. 
The intent of this paper is to show a method 
which presents some interesting possibilities 
for further exploration. 

Before defining multi-processor it is neces­
sary to accept a definition of a processor. We 
consider a processor to be an assembly of 
hardware which is capable of performing one 
or more arithmetic or logical functions in a 
specified manner. By this definition the word 
processor could describe a device which only 
performs addition. It could also be applied 
to the computing unit of the LARC. This leads 
to a definition of a multi-processor as being 
any mixture of processors which share one 

or more components such as memories, input 
devices or output devices. This permits us to 
include the MARK III and the Bell Labs MOD 
V2 in the category of multi-processors as well 
as the LARC itself. Each of the above contains 
two processors by our definition. A more com­
plex array is pres'ented by the ENIAC as de­
scribed in Patent Number 3,120,606, granted 
Feb. 4, 1964. The ENIAC contained twenty 
accumulators. In addition to operating on two 
problems concurrently, the ENIAC could per­
form several operations at the same time 
on one problem. All of these systems are con­
sidered, in this paper, to be multi-processors. 

Whenever two or more pieces of anything 
are put together they must be organized. 
Certain customs or environmental conditions 
often impose constraints on the organization. 
Even though the engine can be found in either 
the front or the back of an automobile, the 
driver's seat remains in the front. A horse 
is generally placed in front of the cart it is 
intended to pull. The element of direction or 
control is integral to any organization of 
pieces required to do work. This paper will 
describe how the control of a multi-processor 
can be set up to provide the response times 
needed in closed loop applications as well as 
the generalized treatment required in time 
sharing systems. Weare not concerned with 
the capability of the individual processors but 
rather with the broad question of the organi­
zation of work to be performed by a multi­
plicity of processors. We do not consider that 

*Manager, Product Line Planning, UNIVAC. 
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the assignment of one procedure to one proc­
essor while other processors remain idle rep­
resents efficient utilization of the hardware. 

The idea of a system comprising a multi­
plicity of processors seems to be a natural 
extension of the time sharing concept. Time 
sharing was the outgrowth of the imbalance 
between CPU and 1/0 device speeds. If the 
CPU was loafing, it was given more work to 
do. We now have the line capability to over­
load one CPU within an installation. The 
logical extension is to provide more than one 
CPU. The question immediately arises-what 
does one do if there .is only one problem to 
be run at this time? Is it satisfactory to use 
only one of the CPU's which are in the system.? 

Various schemes have been proposed for the 
design of multi-processors of varying capa­
bilities-the Holland system3 and the Solo­
mon computer4 are examples of this. Con­
cepts of control are being explored by many 
research groups. The application of NDRO 
memories is increasing. A similarity is noted 
between the use made of NDRO memories and 
the utilization of the function tables of the 
ENIAC5. The organization of the ENIAC 
permitted the programmer to organize the 
solution of a problem so that more than one 
arithmetic operation was being performed at 

one time. This was difficult, but was one way 
to shorten the execution time for a problem. 
We are faced, today, with the same logical 
problem as faced ENIAC programmers. The 
difference lies in the fact that we now have 
a variety of gear and a multiplicity of prob­
lems brought together in a multi-dimensional 
array. It is our thesis that it is possible to 
automate the organization of a single pro­
cedure to maximize the utilization of multiple 
processors. 

Unless the organization of the procedure 
is performed according to a very rigid set 
of rules it will provide another source of 
subtle errors. While it is assumed that all 
parts of a stated procedure are interrelated 
within the total network, it does not follow 
that all steps must be performed in series. 
One of the ways in which processors gain 
speed is to overlap input, processing and out­
put. We now want to extend this philosophy 
to the internal parts and determine the extent 
to which overlaps can occur within the proc­
ess. Some equipment provides "look ahead" 
which permits the overlapping of the time 
of instructions which occur in series. This is 
accomplished within a single processor. When 
dealing with a multiplicity of processors simi­
lar functions could be performed in parallel. 

FIGURE 1 

PERT NETWORK 



FIGURE 2 

PERT NETWORK ARRANGED BY TIME PERIOD 

This can be achieved at the software level by 
what we choose to call "plan ahead". The 
organization can be accomplished by the com­
pilers and the executive routines. 

We must make several basic assumptions 
and accept certain definitions in order to de­
velop a set of rules: 
1. A procedure is defined as the collection of 

operations required to produce specified 
output data from specified input data. 

2. A procedure generally consists of a set of 
subprocedures which are linked together 
in the form of a network. 

3. An individual subprocedure can be defined 
as a completely seif contained process with 
a prescribed set of inputs and outputs. 

4. The communication between one subpro­
cedure and any others occurs only at the 
beginning and at the end of the subpro­
cedure. 

5. It is possible to depict the flow of da:ta by 
means of a diagram which shows the inter­
relationship of all subprocedures within the 
procedure. 

6. The flow diagram can indicate those sub­
procedures which could be executed in par­
allel. 

PROCEDURES 
Figure 1 and Figure 2 demonstrate an ap­

plication of these definitions. Figure 1 is a 
PERT chart of a procedure6 • Each of the 

33 numbers represents a subprocedure. Figure 
2 shows the same flow diagram arranged to 
indicate the parallelism possible. In Figure 2, 
the lines connecting the subprocedures have 
been identified with letters which we will use 
to denote the data (operands) flowing between 
the subprocedures. Twelve of the subpro­
cedures fall into time periods by themselves 
(1, 2, 8, 19, 20, 21, 23, 26, 29, 30, 32, 33). 
Eighteen can be paired: 
6,7 9,12 10,13 11,14 
15,17 16,18 22,31 24,25 27,28 

One group could contain three (3, 4,5). If 
we shifted either 3 or 4 to occur in the same 
time period as 8, a two processor system could 
accomplish the entire procedure in twenty-two 
time periods. The reduction in time over a 
serial operation would be the sum of the times 
for the shorter of each of the eleven pairs of 
subprocedures. One of the processors would be 
available for the execution of another pro­
cedure during the eleven time periods when 
the illustrated procedure does not permit par­
allel execution of its subprocedures. 

This example is used to indicate the method 
by which a reduction in elapsed time could be 
achieved. The evaluation of any saving re­
quires additional specifications such as the 
time for each subprocedure. This is related to 
the problem and the hardware. The method is 
independent of the specifications of either the 
problem or the hardware. The first question to 
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be resolved is whether the problem lends itself 
to parallel operation. The second is to measure 
the savings which could be achieved. 

An improvement in running time can be 
achieved by proper pairing (in a two proces­
sor system). Depending on how nearly the 
time requirements match, the pairing of 5 
with 4 and 3 with 8 might be better than pair­
ing 5 with 3 and 4 with 8. Similarly, 31 should 
be paired with an operation which requires 
more time than it does. This could be 22, 23, 
26, 29, or 30. The rule is that a subprocedure 
which could be performed in one of several 
periods should be paired where possible with a 
subprocedure which required more time than 
it does . If not possible, the longest fixed posi­
tion subprocedure should be used. 

A further consideration in selecting time 
periods in a complete procedure is the storage 

of intermediate results. To shorten the period 
for storing intermediate results it might be 
better to perform subprocedure 3 in parallel 
with subprocedure 8, even though 3 is shorter 
than 5 and longer than 8. Such considerations 
are of value only where there are alternatives. 
The fact that alternatives do exist is evident 
from a visual examination of Figure 2. 

If the procedure were large, of several thou­
sand subprocedures, a visual representation of 
the entire net would be very difficult to pre­
pare. It would also be difficult to examine and 
analyze. It is possible to represent the intelli­
gence represented by Figure 2 in a form which 
can be used for processing by a computer. 
Table 1 contains this information. List I shows 
one entry for each operand result relationship 
arranged in order by subprocedure identifica­
tion. List II is the same data arranged in order 

TABLE 1 

SUB PROCEDURE ENTRIES FOR ANALYSIS 

List I List II List III List I List II List III 

SP Q R Q R SP R Q SP SP Q R Q R SP R Q SP 

2 A B A B 2 AAP 20 17 T W D H 5 F B 3 
2 A C A C 2 AAZ 20 18 W Y D I 5 G C 4 
2 A D A D 2 AB AA 21 19 X Z E V 15 H D 5 

3 B E AA AB 21 AC AA 21 19 Y Z F S 11 I D 5 
3 B F AA AC 21 AD AB 31 20 P AA F T 11 J H 6 
4 C G AB AD 31 AE AC 22 20 Z AA G S 11 K I 7 

5 D H AC AE 22 AF AC 22 21 AA AB .G T 11 L J 8 
5 D I AC AF 22 AG AF 23 21 AA AC H J 6 L K 8 
6 H J AD AR 32 AH AF 23 22 AC AE I K 7 M J 8 

7 I 1< AE AI 25 AI AE 25 22 AC AF J L 8 M K 8 
8 J L AE AJ 25 AI AG 25 23 AF AG J M 8 N L 9 
8 J M AF AG 23 AJ AE 25 23 AF AH K L 8 0 M 12 

8 K L AF AH 23 AJ AG 25 24 AH AK K M 8 P M 12 
8 K M AG AI 25 AK AH 24 25 AE AI L N 9 Q N 10 
9 L N AG AJ 25 AL AJ 26 25 AE AJ M 0 12 R 0 13 

10 N Q AH AK 24 AL AK 26 25 AG AI M P 12 S F 11 
11F S AI AN 28 AM AJ 26 25 AG AJ N Q 10 S G 11 
11F T AJ AL 26 AM AK 26 26 AJ AL 0 R 13 S Q 11 

11G S AJ AM 26 AN AI 28 26 AJ AM P AA 20 T F 11 
11G T AK AL 26 AN AL 28 26 AK AL Q S 11 T G 11 
11Q s AK AM 26 AO AM 27 26 AK AM Q T 11 T Q 11 

11Q T AL AN 28 AP AN 29 27 AM AO R U 14 U R 14 
12 M 0 AM AO 27 AP AO 29 28 AI AN S V 15 V E 15 
12 M P AN AP 29 AQ AP 30 28 AL AN T W 17 V S 15 

13 0 R AO AP 29 AR AD 32 29 AN AP U V 15 V U 15 
14 R U AP AQ 30 AR AQ 32 29 AO AP V X 16 W T 17 
15 E V AQ AR 32 B A 2 30 AP AQ W Y 18 X V 16 

15 S V B E 3 C A 2 31 AB AD X Z 19 y W 18 
15 U V B F 3 D A 2 32 AD AR Y Z 19 Z X 19 
16 V X C G 4 E B 3 32 AQ AR Z AA 20 Z Y 19 

Legend 
SP -S ubproced ure 

O-Operand 
R-Result 



by operand identifier. List III is the same data 
arranged in order by result identifier. As sub­
procedure 1 and subprocedure 33 do not each 
have an input and an output, they are not in­
cluded in the lists. By truncating List I at 
different points and rearranging the re­
mainder into Lists II and III, a variety of 
combinations can be produced. 

Subprocedure 2 generates three table en­
tries. Subprocedure 11 generates six entries, 
while subprocedure 16 generates only one 
entry. The rule is that each subprocedure 
generates a number of table entries equal to 
the product of the number of inputs times the 
number of outputs. Each entry must appear 
in each of the three tables. To facilitate sched­
uling, each entry should carry additional data 
concerning the facilities used by the sub­
procedure, the input and output volumes in­
volved and the time required. If this is done 
the complete network can be timed out, sched­
uled, and controlled for any combination of 
processors. 

Before describing the techniques to be ap­
plied to the three lists and the results which 
can be secured!L it is necessary to delimit the 
terms further. 
1. An operand is all of the data which flows 

from one subprocedure, or an input, to an­
other subprocedure, or an output, in one 
movement as one record or piece of intel­
ligence. Thus it can be an element of data, 
as a quantity to be added, or a set of data as 
a stock record. It must be received from 
some point outside the subprocedure which 
operates on it. 

2. Parameters which are used by a subpro­
cedure are not considered to be operands 
within this definition. This does not pre­
clude their use in arithmetic or logical 
operations within a subprocedure. 

3. The definitions of individual subprocedures, 
operands and parameters are always unique 
within a given environment consisting of 
problems and hardware. 

The treatment of necessary prior conditions 
will be discussed later. We seldom go through 
all paths in all' subprocedures for one record 
or piece of intelligence. Conditions which must 
be met before executing an individual path 
represent intelligence which is derived from 
the data processed. There are options in the 
way such conditions are treated, depending on 

the problem and the hardware. For this reason 
a discussion of their treatment is deferred. 

ORGANIZING PROCEDURES 
The technique outlined below (Steps 1 

through 6) produces a list which represents 
the same time series as shown in Figure 2. If 
the operation is started with the final results 
(Steps 1 through 6A), a list is produced which 
shows the last possible time period by which 
subprocedures must be executed. 
Step l-Compare the Operand Fields in List II 

with the Result Fields in List III. Note 
four conditions: 
a. 0 Field in List II does not match an 

R Field in List III-
Record items on a list of Unmatched 
Operands-

o R SP 
A B 2 
A C 2 
A D 2 

This condition must be noted for each 
relative time period when analyzing the 
'subprocequres for first possible time 
period. It will be ignored when analyz­
ing for the last possible time period. 
b. 0 Field in List II does match an R 

Field in List III-
Record items on a list of Matched 
Operands. This is a reduced List II. 

c. R Field in List III does match an 0 
Field in List II-
Record on a list of Matched Results. 
This is a reduced List III. 

d. R Field in List III does not match 
an 0 Field in List II-
Record on a List of Unmatched Re­
sults. 

R 0 SP 
AR AD 32 
AR AQ 32 

This condition will be ignored when 
analyzing for the first possible time 
period. It must be noted for each rela­
tive time period when analyzing for 
the last possible time period. 

Series for first possible time period-
Step 2-Rearrange the data from Step la to 

read-
R 0 SP 
B A 2 
C A 2 
D A 2 

Sort on the R Field. 
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Step 3-Delete the items from the List of 
Matched Results (Step 1c) which are 
identical to those from Step 2. If this 
deletion removes all references to the 
result identifiers we state that these 
results can pe secured in the first rela­
tive time period. 

Step 4-Rearrange the data from Step 2 to 
read-

SP , 0 R 
" 

2 ;'\' 

A B 
2 A C 
2 A D 

Sort on the SP Field. 
Step S-Delete the items from List I which are 

identical to those from Step 4. If this 
deletion removes all references to the 
subprocedure identifiers we state that 
these subprocedures can be accom­
plished in the first relative time period. 

Step 6 and continuing-Repeat Steps 1 through 
5 for successive time periods until Lists 
I, II and III are exhausted. 

Series for last possible time period. 
Step 2A-Rearrange the data from Step 1d to 

read-
o R SP 

AD AR 32 
AQ AR 32 

Sort on the 0 Field. 
Step 3A-Delete the items from the List of 

Matched Operands (Step 1b) which 
are identical to those from Step 2A. 
If this deletion removes all references 
to the Operand identifiers we state 
that these operands must be used by 
the last relative time period. 

Step 4A-Rearrange the data from Step 2A to 
read-

SP 0 R 
32 AD AR 
32 AQ AR 

Sort on the SP Field. 
Step SA-Delete the items from List I which 

are identical to those from Step 4A. 
If this deletion removes all references 
to the subprocedure identifiers we 
state that these subprocedures must 
be accomplished by the last relative 
time period. 

Step 6A and continuing-Repeat Steps 1, 2A 
through 5A for preceding time peri­
ods until Lists I, II and III are ex­
hausted. 

Unusual conditions can be detected by this 
technique. The operands which are initial in­
puts, and the results which are final outputs, 
are identified as the lists secured in Step 1a 
and 1d the first time. Any errors in their 
identification are corrected before performing 
the other steps. In addition, if items remain 
in Lists I, II and III and no items fall out in 
step 1a or 1d as the case may be, a closed loop 
exists which must be corrected. 

Table 2 shows the results of this analysis by 
relative time period. The fact that subpro­
cedures 3, 4 and 31 can each be scheduled in 
one of several relative time periods is evident. 
The selection of the best fit can be accom­
plished on a computer by applying the rules 
stated previously. One of the advantages which 
can be gained by using a multiprocessor is the 
reduction in the time and effort required to 
store and retrieve intermediate results. 

The above technique organizes the sub­
procedures which produce results. For each 
relative time period, that subprocedure which 
requires the greatest amount of time can be 
identified. The complete chains of subpro­
cedures which can be assigned in series to one 
processor can be identified. The exchange of 
data between processors can be scheduled to 
minimize memory requirements. These are 
positive benefits which can be achieved with 
this technique. It applies a modification of 
PERT and CPM to the organization of work 
for a computer. 

CONDITIONS 
The treatment of necessary prior conditions 

can be accomplished with the same technique. 
We need only to regard a comparison, which 
determines the path to be followed between 
subprocedures, as generating data. For our 
purpose we treat intelligence about data in the 
same way we treat the data itself. It is only 
necessary to identify this intelligence in the 
same way we identify data and then proceed 
through the same steps. We can identify in­
telligence about data with the form: 

Operand 1, Operand 2, Value. 
Operand 1 and Operand 2 can be data fields 

or can be literals. Any data fields must be 
shown as an input to the subprocedure per­
forming the comparison. The value field is 
considered necessary because we can never 
have only one such result coming from a sub­
procedure. The value field permits a verifica­
tion that all conditions have been considered. 



TABLE 2 

ALLOCATION OF SUBPROCEDURES 

Relative Time First possible execution Last possible execution 
Period of Sub-Procedure of Sub-Procedure 

1 2 
2 3,4,5 
3 6,7 

4 8 
5 9,12 
6 10,13 

7 11,14 
8 15,17 
9 16,18 

10 19 
11 20 
12 21 

13 22,31 
14 23 
15 24,25 

16 26 
17 27,28 
18 29 

19 30 
20 32 

The sum of all value fields must equal seven 
for each comparison. 

TABLE 3 

CONDITION VALUES ON COMPARISONS 

Condition Value 
1 

< 2 
> 4 
~ 6 
£:: 3 
~ 5 

2 
5 
6,7 

8 
9,12 

3,4,10,13 

11,14 
15,17 
16,18 

19 
20 
21 

22 
23 
24,25 

26 
27,28 
29 

30,31 
32 

From the foregoing it is obvious that the 
simplest technique to use for comparisons 
which affect branching between subproce­
dures, is to treat the comparisons as sub­
proced ures by themselves. Each decision af­
fecting branching would be a subprocedure. 
This leads us to an alternative method. The 
main flows of data in a multi-processor could 
be executed without regard to data dependent 
branching. All data dependent decisions could 
be made by a separate processor and the 
proper final results selected. By this method 
some operations would be performed which 
would prove useless. Depending on the envi­
ronment this alternative might save consider­
able elaped time. 
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COMPILING AND EXECUTING 
We assume that the organization of the 

procedure will take place prior to the com­
pilation of an object program. The compiler 
should be able to provide, with the loadahle 
program, all of the intelligence concerning the 
network, the time periods and the execution 
times for each subprocedure. In turn the ex­
ecutive or monitor routine must be able to 
treat each scheduled subprocedure in the same 
manner as it treats any interrupt from an out­
side source. A subproced ure would take on the 
priority of its governing procedure. In effect 
we are subdividing every piece of work to be 
done into the smallest practical unit. A sub­
procedure could be the inversion of a matrix 
or the comparison of two data fields. The 
compiler determines how the work can be sub­
divided and over-lapped. The executive routine 
determines which component shall execute it 
and when. 

HARDWARE 
To provide complete flexibility in the hard­

ware associated with the central memory, a 
binary addressing scheme seems to be the 
logical choice. It also seems desirable to pro­
vide one static register per processor with a 
bit size equal to the memory width. Each pro­
gram would be assigned a base register which 
would contain a binary number, the starting 
bit address. Each processor can contain a one, 
two, or three bit multiplier (hardware) which 

would operate on the address portion or por­
tions of an instruction before incrementing 
with the base register. If a processor contains 
only two static registers and a plugboard, all 
intelligence as to sequence must be within an­
other processor, possibly the one which con­
tains the executive routine. 

CONCLUSION 
We have described a technique to break 

down the solutions of problems to permit 
maximum parallel operation within one prob­
lem. We have not described in detail the hard­
ware needed to execute programs in this 
manner. We consider that the hardware will 
be developed. 
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Dr. Harry D. Huskey* 

On-Line Computing Systems: 
A Summary 

ON-LINE COMPUTING was defined by Walter 
Bauer as the efficient use of a computer in a 
system in which the computer interfaces with 
man or other machines, to which it reacts in 
receiving and supplying information. Review­
ing the six kinds of on-line systems described 
by Ivan Sutherland, I would propose the 
following revision of the definition: 

"On-line computing is the use of a 
computer interfaced with man or 
machines, to which it reacts in re­
ceiving, processing, and transmit­
ting information." 

I am most interested in the interface with 
man, and here the computer is on-line if the 
man awaits the computer's response, not hav­
ing turned his attention to other matters. 

It is clear that during the era 1949 until, 
perhaps, 1954, all automatic computers were 
essentially used in an on-line manner. In other 
words the customer sat at the console, pushed 
buttons, and tried to interpret the displays 
(binary neon indicators) in terms of the ex­
pected progress of the problem. 

In 1954 with the delivery of large com­
mercial computers (with more attention to 
actual dollar costs) it was no longer sensible 
to let a user flounder through a problem by 
pushing buttons and "thinking" at a console. 
Thus we have the era of BATCH PROCESS-, 
ING. 

Now in 1965, using the experience gained in 
developing military systems, many efforts are 
underway to improve the communication be­
tween man and the computer. Obviously the 
man will make maximum progress on his 

problem if he can work on it with sustained 
attention. This implies the use of a personal 
console available to the man for relatively long 
periods of time. In most situations his opti­
mum progress on his problem requires com­
puting over very short intervals of time. Con­
sequently, a well organized central computer 
capable of servicing many low cost stations 
is required. 

ECONOMICS OF ON-LINE COMPUTING 
At the University of California in Berkeley 

16,000 problem passes were made in the month 
of January, 1965, on the DCS (7040-7094) 
system utilizing 57 percent of the available 
computer time. The average problem time was 
1.56 minutes and the average equipment cost 
per problem-pass was $3.00. The cost of ex­
pendable supplies per problem-pass was about 
$0.30. 

The capital cost of a teletype style station 
ranges from $400 to $2,000, and communica­
tion costs range from $2.00 per month (for 
direct lines on the Berkeley campus) up to 
$4,300 per month for a leased private voice­
grade line across the United States. 

Since the teletype user can see the imme­
diate effect of his editing of his program he 
will use substantially more central computer 
time. I estimate three times as much which 
I think is a conservative figure. 

Certainly the use of the on-line stations 
reduces th€ use of cards and high speed printer 
supplies. Let us assume that this goes to zero 

*Professor of Electrical Engineering, University of 
California, Berkeley. 
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and that the cost of paper and ribbons for 
teletypes can be ignored. If a teletype station 
is used 300 hours per month (14 hours per 
day for a five day week) and costs $150 per 
month (the price of a Q UIKTRAN station­
note that Morrissey quotes $1,000 per month 
per station as total cost), then the remote­
station hardware cost per problem is $0.50 
on the basis of one hour use. Central computer 
use per problem is probably up by a factor 
of three, e.g. instead of three compilations to 
debug a ten statement problem there is per­
haps eight to ten passes. 

Therefore, the actual cost of doing a prob­
lem using remote stations on the basis de­
scribed above is perhaps three times the cost 
by batch processing methods, primarily be­
cause of the extra problem-passes which can 
be easily taken from the console. 

Certainly reduction in cost of in-output 
equipment at the central computer, improved 
methods such as incremental compiling (state­
ment by statement), incentives to encourage 
non-wasteful use, can improve the cost ratio. 
However, even under optimum arrangements 
the total problem cost for remote station com­
puting appears to be perhaps twice that for 
batch processing. 

Those who argue that remote station com­
puting will be cheaper, do so on the basis that 
(1) incremental compiling will permit clearing 
syntax errors in one pass (most current batch 
processing compilers could be much better 
designed from this point of view), and (2) 

that fewer results will be printed since the 
person with the problem knows he can easily 
get other results if needed. I am willing to 
admit that there will be a reduction in the 
printing of wrong results, but at reasonable 
traffic levels the person with a problem to be 
solved does not 'easily get other results. Con­
sequently, when he thinks his program is cor­
rect (and he is an eternal optimist) he will 
ask (curbed only by hard cash economics) for 
extensive print-outs at the central computer 
facilities. 

It is unfortunate that the problems of satu­
ration of the on-line console system were not 
discussed. 

Whatever the true picture relative to the 
costs of batch processing versus console com­
puting, there is no doubt whatsoever that from 
the point of view of elapsed time the console is 
far superior. As Weizenbaum says: Man is 
conserved, not the machine. 

On the other hand, the system designer has 
a tremendous task in discouraging the user 
from experimenting trivially just to see what 
wonderful things will be done for him. 

It is exactly this last point and the eco­
nomics discussed above that leads us at 
Berkeley not to plan for consoles for under­
graduate teaching purposes. In fact, these 
students do not even get normal turn around. 
If their problems are left by a fixed time in 
the evening the results will be back the next 
morning. This system permits the assignment 
of a substantial problem once a week due one 
week later. 

At the same time we are installing remote 
consoles (1050's) which, during scheduled 
periods provides Q UIKTRAN, and at all other 
times permits communication with problems 
in process in the DCS system (problems run­
ning under IBSYS, FORTRAN II monitor, 
and numerous special languages such as 
COBOL, COMIT, SNOBOL, IPL, NELIAC, 
etc.). Such facilities will be available to gradu­
ate students and staff but not in undergradu­
ate teaching. 

FUTURE OF ON-LINE COMPUTING 
Walter Bauer has estimated that by 1975, 

90 percent of computing will be done ON­
LINE. I would like to examine this for a 
moment. Following I van Sutherland we can 
divide computing into the following cate­
gories: 

1. Process control 
2. Inquiry Stations 
3. Process control 

Specialized Systems (Engineering 
Design) 

4. Instrumentation of on-line systems 
S. Programming Systems 
6. Problem Solving Systems 

Categories one through four are intrinsically 
on-line. The tasks associated with five and six 
can be accomplished by batch processing or 
on-line techniques. My opinion is that (because 
of economics and, in line with the discussion 
of the preceding section) program debugging 
and problem solving will always be done both 
on-line and by batch processing. In these two 
areas the balance is anyone's guess-it depends 
strongly upon the relative accomplishments in 
the improvement of batch processing tech­
niques and in the improvement of on-line tech­
niques. My guess is that the division will be 



about 50%-50%. It is possible that in 1975 
process control, inquiry stations, and on-line 
instrumentation will represent 80 percent of 
the total computing done, in which case Walter 
Bauer's estimate would be right. However, I 
believe that more than 10 percent of the total 
computing will still be batch processing. 

INSTRUMENTATION 
The evidence of the lack of precise informa­

tion in the two preceeding sections supports 
the contention of Sutherland and Amdahl that 
much more instrumentation of on-line systems 
is needed so that we know what is going on, 
what the typical user does, and what the vari­
ations are from the norms. It is only with this 
information that systems can be "trimmed" 
so as to optimize usefulness to the customer 
array. 

TYPES OF COMPUTER USERS 
Computer users can be classified into two 

groups: Those who require hardware response 
before loss of attention occurs or frustration 
cancels any advantage, and those who only 
need results some time later (minutes, hours, 
or days) as they can, without ultimate loss, 
turn their attention to other tasks in the inter­
vening period. The on-line user is thus dis­
tinguished from the batch processing user. 

I t is also possible to classify users on an­
other scale as follows: 

1. The query user, who asks the machine 
(hardware and software) questions and 
expects answers in real-time (he awaits 
the answer without transferring atten­
tion to other matters) . 

2. The reaction user, who submits himself 
to the control of the machine. Usually 
the decisions involved depend upon an 
environment too complex and too quickly 
changing for a man (or team of men) to 
make the decisions. The answers to all 
questions are programmed a priori. An 
example is the abortion program of pro­
ject Mercury. 

3. The heuristic user. A complex problem 
is under consideration, and the complete 
exploration of the solution tree is beyond 
the capability of the system (probably 
time-wise). Therefore, on some basis the 
solution tree is pruned by the man and 
the machine moves him through the re­
duced tree. 

4. The partnership. The partnership be­
tween man and the machine can range 
from a limited partnership as repre­
sented by Morrissey's QUIKTRAN to a 
more general partnership represented by 
project MAC at MIT, or the time sharing 
system at SDC. The work on self-organ­
izing systems is looking forward to even 
more interesting part:Q,erships. 

FAIL SAFE 
On-line systems are still in their early de­

velopment stage, but now that systems are 
beginning to work, I think that it is obvious 
that more attention should be paid to the fail 
safe aspects of the problem. Topics to be con­
sidered here are memory protection or assign­
ment, system controlled input and output, and 
well designed user language features. The 
merits of simpler systems, like JOSS, should 
not be discounted. Walter Bauer made a sig­
nificant point in this respect: the user should 
be led down a procedural path. 

THE CULLER-FRIED APPROACH 
The use of a storage tube simplifies the 

remote station device, placing it in the same 
cost area as sophisticated teletype-style sta­
tions. Although such stations are not as ver­
satile as the dynamic or memory buffered 
types, they nonetheless accomplish the most 
significant improvements in communication 
that display scopes represent. In fact, the 
comments of Pope and Tomkins support the 
old adage: a picture is better than a thousand 
words. 

As indicated by Pope, perhaps the most im­
portant aspect of such station systems is their 
aid in the development of the solution algor­
ithm. In comparison, teletypewriter methods 
might be like trying to appreciate the art in 
the National Gallery by exploring it at night 
with a pencil size flashlight. 

ENGINEERING DESIGN 
WITH DISPLAYS 

The use of display consoles in engineering 
design seems to me (an outsider) to be push­
ing the state of the art a bit. My feeling is 
that here is a powerful technique with almost 
unlimited potentialities and, therefore, I 
strongly support all the work in the field. 
However, at this early stage in the develop-
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ment I feel that at best it is a clumsy tool. 
Therefore, we should be extremely careful 
about raising false hopes. 

On the other hand, the very complete pre­
sentation of Donn Parker shows a tremendous 
effort in this direction. And whatever the 
relative efficiencies of this tool, I "drool" when 
thinking about the possibility of using the 
system. In fact, I wonder about incentives 
to minimize the "playing around" of the 
operator? 

LANGUAGES 
As illustrated in the MAC system and in 

Donn Parker's system, we are going to see 
many problem oriented language systems for 
use with remote stations. So far, many of these 
are adaptations of batch processing languages, 
but time will see the development of systems 
optimized for remote-on-line use. 

In the area of procedure oriented languages 
QUIKTRAN is an adaptation of the batch 
processing language FORTRAN. In review­
ing Johnson's PAT language one wonders if 
it could not have been developed with a much . 

closer relationship to either ALGOL or NPL. 
For language exploration this is not too im­
portant. However, if anyone is developing a 
language which he expects to be widely used, 
then he should base it on either ALGOL or 
NPL if possible. 

SUMMARY 
I am impressed by the large show of interest 

in the subject, and I hope this is symptomatic 
of a hard look at the problems of improving 
batch processing systems and, more impor­
tantly, at the greater variety of tools available 
by improved man-machine interface equip­
ment (hardware and software). I feel that 
the culmination of the developments described 
in this set of papers marks the first real step 
in improving the use of the computer as a 
research and development tool. In other words, 
making the computer available to an indivi­
dual on a more or less continuous basis is the 
first significant step in improved use of com­
puting equipment since the first automatic 
computer was put into operation in 1949. 
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