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ABSTRACT 

This document is the result of a three-month study by the System 

Development Corporation, conducted for the Defense Documentation 

Center (DDC) in fulfillment of Contract D6A-60O'12301. The report 

consists of three volumes: 

Volume I Five Year Plan 

Volume II Needs and Requirements 

Volume III State of the Art Study 

Three alternative plans are presented for the operation and develop¬ 

ment of DDC for the Fiscal Years I967 through 1971. Estimates of 

workload, equipment, personnel, and costs are given to Fiscal Year 

1971 for each of the alternatives. 

The first two years will be used to clean up the existing systems and 

to develop an Internal Integrated System that would serve as a basis 

for future growth in both documentary and management information 

operations. This integrated system will provide the basis for 

management and control of the total DDC operation including technical 

processing, ADP operations, and reproduction and distribution. It 

will include generalized ADP programs for use in documentary and 

management information processing as well as procedures necessary for 

efficient operation of non-ADP activities within the integrated system. 

The system will provide flexibility and efficiency by reducing the 

number of operational procedures and computer programs developed each 

time a new requirement is placed upon DDC. 
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! 
The last tnree years will be spent in a continuing upgrading of the 

basic Internal Integrated System by incorporating new advances in 

the state-of-the-art in document and management processing into the 

system as well as any new missions that DDC is asked to perform. 

A development program in document processing and user services 

utilizing both in-house and contractor personnel shall be activated. 

In addition to advancing the state-of-the-art in document and user 

services, studies shall be made to define future integrated system 

elements that will be utilized by DDC in later years. 

O 

Q 
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A. INTRODUCTION 

Volume III contains materials which are intended to provide aid to 

Defense Pocumentation Center (DDC) in its evaluation, selection and utili¬ 

zation of computer hardware and software. 

Section B, State of the Art in Hardware, depicts the most likely develop¬ 

ment of computer hardware in its organization, capabilities, and application 

during the next five years. Such topics of interest to DDC as bulk storage 

developments, information retrieval equipment trends, advanced ("third 

generation") computer capabilities, and optical reader potential are treated 

in detail in this Section. 

Section C, State of the Art in Software, consists of several sections, each 

of which analyzes an aspect of conqputer software of concern to DDC. Section 1 

contains a discussion of general characteristics of programing languages. 

The second section provides detailed specifications of Fortran, Cobol, PL/l, 

and Decision Tables, the four major computer language classes considered to 

be most compatible across manufacturers lines, and expected to be emphasized 

in future software development. Within DDC's area of application, executive 

systems and file processing systems are considered of prime importance and 

are found respectively in Sections 3 and 4. 

Sections 5 and 6 are entitled Choosing a Programming T/mfiimfl» and Checklist 

of Questions for Programming Language Evaluation. They include criteria of 

general application in choosing an assembly language or a compiler language, 

and of specific application to DDC requirements. 
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Section 7, Present and Future Trends In Programming languages, covers 

today's trends, developments expected over five and more years, and their 

relation to expected DDC programming language needs« 

This volume is designed for use by DDC and DDC contractor personnel as a 

tool for: 

Evaluating the current DDC computer hardware and software 
state-of-the-art. 

Assessing today's general state-of-the-art in these areas. 

Providing material for use in recommended evaluation and 
selection activities. 

Showing selected examples of advanced applications 

state-of-the-art of hardware and software, for use 
DDC design and analysis activity. 

of the 

in related 
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B. STATE OF THE ART IN HARDWARE 

!Rie past few years have seen major advances in information processing. 

Hardware and software components have been Improved in many ways. Both 

fields have taten strides forward but perhaps the biggest source of facility 

has come from their combination as parts of a single system. New applica¬ 

tions have been met not by either the hardware or the software, but by 

improved combinations of the two. 

nie existence of time-sharing and multiprocessing today depends far less 

on significant changes in concept of either the hardware or the software 

than on the recent changes in thinking about the organisation of the total 

system. Hie nardware time-sharing systems includes: large memory capacities, 

large peripheral storage, and accomodation for a multiplicity of communi¬ 

cation lines. These in themselves would not provide time-sharing without 

the executive programs for handling the many "simultaneous" programs and 

peripheral and terminal equipments of various characteristics. Multiprocessor 

systems make use of hardware elements that are generally indistinguishable 

from single processor installations (except for the additions providing 

rapid data communications between the several processors in the system). 

The software for control and interrelations of the several hardware elements 

is a necessary concomitant. 

Unfortunately, improvements in each field have often not anticipated changes 

in the other, lïiis has led to duplicate capabilities despite the fact 

that a system can make effective use of only one or the other. For example, 
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hardware elements have been specifically designed to handle time-sharing. 

Concurrently, software has been developed to provide time-sharing on hardware 

not designed with this function. IMs may lead in a few years to the user 

option to have time-sharing either by means of hardware or software. However 

the apparent value of this type of redundancy is outweighed by a disadvantage 

the user will be unable to benefit from the advances in both fields simul¬ 

taneously. By choosing an aspect of one subsystem, he may be ruling out the 

full advantages of the other subsystem. 

1. MAJOR COMPUTER ELEMENT CIASSES 

Today's information processing hardware differs from that of some years 

back both in details and in organisation. On the other hand there have 

been few breakthroughs in component design. Internal memories are still 

primarily magnetic core although continued development has made them 

smaller and faster. Vacuum-tube circuitry has been replaced by tran¬ 

sistors which in turn are being replaced by integrated circuitry. This 

has led to reduction in size and power consumption, together with some 

increase in speed. Few changes have been made in peripheral equipment 

except for the greater use of cathode-ray-tube displays. Bulk memory 

(mass storage) devices still primarily consist of magnetic tape, whose 

packing density and transfer rates lately have been increased somewhat. 

!Die use of disk, microform, and magnetic card memories has increased 

storage capabilities while decreasing access time to data stored in 

bulk memories. On the other hand, processes in development five years 



29 August 1966 5 TM-WD-268/003/00 

ago, such as photographic memory or other optical memories, have not 

been adapted to general use. Optical scanners are only now entering 

the picture in a significant way as input devices and will undoubtedly 

become far more important in the future. 

The most significant improvements in today's hardware over that of 

five or ten years ago has been in the area of organization of the 

processors. The successful application of the multiprocessing concept 

has led to a degree of parallel modularity which was unthinkable ten 

years ago. In addition, compatibility between different sized members 

of a given computer family has resulted in serial compatibility per¬ 

mitting the use for a given purpose of a machine which has only enough 

capability to answer that need. 

Priority interrupts have become common to permit greater concurrency 

of multiple operations within a single system. Such features, and 

many others, have been obtained with nr, essential changes in the various 

system components (such as memory, peripheral equipment, and input/ 

output equipment). 

It is significant to note that the computers of the early 50s were 

quite rigidly divided between scientific machines and business-oriented 

machines. In the late 50s and early 60s this differentiation began to 

vanish as system sophistication increased. As the cost of hardware 

comes down, as it inevitably will, this trend will probably continue 
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in that it will be economical to build additional specialized capa¬ 

bility into the equipment. 

The new "third generation" computer series of computer equipment being 

implemented by major domestic computer manufacturers all highlight the 

rapidly declining differentiation between "scientific" and "business" 

computer equipment. 

Each of the series mentioned below have the following common features : 

A group of computers with ascending computer instruction 
repertoire compatibility. 

A "total" instruction repertoire, with complete mathematical 

(fixed and floating point, single and double precision), 

business (comparison, data movement, editing), and general- 

purpose instructions. 

A tenfold increase in maximum computation speed over opera¬ 
tional computer of the i960-1964 era. 

An instruction repertoire generally different than that of 

preceding ("non-third generation") equipment. 

General provision of assembly language, Cobol, Fortran, and 
PL/l software languages. 

Provision of software packages to operate in batch, real-time, 

and conversational (time-sharing) modes. 

Software and hardware capability for multiprogramming (current 

DDC environment) and for multiprocessing (multiple central 
computer processing units). 

Provision of software for multiple level execution of mixed 

tasks, including extensive functional program (subroutine) 
libraries. 

Another major factor inherent in these computer "families" is the modular 

ability to expand central memory, mass storage, and input/output equipment 
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co very large size (4,000,000 characters of memory, and many billions 

of characters of random access mass storage are available in the largest 

of those machines). They also can be efficiently used in scientific, 

business, and information retrieval applications due to their high 

internal speeds, flexible and extensive input/output capabilities, and 

large internal and external storage capabilities. 

These "third generation families" include the Honeywell 200 Series, 

RCA Spectra 70 Series, IEM 360 Series, the newly announced Sperry Rand 

Univac 9000 Series, and the Burroughs "2OOO/30OO/65OO Series" computers. 

The General Electric 600 Series and the "super" Control Data Corporation 

6000 Series computers do not possess a comparable business-scientific 

instruction repertoire and have fixed-word memory organization. For 

these reasons of incompatibility (although they are otherwise similar), 

these two series are considered to have somewhat less universal 

characteristics than the others. 

It should be noted at this point that these individual capabilities are 

essentially within the state-of-the-art today. Memories of almost any 

given size are limited only by the economy of application. The speed 

of computation has increased by a factor of one hundred in a ten-year 

period and is continuing to increase. There is aow a capability to 

handle large numbers of input/output devices. The use of cathode-ray-tube 

displays, where economy permits their use, is not uncommon. The dis¬ 

tinction between the various classes of machines is thus in the manner 

in which these elements are combined and the machine is organized. 
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What will be the characteristics of data processing hardware in I971? 

One way to hypothesize the development is to extrapolate from the past, 

comparing the hardware of the 1900s with today's. In i960, operational 

computers still utilized vacuum tubes, although development laboratories 

were building transistorized systems. Bulk storage of data was almost 

exclusively on tape with a packing density between 25$ and 65$ of that 

generally available now. Core memories ranging up to 32,000 words 

(190,000 characters) were extremely unusual. A typical time to perform 

addition ran to scores or hundreds of microseconds (millionths of a 

second), and a computer storage access cycle time of ten microseconds 

was unusually fast. These general characteristics pertain to computers 

in general use in i960, although that was the period which saw the first 

delivery of such "modern" hardware as the RCA 501 and 19( 7090. Compare 

these capabilities with those of the later CDC 36OO, Philco 2000 (model 212), 

and RCA 3301 computers. These more recent units have all been in use 

for at least three years, and each represents capabilities about an 

order of magnitude better than the machines of six years ago. The 

equipment available in 1966, such as the 19( 360, CDC 66OO, Univac II08, 

and RCA Spectra 70 are almost an order of magnitude better again in 

many ways. Along with this, we have noticed a great decrease in the 

cost of the hardware. It was not very long ago when the "rule of 

thumb" cost for core memory was $1 per bit. Today it is down to ten 

cents per bit. Most of the improvements have come about in the central 

processing unit; unfortunately, similar quantum improvements have not 
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be'în visible in the fiaid of input/output equipment. It is true that 

disks are competing with tape for bulk storage, and that we have 

somewhat more sophisticated man-machine transducers than we had five 

years ago, but there have been no dramatic improvements in the capa¬ 

bilities of input/output equipment comparable to the changes in the 

central processing units, 

a. Internal Memory 

lhe past few years have seen great improvements in the cost, speed 

and size of internal memories. Most operational memories today 

are still based on the threaded magnetic core. Storage cycle time 

has decreased by a factor of about ten from units of microseconds 

to tenths of a microsecond. Size and cost have also come down by 

an order of magnitude. In addition, we now see the introduction 

of even higher speed scratch-pad thin film memories, as in the 

Burroughs B-85OO, which reads a 52-bit word in an average of 250 

nanoseconds (billionths of a second). 

The United States Navy's Project Lightning has had its greatest 

successes to date in the realm of development of high-speed internal 

memories. Three different approaches have been sponsored by the 

Office of Naval Research, each aimed at an ultimate memory operat¬ 

ing at one-nanosecond clock rate. IEM has been working with cryogenic 

( ultra-cold environment") memories, on the approach that reduction 

of resistance at cryogenic temperatures permits increases in pulse 

speeds. Sperry Rand has been developing thin film memories. The 
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partial success of this approach is attested by the fact that 

computers on the market today are utilizing thin film memories. 

RCA has worked on the continued development of conventional magnetic 

cores and their descendants. Memories have been built utilizing 

printed circuitry with 500 cores to the square inch on a substrate 

less than 10-mils thick with a capability of cycle times better than 

six nanoseconds. Certainly the two latter approaches (printed core 

assemblies and thin films ) are directly amenable to automatic 

manufacturing with the attendant savings in cost. Perhaps the 

greatest present bar to their use is the fact that development has 

been lagging in the necessary, related fields of high-speed logical 

circuitry and in system design which can take advantage of these 

memory improvements. 

We can see before us the probability of automatically manufactured 

memory devices with a cost-per-bit approaching a tenth of a cent 

and operating at speeds approaching ten nanoseconds. When the 

associated circuitry, power supply, interconnection, cabinets, etc., 

are added in, the total cost of the internal memory may be expected 

to be below one-cent-per-bit. Hie hardware cost for a memory unit 

ready to operate will thus be in the neighborhood of ten cents per 

character of memory. It is obvious that the restriction of cost 

will no longer apply insofar as the use of larger and larger memories 

go. Such memory hardware may make today's 4,000,000-character mem¬ 

ory as obsoleve and inadequate in 1971 as ENIAC's ten-word memory 

is today. 
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Although such large-scale computer memories would not completel;’ 

eliminate the need for external bulk storage, they would permit the 

transfer of data between external and internal storage in much 

larger blocks than at present, particularly when combined with 

economical large-scale, high-speed external memories as part of 

the input/output bulk storage device. Hiis capability would come 

about by the fact that it would be economical to assign a signifi¬ 

cant portion of computer memory to the single task of communication 

with input/output bulk storage devices. A large block of data 

from a tape or disk would first be buffered in a high-speed memory 

in the input/output device, and then allocated at very high speed 

into the main memory input/output section. This data could then 

be transferred to other locations in memory, or a method of dynamic 

allocation of space will permit "floating" the main input/output 

section throughout the memory. In either case, the transfer of 

larger blocks of data at higher speed becomes feasible because of 

the economy of providing additional storage space for a particular 

use. 

The use of very large but inexpensive memory units, together with 

cheap repetitive circuitry, permits the direct design of an asso¬ 

ciative or content-addressed memory. It has long been recognized 

that it is desirable to extract data from memories on the basis of 

the data itself rather than on the basis of its storage address. 
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To date, this generally has been accomplished only for small 

memories. For example, one of the special-purpose scratch-pad 

memories in the Burroughs B-85OO is an associative memory, in 

which data content addressing is feasible because of the small 

size and high speed of the scratch pad. Retrieval is accomplished 

by simultaneous query of each discrete data item in this small 

memory, with comparison for the desired information being made in 

a multiplicity of decision elements. As memory speeds increase, 

and memory and circuitry costs are reduced, this capability will 

undoubtedly be extended into larger memory elements. Circuits of 

hundreds of thousands, or even millions of components are not far 

off. It will thus be possible, in one computer operation cycle, 

to search every element of the memory in order to find the desired 

information. Ibis will relieve the need for complex data arrange¬ 

ment and the complex programming now used for rearrangement or 

search. 

The field of associative memories is so important to information 

retrieval applications, and specifically to the various functions 

of DDC, that more detailed descriptions are pertinent. Two distinct 

component approaches have been proposed and examined for the two 

physical forms of an associative memory — cryogenic and magnetic. 

Development of cryogenic memory cells has included an ability to 

incorporate and embed logic capabilities in each storage cell. The 



o 29 August 1966 13 TM-WD-2Ó8/003/J0 

intimate relationship of storage and logic provides an inherent 

storage cell selectivity which is basic to associative memories. 

The cryogenic computer, however, suffers from the severe disadvantage 

of requiring a controlled "cold" environment. Power failure to the 

environmental control system causes loss of memory contents. 

Significant problems in the utilization and application of cryogenics 

have been reported due to the unavoidable heat dissipation of logic 

and switching elements. For these reasons, it is unlikely that 

cryogenic computers will be generally popular in the near future. 

The second approach to an associative memory is based on the use 

of magnetic components. In addition to the Burroughs scratch pad 

memory mentioned above, there have been reports of development of 

associative memories as large as 2,000 words with a five-microsecond 

comparison time. Over the next five years it is probable that the 

size of associative memories will increase although there may be 

no significant increase in speed. 

The two major approaches to associative memories can be compared as 

follows : 

Magnetic films and cores require high driving power, have 

ratios' and squire large amounts of 
associative component circuitry. 

Cryogenic systems require large amounts of power for the 
environmental control system. They will also require exten¬ 
sive circuitry at the interface between the controlled 
environment and the uncontrolled environment. 

(J 
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Even if the true large-scale associative memory does not become 

available by 1971} the combination of very large, rapid access, 

addressable memories with smaller but significant associative 

memories provides for a degree of sophistication in content address¬ 

ing no*' now available. Great improvements in this area, built into 

the hardware, can have a significant effect on such software develop¬ 

ments now going on such as research into sophisticated query lan¬ 

guages. A more brute force approach to content addressing may well 

become economical as a result of larger core memories, much larger 

associative memories, and higher speeds of operation. 

b. Peripheral Storage 

This category of equipment includes such units as tape storage 

devices, magnetic disk and card units, and drums. Despite the 

increase in size in internal memories, these units will still be 

popular five years from today. As the sophistication of use of 

data processing systems increases, there will be a corresponding 

increase in sophistication of applications. We can expect bulk 

storage requirements to increase at a greater than proportional 

rate as applications become more varied. The fact that internal 

storage can be expected to grow in size means that it will become 

more feasible effectively to utilize larger external bulk storage. 

When such larger storage capabilities are combined with higher 

transfer speeds and larger internal memories, it becanes eminently 

possible to use external storage orders of magnitude larger than 



29 August 1966 
15 TM-WD-268/003/CO 

today's with no appreciable effect on the speed of operation of 

the system. 

It is true that system speed does not generally or necessarily 

depend on the speed of the peripheral equipment. Thus, for example, 

the rate for reading data from a tape does not have to be consistent 

with the speed of handling the data within the CPU. However, it is 

not hard to envision operations in which the necessity for frequent 

referral to input/output equipment slows down the system throughput. 

There are many vrays of programming so as to minimize this penalty, 

but the point being made here is that such a penalty can also be 

minimized by the use of more sophisticated hardware, thus removing 

some of the burden placed on the software. Ihe gain to be achieved 

from such additional hardware sophistication can either be taken 

as a minimizing of software requirements or in the ability to handle 

much more input/output data with no sacrifice in throughput time. 

(l) Magnetic Tape 

The fundamental basis of operation of magnetic recordings 

on tape, disk, or drum is sound, and techniques are sufficiently 

well in hand so that any improvements in these units will be 

matters of degree rather than of kind. For example, magnetic 

tape units are available today which record at BOO bits-per- 

second-per-track with as many as 20 tracks-per-inch width of 

the tape. We might expect packing densities to increase to 
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I5OO bits-per-inch (or characters) of information, as magnetic 

heads are improved and new magnetic surface materials appear. 

This is a simple extension from professional audio tape record¬ 

ing capabilities, which today extend to well over 3000 cycles- 

per-inch of tape. With multitrack tapes, and closer track 

spacing, comnon tape data transfer speeds in the range of 

millions of characters-per-second will become available, but 

this would probably provide an increase of less than one 

order of magnitude. Hi is is hardly significant when compared 

with the improvements in operation which are to be expected 

in the central processing units of computers. 

Hiere has been a nc.ible trend, particularly in connection 

with the so-called "third generation" of computers, to standard¬ 

ize on tape format between various computer manufacturers. 

This standardization is still far from universal. It can be 

expected that future hardware capabilities will provide a 

still greater percentage of standardization. 

In the past such standardization has been accomplished entirely 

on the bf.sis of one manufacturer's accepting the specific tape 

format of another and designing his total data processing 

system to provide that format. Future developments may permit 

some of this compatibility to be obtained by programming the 

computer to recognize a number of différé it tape formats. 
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Compatibility of such physical characteristics as reel hub 

size, tape width, and others may never come about. It may 

still be necessary in the future to have available tape servo 

units of different physical characteristics to permit this 

capability. Far more important, and much more probable in 

the immediate future, will be both the hardware and software 

capabilities for control of different types of servos, and for 

translation between different recording formats. In the past, 

provisions for the development of such compatibility have not 

been encouraged by system manufacturers for business reasons. 

There is now a greater recognition that each will profit by 

the greater application of more universal data interchemge 

capabilities. 

(2) Disks 

Magnetic disk recording is now an accepted capability for 

input/output data storage. Although the storage capability 

of disks compares unfavorably with that of tapes on a volume 

basis, this factor is insignificant. Far more important are: 

access time to a block of data on disk, measured in fractions 

of a second as opposed to seconds or e/en minutes for a tape; 

greater capacity of storage in a reasonable size disk pack as 

compared to a tape, thus reducing the requirements on the 

operator to change units, and also making more of the magneti¬ 

cally-stored data available at all times; higher cost of 

storage on the magnetic disk as compared to the tape. 
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Considering the last item first, namely, that of relative 

cost, we can expect no significant difference in the next 

five years. In the case of both disks and tapes, the unit 

is essentially electronic-mechanical, and major changes and 

improvements are not anticipated. The capabilities of a tape 

unit to provide inherent large-block storage or formatting are 

tqually pertinent to a disk unit. In the next few years, 

Just as at present, the advantages of the disks for many appli¬ 

cations will continue to outweigh the disadvantage of high 

cost. 

The larger capacity of the disk, as compared to the tape reel, 

will continue. Improvements in disk packing densities can 

also be expected, but to no more significant on extent in 

data transfer speeds than is the case for tape« We can, however, 

expect the total capacity of disk units to increase as it 

becomes more feasible to use more and larger disks per unit. 

!Rie most significant Improvement in disks that cam be expected 

is again reflected by the increased availability of the equip- 

ment's electronic and memory capacity. We may well expect to 

see an effective capability of reading (or writing) on more 

than one disk simultaneously. This will come about by pro¬ 

visions within the unit to handle more than one block of the 

data by providing duplication and redundancy of electronic 

units. Further improvements in the design of the recording 
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heads and their positioning mechanisms, for which no major 

breakthrough is required, will result in smaller units per¬ 

mitting approximately the ultimate of one recording head, 

individually positioned, per recording track. Such a unit 

is already on the market but is now capable of handling only 

one surface at a time. Simultaneity will be achieved both by 

redundancy of data handling facilities within the unit, and 

by duplication of head control mechanisms. 

(3) Magnetic Cards 

One bulk storage unit which has recently made its appearance 

might find a number of applications which are now being handled 

by more conventional units. This is the Random Access Card 

Equipment (RACE) used by RCA in its model 330I and Spectra 70 

* 
ccmputer systems. RACE records data on a broad surface of a 

magnetic tape-based mylar card approximately 4 by I3 inches. 

Sixty-four cards are contained in a single holder and each 

card is individually addressable and retrievable. The addressed 

card is extracted, and passes the card reading head at a rate 

of approximately 400 inches per second. Up to eight (no 

inherent limitation or number) card magazines can be used 

# 

The analogous CRAM (Card Random Access Memory) unit, produced by NCR, exhibits 
similar generic characteristics. 

** 

A registered trademark of the I. E. DuPont de Nemours Corporation. 
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simultaneously on one machine. ®ie storage capability per 

card is approximately 16,000 characters. Each magazine, 

therefore, contains approximately one million characters of 

data for a total of approximately 8 million characters per 

system. The speed of reading provides a data rate of 60,000 

characters per second, but is slowed significantly by the 

(electro-mechanical) card accession time intervals. Total 

bulk reading time depends on the degree to which one card 

follows another immediately past the reading heads. Access 

time ranges from 100 to 500 milliseconds per card. !Hie advan¬ 

tages of RACE over magnetic disks are the simple mechanical 

facilities for changing a magazine, and the fact that the card 

is equally adaptable to storage of digital data, magnetic video 

recordings, or microfilm inserts. 

(^) Other Bulk Storage Devices 

Several types of bulk storage devices which may some day replace 

even tape units are now on the horizon. The monolithic ferrite 

memory is now in the laboratory. In this memory, data is stored 

throughout the volume of a three-dimensional monolithic structure. 

First applications of this device will probably be internal to 

the central processing units for small scratch pad memories, 

but eventually it gives promise of rapid access to memory of 

billions of characters of data on an almost random basis. If 

development is successful, this component could replace present 

external bulk scorage devices, but probably not in the next five 

years. 
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Other types of bulk storage devices expected to be operational 

within five years or less are microfilm-based storage, and 

bulk-devices utilizing non-metallic mineral elements, niese 

devices will greatly expand storage and retrieval beyond current 

and announced ("third-generation computer") bulk storage capa¬ 

bility. 

c ’ Internal Circuitry 

Computer construction has undergone a revolution from large vacuum 

tubes mounted on hand-wired chassis, to miniature vacuum tubes on 

printed boards, to transistors on plug-in boards, and we may expect 

this revolution to continue. We are already seeing applications of 

the next step in this progression. Modern electronic circuitry, 

called variously integrated, microelectronic, and monolithic circuits, 

is now being utilized, which requires a minimum number of operations 

in its construction. One semi-conductor chip which can be manu¬ 

factured automatically will replace as many as four active components 

(transistors and diodes) and perhaps 12 passive components. Today 

we can buy single integrated circuits in which one element is a 

complete amplifier or a complete flip-flop. The day is not far off 

when such a chip will provide the capabilities of a multi-stage 

register. To date, one of the major difficulties in production of 

these integrated circuits has been factory yield. Because of low- 

acceptability yield against a set of prepared specifications, the 

cost per acceptable unit has been high. But there was a time, not 
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too long ago, when transistors were $10 each and diodes were $1 

each. It is not far-fetched to forecast that the manufacturing 

cost of a multi-stage register ready to plug into a cabinet will 

be in the order of one dollar. 

Additional economies are axso incurred. The minute size of micro¬ 

electronic elements permits designs with a larger number of stages 

per plug-in unit. This reduces the requirement on cabling and per¬ 

mits much smaller cabinetry to be used. Again the cost is brought 

down to the point where the $1,000 "shoe box" central processing 

unit can be foreseen. 

On the other side of the fence we must note the great strides being 

made in extending the characteristics and capabilities of the pro¬ 

cessing units of computers. The Office of Naval Research has, since 

I960 or earlier, been engaged in Project Lightning, a program to 

develop a 1,000-megacycle computer. Although, to date, greater 

development success has been obtained in the field of memories, much 

work has been successful in designing circuits to operate at this 

one-nanosecond rate. The David Samoff Research Laboratories of RCA 

in Princeton, New Jersey, has demonstrated logical elements, such as 

gates with fan-in and fan-out up to three, capable of handling data 

at this one-nanosecond clock rate by the use of tunnel diodes. To 

date there has been no large-scale combination of these units to 

accompl.sh anything more than trivial single functions such as small 
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registers. A not insignificant problem arises from the fact 

that the velocity of propagation of a data pulse along a wire is 

very close to one nanosecond per foot. The physical design of 

combinations of these elements, capable of performing useful func¬ 

tions, is perhaps a greater mechanical proolem than the electrical 

or logical design of the units. This physical design problem is 

now being attacked: computers are being used for laying out the 

configuration which will permit operation at these high speeds. 

We probably cannot expect a one-nanosecond central processing unit 

in the next five years, but it is not unreasonable to expect 20- 

nanosecond systems. This will represent an increase in speed of 

at least five over some of the most advanced systems announced to 

date, such as the CDC 68OO. 

Cheaper, smaller and faster circuitry in central processing units 

permits the introduction of greater parallelism in data processing 

at economies which are unapproachable today. These advantages could 

also lead to the design of computers with hardware characteristics 

utilizing circuit redundancy which is unheard of today because of 

cost. Certainly, more capability for the same dollar and cubic 

inch could permit inclusion in input/output equipment of logical 

functions which are today relegated to the CPU. Multiprocessors 

become more attractive and could lead to equipment capable of econom¬ 

ical, simultaneous performance of many functions which must, today, 

be performed serially by such means as time-sharing. 



29 August 1966 24 TM-WD-268/OO3/00 

The new circuitry components not only have advantages in cost, size 

and speed but represent a new level of reliability which has not 

been approached heretofore even with solid state elements. It is 

true that transistors and diodes have life times or mean times to 

failure running into many thousands of hours. In fact, one readily 

available transistor meets a production inspection requirement of 

not more than three failures per billion hours of operation. The 

unreliability of today's circuit occurs in those portions of the 

circuitry which are not part of the discrete elements. These include 

solder Joints, poor planting on conductors, and connectors. New 

circuit elements will reduce the need for these and other less re¬ 

liable portions of the data processing hardware. 

2. PERIPHERAL INPUT/OUTFOT EQUIPMENT 

Peripheral equipment is considered here as that equipment which transduces 

or communicates with the operator rather than that which is used entirely 

within the system without relation to the external world. All such periph 

eral equipment has the requirement of the conversion of electro-magnetic 

signals or states into a form recognizable by human senses. Equipment 

used internally may convert from one electro-magnetic state to another 

but need not present the information to c man. 

a. Punched Card Equipment 

To date, the most commonly used transducers, both input and output, 

involve the use of discrete alphanumeric characters. The fundamental 

operation of the input process almost invariably involves a keyboard. 
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(Note here the implied exclusion of such real-time on-line data 

processing systems as those involved in the handling of radar data, 

or manufacturing process control.) 

The fundamental keyboard operations have usually involved the 

preparation of punched cards for data and programming input. 

Punched cards have the advantages of being simple and flexible. 

They permit permanent storage of data and are amenable to checking 

for errors, and in the case of an error, correction can be made 

simply by substituting a correct card for an incorrect one. On the 

other hand, use of cards is expensive, although the dollar cost of 

an individual card, or even the cost per bit of the materials used, 

is low. The expense comes about due to extreme slowness in process¬ 

ing. An experienced operator cannot be expected to provide any 

more than three 80-column cards per minute. Error checking cuts 

this rate in half. The first large increment of expense, therefore, 

is the cost of labor per input unit. At an overly conservative cost 

of labor of $60 per week plus a 67$ overhead, this is approximately 

1.8 cents per character punched, and an equal amount for verification. 

If this cost per character seems low to the reader, it should be 

noted that this represents only 7,200 cards punched in a 1+0-hour 

week. 

The handling of the cards as input data is also slow. Modern card 

reading equipment can handle up to 1,000 cards per minute, but even 
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this is only about 1,000 characters a second, a speed three orders 

of magnitude slower than the capabilities of the data processing 

systems handling the data. If we assume that one of the great 

potentials of data processing systems is their ability to handle 

more data in less time, it is obvious that punch cards are not the 

final answer to data input methods. Nevertheless, we can antici¬ 

pate that punch cards will be popular, at least for the five-year 

period under consideration. 

The U. S. Department of Labor estimates that the increased use of 

data processing systems, which might be expected to result in a 

greatly increased demand for keypunch operators, will be balanced 

over the next five years by the introduction and acceptance of other 

devices for inputting data such as optical character readers. They 

further estimate that the need for keypunchers will decrease beyond 

that period. The flexibility and comparative low skill required for 

operators of card punching equipment will result in their continued 

use. 

Can we expect improvements in the preparation and handling of cards? 

It is true that keyboards may be improved through human engineering 

so as to increase the speed of operation slightly. It is also true 

that we might expect some slight increase in the speed of handling 

the cards in the machine. However, as long as the latter remains 

essentially a mechanical function, ve cannot envisage an improvement 
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of speed by a factor of 100 to meet even today's requirements. In 

essence, the use of cards as an Input medium will continue but will 

diminish in importance. 

There have been numerous attempts to overcome the deficiency of 

electro-mechanical punching of cards. One approach has been the 

use of heat or spark to bum a controlled hole in a card. The major 

obstacle to this method seems to be the much higher cost of the 

specially treated card. Another approach places an electrostatic 

charge at a specified point on the paper. 3he use of this method 

obviously requires special sensing equipment for reading, and the 

marks on the card are not visible without another processing step. 

Developments of new keyboards which do not call for the mechanical 

manipulation of key depression have also been demonstrated. The 

theory here is that relief of operator fatigue will result in 

higher speeds. One such keyboard uses an electronic signal generated 

by the body capacitance of a finger touching the fixed key — similar 

to some modern elevator call buttons . 

Some of the speed deficiencies of card reading are overcome by reading 

the cards directly onto magnetic tape in an off-line mode. The CPU 

is, thus, not involved in the very slow process of reading the cards. 

With present systems, the tape record so generated cem be formatted 

only by a second run through the CPU. This run is, of course, made 

at a much higher speed than that used when reading cards. This mode 
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of operation can be expected to increase in popularity as the 

sophistication of the tape unit increases as a result of cheaper 

electronic components. 

In the past there have been attempts to overcome th“ speed deficiency 

of card handling by connecting the keyboard directly to a magnetic 

tape. Although this method bypasses the cards, it is not essentially 

different from the preparation of cards and the subsequent off-line 

recording from card to tape. This is a common practice today. It 

permits the transfer of data to the central processing unit at much 

higher speeds since the data input now comes from tape instead of 

cards. We can expect greater self-sufficiency of tape units to 

increase the use of this mode of operation. However, note that the 

transducing device is still essentially a keyboard, 

b. Other Input Devices 

Hiere are many other input transducers in use today and envisioned 

by engineers. Such examples as the light gun or light pencil, the 

RAND Tablet, or special measuring equipment used in such applications 

as photo interpretation, definitely have roles in providing data to 

a data processing system. At present this type of equipment is 

generally many times more expensive than alternative methods of pro¬ 

viding the data, at least in terms of initial cost. There is little 

likelihood that this will change. Furthermore, such devices are 

usually quite slow for large masses of data. Their places in the 

O 

O 
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future aie assured for special purposes, but it is hard to envision 

large-scale application of devices whose initial cost and upkeep 

are many times those of alternative, more cumbersome methods. 

Still further off are more exotic devices which have attracted the 

popular fancy and even a considerable amount of developmental effort. 

Foremost among these is the receptor and encoder of spoken data, 

together with its converse, the vocal output device. These devices 

are considerably more than five years into the future. Furthermore 

they are essentially slow. Human speech is not very fast. Hie 

fastest rate at which one might read a column of digits is about 

six per second. For data more complex than simple numbers, not only 

is speech slow, but the information content is low because of high 

redundancy, 

c. Optical Scanners 

The only truly significant change in methods of oroviding inputs of 

large blocks of data to information processing systems which has 

come along in the last few years is the optical scanner, variously 

called page reader or character reader. The machinœ(which are 

now reaching a level of capability and reliability suitable for 

application) recognize (machine) printed characters on a sheet of 

paper at operating rates exceeding 3,000 characters per second. 

Although equipment is available today to perform this function, 

most such devices are limited in flexibility of one type or another. 
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The simplest, and earliest, print readers, operated with single 

fonts, and were capable of recognizing the 26 letters, 10 digits, 

and a restricted number of other characters such as hyphens . 

Furthermore, they were designed to handle forms of a specified 

size and had no selectivity as to the characters which were read. 

All characters on the page conforming to the font requirements 

were recognized. These machines have great application in many 

fields where there is rigid control over the preparation of the 

material to be read. Examples include credit card charge billing 

and other turn around uses. Although they are the most economical 

to purchase and use, they have little application in the general 

field of information processing. 

Improvements on this early class of print readers included flexibility 

in the paper handling portion of the system and an increase in the 

number of recognizable characters. A single machine today is capable 

of handling documents which range in size from 3x4 to l4xl4 inches. 

Other machines have been designed to read as many as 14 different 

font cases, (in this regard it should be noted that the upper case 

set of characters and the lower case set of characters constitute 

individual fonts.) Further improvements have permitted a pre¬ 

editing function to specify by underlining, enclosing in parenthesis, 

or the use of a colored pencil, those portions of a page which are 

not to be read. Thus ohe standard character readers have been improved 
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so as to be able to handle without confusion pages which contain 

mathematical or chemical formulae, diagrams, etc. Machines of 

this type are in use today. 

At least one equipment is being designed to operate under the program¬ 

mable control of a small on-line computer. Hie great advantage which 

occurs in this approach is the capability of specifying to the 

machine those portions of a page which should not be read, or calling 

into play different recognition logic for various fonts or characters. 

Although such machines are not yet in general service, they offer a 

significant advantage for large-scale input 0^ printed information 

when documents are obtained from many sources in varying fonts and 

alphabets. Furthermore, the logic of the machine permits great 

variations in the size of the characters and the skew of the printed 

lines with respect to the paper edge. This latter point is one 

which has invariably required close control in the past. The new 

machine now under development, instead of being controlled by an 

o^“l^n® computer, includes provisions for programming of the recog¬ 

nition logic and field of view as an integral part of the machine. 

Furthermore, It will have the capability to recognize identification 

marks on the page and thus call up the program needed for reading 

of that particular paper. 

The most serious deficiency to date, but one which is to be overcome 

as print readers come into more general use, is the lack of 
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consideration of the effect of the print reader on the total infor¬ 

mation processing system. Character readers have invariably been 

considered by both the developer and the user as additional periph¬ 

eral equipment which was hung on an existing system. There has been 

little systematic determination of the effect of the increased input 

capabilities on the information processing system and the environment 

in which the system operates. The ability to get large blocks of 

input data rapidly and economically seems to be basic in any opera¬ 

tion which performs automatic abstracting or extracting. However, 

little work has been done for a given application of such aspects as 

acceptable error or reject rates, the effect of an error or reject 

on the abstracting or extracting function, or the point of cross¬ 

over of economic use of a print reader versus other means of input, 

d. Output Devices 

Historically, output devices have provided information in character 

readable form. The computer controlled electronic typewriter was 

perhaps the first example of this equipment and is still useful 

where information output requirements are small and slow. More 

important in the handling of large amounts of data is the high-speed 

line printer. A typical unit provides 120 characters per line at a 

maximum speed of 1,000 lines per minute or a maximum of 2,000 

characters per second. Note that this is still two orders of magni¬ 

tude slower than the handling of data within the computer. So long 

O 
as the high-speed printer is constrained to electromechanical 
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operation, we cannot expect gross improvements in its operation. 

Such changes as going from 120 to I60 characters per line is hardly 

sufficient. The problem of speed in the use of the high-speed 

printer really involves limiting the computer speed to that of the 

output device. Today we get around this limitation by having the 

computer record the data to be printed on a tape at a higher speed 

than could be handled by the printer, and the printing is done off¬ 

line. 

An alternate method in large-scale systems involves the use of an 

intermediate buffer computer of smaller size than the main CPU. This 

buffer computer is, itself, generally a full data processing system. 

To the extent that it has general-purpose capabilities, its use is 

less than optimum. If it is considered that only a special purpose 

is required of the buffer computer, cheaper components will permit 

economy in building in special capabilities as an integral part of 

the printer. 

Faster high-speed printers have become available in the last few 

years which depart from the electromechanical means of operation. 

The Stromberg Carlson (ITT) Model 66OO printer is an example of an 

all-electronic device. This equipment utilizes a cathode-ray tube 

which generates the characters. The printout is then transferred 

to light-sensitive paper to provide the final printing. This equip¬ 

ment now operates at 3>000 lines per minute, or one-half order of 
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magnitude faster than the best electromechanical systems. To a 

great extent the speed is limited by the sensitivity of available, 

easily handled paper. It is not beyond credence to believe that 

improvements in display devices such as cathode-ray tubes, fiber 

optics and better paper, can increase this speed to 10,000 lines a 

minute. One of the present disadvantages of this device is the 

fact that only a single copy is available. It is obvious that the 

one master copy could be automatically duplicated on the fly by 

electrostatic duplication methods such as Xerox equipment. To 

illustrate the speed of this device, we should note that the present 

capability of 3>000 lines a minute, 120 characters per line, is the 

equivalent of 20 pages of a typeset book per minute. Ihe output 

needed to keep such a device in use and thus economical for extended 

periods of time are truly formidable. Nevertheless, we can antici¬ 

pate greater application of such printout devices, 

e. Document Reproducers 

Not all output requirements are satisfied by bulk data outputs. Many 

other requirements appear. Many applications, particularly those 

involving legal or governmental matters require copies of a document 

as opposed to the data on the document. On the other side of the 

fence, we have the requirement for output of summarized, plotted or 

pictorial information. As equipment becomes more available to 

provide these facilities, we can anticipate that their use will 

o increase. 
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It is obvious that to provide copies of a document, there must be 

images of the document stored within the system. If the user knows 

exactly which document he wants to copy and where it is stored in 

the system, this is hardly a sophisticated data processing require¬ 

ment diifering from that of any other addressable retrieval system. 

If it is necessary to retrieve a document on the basis of its contents 

from some unknown position, it is necessary to store not only the 

image of the document but such information as is required to retrieve 

it out of its location in the document memory. It is not unwarranted 

to consider this as two separate retrieval problems: the first to 

find, on the basis of the query, where the desired document is stored; 

the second to retrieve and reproduce the document itself. Kie first 

of these problems is similar to the problem of retrieving informa¬ 

tion from memory and printing it out in any form whatsoever on the 

basis of the memory content. 

Document retrieval (as opposed to information retrieval) has long 

made use of the storage of photographic images of the desired 

document. The Walnut system built rj IBM for the intelligence 

community provides the capability of retrieving documents from a 

photographic storage of many millions in a matter of seconds. The 

two-state photographic process used in the reproduction cycle 

cause it to be comparatively expensive and it is unlikely that this 

system will find widespread use. On the other hand, it is a random 
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access system. Various other microfilm retrieval systems provide 

some degree of random access. If requirements can be batched, the 

equipment requirements are reduced and the cost for retrieval comes 

down. 

A recently announced document retrieval system is the Ampex Video 

File, the first of which has recently been sold to the Southern 

Pacific Railroad. This system makes use of magnetic recording of 

images on tape very similar to the standard television tape recorders 

used in broadcasting. Hie printout is by means of an electrostatic 

printer. Ihe Video File offers the great advantage over photographic 

storage of the possibility of purging, rearranging, and updating 

the file. Descriptors and addresses are coded into linear tracks 

on the tape to permit retrieval either by address of the desired 

document or by sequential search of the transcription. 

Each legal size document occupies approximately one and one-half 

inches of length on a two inch width of video tape. A digital track 

on the side is used for encoding and timing digital data. Search 

speed of about 1,000 inches per second of tape or 500 documents per 

second is realized. There is also a three second delay to stabilize 

end synchronize the system after the desired document image is 

reached. The first system is costing the Southern Pacific Railroad 

approximately $600,000 plus $40,000 for each video tape unit. The 

Video File lends itself best to sequential batch retrievals. In 
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those applications which can use documents stored consecutively on 

the tape, output prints can be obtained at the rate of two per 

second. 

Many of the requirements for document retrieval will be more sophisti¬ 

cated. It is conceivable that the inquirer will not know what document 

is desired but will want rather to search some kind of abstract file 

to find out whether or not a suitable document is available. This is 

the typical library search problem. If it is assumed that fast re¬ 

trieval, perhaps in the form of abstracts, will become available, 

then the document retrieval equipment becomes another unique type of 

peripheral equipment used in data processing systems with particular 

applications. 

f• Cathode-Ray-Tube Deviez 

Many applications have dynamic requirements for display. In these 

applications, the presentation of one picture leads to the introduction 

of commands for a change in the picture. For example, computers are 

now being used to provide engineering drawings, including 3-views, 

Isometric projections, and dynamic rotation to provide 3-D effects. 

With such a display, the engineer may see material presented which 

he desires to change. When the new data are provided, he wants a 

new picture. In this case the output display is just one element 

in a feedback system involving transducing from machine to man and 

back into the machine again. To date cathode-ray tubes have been 
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used exclusively for this purpose. Wo appreciable change is antici¬ 

pated in this application. Improvements in cathode-ray tubes in 

such areas as better resolution, greater light output, or smaller 

equipment requirements are changes in degree rather than kind. We 

can, of course, expect the capabilities of the output display 

system to increase as it becomes more economical to incorporate 

greater amounts of storage and data handling facilities within this 

peripheral equipment rather than in the CPU. Although this may 

have the important effect of relieving the CPU of some load, the 

major effect will be one of economic implementation of the entire 

system, including the very high-speed central processor plus the 

output transducer of greater capability. 

The storage requirements for cathode-ray-tube display need not be 

external to the cathode-ray tube. Many excellent high-resolution, 

direct-view storage tubes have been produced. Some models even 

provide selective erasing of areas of the tube specified by the 

operator. These storage tubes have even greater incompatibility 

them other cathode-ray tubes with the prevailing direction of 

design of modern computer units. Their reliability is low, their 

cost is high and the voltage requirements for operation tends to 

get higher and higher, while voltage required for solid-state 

components is getting lower. 

It is not inconceivable that solid-state, direct-view display devices 

with selective erasure characteristics will be available in a few years. 
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Such devices, utilizing electro-luminescent techniques with or 

without internal storage are now being produced in the laboratory. 

Their rate of development has been slow and, while they may be 

available in 1971, it is not anticipated that they will be in very 

widespread use at that time. 

The speed abilities for input and output equipment have been described 

here as being universally slow compared to the speed of operation of 

the remainder of data processing systems. Whether or not there is a 

necessity for an input or output device to handle data as fast as the 

CPU, depends on the application of the system. In some business 

applications the output data is repetitious in part. Unless an 

off-line mode is used, the speed limitation is that of the output 

equipment. In many scientific applications the amount of internal 

processing of data is very great compared to the requirements of 

input or output. In this application, slow peripheral devices would 

not be as damaging. 

3- FUTURE HARDWARE-SOFTWARE REIATT0N3HIPS AND POTENTIAL 

All of the wonders of improvements in components and elements are somewhat 

meaningless unless new concepts of system organization are developed to 

make use of these concepts. One major concept of system organization is 

the ability to allocate functions between hardware and software in an 

optimum and economical fashion. It has long been a "rule of thumb" that 

the software for an operating system costs as much as the hardware. This 
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rule is not now as generally applicable as in the past. New, more 

exotic applications of data processing systems require far more software 

than more conventional uses. The cost of a skilled laborer of the data 

analyst and programmer type is increasing. For such new systems, costs 

can be expected to go up. On the other hand, more conventional business 

and scientific applications can make greater use of software systems 

supplied by the hardware munufacturer as part of the library package. 

It is not clear what effect this decrease in requirements for spec ,1 

software will have on the total cost of the system as a percentage oí 

hardware costs when it is noted that hardware costs will also decrease. 

Even if hardwere costs were zero, we can expect the total cost of a 

system designed with today's concepts to be greater than 50# of today’s 

costs. It is necessary, therefore, to consider the effect of cheaper 

hardware capabilities on the requirements for software. It is an over- 

simpliiication to say that these cost trends in opposite directions indi¬ 

cate that we should relieve the software of many of its responsibilities 

by trying to build them into the hardware. There will certainly be many 

occasions and applications when it is most desirable to simplify the 

software requirements as much as possible even at the cost of more com¬ 

plex hardware. This depends on the application and the best way of 

meeting the user's needs. However, there will always be special 

requiiements which can be met only by software of a sophisticated nature. 

Software will always be with us. It is probably true that greater 

hardware capability per dollar will have more effect on the level of 
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Eophistication or the softie needeO ror the m0I. nlmtane .ppHc.tlons 

he need for software per se. As the range of applications 

increases, , hlgh„ level of softvare „iu always be requlred for the 

never and „ore exotic applications, „ore and cheaper hardware capa¬ 

bility will tend to have a mJor affect In opening up these new fields. 

It 1= perhaps well to consider the hardware subsystem capabilities which 

could be used to adv^tage to relieve this need for sophistication. 

Some of the more obvious of these hardware characteristics, such as 

larger internal memories, more Parallelism of internal operations by the 

use of cheaper and simpler electronic components, and higher speeds 

have already been mentioned. It is im«nY.+n«+ + 
Important to consider the possibilities 

of combinations of these improvements. 

It would be impossible to catalogue all Improvements which might be 

expected, but some of the following might be of Interest. Certainly, 

capabilities which have been discussed for the various parts of 

the data processing system are considered to be feasible, then the systems 

described below represent only some of the capabilities which could be 

obtained by suitable system design, selection of these has been made 

to illustrate specific points rather than to be exhaustive in describing 

all possibilities. 

a- Peripheral Memories 

Input/output devices can be combined with Inexpensive data handily 

aod memory facilities in one unit. No longer will it be necessary 
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to transmit keyboard data one block at a time. Data from these 

facilities could be formatted and stored in the input/output equip¬ 

ment until there is an accumulation of enough data to transmit to 

the central memory in large amounts at very high speed. Data 

transfer could thus be accomplished with less interference to ongoing 

computer operations. This concept is being approached today in many 

systems by the use of a smaller general-purpose computer for input/ 

output buffering. A program is, of course, required to permit this 

smaller computer to be applied in this comparatively special-purpose 

function. Since a given input/output device is essentially a special- 

pu pose piece of machinery (in the sense that the smaller buffer 

computer is a general-purpose device), economy can lead to a wired 

program for the input/output equipment. At first a tape unit might 

provide facilities only for buffering either input or out* t in very 

large blocks, but it is not difficult to extend thin wired program¬ 

ming capability to specific formatting changes or even minor searches 

simultaneously with ongoing operations in the CPU. 

b. Multiprocessor Systems 

Much has been heard recently about the possibility of multiprocessor 

systems becoming popular. There is no accepted definition of the 

term, but generally it is considered that a multiprocessor system 

is one which consists of a number of individual computers, each 

capable of performing on an iniependent program, but linked together 

in some way that permits cooperative operation. Implied in the 

< ) 
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meaning is the fact that the multiprocessor system is capable of 

handling problems too large to be handled efficiently by any one of 

the modules. If a given application requires occasional facilities 

greater than any one module, then the multiprocessor concept becomes 

attractive. If on the other hand, the major use of the facility is 

for these large problems, then a larger, more powerful system should 

be considered. The most promising role for multiprocessors is in 

the application in which the usual mode of operation requires indi¬ 

vidual independent use of the modules. This work, of course, implies 

that there are a number of users, although the users need not be 

Physically distinct. The system arrangement is such that should any 

problem exceed the capabilities of one module, other modules are 

called in for aid as required. This, in effect, provides the capa¬ 

bilities of a single, more powerful system when and only when the 

program places this requirement on the system. When the second 

module comes to the aid of the first, it is necessary that it do so 

without losing its own place in the program or its data. When 

this function is performed by systems such as the Burroughs B-8500, 

it uses a fairly slow transfer of present status by one computer to 

an auxiliary storage under program control. 

A second operation of a multiprocessor system Involves the use of 

a common data bank Including high-speed memory, shared by a number 

of separate CPUs each operating on its ow. program. Here, too, 

there Is a complex programming function to assure that each CPU Is 
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aware of data location within the memory and to prevent simultaneous 

challenges by more than one CPU. The effects now being obtained by 

programming can also be obtained by means of hardware system logic 

with the establishment of a hardware priority interrupt system. 

This facility has existed in a limited degree in a number of systems 

(e.g., the IEM ^090), but has always been under program control be¬ 

cause of the limited number of priority levels available. The only 

hardware requirements (in terms of elemental components) are for 

separate registers for each program to keep track of the point in 

the program being worked on, and a hardware system to determine the 

highest priority requiring service at any moment. A multiprocessor 

system serving a large number of users thus requires at least one 

extra address register for each user. Modern computers which have 

as many as three address registers are considered complex. Systems 

which incorporate a program look-ahead have additional registers, 

but these are not used for the ongoing instructions. In any case, 

a dozen such registers is considered to be a large number. In the 

future, there will oe little reason to place any limitation on the 

number of register’s available to a machine when each register is 

essentially a single monolithic chip, 

c. Larger Address Size 

As memories get larger, the ability to address a given location 

must keep pace with the size of the memory. Present approaches 
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such as paging again involve program control. As an alternate, 

the address logic unit size in the machine can get larger to provide 

additional bits for more memory addresses. 

Without program control, the "brute force" approach to addressing 

requires a sufficient number of bits in the unit or combination of 

units used for addressing so that each location in memory is uniquely 

defined. 

The imposition on address unit or Instruction operand length due to 

memory size is, of course, completely independent of the memory 

length required to handle the data in a given problem. Data resolu¬ 

tion requirements are independent of the hardware characteristics. 

However, if the hardware provides capability to handle longer addresses, 

it would be foolish not to make use of this capability when desirable, 

even if not required. Larger machine address capability will thus 

probably lead to more common use of wired double precision half word 

and floating point arithmetic operations, simply because of the 

availability of capacity to hardie these functions. 

Not all of these capacities, nor any other which might be imagined 

by the reader are advantageous in all applications. Just as we see 

today a number of classes of data processing systems, ranging from 

the "personal" computer, such as the G-15 to the monstrous combination 

of multisystems, we can expect this profusion or spectrum to be 
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propagated into the future. It is probable, however, that there 

will be a more definite two-dimensional arrangement of character¬ 

istics. Not only will systems continue to be classified according 

to speed and memory size, but also a new set of classifications may 

well come into acceptance describing most economic fields of appli¬ 

cation. 

d. Future Classes of Systems 

It has long been recognized that the gross difference between the 

scientific machine and the business machine is that the former per¬ 

forms more arithmetic operations with less data while the latter 

handles more data in simpler fashion. The scientific user will 

require less storage and higher computational sophistication. 

Furthermore, since his problems are generally less routine and 

repetitive, the scientific user may well have the greatest need for 

software as a continuing requirement. As was earlier mentioned, 

software can be expected to increase as a percentage of total costs 

of operation of the data processing system. The scientific user 

will, therefore, place the greatest demands on the ability of the 

machine to handle sophisticated language and thus reduce programing 

effort. Hiis sophisticated language requirement is oriented more 

toward providing the scientists and user with the ability to prepare 

his own program in easily understandable language, making use of a 

maximum library of macro programs which might well be supplied by 

( ) 
the hardware manufacturer. 
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The business user who today is considered to have the requirements 

of a large memory vill have no less need for memory. However, since 

his operations, such as payroll preparation, are repeated over and 

o/er, in the programming sense they are more routine. Ihe ongoing 

programming task will, thus, be less in his case than in the case 

of the scientific user. He will want to take advantage of many 

economies in a machine model which provides less arithmetic capa¬ 

bilities. He, more than the previous user, will consider his 

programs in the light of a capital investment rather than a continu¬ 

ing operating cost, and thus can afford an additional initial 

Q programming effort if this additional cost is compensated by 

economies in subsequent use. 

The information retrieval system might possibly be thought of as 

a business application. Undoubtedly its memory requirements will 

be the largest of any application. Thus one of the most important 

considerations in the use of a machine for information retrieval 

is its ability to handle large memories including multiple peripheral 

systems. The direction being taken to apply data processing systems 

to the tasks of information retrieval by the development of software 

has, as yet, failed to produce the general-purpose concepts required. 

On the other hand, expected developments in hardware will probably 

simplify the requirements of software for information retrieval 

functions. It is perhaps in this field where 

U there should now be 
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the greatest consideration oí’ future hardware by software developers 

and vice versa. 

The opposite argument could be made that there has been a greater 

tendency in recent years for the general-purpose machine to be 

non-differentiable between different applications. Its orientation 

to business or scientific implications has been determined more by 

the user's selection of input/output equipment and programming than 

by inherent characteristics of the CPU and memory. Although 

this leads to some inefficiency in the use of equipment, since it 

is conceivable that inherent hardware capabilities would never be 

used in a given appl.'cation, the anticipated low cost of hardware 

would not preclude economical inclusion of unused capability. 

Whether machines themselves become inherently different for different 

classes of applications, or are made so by selection of modules which 

are assembled to provide different system characteristics is irrele¬ 

vant. When the total system is considered, it is probably valid 

to consider the fact that a business system will be different from 

an information retrieval system and from a scientific system. 
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C. STATE OF THE ART IN SOFTWARE 

1. PROGRAMMING LANGUAGES 

There are literally thousands of different languages in current use 

for communicating with digitai computers. This fact by itself is 

perhaps the main indication of the immaturity and primitive nature of 

the computing field, which is only about twenty years old. 

To make any sense at all of this babel, to do any comprehensive sort 

of survey, or to detect any kind of trend, it is necessary to define 

and classify various computer-language types. An example of existing 

definitions are the following tajeen from the authoritative IFIP/lCC 

Glossary: 

COMPUTER INSTRUCTION or MACHINE INSTRUCTION — an 
instruction that specifies a computer operation. 

PROGRAM — a general term for a specification of 
a process to be performed on data, e.g., an 
ordered collection of instructions, and other 
data associated with the instructions. (Note: 
In general, the data to be processed must satisfy 
technical conditions, but the program and the 
data to be processed are otherwise independent). 

PROGRAMMING LANGUAGE -- an (unambiguous) lan¬ 
guage intended for expressing programs . 

COMPUTER LANGUAGE or MACHINE LANGUAGE •- a 

programming language the instructions of which 

are computer instructions only. See Note to 

problem-oriented language . 

COMPUTER -ORIENTED LANGUAGE or COMPUTER -DEPENDENT 

LANGUAGE -- a relative term for a programming 

language requiring translation of a low degree 

of comp]exity. A program in such a language will 

normally run efficiently on the relevant computer, 
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but may require extensive translation for 

another computer. See Note to problem- 
oriented language . 

COMPUTER -INDEPENDENT LANGUAGE — a relative 
term for a programming language which is not 

a canputer language, but which is, however, 

intended to be translated, in normal practice, 

to a variety of computer languages. See Note 

to problem-oriented language. 

PROCEDURE-ORIENTED LANGUAGE — a relative 
term for a computer-independent language 
especially convenient for expressing a pro¬ 

cess in terms of procedural step-. Examples 

are Cobol, Fortran, and Algol. See Note to 

problem-oriented language. 

PROBLEM-ORIENTED LANGUAGE — a language 

designed for convenience of specifying a 

class of problems, for example, algebra for 

specifying mathematical problems. Note: The 

concepts of computer language, computer- 

oriented language, computer-independent lan- 

guage, procedure-oriented language, and problem- 

oriented language are not all mutually exclusive. 

From these definitions, we see that a programming language is a lan¬ 

guage intended for expressing or preparing the specification of 

problem-solving process to be performed on data. And we can recognize 

several ascending programming language levels : computer languages; 

computer-oriented languages; procedure-oriented languages, and prob¬ 

lem-oriented languages. 

With regard to the categorization of programming language^, the 

commonplace notion of ascending levels — from computer-oriented to 

procedure-oriented to problem-oriented -- is too simplistic to be of 

( ) 
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practical use. The comment that these language types "are not all 

mutually exclusive" does little to clarify the relationships among 

them. There is a general lack of recognition that we are not dealing 

with three levels of a single scale, but with three separate, albeit 

related scales: machine-independence; procedurality; and generality. 

The first scale is labeled "machine-independence," and, in effect, 

measures the ease with which a program written in any given language 

can be transferred among different computers . At one end of the 

scale are the computer-oriented languages, and at the other end are 

the computer-independent languages. Nobody has ever succeeded in 

objectively measuring the machine-independence of various programming 

languages. Yet there is wide agreement among computer professionals 

about the relative machine-independence of major programming language 

groups. The following chart illustrates this agreement. 

MACHINE INDEPENDENCE 

Computer-oriented Computer-independent 

i ! Algol, Cobol, Fortran, etc. 
' i 

} Assembly language 

Absolute machine language for a widespread family 
of computers 

Absolute machine language for a 'unique, one-of-a-kind computer 
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The second scale is labeled "procedural!ty," and measures the number 

of distinct, elementary steps needed to express any given computation. 

Procedurality is a difficult thing to measure; in fact, for some lan¬ 

guages, it is hard to determine Just what constitutes an elementary 

step. However, procedurality is an important if immeasurable attri¬ 

bute of a programming language. At one end of the procedurality 

scale are the procedure-oriented languages, and at the other end are 

nonprocedural languages. 

Although procedurality is difficult to measure, there is wide agree¬ 

ment among computer professionals about the relative procedurality of 

various programming languages, as illustrated in the following chart. 

PROCEDÜRALITÏ 

Procedure-oriented Nonprocedural 
f . .. ^ . ^ 

-!-1-1-!- 
• it i 
« * s I 

t ' » Decision tables 
i $ i 

\ * Algol, Cobol, Fortran, etc. 

* Assembly language 

i 
i 
i 

Absolute machine language 

Computer programming languages, whatever their position on the 

following scale, can be applied to most problems, provided appropriate 

programming techniquer are used. Therefore, the criteria of effec¬ 

tiveness and convenience, though largely subjective, are indeed 
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necessary. This makes programming language generality a subjective, 

but effective and convenient measure. The consensus of opinion among 

computer professionals with regard to programming language generality 

is illustrated in the folloving chart. 

GENERALITY 

O 

Problern-oriented 

I 
Apt 

r 
Universal 

I-T 

i 

Assembly language for a 
general-purpose digital 
computer 

Ass'ânbly language for a special- 
purpose digital computer 

PL/I 

Algol, Cobol, Fortran 

Lisp, Slmscrlpt 

Division of the machine-independence scale into computer-oriented 

computer-independent halves, the procedurality scale into procedure- 

oriented and nonprocedural halves, and the generality scale into 

problem-oriented and universal halves provides for eight programming 

language categories. Not all of these are relevant, however, to the 

current state of the art in programming. In addition, other pro¬ 

gramming language criteria, (such as type of user, type of application, 
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mode of use) yield further categories. Nevertheless, the terms 

describing machine-independence, procedurallty, and generality, will 

be used subsequently to characterize various programming languages, 

along with additional terms to be defined. 

A programming language is essentially a language, with various 

attributes, that permits the specification of a variety of different 

computations. But why are special languages for writing programs 

needed? 

It is true that digital computers can only do a limited number of 

rather elementary operations, and it does these operations on 

operands, or instruction-designated parts of the data stored in its 

memory. Each of these operations is specified by a unique code, or 

expression, which must also be stored in the computer's memory. Such 

expressions are called machine instructions, and the set of machine 

instructions, along with the set of acceptable operands, makes up the 

computer's machine language. 

A program in machine language is represented inside the computer as a 

list of numerically coded expressions. People Just aren't very com¬ 

fortable with numbers. They would much rather use names or other 

meaningful ymbols. This indeed, is the basic motivating force behind 

the develoTxnent of all these hundreds and hundreds of programming 

languages: the substitution of names or symbols for numbers. 
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Since this is the basic motivating force, then, we ought to look at 

it more closely. What are the advantages of using nanes instead of 

numbers? 

. names conceptually or functionally related 

to computer operations, processing opera¬ 

tions, and data designations can be easier 

to read than (often lengthy) numerical- 

form instructions . 

. such names are easier to write (in program¬ 

ming), due to elimination of mistakes 

occurring in writing of numerical coding. 

Also, with other than machine-language, a 

short expression may correspond to pages of 
machine-language code. 

. changing of partially- or completely-written 

programs is made much easier through use of 
names in place of numeric machine code. 

When you realize that a programmer spends most of his time, not 

reading his program, nor even writing it, but making changes to it, 

it becomes clear what a tremendous advantage it is to use names 

instead of numbers. You can even look at the continual evolution of 

programming languages as a process of learning how to use fewer and 

fewer names for more and more numbers, in writing computer programs. 

Now, of course, there are also disadvantages to the use of symbolic 

names instead of machine-language numbers. For one thing, the pro¬ 

grammer has to keep track of the names he is using, and be aware of 

their machine-language definitions, to avoid ambiguous or circular 

definitions. The use of fewer and more powerful names makes it easier 
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for people to use the computer without fully understanding what they 

are doing — often a mixed blessing. But the main, practical dis¬ 

advantage results from the fact that computers cannot run on names — 

they need numbers. So, if you write your program using symbolic 

names, these names have to be transformed into numbers before the 

computer can use them. Fortunately, transforming names into numbers 

according to prespecified rules is something a computer can do very 

well indeed. So at least the process can be automated. But, it does 

take extra time on the cunputer. And, where the transformation is 

complicated enough, the question of quality of translation arises. A 

poorly translated program can use considerably more storage space and 

execution time than might otherwise be required. ( ) 

It must be emphasized that this transformation — from the non¬ 

numeric expressions of a programming language to the computer 

instructions of the machine language — is logically a separate 

operation from running the transformed program on the computer. Such 

transformations are done on the computer under the direction of a 

class of computer programs known collectively as programming language 

processors. 

Considering for the moment only programming language to machine lan¬ 

guage transformations, there are basically Just two major types of 

programming language processors, corresponding to two different modes 

of operation. A program that transforms to machine-language and 
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executes each source language expression before transforming and 

executing the next one is called an interpreter. A program that con¬ 

verts the entire program, storing it in a machine-language form for 

later execution, is called a translator. Interpreters arc usually 

easier to build than translators, and they are also better if you are 

more interested in the inner workings of your program, rather than 

Just in its operation. Translators, on the other hand, usually use 

the computer more efficiently, since, with a translator, source lan¬ 

guage expressions are transformed once and for all, with an interpre¬ 

ter, they have to be transformed each time the computer executes them. 

Translators are commonly divided into three further categories: 

Assemblers, compilers, and generators. Commonly, this division is 

thought to be according to the type of programming language processed: 

Assemblers translate computer-oriented languages; generators translate 

problem-oriented languages. This is ordinarily the case; yet strictly 

speaking, the distinctions here are misleading, since most assembly 

languages are more procedural than most compiler languages, and some 

compiler languages are more specialized than many generator languages. 

Consequently, a better criterion for distinguishing categories of 

translators would be the type of translation they perform. 

In discussing program translation and its categories, we are con¬ 

cerned with the correspondences between the symbols, expressions, 

sentences, and messages in the source programming language and the 
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symbols, expressions, sentences, and messages In the target computer 

language. We shall discuss here the kinds of translation commonly 

performed by assemblers, compilers, and generators. 

An assembler operates essentially on a symbol-by-symbol basis, trans¬ 

lating symbols In the source programming language (source symbol) to 

symbols In the target computer language (computer symbols). EacU 

source symbol encountered by the assembler results In a relatively 

simple assembly action — usually, translation to a computer symbol. 

Additional actions are possible; for example, all assemblers permit 

the definition (and often ;he redefinition) of coding and data loca¬ 

tion symbols within source programs. 

Most assemblers will: evaluate certain source expressions to deter¬ 

mine a computer symbol corresponding to the expression; retrieve, 

from a computer store or library, subroutines identified by unique 

name symbols; accept macro definitions (specifying special-purpose 

subroutines), and expand macro (multiple-step) instructions (by first 

inserting the source symbols associated with the macro name into 

ipecified positions within the corresponding macro definition and 

then replacing the macro instruction in the source program). In 

addition to translating source symbols into computer symbols accord¬ 

ing to rules built-in to the assembler or defined in the source 

program, some assemblers will translate according to miles stored in 

a separately prepared and easily changed symbol dictionary. 
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Assembly languages - that is, those programming languages translated 

by assemblers — usually have a tabular or columnar format. Because 

of the symbol-by-symbol translation performed by assemblers, there is 

ordinarily a very close, oiten one-to-one correspondence between 

sentences (instructions) in the assembly language and the resulting 

computer instructions, as shown in the following example: 

ASSÏMLLY LANGUAGE: 

COMPUTER LANGUAGE: 

GET ALPHA 4 

°T3 4 16372 

Assembly languages are designed for the convenient expression of the 

machine instructions for a particular computer and are therefore 

almost as computer-oriented and procedure-oriented, and Just as uni¬ 

versal, as the computer languages to which they are translated. 

In contrast to an assembler, a compiler operates on an expression-by- 

expression, sentence-by-sentence, or even message-by-message basis. 

Instead of simply reacting to each source symbol, a compiler must 

wait to recognize an expression, a sentence, or even a message type 

before it can make a translation into the target language; which may 

be a computer language or an assembly language. In the simplest 

possible terms, the main difference between an assembler and a com¬ 

piler is that an assembler is primarily concerned with translating 

from the vocabulary of the assembly language to the vocabulary of the 

computer, while a compiler is concerned with translating both vocab¬ 

ulary and grammar. An example of such a translation is shown below: 
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Compiler (Source) Language (Cobol) 

O’ HOIRS-WORKED (l) GREATER THAN 

40, 30 TO CCMRJTE-OVERTIME. 

Assembly (Target) Language 

LIX 1,2 (Load i into Index 2) 

GET HEW,2 (GET ith HouRs-WorKed) 

UFK HRWK (Ü3*acK HouReT-WÖrKed) 
SUB »40 (SUBtract 45) — “ 

BRP COclOT (Sãnch or Result Positive 

to COmpute^verTlmc) 

Because of the more complex translation performed by a compiler, com¬ 

piler languages are not confined to expressing programs in terms of 

computer operations and data structures. Instead, a compiler lan¬ 

guage can be designed for the convenient expression of broader 

operations upon more elaborate data structures, useful in a variety 

of applications. 

There are syntax-oriented compilers, for example, that exhibit the 

syntax or grammar of the source language, and perhaps of the target 

language as well. For each term used in describing the syntax of the 

source (and/or target language), there is a corresponding portion of 

such a compiler that processes (or a table-entry that directs the 

processing of) the associated class of symbols, expressions, and 

sentences. There also sure table-driven compilers, whose processing 

is largely controlled by tables of parameters. Finally, there are 

compilers that are both syntax-oriented and table-driven (often called 

syntax-directed compilers), where compilation is directed by a 
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syntactic description of the source language in terms of the target 

language, or of both, in terms of scoe intermediary language. 

In a one-pass compiler, the program being processed is scanned only 

once, with target language output being produced directly from this 

scan. In a multipass compiler, the source program being processed is 

scanned several times, each time undergoing some further transforma¬ 

tion toward the target language. 

In contrast to both assemblers and compilers, which, in a manner of 

speaking, compute target language programs from source language 

inputs, generators operate by a process akin to editing. A generator 

constructs a target language program from a generic or prototypical 

master program by retrieving (or deleting) selected portions, by 

rearranging these portions, and by systematic replacement of parame¬ 

ters . This is done in accordance with, or under the guidance of, 

source language inputs. 

Generator languages are, typically, syntactically not very compli¬ 

cated. Programs in a generator language often consist merely of 

lists of parameters, which the programmer prepares simply by filling 

out an explicit, English language quer i.ionnaire. Generator languages 

tend to be less computer-oriented than assembly languages, less pro¬ 

cedure-oriented than compiler languages and more problem-oriented 

than either. 
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MACHINE INDEPENDENCE 

Computer-oriented Computer-Independent 

_£ 

Assembly 

languages' 

Interpretive languages 

Compiler 

languages 

Generator languages 

Procedure-oriented 

PROCEDURALITY 

Assembly 

‘languages' 

^ r 
N jnprocedural 

__ 

‘Interpretive languages 

Compiler 

'language! 

Generator 

‘languages’ 

O 

GENERALITY 

Problem-orlented 

3 r 
Universal 

-^ 

Interpretive languages" 
Assembly 

"languages” 

Compiler languages » 

Generator 

languages ^ 

U 
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Notice that the interpretive languages span the variance of the other 

three language types . This is because any programming language can 

be either interpreted, or translated. We have already discussed 

briefly the relative merits of interpreters and translators. But, 

what are the advantages and disadvantages of the other three program¬ 

ming-language types? In general, assembly languages are more 

computer-oriented, more procedural, and more universal than either 

compiler or generator languages; and generator languages are less 

procedure-oriented and more problem-oriented than either assembly or 

compiler languages. The big advantage, as we go from assemblers to 

compilers to generators is Increased ease of programming, due pri¬ 

marily to the decrease in procedurality. Increased machine independence 

is often advantageous also. But there are also disadvantages. 

Increased machine independence brings along with it, decreased effi¬ 

ciency of machine use. Another disadvantage is a narrowed scope of 

application. With an assembly language, you can write any con¬ 

ceivable program; with a compiler language, you are practically 

limited to writing programs that use Just the operations and data 

structures that can be expressed in the language; and with a gener¬ 

ator language, you can only write programs for specific kinds of 

problems . 
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2. SOME CURRENTLY AVAILABLE PROGRAMMING LANGUAGES 

The last census of programming languages was published in I963. Even 

though only a partial census, it listed about 75 different computer- 

oriented programming languages, and more than twice as many computer- 

independent programming languages, not counting the various dialects 

of such widespread languages as Cobol or Algol. Since then, many of 

these languages have undoubtably fallen into disuse. And even more 

surely, many new languages have been developed. In this section, 

consequently, only a sampling of widely used, highly compatible, and 

currently available major programming languages are described. How¬ 

ever, an attempt has been made to cover a variety of programming 

language types, 

a. Fortran IV 

Fortran IV is a procedure-oriented, largely computer-independent, 

compiler language. Used by programmers at all levels of compe¬ 

tence, it is primarily intended for the numerical calculations of 

science and engineering. 

Fortran I, introduced by IBM in I957 for their 70h computer, was 

the first compiler to make any pretense of producing efficient 

machine code. 

Fortran II, introduced along with the 709, became the first pro¬ 

cedure-oriented programming lanff-age to achieve wide user 

acceptance and has been implemented for almost all scientific 

computers . 
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Fortran IV, introduced by IBM in 1962 for their 7090/7094 com¬ 

puters, is a considerable improvement over Fortran II. It has 

been very widely implemented, for computers made by almost all 

U. S. manufacturers, and has replaced Fortran II in the majority 

of scientific computing installations in the United States. 

The American Standards Association has recently published the 

specifications of American Standard Fortran, which corresponds to 

Fortran IV, and it can be expected that this will slowly replace 

the de facto Industry standard (Fortran IV for the IBM 7094), 

which is treated here . 

Fortran IV can describe and express the processing of several 

types of numeric data, including: single-precision, complex, and 

double-precision floating-point values; fixed-point integer 

values, and logical (Boolean) values. Symbolic values beyond the 

48-character Fortran alphabet may be described, but their internal 

processing must be expressed in numeric terms. Qualitative 

(status) values can also be handled in numeric terms. Fixed- 

point scaling can be done by explicit multiplication with a power 

of two. 

Fortran IV ca name and describe single values in terms of the 

data types mentioned above. Machine-language symbols represent¬ 

ing single values may be contained in either one or two computer 
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words -- the latter size being for complex and double-precision 

floating-point values. The manipulation of partial-word data 

values can be done by programmer-supplied machine-langrage sub¬ 

routines, which also are the means by which integral constants 

and values can be treated as being composed of multiple single 

values. 

Fortran IV can name and describe rectangular arrays of data values 

with one, two, or three dimensions. It can also name and describe 

groups (called blocks) of data values and/or arrays. Fortran IV 

has no special facilities for variable-length arrays, but it pro- 

v:.des the following controls for optimizing data storage alloca¬ 

tion: overlaying of data values, arrays, and blocks; relative 

origins for data values, arrays, and blocks. 

Fortran IV's operands are single data values. In certain cases, 

values that are replaced, compared, or combined need not be 

similar in type — except that logical (Boolean) values may not 

be mixed with numerical values . The manipulation of dynamically 

specified, part-word segments can be done by programmer-supplied, 

machine-language subroutines. 

Fortran IV includes a complete set of arithmetic and relational 

operators, and while there are no general restrictions on the 

complexity of arithmetic formulas, those used for indexing arrays 
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can be of only limited complexity. Comparisons (relational 

formulas) may involve only two operands. Fortran IV includes the 

logical operators AND, OR, and NOT; there are no further restric¬ 

tions on the complexity of logical formulas. It also includes 

the data-selection operator index, and the data-movement operator 

replace, which enables automatic conversion among integer, single¬ 

precision floating-point, and double-precision floating-point 

values. Fortran IV also contains a built-in collection of over 

50 subroutines for the most commonly used mathematical functions . 

Fortran IV can express both fixed and dynamically variable trans¬ 

fers of (program execution) control to numbered, imperative 

sentences. It has two kinds of dynamically variable transfer. 

In one, a transfer Is selected by index from a list of transfers. 

In the other, one transfer Is pre-asslgned from a list of trans¬ 

fers to be the effective one. 

Fortran IV can express conditional imperative sentences which are 

conditional on the truth value of a logical formula. It can also 

express selection of one of three alternative fixed transfers of 

control, according to whether tue value of a specified arithmetic 

formula is negative, zero, or positive. 

The loop generation mechanism in Fortran IV provides for one 

implicitly varied and tested loop-controlling parameter per loop. 
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Loop parameters can consist of integer-valued variables which are 

not part of an array. They are not defined after the completion 

of the loop with which they are associated, but they are defined 

if that loop is terminated prior to completion. No limit is 

placed on the construction of loops within loops. 

Fortran IV specifies sequences of one or more loop parameter 

values and (thus loop iterations) in terms of an initial value, 

a limit value, and an increment value. Each of these values must 

be specified either by an integer constant or by an integer¬ 

valued variable that is not part of an array and whose value must 

not be varied by the execution of the loop. Corpletion of the 

loop occurs if the value of the loop-controlling parameter 

exceeds the limit value. 

In Fortran IV, the body of a loop follows the loop-generating 

expression and its final imperative sentence is specified therein 

by its identifying number. After completion of a loop, program 

execution control goes to the first imperative sentence after the 

loop's body. A loop may be terminated by a transfer of control 

to an imperative sentence outside its body, but control may not 

be transferred into the body of a loop from outside. Fortran IV 

provides for transferring control from within the body of a loop 

to the implicit loop-control routine. 
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Fortran IV provides for closed subroutines, with or without 

parameters. It also provides for function-type, closed sub¬ 

routines, tis well as a fixed set of over 30 built-in, function- 

type, open subroutines, both types having parameters. In general, 

each subroutine has a defined number of parameters, which must all 

be listed in the subroutine call. (However, a few of the built- 

in subroutines have a variable number of parametev's. ) Fortran IV 

subroutines may call other subroutines but they may not, either 

directly or indirectly, call themselves, nor may they contain 

other subroutines. 

Fortran IV allows the following as subroutine parameters: single 

data values, as denoted by constants, variables, and formulas; 

# 
constant, symbolic values, the names of other subroutines; the 

names of arrays. Dimensions of arrays that are subroutine param¬ 

eters may be adjusted by other parameters in the subroutine call, 

so as to correspond to the actual dimensions of the arrays named 

in that call. Names defined inside a subroutine do not conflict 

with names defined outside it, for program elements defined out¬ 

side a subroutine may not, in general, be referenced within it 

(except, of course, as subroutine parameters and also for simple, 

function-type subroutines). However, Fortran IV allows data 

Used only as input parameters for machine-language subroutines. 
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elements defined inside a subroutine to share the same storage 

block with data elements defined outside it, so indirect refer¬ 

ences ore possible. 

A Fortran IV subroutine may have only one entrance and may trans¬ 

fer control to only one (implicit) return point outside the 

subroutine, but it may have any number of effective exit points. 

Fortran IV provides relatively machine-independent language 

features for input and output, for handling input and output 

devices, and for describing external data formats. 

In Fortran IV, input and output are done with imperative sentences 

that may contain the following information: an indication of 

whether to read or punch cards or print on-line, or to read or 

write binary or symbolic data from magnetic tape or perhaps other 

devices; a reference, which may be dynamically varied during the 

program execution, to an input-output device; a reference to an 

external data format, according to which conversion to or from 

machine-language representation is done; a list of values to 

serve either as the source of output data for conversion or as 

the destination of input data for conversion or as the destination 

of input data after conversion. This list contains references 

either to single -values or to entire arrays of values. Arrays 

Indexes that select single values from arrays, may, of course, vary during 
program execution. 
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may, of course, w.ry during the program execution. Groups of 

both kinds of references (and, indeed, of other implicitly 

repeated groups) may be implicitly repeated — with specified 

index variation of the kind allowed in loops. 

Other Fortran IV imperative sentences allow magnetic tapes to be 

rewound or backspaced, or to have an end-of-file mark written on 

them. 

The description of external data formats in Fortran IV is done 

with a declarative sentence that may either be part of the source 

program, or -art of the data, input during program execution. A 

format description consists of a list of field specifications, 

each indicating conversion type and field size for a single, 

internal data value. The conversions that may be specified are 

between the following: single-precision, double-precision, or 

complex floating-point values and rational, decimal numbers, with 

or without a decimal exponent scaling factor: integer values and 

decimal or octal numbers; symbolic values and strings of charac¬ 

ters. A list of field specifications may be partitioned into 

separate "line" specifications, and within the list, groups of 

one or more field or line specifications may be implicitly 

repeated a specified number of times. 

Fortran IV includes a number of miscellaneous features that pro¬ 

vide for: stopping program execution, with a restart provision; 
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returning control to the system monitor; appending to the Fortran 

IV program assembly or machine-language subroutines; presetting 

initial values for any or all data elements. In addition, For¬ 

tran IV has over 60 built-in subroutines. Besides the more ccumon 

mathematical functions, these provide for: setting and testing 

the computer's sense lights; testing the divide-check indicator 

(for division by zero); testing for floating-point overflow, and 

dumping internal storage. 

Fortran IV is an algebra-like- programming language — partly free- 

format; partly fixed-format. Almost all of Fortran IV’s built-in 

vocabulary of symbols is familiar, being derived from algebra or 

from English. Programmer-supplied identifiers are either numbers 

(for sentences) or alphanumeric names of six characters or less 

(for data). The latter are thus occasionally somewhat limited in 

scope. Constants are either familiar or quite suggestive of the 

values they denote, once the few abbreviations employed in their 

identification are understood. 

The following program elements are defined by name in the system: 

programs; subroutines; single values and arrays of values, and 

blocks of storage space. Arbitrary numbers are used to identify 

imperative sentences (including dynamically variable transfers of 

control), and external 0ita formats. Fortran IV does not Include 

any words of explanatory text within operating statements, comments 

being inserted on separate lines. 
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Fortran IV allows the omission of declarative sentences describ¬ 

ing data-value type, since this information may be implied by the 

initial letter of the value's name. 

As far as intrinsic complexity is concerned, Fortran IV has: 

almost 60 build-in symbols in its vocabulary (not counting the 

names of build-in subroutines); 6 different kinds of constants; 

identifiers for about 6 different kinds of program elements, and 

approximately 25 different basic sentence forms. It is, there¬ 

fore, a programming language of moderate complexity, 

b. Cobol 

Cobol, which stands for Common Business Oriented language , is a 

procedure-oriented and relatively computer-independent compiler 

language. It is by far the most widely used compiler language 

for business data processing, having been implemented (as a result 

of government requirements) for Just about every domestic computer 

being marketed for business applications involving large magnetic 

tape files of alphanumeric data. It is intended for use pri- 

n-urily by professional programmers, but it employs English 

language symbology to facilitate understanding by novice and non¬ 

programmers . 

Cobol was developed and is now maintained by CODASYL (Conference 

on Data Systems and Languages), a joint committee of representa¬ 

tives from industry and government. 
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The initial version of Cobol was developed in 195° and published 

the next year as Cobol-60. The second version, Cobol-6l, was 

quickly followed, in 1962, by Cobol-6l Extended,* and between 

them, these two versions form the basis for most Cobol compilers 

in use today. The current version, Cobol-64, was published 

earlier this year and is basically a clarification of Cobol-6l 

Extended with the addition of Mass Storage options for ing 

Drum and Disk Files, and a Table Handling feature that provides 

indexing and searching options. 

The standardization of Cobol began in 1963 and is currently being 

continued nationally, by Working Group X3.4.4 of the American 

Standards Association (ASA), and internationally, by Sub-Committee 

TC-97/SC-5 of the International Organization for Standards (ISO). 

Working Group X3-4.4 hopes to publish a proposed American Standard 

Cobol, based on Cobol-65, sometime tnis Fall.** 

Cí?¡‘761 E^tended is basically Cobol-6l with various clarifications and the 
addition of the Sort feature, the Report Writer option, multiple receiving 
fields, and the Corresponding Option. 

The Working Group has divided the language into a nucleus and eight other 

functional modules: Sequential Access; Random Access; Random ^ocessing; 

S°r_; Report Writer; Segmentation; Library; and Table Handling. Within each 
module, they have specified two or more levels, and in some modules, the min¬ 

imum level is the empty set. Any Cobol ccmpiler implementing a specified 

level of each of the nine modules would be considered an ASA Standard Cobol 

compiler. For example, minimum ASA Standard Cobol would consist of the mini¬ 

mum level for each module, while full ASA Standard Cobol would consist of the 

maximum level for each module. With two or more levels for each of nine mod¬ 

ules over 500 and perhaps as many as 1,000 different ASA Standard versions of 

Cobol are possible, including minimum and full. In addition, the Working Group 

ïnC?re^û r of additional language elements, not included 
in the ASA Cobol specifications, should not render an ASA Standard Cobol com- 

piler non-standard. Thij proposal promises to do little to enhance the machine- 
independence of Cobol (surely one of the major objectives of standardization) and 
its acceptance, therefore, seems questionable. 
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A Cobol program is composed of four divisions. The Identification 

Division, which has no operational effect, merely serves to tag 

the source program and the various compiler produced outputs with 

the; names of the program and the programmer, and the writing and 

compiling dates. The Environment Division serves to describe the 

equipment configurations of both the compiling computer and the 

executing computer. The Data Division, naturally, describes the 

data — the files, records, groups, and fields, the working 

storage area, and the constants. Finally, the Procedure Division 

contains the imperative sentences that specify the data processing. 

Cobol can describe, and express the processing of fixed-point 

numeric values, with automatic scaling; character-string values; 

status values; groups of named data elements, fixed- or variable- 

length tables (one-dimensional arrays) of homogeneous, indexed 

data elements, and files, which are tables of records, themselves 

data elements, accessible to the program one-at-a-time. By "data 

element" is meant a single value, a group, or a table. Groups 

may be nested up to k? levels deep in Cobol, while tables may be 

nested up to three levels deep (permitting arrays of three dimen¬ 

sions — or four, if the non-indexed file dimension is considered). 

Cobol also permits specification of the packing and overlaying of 

data elements. Cobol includes the usual arithmetic operations, a 

complete set of relational operations, and an adequate set of 
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logical operations, and an adequate set of logical operations for 

combining relational and conditional expressions . In Cobol, 

arithmetic and relational operands are single, usually designated, 

values. 

Cobol also has several powerful data handling operators — one to 

scan the characters composing any designated data element, tally¬ 

ing and/or replacing occurrences of a designated character; 

another to replace the value(s) of one designated data element 

with the value(s) of another, either en bloc or sub-element by 

sub-element, with appropriate conversion and editing where the 

sub-elements are single values; still another to perform a serial 

or binary search of the sub-elements of a table until a specified 

condition is satisfied; and finally, one to sort the records in a 

file. Cobol also provides imperatives for the inpu4- and output of 

records from both sequential and random-access storage devices, 

for the entry and display of small amounts of text, and for the 

generation of printed reports according to formats defined in the 

program's data division. 

Cobol has the usual operations for specifying the program execu¬ 

tion control, including conditional execution of imperative 

statements, dynamically variable transfers of control and single 

or iterative execution of (parameterless) procedures. 
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In addition, Cobol permits the specification of the asychronous 

or parallel processing of several procedures, along with a pro¬ 

cessing delay contingent on the completion of all parallel 

procedures, or on the completion of the parallel processing of 

designated data elements. 

Cobol also permits: the segmentation of large programs to be 

specified, the copying of Cobol text and the inclusion of sub¬ 

routines from a library, and the insertion of routines written in 

other (usually more computer-oriented) programing languages. 

Cobol is an English-like programming language. Every effort has 

been made to ensure that individual Cobol sentences are also 

grammatical English sentences. While there eure staunch defenders 

of this policy, opinion is also widespread among professional 

programmers that this effort would have been better spent in 

designing a less complex, less English-like, but no less expres¬ 

sive programming language, 

c. PL/I 

PL/l, standing for "Programming Language/One," is a general-pvir- 

pose, procedure-oreinted, and, (potentially), a highly computer- 

independent compiler language. PL/l is a broad language, intended 

for commercial, scientific, and systems programming. It is 

suitable for use in its entirety only by highly skilled, pro¬ 

fessional system programmers. It has been designed, however, so 
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useful subsets can be selected from the full language, and these 

subsets should be no more difficult for the non-programmer to 

leam than, say, Fortran or Cobol. 

PL/l vas designed Jointly by IBM and SHARE (the users' group for 

UM large-scale scientific installations). It is currently being 

implemented by DM for their 360 series of computers,^ and by 

several other computer manufacturers, notably General Electric 

and Scientific Data Systems. Industry interest in PL/l is high 

and there are expectations that it will beccme widely available, 

eventually exceeding the currently established compiler languages, 

such as Fortran, Cobol and Algol in extent of use.** 

PL/l can describe, and express the processing of, an unusually 

vide variety of data types: binary or decimal, real or complex, 

fixed- or floating-point numeric values that are precise to a 

specified number of digits (including fractional digits for 

fixed-point values); symbolic values consisting of strings of 

characters or bits; address-type values for referencing imperative 

sentences, data elements, and storage areas; and logical values 

* A 360 compiler for a subset of PL/l is being field tested, and recently 

revised plans are to augment this compiler so it will process a larger 
subset of the language. 

## 
Without, however, necessarily diminishing the usage of these languages. 
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(cither character or bit stringt*, or event indicators). Qualita- 

tive (status) values axe handled, but somewhat indifferently. 

PL/l can name and describe: single numeric or symbolic values, 

as mentioned above; multidimensional, rectangular arrays of homo¬ 

geneous , indexed data elements (with dynamically variable 

dimensions); and groups (called structures in PL/l) of named data 

elements — where an element can be a single value, ein array, or 

a group. PL/l provides for the manipulation of data elements 

that are dynamically associated in storage by explicit, address- 

type links. In addition, the language provides facilities for 

packing and overlaying data elements, for dynamic storage alloca¬ 

tion, and for transferring data between primary and auxiliary 

storage. In describing data, Implicit "default" specifications 

prevail for omitted portions of the description. 

PL/l provides for an impressive repertoire of arithmetic, rela¬ 

tional, logical, and string manipulations, and data movement 

operations on operands that are single values, arrays, groups, 

subarrays designated either by index or name, or lists of these 

elements. Operations may involve both single- and multiple¬ 

valued operands and are performed on a value-by-value basis. The 

widest possible tolerance is extended toward mixed expressions, 

so that logical values may be used arithmetically, for example. 

They must be uniquely deiined for the entire source program, and are not 
associated with individual status-type variables. 
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Imperative sentences in PL/l may be grouped into procedures 

(i.e., subroutines), into blocks (to delimit the scope of names), 

and into groups (for execution control purposes). Data elements 

may be internal to a block or a procedure (and thus undefined 

outside it), or they may be allocated statically, at program load 

time, or dynamically, upon entry to a block or procedure or upon 

execution of an ALLOCATE statement. Dynamic storage allocation 

pushes down any previously allocated storage, which is popped up 

when storage is freed, upon exit frcm the block or procedure or 

upon execution of a FTîEE statement. PL/l procedures may have 

multiple entry points, they may be recursive and re-entrant, and 

they may be compiled separately for later combination. (_) 

PL/l provides for the input and output of data considered either 

as a stream of character-coded single values, or as a sequence or 

set of individual records of internally coded data elements. 

Stream-oriented transmission may be: data-directed, where the 

input or output character stream contains both the designation of 

the data elements and their values; list-directed, where the data 

values are designated in a list in the input or output statement 

and transmitted in a standard format; or edit-directed, according 

to non-standard formats specified (or referenced) in the input or 

output statement. Record-oriented transmission, on the other 

hand, deals with the luffered or unbuffered input and output to 

and from eithe' linear or random access files or direct access files. ( ) 
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In PL/I, a procedure may initiate another procedure as a separate 

task, to be executed concurrently with the first procedure, which 

may later either wait until, or determine whether, the task has 

been completed. Alternatively, a task may specify the conditions 

under which it may be interrupted and, for each condition, a group 

of statements to be executed whenever the condition occurs . 

Interrupt conditions may be those generated by the hardware, or 

they may be generated by concurrently operating tasks. 

The PL/l programmer may specify algorithms to be executed during 

the compilation of his program, as well as during its execution. 

In these meta- or compile-time algorithms (the PL/l report uses 

the word "macro"), meta-variables and meta-procedures may be 

declared, meta-variables may be assigned new values, meta-control 

may be transferred, conditionally or unconditionally, to other 

meta-statements, thus either skipping or repeating the compilation 

of intervening groups of PL/l statements = Wherever a meta-variable 

is designated (or a meta-procedure l-t invoked) in a pl/I statement, 

its current (or returned) character-string value is substituted, 

d. Decision Tables 

A decision table is a way of representing complex decision rules 

in an easily grasped, tabular form -- a form that makes it easy 

to see wbat actions are to be taken for each possible combination 

of conditions. The following examples show the same decision 

□ 
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rule represented ln three ways: as a string, as a directed graph 

or flow chart, and as a decision table. 

string 
IF A-C THEN (IF A>B THEN DO K ELSE DO L) 

ELSE (IF A<B THEN DO M ELSE DO N) 

table 
12 3 4 

A*l1 lY y N N 
A>B Y N 
A<B — — Y N 

DO K r DO L X 
W¥ X 
DO N X 
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In the table, the top rows are conditions and the bottom ones are 

actions, and the numbered columns on the right are the decision 

rules. 

The Y means yes, this condition must hold for the rule to apply. 

The N means no, this condition must not hold for the rule to 

apply. The dash means: ignore this condition. The X means: do 

this action if the rule applies. And the blank means: do not do 

this action if the rule applies. 

By convention, the rules are examined one at a time from left to 

right. Only the first rule found is applied, and the actions are 

taken one at a time in the order they are listed. Other conven¬ 

tions are feasible though. 

Decision tables where the entries are limited to the symbols Just 

described are called limited entry tables . Extended entry tables 

are possible, though, where part of the condition or action is 

number of legs -4 -4 =4 >4 - 

length of nose long short long - - 

length of neck short long long - - 

then animal Is elephant giraffe hallucination centipede unknown 
call zookeeper zookeeper psychiatrist exterminator biologist 
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entered in the rule columns. The next example shows an extended 

entry decision table. 

Decision tables are well known. Yet tb^y are not as widely used 

as they should be in computer programming. Their chief advantage, 

it seems, is that they make explicit all of the possible paths 

through a decision routine, since each path corresponds to a 

column in the table. This makes it much harder for the programmer 

or analyst to inadvertantly overloop a path. 

Several decisic-i table processors have been written in the last 

few years to translate decision tables into computer programs. 

General Electric's Tabsol is the most prominent example. Recently, 

a group in Los Angeles completed a processor that translates from 

a decision table language called Detab, to Cobol. The processor 

itself is written in Cobol, and the intent is to make decision 

tables available to all Cobol usure. Similar processors could be 

(and are being) written for other languages. 

( 
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3 • THE STATE OF THE AKT IN EXECUTIVE SYSTEMS 

Most current medium and large scale data processing activities utilize 

a system which controls the operations of the computer. An essential 

part of this operating system is an executive program. It must be 

noted that an executive program is first of all a program, and thus 

can be written in a number of existing programming languages. Further¬ 

more, the characteristics of programming languages described in the 

previous section apply to those programs considered to be executive 

programs. In essence, an executive program controls the manning of 

one or more operating programs . In addition, every program has as 

part of it an executive function. In the simpler cases, this execu¬ 

tive process may be nothing more than control of the relationships 

between peripheral equipment demands on the computer's central pro¬ 

cessing unit and other functions of the operating program. In these 

simple cases, the controlling portion of the program is not separately 

identified as an executive, but it serves that function. 

The tendency in recent years to develop data processing systems which 

fulfill highly sophisticated requirements has led to considerations 

of executive programs as a separate class. Today we normally consider 

that there is a need for a separately defined executive program only 

when the system is operating simultaneously on a number cf different 

programs, (as in a multiprogramming or time-sharing system), or when 

a number of interrelated computers are operating cooperatively (as in 
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a multiprocessing system). Examples of advanced executive systems 

designed for new, powerful computer systems are described in the 

following sections, in order to portray today's state-of-the-art in 

advanced computer system control software. 

An executive program must be capable of investigation and analysis of 

worker programs during their operation on the computer. To some 

extent, this limits the choice of languages available for the prepa¬ 

ration of executive programs. Since executive programs represent a 

fair degree of sophistication of software, they are usually expensive 

to generate. Happily, however, there has been a tendency in recent 

years on the part of hardware manufacturers to improve the quality 
\ ' 

and variety of the software library available for use with the pur¬ 

chased computer. Th : application of such standard executives reduces 

the effort required by the user to generate his own probelem-oriented 

system. The manufacturer of the hardware can generally be counted 

upon to supply such executive components as peripheral equipment 

sub-programs, compilers, translators, program dumps, and other basic 

elements from which an executive program can in large part be 

assembled. 

An executive system is more than an executive program. It consists 

of the program for ongoing operating control, debugging programs, 

other support programs of assistance to the computer operator and 

programmer, any bookkeeping functions imposed for management purposes, 
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and last but not least, the computer operator. It is essential that 

an executive program have certain logical capabilities, such as the 

decision to interrupt an ongoing process to respond to the needs of a 

peripheral, but not all logical conditions can be foreseen or pre¬ 

programmed. The computer operator or attendant is thus a necessary 

part of the decision-making aspects required of an executive system. 

It is, of course, an over-simplification to say that the executive 

system, and particularly that portion of it which is the executive 

program, is charged with the responsibility of making routine decisions 

of computer operation during the run. Nevertheless, this over¬ 

simplification serves to emphasize the fact that the executive system 

operates with the elements of the running programs Just as these 

elements operate with the data. One of the great advantages in the 

development of a total operating system which is provided by the use 

of a separate executive is the ability to prepare the executive pro¬ 

gram before the details of the operating program are fully known. 

Many executive systems have been designed and a full description of 

each would be far too lengthy for this document. The examples of a 

few executive systems in the foilwing sections are chosen to illus¬ 

trate the various types of applications of such systems which have 

been, or could be, used in the fields of interest to DDC. 

a. Slpros 

Sipros (Simultaneous Processing and Operating System) is a pro¬ 

gramming and operating system for the Control Data Corporation's 
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6400, 6600, and 68OO computers. These very large and rapid com¬ 

puters are multiprocessors; they consist of ten peripheral (input/ 

output and control) processors and a central processing unit. 

Sipros is designed to provide for efficient use of the central 

processor over a variety of hardware configurations and Job mixes. 

The Sipros programming subsystem includes a Fortran compiler, and 

assemblers for both the central and peripheral processors. The 

F or train compiler has a fast compilation mode that omits (the 

normal) code optimization; Fortrem statements and assembly-language 

instructions can be freely intermixed; programs can incorporate 

peripheral processor routines; and program segments can be 

indicated for purposes of overlaying. 

The highly parameterized Sipros operating system provi.des for 

both batch processing and multiprogramming. In Sipros, input/ 

output areas, units and numbers of peripheral devices, and time 

and utilization limits are designated by easily changed parameters . 

Sipros loads programs into the central processor according to job 

priorities and equipment and memory availability, and it runs 

them to completion (or until they request nonbuffered input or 

output). Sipros tries to load as many programs as possible into 

the central processor, to minimize central processor idle time 

due to input/output delays. 

( ) 
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Sipros executi/e and monitoring functions are performed by a 

peripheral processor that exercises overall system control. It 

evaluates priorities; allocates hardware; schedules and loads 

Jobs; handles input/output requests; and monitors Job and input/ 

output status. However, the central component of the system is 

the Job stack which is stored on magnetic disk. While the system 

is operating, programs are placed in the stack, in the form of 

card images. This is done autonomously, by other peripheral 

processors, from punched cards, magnetic tape, or from on-line 

terminals. 

Sipros recognizes 2048 program priority levels. The priority of 

a Job may be either fixed, or periodically incremented — up to 

predetermined limits, which prevent such Jobs from delaying 

higher priority programs under heavy load conditions. The period 

and the limits of priority incrementation are parameters which 

the installation may define. 

Based on control card infomation, the Sipros executive picks 

programs with the highest priorities that best fit the available 

peripheral equipment and memory space, and loads them from the 

Job stack into central memory for execution. For Jobs above a 

certain priority, the system will reserve automatically, enough 

peripheral equipment and memory space. That is, as such resources 

become available, the Sipros executive will refrain from assigning 
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them to lover priority Jobs until the high priority Job is loaded 

During execution, Jobs can request (and relinquish) additional 

peripheral equipment and memory space, and Sipros resolves any 

allocation conflicts that might arise. 

b. 

Once a Job has been loaded into central memory for execution, it 

stays there until its operation is completed, since there is 

evidently no provision in Sipros for swapping programs back and 

forth between central memory and the disk. While in central 

memory, Jobs are executed by the central processor according to 

priority. Every 200 microseconds, the Sipros executive monitors 

the status of Jobs in central memory, interrupts the Job currently 

being executed, and transfers central processor control to another 

Job (if that Job has built up higher priority of if the current 

Job has requested nonbuffered input or output). The priority of 

Jobs being executed is not incremented, so it is possible for the 

system to take turns executing several Jobs with equal initial 

priority. 

MC£ 

M=p (Master Contre! Progran,) is a programming and operating sjstem 

developed by the Burroughs Corporation for its B-5000 and B-5500 

computers. It can operate in a variety of configurations, with 

one or two central processors and various numbers of memory 

modules, input/output channels, and peripheral devices. The 
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system is designed to load and run programs on a priority basis, 

while at the same time minimizing central processor and input/ 

output channel idle time. 

Mcp is a batch processing, multiprogramming operating system with 

compilers for both Algol and Cobol. It is perhaps best briefly 

described in terms of its normal cycle of operations. 

Mcp resides permanently on a magnetic drum, and the computer 

opera ¿or loads it from the drum into core memory. By means of 

the computer's interrupt mechanisms, Mcp first interrogates its 

environment to construct a list of the available hardware 

resources: processors, memory modules, input/output channels, 

and peripheral devices. Any later change in the configuration 

due to hardware failure will cause an interrupt, and Mcp will 

-•“Vise the list. 

Once the system has been loaded, and at any later time, the 

operator may interrupt to enter a message requesting Mcp to add 

new Jobs to its (initially empty) schedule or, perhaps, to revise 

the priority of Jobs already scheduled. Reading these Jobs from 

punched cards or magnetic tape, Mcp will merge them, by priority, 

into its schedule. This involves updating a schedule table in 

core memory and creating a new program tape, which contains the 

source decks, object decks, and program calls that specify the 

system's jobs. 
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t. 

Mcp will load a new Job from the program tape onto the drum and 

into core memory, to be run whenever processor time is available 

and none of the currently loaded jobs are ready to run. A given 

Job will only be loaded when there are no higher priority jobs in 

the schedule, when there is enough “forage space on the drum, 

when the required peripheral devices are free, and when there is 

enough core memory space available to begin running the Job. 

Jobs consist of segments of arbitrary length, including program 

segments, data segjnen^s, and input/output buffer segments. At 

any one time, segaents from several Jobs may be residing in core 

memory. Words from these segments are accessed indirectly by the 

computer, by means of a reference table associated with each job. 

Thus, Mcp may relocate segments in memory merely by moving the 

segment and changing an entry in the job's reference table. When 

a Job is loaded, its program and data segments are stored on the 

drum, and it is not necessary for all of them to reside in core 

memory while the Job is being run. Spece is allocated in core 

for the Job's buffer segments, but only the initial program seg¬ 

ment is brought into core when the job is loaded. Each segnent 

of a job has an availability bit in the Job's reference table. 

Program and data segments are unavailable when they are not 

residing in core memory, and a buffer segment is unavailable when 

it is involved in an input/output transfer. Whenever a Job 
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references a word in an unavailable segment, an interrupt occurs 

and Mcp takes control. 

Interrupts may occur for a variety of reasons, and, after pro¬ 

cessing each interrupt, Mcp will resume (or initiate) that job 

that has the highest priority and has been loaded and is ready to 

run. Mcp will try to load a new Job, however, if none of the Jobs 

already loaded are ready to run. This situation could occur if 

the interrupt were due to a reference to an unavailable buffer 

segment, because, when this happens, the interrupted Job must wait 

for completion of the input or output transfer before proceeding. 

The situation could also occur if the interrupt signaled the com¬ 

pletion of a Job. 

If the interrupt were due to a reference to an unavailable program 

or data segnent, Mcp would bring the segment into core from the 

drum, if necessary, overlaying available program segments or 

swapping available data segnents back out to the drum. The over- 

layable segnents of Mcp would go first, program segnents of the 

lowest priority Job would go next, then data segments of the 

lowest priority job, and so on. 

Interrupts also occur when a Job asks the system to perform input 

or output, when an input or output transfer is completed, when the 

interval time overflows, and for a number of other reasons, including 
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such error conditions as when a Job refer;nces a word outside the 

boundaries of one of its segments or exceeds its expected running 

time. Mcp processes these interrupts in a relatively straight¬ 

forward manner, 

c. Gecos 

The programs comprising Gecos (GE Comprehensive Operating Super¬ 

visor) -- along with such associated programs as the Remote 

Terminal Supervisor (Gerts), the File and Record Controller (Gefrc), 

the Loader (Geload), the compilers for Fortran IV and Cobol 6l 

Extended, and the Macro Assembly Program — constitute the pro- 

grammint, and operating system for the General Electric 600 series 

of computers. Í ) 

Jobs, each consisting of a sequence of one or more programs, are 

read from the card reader (by the input converter, Gein) or from 

remote terminals (by Gerts) and are stored on the drum (or disk). 

Each Job has a priority (from 1 to 63), usually assigned by the 

installation's staff. The programs of the l8 most urgent Jobs 

are then considered in turn (by the allocator, Gealoc) for allo¬ 

cation of peripheral devices and core memory space. Allocation 

is governed oy the following principles: (l) only currently 

available resources are allocated; (2) a program is allocated all 

the resources it needs or it is allocated none; (3) when there 

are Jobs above a certain threshold level of priority, only 

( 
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programs in the Job with the highest priority are allocated 

resources; (4) each time a Job is unsuccessfully considered for 

allocation of resources (i.e., none of its programs are allocated 

resources), its priority is incremented; (5) if possible, several 

programs are allocated resources. 

After a program has been allocated resources, it may be assembled 

or compiled, if it contains any source language subprograms, or it 

may be loaded (by Geload) and run if it is an object program and 

if all prior programs in the same Job have been completed. Pro¬ 

grams to be loaded consist of one or more subprograms in the form 

of absolute or relocatable binary decks. The programmer may 

prefix his program with debug requests, and he may segnent it 

into overlays by inserting control cards between subprograms. 

The loader provides all the necessary linkages among subprograms, 

among overlays, and between the program and the debug routine. 

Once a program has been loaded into core memory, it is ready to 

run. Gecos can handle up to eight user programs in core at once, 

and it is the task of the Dispatcher (Gedisp) to select programs 

to be run according to priority and to maximize the overlap of 

input/output and processing. Gedisp is entered whenever a system 

program completes its task, whenever a user program requests an 

input/output delay, or (as the result of an interval-timer 

interrupt) whenever a user program exceeds its allotted increment 
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(625 milliseconds) of processing time. In selecting the next 

program in core memory to be run, Gedisp will Iook, in order of 

priority, first at system programs, then at user programs, and 

finally at the program that has just been run, and it will select 

the first program that is ready to run. 

Under Gecos, user programs are run in the so-called slave mode. 

Tnis means they use relative addresses, which facilitate their 

relocation, and they are prevented from accessing words outside 

the consecutive set of 1024-word blocks allotted to them. User 

programs may call on the Input/Output Supervisor (Geios), usually 

through the File and Record Control (Gefrc) subroutii e package, 

for input and output operations, and they may likewise call on 

the Dispatcher (Gedisp) for input/output delays. Programs are 

retained in core memory until their processing is completed or, 

if Gecos detects an error, until they are interrupted and termi¬ 

nated. The Termination routine (Geterm) removes the program from 

the system, thus freeing the memory space and the peripheral 

equipment allotted to it. If necessary, Geterm also relocates 

the remaining programs, to consolidate the free memory space into 

a compact block. After completing these nnd other tasks, Geterm 

calls the Allocator (Gealoc), which reallocates the released 

resources to other programs. 

) 
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Periodically, Gecos calls the Output Program (Geout) to process 

the system output file (which contains job accounting informa ;ion, 

debugging output, and other low-volume output not written onto 

separate output files) and produces the printed or punched results, 

d. Univac IIO6 

The Univac IIO8 Executive System is a general purpose operating 

system. This system has been designed by Univac and is currently 

being implemented. The designers claim a multiprogramming cap¬ 

ability coupled with the ability to "demand process" (time-share), 

control real-time processes, and execute batch process runs. The 

design emphasizes the batch process method of running Jobs . 

Users communicate with the executive by way of an executive con¬ 

trol language. The language is open-ended and, as such, could be 

turned into a very powerful tool. Currently, the user programs 

cannot activate the routines that Interpret the user commands. 

The executive will load and run any program the user wishes to 

submit. The only restrictions imposed are those of a given 

equipment configuration. The user's program is confined to its 

own part of core by a memory protection mechanism. In this way, 

programs are protected from each other when several reside in 

core. Programs or data that are concurrently being used by more than 

one user are replicated for each user. The method of protecting 

master files and interlocking programs that have conflicting needs 

for data must be supplied by the individual installations . 

J 
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Special programs have been designed to tailor the executive to a 

particular hardware configuration and an installation's special 

requirements. The programs that do this operate in a non-Execu- 

tive mode. 

The initial system will have an assembler and compilers for 

Fortran TV, Cobol, and Algol. These processors will output 

object programs in a common form of relocatable binary coding. 

The allocator process will assemble relocatable subroutines from 

the compilers and the assembler into larger relocatable routines 

or into an "absolute" program. 

The diagnostic system is essentially a memory dump routine with 

snapshot capabilities. No firm, published definition has yet been 

made of an interactive or conversational capability for time¬ 

sharing users . 

The 1108 is compatible with the earlier Univac HOT computer. As 

a result, all of the programs developed for the llOJ may be run 

on the 1108, if the machine configuration is compatible. The 

system is expected to be available by early 1967. 

e• IBM Operating System/360 

IBM Operating System/360 (OS/36O) is a supervisory system featur¬ 

ing a comprehensive set of language translators, data management 

routines, and other service programs. It comes in several versions 

to operate In the various configurations of the IEM Computing 

System/360 . 
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The executive portion of OS/360 is an extremely sophisticated 

batch processor with an optional multiprogramming carability. To 

meet the needs of many varied installations, OS/360 has been made 

as modular as possible. Thus, each installation will Include, in 

its executive, only the modules needed. Interfaces between 

modules are such that new nonstandard modules may be substituted 

for the standard modules with a minimum of effort. The executive 

control functions are broken into modules as are the various pro¬ 

grammer facilities. 

Users' functions may be added to OS/360 at will, making such 

functions more accessible and easier to use. 

In OS/360, a ¿ob is the basic independent unit of work to be 

performed. A Job consists of one or more directs or indirectly 

related steps. Each Job step results in the execution of a 

processing program, such as a language compiler, or a user's 

object program. 

Each Job step requests various units of work caLUa tauts . Each 

task has associated with it a task control block (tcB). In 

scheduling work to be perfonned, the executive is choosing between 

tasks on the basis of infomation in the TCBs. Any task may 

create new tasks, providing considerable dynamic control by 

programs. The system was not basically designed for the initia¬ 

tion of new Jobs by tasks, but such 
a feature could easily be added. 
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Options are available to allow dynamic control of priorities used 

in selecting jobs to be run. In the most advanced system, several 

Jobs may be run concurrently (simultaneously), and each job may 

include several tasks in parallel operation. 

The operation of a system with this degree of sophistication is 

feasible only if good data management is used. One of the strong 

points of OS/360 is the data management function. This consists 

of a method of naming, classifying, storing, and retrieving data. 

It is used by al] the components of OS/360, and is available for 

use by object programs. 

OS/360 allows for the sharing of programs and files to a con¬ 

siderable extent. The protection against disclosure is relatively 

poor, since it relies simply on a user program giving a correct 

keyword to gain access to any data. Protection against uncoordi¬ 

nated joint use is achieved by use of a lockout system that is 

valid in OS/360, but that prevents any programs that use shared 

data from running "simultaneously." 

The executive system is so structured that it may not modify itself 

under its own control. This is not a deficiency in a batch pro¬ 

cessor. In a time-sharing system, stopping the system to modify 

it is generally intolerable. 
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OS/360 has provision for multiaccess use. It is primarily 

designed, however, to allow many operators to communicate with one 

program. Multiaccess to multiprograms is not feasible under the 

present design. 

0S/¿60 contains the most sophisticated set of tools currently 

being made available to the professional programmer. It Is 

particularly rich in language processors and other support pro¬ 

grams whose utility is considerably enhanced by their common 

design features. For example, there is an assembler, and Fortran, 

PL/I, and Cobol language translators, all of which output programs 

in the same format. Because of this feature, programs can be 

assembled that are composed of parts written in different languages . 

OS/360 is being produced in modifies . A system with most of the 

specified capabilities has been announced for the Fall of I966. 

f* gCA Spectra 70 Series Operating Systems 

The RCA Spectra TO Operating Systems (RCA OS) are systems for 

Models 45 and 55 of the RCA Spectra TO computer family. The 

Spectra 70 System is notable because it was designed to operate 

programs using the came instruction codes as those used in the IBM 

System/360 machines * This compatibility on the machine-language 

Certain "privileged" instructions are not "common." Thus -ome of thP 
basic executive programs of the rca aq Tl u ’ ^ f the more 
IBM OS/360 counterparts . The vast ma lor i tv oí Ï! rchanfable With thcir 
the operating syste„s „in not J See ÍLÍro^tS^“ lnt° 
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level has important implications in the software area. It means 

that components of IBM Operating System/360 can be incorporated 

with little technical effort into RCA OS. Since the RCA OS seems 

to be, in large measure, a subset of OS/36O, this method of expand¬ 

ing RCA OS should be kept in mind. If such an expansion is not 

prevented by non-technical considerations, RCA OS can be considered 

to be the equivalent of OS/360. 

The RCA OS is a family of batch processors of modern standard 

design. Certain options give limited multiprogramming (maximum of 

three programs) and multiaccess (to one control program) capability. 

The facility for sharing programs and files exists in a restricted 

form. Programs are given little capability for controlling the 

system in a dynamic fashion. 

The most sophisticated version of the RCA OS seems to be RCA 70/ 

45-55 Disk Operating System 262. It has the following components: 

Executive 

Monitor 

Extended Assembly System 

File Control Processor (FCP) 

Report Program Generator 

Cobol 

(,J 

Fortran 
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Sort/Merge 

Peripheral Control System 

Communication Control System (Multichannel) 

System Library Maintenance Routines 

Random-Access File Maintenance Routines 

Such a system appears to have all the necessary tools for efficient 

batch processing. 

The RCA Operating Systems for Spectra TO Series Models 45 and 55 

are not yet operational. 

8• SPC Time-Sharing System 

The SDC Time-Sharing System has been developed to provide the 

facilities of a large computer (IBM AN/FSQ-32) to many simultaneous 

users. An advanced version shorty will be operational on an IBM 

Series 360 Model 50 computer. The system automatically distri¬ 

butes increments of computation so that each user seems to be 

controlling the central processor, with access to most of the 

high-speed memory and to a share of the available auxiliary 

storage. 

The system can serve as many as 50 simultaneous users; each can 

access up to 46,000 48-bit words (368,000 characters) of core 

memory, and share four million words of disk storage and 12 tape 

drives. Users' terminals are typewriters or teletypewriters - 

both locally and remotely located. About 35 terminals are normally 



29 August 1966 ÏM-WD-26 8/OO3/00 104 

connected to the system, and six of these have cathode-ray-tute/ 

light-pen displays. To handle direct communications with the 

terminals, the system incorporates a small, DEC FDP-1 computer as 

an on-line satellite to the AN/FSQ-32. 

The system also incorporates 400,000 words of high-speed drum 

storage, which is not directly available to users, since it con¬ 

tains the system's working copies of all current users' programs 

(with their in-core data). The system maintains these programs in 

two queues: a queue of "conversational" (time-shared) programs, 

and a queue of "production" programs. In operation, as long as 

the conversational queue contains active programs (those not 

stopped or awaiting input or output), the system is continually 

swapping active conversational programs between core memory and 

drum storage. While in core, a conversational program is given a 

quantum (400 milliseconds) of computing time, and is allowed to 

run until it stops or is stopped, until it requests input or out¬ 

put, or until its quantum runs out. Then it is swapped with the 

next active conversational program on the drum. If no conversa¬ 

tional programs are active (as often happens), an active production 

program is swapped into core and run until it stops or is stopped, 

until it requests input or output, or until a conversational pro¬ 

gram becomes active. The production queue is rearranged regularly 

to give other active production programs a chance to operate. 
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At the user's command, the system loads a program from tape or 

disk onto the drums, and, initially, into the conversational queue. 

Any conversational program that computes for ten successive quanta 

without requesting teletype input is placed at the bottom of the 

production queue; and a production program that requests a tele¬ 

type input or that completes its operation is placed back into 

the conversational queue . 

The system provides commands that allow the on-line user to: 

communicate either with the system or with his own program; 

announce himself to the system; bring in a program from tape or 

disk; interrupt the operation of his program; unload his program; 

query the system as to his time usage, the number of current 

users, or the status of his program; find out how many tape drives, 

disk tracks, or drum words are available for his program; send a 

message to other terminals; link his terminal to other terminals, 

or prevent it from being linked to another terminal, and have the 

system repeat his input messages so he can verify their correct 

transmission. Although the system is designed to respond to a 

user's command within two seconds, users' programs may or may not 

equal this response time. 

As the foregoing list of user commands shows, the main function of 

this time-sharing system is running users' programs. No restric¬ 

tions are placed, though, on the functions these programs may 
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perform, and there are relatively fev restrictions placed on their 

use of the available resources. However, programs must communi¬ 

cate with the system to request input and output, which may 

involve tapes, the disk or the user's teletype terminaj . 

h. The SDS Sigma 7 Operating Systems 

The SDS Sigma 7 Operating Systems are being designed in a modu¬ 

lar, compatible fashion to work together in an interrupting 

environment typical of time-sharing. The operating systems, 

because of their modular elements, provide fou; programming 

levels. The levels are: (l) Stand Alone, designed for minimum 

configurations or those used for a single function at a time in a 

serial fashion. Primary criteria include heavy emphasis on mini¬ 

mizing core space requirements; (2) Pasic, handled by a Basic 

control monitor, designed for real-time systems with concurrent 

general-purpose processing either completely independent or 

related to the real-time system, such as data reduction. The 

general-purpose processing includes program creation, checkout, 

and program execution capabilities; (3) Batch, handled by a Batch 

Monitor, designed for a typical production environment in which 

many jobs are being processed from a job qieue; (4) Universal, 

handled by a Universal Time-Sharing Monitor, which permits batch- 

type operation^ to proceed concurrently with time-sharing operations 

and includes input/output operations conversational interactive users. 

* 
Scientific Data Systems of Santa Monica, California, produces the (new) 

Sigma 7 Computer for which these Operating Systems have- been announced. 
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Some of the more important capabilities provided by the Sigma 7 

Operating Systems are: executive request processing; primary, 

sjcondary, and tertiary storage allocation and management includ¬ 

ing swapping and overlay; Job scheduling; loading of common 

subroutines written in a re-entrant manner so that a single copy 

need be kept in core to service many users; communications for 

conversational users; interrupt processing; Job accounting; 

memory-write protection and control; access protection and control; 

file security; error processing and recovery; run-time trap pro¬ 

cessing; master/slave mode control and debug processing and 

control. 



29 August 1966 IO8 TM-WD-268/003/00 

4. THE STATE OF THE ART IN FII£ PROCESSING SYSTEMS 

Over the past twenty years computers have been applied in many fields. 

The earliest, and still most common, applications are in connection 

with scientific computations and the handling of business data. As 

a result, it has become conventional to speak of scientific machines 

or systems and business machines or systems. The last few years have 

seen a great increase in the diversity of applications. Few of these 

applications have been graced by being considered separate fields. 

One, however, offers such great promises over non-computerized 

techniques that a whole skill area has grown around it. This is the 

handling of files of data including those which are unstructured in 

nature. It should be noted that this area of application of data 

processing systems is also of particular interest to DDC. 

It may be gathered from the previous paragraph that the handling of 

information in file structures, or file information systems, is an 

extension of previously developed capabilities and techniques. To 

some extent this is true. Experience has shown, however, that there 

are two significant differences between scientific calculation and 

limited-scale business data processing, on the one hand, and file 

information systems on the other. The first of these differences is 

the need for a large data base for file information systems. The 

development of hardware with large memory capacities to efficiently 

handle file information problems is a comparatively recent development. 

Prior to the availability of such memory sizes, it was much more 

difficult to undertake the development of such a system. 
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A second significant difference is the fact that file information 

systems as presently conceived and operating do not serve the 

ultimate desired purpose of such systems. Retrieval from such 

systems is generally made satisfactorily today on the basis of 

comparison between limited, structured data elements as expressed in 

the query and as stored in the machine. The ultimate is to provide 

retrieval on the basis of more general and comprehensive combinations 

of data as expressed in queries and stored *n the computer. 

A file information system requires, as in any other case, computer 

programs for operation, and a computer programming language must be 

chosen for the preparation of the program. A file information system, 

however, consists of both the computer and related software. Just as 

hardware being developed today features larger memories, faster access, 

ccratch pad memories, etc., so also there are developments in process 

in software aimed at more efficient operation of file information 

systems. In particular, a considerable amount of research is being 

conducted into file design, maintenance and retrieval techniques to 

approach the point where search by complex (structured or unstructured) 

data combinations is possible, in addition to operations on limited, 

structured files . 

The following sections provide some sample descriptions of various file 

information systems now in use or in advanced stages of development. 
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a' Àdaa 

The Adam (Advanced Data Management) system is essentially an 

interprecive, non real-time file processing system. Auam has been 

programmed at the Mitre Corporation for use on the IBM 703O (Stretch) 

computer. Several Adam users can be utilizing the 7030 at once, the 

user's file processing requests being stacked and interpreted on a 

priority basis . 

Adam is intended mainly as a tool for building experimental or 

prototype data management systems. The user can add his own, special 

purpose routines to the Adam routine file, and he can add a de¬ 

scription of his own special purpose query language to the Adam 

language file . Routines and language descriptions are prepared 

outside the Adam context. For this, there is a compiler for a 

procedure-oriented language that can handle Adam data structures, 

there is a post-processor that converts Fortran programs to Adam 

format, and there is a language assembly program that converts syntax 

rules into an interprative program that translates input messages 

into Adam pseudo-instructions. Once prepared, routines and language 

descriptions are added by file maintenance operations to the Adam 

(program) Routine File and the Adam Language Files. These two files, 

along with the user's data files and the "Roles" (which are files 

^hat describe all files) specify a particular data management system. 

All these files can be manipulated during operation of the Adam 

( 
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System, so the user can modify and request reports and displays on 

his file processing system as well as on his data. 

In Adam, a file is essentially a linear series of indexed entries, 

each containing all the information relevant to a single entity or 

object in the file. An entry is a Record, or collection, of named 

elements, and is actually a subfile with its own entries. Adam 

handles numerical values; logical status values; queries; query 

responses (computed by retrieving, translating, and processing a 

stored query), and textual material. The basic file processing 

operations provided by Adam allow the user to describe and create 

new files from card or tape inputs or from existing Adam files; to 

modify, purge, and search files; to do computations on file data, 

and to call for the execution of problem-specific routines. 

The ordinary sequence of events in Adam, somewhat simplified, is as 

follows : 

A message is entered by the user at a terminal. This causes a 

transfer to the Input Schedule Program which converts the message to 

a standard internal IBM 7030 code and passes it on to the Recognizer 

Program. The Recognizer scans the first few words of the message, 

assigns it a priority and a handling routine, places it as a task in 

the Task Queue, and calls the Task Control Program. If the new task 

has first priority, it is immediately performed. If it has second 
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priority, the intermediate results of the current task are saved for 

later completion, and the new task is initiated. If the new task 

has third or lower priority, the current task is continued. When a 

task is completed (or interrupted) and a new task is to be initiated, 

Task Control unstacks a message from the Task Queue according to 

priority, loads the appropriate Handling Routine (ordinarily 

"Thruput Control") from the Routine File, and branches to it. For 

ordinary messages, though, Thruput Control retrieves a language 

description frc- the Language Description File and passes it, along 

with the messie, to the Translator Program. (Additional language 

descriptions may be added to the language description file.) 

The Translator interprets the language description and, from the 

message, generates a list of Adam computer language pseudo¬ 

instructions to effect the file processing specified by the message. 

It then branches to the Processor Program. The Processor interprets 

the Adam pseudo-instructions and calls the appropriate file 

processing subroutines. It may also perform certain data conversions. 

When output is requested, the Processor retrieves a format statement 

from the Format File and calls the Output Formatter (Program), which 

converts the data into standard internal format, ana sends it to the 

Output Scheduler Program. The Output Scheduler converts this oO an 

appropriate external character code, initiates the output operation 

if an appropriate output device is available, or stacks the output 
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if it ls not. It then returne control to the prog™ that celled it 

(ordinarily the Output IWtter), „hich then ordinarily returne 

control to the Processor. When an output „essage has been transmitted, 

and the output device is ready for another, the current task is 

temporarily interrupted while the Output Scheduler initiates a new 

output operation. ^e„ the processor has interpreted the last Adam 

pseudo-instruction in the current program's operation, it returns to 

Thruput Control, which then returns to l*sk Control with a "task 

complete" signal. 

Strictly speaking, Adam is not a user-orlented system; rather, it is 

a tool for building and experimenting with generalised, user-oriented, 

me processing systems. Adam la orient«! to the hatch processing 

Philosophy Of ninning Jobs to completion, as opposed to the real-time 

or time-sharing philosophy of periodically Interring the current 

Job to work on another. Th» ho + r.K 
The batch processing philosophy allows more 

efficient use to be made of the available computing resources, while 

the time-sharing philosophy provides faster and more reactive 

response for more users. The Adam Task Control Program could 

probably be modified to periodically rearrange task priorities, to 

operate in a tlme-sharlng mode and provide addition services to 

users. 

ï 
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b. Lucid 

Lucid (Language Used to Describe Information-System Design) is an SDC 

real-time data management system operating under a time-sharing 

Executive System. Lucid, coded in the Jovial language, operates on 

an IBM AN/FSQ 32 computer, and is accessible to users via rea ote 

teletype consoles through the SDC time-sharing system. 

Lucid was designed to minimize the requirement for a user to be 

sophisticated in terms of computer use. All references to data are 

made in terms of data names provided by the user himself. Computer 

data location addresses are computed automatically by the program, 

and the user has no need to be aware of them. Lucid provides an 

exceedingly simple language for the description of data. The user 

has only to name his file and to name the data elements of which it 

is composed. He states the type of each element, which may be 

textual or numerical in nature. He then presents the system with the 

input data which is automatically loaded, organized and converted into 

computer-useable form. 

Lucid is designed primarily for facilitating rapid fact retrieval. 

For this purpose each file processed by Lucid exists in two forms. 

It exists, as loaded, as a series of data records or entries stored 

sequentially on peripheral storage (either magnetic disk, magnetic 

tape or both.) It also exists in an "inverted" form, organized by 

data value within data field. This organization is called a 
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concordance. At the time of cata retrieval, the data selection 

criteria entered in the query are processed through the concordance 

very rapidly. The entries containing the output values required are 

determined first, and only then Is the sequential entry file accessed, 

and only those entries specified are retrieved. This scheme permits 

exceedingly fast retrieval of data regardless of uhat the retrieval 

keys may be. 

liicld has some capability for natural language test manipulation, 

which is currently being expanded. 

lucid has been coded In Jovial except for Input/output routines 

specifically with the purpose of making It relatively easy to 

transfer to other equipment for vhlch a Jovial compiler exists. 

c. Colingo 

Colingo (Compile On Line and Oo) is an Interpretive, file-processing 

system for the IBM Hoi computer. It »as developed by the Mitre 

Corporation for mllltaiy use. Although Colingo can only serve one 

user at a time, It Is a user-oriented, generalized, open-ended, and 

(conceptually) machine-independent system. The Colingo concept 

»oull be quite powerful on a larger computer. 

Colingo interprets user requests, uhich are stored In chains on a 

magnetic disk; entered one-by-one through the UOI console typewriter, 

or input in batches through the card reader. The Colingo Executive 
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Program examines the query and retrieves the appropriate query¬ 

processing routine(s) from the disk. The routine(s) interpret the 

rest of the query, and ordinarily: reads an input (or intermediary) 

file; performs some processing on file records, and writes an 

intermediary or output file or report. Other possible actions 

include: storing on the disk of a new query-processing routine; 

displaying a comment or question to the user at the typewriter; 

pausing to allow the user to enter a parameter; copying (on magnetic 

tape) all rystem data and programs (or perhaps just data files and 

dictionar-.es) for external use; storing a file for subsequent 

processing against another file, or checking the validity of input 

data. 

Files in Colingo are self-describing, that is, each file carries 

along its own dictionary as an initial (header) record on magnetic 

tape or disk storage. (Even card files, which must be converted to 

Colingo tape or disk format before processing, are preceded by 

format-conversion control cards.) The user describes his files in 

the style of the Cobol Data Division. Colingo allows use of both 

master and detail (update or change) records. 

A Typical series of Colingo queries, as shown below, 

GET AIRBASE-FILE. 

IF COUNTRY EQ UNITED*STATES 

AND RUNWAY/LENGTH G.V8OOO. 

PRINT NAME LOCATION ALTITUDE 

RADIO-FREQUENCY. 
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would first cause the airbase file to be retrieved from the data base 

and stored on an intermediary tape. Second, it would cause that tape 

to be read and re-written, and those records that describe U. S. 

airbases with runways longer than eight thousand feet would be 

tagged. Third, the tape would be re-read and the tagged records 

would be printed in the standard tabular format, as lines containing 

airbase name, location, altitude, and radio frequency. 

Unlvac Information Management System 

Imrads 

The Imrads Mac (information Management, Retrieval and Dissemination 

System - Master Application Compiler) is written in Cobol and 

operates in conjunction with the Executive Software System of the 

Univac 1108 computer system. Imrads Mac is a compiler that generates 

Cobol Statements that will be compiled on the specified installation's 

computer to create its own Imrads System. Imrads Mac has the ability 

to design the organization and control of the data base that will be 

a part of Imrads, taking into account the characteristics of the 

storage devices available and the volumes and security classification 

of data to be stored. Imrads has the ability to make use of a 

standardized Univac procedure for organizing a data file on a 

specified storage device. 

There are two major inputs to Imrads Mac: one names the hardware 

system, and the other describes the entire problem at the systems 
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level. The hardware includes the central computer configuration 

(memory, peripheral equipment, communication interfaces), and any 

telecommunication input/output devices. The problem description 

includes the total number of separate descriptions for all independent 

information processing operations to be controlled by a single Imrads. 

Each description will contain the definition of all input and output 

data in terms of data elements and data sets (equivalent to files, 

records and sub-units of records); interrelationships which exist 

between data elements and data sets; decision rules governing data 

validation, and operational procedures. 

The output from Imrads Mac is a tailor-made Information Management, 

Retrieval and Dissemination System that includes a Process Controller, 

which is a resident computer software operating system, and an 

unfilled but defined Data Base. 

Imrads itself is a transaction-oriented system, that is, the data 

within the transaction itself is the true dictator of the action 

which follows. Resident in the computer at all times is the Imrads 

Mac-generated Process Controller Program, which communicates with 

both the Executive System and the data base. 

The capability therefore exists within Imrads to permit the entering 

of a new data file and its associated processing logic, security 

criteria, and retrieval schedule, etc., at any time during system 

operation. 
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The Irarads mode of operation is that of using interpretative logic 

for the processing of the transaction stream. In the case of a 

request for information, the request goes through an analysis phase 

in which procedural tables are generated to carry out the request. 
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5- CHOOSING A PROGRAMMING LANGUAGE 

In the past, by choosing a computer, you automatically chose a 

programming language to go along with it. That simple age is past, 

perhaps never to return. Nowadays, a variety of programming 

languages are available for most of the many existing computers. 

Each of these languages and their processors have their own capa¬ 

bilities and limitations, and while these individual features can 

sometimes be objectively described, the evaluation of a language and 

its processor can only be done from the narrow viewpoint of a 

particular application. Unfortunately, no single, existing 

language is "best" for all applications. 

o 
The problem, then, is to select a language that will enhance the 

productivity of the computing facility that will use it. This 

productivity depends on the following factors: the problem(s) to be 

solved; the people involved; the computer(s) used; and the operational 

environment, including the programming language and its processor. 

In choosing a language and a processor, their effects on each of the 

other factors must be considered and weighed. 

The most important properties of ic^guages and processors that are 

associated with these first four factors are: the capability of the 

language; the ease of learni.jg it and of programming in it; the 

efficiency of the processor, the quelity of its output, and the 
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machine-independence of the language; and the ease of translating, 

debugging, operating, and maintaining programs written in the 

language. 

Measures of these properties are evaluations of the ways in which the 

features of the language and processor effect the other, exterml 

factors of the situation. These properties may be measured 

experimentally, by programming suitable test problems; they may be 

measured empirically, by gathering data on actual operating and 

programming experience; and they may be derived analytically, by 

evaluating the pertinent pitfalls in each approach: controlled 

experiments in programming are both difficult to construct and 

expensive to conduct; observational data can be misleading, even 

when available, especially if some of the pertinent factors go 

unrecorded; and the validity of an analysis depends greatly on who 

is doing the analyzing. For the best result, it is wise to try all 

three approaches together -- in the hope that their shortcomings will 

cancel out. 

In taking the analyticel approach to evaluating a programming 

language and its processor, it is first necessary to acquire or 

compile descriptions of them. Then, on the basis of these 

descriptions, it may be possible to evaluate the properties of the 

language and processor in relation to a particular set of external 
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factors. However, unless quantitative criteria applicable te these 

properties are established, understock and accepted, qualitative 

statements concerning them will be difficult to interpret. But 

discovering or incorporating "uch criteria in the descriptions of a 

language and processor can be exceedingly difficult. In any such 

descriptions, because of the complexity of the subject, appropriate 

criteria for adequate evaluation may be ill-formulated, too 

qualitative, hidden in masses of detail, or lacking entirely. 

In choosing a programming larguage, all the factors we have so far 

discussed must be considered -- machine independence, procedurality, 

generality, and whether the language should be an interpretive, 

assembly, compiler, or generator language. For general programming 

use, interpreters are usually too inefficient, and generators too 

specialized. Consequently, much of the interest here has centered 

around the issue of assembly languages versus compiler languages. 

This issue is not yet dead, despite the reams of paper and hours of 

talk that have so far been expended on it. 

In any discue-sion on the utility of programming languages, it seems 

the main problem is that there are very few facts, and very many 

opinions. The following paragraphs on the relative merits of 

compiler languages on the one hand, and assembly languages on the 

Keeping in mind that trade-r ffs are often necessary between the various 
features of languages and their processors. 
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on the other — particularly in the areas of programmer training, 

program production and maintenance, program communication and 

transfer, and program execution — is not going to redress that 

balance by much. 

One of the claims frequently made for compiler languages is what they 

are easier to learn than assembly languages. This claim is not 

universally valid nor even typically true. An assembly language 

for a simple, straightforward machine can be much easier to learn 

than a complex compiler "nguage such as Algol, Fbrtran, or Cobol. 

Certainly, manuals for compiler languages are not shorter or easier 

to read, nor are compiler language programning courses less time 

consuming. The amount of intellectual effort needed to acquire 

professional capability for programming probably depends less, 

therefore, on the programming language being learned than it does on 

the quality of the training manual and of the instruction. Further¬ 

more, much that a professional programmer needs to know — the 

application (e.g., document retrieval), system testing strategies, 

other programming tools - are largely independent of the 

programming language. 

With regard to ease of learning, compiler languages may typically 

have smaller vocabularies than do assembly languages, but their 

syntax is almost invariably more complicated, while assembly- 

language syntax stays pretty much the same from one language to the 
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next-; only the vocabulary changes. Moreover, this common syntax is 

extremely simple. Because of this syntactic simplicity, an 

experienced programmer may not even have to spend much time learning 

a new or unfamiliar assembly language before using it. A well- 

indexed reference manual may be all he needs to start coding. 

On the other hand, it is undoubtedly much easier for a part-time 

programmer or nonprogrammer (for example, a system analyst) to learn 

Just the basic elements of a compiler language such as Fortran than 

it is to learn all the details of FAP (IBM 704 Series Assembly 

Program). 

Perhaps the major and most impressive claim made for compiler 

■'anguages, as compared with assembly languages, is that they reduce 

significantly the amount of effort needed for program production 

and maintenance. Tic basis for this claim is twofold: (l) a 

source program written in a compiler language is sho.ter (contains 

fewer steps) than an equivalent source program written in an assembly 

language; (2) a program written in a compiler language is easier to 

modify than one written in an assembly language. 

In terras of the total amount of computer instruction coding 

generated 00 make up a program, it is not at all clear, in general, 

which language type has the advantage. Procedure languages, such as 

Cobol, may even require more symbols or characters per program than 
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any assembly language. 80 far as effectiveness of production and 

maintenance is concerned, however, the main factor Is not how much 

the programmer has to write; rather, it Is the number of individual 

program steps he must keep track of. Consequently, for a compiler 

language, the appropriate unit for measuring program size is the 

statement; and for an assembly language, the appropriate unit is the 

instruction. 

The instruction statement ratio varies from language to language and 

from compiler to compiler, but typically, a compiler will generate an 

average of four or five machine instructions per statement. A 

reduction of progranming effort by a corresponding factor of four or 

five cannot be inferred from this, however, because the statements in 

a compiler language are typically two or three times more complex than 

the instructions in an assembly language. Furthermore, heavy use of 

macro instructions in an assembly language can reduce the number of 

steps in a program almost arj rjuch as can the use of a procedure 

language. 

Perhaps the most important general advantage of compiler languages 

is that they simplify and facilitate program modification, which is 

important because it starts minutes after the first line of code is 

written and continues until the program is scrapped. An important 

consequence of the reduction in the number of program steps and the 

ease of program modification afforded by compiler languages, as 
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compared with assembly Jangua^es, is a reduction in the amount of 

effort needed for program testing, which is a vital and time- 

consuming part of the program production process. 

The use of a slow compiler can, in certain circumstances, increase 

turnaround time encugh to seriously retard testing; and an 

incompletely checked-out compiler cm, by itself, make program 

testing spectacularly frustrating. In addition, there are many 

aspects of program testing — such as test design, test data 

preparation, and the analysis of test results — that are little 

affected by the language used to write the program. Nevertheless, 

program testing consists largely of error detection and correction, 

and by reducing the number of program steps, a compiler language 

reduces the opportunity for making errors. 

The above arguments in favor of compiler languages as tools for 

program production are dependent on the applicability of the 

language to the problem being solved. Some languages, like Algol and 

Fortran, are best suited to scientific and engineering applications. 

Others, like Cobol, are best suited to commercial applications. Such 

languages can be used outside their intended areas of application, but 

the benefits to be derived from this are doubtful. 

Compiler languages do reduce the need for program documentation, which 

reduction ic largely caused by eliminating the need for very detailed 



29 August IÇjo 127 TM-WD-268/003/00 

step-by-step program descriptions. The question of program 

transfereeili t,y -- the ease vlth ,/hich an old program can be fitted 

into a new or different computer — is also related to program 

readability. Unlike assembly languages, most compiler languages are 

largely (but not completely) machine-indepei dent, and thus promise 

to facilitate program transfer greatly. 

However machine-independent the language in which a program is 

written, it is seldom possible to transfer it to a different computer 

without making some changes to it. Assembly language programs have 

little transferability, except among so-called "program compatible" 

families of computers. So, it is almost always necessary to learn 

the details of an assembly-language program before it can success¬ 

fully be transferred to a different machine. But with compiler 

language, it sometimes is possible to change a program so that it can 

be compiled to run on a different machine without delving into all 

the details of its operation — a capability that is more likely to 

hold for smaller, more independent programs, and programs originally 

palnned for possible transfer. 

Sometimes, however, even with a machine-independent compiler language, 

it is not possible to transfer a program without first learning the 

program thoroughly. This is likely to be the case with programs that 

are closely integrated parts of larger programs, and with programs 
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* 
written to take advantage of unique machine characteristics. 

In such cases, of course, the cost of program transfer is iicreased. 

Still, the greater readability of compiler languages makes learning 

the details of a program's operation easier, so that even here, 

program transfer usually requires less effort than complete 

reprograming. 

The efficiency of a program is customarily measured in terms of the 

amount of storage space it take? and the amount of computer time it 

uses. It is quite clear that no compiler yet built can match the 

efforts cf a skilled assembly-language programmer in conserving these 

resources. 

Great variations exist among compilers in the efficiency of the object 

code that is produced. Typical reasons for this are: more emphasis 

is placed on code optimization in some compilers than in others; 

compiler writers vary in experience and skill; a compiler that has 

be n used and Improved for several years will likely produce much 

better code than one that has Just been released; code optimization 

algorithms can be much more difficult to construct for some computers 

than for others; some compiler languages can be more easily translated 

to efficient object code than can others, and some permit the use of 

% 

.Tiich may argue for use cf machine code characteristics when using assembly 

language, but avoiding "tricky coding" when using a compiler language where 

a computer change is contemplated. 
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much more efficient data structures than do others. Despite these 

variations in object-code efficiency among compilers, some 

generalizations are possible. With a good compilei, for example, a 

poor or novice programmer will typically turn out better, more 

efficient code than he would using an assembler — the compiler 

places many inefficient coding techniques out of his reach. An 

expert programmer, on the other hand, will turn out less efficient 

code using a compiler than he would using an assembler. But if he 

is using a ,ocd, well-seasoned compiler, one that has seen several 

years of maintenance, improvement, and use, his programs may be only 

10 to 15 percent larger and slower than they would had he written 

them in assembly language. 

In most cuses, the selection of a programing language is an 

important decision, and should be made on as factual a basis as 

possible. The foregoing discussion has treated the issue of 

assembly languages versus compiler languages. Since there is usually 

only one assembly language for any given computer, assembly 

language selection (as distinguished from computer selection) is 

seldom a problem. Such is not the case for compiler languages, where, 

without some general guidelines, language comparison and selection 

can be quite difficult. 

The next section presents a set of questions, which cover most of 

the important and relevant factors, such as the applicability, 
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capability, and utility of the language, and its implementation, 

inputs, operation, outputs, and performance, provide some of the 

needed guidelines for comparing and evaluating assembly 

languages and compilers. 
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6. CHBCKLIST OF QUESnOMS FDR PROGRAMMING LANGUAGE EVALUATION 

a* Applicability of the Language 

For which applications is the language particularly suited? 

For what class of machines is the language particularly salted? 

¿or which machines has the language been implemented; or planned? 

Is there an "official" version of the language? 

Is there a standard alphabet for all dialects of the language or 
does each dialect have its own? 

Disregarding differences in alphabet, is there a standard symbol 
set for all dialects? J 

Pra@natically, in terms of existing programs, subroutines, 
sentences, and symbols, how much of the language is acceptable to 
ali of its compilers or assemblers? 

What problems are usually involved in moving a 
the language, from one computer to another? 

program, written in 

L • Capability of the Lanyiflge 

(l) Data Htypes and Structures 

tftiat data types can the language describe and process? 
'e'S'» 'loating-point numeric values; fixed-point numeric 

wlth unrestricted and automatic scaling; complex 
J”®1®1?11' or ’ actor values; symbolic values, in a 

variety of alphabets and representations, with Justification 
options; Boolean values, categoric or status values; etorage 
location vailles.) 6 

Can single values be named and described in the language? 

Ä.aÄm¾'•1, (I-' t,Pe! 

Are there any limitations on the length of 
that represent single values? 

the machine-symbols 

=?L?inßli Vd^Ues be described as composed to constituent 
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Can arrays (i.e., structured collections of homogeneous ele¬ 
ments, distinguished by index) of values be named and 
described in the language? Arrays of unrestricted structure 
and number of dimensions? 

Can groups (i.e., collections of possibly heterogeneous ele¬ 
ments, distinguished by name) of values be named and described 
in the language? 

What complex data structures can the language handle? (E.g., 
groups of groups; groups of arrays; arrays of arrays; arrays 
of groups.) 

Can the language handle values, arrays, or groups of fixed or 
variable length or number of elements? With automatic pro¬ 
vision for dimension parameters and/or dynamic storage 
allocation? 

Does the language automatically provide for the manipulation 
of arrays and groups whose elements are dynamically associated 
in storage by explicit links? 

What controls does the language provide for optimising data 
storage allocation? (e.g., packing; overlaying; relative or 
absolute origins.) 

Can data structures apply to auxiliary storage as well as 
main memory, (i.e., with automatically included storing and 
retrieving routines.) 

In describing data and data structures, does the language 
provide optional levels of detail? 

(2) Operations on Data 

Are there any restrictions on the data types and structures 
that can, in general, be designated as arithmetic, relational, 
Boolean, or data movement operands? (e.g.# only single-value 
operands; only operands of similar type, or like coding or 
representation.) 

Can arbitrary subsets of the sign strings (bits, characters, 
digits) that comprise machine-language symbols be designated 
as operands? Can these designations be dynamically varied? 

Can arbitrary subsets of the elements that comprise arrays or 
groups be designated as operands? Can these designations be 
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dynamically varied? Can they be dynamically determined? 
(i.e., by automatically included search routine.) 

Does the language Include a complete set of arithmetic 
operators? (i.e., addition; negation and subtraction; 
multiplication; division; exponentiation; absolute value.) 
In any context where a numeric value is computed, are there 
any further restrictions on the operands or the complexity of 
numeric formulas? 

Does the language include a complete set of relational 
operators? (i.e., is equal to; is not equal to; is greater 
than; is less than; is greater than or equal to; is less than 
or equal to.) Are there any further restrictions on the 
operands or the complexity of relational formulas? (e.g., 
only one operator per formula.) 

Does the language include a "partial" (first 3), or "complete" 
set of logical operators? (i.e., and; inclusive or; exclu¬ 
sive or; not; implication; equivalence.) Are there any 
further restrictions on the complexity of Boolean formulas? 

What data movement operators does the language include? 
(e.g., substitution, with editing or conversion; permuta¬ 
tion — exchanging; sorting; insertion and deletion; storage 
and retrieval for auxiliary storage.) What further restric¬ 
tions govern the use of the data movement operators? (e.g., 
only one operator per sentence; or fixed-length memory word 
limitations.) 

(3) Decisions 

Can the language express both fixed and dynamically-variable 
transfers of control? Transfers to what types of program 
element? 

Can these decisions be made during assembly or compilation, 
or dynamically during execution? 

(4) Loops 

Does the language's loop generation mechanism provide for an 
implicitly varied loop parameter? Can more than one parameter 
per loop be implicitly varied? 

Are there any restrictions on loop parameters? (e.g., data 
type). O 



29 August 1966 TM-WD-268/003/00 13^ 

Are there any limitations on the number of iterations for 

loops, or on the construction of loops within loops? 

Does the language restrict transfers of control into or out 
of loops? 

Does the language provide for transfers to the implicit 

loop-control routine from within the loop? 

(5) Subroutines 

Does the language provide for both "open" subroutines 

finserted directly for each call) and "closed" subroutines 

(inserted once and linked to each call)? 

Does the language allow function-type subroutines? 

Are there any limitations on the number of subroutine param¬ 

eters? Must they all be listed in the subroutine call? 

Can the language describe formats for subroutine calls, or 
must these adhere to a rigid format? 

Can subroutines be nested? Can they call other subroutines? 

Can subroutines call themselves (recursively) and, if so, 

does the compiler automatically provide for keeping track of 
their parameters? 

What environment elements can be subroutine parameters ? 
(e.g., values; arrays; groups; clauses or sentences; 
subroutines.) 

Are parameters called by name (where the subroutine uses the 

parameter clause itself) and/or are they called by value 

(where the subroutine uses a copy of that which the parameter 
clause expresses)? 

Are there any distinctions made between input and output 
parameters? 

Are environment elements outside the subroutine available 
within it? 

Does the language allow for alternate entrances to a 
subroutine? 
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Does the language allow for alternate entrances to a sub¬ 

routine? For alternate exits, or for transfers of control to 

the subroutine exit from within the subroutine? For alternate 

returns from closed subroutines? 

(6) Input and Output 

How does the language provide for Input and output? (!•«•» 

general file or format description declaratives and input/ 
output Imperatives; machine-dependent language features; 

general input/output subroutines; machine-dependent subrou¬ 

tines; machine coding.) 

Is the language restricted to a particular set of input/out¬ 

put devices or is it general enough to handle, without major 

extensions, most devices? (e.g., magnetic tape; paper tape; 

on-line typewriters; magnetic drums, disks, and other "address 

able" storage devices; punched cards; printers; plotters; 

display equipment; data transmission equipment; console 

switches.) 

Does the language provide for efficient utilization of random- 

access devices as well as serial input/output devices? 

Does the language allow the utilization of other special 
input/output hardware features? (e.g., alternate recording 

modes; high speed or block transfer; search or positioning 

operations; scatter read/write; backward read/write; writing 

without affecting subsequent records; sensing external con¬ 

ditions; overlapping of read/write and computing; special 

character sets.) 

Does the language provide imperatives for, or declaratives 

that control the automatic Inclusion of, standard file con¬ 

trol routines? (e.g., for: buffering; allocation of Input/ 

output areas; blocking and unblocking; label preparation and 

checking; error detection and correction; checkpoint and 
restart procedures; tape alternation for multiple-reel files; 

handling optional files; handling multiple files on single 

input/output units; record positioning; file rewinding and 

locking; sensing end-of-file or special record partition 

flags.) 

Does the language provide for communicating with the computer 

operator? 

Does the language allow input/output assignments to specify 

input/output media? To specific physical or logical units? 
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How independent of input/output device assignments are the 
input/output coding imperatives? 

What data structures are permitted as operands in input/output 
imperatives? 

Can a file have different record formats and sizes? Does the 

language facilitate distinguishing between different record 
types in the same file? 

Does the language provide for the description of report for¬ 

mats and external data codes? With automatic code conversion 

or editing between Internal and external formats? With other 
features to facilitate report generation? 

(7) Miscellaneous Capabilities 

Does the language allow the utilization of special machine 
features? (e.g., real-time clock; program interrupts; 

parallel processing; specific machine registers; repeat ope¬ 

rations; search operations; logical operations; conversion 
operations.) 

Does the language allow the incl’sion of machine code? With 

a facility for referencing data described in the source 
language? 

Does the language allow the automatic presetting of initial 
values or constants prior to program execution? 

What implicit subroutines are incorporated into the struc¬ 
ture of the language? 

Does the language provide control over truncation, rounding, 

and overflow or underflow? Can integer truncation be 
expressed? 

Are there declaratives for describing the equipment that is 

available (or necessary) to run the object program? Is the 

adaptation to (or check for) the available equipment done 

automatically, at compilation or assembly, or dynamically, 
at execution. 

Does the language provide for the expression of optimizing 

information? (e.g., expected use of data; expected range of 
values; expected use of imperatives.) 
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What other features does thf> j 
oeE zne -anguage incorporate? 

c* yiillty of the Language 

(l) Readability 

How much of the language's vocabulary of _ 
(i-e., from ordinary algebra is liar? 
these familiar symbols are reasonabîi How “any of 
or in their immediate context? ^ self-exP^natory alone, 

O^unrestricted^engthí^^th^rovlfll^ “í1*“"0«1'1' ^bolsj 
word identifiers? ^ ^81-011 for 8eParatlng multi- 

Are they decidable fron their iJZ?* *** the ^63 alone? 
fra. the eenteho, ('-8- 

0« ccoments he Inserted bet«,» sentences, Betveen embole, 

tte ortí JTfî®'7 '«"«e 
its immediate context.) *** °n ^n^orination outside 

(2) Learnability 

what level of s^lsUmim m°thes« *T ■lan*uage' « 

Âpío0SLd“!fm°ni tralnlng Pnognamers 

vocabulary ?^í*erent Syabols does the language ha ye in its 

where the coSect^ of^^^ssi^ ^ 1 (l e-> 
outside its immediate context^ " depends on information 

(3) Usability 

Brief summary of programming experience with the --^ 

Z/T^l in —. 
declarative sentences and/or claves? “ "HBrary,” 0f 
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How large a corpus Is available of programs and subroutines 

that are written in the language? 

Does the language Incorporate features useful for debugging? 

Does the language have features that facilitate automatic 

program segmentation? That facilitate team programming? 

(e.g., reserved domains for definition of identifiers.) 

Does the language have features that facilitate the Identifi¬ 

cation of programs, and the tapes, decks, and listings 
associated with them? 

Is the language such that declaratives describing details and 

constraints on the problem solution are easily separated from 

those declaratives essential to the method and procedures of 
solution? 

Can the programmer describe computations to be performed by 
the compiler, as well as by the object program? (e.g., in 

specifying the dimensions of data structures.) 

Does the language allow manual, automatic, or dynamic storage 
allocation? Are there options? 

Can declarative and/or imperative sentences be "nested?'' To 
any level? 

What percentage of the symbols in a "typical" program are 

"key" symbols? (i.e., symbols with a fixed spelling, not 

programmer created.) What is the average sire of the key 
symbols in such a program? 

Does the language have features that facilitate program 

transcription? (e.g., optional omission of repetitive or 
redundant expressions.) 

Can permanent and/or temporary synonyms and abbreviations be 
created? Dynamically as well as manually or automatically? 

How free of syntactic and semantic redundancies is the lan¬ 

guage? (i.e., where expressions must agree in syntax or in 

meaning, so that otherwise correct expressions could be 
incompatible.) 
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d. Characteristics of a Compiler 

(How) is the compiler related to similar or previous compilers? 

Who constructed the compiler? Who maintains it? When was it 
released for operational use and/or maintenance? 

On what basis is the compiler available for use by organizations 
other than the constructors/maintainers? 

Is the compiler's design relatively stable with respect to the 

source language it accepts and the target language it produces? 
With respect to its performance and operations? 

How large is the machine language version of the compiler? (i.e. 

total number of instruction words and constant data words.) How ’ 

much of it consists of standard, "off-the-shelf" modules? 

Is the declarative Information in the source program, describing 

its environment, used by the compiler in producing the object 

program, or is it used dynamically, by the object program itself? 
Is there an option? 

Does the compiler perform any additional optimization of storage 
allocation (other than expressed in the source language)? 

Does the compiler dynamically allocate storage among the various 
intenal tables and lists its uses during compilation? 

What is the mode of operation for program compilation and execu¬ 
tion? (i.e., compile and execute: must be separate runs; must 

be in sequence; are identical, via interpretation.) Are there 
any options? 

Does the compiler allow batch compiling? Can it then provide for 
Job accounting? 

How many passes does the compiler require in translating source 

language to the final target language? (i.e., where a pass con¬ 

sists of the processing and transformation of all or most of the 

program compiled.) Is there provisions for "restarting" with any 
of these passes? 

How much console operation does the compiler require? (i.e., on 
the average, how much time per compilation can be charged to* 
operator set-up and intervention?) 
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Is there an "error check only" compilation mode? How is it 

selected? 

What source language input errors does the compiler recognize? 

(e.g., missing or incomplete expressions; duplicate identifiers; 

improper format; excessive target computer storage; program incon¬ 
sistencies; program inefficiencies.) What action(s) does the 

compiler take upon encountering such errors? (e.g., skip to the 

next Job; stop compilation; stop and wait correction; stop and 

offer continue option(s); continue in checking mode; ignore error 

and continue; flag error and continue; continue with "most probable" 

correction.) 

What known, source language input errors does tne compiler fail to 

recognize? What known, source language errors will cause "catas¬ 

trophic" failures in compilation? (e.g., complete termination of 

compiling; unflagged and erroneous output; unexpected compiler 

halt or hang-up.) 

Does the compiler allow the compilation of subprograms, and their 

automatic integration with previously compiled parts? 

Does the compiler impose any limitations on the size of the source 

language input program, (e.g., maximum number or size of: imper¬ 

ative sentences, identifiers; constants; data dimensions; various 

declarative sentences.) Are there any grouping or sequencing 

restrictions? 

What physical forms may the compiler's inputs have? Are there any 

options? Are there any foimat restrictions? 

Does the compiler accept any other progranming languages as input? 

Are they sensitive to each other's declaratives? Can sentences 

from these languages be arbitrarily Interleaved? 

What other inputs does the compiler accept or require in addition 

to a source language program, (e.g., compiler control information; 

test data; debugging requests.) 

What computer(s) does the compiler run on? What is (are) the min¬ 

imum required configuration^ )? 

Can the compiler be easily adapted to different configurations? 

(e.g., to take advantage of more equipnent; to change input/output 

assignments.) Does it check the machine configuration before 

operating to see if enough hardware is available? 
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Does the ct.tnpiler operate in conjunction with a monitor or execu¬ 

tive system'j Is this optional? 

Can the compiler be used on-line, in a conversational, interactive, 
or incremental mode of operation? 

Does the compiler use a subroutine and/or data description library? 

Are there supporting utility programs available that allow the use 

of source language throughout program development, especially 
during debugging? 

Are there supporting utility programs available to facilitate 
compiler maintenance? 

Does the compiler serialize source language sentences or lines for 

reference and to provide insertion capability? Does it sequence 

an already serialized source language program and then reserialize 

it to renew insertion capability? Is there provision for compiling 

alterations and patching these into an intermediate version of a 
previously compiled program? 

Does the compiler provide for the inclusion of debugging requests 

in the object program? (e.g., instruction traces; data reference 

traces; dynamic dumps; post-mortem dumps.) Are these requests and 
the resulting outputs in source language terminology? 

Is there particular emphasis in the compiler on economizing com¬ 

pilation time, object program running time, or object program 
storage space? Can this emphasis be selected? 

Brief summary of operating experience with the compiler: questions 

similar to those involving programming experience with a language. 

What target language does the compiler produce as its final output, 

and what kind of language is it? (e.g., absolute machine lan¬ 

guage for execution; relocatable machine language for loading; 

symbolic, machine-oriented language for assembly; intermediate 

language for further processing; pseudo-language for interpretation.) 

What intermediate language(s) does the compiler produce as inci¬ 

dental output(s)? Are these mainly for reference or are they in a 
form that would allow further independent processing? 

Does the compiler produce a listing of the source language pro¬ 

gram? Of the target language object program? How are these 

listings cross referenced? Is any information included to 
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facilitate tracing the program execution flow? (e.g.. lists of 
entrances, exits, and other intra-program references.) Does the 

listing include, for each source language sentence, the amount of 

storage space thereby allocated and, for imperative sentences, the 

minimum and maximum execution time? 

Does the compiler produce a listing of data references? How is 

this listing organized? (e.g., by set-used criteria; by referenced 

and/or referencing element.) 

Does the compiler produce a "storage map," listing identifiers and 

the storage areas associated with them, and showing buffer areas 

and data and program overlays? 

Does the compiler produce a listing of all errors encountered in 

the source program? Does it produce a listing of possible errors 

that may have produced erroneous target language coding? How does 

the error listing locate and explain the source language error? 

Can the programmer select the outputs from a compilation? 

Can the compiler-produced programs be easily relocated in memory? 

Can they be easily adapted to different physical or logical con¬ 

figurations of the target computer? Do they check for an adequate 

or appropriate configuration before operating? 

Does the compiler produce re-entrant programs? (i.e., in a time¬ 

sharing or multiprocessing computer, a program that may be 

re-entered before it has completed its previous operation. A 

re-entrant program does not modify itself and, whenever it is 

entered, if it has any work in progress, it will either save the 

current contents of its working storage area or turn to a fresh 

working storage area.) 

Can the programs produced on the compiler be run under available 

monitor or executive control? Are there any options? 

What physical forms do the compiler's outputs have? Are there any 

options? 

What is the compiler's average compilation speed (e.g., in instruc¬ 

tion and constant words, output per minute) and how is this related 

to program size? What other factors greatly influence this speed? 

What are the average expansion ratios between the source-language 

sentences and symbols input and the target-language sentences and 

symbols output by the compiler? 



29 August 1966 143 IM-WD-26 8/OO3 /OC 

Are there methods for predicting, from a source-language program, 

the approximate size of the resulting target language program? 

How much storage space does the compiler allocate for fixed over¬ 

head, input/output buffer areas, etc.? 

How much of the target computer's command structure does the 

compiler utilize in the programs it produces? How efficient a 

program does the compiler produce, in terms of execution time and 

storage economy, relative to other methods of program preparation? 

(e.g., comparable to, significantly better than, significantly 

worse than a "good" programmer using assembly language.) How much 

does this depend on the size and type of problem and the quality of 

source language programming? 

Does the compiler take advantage of the absence, in the source 

program, of unusual or complex language forms in order to produce 

a swifter compilation or a shorter or swifter target program? 

Does the compiler use any of the optimizing information that may 
be included in the source program? 

How much optimization of target-language coding does the compiler 

perform? (E.g., elimination of: duplicate constants; unnecessary 

store and access operations; operations for evaluating duplicate 

formulas; the execution of unnecessary sub-formula evaluations in 
conjunctive and disjunctive Boolean formulas.) 

How reliable is the compiler? (i.e., how many compiler errors 

requiring correction were reported during the last month's opera¬ 
tion, and how many words or other units of output does this 
represent?) 

e. Characteristics of an Assembly Language 

The state-of-the-art of computer assembly languages is such that 

certain common features are normally found in assembly language 

software delivered by the manufacturers of medium- and lar^e-scale 

computers. These features constitute, in effect, a basic capability 
which a manufacturer should provide. 

A one- or two-pass assembly program which: 

Accepts magnetic tape or punched card inputs 

Allows batched assembly of groups of source programs 

Accepts, and assembles, machine code and symbolic code inputs 
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Prcxiuces assembled (coded) program output on magnetic tape or 
punched card or magnetic drum/disk media. 

Produces, for printing (or storage on input/output media), listings 
of program assembly results, which: 

List asF¿embled instructions in symbolic and machine code form 

Include programmer-produced comments 

Indicate clearly any detected coding errors, designating the 
type(s) of error detected in each case 

Contain tabulated listing(s) of each programmer-de fined data 

constants and of programmer-defined instruction addresses, 

with the lists indicating each instruction referencing a 
constant or instruction address. 

May be partially or totalled supressed form printing in 
accordance with installation practice. 

In addition to these basic assembly language features, the follow¬ 

ing software elements should be supplied as part of the assembly 
language package. 

A magnetic tape containing a library of assembly software, 
incluuing: 

A memory dump subroutine, allowing post-mortem and opera¬ 

tional (snapshot) prints of selected portions of memory; 

A generalized report generator, aliowing page titles, alpha¬ 

betical and/or numerical column headings, multilevel subtotals, 
and page breaks on subtotal and total limits. 

A macro instruction generator, allowing macro instructions to 
be included by the installation. 

A selection of subroutines, macros, and utility programs, 

appropriate to the needs of the installation application. 

This discussion so far has emphasized computer instruction cap¬ 

abilities . The other aspects of major concern in assembly language 

evaluation are the representation and processing of data in memory 
(and in peripheral and storage devices). This is partly a hard¬ 

ware problem but a good assembly language system should provide 
efficient: 
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Internal packing, unpacking, overlaying, and conversion of 
data 

Transmission of data between locations in memory 

Sorting, merging, and collating of data 

Ease of programming in allowing simplified definition of 
repetitions or lengthy data formats. 

Evaluation also should include cognizance of the timeliness of 

quality, and depth of written materials explaining the assembly 

language system, including handbooks; programming manuals; machine 

logic materials; system utilization and application experience 
summaries, etc. 

f• The Major Factors in Language Selection 

These may be summarized as falling into three major classes: 

Quality, cost, and timeliness of availability of the com¬ 
petitive language software. 

Compatibility and ability to convert coded programs for 
execution on different hardware. 

Efficiency of the programs produced (where equipment utili¬ 

zation and installation application so require), and 

^Sttefl«LlBc.re'edUCatl0n’ tralnlnK> aebuggin«, and coding) 

The Defense Documentation Center should consider all of the factors 

cited in the above sections in evaluating £ :.ftware systems for use on 

new computer configurations tne Center may wish to acquire or use. 

When the choice devolves to use of an assembly language (the current 

situation) or a computer language, the following steps will aid in the 

evaluation process. 
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FIRST; Code up a small but representative set of test routines in the 

source language of the compiler, along with seme test data for these 

routines . These routines should be designed with at least four pur¬ 

poses in mind: 

To determine whether the compiler accepts the full source language. 

To determine whether the object code produced by the compiler does 
the appropriate calculations. 

To determine the speed of the compiler. 

To determine the efficiency of the object-code produced by the 

compiler, in terms of its use of storage space and execution time. 

For this last purpose, the test routines should include sentences that 

reflect the kinds of applications for which the compiler will be used 

as well as sentences that, based on experience with similar compilers, 

can be expected to produce the most troubling cases of inefficient 

object-code. 

SECOND: After the test routines have been written in the compiler 

source language, recode them in the assembly language of the target 

computer. Assign a senior programmer to the task (one with experience 

in programming for the target machine), and tell him to turn out the 

tightest code possible, using all the facilities the machine provides. 

(Questions of tradeoffs between storage space and execution time that 

arise here should be resolved with the same criteria you would want 

used in your operational programs.) Since almost any code can be 

improved, you might want to repeat this step a few times, until you're 
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confident you've squeezed out all the fat in the assembly language 

routines. You will, of course, check these routines out with the 

test data to see that they too perform the appropriate calculations. 

THIRD: These assembly language routines are then your standard of 

coding excellence, and you can specify that the compiler you're buying 

turns out object-code that averages no more than x percent more total 

instructions (and constants) and ^ percent more total execution time, 

using the same test data (x and £ < 0). 

The question now naturally arises, what are reasonable values x and £ 

to ask for? This answer depends on a lot of factors, not the least 

of which are the test routines themselves. But perhaps some general 

answer is possible, assuming that all you want is a reasonably effi¬ 

cient compiler, for a reasonably straightforward source language, on a 

reasonably ordinary machine, and at a reasonably competitive price. 

Under these assumptions, a good guess, for x would be from 20 to 30 

percent; for £, from 10 to 20 percent. 

The evaluation methods outlined above fall within the following six 

prognatic objectives, which should be met by DDC In its evaluation and 

selection of computer software. 

. Any new software systems should entail a minimum of maintenance, 

programmer education, and modification by the DDC data systems 

staff. 
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. The language selected should be one produced by all of the 

major computer manufacturers . 

. The language should be of sufficient stature, and widely enough 

used, effectively to guarantee that the major portion of the 

language will be included in future languages of the type pre¬ 

dicted here. 

. The hardware manufacturer must be able to deliver the language 

(in debugged, post-field test condition) to DDC when hardware 

conversion is approved. This means availability of the soft¬ 

ware Mid explanatory manuals, etc., prior to equipment delivery, 

eliminates as much as twelve months of concurrent software field 

testing; software modification; programmer education, and 

reprogramming of the current system. 

. The computer coding produced (and provided) by the software 

system should be efficient in terms of speed of program execu¬ 

tion, and in utilization of memory and storage devices. 

. The system must include the current DDC software capability of 

concurrent execution of programs by the computer (parallel 

processing or multiprogramming). 
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7. PRESENT AND FUTURE TRENDS IN PROGRAMMING LANGUAGES 

The major trend in computer programming languages today, and for the 

last ten years or so, has been the shift in the proportion of use from 

the highly procedural and computer-oriented assembly languages, to the 

less procedure-oriented and more computer-independent compiler languages. 

Two underlying trends have been the primary causes of this shift: im¬ 

provements in compiler technology and greater availability of compiler 

building capability; steadily decreasing confutation costs and a 

correspondingly increasing concern for programming and reprogramning 

costs. These underlying trends should continue at an unabated and 

perhaps even an accelerated rate, thus guaranteeing that the shift in 

favor of compiler languages over assembly languages will continue. 

What this means in practice is that, compared with assembly languages, 

compiler languages will be more attractive for use in an increasing 

percentage of applications. 

In addition to this long-term trend, there are three more recent trends 

in computer-independent programming languages that deserve consideration. 

The first two are seemingly contradictory — the trend toward increased 

specialization, as exemplified by the various programming languages 

being developed at MIT under Project MAC, and the trend toward increased 

generality, as exemplified by the (IBM) Programming Language 1 (PL/l). 

Actually, this seeming contradiction is easily explained. Existing 

programming languages, like Cobol, Fortran, and Algol, are well esteb- 

lished. To be successful, a new programming language must be clearly 
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superior, or it must be either more general or more specialized, than 

any of the established languages. And, in a sense, the impulse toward 

programming-language specialization is merely a 1¾ fleet ion of a more 

basic impulse toward generalization -- the generalization of application 

programs. 

As a particular area of application of digital computers becomes well 

known and better defined, as more and more programs are produced for 

that area, and as these programs become more general-purpose in nature, 

the input languages and the parameters that control their operation 

become correspondingly more expressive. And the natural next step is 

to increase the expressiveness of these input-parameter languages and 

combine them into a full-fledged, though problem-oriented progranming 

language. Such problem-oriented languages are ordinarily implemented 

either by interpreters or generators. 

It is quite reasonable to expect that the rapid proliferation of 

problem-oriented programming languages and the slow (but seemingly 

steady) introduction of more universal languages (such as PL/l) will 

have a somewhat inhibitory effect on the growth in the use of such 

established compiler languages as Cobol and Fortran. This is far 

Actually, of course, a great deal of experimental work is being carried out 

with the aim of improving programming languages, without necessarily either 

specializing or generalizing their applicability and this is particularly the 

case, for example, with Algol. But much of this work is a long way from 

practical utility. 

i 
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from being a prediction that Cobol and Fortran are soon destined for 

replacement. For one thing, there is the already mentioned counter- 

trend toward the increasing use of compiler languages. Yet in the 

long run, it seems clear that the conventional programming needs of 

most installations can be met by a universal, compiler language 

(such as PL/l or its successor) coupled with a careful selection of 

problem-oriented, interpreter or generator languages. The ordinary 

application programs would be written in the appropriate problem- 

oriented language, while most other prograaming would be done in the 

compiler language. It is, however, in the coupling of the compiler 

language with the various problem-oriented languages wherein lies the 

greatest unsolved problems and consequently the greatest, unfulfilled 

opportunities in programming language development. Let us look then 

at what is involved in synthesizing the antithetical trends toward 

programming language specialization, and programming language 

generalization. To synthesize these two trends, to couple a general- 

purpose compiler language with a variety of problem-oriented languages, 

it is the compiler language that must be extended. 

To be suitable for such systems programming, a compiler language needs 

facilities for expressing asychronous processing, the manipulation of 

symbols and expressions, and of strings of characters (from a variety of 

alphabets) and even of bits, p i the manipulation of data elements 

linked explicitly together in lists and list structures. Second, and 
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perhaps of primary importance, the compiler language should provide 

for its own extension, not Just by the addition of new subroutines to 

the library, but by the addition of nerf data types and structures, as 

well as the operations over them. Such extensibility can only partly 

be provided by incorporating into bhe compiler language a conventional 

macro definition and expansion capability, which is essentially Just 

sophisticated, symbolic editing. What is really needed here is a 

capability for specifying translation rules not Just in terms of the 

symbology of the compiler language, but in terms of both the symbology 

and the terminology of both the compiler language and the target 

language (and perhaps also of any internal or intermediat«* languages 

used by the compiler). With such a scheme, a translation rule could 

specify symbols and terms (designating entire classes of characters, 

symbols, expressions, sentences, etc.) from the compiler language and 

from the target language. To implement a problem-oriented source 

language with such a capability, it would be necessary to provide a 

set of translation rules to the compiler, probably as a library file. 

The compiler would interpret these rules first in translating sovurce 

programs into the compiler language, into any intermediate languages, 

and finally, into the target language. 

It is quite likely that a syntax-oriented compiler would be needed for 

the realization of such an ambitious translation scheme, but the real 

challenge is to provide this capability in a convenient, easily 
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understood package. The specification of complex programming language 

transformations is evidently going to remain the job of the professional 

systems programmer for some time to come. 

This brings us to the third recent trend -- the trend toward user- 

oriented, conversational programming languages. This trend has been 

enabled by developments of the past few years in computer time-sharing, 

which makes on-line access to a large, powerful computer, both economic 

and attractive for a wide variety of users. Some definitions are required, 

however, before we can discuss this trend. 

3y a user-oriented programming language, we mean one that is well 

designed for use by nonprogrammers — that is, by people who are not 

professional progranaers.* By a conversational programming language, 

we mean one that is well designed for on-line use — a language that 

permits the processor to carry on an instructive dialogue with the user 

(usually on a sentence-by-sentence basis) while he is composing his 

program. 

Aside from careful and thoughtful language design (which is of primary 

Importance here) there are two approaches to achieving even greater user 

acceptance of such an advanced language. The first approach is increased 

specialization. The more problem-oriented a programming language is, 

* 

Since anybody who uses a programming language to communicate 

is, by definition, programming, and in a sense therefore, a 
with a computer 

programmer. 
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the greater its acceptance is likely to be among users concerned with 

that particular problem area. A programming language for cryptographic 

problems, for example, might be complex enough to daunt a professional 

programmer and still be enthusiastically adopted by professional 

cryptanalysts. 

The second approach to user acceptance is decreased procedurality. It 

is not the concept of programming tliat repels users, rather, it is the 

excruciating level of detail required by most programming languages. 

Nonprogrammer users are more apt to accept a programming language if they 

can describe their data simply and naturally, and if they do not have to 

specify the processing of each individual value, but can specify opera¬ 

tions over aggregates of values. Of particular value here ere the 

file processing languages, which relieve the user of concern with the 

details of transferring blocks of data among tupe, disk (or drum), and 

core storage. This greatly eases the burden of programming and, from 

the viewpoint of the nonprogramner, who would balk at learning a con¬ 

ventional programming language, it makes a file processing language 

worth learning. (File processing systems and languages are discussed 

in detail in another portion of this software analysis.) 

With regard to the acceptance of a programming language by nonprogrammer 

users, we have mentioned the importance of excellence in design, and we 

have discussed the effects of increased specialization snd decreased 

procedurality. Easily equal to design excellence in the importance of 
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Its Influence on user acceptance, however, is the factor of interaction 

in the language between the user and the language processing system. 

A language that permits a conversational interaction whereby the user 

receives immediate feedback and continual guidance from the system can 

dramatically Increase user acceptance, nie trememdous potential of 

on-line, computer-aided instruction in the use of programming languages 

has hardly been exploited. Thus, although a user-oriented, conversational 

programming language can be Just as complex as a more conventional pro¬ 

gramming language, on-line Instruction and guidance can make It easier 

to learn and use, while the fact that it may be more problem-oriented, 

dealing well with a particular problem area, and less procedure-oriented, 

dealing with such data aggregates as files and eliminating such bother¬ 

some details as data transfer considérâtions — all this can make it 

much more worth learning and using. 

We have discussed several important trends in computer programming 

languages: the trend from assembly languages to compiler languages, the 

antithetical trends toward more specialized and more generalized pro¬ 

gramming languages, and the trend toward user-oriented, conversational 

programming languages. Let us consider now, in broad outline, the kind 

of programming system that could result from these trends -- hopefull, 

within the next few years -- that would be applicable to the needs of 

the Defense Documentation Center. 
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First of all, the system would provide a capability for on-line, multi¬ 

access, and conversational interaction with a time-shared computer. 

An on-line capability is necessary for those users who need quick and 

unpredictable access to their files. A multi-access capability is 

needed to make the on-line operation economically feasible and to 

facilitate the solution of problems requiring inputs from multiple 

sources. Of course, rapid, on-line service isn't always possible, 

particularly when the user has called for a lot of processing. For 

these situations, there must be an off-line, batch-processing capability 

as well, so the user can give the system a Job, ask for an estimate of 

how long it might take, indicate when he wants the results, and how to 

format and produce final products. He would be able to come back at 

any later time, ask for a display of the current status of his Job, 

end change the deadline if he wants to. 

NeXT, the system would be a generalized, user-oriented system. It 

would have an ability to handle a wide variety of complex tasks, yet 

it would be easy enough to use that a nonprogrammer jould specify his 

own application with very little specialized training. Since "user- 

oriented," to most users, is almost a synonym for "inexpensive," the 

user's terminal is likely to be a simple typewriter-like device for the 

entry and display of textual data. 

The system would provide long-term continuity of application. Continuity 

of application means that if the system has to shu- down, for preventive 
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maintenance or any other reason, it can employ restart and checkpoint 

procedures to resume operation at the point of interruption of processing. 

The system would permit many users and applications to share programs 

an(^ files* This means dynamic sharing, so that several users can con¬ 

currently access the same program or file. There would be obvious re¬ 

strictions, so that a user could not retrieve data that are being altered, 

or alter data that are being retrieved. Also, protection mechanisms 

would be necessary to prevent unauthorized access. 

Hie system would provide a file management capability for both date, and 

programs. The management of data files is the primary capability re¬ 

quired by DDC. Bu^ programmer users will also have to maintain files of 

programs, and even non-programmer users will be interested in keeping 

files of prespecified operations, to have them on call when they are 

needed. The ability to do on-line or off-line filekeeping operations 

on data and programs and on other system files is quite important. It 

will allow the user to request reports and displays on his system and on 

his application, as well as on his data, thus making both system and 

application, in a sense, self-documenting. It will also allow him to 

easily change and evolve both his system and his application. System 

evolution means that the system is open ended; the user can add any 

arbitrary program to his files and, through the system, supply that 

program with data and call on it to be performed. Application evolu¬ 

tion, on the other hand, means that the user -- the nonprogrammer user -- 
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can change the operations in his application, or add or delete them. 

It also means that he can change the formats of his files, or of his 

inputs or outputs, by adding, changing, or deleting elements of data. 

The system would be largely machine-independent in design and implemen¬ 

tation. The ordinary user would not have to be concerned about what 

kind of machine the system is running on. The external characteristics 

of the system would almost completely submerge the hardware characteris¬ 

tics, and this would probably hold true for much of the internal design, 

too. The system programs would be written in a relatively machine- 

independent compiler language, for example, Cobol or ?L/l- All this 

shoulu make transferring the system to a new computer a lot easier than 

recoding it. 

This system of the future, which may be available within five years, 

represents an operational synthesis of software elements currently 

extant, but not yet combined into a total computer software system. 

This synthesis will require a concentrated effort of computer manu¬ 

facturers) software personnel, and will not be available within the 

next three years. 




