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AB~~RACP

The main purpose of this report is to identify the prograinning language
requirenents for the iip].esentation of Ant~r tactical data systat~ . In addi-
tion, language facilities needed for business-oriented manag~ nent information
systa~ are derived, and are cx~rpared with the requirements for tactical
syst~~~. The methods arployed to identify the needed features include a
review of Army responses to questionnaires concerning language requirenents;
interviews with Army personnel knowledgeable in various tactical systaT~ ;
and examination of systan specifications doc~ ents and sevxz~dary material.

The fundamental result of this study is that , despite sate special re—
quirenents for programming tactical and MIS syst~~~, there is no incx*~isis-
tency between the basic language facilities needed for “general purpose”
vs. tactical or MIS programing. In particular, the features described in
the D,D High Order Language Working Group’s “Tinman” doc~.itent are ~~ isistent
with the needs of tactical and MIS functions, especially with respect to the
language goals of reliability and m aintainability.
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CHAPTER 1

INTRODUCTION

Section I. SCOPE

1. Background.

a. High Costs of Software. One of the most striking
trends in data processing over the past several years has
been the increase in the ratio of software to hardware
costs , particularly for large systems . This is perhaps
not surprising : technolog ical advances in hardware have
resul ted in faster and more powerful mach ines for which
previously unattainable applications become possible .
The complexity of such applications , however , demand s cor-
respondingly complex programming , and the difficulties of
producing such software have contributed to the increase in
costs.

b. Role of Language. In choosing a language (or set
of languages) in which to produce software systems , an
agency such as the Army has the potential to influence
significantly the cost of the resulting systems . The
language is the programmer ’s main tool for shaping the
final product , and it has a direct effect on how the pro-
gramme r thinks about solving the problem . A language
not well suited to the particular application will make
the programming task more difficult and error-prone , and
the software more expensive to produce , verify , and maintain.
Unfortunately, the language selection process has not often
received the priority it deserves. The effect is a
proliferation of high-order languages (HOLs) as well as an
over-dependence on machine language , resulting in a lack
of software portability and increased expenses in programmer
training and language maintenance .

C. Common HOL. The problem of HOL proliferation , and
the desir~bility (from the perspective of a large software-
procuring agency) of HOL standardization , are not new issues .
For example , DoD Directive 4630.6 in January 1967 directed
that efforts be made to promote system compatibility and
commonality. More recently, a Working Group has been
established under the auspices of DDR&E to determine a
minimal set of HOLs to be used throughout the Department of
Defense . Under sponsorship of this Working Group , several
documents have been prepared and circulated describing the
characteristics of a common HOL for DoD app lications; these
documents will be referred to as the “Strawman ” [5]
“Woo denman ” (6] , and “Tinman ” [ 7 ] .

1
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d. Purpose of Current Contract. The current contract
from the Army to In termetrics is in conjunction with the
Army ’s participation in the HOL Working Group. Intermetrics ’
effort under this contract involves two general activities:
the examination of the application area of tactical data
systems, to determine the language requirements implied by
such systems; and the evaluation of a set of candidate HOLs
against the requirements established for a common language .

2. Purposes of This Report.

a. Main Purpose. The main purpose of this report is
to identify the programming language requirements for the im-
plementation of Army tactical data systems. (The term “imple-
mentation” refers to the entire system construction process,
comprising design, programming , fielding , testing , and
maintenance.) The language requirements fall in two
categories: language ~oa1s, which must be met in order to
satisfy general objectives of tactical systems; and
language features, which must be present to facilitate the
programming of specific tactical functions. These derived
requirements are used as the basis for a comparison with the
language characteristics proposed in the Tinman .

b. Secondary Purpose. While the main focus of this
report is on tactical data systems , attention is also given
to business-oriented management information systems (MIS).
Programming language requirements for this application area
are derived , the differences and similarities between the
requirements for MIS and tactical systems are examined , and
a comparison with the Tinman is conducted .

A -~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~--- ---- ..- _  -
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Section II. APPROACH

1. Basic Approach.

This report takes a “function—oriented” (as opposed to
“feature-oriented”) approach1 to the derivation of language
requirements. Tactical and MIS programs are categorized
based on the functions which they carry out, and the
implications of these functional requirements , on the pro-
gramnming language which is used to implement the system , are
discussed .

2. Sources.

Several types of sources were used in the preparation of
this report. Direct information on requirements for Army
systems was obtained from a set of Army responses to question-
naires concerning the Strawman and Woodenman , from interviews
at USACSC with individuals knowledgeable in the various
systems , and from USACSC fact sheets describing the systems.
Additional material was derived from Intermetrics ’ experience
with the implementation of systems with similar functional
requirements , and from various secondary sources.

1Examples of “ feature-oriented” approaches a re the Tinman
and SofTech’s study of language features [18].

3
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Section III. OVERVIEW OF DOCUMENT

This report is divided into five chapters, with the
current chapter providing the background and introductory
material. Chapter 2 presents the programming language
requirements for tactical data systems and compares these
with the characteristics listed in the Tinman . Chapter 3
presents the programming language requirements for manage-
ment information systems, contrasts these with the require—
ments for tactical systems, and compares these also with
the Tinman. Chapter 4 summarizes the conclusions of this
study.
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CHAPTER 2

REQUIREMENTS OF TACTICAL DATA SYSTEMS

Section I. AN OVERVIEW OF TACTICAL DATA SYSTEMS

1. Army Tactical Data Systems.

This paragraph discusses the basic features and purposes -
of several Tactical Data Systems currently under development
by USACSC. The main references for the information pre-
sented are [301, [31], [321, and [331.

a. TACFIRE. TACFIRE (Tactical Fire Direction System)
is an on—line , real-time tactical system to be used in the
Army ’s field artillery units during the 1978-1981 time
period .

(1) Purpose. As stated in [30] , “The objective of
TACFIRE is to increase the effectiveness of field
artillery fire support through increased accuracy ,
better and more rapid use of target information ,
reduced reaction time and greater efficiency in
the determination of fire capabilities and the
allocation of fire units to targets. Specifically,
TACFIRE is the application of automatic data
processing techniques to the seven field artillery
functions of technical fire control , tactical fire
control , fire planning , artillery target intelli-
gence , artillery survey, meteorological data , and
ammunition and fire unit status. The system will
also provide the capability for the fire support
element , which is part of the tactical operations
center , for preliminary target analysis , nuclear
target analysis , nuclear fire planning , chemical
target analysis , and fallout prediction .’

(2) Hardware.

(a) Digital computer. A modular third-generation
military computer (AN/GYK-12) will be used ,
with expansion and self-checking capabilities.

(b) Control console. An Artillery Control Console
(ACC ) will enable operating personnel to con-
trol program functioning. The ACC will be used
for entering messages and data into the computer ,
d i sp l ay ing  data and messages , and indicating
malfunctions.

5



(c) Local and remote input/outp~t equipment.

1 Message entry devices. Such devices will be
— 

used for sending data to the computer center
from remote locations , over radio or wire voice
nets. Both Digital Message Devices (DMDs) and
Variable Format Message Entry Devices (VFMEDs)
will be provided .

2 Display. The artillery battery will have a
Battery Display Unit (BDU) for visual display
and permanent printout of necessary information.

3 Printers. Medium Speed Printers (MSPs) will be
— 

located at each computer center. An Electronic
Line Printer (ELP) in each S-280 TACFIRE shelter
will provide hard copy printouts of activity .

Cd) Digital data storage and retrieval units. An
External Auxiliary Removable Media Memory Unit
(ARMM ) will be used to load computer memory and
store data. Mass Core Memory Units (MCMU) will
provide the necessary core capability.

(e) Graphical display units. A Digital Plotter Map
(DPM) will display the current tactical situation
at Battalion , and an Electronic Tactical Display
(ETD) will augment the DPM at the Division
Artillery Fire Direction Center .

(f) Communication co-ordination. A Digital ‘Data
Terminal (DDT) or Remote Data Terminal (RDT) will
interconnect the communication nets with the com-
puter, VFMED, BDU, and communications security
equipment.

(3) Software.

(a) Executive. This component consists of an Execu-
tive Kernel and various Supervisors. The
Executive Kernel fields and processes interrupts;
performs services such as job creation , resource
contention control , memory allocation , timer
maintenance , display refreshing , and hardware
monitoring ; and takes care of I/O control
services. The Supervisors attend to file manage-
ment (core files in the field system) , message
processing , salvage point recording , system
initialization , degraded modes capability , system
security, system purge , dumps for debugging , and
operator communications.
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(b) Application ~~pgrams. These solve specific
TACFIRE problems. Major types of required
processing include ballistic computation based
on meteorological and target range and location
data, and data correlation and conflict resolu-
tion .

( C) Ut il~~y programs. These include programming
aids (which assist in the preparation and de-
bugging of programs) , compilers (for TACPOL
into AN/GYK-l2 machine language) , and programs

r for maintenance and diagnostics (which permit
continual monitoring of system performance and
rapid detection of faults).

(4) System operation. A simplified diagram of the data
paths in a TACFIRE system is given in Figure 1.

Data from Observers
and Meteoro logica l Sect ion

Confirmed 

H 

B~~~
TERfl

/ Re~ sed \~~ 
V

Computed ln?ut Data 4ctiv~ty ~~~ Tar~et Battery

o~~ s Data Plot

ARTILLER Y TELECTRONIC [~~~ DIGITAL
CONTROL LINE PLOTTER

CONSOLE PRINTER MAP

Revised Input
Data
or

Confirmation of Fre Orders

Bat ta l ion

Figure 1. TACFIRE System (s i m p l i f i e d)
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b. TOS. TOS (Tactical Operations System) will be an
on-line, real-time tactical system to be used at a variety
of echelons, to assist decision-making in the areas of
command, operations, intelligence , and support. The TOS
Operable Segment (TOS2) is a militarized tactical data
system test bed currently under development for field
testing TOS concepts. The discussion below pertains
mainly to TOS2 and was derived from 131] and [33, pp.
12 ff.].

(1) Purpose. The basic objective of TOS is to assist
— the commander and his staff by applying modern

automatic data processing techniques to provide
more timely , accurate , and complete tactical
information.

(2) Hardware.

(a) Computer centers. A Central Computer Center
(CCC ) performs total data base processing for
all data entering the system. Remote Computer
Centers (RCCs) perform message receipt functions ,
editing , validation , and output processing ;
they also communicate with the CCC and I/O
devices.

(b) I/O devices. These include Data Message
Devices (DMDs) for bi-directional data trans-
mission , Message Input/Output Devices (MIOD5 )
for user/computer in terface , and Group Display
Devices (GDDs).

(3) Software. Software requirements are divided into
two areas: system processing and application
areas. The former includes hierarchical review
(in which selected input messages are displayed
at higher echelons for review) , commander ’s query
(requiring the extraction , collation , summary ,
and distribution of data to users from various
files, via a facility such as a Report Program
Generator) , and a system performance moni tor .
The application areas are Friendly Unit Inform a-
tion (FRENSIT) , Enemy Situation (ENSIT) , and
Army Air Operations ( AAO) .

c. AN/TSQ—73. The AN/TSQ-73 Missile Minder is an on-
line , real—time tactical system designed to control and
coordinate air defense weapons for the Army Air Defense
Command Post.

8
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(1) Purpose. The objective of AN/TSQ-73 is to in-
crease the effectiveness of Army Air Defense
Units against the present and near future air
threat, through the use of microelectronic
technology and advanced maintenance philosophy .

(2) Hardware. An AN/TSQ-73 system comprises a re-
packaged (for transportability) configuration of
the AN/GYK-12 computer , peripheral devices, dis-
play consoles, radar data processing equipment ,
and digital data links. The system operates in
a dual-CPU environment with seven BK memory
modules. CPU-l acts as a master CPU and performs
executive functions as well as message and display
processing. CPtJ-2 performs some executive func-
tions but is mainly devoted to tracking : it cor-
relates, associates and updates tracks. All
files are core resident.

(3) Software.

(a) Executive. The executive component performs
system initialization , system control , control
of some peripheral devices, system bookkeeping,
and control of time—dependent functions [34,
pp. 4 - 5].

(b) Application programs. The functions performed
include: air-space surveillance , target track-
ing , identification , display and data link
communications , and on-line confidence testing.

(c) Utility programs. These include: an assembler;
simulation programs for use in on-site operator
training and equipment exercising ; fault
detection and isolation software; and support
programs such as system tape generation.

2. General Properties of Tactical Data Systems.

a. Scope. This paragraph summarizes the main features
of Tactical Data Systems (hereafter abbreviated as “TDS”) and
establishes a framework for subsequent presentation of the
requirements of such systems. At the outset it should be
pointed out that the differences between TDS and non-tactical
systems are sometimes minor ; moreover , there are often impor-
tant differences between tactical systems themselves. None-
theless, it is possible to abstract a set of common
properties of “typical” TDS. The sources of this information
include the survey of Army systems presented in the preceding9
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paragraph; interviews at USACSC with persons knowledgeable
in the various systems; letters and responses from individual
Army sites in connection with their data processing require-
ments as reflected in the Strawman [5] and Woodenman [6]
reports; and secondary sources such as Martin El] , Aron [19],
and Chapin [20].

b. Types of Tactical Systems. All TDS fall in the
category of Real-Time Computer Systems (RTCS). Following
Martin [1, p. 4], we define a I~TCS as “one which controlsan environment by receiving data, processing them and
returning the results sufficiently quickly to affect the
functioning of the environment at that time”. In addition
to operating in real-time , most TDS are “on-line” : i.e.,
there is no manual intervention (such as tape mounting)
between the time the data are input and the time the
results are output. The following sub-paragraphs identify
the two basic varieties of RTCS which most TDS exemplify
(the terminology is derived from Aron [19]).

(1) Control systems. TDS such as TACFIRE and AN/
TSQ-73 exhibit properties of specialized process
control systems. General features include
mathematically-based control algorithms whose
execution times are precisely known , short
response times, and input data which may be either
periodic (e.g., radar scans) or random (e.g.,
information forwarded by manual observers). The
system may exercise control either directly or
by outputting commands to personnel.

(2) Command systems. A command system ’s main purpose
is to supply information rather than control an
environment. Inputs are in the form of user
queries , the processing involves the analysis of
a large data base , and the output is the result
of the data base interrogation . Since the per-
formance requirements for such systems are
f requently in a state of f lux , flexibility is
important. An example of a system which exhibits
command system properties is the Army ’s TOS; also ,
TACFIRE and AN/TSQ-73 combine elements of command
with control. In TACFIRE the Fire Support Element
functions can be considered command functions.
In AN/TSQ-73 , air space surveillance and weapons
assignment can be considered command functions.
The primary difference is that in systems such as
TACFIRE and AN/TSQ-73, the mission objectives
allow the data to be more quantifiable than the
data required for systems such as TOS.

10



c. Purposes of Tactical Systems. Since command systems
are basically Managemen t Infor:nation Systems , and since
MIS will be discussed in detail in Chapter 3, we will for
the remainder of the present chapter focus our attention
on TDS which are control systems. The main purposes of
such TDS , cited in Chapin (20, p. 787], are:

(1) to collect data from local and remote sources
and systems;

(2) to correlate the data in order to gain an
accurate view of the tactical situation ;

(3) to process the data and derive the appropriate
control decision ;

(4) to communicate the decision to personnel , or
other systems, or to carry out the decision
via weapons control.

d. Constraints on Tactical Systems. Many of the
distinguishing features of TDS are derived not so much
from the functions performed as from the severe constraints
under which such systems must operate. Among the more
important requirements are the following :

(1) TDS must be able to function in the presence of
inaccurate and/or false data inputs, which are
caused by such sources as radar “clutter” and
radar beacon “garbles”.

(2) Short response times are necessary (e.g. , 50 to
500 msec) in the presence of a large number of
inputs , possibly arriving at unpredictable times
and possibly peaking at any time.

(3) TDS must perform reliably, even in the event of
operator errors and equipment failures and must
be secure from penetration and compromise . —

(4) 24 hour/day operation is necessary .

(5) Because of physical size limitations on hardware
(caused by either environmental constraints or
by economic considerations based on the multi-
plicity of implemented systems) , storage for
the software comprising the operational system
is sometimes limited .

(6) TDS must communicate with other Army systems and
sometimes other service systems.

11 
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e. Functional Subdivision of Tactical Systems. TDS
typically contain a large variety of programs which perform
a wide range of functions and operate under a variety of
constraints. To deal with this diversity in a systematic
way , we will classify the software comprising a TDS into
three categories, corresponding to the function which is
carried out. The following subparagraphs summarize the
distinguishing characteristics of these three areas;
details concerning the functional requirements will be
provided in Sections II through IV below .

(1) Application Programs. These are the programs
which carry out the data correlation and data

— processing functions of the TDS. Tracking ,
weapons assignment, and control are some of
the types of processing found in application
programs.

(2) Executive Programs. These programs (called
“supervisory ” in Martin [1]) perform the

— functions associated with task scheduling and
synchronization , input/output, and interrupt
handling. The executive software basically
serves as a special-purpose real-time operating
system.

(3) Utility Prqgrams. The utility or “support”
programs perform a variety of ancillary functions
which are necessary for the installation or
smooth operations of the TDS. Examples of
these programs are system construction facili-
ties, system simulators , automated test equipment
routines, and software testing aids. Compilers
or assemblers for languages used in developing
the TDS may be regarded as part of the u t i l i ty
software . Since such programs are not part of
the running system , they generally do not have
the strict efficiency requirements of the
application or executive programs.

12
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Section II. REQUIREMENTS OF TDS APPLICATION PROGRAMS

This section describes the major functions performed
by TDS application programs , and discusses the language
implications for each function.

1. Tracking.

a. General Functions. Automatic tracking involves
three general problems: data prediction , data correlation ,
and data combination. The solutions to these problems
entail high sampling rates and complex correlation tech-
niques , and generally apply techniques from linear estimation
theory (e.g., Kalman filtering ) to a time-discrete model.
Such methods make use of matrix recursion relations to
estimate various states of the system .

b. Data Packing. A history of track data must be
maintained during processing. Since there are circumstances
under which the programmer would require those data to
be packed (i.e., core memory constraints) and other
circumstances under which non-packed data would be pre-
ferred (i.e., requirements for high execution speed) , the
language should provide a means of specifying the packing
with the definition of the data structure.

c. Arithmetic Data Types. The issue of whether to
use fixed or floating point arithmetic in the implementatior
of tracking procedures has been the source of some contro-
versy. As mentioned in [35 , p. 15):

Considerable effort has been expended to show that most
calculations associated with the tracking function can be
done in fixed point arithmetic. This is true; however, it
implies a considerable aicount of preknowledge about the
dynamics of the system to be calculated , and necessitates
considerable special coding to prevent scaling problems .
A floating point arithmetic capability does not eliminate
these requirements , but does reduce them considerably
while providing an increase in the basic numerical
significance of the system at the cost of Some additional
round off error. Experience and analysis, however , con-
clusively indicate that the latter inefficiency is more
easily tolerated than are the problems assoc iated with
fixed point.

Language implications are for floating-point arithmetic
to be provided , and , in light of the fact that some TDS
hardware may not support floating-point , for a fixed-
point facility to be available.

13



- 

- —  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

d. Mathematical Routines. Conversion of sensor
inputs into a form suitable for mathematical processing
is required; e.g., polar to cartesian coordinates. Thus
trigonometric and other numerical procedures must be
available in the language.

e. Vectors and Matrices. Associated with tracking is
the problem of track detection (i.e., the determination of
the presence of a track or vehicle at a given point in time
within a given space, where such a track or vehicle did not
previously exist). Solutions are statistical in nature and
involve vector and matrix calculations.

2. Guidance.

Weapons guidance involves the functions of nav igation
(determining missile position as a function of time) ,
steering (establishing a specified terminal position) and
tracking (of both target and missile). Requirements for
navigation software range from adaptive filters to dead-
reckoning; these in turn place a demand for matrix operators ,
floating point arithmetic , and matrix parallel processing .
Steering functions have similar requirements , with an even
greater speed constraint.

3. Threat Evaluation.

This function involves the detection of threat elements
and the determination of the individual characteristics of
such elements. Various levels of sophistication are possible
for the performance of this function , ranging from simply
establishing the presence of a threat, to evaluating threat
posture and structure , to conducting threat analysis and
computing the required time to destruct. Interaction with
operating personnel is standard. Processing requirements
include sensor data analysis , track prediction , data base
handling , statistical computations , and intelligence data
processing. The language requirements are basically the 

—

same as for tracking.

4. Weapons Assignment.

The weapons assignment function involves threat analysis ,
resource management, and weapons selection and deployment.
Statistical computations, data base handling , and extensive
man/machine interfaces are required .

5. Electronic Warfare.

This function includes both Electronic Counter Measures
and Electronic Intelligence. Flexibility and modifiability

14
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of the software is important; as stated in [35, p. 20],
“The problem ... for the tactical data system is to provide
software which will satisfy the existing operational need
and be structured to readily permit changes as new operational
requirements and new counter move solutions develop” .
Processing requirements include correlation , spectrum analy-
sis, and filter processing (using Fast Fourier Transform
techniques), handling large volumes of data , high speed

• sorting and searching , signal separation , triangulation , and
deghosting .

6. Communications.

a. Use of Assembl~~Language. As pointed out in recent
reports by the Air Force 136, p.11] and the Defense
Communications Engineering Center [37, p. 1), tactical
systems in the past have relied almost exclusively on
assembly language for the programming of communications
software. Execution-time efficiency , main memory limita-
tions, and unavailability of a HOL are some of the considera-
tions cited in [36, p. 111 for the selection of assembly
language. While some of the functions performed by the
communications software require assembly language , a large
portion of the processing can be carried out in a HOL with
suitable facilities. In the following subparagraphs , we
describe the major functions characteristic of communications
programs [1, pp. 114 — 116] and indicate the language
implications.

b. Data Reception. The program must initiate and
control the reception of data from one or more lines with
possibly different transmission rates. Executive routines
for handling interrupts and scheduling time-critical
processes (see paragraph 2.111.3) are necessary , as well as
facilities for dealing with untyped data.

c. Message Formatting.~ This function entails assembling
bits into characters , and characters into messages , possibly
converting the coding of characters from external code (e.g.,
Baudot) to internal (e.g., ASCII). An ability to handle
bit- and character-string data is needed here .

d. Error Checking. To carry out this function (e.g.,
via parity checking) , the program needs facilities for
treating characters as bit-strings and performing opera-
tions such as masking .

e. Messac~e Delivery. Process synchronization facilities
are requi~ed in the executive in order to enable messages
to be sent to, and received from , other application proqrams.
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f. Data Formatting and Transmission. These functions
are the reversals of b and c above: data to be transmitted
must be broken down into bits for sending , and the trans-
mission activity must be initiated and controlled. The
required language facilities are the same as for b and c.

7. Display Processing.

a. Man-Machine Interface. A critical function of
display processing is to provide the interface to the
personnel who will manually insert or retrieve data.
There are a variety of approaches possible, with tradeoffs
between efficiency of implementation and simplicity of use :

(1) Pre-structured formats. This type of interface is
prevalent in existing systems and achieves
efficiency of operation at the expense of flexi-
bility and user convenience. In this approach
the user fills in blank forms (from a console
keyboard) by typing entries according to a fixed
set of rules. The language features required
to implement such an interface involve primarily
the processing of character strings. The kind
of processing needed (cited by Shaw [29]) involves:
declaration of string variables of different
lengths , and operations such as assignment, relations ,
concatenation , and substring.

(2) Interactive queries. Drawbacks to pre-structured
formats have been cited in a study by Larson [38],
based on tests undertaken at Modern Army Selected
Systems Test Evaluation and Review. The main
problems are the requirement for inteimediary
personnel to assist the users in developing the
appropriate formats , and the relative inflexibility
of the system with respect to changes in the kinds
of information entered or retrieved . An alterna-
tive approach is to provide as the man-machine
interface a more natural interactive query language .
The language facilities required include those
necessary to handle pre-structured formats (i.e.,
character string processing) as well as powerful
data definition facilities (to specify the
structure of the data base and to deal with the
data structures needed for linguistic processing) .

b. Picture Generation. A second critical requirement
in display processing involves the generation and updating
of pictures of two- or three-dimensional configurations.
Programs carrying out these functions need facilities for
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performing the mathematics of the problem (e.g., rectangular
to polar conversions , scaling, translation , rotation);
trigonometric routines are heavily used . In addition , the
programs must interface with the executive routines which
actually control the display device; time-critical scheduling
and interrupt handling (for display refreshing), as well as
features which allow the specification of memory word
contents , are required .

8. TACFIRE-O riented Functions.

The various field artillery functions performed by
TACFIRE may be summarized as follows. The technical fire
control function is concerned with ballistics , settings ,
and damage prediction. Tactical fire control, a somewhat
simpler function , deals with the selection of f i re  un i t s .
Fire planning is concerned with the scheduling of fire for
fu ture  use , and is const rained by storage requirements.
Artillery target intelligence accepts inputs from manually
controlled fixed-format message entry devices. These
inputs include reports on POWs , radars , and enemy shellings
(caliber , direction ) and are used to help determine target
postion . The artillery survey function , which can operate
in stand-alone mode , solves formal survey problems (traverse ,
t r iangula t ion, resection) involving f r i endly a r t i l l e ry.
The meteorological data function , used in ballistic com-
putations and fallout prediction , enters and stores data
in appropriate tables. The ammunition and fire unit status
function is effectively an inventory control , accepting
manual  inputs  from an operator. Future  requirements are
possible for application programs in the tracking area , with
laser inputs. The main processing performed is mathematical
in nature ; floating point facilities in the language would
be useful.
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Section III. REQUIREMENTS OF TDS EXECUTIVE PROGRAMS

1. Purposes of Executive Programs.

a. Main Purposes. The main purposes of executive
software in TDS are to ensure the efficient and reliable
sharing of resources among the tasks that comprise the
application programs, and to guarantee the timely proces-
sing of the various sensor and manual inputs to the
system. The distinctive features of tactical executives ,
as contrasted to commercial operating systems , lie in
the critical efficiency and reliability constraints ,
the (sometimes) more predictable nature of the
application programs, and the highly diverse assortment
of I/O equipment to be handled .

b. Resource Management. The view of a tactical
executive as a manager of resources allows a useful
framework for the discussion of language requirements .
Following Madnick and Donovan [21, we distinguish among
f our types of resources : memory , processors , I/O
devices , and information (programs and data). In
paragraphs 2 through 5 below , we consider the functional
requirements and resulting language implications for the
management of these four resources.

2. Memory Management. —

a. General Functions. The memory1 management functions
involve the following activities [2, p. 1051:

(1) Keeping track of which locations are in use (or
“allocated”) and which are free.

(2) Enforcing an allocation policy , i.e., deciding
which tasks should be allotted memory space , and
how much .

(3) Actually allocating the memory .

(4) Enforcing a memory reclamation policy .

1 The term “memory ” here refers to directly accessible (or
primary ) memory , as opposed to on-line devices like
disks, etc.
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b. variety of Memory-Management Strategies. The
policies available for memory management vary widely in
sophistication and applicability. At the simplest level
is “single contiguous allocation ” , in which memory is
divided into two areas: space occupied by the executive ,
and space allocated to a single running process.
Despite the simplicity of this scheme , its inherent
inefficiencies (e.g. , poor utilization of memory , idl ing
of processor during I/O waits) make it unacceptable in
tactical environments . At the other extreme are flexible
and general techniques found in modern operating systems
like OS/VS-2 for the IBM 370 , and MULTICS for the
Honeywell 6180. Those systems combine demand-paged
memory management (where processes need not be loaded
into a contiguous memory area , and where the total space
required for a process may exceed the available memory
space) and segmented memory management (where an address
comprises a segmen t specification and a relative offset
within that segment , and where a segment may be of
arbitrary size). Such general schemes allow for consid-
erable flexibility in manag ing memory , but entai l
“increased hardware cost , processor overhead for address
mapping , the need for additional memory space for tables ,
and increased complexity in the operating system ” [2 , p. 1811.
As a result , such memory management techniques are generally
unsuitable in a tactical executive ; a more appropriate tech-
nique is described in the nex t paragraph .

c. Partitioned Allocation. A more reasonable policy
for memory management in TDS is “partitioned allocation ” .
In this scheme , memory is divided in to “par ti t ions ” , each
housing a separate process. The number of partitions
gives the “degree of mul t i programming ” supported : in
qeneral , the larger this number , the greater the probabil-
ity that the processor will not be idle during I/O wait.’
Since tact ical sys Lerns typically consist of a f ixed number
of processes , the management of memory partitions can
frequently be done “statically ” , with each process or
shared data region allocated (at compile time) to a speci-
fic memory area. For processes that are not time critical ,
some flexibility can be added , achieving potentia lly more
efficient memory utilization , with dynamic loading from

However , as the degr ee of mul t iprogramm in g increases , so
does system overhead (e.g. , from I/O queue main tenance)
thus , “there is a point at which increased multiprogram-
ming has a negati ve e f fe ct both on memory and on I/O
device load ings ” 12 , p. 486).
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backing store. TACFIRE and TSQ-73 employ memory manage-
ment schemes that are basically similar to static parti-
tioned allocation ; TOS is more oriented to paging. The
TACFIRE system requires four MCMIJs (totalling about 1/2
million 32—bit words); TSQ-73 operates with seven 8K
memory modules; TOS has allocated to it four 256K drums
(one for programs and three for data files)

d. Language Features S~pporting Protection. The
language features required for the implementa~tion ofa partitioned allocation policy can be derived fairly
readily . In any multiprogramming environment , protection
is essential for each process ’s memory space ; i.e., a
process should not be able to arbitrarily reference
addresses in other partitions . Language facilities that
aid program modularization (e.g., block structure and
separatG compilation) help meet this goal. Additionally ,
language restrictions that prevent a process from treating
instructions as data or vice versa , and from dynamically
changing the contents of an instruction word , greatly
facilitate debugging and are almost essential for relia-
bility . Unfortunately , the run—time costs needed to
guarantee these restrictions without suitable support
in the computer hardware (e.g., subscript bounds checking -
on each array reference) may be intolerable for efficiency
reasons. Thus the language should preferably allow the
user the option of having run-time checking code or not.

e. Additional Language Requirements. In the case of
static partitions , n~ specific HOL features are required ,
except for the protection mechanisms mentioned in the
preceding subparagraph . That is, allocation of memory
occurs at system generation (compi la t ion)  time , and as
long as the system is running there is no deallocation .
For dynamic partition specification , the language require-
men ts are also fa i r ly  modest , since the algorithms in-
volved are simple. The only noteworthy requirements arise
in the machine—dependent area , since dynamic partitioning
involves loading and perhaps relocating blocks of storage.
To carry out these functions , the programs must be able to
treat a memory word as a piece of untyped data .

3. Processor Management .

a. Contrast with Non-Tactical Systems. Processor man—
agement is concerned with the assignment of processors to
processes. Several distinctive features make tactical
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executives simpler in some respects , and more complex
• in others , when compared with non—tactical systems in
• the processor management area. Since many TDS contain

a fixed number of processes , the problems attendant
upon dynamic creation/deletion of processes do not
arise. However , it is typical for many of the processes
to be time-critical and possibly periodic , which can
pl’ace severe demands on the processor management
facilities to ensure that process deadlines are
satisfied.

b. General Functions. The basic functions performed
in processor management are as follows [2, p. 9]

(1) Keeping track of processors and the status of
the various processes; the executive program that
carries out this duty is called the traffic
controller.

(2) Deciding which process should be allocated
processor time , when , and how much; this is done
by the process scheduler.

• 
1’

.(3) Allocating the processor to a selected process;
this is done by the dispatcher.

(4) Reclaiming the processor when the process relin-
quishes it (e.g., dur ing  I/O ) , when it terminates
or when it exceeds its time limit.

c. The “Process” Concept. Any set of language features
which intends to support the programming of processor man-
agement functions will revolve critically around the concept
of a process and how it is implemented. Unfortunately , it
is precisely in this area where the twin tactical require-
ments of efficiency and reliability clash most heavily . The
problem is tha t in order for  the language to ensure tha t
concurrent processes share resources correctly (i.e. , wi th
no possibility for race conditions or deadlock) , a runt ime
expense must be incurred which may be intolerable  because
of real-time constraints. Nonetheless , it is use fu l  to
present an approach to process handling in an HOL which does
help attain the reliability goal , since (1) hardware advances
in the future may relax some of the efficiency constraints ,
and (2) it is feasible for the decision to be left to the
programmer as to whether run-time checking code will h~generated .
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d. The “Monitor” Concept. As developed by Brinch
Hansen [3] and Hoare [21], the “mon itor ” concept facilitates
the high-level specification of processes and their
synchronization. It has been implemented in a language
called Concurrent PASCAL [8,91 and has been successfully
employed in the development of the SOLO Operating System
for the PDP—ll/45 [10]. Basically , a process can be
viewed as a combination of three types of entities :
(1) private data , which cannot be used by any other
processes; (2) access rights , which control the shared
data that the process may read or update ; and (3) a
sequential program , which operates on the process ’s
private data as well as on shared data to which it has
access rights . Implicit in the process concept is the
assumption that several processes may be executing con-
currently (or, in the absence of more than one processor ,
that execution may be interleaved between several proces-
ses). This implies that shared data must be used in an
orderly fashion , so that race conditions (when the result
of a computation depends on the order in which two concur-
rent processes execute) or deadlock (where each of several
processes has exclusive access to some resource needed
by another process , and needs some resource currently held
by another process) cannot occur. The monitor is a language
construct that permits the orderly use of shared data. A
monitor is a combination of four entities : (1) a set of
shared variables to be used by concurrent processes; (2) a
set of routines that operate on the shared variables (con-
current processes can operate on shared data only through
calls on these routines); (3) access rights to shared data
in other monitors; and (4) initialization routines that
set up the shared data at monitor generation time.

e. Synchronization. In order for the monitor construct
to ensure orderly access to its shared data , it is assumed
that for a given monitor , at most one of its routines can
be in execution at a given time. Thus , while a process is
executing a monitor routine , it has exclusive access to
the shared data; other processes attempting to invoke routines
in the same monitor will be delayed by a system-maintained
short—term scheduler. Additionally, it is useful for a
monitor to allow programmer-controlled scheduling (i.e.,
synchronization) when requests for data or other resources
cannot be satisfied immediately . To facilitate this , queues
can be maintained as part of the monitor ’s shared data for
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each resource. The monitor routine invoked by a process
to acquire a resource may delay the process in such a

• queue; this process can then be awakened by another
• process through a monitor routine invoked to produce or

free the resource in question .

• f. Data Abstraction. The language facility which
comes closest to the monitor concept is data abstraction
(as found , e.g., in CLU [11] or ALPHARD [12]), in which the
distinction betweer a data structure ’s representation and
its behavioral properties is made explicit. The benefits
of data abstraction lie in program understandability and
maintainability ; accessing data through interface routines
necessarily localizes the representational dependencies
in the program . These benefits are increased when the
program involves process handling , since this application
area is notorious for difficulty in program reading
and testing.

g. Related Issues. Three important issues that relate
to processor management in tactical executive programs are
interprocess communication , time—critical scheduling , and
interrupt handling .

(1) Interprocess communications. Interprocess
communication is handled nicely by a monitor
facility , since the message buffer can be main-
tained as the shared data part of a suitably
written monitor .

(2) Time-critical scheduling. Time—critical sched-
uling requires language features that enable the
programmer to declare process parameters such
as deadline , repetition period , and required
CPU time. Actual scheduling algorithms tend to
be simple, for reasons of runtime efficiency
(e.g. , the “Relative Urgency ” method described
by Serlin [22]) and do not require special lan-
guage features.

(3) Interrupt handling . The issue of interrupt hand-
ling is relevant at two levels . First is the
problem of priority hardware interrupts , generally
implemented as automatic traps to specific machine
locations. To specify the handlers , a programmer
necds an assembly-language-like ability to define
the contents of absolute machine addresses ;
depending on the nature of the handler , ei ther
assembly language or an HOL augmented with machine-

23 

~~~~~~~~~~~~~~~~~~~~~~~



• • _ 
-

_ 

~~~~~~~~

• oriented features may have to be used. A second
variety of interrupt behavior is less machine-
dependent and is generally referred to as
“exception handling” . The basic motivation is
one of efficiency : the program should not have
to perform an excessive amount of run-time check-
ing to detect conditions whose occurrence is
relatively infrequent. Instead , when the

• exceptional condition occurs, a signal should be
generated which results in the scheduling of
a process to handle the exception . Language
facilities that permit this kind of behavior
include the PL/I SIGNAL and ON conditions .
Experience with these features has been mixed
but generally favorable ; evaluating PL/I as
a language used for writing the MULTICS oper-
ating system , Corbato [28] makes the following
comments :

Some of the features like SIGNAL and ON conditions,
which have cost us a lot of grief , at least in
principle , have been very graceful ways of smoothly
and uniformly handling the overflow conditions and
the like , which suddenly trap you down into the guts
of the supervisor. In previous systems, we have
always had the quandary of how to allow the user to
supply his own condition handlers in a convenient
way. We ’re not sure that the price isn ’t perhaps
too high , but the mechanism does look good.

4. Input/Output Device Management.

a. General Functions. The management of I/O devices
involves the following activities [2, p. 282]:

F (1) Keeping track of the status of all devices.

(2) Enforcing an allocation policy - i.e., deciding
which process should get a device , for how long ,
and when. The main techniques for implementing
device management policies are:

(a) Dedicated — in which a device (such as a radar)
is assigned to a sing le process.

(b) Shared - in which several processes can share
a device (e.g., a d isk) .
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(c) Virtual - in which one physical device is
simulated on another (e.g., spooling).

• b. Program Components. These activities are handled
by programs called the I/O traffic controller , I/O schedu—
ler , and I/O device handlers , respectively [2, p. 301].
The following subparagraphs identify the major functions
performed by these programs and describe the resulting

• language requirements.

(1) I/O Traffic Controller. The I/O traffic controller
keeps track of the status of all devices , control
units , and channels. The difficulty of this job
depends on the ratio of channels to control
units , and control units to devices , since
the basic functions of the I/O traffic controller
are to determine if a path (from channel to
control unit to device) is available to ~er-
vice an I/O request , and , if not, to determine
when such a path will be free. To perform
these functions , the I/O traffic controller
generally maintains blocks of information
concerning devices , control units , and channels;
this information may include status (busy or
not) , connected control units or channels ,
and a queue of waiting processes. The monitor
concept described above (subparagraph 3d)
provides an adequate facility for performing
these functions.

(2) I/O Scheduler. The I/O scheduler generally
involves simple algorithms to implement some
variety of priority scheduling; no special
language facilities are required.

(3) I/O Device Handlers. The I/O device handlers
typically set up the channel program , handle
error conditions , process I/O interrupts ,
and provide device-dependent scheduling al-
gorithms . The language features required are
similar to those described above in subpara-
graph 3g.
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5. Information Management.

a. Types of Information Management. Information has
two basic attributes: representation and interpretation . The
term “representation ” refers to the physical structuring of
the data (e.g., whether to compact sparse matrices), and
“interpretation” refers to the routines that define the

• logical properties of the data . It is useful to distinguish
• among various types of information management, based on the

relative importance of the two attributes. Unfortunately,
there is no universally agreed upon terminology ; we will
follow Madnick and Donovan ’s choices of the terms file
system, data management system, and database system [2 ,
p. 399]

(1) File system. A file system is concerned only
minimally with representation (e.g., ASCII
vs. binary) and has no involvement with the
interpretation of the data .

(2) Data management system. A data management
system (DMS) performs representation-dependent
operations on data but is independent of the
interpretation of the data. An example of DMS
is IBM ’s IMS—Il [13]

(3) Data base system. A database system (DBS) is
concerned with both representation and inter-
pretation of information . Most on-line re-
trieval systems are examples of DBS .

b. Overview. It is typical to find a combination of
file system , DMS, and DBS in a tactical system . In the
next several subparagraphs, we discuss issues that are
central to these three types of information management in
tactical environments , and indicate the implications of
these issues in terms of programming language facilities.

c. Reliability. A basic feature of information mana-
gement is tñat the data being maintained have a lifetime
which exceeds that of the program that created them. This
raises problems in connection with reliability , since it
is difficult to ensure that the uses of the data will be
consistent with what was intended . For example , in many
languages it is possible to create a file comprising
integer data , and then later to read information from the
file as though it were floating-point. One method for
preventing this is to enforce type checking at the file
level. 
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d. Modifiability . It is not uncommon in DMS or DBS
for the representation of the data to be modified during
the system ’s life cycle. This is especially likely in
systems (such as TOS) where the type of information being
handled will change with time. To take care of this
situation , the language should enforce the hiding of
representational details as fully as possible. A data
abstraction facility is useful for this purpose.

e. Protection. A severe problem in any type of
information-management system (especially in tactical
environments) is the protection of data from unauthorized
use. There are several levels at which this issue can
be approached: e.g., hardware , personnel , and software.
At the hardware level , different modes of execution
(privileged vs. user) can isolate some of the obviously

F “dangerous” instructions to known modules , and bounds
registers can prevent “wild” memory references . At the
personnel level , security checks on individuals inter-
facing with the system may prevent malicious attempts
at unauthorized access to information . Language features
can help at the software level: type checking and program
modularization facilities (e.g., block structure , data
abstraction , separate compilation) are directly relevant.

f. Size and Complexity of Data Base. An issue of
importance in a data-base oriented system like TOS is
that of dealing with a large, complicated data base. The
language implications for this requirement are the same
as for MIS and will be dealt with below (paragraph 3.111.5).
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Section IV. REQUIREMENTS OF TDS UTILITY PROGRAMS

1. Types of Utility Programs.

There is a wide variety of utility programs necessary
in tactical data systems ; the following (cited by Martin
[1, pp. 66-67]) are typical: system loading programs,
restart programs , diagnostics , file reorganization programs ,
fall-back programs , library tape and file maintenance
programs , data generation programs for program testing ,
simulators, and debugging aids. For convenience of
description , we will divide utility programs into four
general areas: Automatic Test Equipment , Simulation ,
Language Processing , and System Construction . The charac-
teristics and programming language requirements of the first
three of these areas will be described in paragraphs 3
through 5 below. We omit a formal discussion of System
Construction , because no new language requirements would
result: the algorithms involved interface primarily with
executive programs that handle I/O.

2. TACS4.

Many of the functions carried out by utility programs
are performed by the Army ’s Tactical Systems Support
Software System (TACS4). As described in [39 , p.3]:

TACS4 will provide the support software required for
development and maintenance of Tactical Systems
throughout their life cycle . This support software will
be designed to: increase programmer productivity with
programmer, debugging and testing aids ; facilitate
documentation production with automated documentation
aids; assist management by providing selected reports on
program status and programmer productivity ; and provide
automated resource estimating and scheduling routines.

The host machine software in TACS4 includes : a system
controller; compilers ; program/data library generation and
maintenance routines ; a compool generator; a macroprocessor ;
testing support; a linkage editor ; a system tape generator;
a program patch facility ; automated program verification
routines; documentation and management aids such as flow-
charter, text editor , and statistics gathering routines.
TACS4 target software includes functions to support “test
data input , test execution and instrumentation , and test
results analysis for system and acceptance testing ” [39 ,
pp. 6-7].
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3. Automatic Test Equipment (ATE).

a. Sources. The requirements for ATE applications
have been summarized and justified in the DATELS Project
Master Plan [40] and in Massachusetts Computer Associates ’
Language Design Study for ATE [14]. The material in this
paragraph is based primarily on these two sources.

b. Linearity of Program Flow. One of the most
striking features of ATE programs is the linearity of
program flow. Typically , testing is divided into strictly
sequential phases , which in turn are divided into subphases;
data are used generally to select tests rather than to
order them. The effect of this expected linearity on an ATE
language is twofold . First , language features that
facilitate the specification of long chains of decisions
are desirable -- decision tables , for example. Second , in
view of anticipated long programs , the language should
provide for separate compilation and debugging of individual
modules.

c. Input/Output. The nature of input/output (called
“signals” in ATE) in ATE programs is somewhat distinctive .
First , “input/output is frequent with rather little internal
processing between input of one signal and output of the next
one” [14, p. 31 . In addition , the kind of processing
required involves not only the specific input but also the
place in the program where the signal is read and perhaps
previous results. The signals tend to have fairly simple
structure but are assoc~ated with a wide variety of physicalunits. Moreover , it is possible for the “same” signal
to have different specification requirements when directed
at different ATE .

d. Diversity of Operating Environments. A distin-
guishing characteristic of ATE is the variety of system
contexts in which ATE programs may be expected to operate.
Transfer of programs over different computers and over
different ATE is not unusual. The debugging environment
may be complex , involving simulation of the ATE , the unit
under test (UUT) , or both. Testing of ATE programs is unique
in that an untested program may damage both ATE and (JUT .
Language facilities that aid validation include standard
features useful in any application (e.g., type checking ,
high-level control structures) as well as features supporting
simulation (see paragraph 4 below) .
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e. Dependence on Executive Pro~rams. ATE programs
make heavy use of a variety of executive programs. Examples
cited in [40, pp. 2-10] are the need to define time-critical
tasks, to synchronize events and measure time delays , to
schedule parallel processes and handle interrupts .

f. Human Factors. “Human factors” requirements in
ATE are fairly stringent , since the programming will fre-
quently be done by professional engineers with no previous
exposure to computer languages. Teachability , writability ,
readability , and simplicity are thus important language goals.

4. Simulation.

a. Definition. Simulation can be roughly defined
[15 , p. 349] as “the technique of representing a dynamic
system by a model, in order to gain information about the
system through experiments with the model” . Tactical
systems make heavy use of simulation programs in such
areas as personnel training , debugging , ATE , and system
performance monitoring .

b. General Requirements. Some general requirements
for simulation programming are given by Dahl [15 , p. 350].
First, the HOL must present a conceptual framework that
will aid the programmer in abstracting the essential proper-
ties of the system being modeled . Second , a convenient
notation must be provided with which dynamic behavior can
be described . Third , programming aids rr~~st be present,
since simulation models (involving a high degree of
parallelism ) are generally quite difficult to program and 4debug.

c. Continuous Simulation. There are basically two
approaches to simulation : “continuous ” and “discrete ” . With
continuous simulation , a digital computer is programmed to
model an analog device. Analog functions such as amplifiers
and integrators are transformed into an equivalent set of
simultaneous differential equations , and the
simulation consists of solving these equations numerically .
The language features required for this activity are
mainly numeric facilities.

d. Discrete Simulation. Discrete simulation involves
approximating a given system by a discrete model. Changes
that occur continuously in the real system are captured by
a sequence of discrete changes (or “events”) in the model.
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As stated in [15, p. 351]

In contrast to the technique of representing the system
as a whole by a set of differential equations , the
individual events of a discrete model are often specified
in great detail. Nany discrete event simulation
languages are powerful general-purpose algorithmic
languages. The user therefore has the opportunity to
describe , to any chosen degree of detail , what is
actually “going on” in the given system . Procedures
for decision—making can be represented in a realistic way.

Typical computations involve keeping track of where
individual “items ” are at any point in time , moving items
from waiting lines to servicing components and vice versa ,
timing the processing performed and compiling a statistical
profile [23, p. 726].

e. Language Requirements for Discrete Simulation. In
this subparagraph we describe the main functional require-
ments for discrete event simulation and indicate the
programming language implications [15, pp. 351-3521.

(1) ConcurrencX . In the system being modeled ,
several events may occur at the same time. The
executive must supply process scheduling
facilities, so that the programmer can specify
this type of behavior .

(2) Size. Practical simulation programs tend to
be large both in code and data. To reduce the
storage requirements , the language should provide
some variety of dynamic memory allocation ,
especially in view of the dynamic nature of
the system: items may enter or leave the
system at random times , and storage should
be reserved for an item only while it is needed .
List processing facilities are necessary in the
language.

(3) Interdependence. The complexity of the system
being simulated is reflected in complex relation-
ships among program components . To aid the pro-
grammer in describing these interdependencies ,
the language should provide general logic capabil-
ities; in addition , data types to deal with sets
and dec i sion tabl es are us e f u l .
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(4) Statistical analysis. Mathematical features are
needed in the language to facilitate such compu-
tations as the generation of pseudo-random values ,
and the calculations of means and standard
deviations. A graphical facility is useful for
the presentation of histograms.

f. Dependence on Executive Programs. It should be
pointed out that there is a large similarity between
application programs and simulation programs in TDS in
terms of the executive facilities which are required . As
stated by DeMillo [41, p. 24] , “in both.. .applications ,
the ‘time ’ dependent manipulation and description of
processes which communicate , compete for resources and
are scheduled at seemingly random intervals comprises a
reasonably large portion of the programming task” . Obviously ,
there are differences between the two areas : in application
programs, time is real (not simulated ) and events that require
attention demand immediate attention ; also , processes that
occur in application programs are real processes and not
abstractions derived (and possibly simplified) from reality .
Despite such differences , however , the language facilities
derived above (Section III) for executive programs are also
needed to support the programming of simulation software.

5. Language Processing .

a. Overview. We view the language processors (i.e.
compilers and assemblers) as utility programs because they
are necessary for the development of a tactical system but
are not part of the operational system . The discussion will
focus on the requirements of compilers (i.e., the language
features needed to write a compiler) as opposed to assemblers ,
since the needs of the latter are subsumed under the former.

b. Compiler Functions. It is convenient to view a
compiler as performing three basic functions: lexical analysis
(in which the source characters are processed) , syntactic
analysis (in which the syntactic structure is determined) ,
and semantic analysis (in which object code is generated)
Whether these functions are interspersed or performed
serially , each will typically have a distinctive set of
implementation requirements .

32

_ _ _  —~~~~~~~~~~ ~~~~~~- - -  — -~~~~ - -



0.) Lexical analysis. The basic processing carried
• out during lexical analysis is character and

string manipulation . In conjunction with this
activity , a sizable amount of table handling
occurs (e.g., looking up identifier names in a

• symbol table). There is a need to refer to sym-
bolically-named data (e.g., vocabulary elements
in a grammar) ; a data type that allows the explicit
enumeration of such names is helpful .

(2) Syntactic analysis. Syntactic analysis involves
mani pulation of structured objects (frequently
trees) and may require some type of linked list
facility . Depending on the methods used , either
explicit recursion or a program-maintained
pushdown store (stack) will be necessary . For
table—driven analyzers , it is generally necessary
to be able to specify  th e acking of data
structures, so th at stor age is conserved.

(3) Semantic analysis. The semantic analysis component
performs certain manipulations on the inter-
mediate representation of the program (e.g., op-
timization) and generates the object code . The
programs comprising this component tend to be
relatively complex , and they manipulate large and
interconnected data structures. The production
of object code is obviously machine-dependent;
some facilities are required in the language so
that target machine instructions and data words
can be emitted.
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Section V. TINMAN/TDS COMPARISON

1. General Comments on Tinman .

The purpose of this section is to compare the language
requirements of tactical data systems , as derived above in
Section tI through IV , with the “needed characteristics ”
presented in the Tinman . Although it is outside the scope
of this effort to give a detailed , item—by—item review of
the Tinman (this has been done by Miller [16] and Hoare
[17], among others), we offer the following general obser-
vations .

a. Programming Methodology . Despite the dif ferences  H
among the types of programming required for tactical
systems , there are basic facilities which a language should tiprovide in order to satisfy the needs of any programming
application , and in order to promote sound programming
methodology . The Tinman concentratc~s to a large extent  on
describing and just ifying such facil ities. We are in
agreement with this approach , since it serves to present
a solid foundation for a common HOL ; in fact , the programming
activity is basically the same , independent of the application ,
and the Tinman goes quite far in the direction of specifying
a set of tools which will facilitate that activi ty. f.

b. Implementation Difficulties. We should also point
out, however , that some of the facilities proposed in the
Tinman are relatively new and have not yet been widely
implemented (e.g., exc~~tion handling [7, Section V.G.7],
while other individua l l y  desirable features (such as
recursion and parallel~ processing) sometimes have unpleasant
interactions which add complexity and inefficiency to the
language and to potential implementations. Iloare makes
this point f a i r l y  strongly [17 , pp. 2— 31 :

The project you have undertaken has started well ,
but it is still a project of supreme technical
difficulty . . . . All those engaged in the project
must use this difficulty as a constant excuse to
simp lify , unt il it hurts and beyond , to remove
features , to make restrictions , and above all to
avoid setting any challenge to the implementors
or users of the language.
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c. Requirements of Executive Programs. It should
also be pointed ou~E that there is a relatively smallamount of attention given in the Tinman to features
which are essential in programming tactical executives
(e.g., I/O and parallel processing). Sections BlO ,
G6 , G7 , G8, J3 , and J4 in the Tinman provide a
description of such features , but do so at too general
a level.

2. Tinman/TDS Comparison Table.

a. Table Format. This paragraph summarizes , in
Table I, the match between the Tinrnan and the language
requirements derived above for the various functions
performed by tactical systems. The rows in the table
correspond to individual sections in the Tinman (see

• Appendix I for the full text). The columns correspond
to specific TDS functions described in this report.
Three columns pertain to TDS application proqrams :
mathematically—oriented functions , communication , and
display processing. The mathematically-oriented
functions encompass tracking (paragraph 2.11.1)
guidance (2.11.2) , threat evaluation (2.11.3)
weapons assignment (2.11.4), electronic warfare
(2.11.5), and the TACFIRE—oriented func t ions
(2.11.8). Communication and display processing require—
rnents are discussed in paragraphs 2.11.6 and 2.11.7 ,

• respectively. Four columns in Table I pertain to TDS
executive programs : memory management (paragraph 2.111.2)
processor management (2.111.3), I/O device management
(2.111.4), and information management (2.111.5). Four
columns in Table I pertain to TDS utility programs : ATE
(paragraph 2.IV.2), simulation (2.IV.3 ), language pro-
cessing (2.IV.4) , and system construct ion ( 2 . I V . l ).

b. Table Entries. Each table entry is either “R” ,
“D ” , or “U” , with the following interpretation : “R” means
that the given Tinman facility is Required to support the
given type of programminq, “D’ means Des ired , and “U”
means Unnecessary . We should men tion that the d ist inctions
between these categories are somewhat subjective ; also ,
since each Tinman section genera l ly  compr ises several
described features and supplementary explanation , an ‘R” ,
“D” , or “U” rating refers to the main topic of the sec-
tion and will not necessarily apply to all of the details.
In many cases it is possible to trace the entry back to
the individual paragraph in which the TDS f u n c t ion is
discussed (e.g. when the Tinman section corresponds to a
specific feature). More typically, howeve r , the Tinman
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sections describe general facilities needed to satisfy
various language goals (e.g. reliability , portability)
as opposed to performing specific functions; in these

- cases the table entry reflects the match between the
tactical function and the goals relevant to the Tinman
section.

• d. Comments. In some cases comments are supplied to
justify or expand upon a table entry , or to raise a
specific point in connection with the Tinman . An asterisk

• next to the row number indicates that a comment pertaining
to that row will follow the table.

F
I
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Table I.
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Application Executive Utility
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3. Machine Language Insertions ID ID ID C R R C C ID C C
4. Object Representation C R C R C R C ID ID ID ID

Specifications
5. Open and Closed Routine I) D P P ID P D P D ID P

Calls

Comments on Table I:

Al. In some of the functional areas (communications , executive
programs) u’ityped data are necessary . For example , a
memory management routine must be able to deal with
typeless storage blocks .

A3. The “R” and “D” entries re fer to the need for floating—
point data , as opposed to the specific requirement for
global (to a scope) specification of precision .

A4. The “D” entries ref er to the need for fixed-point data .
In tactical application s , binary fixed—point is likely
to be more appropriate (for efficiency reasons) than
the exact fixed—point facility called for in A4.
The “U” entries refer to the fact that the fixed-point
facility required by A4 is not necessary . Howeve r ,
some aspects of this facility (e.g., the existence of
an INTEGER data type ) are needed .

A5. The “R” and “D” en tries refer  to the need for some
kind of charac ter string facility . It is not
necessa ry for character sets to be “treated as any
other enumeration type .” 
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B2. This requirement is subject to two possible interpreta—
tions:

(1) There is a built-in operation which , for
any two (possibly identical) data types T1
and T2 , will compare for identity any
object of type T1 with any object of type T2.

(2) There is a built—in operation which , for any
data type T , will compare for identity any
two objects of type T.

The second interpretation is assumed here .

B3. Relational operators are necessary for numeric data
but are not required for arbitrary enumeration types .

B4. A general exponentiation operator is not necessary .

B7. As stated , this requirement is too general. For example ,
B7 permits a (3x4) array to be added to a (2x3x2) array ,
and allows a numeric comparison between an array of
integers and an integer. See also [16 , pp 5—6 1 .

BlO. IDynamic (i.e. run—time) assignment and reassignment
of I/O devices is not necessary.

Bli. The “C” and “ID” entries refer to the need fo r a
bitstring data type (which may be realized via a
power set).

Cl. This characteristic is required for purposes of
program transportability .

CS. Despite the intentions of C5 , it appears that consis—
tency of rules in the areas cited will increase and
not reduce language complexity . For example ,
parameters to procedures should be capable of being
passed by “copy ” or by “ reference ,” but it is difficult
to apply these concepts to parameters of data types ,
since the latter will be objects in existence at
compile-time.

C8. As explained in [16 , p.10] , C8 provides a simple
macro facility and not the generic procedure
capabili ty claimed .

C9. The utility of user-definable procedures with variable
numbers of parameters is outwei ghed by the resulting
language complexity .

13 and 14.
The “D” entries refer to the desirability for some kind
of conditional compilation facility (not necessarily
the same as that described in 13 and 14).
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CHAPTER 3

REQUIREMENTS OF MANAGEMENT INFORMATION SYSTEMS

Section I. AN OVERVIEW OF MANAGEMENT INFORMATION SYSTEMS

1. Army Management Information Systems.

This paragraph describes the objectives of several
Management Information Systems for which USACSC is respon-
sible. The description is divided into (a) those
systems designed for permanent ar-my installations and
(b) those systems designed for use in the field.

a. Systems at Permanent Installations.

(1) Standard Installation/Division Personnel System
(SIDPERS). The major functions of SIDPERS are
strengtll accounting , organization and personnel
record keeping, interface systems reporting, and
management reporting [421. The subsystems of
SIDPERS are the Automated Personnel Requisition-
ing Subsystem (which generates requisition data
for positions projected to be vacant) and the
Recommended Assignment Subsystem (which matches
personnel qualifications against the require-
ments of vacant positions).

(2) Standard Army Intermediate Level Supply System
(SAILS). As stated in [43] , SAILS “is designed
to accomplish all stock control , supply manage-
ment and reporting , and related financial
management functions between the CONtJS whole-
sale level and the direct support or separate
unit level.” SAILS encompasses a basic supply
cycle and a variety of supportive subsystems .
The basic cycle carries out the following
functions: pre-edit of incoming transactions;
document history validation ; cross-reference
file check; stock number finder file/catalog
master data file ,processes; fund code/accounting
processing code validation process; balance
process (in which the routine supply accounting
and recording actions are performed) ; main
document hist~,ory process; and output preparation ,
report and statistics process. The supportive
subsystems include : weekly financial cycle;
weekly demand analysis cycle; monthly stock
record S support process; monthly file maintenance
process; and excess process.
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(3) Standard Finance System (STANFINS). As
stated in [44], “STANFINS standardizes and
automates financial transactions and major
operating requirements of installation
finance and accounting divisions; creates ,
updates and maintains base-level financial
data banks for retrieval of statistical
reports; and produces data required to up-
date higher-echelon data banks ... The
current STANFINS applications include
appropriation and fund accounting , cost
accounting , and ... stock fund and finan-
cial inventory accounting . The system
provides an audit trail of daily trans-
actions , summarization of daily business ,
fund availability , cost data , and various
reports and automated data for higher
headquarters.”

(4 )  Vertical Army Authorization Documents System
(VTAADS ). As s~~ E~ Tn T451 , VTAADS “has been
developed to support the flow of personnel and
materiel authorization data between HQDA and
all Army units. The system is designed to
create , update and maintain authorization data
bases and to interface with asset reporting
Systems.”

b. Systems in the Field.

(1) Combat Service Support System (CS3). This
system [46] supports the division supply ,
maintenan ce , and personnel functions. The
supply functions are carried out by DLOGS-360
(a stock control and inventory management
subsystem), a property book management system ,
and the Army Equipment Status Reporting System .
The Maintenance Reporting and Management
system encompasses a Maintenance Control System ,
a Modification Work Order accounting subsystem ,
and a Materiel Readiness Reporting subsystem .
Personnel functions are handled by SIDPERS
(Standard Installation/Division Personnel
System) .

(2 )  Division Logistics System ( DLOGS) . This is an
interim multicommand automated card processing
system [471. At the division level it manages
repair parts , maintains property books , and
prepares equipment status reports.
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(3) Direct Support Unit/General Support cJnit
(DSU/GSU). DSU/GSU carries out stock controi
and inventory accounting functions for direct
and general support units [48], using magnetic
ledger cards as a storage medium . The progran s
comprising the system perform conversion from
manual to mechanized operation , card editing ,
updating of Authorized Stockage List (ASL)
records, management of fringe item records ,
cyclic inventory , due-in/due-out reconcili-
ation, asset balance review , and recovery of
manual data.

2. General Properties of Management Information Systems.

a. Types of Information Systems. ‘Information systems
vary widely in complexity and objectives; in this paragraph
we establish a framework for later discussion by summarizing
the basic levels at which an information system may
function. Following Aron [27] , we refer to these levels as
“simple data processing system ” , “in formation retrieval
system” , and “information interpretation system” .~-

b. Simple Data Processing System. Such a system
comprises “a large number of independent transaction-
oriented tasks which summarize inputs to produce reports”
[27, p. 217]. While generally involving low implementation
and operation costs, the simple data processing system is
of benefit more to the clerk than to the manager: “The
simple system , being transaction-oriented , sees only single
data elements and does not see the interactions between
elements; consequently, it lacks the structural information
needed to tie tasks together ... it fails to tell management
all sides of the story” [27 , p. 218].

C. Information Retrieval System. This type of system
uses a structured data base which captures the relevant
interrelationship among the information . This results in
a more flexible and powerful facility than is provided by
the simple data processing system , but entails greater
costs in development and operation .

d. Information Interpretation System. This kind of
system has all the capabilities of both a simple data
processing system and an information retrieval system , and
it also allows the user “to perform a wide variety of
‘scientific ’ management algorithms which interpret the

1Aron uses the term “management information systems” where
we use “information interpretat ion sysLem ” .
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meaning of the data in the system to support decision
making” [27, p. 220]. The objectives of such a system
include: responsiveness to management’s changing needs
for information; modifiability in both data and algorithms ;
convenience of human interface ; economy of operation .

e. Management Information System (MIS). We use this
term to refer to either an information retrieval or infor-
mation interpretation system as described above ; an MIS
may be either batch or on-line in nature. To facilitate
the comparison of MIS and TDS in terms of language
requirements, we will use the same functional subdivision
here as in the previous chapter , viz., application programs,
executive programs , and utility programs. The next three
sections discuss the requirements for MIS in each of these
areas.
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Section II. REQUIREMENTS OF MIS APPLICATION PROGRAMS

1. General Attributes.

The specific functions performed by the application
programs in a MIS are obviously dependent of the type of
system (e.g., inventory control , payroll accounting , etc. ’
but all share certain common traits. In general , the
purpose of an application program is to process a trans-
action. To do this , it must interpret the command , search
a data base to retrieve some information , process this
information via an application-specific algorithm , and
possibly modify the data base and/or output the results
of the transaction .

2. Command Interpretation.

The work involved in interpreting a command can vary
considerably in degree of difficulty . In this paragraph ,
we summarize three representative command language types
which illustrate this diversity.

a. Fixed-Format. With this technique (also mentioned
above in subparagraph 2.II.7.a) the command which is input
is a template that is used to match records in the data
base. Command interpretation involves a minimum amount
of processing , but the user must be fami l iar  wi th  the
representation of the data base in order to compose commands.

b. Procedural. In this case , a command has the form
of a program in a simple data-base oriented language. The
processing required to interpret a command consists mainly
of string handling and table manipulation , and is not
unlike the work performed in a programming language inter-
preter. A procedural command language offers more flexi-
bility than the fixed-format method , but it ~~ less effi-cient (character handling is generally slow) and still
requires the user to be acquainted with the data base
structure -

c. Non-Procedural. This is a very general type of
command language . The user inputs a high-level description
of the transaction (e.g., “FIND SALARIES OF ALL CIVILIAN
EMPLOYEES WORKING IN OVERSEAS COMMISSARIES”) , and the
system in effect transforms this into an equivalent
procedural version to carry it out. While potentially the
simplest from the user ’s point of view (no knowledge of
the representation of the data base is required) , this
scheme requires a substantial amount of computation by the
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system in order to interpret the command . At the most
general level, natural language processing is involved ,
requiring basically the same types of language facilities
for its implementation as are needed in programming lan-
guage processors.

3. Data Base Accessing .

Issues concerning data base representation and pro-
cessing requirements for data base accessing will be dis-
cussed below in connection with MIS executive :ograms
(Section III). We point out here that a rich file-
handling facility and formatted I/O are highly desirable
in the language.

4. Computation.

The computations involved in processing a transaction
may be either simple or complex , but the language
requirements are relatively light. Basic arithmetic and
logical facilities are the major need ; other features
may be required or desired , depending on the specific
application.
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Section III. REQUI REMENT S OF MIS EXECUTIVE PROGRAMS

1. General Attributes.

a. Main Purpose. The main purpose of MIS executive
programs is the same as for TDS executives: viz ., to ensure
the efficient and reliable sharing of resources among the
tasks comprising the system. In this section , we summarize
the main similarities and differences between MIS and TDS
executives; the organization of this material will parallel
the presentation in Section 2.111.

b. Contrast with Tactical Systems. As far as language
requirements are concerned , there are two major differences
between TDS and MIS executive programs: response time
constraints , and da ta base size.  Immediacy of response is
critical in tactical environments but is generally not a
requirement in MIS : e.g., batch-oriented and/or off-line
systems are typical for MIS applications.  However , MIS
typically must deal with data bases significantly larger
than would be found in TDS, which r~ ises problems not
usually present in tactical systems . The effect of these
differences on the language requirements of the various
types of MIS executive programs will be brought ou t in
paragraphs 2 through 5.

2. Memory Management.

Because of the diversity in MIS, a wider variety of
memory management techniques are available than for TDS.
For simple , batch-oriented environments memory management
is not an issue : the “single contiguous allocation ”
strategy described above (subparagraph 2.III.2.b) is
appropriate. At the other extreme , on-line , real-time MIS
can use more general techniques. Unlike most tactical
systems , MIS may compr ise varying numbers of processes
which can be dynamically created or deleted (e.g., to
service on-line requests from a large number of remote
sites) : dynamic partitioned allocation may be useful.
For these more general memory management systems , the MIS
language requirements are basically the same as for TDS .

3. Processor Management.

The issues and language requirements for processor
management for MIS are the same as for TDS (paraqrapui
2.111.3) with the exceptions that dynamic process creation/
deletion may be required for some N~IS , and time—criticalscheduling will usually not 1c necessc~r’:.
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4. Input/Output Device Management.

In MIS there are generally a smaller number of I/O
devices involved , and the ones used are usually more
standard , than in tactical systems. Card readers/punches ,
printers , terminals, magnetic tapes, and mass storage
devices such as disks or drums , are typical in MIS.
However , the language features required by programs manag-
ing these devices are basically the same as for TDS, as
described in paragraph 2.111.4.

5. Information Management.

a. General Properties. In general , a MIS will be a
data base system (DBS) in the sense of subparagraph 2.III.5.a;
i.e., both representation and interpretation of the data
are relevant to the processing programs . The size of the
data base and the complexities of the data interrelationships
in MIS usually distinguish MIS from tactical systems .

b. Types of Data Base Organizations. The organization
of the data base has a direct influence on the performance
of a MIS. Following Stonebraker and Held 124], we will
consider three types of data base structure which typify
most MIS: hierarchical , network , and relational.

(1) Hierarchical. In this type of organization , the
data base has a tree structure : each record may
have any number of “descendants ” but only one
“parent” , and no loops may appear . This kind of
representation facilitates record creation and
deletion ; if the language allows recursion , data
base search procedures may be written fairly
straightforwardly. However , the tree organiza-
tion prohibits a node from being shared by two
parents and thus may result in large storage
requirements .

(2) Network. This type of structure entails repre-
senting the data base as a directed graph (a
generalization of a tree) , so that  the node
repetition drawback of the hierarchical approach
is circumvented. However , node sharing can make
the addition or deletion of records fairly com-
plicated.

(3) Relational. A tree or a network is essentially
a binary relation ; however , complex data bases
may exhibit interconnections which are awkward
to capture using only binary relations. Codd
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[25] and others have worked on a general model
for representing interconnected data bases,
called the “relational” approach , based on the
mathematical notion of a relation on an arbi—
trary number (not just two) of sets. In this
model , a relation on sets Si, S2 , . . .,  Sn is
represented as a sequence of records , each
record comprising elements from Sl, S2 ,
Sn , in turn . The flexibility inherent in the
relational model is important in achieving a
critical goal for DBS : to allow the data base
to grow or change while the system is
operational.

c. Language Requirements. The language facilities
required for developing a DBS of one of the types just
outlined are basically a rich data definition facility
(such as the one proposed in the Tinman) with programmer
control over packing , and features which allow the control
of data storage on disk. In addition , data abstraction
facilitates the construction of DBS whose dependence on
the data representation is encapsulated . It should be
pointed out , however , that there are some important
differences between DBS and environments where data
abstraction is most useful . ~Jith data abstraction , it is

F the set of operations which define the essential properties
of the data objects. The situation is somewhat different
in DBS , however , as summarized by Hammer [26, p. 59).

On the other h and , the definition of a shared da ta base
is ;-rincipally determined by the data which it contains ,

r a th~�r than by one particular set of operations which may
be ~..-plied to it. Many important uses of a data base do
not develop until a long time a f te r  its creation. Differ-
ent coexisting applications may utilize radically different
sets of o p e r a t i o n s .  As appli’ a t ions  come and go , the
abstract view of the data base may undergo major changes ,

with only the data remaining constant.
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Section IV. REQUIREMENTS OF MIS UTILITY PROGRAMS

The utility programs required for MIS are basically
the same kinds needed for tactical systems , with the
exception that ATE would not be necessary in MIS. As
a result , the language requirements for MIS in this
area are contained in the TDS language requirements.
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Section V. TDS/MIS SUMMA RY AND TINMAN/MIS COMPARISON

1. TDS/MIS Summary .

In this paragraph we present a brief review of the main
contrasts between the requirements for TDS and MIS.

a. ~pplication Programs. Application programs in tactical
systems usually involve mathematical computations with pre-
dictable time requirements , which must operate under critical
reliability and efficiency constraints. In MIS , there is
generally a large diversity of application programs; run-
time speed tends to be a goal , but not a stringent requirement.

b. Executive Programs. Tactical executives tend to deal
with a fixed number of processes , some of which are time-
critical ; must service a wide variety of non—standard I/O
devices ; and interact with a data base which is generally
small. In MIS , the number of processes may be fixed but
may also vary dynamically ; time—criticalness usually does
not arise ; the number and diversity of I/O devices is usually
small ; but the size and complexity of the data base can be
substantial.

c. Utility Programs. Aside from the absence of ATE in
MIS , the requirements for TDS and MIS utility programs
are basically the same.

2. Tinman/MIS Comparison

a. Table Format. This paragraph summarizes , in Table II ,
the match between the Tinman and the language requirements
derived for MIS. The rows in the table correspond to
individual sections in the Tinman , and the columns correspond
to specif ic M IS func t ions  described in this  repor t . Three
columns per ta in  to MI S applica t ion programs : command
in te rpre ta t ion  ( paragra ph 3 .11 .2 ) , data base accessin~:(3.11.3) , and computation (3.11.4) . Four columns in
in Table II pertain to MIS executive programs : memo ry
management (paragraph 3.111.2) , processor manaqement
(3.111.3), I/O device management (3.111.4), and inforrna~~ion
management (3.111.5). Three columns in Table II pt-r t ;~iin to
MIS utility programs : simulation , language processinq , and
system construction (section 3.IV)
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b. Table Entries. The interpretation of entries is
the same as in Table I: “R” means that the given Tinman
facility is required to support the given type of programming,
“D” means desired , and “U” means unnecessary . It should
be observed that there are relatively few differences
between Tables I and II: This reflects both the “general
purpose” nature of the Tinman and the similarity between
TDS and MIS language requirements .

c. Comments. In some cases an added explanation is
necessary to justify or expand upon a table entry , or to
raise a specific point in connection with the Tinman .
An asterisk next to the row number indicates the presence
of a comment pertaining to that row. In all cases but one ,
the comments are identical to those supplied with Table I
and will not be repeated in this paragraph . The exception
is the comment relating to A4 (Fixed Point Numbers) , which
follows Table II.
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Table II.

Tinman/MIS Comparison Table

Applic ation Executive Utility

Program s Progress Proyralis
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A. Data and Types
* 1. Typed Language P. P. R P. P. R P. P. P. P.

2. Data Types R P. P. P. P. D P. P. R P.
* 3. Precision U U 0 U U U U D U U
* 4. Fixed Point Nuuri ers 0 U R U U U U 0 D U
* 5. Charac ter Data P. R P. U U P. P. R P. P.
6. Array s R P . R  P. R D  R P. P . 0
7. Records P. P. D P. P. P. P. P. P. D

B. Operations
1. Assi gnment and Reference P. R D P. D D P. P. R I)

*2 . Equivalence D D D 0 0 D D 0 0 0
* 3. Relationals R R D P. R R P. R R P.
* 4 . Arithmetic Operations R P. P. P. R P. R P. R P.

5. TruncaiJ on and Rounding P. P. R P. P. P. R P. P. P.
6. Boolean Operations R P. D P. P. P. P. P. P. 0

* 7. Scalar Operations U U U U U U U U U U
8. Type Conversion P. P. P. P. R P. P. P. P. P.
9. Changes in N uneric

Represen ta t ion  D 0 0 0 0 0 D D 0 0
*10. I/O Operati ons P. P. D 0 D P. R P P. P.
*11. Power Sot Operations P. D 0 0 P. P. D P. P. 0

C. Expressions and Parameters
* 1. Sido E f f o c t s  P. P. P. P. P. P. P. P. P. P.

2. Operand St ~r uct u re  D D U t) D D D R D I)
3. Exp r e s o i- n~ i r o ~~tt e d  0 0 D L) 1) 0 D 0 0 0
4. Cons tan t i xpres sions 0 D 0 0 1) D D 0 0 U

* 5~ Cor ,sisteul ~~ r-~:-u-tor Rules U U U U U U U U U U
6. Type Agre -cien t in Parameters P P. P P. P. P. P. P. P. P.
7. Fornal t~~~.1m -t r c i i n~~ D U D D D 0 D U 0 0

* 8. Forin.fl j ara rut e r
Spcci t cs ’~ i ’ -  U U U U U U U U U U

* 9. Va n L i r -  N , .:b~- r  of P~ui-ayne ter s  U U U U U U U U U U
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Table II.

Tinman/MIS Comparison Table

Applica tion Execut ive Ut i l i ty

Programs Programs Programs
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P. Variables , Literals and Constants
1. Constant Value Ident i f ie r  D 0 0 0 0 0 0 0 D U
2. Numer ic  Lite~~als P. P. P. P. P. P. P. P. P. R
3. Ini t ia l  Values of Variables 0 D U D U D U U U U
4. N umeric Range and Step Size 0 D D D D 0 D D 0 D
5. Variable Types P. R D 0 0 D P. D P. U
6. Pointer Variables P. P. D P. U U P. P. P. D

E. Definit ion Facilities 
-

1. User Definit ions Possible P P. D U U U P. P. P. D
2. Consistent Use of Types D D U U U D U 0 0 0
3. N o Default Declarations P. P. R P. P. R R P. P. P.
4. Can Extend Exis t ing Operators U U U U U U U U U U
5. Type Def ini t ions  0 P. D D U U P. R P. U
6. Data Defining Mechanisms P. P. D D 0 0 R P. P. U
7. No Free Union or Subset Types D U D U U U U U D U
8. Type In i t ia l iza t ion 0 D D U D D 0 U U U

F. Scopes and Libraries
1. Separate Allocation and

Access Allowed 0 D D 0 D D 0 D 0 D
2. Limiting Access Scope U P. U U D D P. U 0 0
3. Compile Time Scope

Determination P. P. R P. P. P. P. P. P. P.
4. Libraries Available U U D 0 0 0 0 U 0 P.
5. Library Contents D D D D 0 D D 0 0 0
6. Libraries and Cocpools

Indis t inguishable  0 D 0 0 D P 0 0 0 D
7. Standard Library Def ini t ions  D U 0 0 D D 0 0 U 0
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G. Control Structures
1. Kinds of Control Structures P. P. P. P. P. P K P. P. P.
2. The Go To P. P. P. P. P. P. P. P. $4 P.
3. Conditional Control D U U D 0 0 U U U F)
4. Iterative Control D U U P U U 0 0 D U
5. Routines D U U U U U U U P. U
6. Paralle l Processing U U U U P. P. 0 P. U D
7. Exception Hand ling U 0 U R P. P. P. P. ci 0
8. Synchronization and Real

Time U U U U U D 0 P. U U

H. Syntax and Comment Conventions
1. General Ch aracteristics U 0 U U U U D D U P
2. No Syntax Extensio ns U U U U C U U 0 0 0
3. Source Character Set U 0 0 0 D U ci 0 U U
4. Iden ti fiers and Liter ~ is D U U I) U U 0 0 0 1
5. Le xical Units  and Lines U U 1) 0 0 0 0 U ci U
6. Key words 0 U P U U P U U U F)
7.  Comment Conventions U U D I) U 0 0 D U F
8. Unmatched Parentheses P. P. P. P. R P P P. P. P.
9. Uniform Re ferent Notation 0 0 U U D 0 0 0 D U

10. Consistency of Mea n ing U U P U U 0 1) ci 0 Li

I .  Defaults , Conditio nal Compi la t ion and Language R es t r i c t i o m a -
1. No Defau l t s  in Program Logic U U U U U D 1) U P
2 .  Object Representation D U 0 0 0 0 1) 0 0 ci

Spec i f icat ions Opt ional
* 3.  Compile Time V a r i a b l e s  U V U U 0 1) Li U U I
* 4. Con dit ion a l  Compi l a t i on  U U U U 0 1) Ti F P ci

5 .  Simple Base Language U 0 1) Li 1) 0 1) ci 1) P
6.  Translato r R es t r i c t i o n s  U U U U U U ci 0 0 U
7.  Object  Machine Res t r ic t ions  U U Li U F) 1) 0 0 0
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J. Ef f i c i en t  Object Represen t at ions and Machine Dependencies

1. Ef f ic ien t  Object Code U U U P. P. K P. P. U D

2.  Optirnizations Do Not Change
Program E f f e ct  P. P. K P. R P. P. P. P. R

3. Machine Language Insert ions U U U P. P. P. P. U P. P.

4.  Object Representat ion
Specifications U U U P. P. R P. U U U

5.  Open and Closed P.outine Calls U U U U U U U U U U

Comments on Table II

A4. The “D” and “R” entries refer to the need for exact
fixed—point data (as described in the Tinrnan ) , and not
to the binary fixed-point facility appropriate to
tactical applications . The “U” entries refer to the
fact that the fixed—point facility required by A4 is not
necessary . However , some aspects of this facility
(e.g., the existence of an INTEGER data type) are
needed.

For the other starred entries in Table II , refer to the
comments following Table I.
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CHAPTER 4

CONCLUS IONS

Section I. CONCLUSIONS ABOUT TDS REQUIREMENTS

1. Similarity to General-Purpose Requirements .

Despite some special requirements for programming
tactical systems , it should be emphasized that the basic
programming activity is much the same , independent of the
application area. The fundamental result of this study
is that there is no inconsistency between the basic
language requirements for “general purpose” vs. tactical
programming. In particular , recent advances in software
methodology (and how to achieve them in a language) are
especially applicable to tactical systems , in light of the
reliability and maintainability objectives . Structured
conti~o,i facilities , and data definition features which
sepatate representation from behavioral properties , are
examples of language elements that support this methodology .
The Tinman incorporates many other facilities which promote
good programming practice .

2. Specific Requirements.

The distinctive needs of tactical systems are
concentrated in the requirements for executive programs .
Parallel processing , time-critical scheduling , priority
interrupt handling , interfacing with operating personnel
and non—standard I/O devices : each of these must be
carried out in tactical systems , without sacrificing
reliability or efficiency . Although the specification of
high—level facilities to achieve these ctoals is still a
research area , some recent work in methodology has had some
fruitful results (e.g., the monitor concept); we look to these
and similar activities in the future to best support the
special requirements of tactical systems .
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Section II. CONCLUSIONS ABOUT MIS REQUIREMENTS

1. Similarities to General-Purpose Requirements .

The comments in paragraph 4.1.1 above apply to MIS as
well as to tactical systems: the programming involved
in the development of a MIS is more similar than dissimilar
to “general purpose” programming . The facilities described
in the Tinman are consistent with the needs of MIS functions .

2. Special Requirements.

The distinctive feature of MIS is the need to operate
on large , interconnected data bases; this differentiates
MIS from most tactical and general-purpose programs . Recent
work on relational data bases has been encouraging in meeting
the objective of system flexibility (i.e., allowing the
data base to undergo changes while the system is still
operating). We look to future work in the data abstraction
area for potential language facilities that will support
such data bases.
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A. DATA AND TYPES
1. Typed Language
2. Data Types
3. Precision
4. Fixed Point Numbers
5. Character Data
6. Arrays
7. Records

Al. The language will be typed. The type (or mode) of all variables ,
components of composite data structures , expressions , operations , and
parameters will be determinable at compile time and unalterable at run time.
The language will require that the type of each variable , and component of
composite data structures be explicitly specified in the source programs.

By the type of a data object is meant the set of objects themselves , the
essentia l properties of those objects and the set of operations which give access to
and take advantage of those properties. The author of any correct program in any
programming language must, of course , know the types of all data and variables used
in his programs. If the program is to be maintainable, modifiable and
comprehensible by someone other than its author, the the types of variables,
operations, and expressions should be easily determined from the source program.
Type specifications in programs provide the redundancy necessary to verify
automaticall y that the programmer has adhered to his own type convent ions. Stat ic
type definitions also provide information at compile time ne essary for production of
efficient object code. Compile time determination of t ypes does not preclude the
inclusion of language structures for dynamic discrimination among alternative record
formats (see A7) or among components of a union type (see E6). Where the subtype
or record structure cannot be determined until run time , it should still be fully
discriminated in the program text so that all the type checks can be completed at
compile time.

A2. The language will provide data types for integer, real (floating point and
fixed point), Boolean and character and will provide arrays (i.e., composite
data structures with indexable components of homogeneous type) and
records (i.e., composite data structures with labeled components of
heterogeneous type) as type generators.

These are the common data types and type generators of most programming
languages and object machines. They are sufficient , when used with a data
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definition facility (see £6, 06, and J 1), to efficiently mechanize other desired types
such as complex or vector.

A3. The source language will require global (to a scope) specification of the
precision for floating point arithmetic and will permit precision specification
for individual variables. This specification will be interpreted as the
maximum precision required by the program logic and the minimum precision
to be supported by the object code.

This is a specification of what the program needs, not what the hardware
provides. Machine independence, in the use of approximate value numbers (usually
with floating point representation), can be achieved only if the user can place
constraints on the translator and object machine without forc ing a specific
mechanization of the arithmetic. Precision specifications , as the minimum supported
by the object code, provide all the power and guarantees needed by the programmer
without unnecessaril y constraining the object machine realization. Precision
specifications will not change the type of reals nor the set of applicable operations.
Precison specifications apply to arithmetic operations as well as to the data and
therefore should be specified once fo r a designated scope. This permits different
precisions to be used in different parts of a program. Specification of the precision
will also contribute to the legibility and implementability of programs.

A4. Fixed point numbers will be treated as exact quantities which have a
range and a fractional step size which are determined by the user at compile
time. Scale factor management will be done by the compiler .

Scaled integers are useful approximations to real numbers when dealing with
exact quantity fractional values , when the object machine does not have floating
point hardware, and when greater precision is required than is available with the
floating point hardware. Integers will also be treated as exact quantities with a step
size equal to one.

A5. Character sets wil l be treated as any other enumeration type.

Like any other data type defined by enumeration (see E6) , it should be
possible to specify the program literal and order of cha racters - These properties of
the character set would be unalterable at run time. The definition of a character set
should reflect on the manner it is used within a program and not necessar ily on the

69 

. - - - -- “-~~~~~ -



print representation a particular physical device associates with a bit pattern at run
time. In general, unless all devices use the same character code, run-time
translation between character sets will be required. Widely used character sets,
such as, USASCII and EBCDIC will be available in a standard library. Note that
access to a linear array filled with the charac ters of an alphabet, A, and indexed by
an alphabet, B, will convert strings of characte rs from B to A.

A6. The language will require user specificat ion of the number of
dimensions, the range of subscri pt values for each dimension, and the type of
each array component. The number of dimensions , the type and the lower
subscript bound will be determinable at compile time. The upper subscript
bound will be determinable at entry to the array allocation scope.

This is general enough to permit both arrays which can be allocated at
compile or load time and arrays which can be allocated at scope entry, but does not
permit dynamic change to the size of constructed arrays. It is sufficient to permit
allocation of space pools which the user can manage for allocation of more comp lex
data structures including dynamic arrays. The range of subscript values for any
given dimension will be a conti guous subsequence of values from an enumeration
type (including integers). The preferable lower bound on the subscript range will be
the initial element of an enumeration type or zero, because it often contributes to
program efficiency and clarity.

A7. The language will permit records to have alternative structures , each of
which is fixed at compile time. The name and type of each record component
will be specified by the user at compile time.

This provides all that is safe to use in CMS-2 and JOVIAL OVERLAY and in
FORTRAN EQUIVALENCE. It permits hierarchically structured data of
heterogeneous type , permits records to have alternative structures as long as each
structure is fixed at compile time and the choice is fully discriminated at run time, but
it does not permit arbitrary references to memory nor the dropp ing of type checking
when handling overlayed structures . The discrimination condition will not be
restricted to a field of the record but should be any expression.
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B. OPERATIONS
1. Assi gnment and Reference
2. Equivalence
3. Relationals
4. Arithmetic Operations
5. Truncation and Rounding
6. Boolean Opera t io ns
7. Scalar Operations
8. Type Conversion
9. Changes in Numeric Representation
10. 1/0 Operations
11. Power Set Operations

BI. Assi gnment and reference operation will be automatically define d for all
data types which do not manage their data sto,~ ge. The assignment
operation will permit any value of a given type to be assigned to a variable ,
array or record component of that type or of a union type containing that type.
Reference will retrieve the last assi gned value.

The user will be able to declare variables for all data types. Var iables are
useful only when there are corresponding access and assignment operations. The
user will be permitted to define assignment and access operations as part of
encapsulated type definitions (see ES). Otherwise, they will be automat ically
defined for types which do not manage the storage for their data. (See D6 for
further discussion).

82. The source language will have a built-in operation which can be used to
compare any two data objects (regardless of type) for identity.

Equivalence is an essential universal operation which should not be subject to
res triction on its use. There are many useful equivalence operations for some types
and a language definition cannot foresee all - these for user defined types .
Equivalence meaning logical identity and not bit-by-bit comparison on the internal
data representation, howe~’tr , is required for all data types. Proper semant ic
interpretation of identity requires that equality and identity be the same for atomic
data (i.e., numbers , characters , Boolean values , and types defined by enumeration)
and that elements of a disjo int types never be identical. Consequently, its us~fulness
at run time is restr icted to data of the same type or to types with nonempty
intersections. For floating point numbers identity will be defined as the same with in
the specified (minimum) precision.



B3. Relational operations will be automatica lly defined for numeric data and
all types defined by enumeration.

Numbers and types defined by enumeration have an obvious ordering which
should be available through relational operations. All six relational operations will
be included. It will be possible to inhibit ordering definitions when unordered sets
are intended.

84. The built—in arithmetic operations wi ll include: addition, subtraction,
multiplication, division (with a real result), exponent iation, integer division
(with integer or fixed point arguments and remainder), and negation.

These are the most widely used numeric operations and are available as
hardware operations in most machines. Floating point operations will be precise to
at least the specif ied precision.

B5. Arithmetic and assignment operations on data which are within the
range specifications of the program will never truncate the most significant
digits of a numeric quantity. Truncat ion and rounding will always be on the
least significant digits and will never be implicit fo r integers and fixed point
numbers. Implicit rounding beyond the specified precision will be allowed
for floating point numbers.

These requirements seem obvious, particularl y for floating point numbers and
yet many of our existing languages truncate the most significant mantissa digits in
some mixed and floating point operations.

86. The built-in Boolean operations will include “and; “ “or, “ “not , “ and
“nor.” The operations “and” and “or” on scalars wi ll be evaluated in short
circuit mode.

Short circuit mode as used here is a semantic rather than an implementation
distinction and means that “and” and “or ” are in fact control operations which do not
evaluate side effects of their second argument if the value of the first argument is
“false ” or “true, “ respectively. Short circuit evaluation has no disadvantages over
the corresponding computational operations , some times produces faster executing
code in languages where the user can rely on the short circuit execut ion, and
improves the clarity and maintainabi lity of programs by permitting expressions such
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as, “ i<z7 & A[iJ >x” which could be erroneous were short circuit execution not
intended. Note that the equivalence and nonequivalence operations (see B2) are the
same as logical equivalence and exclusive-or respectively.

87. The source language will permit scalar operations and assignment on
conformable arrays and will permit data transfers between records or arrays
of identical logical structure.

Conformability will require exactly the same number of components (although
a scalar can be considered compatible with any array) and one for one compatibility
in type. Correspondence will be by position in similarly shaped arrays. In many
situations component by component operations are done on array elements. !n fact ,
a primary reason for having arrays is to permit large numbers of similarly treated
objects to have a uniform notation. Operations on data aggregates available directly
in the source language hide the details of the sequencing and thereby, simp l i fy  the
program and make more optimizat ions available. In addition, they permit
simultaneous execution on machines w ith parallel processing hardware. Although
component by component operations will be available for built-in composite data
structures which are used to define application-oriented structures , that capability
will not be automatically inherited by defined data structures . A matrix might be
defined using an array, but it will not inherit the array operations automaticall y.
Multiplication for matrices would, for example , be unnatural, confusing and
inconvenient if the product operator for matrices were interpreted as a component
by component operation instead of cross product of corresponding row and column
vectors. Component by component operations also allow operations on character
strings represented as vectors of characters and allow efficient Boolean vector
operations.

Transfers between arrays or records of identical log ical structure are
necessary to permit efficient run time conversion from one object representation to
another , as might be done when data is packed to reduce peripheral storage
requirements and 1/0 transfer times but need to be unpacked locally to minimize
processing costs.

88. There will be no implicit type conversions but no conversion operation
will be required when the type of an actual parameter is a constituent of a
union type which is the formal parameter. The language will provide explicit
conversions operations among integer , fixed point and float ing point data ,
between the object representation of numbers and their representations as
characters , and between fixed point scale factors.

73



Implicit type conversions which represent changes in the value of data items
without an explicit indicator in the program, are not only error prone but can result in
unexpected run time overhead.

B9. Explicit conversion operations will not be required between numerical
ranges. There will be a run time exception condition when any integer or
fixed point value is truncated.

Because ranges do not form closed systems, range validation is not possible at
compile time (e.g., “I:~I+ 1” may be a range error). At best , the compiler might point
out likely range errors. (This requirement is optional for hardware installations
which do not have overflow detection).

BlO. The base language will provide operations allowing programs to
interact wish files, channels or devices including term inals. These operations
wilt permit sending and receiving both data and control information , will
enable programs to dynamically assign and reassign I/O devices , will provide
user control for exception conditions, and will not be installation dependent.

Whether the referenced “files ” are real or virtual and whether they are
hardware devices, 1/0 channels or logical files depends on the object machine
configuration and on the details of its operating system if present. But in any
programming system I/O operat ions ultimately reduce to sending or receiving data
and/or control information to a file or to a device controller. These can be made
accessib le in a HOL in an abstract form through a small set of generic 1/0 operations
(like “read” and “write, “ with appropriate device and exception parameters). Note
that devices and files are similar in many respects to types, so additional language
features may not be required to satisfy this requirement. This requirement , in
conjunction with requirement El, permits user definition of unique equipment and its
associated I/O operations as data types within the syntactic and semantic framework
provided by the generic operations.

811. The language will provide operations on data types defined as power
sets of enumeration types (see ES). These operations will include union,
intersection, difference , complement , and an element predicate.

A s wi th any da ta type , power sets will be useful only if there are operations
which can create , select and interrogate them. Note that this provides only a very
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spec ial class of sets but one which is very useful for computations on sets of
indicators, flags , and similar devices in monitoring and control applications. More
genera l sets if desired, must be defined using the type definit ion facilities.
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C. EXPRESSIONS AND PARAMETERS
1. Side Effects
2. Operand Structure
3. Expressions Permitted
4. Constant Expressions
5. Consistent Parameter Rules
6. Type Agreement in Parameters
7. Formal Parameter Kinds
8. Formal Parameter Specifications
9. Variable Numbers of Parameters

Cl. Side effects which are dependent on the evaluation order among the
arguments of an expression will be evaluated left-to-ri ght.

This is a semantic restriction on the evaluation order of arguments to
expressions. It provides an explicit rule (i.e., left-to-ri ght) for order of argument
evaluation, but allows the implementations to alter the actual order in any way which
does not change the ef fect. This provides the user with a simple rule for
determining the effects of interactions among argument evaluations without imposing
a strict rule on compilers which are sophisticated enough to detect potential
side-effects and optimize through reordering of arguments when the evaluation
order does not affect the result. Control operations (e.g., conditional and iterative
control structures), of course, must be excep tions to this general rule since control
operations are in fact those operations which specify the sequencing and evaluation
rules for their arguments.

C2. Which parts of an expression constitute the operands to each operation
within that expression should be obvious to the reader. There will be few
levels of operator hierarchy and they will be widely recognized.

Care must be taken to ensure that the operator/operand structure of
expressions is not psychologically ambiguous (i.e., to guarantee that the parse
implemented by the language is the same as intended by the programmer and
understood by those reading the program). This kind of problem can be minimized
by having few precedence levels and parsing rules by allowing explicit parentheses
to specify the intended execution order , and by requiring explicit parentheses when
the execution order is of significance to the result wi thin the same precedence level
(e.g., “X divided by V divided by Z” and “X divided by V multiplied by Z”). The user
will not be able to define new operator precedence rules nor change the precedence
of existing operators.
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C3. Expressions of a given type will be permitted anywhere in source
programs where both constants and references to variables of that type are
allowed.

This is an example of not imposing arbitrary restrictio ns and special case
rules on the user of the source language. Special mention is made here only because
so many languages do restrict the form of expressions. FORTRAN, for example , has
a list of seven different syntactic forms f or subscript expressions , instead of allowing
all forms of arithmetic expressions.

C4. Constant expressions will be allowed in programs anywhere constants
are allowed, and constant express ions will be evaluated before run time.

The ability to write constant expressio ns in programs has proven valuable in
languages with this capability, particularly with regard to program readability and in
avoiding programmer error in externally evaluating and transcribing constant
express ions. They are most often used in declarations. There is no need, however,
that constant expressions impose run time costs fo r their evaluation. They can be
evaluated once at compile time or if this is inconvenient because of incompatibilities
between the host and object machines , the comp iler can generate code for their
evaluation at load time. In any case , the resulting value should be the same (at least
w ithin the stated precision) regardless of the object machine (see D2). Allowing
constant expressions in place of constants can improve the clarit y , correctness and
maintainability of programs and does not impose any run time costs.

C5. There will be a consistent set of rules applicable to all parameters,
w hether they be for procedures , for types for excep tion handing, for para llel
processes , for declarations , or for built-in operators. There wil l be no
special operations (e.g., array substruc turing) applica ble only to parameters.
Uniformity and consistency contributes to ease of learning,

implementing and using a language; allows the user to concentrate on the
programming task instead of the language; and leads to more readable,
understandable, and predictable programs.

CS. Formal and actual parameters will always agree in type. The number of
dimensions for array parameters will be determinab le at compile time. The
size and subscript range for array paramete rs need not be determinable at
compile time , but can be passed as part of the parameter .
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Type transfers hidden in procedure calls with incompatible formal and actual
parameters whether intentional or accidental have long been a source of program
errors and of programs which are difficul t to maintain. On the other hand, there is no
reason why the subscri pt ranges for arrays cannot be passed as part of the
arguments. Some notations permit such parameters to be implicit on the call side.
Formal parameters of a union type will be considered conformable to actual
parameters of any of the component types.

07. There will be only four classes of formal parameters. For data there
will be those which act as constants representing the actual parameter value
at the time of call , and those which rename the actual parameter which must
be a variable. In addition, there will be a formal parameter class for
specifying the control action when exception conditions occur and a class for
procedure parameters .

The first class of data parameter acts as a constant within the procedure body
and cannot be assigned to nor changed during the procedures execution ; its
corresponding actual parameter may be any legal expression of the desired type and
will be eval’j ated once at the time of call. The second class of data parameter
renames the actual parameter which must be a variable , the address of the actual
parameter variable will be determined by (or at) the time of call and unalterable
during execution of the procedure , and assignment (or reference) to the formal
parameter name will assi gn (or access) the variable which is the actual parameter.
These are the only two widely used parameter passing mechanisms for data and the
many alternatives (at least 10 have been suggested) add complexity and cost to a
language without sufficiently increasing the clarity or power. A language with
excep tion handling capability must have a way to pass control and related data
through procedure call interfaces. Excep tion handling control parameters will be
specified on the call side only when needed. Actual procedure parameters will be
restricted to those of similar (explicit or implicit) specification parts.

CR Specification of the type, range , precision , dimension , scale and format of
parameters will be optional in the procedure declaration. None of them will
be alterable at run time.

Optional formal p~rameter specification permi ts the writing of generic
procedures which are instantiated at compile t ime by the characteristics of their
actua l pararnetc~rs. It elimi’ :~es the need for compile time “type” para meters . This
generic procedure capability , f or examp le, allows the definition of stacks and queues
~nd their associa ted operations on data of any given type without knowing the data
t ype when the operations are defined.
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C9. There wil l be provision for variable numbers of arguments, but in such
cases all but a constant number of them must be of the same type. Whether a
routine can have a variable number of arguments must be determinable from
its description and the number of arguments for any call will be determinable
at compile time.

There are many useful purposes for procedures with variable numbers of
arguments. These include intrinsic funct ions such as “print,” generalizations of
operations which are both commutati ve and associat ive such as “max ” and “mm ,” and
repetitive application of the same binary operation such as the Lisp “list” operation.
The use of variable number of argument operat ions need not and will not cause
relaxation of any compile time checks , require use of multiple entry procedures allow
the number of actual parameters to vary at run time , nor require spec ial calling
mec hanisms. If the parameters which can vary are limited to a program specified
type treated as any other argument on the call side and as elements of an array within
the procedure definition, full type checking can be done at compile time. There will
be not prohibition on writing a special case of a procedure for a particular number of
arguments.
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D. VARIABLES , LITERALS AND CONSTANTS
1. Constant Value Identifiers
2. Numeric Literals
3. Initial Values of Variables
4. Numeric Range and Step Size
5. Variable Types
6. Pointer Variables

01. The user will have the ability to associate constant values of any type
S with identifiers.

The use of identifiers to represent constant values has often made programs
more readable , more easily modifiable and less prone to error w hen the value of a
constan t is changed. Associating constant values with an identifier is preferable to
assigning the value to a variable because it is then clearly marked in the program as a
constan t, can be automatically checked for unintentional changes , and often can have
a more efficient object representation

02. The language will prov de a syntax and a consistent interpretation for
cons tants of built-in data types. Numeric constants will have the same value
(w ithin the specified precision) in both programs and data (input or output).

Literals are needed for all atomic data types and should be provided as part of
the language definition for built-in types. Regardless of the source of the data and
regardless of the object machine the value of constants should be the same. For
integers it shc~ ld be exact and for reals it should be the same within the specified
precision. Compiler writers , however , would disagree. They object to this
requirement on two grounds: tha t it is too costl y if the host and object machines are
different and that i t  is unnecessary if they are the same. In fact , all costs are at
compi le time and must be insi gnificant compared to the l ife time costs resulting from
object cope containing the wrong constant values. As for being unnecessary, there
have been all too many cases of different values from program and data literals on
the same machine because the compile time and run time conversion packages were
different and imprecise

03. The language will permi t the user to specify the initial values of
individual variables as part of their declaration. Such variables will be
ini tialized at the time of their apparent allocation (i.e., at entry to allocation
scope). There will be no default initial values.
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The ability to initialize variables at the time of their allocation will contribute
to program clarity, but a requirement to do so would be an arbitrary and sometimes
costly decision to the user. Default initial values on the other hand, contribute to
neither program clarit y nor correctness and can be even more costly at run time. It
is usually a programming error if a variable is accessed before it is initialized. It is
desirable that the trans lator give a warning when a path between the declaration and
use of a variable omits initialization. Whether a variable will be assi gned is in
general an unsolvable problem, but it is sometimes determinable whether
assignments occur on po~~ tia l paths. In the case of arrays , it it possible at comp i le
time only to determine that some components (but not necessaril y w hich) have been

- ‘ initialized. There will be provision (at user option) for run time testing for
initialization.

D4. The source language will require its users to specif y individually t he
range of all numeric variables and the step size for fixed point variables. The
range specifications will be interpreted as the maximal specificat ions will be
interpreted as the maximal range of values which will be assi gned to a
var iable and the minimal range which must be supported by the object code.
Range and step size specifications will not be interpreted as defining new
types.

Range specifications are a special form of assertion. They aid in
understanding and determining the correctness of programs. They can also be used
as additional information by the compiler in deciding wha t storage and allocation to
use (e.g., half words might be more efficient for integers in the range 0 to 1000).
Range specifications also offer the opportunity for the translator to insert range tests
automatically for run time or debug time validation of the program logic. With the
ranges of variables specified in the program , it becomes possible to perform many
subscript bounds checks at compile time. These bounds, checks , however , can be
only as valid as the range specifications which cannot in general be validated at
compile time. Range specifications on approximate valued variables (usually with
floating point implemetation ) also offer the possibility of their implementation using
fixed point hardware.

05. The range of values which can be associated w ith a variable , array, or
record component will be any built-in type , any defined type or a cont i guous
subsequence of any enumeration type.

There should not be any arbitrary restr ict ~ons on the structure of data. This
permits arrays to be components of records or arrays and permits records to be
components of arrays.
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06. The language will provide a pointer mechanism which can be used to
build data with shared and/or recursive substructure. The pointer property
w ill only affect the use of variables (including array and record components)
of some data types. Pointer variables will be as safe in their use as are any
other variables.

Assignment to a pointer variable will mean that the variable ’s name is to act as
an additional label (or reference ) on the datum being assigned. Assignment to a
nonpointer variable will mean that the variab le s name it to label a copy of the object
being assigned. For data without alterable component structure or alterable
component values, there is no functional difference between reference to multiple
cop ies and multip le references to a single copy. Consequently , pointer/nonpointer
w ill be a property only of variables for composite types and of corr.~os ite array and
record components Because the pointer/nonpointer property ap~ iies to all var iab les
of a given type, it will be specified as part of the type det init ion The use of pointers
w ill be kept safe by prohibiting pointers to data structures whose allocation scope is
narrower than that of the pointer variable.

Such a restriction is easil y enforced at compile time using hierarchical scope
rules providing there is no way to dynamicall y crea te new instances of the data type.
In the latter case , the dynamically created data can be allocated with full safety using
a (user or library defined) space pool which is either local (i.e., own) or global to the
type definition. If variables of a type do not have the pointer property then dynamic
storage allocation would be required for assignment unless their size is constant and
known at the time of variable allocation. Thus, the nonpointer property will be
permitted only for types (a) whose data have a structure and size which is constant in
the type definition or (b) which manage the storage for their data as part of the type
definilion. Because pointers are often less expensive at run time than nonpointers
and are subject to fewer restrictions , th_ specification of the nonpointer property
will be exp lic it in programs (this is similar to the Al gol-60 issue concerning the
exp licit specification of “va lue” (i.e ., nonpointer) and “name” (i .e. pointer). The need
for pointers is obvious in building data structures with shared or recursive
substructures ; such as, directed graphs , stacks , queues, and list structures.
Providing pointers as abso!ute address types , however , produces gaps in the type
checking and scope mechanisms. Type and access restricted pointers will provide
the power of general pointers without their undesirable characteristics.
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E. DEFINITION FACILITIES
1. User Definitions Possible
2. Consistent Use of Types
3. No Default Declarations
4. Can Extend Existing Operators
5. Type Definitions
6. Data Defining Mechaoisms
7. No Free Union or Subset Types
8. Type Initialization

El. The user of the language will be able to define new data types and
operations within programs.

The number of specialized capabi lities needed for a common language is large
and diverse. In many cases , there is no consensus as to the form these capabilities
should take in a programming language . The operational requirements dictating
spec ific speciali,~ J language capa bilities are volatile and future needs cannot always
be foreseen. 1~o language can make available all the features useful to the broad
spectrum of military applications , anticipate future applications and requirements or
even provide a universally “best” capability in support of a single application area.
A common language needs capability for grow th. It should contain all the power
necessary to satisfy all the applications and the ability to specialize that power to the
particular application task. A language with defining facilities for data and
operations often makes it possible to add new application-oriented structures and to
use new programming techniques and mechanisms through descript ions written
entirely within the language. Definitions will have the appearance and costs of
features which are built into the language while actually being catalogued accessible
application packages. The operation definition facility will include the ability to
define new infix operators (but see H2 for restrictions). No programming language
can be all things to all people, but a language with data and operation definition
f acilities can be adapted to meet changing requirements in a variety of areas.

The abili ty to define data and operations is well within the state of the art.
Operation definition facilities in the form of subrout ines have been available in all
general purpose programming languages since at least t he time of earl y FORTRANs.
Data definition facilities have been available in a variety of programming languages
for almost 10 years and reached their peak with a large number of extensible
Ianguages( Stephen A. Schuman (Ed.) Proceedings of the International Symposium on
Extensible Languages , SIGPLAN Notices , Vol. 6 , No. 1 2, December 197 1. Also , C
Christensen and C.J. Shaw (Ed.), Proceedings of the Extensible Language
Symposium, SIGPLAN Notices 4, August 1969 .) (over 30) in 1968 and shortl y
thereafter. A trend toward more abstract and less machine-oriented data
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spec ification mechanisms has appeared more recently in PASCAL(Niklaus Wirth, “An
Assessment of the Programming Language PASCAL , “Proceedings of the International
Conference on Reliable Software 21-23 April 1973, p. 23-30). Data type
definitions, with operations and data defined together , are used in several languages
including SIMULA-67(Jacob Palme, “SIMULA as a Tool for Extensible Program
Products, “SIGPLAN Notices, Vol. 9, No. 4, February 1974). On the other hand,
there is currently much ferment as to what is the proper function and form of data
type definitions.

E2. The “use” of defined types will be indistinguishable from built-in types.

Whether a type is built-in or defined within the base will not be determinable
from its syntactic and semantic properties. There will be no ad hoc special cases
nor inconsistent rules to interfere with and complicate learning, using and
implementing the language. If built-in features and user defined data structures and
operations are treated in the same way throughout the language so that the base
language, standard application libraries and application programs are treated in a
uniform manner by the user and by the t ranslator , then these distinctions will grow
dim to everyone’s advantage . When the language contains all the essent ial power,
when few can tell the difference between the base language and library definitions ,
and when the introduction of new data types and routines does not impact the
compiler and the language standards , then there is little incentive to proliferate
languages. Similarly, if typed definitions are processed entirel y at comp ile time and
the language allows full program specific ation of the internal representation , there

need be no penalty in run time efficiency fo r using defined types.

E3. Each program component wil l be defined in the base language, in a
library, or in the program. There will be no default declarations.

As programme rs , we should not expect the translator to write our programs
for us (at least in the immediate future). If we somehow know that the translator ’s
default convention is compatible with our needs for the case at hand we should still
document the choice so others can understand and maintain our programs. Neither
should we be able to delay definitions (possibl y forget them) until they cause trouble
in the operational system. This is a special case of requirement Ii.

E4. The user will be able , within the source language, to extend existi ng
operators to new data types.
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When an operation is an abstraction of an existing operation for a new type or
is a generalization of an exist ing operation, it is inconvenient , confusing and
misleading to use any but the existin g operator symbol or function named. The
translator will not assume that commutativity of buIlt-in operations is preserved by
extensions , and any assumptions about the associativity of built-in or extended
operations will be ignored by the translator when explicit parentheses are provided
in an expression.

E5. Type definitions in the source language will permit definition of both the
class of data objects co iprising the t ype and the set of operations applicable
to that class. A defined type will not automat ically inherit the operations of
the data with which it is represented.

Types define abstract data objects with special properties. The data
objects are given a representation in terms of exist ing data structures, but they are
of little value until operations are available to take advantage of their special
properties. When one obtains access to a type, he needs its operations as well as
its data. Numeric data is needed in many applications but is of little value to any
w ithout arithmetic operations. The definable operations will include constructo rs,
selectors , predicates, and type conversions.

E6. The data objects comprising a defined type will be definable by
enumeration of their literal names, as Car tesian products of existing types
(i.e., as array and record cl asses), by discriminated union (i.e., as the union of
disjoint types) and as the power set of an enumeration type. These
definitions will be processed entirely at compile time.

The above list comprises a currentl y known set of useful definitional
mechanisms for data types which do not require run time support , as do garbage
collection and dynamic storage allocation. In conjunction with pointers (see D6),
they provide many of the mechanisms necessary to define recursive data structures
and efficient sparse data structures.

E7. Type defini tions by free union (i.e., union of non-disjoint types) and
subsetting are not desired.

Free union adds no new power not provided by discriminated union, but does
require giving up the security of types in return for programmer freedom. Range and
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subset specifications on variables are useful documentation and debugging aids, but
will not be construed as types. Subsets do not introduce new properties or
operations not available to the superset and often do not form a closed system under
the superset operations. Unlike t ,pes, membership in subsets can be determined
only at run time.

* 
E8. When defining a type, the user will be able to specify the initialization
and finalization procedures for the type and the actions to be taken at the time
of allocation and deallocation of variables of that type.

It is often necessary to do bockkeeping or to take other special action when
variables of a given type are allocated or deallocated. The language will not limit the
class of definable types by withholding the ability to define those actions.
Initialization might take place once when the type is allocated (i.e., in its allocation
scope) and would be used to set up the procedures and initialize the variables which
are local to the type definition. These operations will be definable in the
encapsulation housing the rest of the type definition.
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F. SCOPES AND LIBRARIES
1. Separate Allocation and Access Allowed
2. Limiting Access Scope
3. Compile Time Scope Determination
4. Libraries Available
5. Library Contents
6. Libraries and Compools Indistinguishable
7. Standard Library Definitions

Fl. The language will allow the user to distinguish between scope of
allocation and scope of access.

The scope of allocation or lifetime of a program structure is that region of the
program for which the object representation of the structure should be present.
The allocation scope defines the program scope for which own variables of the
structure must be maintained and identifies the time f or initialization of the structure.
The access scope defines the regions of the program in which the allocated structure
is accessible to the program and will never be wider than the allocation scope. In
some cases the user may desire that each use of a defined program structure be
independent (i.e., the allocation and accessing scopes would be identical). In other
cases , the various accessing scopes might share a common allocation of the
structure.

F2. The ability to limit the access to separately defined structures wi ll be
available both where the structure is defined and where it is used. It wi ll be
possible to associate new local names with separately defined program
components.

Limited access specified in a type definition is necessary to guarantee that
changes to data representations and to management routines which purportedly do
not affect the calling programs are in fact safe. By rigorously controlling the set of
operations applicable to a defined type, the type defini tion guarantees that no
ex ternal use of the type can accidentally or intentionally use hidden nonessential
proper ties of the type. Renaming separately defined programm ing components is
necess ary to avoid naming conflicts when they are used.

Limited access on the call side provides a high degree of safety and elimina tes
nonessential naming conflicts without limiting the degree of accessibil ity which can
be built into programs. The alternative notion, that all declarations w hich are
ex ternal to a program segment should have the same scope , is inconven ient and
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costly in creating large systems which are composed from many subsystems because
it forces global access scopes and the attendant naming conflicts on subsystems not
using the defined items.

F3. The scope of identifiers wil l be wholly determined at compile time.

Identifiers will be declared at the beginning of their scope and multiple use of
variable names will not be allowed in the same scope. Except as otherwise
explicitly specified in programs, access scopes will be lexicall y embedded with the
most local definition applying when the same identifier appears at several levels.
The language will use the above lexical l y embedded scope rules for declarations and
other definitions of identifiers to make them easy to recognize and to avoid errors
and ambiguities from multiple use of identifiers in a single scope.

F4. A variety of application-oriented data and operations will be available in
libraries and easily accessible in the language.

A simple base alone is not sufficient for a common language. Even though in
theory such a language provides the necessary power and the capability for
specialization to particular appl ications , the users of the language cannot be
expected to develop and support common librar ies under individual projects There
will be broad support for libraries common to users of well recognized application
areas. App lication libraries will be developed as early as possible.

F5. Program components not defined within the current program and not in
the base language will be maintained in comp ile time accessible libraries.
The libraries will be capable of holding anything def inable in the language and
wi ll not exclude routines whose bodies are written in other source languages.

The usefulness of a language derives primaril y from the existence and
accessibility of specialized app lication-oriented data and operatio ns. Whether a
library should contain source or object code is a question of implementation
efficiency and should not be specified in the definition of the source language , but the
source language descrip tion will always be available. It should be remembered ,
however , that interfaces cannot be validated at orogram assembly time without some
equivalent of their source language interface spec ifications , that object modules are
machine-dependent and, therefore , not portable , that source code is often more
compact than object code, and that compilers for simp le languages can somet imes
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compile fas ter than a loader can load from relocatable object programs. Library
routines written on other languages will not be prohibited provided the foreign
routine has object code compatible with the calling mechanisms used in the Common
HOL and oroviding sufficient header information (e.g., parameter types , form and
number) is given with the routine in Common HOL fo rm to permit the required compile
time checks at the interf ace.

F6. Libraries and Compools will be indistinguishable. They will be capable
“f holding anything definable in the language, and it will be possible to
associate them with any level of programming activity from systems through
projects to individual programs. There will be many specialized compools or
libraries any user specified subset of which is immediately accessible from a
given program.

Compools have proven very useful in organizing and controlling shared data
structures and shared routines. A similar mechanism will be available to manage and
control access to related library definitions.

F7. The source language will contain standard machine independent
interfaces to machine dependent capabilities , including peripheral equipment
and special hardware.

The convenience , ease of use and savings in production and maintenance
costs resulting from using high order languages come from being able to use
specialized capabilities without building them from scratch. Thus, it is essential that
high level capabilities be supplied with the language. The idea is not to provide all
the many special cases in the language, but to provide a few general casr: . Hich will
cover the special cases.

There is currently little agreement on standard operating system, I/O, or file
system interfaces. This does not preclude support of one or more forms for the near
term. For the present the important thing is that one be chosen and made available
as a standard supported library definition which the user can use with confidence.
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G. CONTROL STRUCTURES
1. Kinds of Control Structures
2. The Go To
3. Conditional Control
4. Iterative Control
5. Routines
6. Parallel Processing
7. Exception Handling
8. Synchronization and Real Time

Gi. The language will provide structured control mechanisms for sequential,
condi tional , iterative , and recursive contro l. It will also provide control
structures for (pseudo) parallel processing, excep tion handling and
asynchronous interrupt handling.

These mechanisms , hopefully, provide a spanning set of control structures.
The most appropriate operations in several of these areas is an open question. For
the present , the choice will be a spanning set of composab le control primitives each
of which is easil y mapped onto object machines and which does not impose run time
charges when i t  is not used. Whether parallel processing is real (i.e., by
multiprocessing) or is synthesized on a single sequential processor , is determined by
the object machine , but if programs are written as if there is true parallel processing
(and no assump tion about the relative speeds of the processors) then the same
results will be obtained independent of the object environment.

It is desirable that the number of primitive control structures in the language
be minimized, not by reducing the power of the language , but by selecting a small set
of composable primitives which can be used to easil y build other desired control
mechanisms within programs. This means that the capabili ties of control
mechanisms must be separable so that the user need not pay either program clarity
or implementation costs for undesired specialized capabilities. By these criter ia, the
A lgo l-60 “FOR” would be undesirable because it imposes the use of a loop control
variable , requires that there be a sing le terminal condition and that the condition be
tested before each iteration. Consequentl y, “FOR” canno t be composed to build
other useful iterative control structures (e.g., FORTRAN “DO”), The ability to
compose control structures does not imply an ability to define new control operations
and such an ability to define new control operations , and such an ability is in conflict
with the limited parameter passing mec hanisms of C7.

G2 The source language will provide a “GO TO” operation applicable to
program labels within its most local scope of definition.
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The “GO TO” is a machine level capability which is still needed to fill in any
gaps which might remain in the choice of structured control primitives , to provide
compatibility for translitte rating programs written in older languages, and because of
the wide familiarity of current practitioners with its use. The language should not,
however , impose unnecessary costs for its presence. The “GO TO” will be limited to
explicitly specified program labels at the same scope level. Neither should the
language provide specia lized facilities which encourage its use in dangerous and
confus ing ways. Switches , des ignational expressions , label variables , label
parameters and numer ic labels are not desired. Switches here refer to the
unrestricted switches which are generalizations of the “GO TO” and not to case

• statements which are a general form for condit ionals(see G3). This requirements
should not be interpreted to conflict with the spec ialized form of control transfe r
provided by the exception handling control structure of G7.

G3. The conditional control structures will be fully partitioned and will permit
selection among alte rnative computations based on the value of a Boolean
express ion, on the subtype of a value from a discriminated union, or on a
computed choice among labeled alternatives.

The conditional control operations will be fully par titioned (e.g., an “ELSE”
clause must follow each “IF THEN”) so the choice is clea r and explicit in C c .  ‘ ase.
There will be some general form of conditional which allows an arbitrary computation
to determine the selected situation (e.g., Zahn s device(Donald E. Knuth, “Structured
Programming with go to Statements ,” ACM Computer Surveys, Vol. 6, No. 4,
December 1974) provides a good solution to the general problem). Special
mechanisms are also needed for the more common cases of the Boolean expression
(e.g., “IF THEN ELSE”) and for value or type discrimination (e.g., “CASE” on one of a
set of values or subtype of a union).

G4. The iterative control structure wi ll permit the terminat ion condit or to
appear anywhere in the loop, will require contro l variables t be local to tr~e
iterat ive control , wi ll allow entry only at the head of the loops and ~
impose excessi ve overhead in clarity or run the execution costs ‘:‘ cor’ r~~~
special case termina tion conditions (e.g., fixed number o iter~ or’ s -

elements of an array exhausted).

In its most general form , a programmed loop is exec . ~ -

some computed predicate becomes true. There may be n cre t~ an o~* r...~
predicate, and they might appear anywhere in the loop -

~
- t’ ~

structures (e.g., “WHILE DO”) have been used for the con r~on s t .  c -
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termination conditions precedes each iteration. The • most common case is
termination after a fixed number of iterati ons and a specialized control structure
should be provided for that purpose (e.g., FORTRAN “DO” or Algol-60 “FOR”). A
problem which arises in many programming languages is that loop control variables
are global to the iterative control and thus, will have a value after loop termination,
but that value is usually an accident of the implementation. Specifying the meaning of
control variables after loop termination in the language definition resolves the
ambiguity but must be an arbitrary decision which will not aide program clarity or
correctness, and may interfere with the generation of efficient object code. Loop
control variables are by definition variables used to control the repetitive execution
of a programmed loop and as such will be local to the loop body, but at loop
termination it will be possible to pass their value (or any other computed value) out of
the loop, conveniently and efficiently.

G5. Recursive as well as nonrecursive routines will be available in the
source language. It will not be possible to define procedures within the body
of a re~cursive procedure.

Recursion is desirable in many applications because it contributes directly to
their elegance and clairty and simplifies proof procedures. Indirectly, it contributes
to the reliability and maintainability of some programs. Recursion is required in
order to avoid unnecessarily opaque, complex and confusing programs when
operating on recursive data structures. Recursion has not been widely used in DoD
software because many programming languages do not prov ide recursion,
practitioners are not familiar with its use, and users fear that its run time costs are to
high. Of these, only the run time costs would justify its exclusion from the language.

A major run time cost often attributed to recursion is the need for the
presence of a set of “display” registers which are used to keep track of the
addresses of the various levels of lexica lly irnbedded environments and which must
be managed and updated at run time. The display, however , is necessary only in
programs in which routines access variables which are global to their own definition,
but local to a more global recursive procedure. This possibility can easily be
removed by prohi~ ting the definition of procedures within the body of a recursive
procedure. The utility of such a combination of capabilities is very questionable, and
this single restriction will eliminate all added execution costs for nonrecursive
procedures in programs which contain recursive procedures.

As with any other facility of the language, routines should be implemented in
the most efficient manner consistent with their use and the language should be
designed so that efficient implementations are possible. In particular, the most
possible regardless of whether the language or even the program contains recursive
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procedures. When any routine makes a procedure call as its last operation before
exit (and this is quite common for recursive routines) the implementation might use
the same data area for both routines, and do a jump to the head of the called
procedure thereby saving much of the overhead of a procedure call and eliminating a
return. The choice between recursive and nonrecursive routines involves
trade—offs. Recursive routines can aid program clarity when operating on recursive
data, but can detract from clarity when operattng on iterative data. They can
increase execution time when procedure call overhead is greater than loop overhead
and can decrease execution times when loop overhead is the more expensive.
Finally, program storage for recursive routines is often only a small fraction of that
for a corresponding iterative procedure, but the data storage requirements are often
much larger because of the simultaneous presence of several activations of the same
procedure.

G6. The source language will provide a parallel processing capability. This
capability should include the ability to create and terminate (possibly pseudo)
parallel processes and f or these processes to gain exclusive use of resources
during specified portions of their execution.

A parallel processing capability is essential in embedded computer
applications. Programs must send data to, receive data from, and control many
devices which are operating in parallel. Multiprogramming (a form of pseudo
paralell processing) is necessary so that many programs within a system can meet
their differing real time constraints. The parallel processing capability will minimally
provide the ability to define and call parallel processing and the ability to gain
exc lusive use of system resources in the form of data structures, devices and pseudo
devices. This latter ability satisfies one of the two needs for synchronization of
parallel processes. The other is required in conjunction with real time constraints
(see G8).

The parallel processing capability will be defined as true parallel (as opposed
to coroutine) primitives, but with the understanding that in most implementations the
object computer will have fewer processors (usually one) than the number of parallel
paths specified in a program. Interleaved execution in the implementation may be
requi red.

The parallel processing features of the language should be selected to
eliminate any unnecessary overhead assoc iated with their use. The costs of parallel
processes are primarily in run time storage management. As with recursive routines
most accessing and storage management problems can be eliminated by prohibiting
complex interactions with other language facilities where the combination has little if
any utility. ‘In particular, it will not be possible to define a parallel routine within the
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body of a recursive routine and it will not be possible to define any routine including
parallel routines within the body of those parallel routines which can have multiple
simultaneous activations. If the language permits several simultaneous activations of
a given parallel process then it might require the user to give a upper bound on the
number which can exist simultaneously. The latter requirement is reasonable for
parallel processes because it is information known by the programmer and
necessary to the maintainer, because parallel processes cannot normally be stacked,
and because it is necessary for the compilation of efficient programs.

G7. The exception handing control structure will permit the user to cause
transfer of control and data for any error or exception situation which might
occur in a program.

It is essential in many aplications that there be no program halts beyond the
user’s control. The user must be able to specif y the action to be taken on any
exception situation which might occur within his program. The exception handling
mechanism will be parameterized so data can be passed to the recovery point.
Exception situations might include arithmetic overflow , exhaustion of available space,
hardware errors, any user defined exceptions and any run time detected
programming error.

The user will be able to write programs which can get out of an arbitrary nest
of control and intercept it at any embedding level desired. The exception handling
mechanism will permit the user to specify the action to be taken upon the occurrence
of a designated exception within any given access scope of the program. The
transfers of control will, at the users option, be either forward in the program (but
never to a narrower scope of access or out of a procedure) or out of the current
procedure through its dynamic (i.e., calling structure. The lat ter form requires an
exception handling formal parameter class (see C7).

G8. There will be source language features which permit delay on any
control path until some specified time or situation has occurred, which permit
specification of the relative priorities among parallel control paths, which
give access to real time clocks, which permit asynchronous hardware
interrupts to be treated as any other exception situation.

When parallel or pseudo parallel paths appear in a program it must be
possible to specify their relative priorities and to synchronize their executions.
Synchronization can be done either through exclusive access to data (see G6) or
through delays terminated by designated situations occurring within the program.
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These situations should include the elapse of program specified time intervals,
occurrence of hardware interrupts and those designated in the program. There will
be no implicit evaluation of program determined situations. Time delays will be
program specifiable for both real and simulated times.

95

~~-~~~~ -~~~ -——‘.-- --.-~~~~~~~~ A



H. SYNTAX AND COMMENT CONVENTIONS
1. General Characteristics
2. No Syntax Extensions
3. Source Character Set
4. Identifiers and Literals
5. Lexical Units and Lines
6. Key Words
7. Comment Conventions
8. Unmatched Parentheses
9. Uniform Referent Notation
10. Consistency of Meaning

HI. The source language will be free format with an explicit statement
delimiter, will allow the use of mnemonically significant identifiers, will be
based on conventional forms, will have a simple uniform and easily parsed
grammar, will not provide unique notations for special cases, will not permit
abbreviation of identifiers or key words, and will be syntactically
unambiguous.

Clarity and readability of programs will be the primary criteria for selecting a
syntax. Each of the above points can contribute to program clarity. The use of free
format, mnemonic identifiers and conventional forms allows the programmer to use
notations which have their famil iar meanings to put down his ideas and intentions in
the order and form that humans think about them, and to transfer skills he already
has to the solution of the problem at hand. A simple uniform language reduces the
number of cases which must be dealt with by anyone using the language. If
programs are difficult for the translator to parse they will be difficult for people.
Similar things should use the same notations with the special case processing
reserved for the translator and object machine. The purpose of mnemonic
identifiers and key words is to be informative and increase the distance between
lexical units of programs. This does not prevent the use of short identifiers and
short key words.

H2. The user will not be able to modify the source language syntax.
Specifically, he will not be able to modify operator hierarchies, introduce new
precedence rules, define new key word forms or define new infix operator
precedences.

If the user can change the syntax of the language, then he can change the
basic character and understanding of the language. The distinction between
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semantic extensions and syntactic extensions is similar to that between being able to
coin new words in English or being .ble to move to another natural language.
Coining words requires learning those new meanings before they can be used, but at
the same time increases the power the language for some application areas.
Changing the grammar, (e.g., Franglais, the use of French grammar with interspersed
English words) however, undermines the basic understanding of the language itself ,
changes the mode of expression, and removes the commonalities which obtain
between various specializations of the language. Growth of a language through
definition of new data and operations and the introduction of new words and symbols
to identify them is desirable, but there should be no provision for changing the
grammatical rules of the language. This requirement does not conflict with E4 and
does not preclude associating new meanings with existing infix operators.

H3. The syntax of source language programs will be composable from a
character set suitable for publication purposes, but no feature of the language
will be inaccessible using the 64 character ASCII subset.

A common language should use notations and a character set convenient for
communicating algorithms, programs, and programming techniques among its users.
On the other hand, the language should not require special equipment (e.g., card
readers and printers) for its use. The use of the 64 character ASCII subset will
make the language compatible with the federal information processing standard 64
character set, FIPS-1, which has been adopted by the U.S.A. Standard code for
Information Interchange (USASCH). The language definition will specify the
translation from the publication language into the restricted character set.

H4. The language definition will provide the formation rules for identifiers
and literals. These will include literals for numbers and character strings and
a break character for use internal to identifiers and literals.

Lexical units of the language should be defined in a simple uniform and easily
understood manner. Some possible break characters are the space(W. Dijkstra,
coding examples in Chapter I, “Notes in Structured Programming,” in Structured
Programming by 0.-J. DahI, E. W. Dijkstra and C.A.R. Moore, Academic Press,
1972. & Thomas A. Standish, “A Structured Program to Play Tic-Tac-Toe ,” notes
for Information and Computer Science 3 course at Univ. of California-Irvine,
October 1974) (i.e., any number of spaces or end-of-line), the underline and the tilde.
The space cannot be used if identifiers and user defined infix operators are lexically
indistinguishable, but in such a case the ft . -ial grammar for the language would be
ambiguous (see Hi). A literal break cha~acter contributes to the readability of
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programs and makes the entry of long literals less error prone. With a space as a
break character one can enter multipart (i.e., more than one lexical unit) identifiers
such as “REAL TIME CLOCK” or long literals, such as, “3. 14159 26535 89793.” Use
of a break can also be used to guarantee that missing quote brackets on character
literals do not cause errors which propagate beyond the net end-of-line, the
language should require separate quoting of each line of a long literal: “This is a long”
“literal string”.

H5. There will be no continuation of lexical units across lines, but there will ‘

be a way to include object characters such as end-of-line in literal strings.

Many elementary input errors arise at the end of lines. Programs are input
on line oriented media but the concept of end-of-line is foreign to free format text.
Most of the error prone aspects of end-of-line can be eliminated by not allowing
lexical units to continue over lines. The sometimes undesirable effects of this
restriction can be avoided by permitting identifiers and literals to be composed from
more than one lexical unit (see H4) and by evaluating constant expressions at compile
time (see C4).

H6. Key words will be reserved, will be very few in number, will be
informative, and will not be usable in contexts where an identifier can be used.

By key words of the language are meant those symbols and strings which
have special meaning in the syntax of programs. They introduce special syntactic
forms such as are used for control structures and declarations or the are used as infix
operators, or as some form of parenthesis. Key words will be reserved, that is
unusable as identifiers, to avoid confusion and ambiguity. Key words will be few in
number because each new key word introduces another case in the parsing rules and
thereby adds to complexity in understanding the language, and because large
numbers of key words inconvenience and complicate the programmer’s task of
choosing informative identifiers. Key words should be concise, but being
information is more important than being short. A major exception is the key word
introducing a comment: it is the comment and not its key word which should do the
informing. Finally, there will be no place in a source language program in which a
key word can be used in place of an identifier. That is, functional form operations
and special data items built into the language or accessible as a standard extension
will not be treated as key words but will be treated as any other identifier.
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H7. The source language will have a single uniform comment convention.
Comments will be easily distinguishable from code, will be introduced by a
single (or possibly two) language defined characters, will permit any
combination of characters to appear, will be able to appear anywhere
reasonable in programs, will automatic ally terminate at end-of-line if not
otherwise termina ted, and will not prohibit automatic reformatting of
programs.

These are all obvious points which will encourage the use of comments in
programs and avoid their error prone features in some existing languages.
Comments anywhere reasonable in a program will not be th~en to mean that they can
appear internal to a lexical unit, such as, an identifier , key word, or between the
opening and closing brackets of a character string. One comment convention which
nearly meets these criteria is to have a special quote character which begins
comments and with either the quote or an end-of-line ending each comment. This
allows both embedded and line-oriented comments.

H8. The language will not permit unmatched parentheses of any kind.

Some programming languages permit closing parentheses to be omitted. If,
for examp le, a program contained more “BEGINs” than “ENDs” the translator might
insert enough “ENDs” at the end of the program to make up the difference. This
makes programs easier to write because it sometimes saves writing several “ENDs”
at the end of programs and because it eliminates all syntax errors f or missing “ENDs.”
Failure to require proper parentheses matching makes it more difficult to write
correct programs. Good programming practice requires that matching parentheses
be included in programs whether or not they are required by the language.
Unfortunately, if they are not required by the language then there can be no syntax
check to discover where errors were made. The language will require full
parentheses matching. This does not preclude syntactic features such as “case x of
si, s2...sn end case” in which “end” is paired with a key word other than “begin.” Nor
does it alone prohibit open forms such as “if-then-else- .”

H9. There will be a uniform referent notation.

The distinction between function calls and data reference is one of
representation, not of use. Thus, there will be no language imposed syntactic
distinction between function calls and data select ion. If, for example, a computed
function is replaced by a lookup table there should be no need to change the calling
program. This does not preclude the inclusion of more than one referent notation.
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HiO. No language defined symbols appearing in the same context will have
essentially different meanings.

This contributes to the clarity and uniformity of programs, protects against
psychological ambiguity and avoids some error prone features of extant languages.
In particular, this would exclude the use of = to imply both assignment and equality,
would exclude conventions implying that parenthesized parameters have special
semantics (as with PL/1 subroutines), and would exclude the use of an assignment
operator for other than assignment (e.g., left hand side function calls). It would not,
however, require different operator symbols for integer, real or even matr ix
arithmetic since these are in fact special cases of the same abstract operations and
would allow the use of generic functions applicable to several data types.
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I. DEFAULTS, CONDITIONAL COMPILATION AND LANGUAGE RESTRICTIONS
1. No Defaults in Program Logic
2. Object Representation Specifications Optional
3. Compile Time Variables
4. Conditional Compilation
5. Simple Base Language
6. Translator Restrictions
7. Object Machine Restrictions

Ii. There will be no defaults in programs which affect the program logic.
That is, decisions which affect program logic will be made either irrevocably
when the language is defined or explicitl y in each program.

The only alternative is implementation dependent defaults with the translator
determining the meaning of programs. What a program does, should be
determinable from the program and the defining documentation for the programming
language. This does not require that binding of all program properties be local to
each use. ‘Quite the contrary, it would, for example, allow automatic definition of
assignment for all variables or global specification of precision. What it does
require is that each decision be explicit: in the language definition, global to some
scope, or local to each use. Omission of any selection which affects the program
logic will be treated as an error by the translator.

12. Defaults will be provided for special capabilities affecting only object
representation and other properties which the programmer does not know or
care about. Such defaults will always mean that the programmer does not
care which choice is made. The programmer will be able to override these
defaults when necessary.

The language should be oriented to provide a high degree of management
control and visibility to programs and toward self-documenting programs with the
programmer required to make his decisions explicit. On the other hand, the
programmer should not be forced to overspecify his programs and thereby cloud
their logic, unnecessarily eliminate opportunities for optimization, and misrepresent
arbitrary choices as essential to the program logic. Defaults will be allowed, in fact,
encouraged in don’t care situations. Such defaults will include data representations
(see J4), open vs. closed subroutine calls (see J5), and reentrant vs nonreentrant
code generation.
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13. The user will be able to associate compile time variables with programs.
These will include variables which specify the object computer model and
other aspects of the object machine configuration.

When a language has different host and object machines and when its
compilers can produce code for several configurations of a given machine, the
programmer should be able to specif y the intended object machine configuration.
The user should have control over the compile time variables used in his program.
Typically they would be associated with the object computer model, the memory
size, special hardware options, the operating system if present, peripheral
equipment or other aspects of the object machine configuration. Compile time
variables will be set outside the program, but available for interrogation within the
program (see 14 and C4).

14. The source language will permit the use of conditional statements (e.g.,
case statements) dependent on the object environment and other compile time
variables. In such cases the conditional will be evaluated at compile time and
only the selected path will be compiled.

An environmental inquiry capability permits the writ ing of common programs
and procedures which are specialized at compile time by the translator as a function
of the intended object machine configuration or of other compile time variablc.~ (see
13). This requirement is a special case of evaluation of constant expressions at
compile time (see C4). It provides a general purpose capability for conditional
compilation.

-

15. The source language will contain a simple clearly identifiable base or
kernel which houses all the power of the language. To the extent possible,
the base will be minimal with each feature providing a single unique capablity
not otherwise duplicated in the base. The choice of the base will not detract
from the efficiency, safety, or understandability of the language.

The capabilities available in any language can be partitioned into two groups,
those which are definable within the base and those which provide an essential
primitive capability of the language. The smaller and simpler the base the easier the
language will be to learn and use. A clearly delineated base with features not in the
base defined in terms of the base, will improve the ease and efficiency of learning,
implementing and maintaining the language. Only the base need be implemented to
make the full source language capability available.
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Base features will provide relativel y low level general purpose capabilities
not yet specialized for particular applications. There will be no prohibition on a
translator incorporating speciaized opti mizati ons for particular extensions. Any
extension provided by a translator will, however , be definable within the base
language using the built-in definition facilities . Thus, programs using the extension
will be translatable by any compiler for the language but not necessarily with the
same object efficiency.

16. Language restrictions which are dependent only on the translato r and not
on the objec t machine will be specified exp licitl y in the language definition.

Limits on the number of array dimensions , the length of identifiers , the number
of nested parentheses levels in expressions , or the number of identifiers in programs
are determined by the translator and not by the object r~iachine. Ideally, the limits
should be set so high that no program (save the most abrasive) encounters the limits.
In each case, however : (a) some limit must be set , (b) whatever the limit , it wil l  impose
on some and therefore must be known by the users of the translato r , (c) letting each
translator set its own limits means that programs will not be portable , (d) setting the
limits very high requires that the trarislahr ‘;~~ hosted only on large machines and (e)
quite low limits do not impose signif icantly cn either the power of the language or the
readability of programs. Thus, the limits should be set as part of the language
definition. They should be small enough that they do not dominate the compiler and
large enough that they do not interfere with the usefulness of the language. If they
were set at say the 99 percent level based on statistics from existing DoD computer
programs the limits might be a few hundred for numbers of identifiers and less than
ten in the other cases mentioned above.

T l anguage restrictions which are inherentl y dependent only on the object
environment will not be built into the language definition or any translator.

Limits on the amount of run time storage , access to specialized peripheral
equipments, use of special hardware capabilities and access to real time clocks are
dependent on the object machine and configuration. The translator will report when
a program exceeds the resources or capabilit ies of the intended object machine but
will not build in arbitrary limits of its own.
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J. EFFICIENT OBJECT REPRESENTATIONS AND MACHINE DEPENDENCIES
1. Efficient Object Code
2. Optimizations Do Not Change Program Effect
3. Machine Language Insertions
4. Object Representation Specificat ions
5. Open and Closed Routine Calls

J 1. The language and its transla tors will not impose run time costs for
unneeded or unused generality. They will be capable of producing efficient
code for all programs.

The base language and library definitions mi ght contain features and
capabilities which are not needed by everyone , or at east , not be everyone all the
time. The language should not force programs to require greater generality than
they need. When a program does not use a feature or capability it should pay no run
time cost for the feature being in the language or library. When the full generality of
a feature is not used, only the necess ary (reduced) cost should be paid. Where
possible , language features (such as , automat ic and dynamic array allocation , process
scheduling, file management and I/O buffering) which require run time support
packages should be provided as standard library definitions and not as part of the
base language . The user will not have to pay time and space for support packages
he does not use. Neither will there be automatic movement of programs or data
between main store and backing shore which is not under program control (unless
the object machine has virtual memory with underly ing management beyond the
control of all its users). Language features will result in special efficient object
codes when thei r full generality is not used. A large number of special cases should
comp ile eff icien tl y . For examp le, a program doing numerical calculations on
unsubscripted real variab les should produce code no worse than FORTRAN.
Parameter passing for single argument rout ines might be implemented much less
expensively than multiple argument routines.

One way to reduce costs for unneeded capabilities is to have a base language
whose data structu res and operations provide a single capability which is
composable arid has a straight-forward implementat ion in the object code of
conventional architecture machines. If the base language components are easily
composable they can be used to construct the specialized structures needed by
specific applications , if they are simp le and provide a single capability they will not
force the use of unneeded capabilities in order to obtain needed capabilities, and if
they are compatible w ith the features normall y found in sequential uniprocessor
digital computers with random access memory they will have near minimum or at 

-
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least low cost implementation on many object machines.
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J2. Any optimizations performed by the translator will not change the effect
of the program.

More simply, the translator cannot give up program reliability and
correctness , regardless of the excuse. Note that for most programming languages
there are few known safe optimizations and many unsafe ones. The number of
applicable safe optimizations can be increased by making more information available
to the compiler and by choosing language constructs which allow safe optimizations.
This requirement allows optimization by code motion providing that motion does not
change the effect of the program.

J3. The source language will provide encapsulated access to machine
dependent hardware facilities including machine language code insertions.

It is difficult to be enthusiastic about machine language insertions. They
defeat the purpose of machine independence constrain the implementation
techniques complicate the diagnostics , impair the safety of type checking, and detract
from the reliability, readability, and modifiability of programs. The use of machine
language insertions is particularly dangerous in multiprogramming applications
because they impair the ability to exclude, “a priori ,” a large class of time-dependent
bugs. Rigid enforcement of scope rules by the compiler in real time applications is a
powerful tool to ensure that one sequential process will not interfere with others in
an uncontrolled fashion. Similarl y, when several independent programs are
executed in an interleaved fashion, the correct execution of each may depend on the
others not having improperly used machine language insertions.

Unfortunately machine language insertions are necessary for interfacing
special purpose devices, for accessing special purpose hardware capabilities , and
for certain code optimizations on time critical paths. Here we have an example of
Dijkstra ’s dilemma in which the mismatch between high level language programming
and the underlying hardware is unacceptable and there is no feasible way to reject
the hardware. The only remaining alternative is to “continue bit pushing in the old
way, with all the known ill effects. ” Those ill effects can, however , be constrained to
the smallest possible perimeter in practice if not in theory. The ability to enter
machine language should not be used as an excuse to exclude otherwise needed
facilities from the HOL; the abstract description of programs in the HOL should not
require the use of machine language insertions, The semantics of machine language
insertions will be determinable from the HOL definition and the object machine
description alone and not dependent on the translator characteristics Machine
language insertions will be encapsulated so they can be easily recognized arid so that
it is clear which variables and program identifiers are accessed within the insertion.
The machine language insertions will be permitted only within the body of compile
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time conditional statements (see 14) which depend on the object machine
configuration (see 13). They will not be allowed interspersed with executable
statements of the source language.

J4. It will be possible within the source language to specify the object
presentation of composite data structures. These descriptions will be
optional and encapsulated and wil l be distinct from the log ical description.
The user will be able to specify the time/space trade-off to the translator. If
not specified, the object representation will be optimal as determined by the
translator.

It is often necessary to give detailed specificat ions of the object data
representations to obtain maximum density for large data files to meet format
requirements imposed by the hardware of peripheral equipment, to allow special
optimizations on time critical paths, or to ensure compatibility when transferring data
between machines.

It will be possible to specify the order of the fields, the width of fields, the
presence of don’t care fields, and the position of word boundaries. It will be
possible to associate source language identifiers (data or program) with special
machine addresses. The use of machine dependent characte ristics of the object
representation will be restricted as with machine dependent code (see J3). When
multiple fields per word are specified the comp iler may have to generate some form
of shift and mask operations for source program references and assignments to those
variables (i.e., fields). As with machine-language insertions, object data
specifications should be used sparingly and the language features for their use must
be Spartan, nor grandiose.

If the object representation of a composite data object is not specified in the
source program, there will be no specific default guaranteed by the translato r. The
translator might, for example , attempt to minimize access time and/or memory space
in determining the object representation . It might, depending on the object machine
characteristics, assign variables and fields of records to full words, but assign array
elements to the smallest of bits, bytes, half words , words or exact multiple words
permitted by the logical description.

J5. The programmer will be able to specify whether calls on a routine are to
have an open or closed implementation. An open and a closed routine of the
same description will have identical semantics.
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The use of inline open procedures can reduce the run time execution costs
significantly in some cases. There are the obvious advantages in eliminating the
parameter passing, in avoiding the saving of return marks, and in not having to pass
arguments to and from the routine. A less obvious, but often more important
advantage in saving run time costs is the ability to execute constant portions of
routines at compile time and, thereby, eliminate time and space for those portions of
the procedure body at run time. Open routine capability is especially important for
machine language insertions.

The distinction between open and closed implementation of a routine is an
ef ficiency consideration and should not affect the function of the routine. Thus, an
open routine will differ from a syntax macro in that (a) its global environment is that of
its definition and not that of its call and (b) multiple occurrences of a formal value (i.e.,
read only) parameter in the body have the same value. If a routine is not specified
as either open or closed the choice will be optimal as determined by the translator.
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